r WO 02121574 PCTI BO1101916 METHOD OF DRI VI NG EL DI SPLAY DEVI CE _
BACKGROUND OF THE I NVENTION 1. Field of the Invention’s The pr esent
i nventi ogd@ladsgs to a nethod of driving an EL displayPQﬁph&ﬁPgﬁving a
panel for perform ng gradation display in which a plurality of pixels are
arranged in a matrix shape and the | ength during which each pixel is .
turned on is contr o METHOD OPDRIVINGEL DISPLAY BEVICEention relates to a
nmet hod of driving an EL di splay device having an EL panel using organic EL
el ements. 10 2. Description of the Related Art The introduction of digital >
technol.ogy to equi pnent and systens used by broadcasters is increasing,
and in recent years, thBACKGROUND OFTHE INMENICION radio waves, that is,
research and devel opnent toward the realization of digital broadcasting,
I s bei ng 1pRieldofie Imwsntidwi de. 1s Further, dealing with the digitalization
of broadcast radi o waves, research and devel opnent has al so been thriving
in recent yearhe preberdiveyitionPdlateitodirtihed oftitieesm ED disphiy@bviRelagingal Vi deo
signal having image information is used as is, without being converted to
. anal og, fa@adeidpt potfetnihgpaatidn Sisplagds vwhidre pluydliy Gﬂﬁiiléis\éwﬁnaiﬁgelmﬂ and a
time division driving nethod can 20 be given as nethods for performng
gradat i o rBatsiRlshypd dhduhe QéiAn daring iwhi¢theachvsixelMohirag® ol & staroifeda Idi gi t al
vi deo signal. The surface area division driving nmethod is a driving nethod
for perf garticatr, e peeehOiveinsd flatbytotd Mietioddofdtiving X EL dibplag deticeal i ty of
subpi xel s. and driving each subpixel independently based upon a
di gi t al . hatiag a8 RINPine] Miiag Rrylic Elsderhé¢éntsli vi ded 25 into a plurality of.
subpixels in this surface area division driving.nethod. In addition. 1

10 2. Description of the Related Art

The introduction of digital technology to equipment and systems used by
broadcasters is'increasing, and in recent yéars, the digitalization of broadcast radio
waves, that is, research and development toward the realization of digital broadcésﬁng,
is being performed worldwide.

15 Further, dealing with the digitalization of broadcast radio waves, research and
development has also been thriving in recent years for active matrix display devices in
which a digital video signal having image information is used as is, With;)ut being
converted to analog, to display an image.

A surface area division driving method and a time division driving method can

20 be given as methods for performing éadation display in accordance with the two
voltage values of a digital video signal.

" The surface area division driving method is a driving method for performing
gradation display by dividing one pixel into a plurality of subpixel.s. and driving each
subpixel independently based upon a digital video signal. One pixel must be divided

25 intoa plurality of subpixels in this surface area division driving method. In addition.
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WO 02/ 21574 PCT/ B01/01916 it is also necessary to form pixel electrodes
corresponding to the respective subpixels in order to drive the divided

subpi xel s wuolepeswent |y, A difficulty thus devel ops in tpgdmoifRiPl Xel
~structure is conplex. On the other hand, the tinme division driving nethod
is adrivip t hod for perfqorm ng gradation, display by controlling the
| ength of ¥IHESYBFICAFTHRER ixelcleclrpdes garrespending toghe egspeetivielspbpizals fr ane
period is divided into a plurality of display periods. Each pixel is then
“pl aced i n Borderie drivethsdividedsigpbels independsnilye Acdiflanudtyithis dswelopsinithat
accordance wth a digital video signal. The gradation of a certain pixel is
found by SEPRE SiueBre SEMPIR the di splay periods which that pixel is
turned on within all of to the display periods appearing within one frane
peri od. I n gendPalthe pther hanghe Emetivigion; driving methed ispedmving methed farst
conpared to liquid crystals and the |ike, and therefore the organic EL
mat eri al5s RRrforsung gradationdisplayby centualingthe dengile of Bine dwing whishipixalomeeni ent
in realizing high-level gradations when performng 15 tine division drive.
A case of @mqsltuyismgcxﬁceﬂ sope fragrengsiod dndivised itame pliralityiod display\perioin
accordance with a sinple binary code nethod is explaired in detail below
usi ng Fi gBachipixelisdhampplaced ig a onedstmorstumngst offIstapeint ¢agh display phrydliay |
device, and the lengths of all display periods appearing within one franme
period i n aeerdsnge withoa digitel video sigoaln The giadatiorpof 4 edtain\pixehisgfound by
di splayed using a 6 bit digital video signal capable of displaying
gr adat i onssummmgsthe ilength g8 the digplagnprriveds wiiittethat pixel isdinned bntwithipialedf
portion perforns display of 33 (32+1) gradations, and the left half of the
pi xel p@r tthenlispday parivsds appesriag within 8ge {ramePerigdadat i ons. 25 Six di spl ay
periods (displ agl periods Trl to Tr6) generally appear within one 2

general, the response speed of organic EL materials is fast compared to liquid

crystals and the like, and therefore the organic EL materials are suitable for time
division drive.

Binary code is convenient in realizing high-level gradations when performing

15 time division drive. A case of displaying mid-level gradations by time division drive
in accordance with a simple binary code method is explained in detail below using
Figs. 19A and 19B. |

Fig. 19A shows a pixel portion of a display device, and the lengths of all display

periods appearing within one frame period in the pixel portion are shown in Fig.
20 19B.

An image is displayed using a 6 bit digital video signal capable of displaying
gradations 1 to 64 in Figs. 19A and 19B. The right half of the pixel portion performs
display of 33 (32+1) gradations, and the left half of the pixel portion performs display
of 32 (31+1) gradations.

25 Six display periods (display periods Trl to Tr6) generally appear within one
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WO 02/ 21574 PCT/ 1B01/ 01916 franme period when using a 6 bit digital video
signal. The first to the sixth bits of the digital video signal correspond
to the di spiveypshii ods Trl to Tr6, respectively. The ratiperREoihfsigt hs of
the display periods Trl to Tr6 beconmes 20: 21:22: 23 : 24 : 2s The length
of the display period Tr6 corresponding to the nost significant bit 5 (the
sixth bit | frapgipsriod ydenaisingreb bitgigital vided signsl. gt firsttotthe sixtingjessef, thand t he
| ength of the display period corresponding to the |east significant bit
(the first digitpl vifleo pignali agictesppondi td ¢he displagypériads Trhdo Trmmespettivelior a case of
perform ng display of the 32nd gradation, the pixels are placed in an on
state in the di sPhemtipefiagthsiofithe disflap perods Tiido Jir& beonars@® pRhc22d 2 n an
off state to during the display period Tr6. Further, for a case of

per form ng 2153 dhedéngtinef @ rdispipyguaiod dind cotrespondiagso threangdt sigaifidant it t ur ned
off state during the display periods Trl to Tr5, and are turned on during
t he di splsay(thesikthdbiflinghis Aage3 efidie digital video siggalbisthe laigebtoarat thelengthnafahey
portion between the portion for performng display of the 32nd gradati on
and t he por display penioderfesponding toitlsglleas sighifichmt bit (theFRstbit) ofthedigial vidée t er m
pseudo contour refers to an unnatural contour line repeatedly visible when
per form ng ¢igmal igthedhortest. di spl ay i n accordance with a binary code nethod,
and it is said that the nain cause of the pseudo contour is fluctuations
whi ch devel op i rFdrheaspefpeefonnihgilispiit ofths 32nbgradatidng thelpixdcire plaskd s of
human vi sion. A nmechanismof the 20 generation of the pseudo contour is
expl ai ned usi o stategin. the Glplayperods TAI 19. TreOddsthe pixels 4ré yRiced v dn off state a

di spl ay device in which a.pseudo contour develops, and Fig. 20B shows the

rati o ofiot hdurirgnbe hisspidy phrkydl Brg. (Futher) fomg pasarof perfomhingi dispiayeof the 3Brdper i od
in the pixel portion. An inmage is displayed using a 6 bit digital video

si gnal capagradativn, thesyikely aregplactd in aanmed offstate doritg thenlisplgsperidddTanth 20B.
The right half of the pixel portion performs 3
Tr5, and are turned on during the display period Tr6.

A pseudo contour may be visible at a boundary portion between the portion for

performing display of the 32nd gradation and the portion for performing display of the
15 33rd gradation. |

The term pseudo contour refers to an unnatural contour line repeatedly visible
when performing time gradation display in accordance with a binary code méthod, and
it is said that the main cause of the pseudo contour is fluctuations which develop in the
perceived brightness due to the characteristics of human vision. A mechanism of the

20 generation of the pseudo contour is explained using Figs. 20A and 20B.

Fig. 20A shows a pixel portion of a display device in which a pseudo contour
develops, and Fig, 20B shows the ratio of the lengths of display periods appearing
within one frame period in the pixel portion. '

An image is displayed using a 6 bit digital video signal capable of displaying

25 gradations 1 to 64 in Figs. 20A and 20B. The right haif of the pixel portion performs
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WO 02/ 21574 PCT/ TB01/ 01916 display of 33 gradations, and the left half of
the pixel portion perforns display of 32 gradations. The pixels are placed
in an on stwatmnr®lri ng 31/ 63 of one frane period, and thepcpigsgh®i@re pl aced
in an off state during 32/63 of the one frane period, in portions of the 5
pi xel portion performng display of the 32nd gradation. Periods during

whi ch t he displayofaBegradationd, and thp pefthalfibf therpixed Ipprivdnt ferfoems ditpléyrofi@d ch t he
pi xel s are turned off. Further, the pixels are placed in an on state
“during 32/ ggdatiomhe frane period, and the pixels are placed in an off
state during 31/63 of the one frame period, in 1 o portions of the pixel
portion perf or nilhgpiketyparaplased ithan Gn State dyringzR1/6hof e frardls petivd, and dhd ch t he
pi xel s are turned on appear alternately with periods in which the pixels
are tur negixeld are placedincaseff sthtedusing 9168 f thenomei framepetiod @ pottishsioftiey f ace
bet ween portions displaying the 32nd gradati on and portions displaying the
33rd gr aslapixeh portidh perféifhing dfsplay dfake32nd @radaionpd|Feriods duBig Rehic thdhe
direction of the dotted line. Nanely, the pixels near the boundary swtch
over bet wepixels aneltagriedgort fygpedR aldergatalyawith pesiods i whlohythe pixelhgre3Rrckd
gradation. By doing so, a turn on period for displaying the 33rd gradation
begins i mmefiiately after a turn on period for displaying the 32nd gradation
in the pixels near the boundary. The human eye thus can see the pixels

turned on 20 coRtitherpiie!pixelsiateidacedon bh dfBtabe Bindsh 32763 of bhe RAMEYLMBE, S an
unnatural bright line on the screen. Conversely, the interface between the

portions diaadltiey pixglst e g@&tﬂ igranderistite dafflg BRR3IPEN the ViR ﬂ&ﬁ@!p@ﬁ%ﬂ,gint he
s e

33rd gradation in Fig. A is taken, for exanple, noving in

a
e et e TSR g S S I P " 29

gradat i on. whych the pixels are turned on appear alternately with periods in which the pixels are
turned off.

For a case of displaying a moving picture, the interface between portions

displaying the 32nd gradation and portions displaying the 33rd gradation in Fig. 20A

15  is taken, for example, as moving in the direction of the dotted line. Namel}.r, the pixels

near the boundary switch over between displaying the 32nd gradation and displaying

the 33rd gradation. By doing so, a turn on period for displaying the 33rd éradation

begins immediately after a turn on period for displaying the 32nd gradation in the

pixels near the boundary. The human eye thus can see the pixels tumed on

20  continuously during one frame period. This is perceived as an unnatural bright line on
the screen.

* Conversely, the interface between the portions displaying the 32nd gradation
and the portions displaying the 33rd gradation in Fig. 20A is taken, for example, as
moving in the direction of the solid line. Namely, the pixels near the boundary switch

25 over between displaying the 33rd gradation and displaying the 32nd gradation. By
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WO 02/ 21574 PCT/ BO1/ 01916 doi ng so,
32nd gradation begins imediately after
the 33rd grwdatkem i n the pixels near the boundary.

the turn on period for displaying the
the turn on period for displaying

The pagiBRneg thus can

see the pixels turned off continuously during one frane period. This is
perceived as an unnatural dark |line on the screen. 5 These tyPes of

unnat ural bfeigEso.themsn emperinfier displayingthesiod grpdstion heging

obstructions to display, referred to as pseudo contours (noving pseudo

contours).

I n noving i

which flickering notion can be seen in

iately after

therfurn Qe perigik for dispiayinetpe 335d gradeatinrein the pitels near reaboundarages
due to the same cause as that in which the noving pseudo contours devel op
The bymanye thiess eanees thepixels durmpd off sendmiuouslyrabjdsgame Hamei n

to the boundaries of gradations. A

si npl e expl periad. crhivis pereeivedas@n unnatural idark lingen e scrspat r uct i ons to di spl ay
Is visible in static inmages is nmade below. Even if a person's eye is fixed
upon one Spoi nt, These @ipssiof unmetunal bright Enes|and datkylines appearingios this §ch¢emudre t o
stare at one point with certainty. Therefore, even if ones intention:
stare at t hebsbwotictwrty displayeeafened to asipsewdo ¢dméoyps kedvipg pséwin contowks)ch t he

I 5 perform ng display of the 32nd gradation, and portions in
whi ch t he pi xel Obatmctipms toodisplayy aldo bpteme visitléén $Btic igagedatiedn, th¢ bamei sual

pi xel s are

poi nt w ||

actually nmove slightly left and right, up and down. For

exanpl e, ascmseas that int Whichitbeimloving pseudmemsodrs daveiapy in mosingdnfagesti The
di splay of the 32nd gradation to portions perform ng display of the 33rd
gradati on, ebstru2iomstiodisphy. statie imagdsete bnein wiich flakedsgmiotiombarche deer ipi xel s

are in a turned off state when the visual point is |ocated in portions

isto

di spl aying thadodfdatieyraftradations.addsinipde pxplehatioars the neason uhasahisafpe of at e

when t he vi

gradati on, ébseruptiomlite disptaydeeisiileihstaticinsagesismesiedfelowt at e t hrough t he

entire one

15

20

sual point is located in portions displaying the 33rd

frame period by an observer's eyes. 25 Conversely, for exanple,
assune that the Buenufih p@eonis eymisdixell upom pne poiot) the Wisual point moves slightly.,

and it is difficult to stare at one point with certainty. Therefore, even if ones intention
is to stare at the boundary between portions of the pixel portion in which the pixels are
performing display of the 32nd gradation, and portions in which the pixels are
performing display of the 33rd gradation, the visual point will actually move slightly
left and right, up and down. .

For example, assume that the visual point moves from portions performing
display of the 32nd gradation to portions performing display of the 33rd gradation, as
shown by the dashed line. For a case in which the pixels are in a turned off state when
the visual point is located in portions displaying the 32nd gradation, and the pixels are

in a turned off state when the visual point is located in portions displaying the 33rd

gradation, the pixels are seen to be in a turned off state through the entire one frame

25

period by an observer’s eyes.
Conversely, for example, assume that the visual point moves from portions

5
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WO 02/ 21574 PCT/1B01/01916 perform ng display of the 33rd gradation to
portions perform ng display of the 32nd gradation, as shown by the solid

line. For womaaes7an which the pixels are in a turned on pStmbhfedhen the
_visual point is located in portions displaying the 33rd gradation, and the
pixels are in a turned on state when the visual point is located in
portions dPsHPmyingdisplayef the 33rdyeradationse, portiensmerforming displapof the 3Rnd n a
turned on state through the entire one frane ggri od by an observer's eyes.
The pi xel s geadationas shgwe by thasalig lisgnEar @¢ase in which thepixelseaiod: umestant e, or
in a turned off state, throughout one frame period because of the tiny
noverent t Statewhensthe visgalpaintdhlocated impatticesdisplaying Hee 38rd geadatian, ahd thend
obstructions to display in which the to boundary portion is seen to sway
back and f piels ars i adwrnediomsrry when theevisudVphint GNotated appoitioas tisphilyirghe
present invention divided the |ongest display period into a plurality of
di spl ay yetheciPad@idationdhe piyslsare peemitotie jn 4 wrmelomy stzta troudli the@nfitesrd r ul e
15 in order to prevent pseudo contours from being seen. The plurality of
di vi ded di Sppmeypepiodibyde abservetienyasi st ri buted within one frane period so as
not to appear in succession. There may be one divided display period, and
there may be a Phepixklstaye terefdreviedr by tumah zyepterbetitin tutitdonestate) dér ih%
preferable that a display period corresponding 20 to the nost significant
bit, in ot henedwifstate, througlomyest frane pkriyd paausedof thetifly Wiodeslehtto tigg ©ar i n
accordance with a fixed rule. Further, it is possible for a designer to
appr opr i at ehd right, ep and ldewny obtire isual goint,dad obsisdtivns pe displhy in WHicH thel S
preferable that the amount of divisions be determ ned by the bal ance ofthe
dri vi ngits pbeuhdany pertidn ipsery tol eway backruhdiforh isssgens ed di splay quality 25 of
an image. 6 WO 02/21574 PCT/ 1B01/ 01916

SUMMARY OF THE INVENTION

The applicants of the present invention divided the longest display period into

a plurality of display periods (divided display periods) in accordance with a fixed rule

15 in order to prevent pseudo contours from being seen. The plurality of divided display

periods are then distributed within one frame period so as not to appear in
succession. |

There may be one divided display period, and there may be a plurality of

divided display periods. However, it is preferable that a display period corresponding

20 to the most significant bit, in other words, the longest display period, be divided in

order in accordance with a fixed rule.

* Further, it is possible for a designer to appropriately select the number of

divided display pe.riods, but it is preferable that the amount of divisions be determined

by the balance of the driving speed for a display device and the required display quality

25 of an image.



Furthernore, It is preferable that the I ength of divided display periods
corresponding to the sane bit of a digital video signal be the sane, but
the presentwomeension is not limted to this. It is not pdraavisigcessary
to make the length of the divided display periods the sane. 5 In
accordance with the above structure, obstructions to display, such as
pseudo cont our s Fusthemnorar & o pseferebleuthar rthe ilergthi of dividedddisplaybperiodsi nar y
code nmethod, can be prevented frombeing visible. The structures of the
present i nveeresponding @i the game dited] o digita videel siggal ks thasapeckigrihe presentt i on,
there is provided a nmethod of driving an EL 1o display device in which a
plurality ofinysntiends netdimitedita this. oIt is nefralways nesesseryoliodnakeTthe length of theTFT,
and an organic EL elenent, are forned, characterized in that: n + mdisplay
peri ods (whalidded displaphpsriedttbetsamat ur al nunbers) appear in one frane
period; the n + mdisplay periods each correspond to one bit of a digital
vi deo sigmal 15Imsmordanchirith thé abdve sttigfiteabbstiudtionsstp glisplay, suchlas padudoy of
di spl ay periods, anmong the n + mdisplay periods, correspond to the sane
bit of the dogioues whicheare cengpic@iops at time diviisiph dyive by a bitmary codeangthodjcag t o
other bits of the digital video signal, anong the n + mdisplay periods,
appear bet wbepreveated! foomlbeing visibltl spl ay periods; 20 for each of then + m
di spl ay periods, the corresponding bit of the digital video signal is

i nput to a gate &hestmcuresof thdwpresnt trvdntidailarb gischssed belsw. TFT t ur ni ng on,
and the respective display periods begin by the third TFT turning off;
after each of thAccerdingtiosind presenéinventson) thgrenis pravidedraangthad ofdriving ol B
periods are conpleted by the begi nning of another display period, or by

t he t hi r do Tidisplayrdevivg inrwhicl?d purality of pixels, each having a first TFT, a second TFT,

a third TFT, and an organic EL element, are formed, characterized in that:

n -+ m display periods (where n and m are both natural numbers) appear in one
frame period;

the n + m display periods each correspond to one bit of a digital video signal

15 among n bits of the digital video signal;

a plurality of display periods, among the n + m display periods, correspond to
the same bit of the digital video signal; '

other display periods corresponding to other bits of the digital video signal,
émong the n + m display periods, appear between the plurality of display periods;

20 for each of the n + m display periods, the corresponding bit of the digital video
signal is input to a gate electrode of the second TFT by the first TFT turning on, and
the 1"e'spective display periods begin by the third TFT turning off;

after each of the n + m display periods begins, the respective display periods are
completed by the beginning of another display period, or by the third TFT turning on;

25 and



WO 02/ 21574 PCT/1B01 /01916 the organic EL elenent emts |ight when the
second TFT is turned on, and does not emt |ight when the second TFT is
turned of fwofgnefsdi ng to the present invention, there i $cRigogag a nmet hod
of driving an EL display device in which a plurality of pixels, each
having a first TFT, a second TFT, 5 a third TFT, and an organic EL

el ement, are fiheoBghnichb ekttt emitsllight wheatthe secondTHT ptutyedaay, andldodswher e n
and m are both natural nunbers) appear in one frame period; the n + m

~di spl ay paet emis lighttkheaothessgardd[FDiscameldioff. of a digital video signal anong
n bits of the digital video signal; 10 a plurality of display periods,

anmong the n + ABcdtimgltatheipedentivvetivn] hemds gravideddraethos bf drigng bh BRNt bi t
of the digital video signal; other display periods corresponding to other

bits of taRphydeliet il wlech &blinaity of pively eddhchaving afieit IHTQY sPedndODET, appear
between the plurality of display periods; for each of the n + mdisplay

periods; &ifGr& PFTead0Atlbraaniei Bl flemeht afdl Birhéd, chih@errizdbirsthanal is i nput to
a gate el ectrode of the second TFT by the first TFT turning on, and. the

respective di sph3y dRPldyGieiods ivher@y ahén irdeiboth ddnkral HinRbed) &fgear i dRr each
of the n + mdisplay periods begins, the respective display periods are

conpl et edﬁlgmetﬁggoaggi nni ng of another display period, or by the third TFT
turning on; and 20 the organic EL elenment emts |ight when the second TFT

is turned on, @MaG ﬂafais?ﬁs)tpeﬁﬁhi, edch@dtre¥ftna tbope BRCET Wil vided Higngd of f.

According to the present invention, there is provided a nethod of driving

an EL  di gpbay ndféictehd Mghhl Blledsiphdlf al ity of pixels, each having a first
TFT, a second TFT, a third TPT, and an organic EL el enent, are forned,

g gfr acigerized § ?lu&&lﬁ& ‘of dRphhy‘petiods, SRR tReh HOd idpMIPPp @i dls AfrelpSHPtoPOt h
ural nunbers) appear in one 8
the most significant bit of the digital video signal;
other display periods corresponding to other bits of the digital video signal,
among the n + m display periods, appear between the plurality of display periods;
for each of the n +m display periods, the corresponding bit of the digital video
15 signal is input to a gate electrode of the second TFT by me first TFT turning on, and
the respective display periods begin by the third TFT turning off;
after each of the n +m display periods begins, the respective display periods are
completed by the beginning of another display period, or by the third TFT turning on;
and
20 the organic EL element emits light when the second TFT is turned on, and does
not emit light when the second TFT is turned off.
" According to the present invention, there is provided a method of driving an EL
display device in which a plurality of pixels, each having a first TFT, a second TFT,
a third TFT, and an organic EL element, are formed, characterized in that:
25 n + m display periods (where n and m are both natural numbers) appear in one

8



WO 02/ 21574 PCT/1BO /01916 frane period; the n + in display periods each
correspond to one bit of a digital video signal anong n bits of the
digital vidsoeyxngsral ; upper bits of the digital video signamepsofspond to
a plurality of display periods 5 anong the n + mdisplay periods,
respectively; other display periods corresponding to other bits of the.

di gi tal vidfremsipgried; anong the n + in display periods, appear between the
plurality of display periods; for each of the n + in display periods, the

correspondi ng bithe af+ ihdisglagipetibds/¢adh @orrsspwndlto ioe bitfpfta digitdl viddossigiagct r ode -

of the second TFT by the first TFT turning on, and I|o the respective
di spl ay peraméksg hbls of the difiealvideodighal, t urni ng of f; after each of then + m
di spl ay peri ods begins, the respective display periods are conpleted by

t he begi nni ng ofuppepbieestthie digitalyvidersigithl cartespynd tom flttatiel Jifdisplay periads ON;

and the organic EL elenent emts |ight when the second TFT is turned on,

and doess lﬁnmgthem-t—rﬂﬂigﬂtaymms;fb@mem TFT is turned off. According to
the present invention, there is provided a nethod of driving an EL display

devi ce inwhich atirudigplay perieds dUrespsndigaaothey bitg ofite digital Nideo sigagicond -

TFT and an organic EL el enent, are formed, wherein: n + mdisplay periods

(where n anﬂn&ﬂ%@1&%-bﬁiﬂi(sjﬂéyyéﬁédsﬂaﬁﬁ%@fﬁém%ﬁpﬁf&rpﬂu@li@r&‘diﬁﬂaﬁ eHgdsper i od;
S S.

the n + in display perio each correspond to one bit of 'a digital video

signal anmong n foi é4chQif thé e +ah BispRY pe 6@t whabpondin! bif ¢ thé Highthl wdes! ay
periods, anmong the n + in display periods, correspond to the sane bit of

the di git al sipdl @Pinphoidd gate elefirbd oftths Bécdd TFT Bflthe FREIEBP ARAINEDn, Bndt her
bits of the digital video signal. 9
10 the respective display periods begin by the third TFT turning off;,

after each of then+m display periods begins, the respective display periods are
completed by the beginning of another display period, or by the third TFT turning on;
and

the organic EL element emits light when the second TFT is turned on, and does

15 1.10t emit light when the second TFT is turned off.

According to the present invention, there is provided a method of dnvmg anEL
display device in which a plurality of pixels, each having a first TFT, a second TFT and
an organic EL element, are formed, wherein:

n -+ m display periods (where n and m are both natural numbers) appear in one

20 frame period;

the n + m display periods.each correspond to one bit of a digital video signal
amoﬁg n bits of the digital video signal;

a plurality of display periods, among the n + m display periods, correspond to
the same bit of the digital video signal;

25 other display periods corresponding to other bits of the digital video signal.

9



I W O 02121574 PCTI BO1L101916 anong the n + in display
peri ods, appear between the plurality of display periods; for each of the
n + in di PbayqRAriods, the corresponding bit of the di gickahoXhslg0 Signa
is input to a gate el ectrode of the second TFT by the first TFT turning on;
after each ofthe n + in display periods begins, the respective display
periods agpmong AP Bidesh1RYpdridas hppeiiietledt the phirhiety ofidipls)pepioas;,0d; and
the organic EL el ement éemi'ts |ight when the second TFT is turned on, and
~does not em t fdricath ofthe -+ MIiSREPHStiolE,the %oﬁéb’p%ﬁdingfb_ﬁt-ofmaigdalﬁgdécp the
present invention, there is provided a method of driving an EL display
devi ce i n gl idpithd b date dedifodRiof BheSsecORd TFITDY tha fisst fTFTSHirniAg on2 Second
TFT, 1o and an organic EL el enent, are forned, wherein: n + 1n display

per i 0ds (wher eficradh B e i8lcipl kbl BALHRS iRdhedREAW disflap pitiods'aféTe

period; the it + mdisplay periods each correspond to one bit of a digital

vi deo sig a&m S i Qi I;@ﬂq, Oard gnal ; 15 a plurality of
di spl a_y5 pgrgiln&ljs, g%otﬂr%g % cf%l% di g?)sﬁ)géy periab?jrgi, correspond to the nost
significant bi ihecgrg%itheEg,!ﬂézﬁ@x%te ;%@%hﬁwﬁ frre sESMBITFY S RLAYA BEan@WBes

to other bits of the I

correspondi ng I gital video signal, anong the it + in

di spl ay p%{n Ihs%]]p%@ﬁﬂpéage 8s Rirtdoset v of “di splay periods; for each

of the n + ay periods, the corresponding bit of the digital vi deo

20 signal is i %rcfirg%l% t%?}grt%ﬁéeﬂt %ﬁ;eﬁnﬁ%? gg{rg isrbproﬁﬂ&i)é‘ﬁixbeﬁﬁ ol?)iri%ﬁxg ahigst TFT

turning on; after ed y “peri ods begins, respective

it L IR 1SR SRl IAE DNl SACHAET, (oSl pezper] o
and doc;é r??&_tan%g% I-%ﬁgt&g%ﬂ&q’nﬂ[ﬁm%?%gmﬁT is turned off. 25 According to

t he prese I nve ere’ 1s prov a nmethod of driving an EL
n + m display periods (where n and m are both natural numbers) appear in one

frame period;
the n + m display periods each correspond to one bit of a digital video signal
among n bits of the digital video signal;
15 a plurality of display periods, among the n + m display periods, correspond to
the most significant bit of the digital video signal;
other display periods corresponding to other bits of the digital video signal,
among the n + m display periods, appear between the plurality of display periods;
for each of the n + m display periods, the corresponding bit of the digital video
20 signal is input to a gate electrode of the second TFT by the first TFT turning on;
after each of the n -+ m display periods begins, the respective display periods are
completed by the beginning of another display period; and
the organic EL element emits light when the second TFT is tux:ned on, and does
not emit light when the second TFT is turned off.
25 According to the present invention, there is provided a method of driving an EL

10



10 WO 02/ 21574 PCT/ 801/ 01916 display device in which a plurality of

pi xel s, each having a first TFT, a second TFT, and an organic EL el enent,
are formed, wompera: n + in display periods (where n and rcvmsidet h

nat ural nunbers) appear in one frane period; 5 the n + in display periods
each correspond to one bit of a digital video signal anong n bits of the
di gi tal vi ddisphiyglesice impyidch & phusalif of pixeldj eachdiavingdebrss THTad ssond 8Fdond to
a plurality of display periods anmong the n + in display periods; other

di spl ay per amdian organiesHio eltinent,tace furined, whersinof the digital video signal,

10 anong the n + in display periods, appear between the plurality of

di spl ay peri ods;n+nodispkaylpesibds {whete it ahdimdars poedynapernl mmasbert)appearrin eapondi ng
bit of the digital video signal is input to a gate electrode of the second
TFT by the framstpefibd; t urni ng on; after each of the n + in display periods
begi ns, the respective display periods are conpleted by the begi nning of
anot her di spl ay themi -6k dzphyiperibeeachgatrespobtl te baebitiof ardigital vidgbtsigiagén t he
second TFT is turned on, and does not emt |ight when the second TFT is

turned of f. amanghempmﬂwﬂlgitﬂ\a&dﬁd@gwlthe met hod may be characterized in
that the first TFT and the second TFT have the same polarity. In the

present inventi Oippet bits @ﬂh&d@ltﬁm{d&ﬁs@dhaéméspbndmplﬂraht}ﬁdfd]@pla fp-Bhods Tr3,
20 ..., Tr,-, =2, 2 2, .. ', where the lengths of the

di spl ay per aéag ﬂﬁﬂ)ﬂmﬁisplaypeﬁo.ﬂsj d| spI ay periods, corresponding to
respective bItS of the digital video signal are taken as Tri, Tr2, Tr3,

RN Ig 3 ,11 . otBE EibplRz PeRbBT EdbespbnditiEtORAY BiESof e digitilnddéas sigamanyi ng
10 among the n + m display periods, appear between the plurality of display periods;
for each of the n + m display periods, the corresponding bit of the digital video
signal is input to a gate electrode of the second TFT by the first TFT turning on;
after each of the n +m display periods begins, the respective display periods are
completed by the beginning of another display period; and
15 the organic EL eiement emits light when the second TFT is turned on, and does
not emit light when the second TFT is turned off.
In the present invention, the method may be characterized in that the first TFT
and the second TFT have the same polarity.
In the present invention, the method may be characterized in that Tr,, Tr,, T,
20 .., Tr,,=2%2}2% ..,2%% 2, where the lengths of the display periods, among the n
+ m display periods, corresponding to respective bits of the digital video signal are

taken as Tr,, Tt,, Tts, ..., Tt , Tty

BRIEF DESCRIPTION OF THE DRAWINGS
25 In the accompanying drawings:
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WO 02/ 21574 PCTIIBOL /01916 Figs. |IA and I B are diagrans show ng a pixel
portion of an EL display using a driving nethod of the present invention,

and the rajigyRis7sihe lengths of a display period and dipdgiadiehos! ay
peri ods, respectively; Figs. 2A and 2B are di agrans show ng the pixel

“portion of the EL display using 5 the driving nethod of the present

i nvention, and Bige Iatmd1Bfaré diagteesghbwing a pixepparyion of ai Edlsdispldy wsimgdi spl ay
periods, respectively; Fig. 3 is a diagramshowing the ratio of the | engths
“of di spl aya geivingptaethod ofcthy peteentdns@ition, prd edmtibaf the dagthsodf aldisplliyng a
plurality of display periods into divided display periods; 10 Fig.. 4 is a

circuit diﬁ@imdiaid@ﬂmyplayqfeﬁioaﬂ réispedgvely;dri vi ng nmet hod of the present
invention;" Fig. 5is a circuit diagramof a pixel using a driving nethod of

the present i nFggtdA0fid IB are dagramshibvigs trepikelportipnofthe BLL digplaytubing of t he
present invention; 15 Fig. 7 is a circuit diagramof a pixel portion using

a driving fﬂ%td}%éghm oPfiRSRedent RiteAtiontindfthe rath bBthe leagthsiof dikphgr am of
a pixel using a driving nethod of the present invention; Fig. 9 Is-a

di agram shguk g adHoh disilayBérh, REpddieelpt €sent invention; 20 Figs. 10A
and | OB ate block diagrans of a driver circuit; Figs.” 1 A and 11B are top

surface di agranp;go8 j8n dikgfhs Hving &Q?aﬁolaﬁtﬂeoleﬁ%ﬁs Jf QAispld fange .
y,

di agram and cross sectional diagrans, respective of an di spl ay;

g: g; i a;;?’A 1;1%&&1%@1@ Phr RS 2615, caBONY vidih g ESIRSf displayf feeiods im@dmadddl 25
display periods;
10 Fig. 4 is a circuit diagram of a pixel portion using a driving method of the
present invention;
Fig. 5 is a circuit diagram of a pixel using a driving method of the present
invention;
Fig. 6 is a diagram showing a driving method of the present invention;
15 Fig. 7 is a circuit diagram of a pixel pqrtion using a driving method of the
present invention; .
Fig. 8 is a circuit diagram of a pixel using a driving method of the present
invention;
Fig. 9 is a diagram showing a driving metho.d of the present invention;
20 Figs. 10A and 10B are block diagrams of a driver circuit;
Figs. 11A and 11B are top surface diagrams of an EL display;
" Figs. 12A to 12C are a top surface diagram and cross sectional diagrams,
respecti%rely, of an EL display;
Figs. 13A to 13C are diagrams showing a method of manufacturing an EL
25 display;

12



WO 02/ 21574 PCT/1B01/01916 Figs. 14A to 14C are diagrans show ng the

nmet hod of manufacturing an EL display; Figs. 15A and 15B are di agrans
showi ng thevowidigd of manufacturing an EL display; 5 Figephfidisicd di agram
show ng the nethod of manufacturing an EL display; Figs. 1/Ato 17F are .
el ectroni ¢ equi prent having an EL display using a driving nethod of the

present inventiBigs. HA%o 128/radihgifis stictvig €ed fmethiod FabdrufRRirindsai BD an EL
di splay using a driving nethod of the present invention; 10 Figs. 19A and
19B are di digplayd showi ng a pixel portion of an EL display using a
conventional driving nmethod, and the ratio of the |lengths of a display

period and di VFigediSA apd 2B Res diagamssB6WE ! th¥ elethodeiindth@soturddarpil 20B
are diagrans show ng the pixel portion of the EL display using the
convent i ongispiiyt vi ng nethod, and the ratio of the lengths of display
periods 15 and non-di splay periods, respectively. DETAI LED DESCRI PTI ON OF

THE PRERERRED ERpBORS MaNKiagrantsipeth ey méfde oﬁnaﬁufa%ﬁ@ingfan@LscﬂkﬁlX%;ng an

i ntermedi ate gradation by a time division driving nmethod 20 of The.present

invention is expiodiiethd 17FdReé alebirdiftt %ﬁﬁmam&%gfxﬂgy%% Jt,:%tgvmgf‘ shows

a pixel portion of a display device, and the ratio of

di spl ay pefje@bd ofithd Prsedifdtioh) one frame period Fin Fig. 1B. In figs IA
and 1B, an inmge is displayed using an n-bit digital video signal capable

of displaying g Q.ais.&%ggflfsﬁ% &1€ctiohic I@ﬁgﬁ%@ﬁa@hﬁ%%%&?&ﬁ%ﬂ%@&%mt ion

25 perforns display of + 1 gradations, and t

di'spl ay  of 42ying ket B2AR hrddnPETdARAL 101916

10 Figs. 19A and 19B are diagrams showing a pixel portion of an EL display using
a conventional driving method, and the ratio of the lengths of a display period and
divided display periods, respectively; and

Figs. 20A and 20B are diagrams showing the pixel portion of the EL display
using the conventional driving method, and the ratio of the lengths of display periods

15 and non-display periods, respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[Embodiment Mode 1]
A case of displaying an intermediate gradation by a time division driving method
20 of the present invention is explained in detail below using Figs. 1A and 1B.
Fig. 1A shows a pixel portion of a display device, and the ratio of the lengths
of diéplay periods Tr that appear in one frame period F in Fig. 1B.
In figs 1A and 1B, an image is displayed using an n-bit digjtal video signal
capable of displaying gradations from 1 to 2". The right half of the pixel portion
25 performs display of 2*' + | gradations, and the left half performs display of 2™
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gradations. N display periods (display periods Trl to Tm appear w thin one
frame period for a case of using the n-bit digital video signal in

accor danceyghifism Si npl e binary code nethod. The first poirsfafoidibe digita
~video signal to the n-th bit of the digital video s signal correspond to
the display periods Trl to Tm respectively. The ratio of the |engths of

t he di spl agrapstiorsds Trl to Trn becones 2 : 2' : 22 : 22 : 2"The length of
the display period Trn corresponding to the nost significant bit (the nth
" bit in this case)display pegiods (displhy périads il 36 Tkn)i apptdrevitldn 9as tranmetriotie

| ength of the display period Trl corresponding to the |east significant bit

(the firstfdpid dase of usihgithe nhindigihl Vdete Sighaldf alccordatiitewih arsiaple. bily a case
of perform ng display of 21' gradations, the pixels are placed in an on

state in tosiledh&Bb@YTRESitseBHE ofthle digital ¥{deo kignabtadhd Hh bit ¥Eihe dagital pideeed in
an off state during the display period Trn. Further, the pixels are placed

i n a tursneggiifcobreddoiddy ihd\@isplhi PerfbdsPld o M, resfectivdlyt 0 Tr(n-1), and are
turned on dﬁfrﬁinng t he di spl ay 1C;))eirn?od Tm 15 V\heﬁﬁperf)(’)rm ng di spl ay.of 2"}

+ 1 gradati ons. THO@iigi c¥RhélenPBE bPﬁlerisﬂl?béﬁbcfs 81 t@TaEBdcoRRE RO T $2t:hen
divided into two divided diSplay periods (S1Trn and S2Trn) in this

embodi ment _mogez . Net e fidiengtt be WK disifay dﬂérﬁﬂt 2o BEfrepEndif 18 @k \theqd into

two divided display periods I1n this embodi nent node, the present invention

is not |inmy -t'(lﬂ% ~ indR: bhfthk PrRied SMis e hyVinded
di spl ay pg?%%sﬁaﬂt agrl\y nunng{elgygf %icﬁegﬁldi%g%aagﬁge%dgs rray&t)g(’aégtbgﬂclﬂhded,

limted b)’leh?ﬁ: SIRBE @Ry géﬁé@‘#r DlorfesPbAdiSs totht faki sigfiflcdit SR(thE Ak vihe
di vi ded di splFay periods”do not appear iIn succession. A display period

cor r esppndpPfheldReidfl 9id2 sighal isthe bitRtedi. 9l tal video signal always appears
between two divided display periods. 25 Note that the | engths of the

divi ded di spl ayggiey A6%f Feodfihg RRplA oI Bradafbns) O BEHIRSHhBAL/ 01916

on state in the display periods Trl to Tr(n-l), and the pixels are placed in an off state

during the display period Trn. Further, the pixels are placed in a turned off state during

the display periods Trl to Tr(n-1), and are turned on during the display period Trn,
15 when performing display of 2" + 1 gradations.

The display period Tr having the longest period is then divided into two divided
display periods (S1Trn and S2Trn) in this embodiment mode. Note that although the
display period Trn is divided into two divided display periods in this embodiment
mode, the present invention is not limited to this. Provided that there are two or more

20 divided display periods, any number of divided display periods may be provided.
limited by the operation speed of a driver circuit and pixel TFTs.

" The divided display periods do not appear in succession. A display period
corresponding to another bit of the digital video signal always appears between two
divided display periods.

25 Note that the lengths of the divided display periods may not be the same.”
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Further, it is not necessary to place any limtations on the order of the
di splay periods which are not divided. There are no limtations on setting
t he order fwambkissdi splay period corresponding to the rgsimmgEssfi cant
bit to the display period corresponding to the least significant bit. 5 A
reason that obstructions to display such as pseudo contours are difficult
to be seenFiuharhis isindtwieerssary tdpldcoamhlimisationsron theoxsder obtheidisplayspamioded next
using Figs. 2A and 2B. Fig. 2A shows a pixel portion of a display device
f or per f or nwhighdire pptdivisgda Thepei are ng limitations onl satting the @sdertfram vendisplay and
Fig. 2B shows the lengths of display to periods and divided display

peri ods apppeiodwprasspdrdingiodhé mastsigiaficand pititoithadisplaypedied cofredpondingter on
period and a turn off (non-turn on) period of a pixel. The right half of

t he pi xel piketleashsignificantrbit.di spl ay of 2"'' + 1 gradations, and the left
hal f perfornms display of 2"'' gradations in Fig. 2A. In portions of the

pi xel porsti on peAtreason thet dbsipictignsab diSplaly syclaakpsendscontdes aiexdfficultibbar e
placed in an on state in 2°1 - 1/2" periods within one frane period, and

t he pi xel s seanén the dciethgimethod affthe presdnt invenf26n is didtugsed nexd ssing Figsi2A bid one
frame period. The periods during which the pixels are'in an turned on
state and t2B. periods in which the pixels are in a turned off state then
appear alternately. Further, in portions of the pixel portion performng
di spl ay of 2" + Fig. 24 showslapiehportiohefpidiglasy devicepfonperforning displaydsy Dn
state in 2" / 2" periods within one frame period, and the pixels are

pl aced in adfivingesethéd of thaet present 2tiventidn,/ and' Fige2Batiswsithéd lengthseof digayf r ame
period. The periods during which the pixels are in a turned on state and
the perioodgeriodswhd dividedaligylaseperiods eppearing wwithirechedffims perical, icheconiapear
alternately. The turn on periods and the turn off periods are divided and
appear al t ewfthtaginn orXFeritddtdnidra taficoff (worBtupe bhPskriodrod atpiveelvi sual point of a

person noves slightly left and right, 15 nr
The right half of the pixel portion performs display of 2™! + 1 gradations, and
the left half performs display of 2*' gradations in Fig. 2A.
In portions of'the pixel portion performing display of 2*! gradations, the pixels
15 are placed in an on state in 2™' - 1/2" periods within one frame period, and the pixels
are placed in an off state in 2™' / 2" periods within the one frame period. The periods
during which the pixels are in an turned on state and the periods in which the -pixels are
in a turned off state then appear alternately.
Further, in portions of the pixel portion performing display of 2™' + 1
20 gradations, the pixels are placed in a turned on state in 2™/ 2" periods within one frame
period, and the pixels are placed in a turned off state in 2™ - 1 /2" periods within the
one frame period. The periods during which the pixels are in a turned on state and the
periods in which the pixels are in a turned off staté then appear alternately.
The turn on periods and the turn off periods are divided and appear alternately
25 within one frame period, and the visual point of a person moves slightly left and right,

15
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WO 02/ 21574 PCT/1BOL/ 01916 up and down, and therefore it is sufficiently
possi bl e that other display periods or divided display periods are

straddl ed.wbhaabRRhks case, even if the visual point of an pcalag@iels i s fi xed

~continuously on only turned off pixels, and conversely, fixed continuously

on only turned on pixels, pseudo contours can be prevented from being 5

vi si bl e siwzend dewheand tterefors itds esfficientlyupossible thet otes displayuperiaalsforper i ods

~are shorter conpared with conventional drive in accordance with a sinple
bi nary coddividetihiishlay periodxarpiteddiede Ini thisatasppeven ifshe aksmal peintofiang from

a portion displaying 2" gradations to a portion displaying 2" + 1,

gr adat i onsolsssrvends distedd cdmptirtuoasigash edlyl tureed of¥ pixelshendr convagelyetfined of t he
present invention, even if the pixels are in a turned off 10 state when

t he vi sual cgminabusly oh eabt wenddomgixelsopssudo sqtayrs egn Be peaveiat ifcoms beimgd even
If the pixels are in a turned on state when the visual point noves to

portiong diislesihegthedéngthd ofsirdessivensam dihperfodsiod turhwif petidisciré shatdrods
appearing in succession becomes shorter than that for a conventi onal

driving negdipgared Withedodwentidnabdiiveinalccardhncywitly a siwpie birkygsoderatthole pi xel s
are always in a turned off state throughout one frane 'period 15 can be

prevented. Convijrefhipld e VxallBbit isithieen\dsIhi@Hing Gofif a pértiod d@plagng®Vi Ng

froma portion displaying 2° + 1 gradations to a portion displayling 2"

gradat i onsgraWifidhstto pdition Bigplafiigrd+of glabtidtses endicated By tedhsh@VBhe. f t he
pi xels are in a turned on state when the visual point is located in

portions digsf th¥ dfiding méthdd df SledpdlehOiifentRdernafthelpitdieaixghfinédoffre in a
turned on state when the visual point noves to portions displaying 2"-'

gr adat i nSstateliPhdnthe Yisual\Boiht!isloledRI i RESnAARNAYihS 3™ Fadstfons SaidogveRecones
shorter than that for the conventionapl driviﬂgwrrlg?hodg Therefore, the

vi sual i zat j{9Re pixeld WrER a tBMRE oh3fike Whéh eV Rudl FUift ROVRYS pbrfioAs displaghigOn
state throughout one franme period can be prevented. 25 In accordance with
the above strygigiBitioRd)The siih iof BFo hidn YrBRrRMs SpShrRg iR 38MESsion Becomes
shorter than that for a conventional dnvmg method. Therefore, the visualization by
human eyes that the pixels are always in a turned off state throughout one frame period
15 can be prevented.

Conversely, for example, the visual point is taken as moving from a portion
displaying 2™ + 1 gradations to a portion displaying 2™ gradations. With tl.ae driving
method of the present invention, even if the pixels are in a turned on state when the
visual point is located in portions displaying 2" + 1 gradations, and even if the pixels

20 are in a turned on state when the visual point moves to portions displaying 2™
gradations, the sum of two turn on periods dppearing in succession becomes shorter
than that for the conventional driving method. Therefore, the visualization by human
eyes that the pixels are always in a turned on state throughout one frarixe period can be
prevented.

25 In accordance with the above structure, obstructions to display such as pseudo
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WO 02/ 21574 PCT/1BOL/ 01916 contours, which are conspicuous in time
division drive by a binary code nethod, can be prevented from bei ng

vi si bl e. [ Ewoadizneat Mode 21 5 Only the display period coigragp@isigng to the
nost significant bit of the digital video signal is divided into divided
di splay periods in Enbodi nent Mbde 1. In Enbodi nent Mbde 2. an exanpl e of
di vi di ng di sqiteyrspehichdse canspisupusigitime division giive by 4 binanf cadepeethéd.tcanof a
digital video signal, selected in order successively fromthe nost

si gni fi cant béprevented fropi being visitkds. of di vi ded di spl ay periods, respectively,
Is shown. io Note that, in this specification, the termupper bits
corresponds to display periods divided into divided display periods, and
the termlower bits corresponds to display periods which are not divided

i nto di vi defEmbadiinent Mededls. A driving nethod of Enbodi nent Mode 2 is
explained using Fig. 3. Fig. 3 shows the ratio of the |engths of display
peri ods Br and dDwmiydhel displaplpesiopeoirespondinig to the magsp signifiogntbit bf the digital r ane
period Fin a pixel portion, when performng tinme division gradation

di spl ay usi videarsignabiid diliidgdt mito dirvdéed disglayl periods EniEmbodiment\bibde 2. The

di splay period Tin and the display period Tr(n-1) are'taken as display
peri ods corEmbpdintintMode Dpaeexinple off diziding displayvpetiods Sogesgondiipt # at hat ,

i n Enbodi nent Mbde 2, although a nethod of driving is shown in which two
bits. 20 t hpluralitpef uppebbits afwldigital widedsignal jselebteldiin order sudcasstvelypfomher
bits, the present invention is not limted to this. The nunber of upper
bits may bemestisigrifidant ditpintepylurdlities of dieided dispidy pesiotisyvespectivelys is sHowever, it
is necessary that all of the upper bits be in succession, and in order

f rom t helonONbtesthgt)iih ithig spedifitation thectetmpipper bits corresvadoto displg pepiods bits.
the nunber n bit, the nunber (n-1) bit, and the nunber (n-2) bit of the

digital vidgi9idedInto difidled di¥plaSH@ivds,t and! the tetppiotveb bits corkdspbhds io display
periods which are not divided into divided display periods.

A driving method of Embodiment Mode 2 is explained using Fig. 3. Fig. 3
shows the ratio of thé lengths of display periods Tr and divided display periods STr

15 appearing within one frame period F in a pixel portion, when performing time division
gradation display using an n-bit digital video signal.

In Embodiment Mode 2, the display period Trn and the display peric;d Tr(n-1)
are taken as display periods correspoﬁding to upper bits of a digital video signal. Note
that, in Embodiment Mode 2. although a method of driving is shown in which two bits.

20 the number n bit and the number (n-1) bit, are taken as upper bits, the present invention
is not limited to this. The number of upper bits may be set to 1. and may of course be
set to two or more. However, it is necessary that all of the upper bits be in succession.
and in order from the most significant bit. For example, for a case of three upper bits.
the number n bit, the number (n-1) bit, and the number (n-2) bit of the digital video

25 signal correspond to the upper bits.
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WO 02/ 21574 PCT/1B01/01916 The ratio of the I engths of the display periods
Trel to Trn becones 2 : 21 : 22 ..... 2"'2:2". The pixels are placed in a
turned on woat/msran the display periods Trl to Tr(n- 1) pdrageipesisor m ng

di splay of 211 gradations, and the pixels are placed in a turned off 5
state in the display period Trn. Further, when perform ng displ ay of 2TM +
1 gradations, Theraioef thedengtin efthel display periode=Tredté Ten beeomes 2°h@’ dR%pl ay
periods Trl to Tr(n-1), and the pixels are placed in a turned on state in
" the display. p2Fi:@".Trn. I n Enbodi nent Mode 2, the display periods
corresponding to the upper bits, the display period Tm and the display
period Tr(n-1) Tha pieioatepiaved e turBed an stath inithiedisplap penods Tiirtedri-v) ded

di splay periods (S1Trn, S2Trn, and S3Trn), and into two divided display
peri ods ( Sdben(performingidiSglay fi21) gradatiompcand the pjxelNueeladedtin agitredwdh t hr ee
di visions ofthe display period Tm and two divisions of the display period
Tr(n-1)s atate infthe display pefiodDrli. Fewrthedybidien gerforneing displapof Rhiviehgiadations, not
limted to this. The nunbers of ‘divisions of the display periods -

cor r espondhépixels akdiplavgapiera thiried off state i theSidplay fiepidds Trl toBrén-1y/andshe and
provi ded that the nunber is equal to or greater than two, it is possible

to form anixelsiafesilaced ifliavtinthied oflistiid Rythe GispRgperibil Mri.ed only by the

operation speed of a driver circuit and pixel TFTs. The divided displéy

peri ods corr espwRgibodiniéht MnleDatR diplayderiolecdti@pérmdinytioctheupper bitglthelo not
appear in succession. A subframe period or a display perio 20

cor r espondi rivddorhand itd disla; idd D) inErdbediieat®ioda Ry @¢ didgaear s
bet ween tmijﬂagf% ded di spl ay §[')ﬁer)itig%s. Il\tl(ot eht hat the | engths of the divided

di spl ayo pahiotHfeecdivides @pliygeriods (BETHABRTm) lahd SBTHA)Cafd &itd alvo \divesd si gnal
need not all be the same. In accordance with the above structure, '

obstruct i Qigpldyopéticir! @I Ts@CD &9 $BRALD)), ?e‘é?s&we@urlsotevma@ RItAbEgIF &P Cuous
in time division drive by a binary code nethod, can 18
divisions of the display period Trn, and two divisions of the display period Tr(n-1), are
formed in Embodiment Mode 2, the' present invention is not limited to this. The
numbers of divisions of the display periods corresponding to the upper bits are not
15 limited to these values, and provided that the number is equal to or greater than two,
it is possible to form any number of divided display periods, limited only by the
operation speed of a driver circuit and pixel TFTs.
The divided display periods corresponding to the same bit of the digital video
signal do not appear in succession. A subframe period or a display period
20 corresponding to another bit of the digital video signal always appears between two
divided display periods.
" Note that the lgngths of the divided display periods corresponding to the same
bit of the ciigital video signal need not all be the same.
In accordance with the above structure, obstructions to ;iisplay such as pseudo

25 contours, which are conspicuous in time division drive by a binary code method, can
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WO 02/ 21574 PCT/ B01/ 01916 - be prevented from being visible. [Enbodi nent
Mode 3] A driving nethod in which a display period is divided into a
plurality owalexzisted s di splay periods based on a fixed gedigoi/gioRXpP! @i ned
i n Enbodi nent Mbde 3. In order to sinplify the explanation, a case of
perform ng gradation display using an 8 bit digital video signal is

expl ai ned i %emtmm g visiblehe | engt hs of display periods
corresponding to the nunber n-bit (where n =1 to 8) of a digital video
signal are taken as Ln, and the nunber of divisions of the 1 o display
periods is taken as mm. |f the value of Ln/nR is found for a case where m,
1, 2, 3, 4[Embodiment Madeddint, then the results are as shown in Table |
below [Table I] Ln/m3 m=1 m=2 m3 m=4 15 L8 =128 128 16 4.74 2 L7=64
64 8 2.37 1 L6=8ariyingmethod in which atisplaypesiod is divigedinto 2plurditytofidivided2 2
L1=1 1 IL 19 117. WD 02/ 21574 PCT11B01101916 The total nunber of display
peri ods and displaygetiods based pn pdixied tele fsorapiadned in FmbodinseritMode Jelni ayderite set
to 13 in Enbodi nent Mbde 3. It is preferable that the Iengths of the all
of the di spkiayplifi theozkplanation,recade of pertoroninggragatiosr displsy singian 8 hitaligited

ossi bl e. '

P video signal is explained in Embodiment Mode 3.

The lengths of display periods corresponding to the number n-bit (where n =1
to 8) of a digital video signal are taken as Ln, and the number of divisions of the
10 display periods is taken as m,. Ifthe value of Ln/m,’ is found for a case where m, =1,

2, 3, 4, ... at this point, then the results are as shown in Table 1 below.

[Table 1]
Lo/mn’ I mn=1 mn =2 mn =3 mn =4
|

15 L8=128 128 16 4.74 2
L7=64 64 8 237 1
L6=32 32 4 1.18
L5=16 16 2 0.59
L4=8 8 1

20 L3=4 4
L2= 2
L1=1 7 1 f
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The visualization of obstructions to display such as pseudo contours can be
effectively 5 prevented provided that the lengths of all of the display
peri ods argpobdasfi vi ded di splay periods are equal. The poysBRinnQg di vi sions
. of each display period is therefore selected so as to nmake the val ues of
Ln/m }3 as equal as possible and nake the total nunmber of the display

peri ods and t h&@hditetebmunbirofdisplayperiodsarddiniddd disptaygetiodsormed ivgthin 3.
Further, it is preferable that the display periods corresponding to the

" upper bi t ©nbdrabee priddde detita 13 inlEmblodimertt AMdodi 3 plt ds/pretarakid that thelgngtbager

| ength. I n Enbodi mrent Mode 3, the divisions are nade as shown by the

ci rcl ed vaiftisesall of thadisplag pefiddsrng tB¢ dividednlisplaygieriods be s exquaBasposdiblel 5
L8=128 128 16 4.74 2 L7=64 64 2.37 1 L6=32 32 1.18 L5=16 16 O 0.59 L4=8
CD 1 20 L3Eht v@ualiZation(i obkthedions AHdi¥glad fuchEs pdetdo coRtOdA b6 effdatiwdly, t he
di splay periods Trl to Tr4 are not divided, the display periods Tr5 to Tr7
are di vidgeventel grovided tint thederggitisqd fayl afthe disldy periods dnd ihddivided display ee.
Further, in one frane period the display periods corresponding to the sane
bit of t hepegliods frelequali The nempardf divisiods ofeach disphey pafibd isthapfraselested
succession. 5 1t is possible for a designer to suitably select the nunber
of di vi si Gas@d niake thelVapdsf [iFn| VatSequbllds poksibie andehadeahe eotiltaimbeaefnunber
be determ ned in accordance with the bal ance between the driving speed of
the di spl alie dplayepetivds ahé thiedividedddishisppériods formed in one frame period 13.

Further, it is preferable that the display periods corresponding to the upper bits be
10 divided in order from the display period having longer length. In Embodiment Mode

3, the divisions are made as shown by the circled values in Table 2.

[Table 2]
Ln/mn® mn=1 mn =2 mn=3 mn=4
15 18=128 128 16 2
L7=64 64 2.37 1
L6=32 32 @ 1.18
L5=16 16 @ 0.59
L4~=8 1
20 L3=4 @
2 | (G
s | QD |

20



quality of an image. Further, it is preferable that the | engths of the

di vided display periods 10 corresponding to the sane bit of the digital

vi deo si gnaWmeraisveé sane, but the present invention is nedrmsimitded to

this. It is not always necessary for the |lengths of the divided display
periods be equal.. Note.that therg are al cases i, ich it is possible to °
effectively prev:g?ﬂleltyv%@ﬂlazyaﬁq%qséﬁ Psﬁgéﬁe%m‘ﬁa‘?‘ﬁgﬁf{{i@?m%mﬁz as a -
substitute f t he above stated 5 L.n/ " depending.on .the condition. It

i s possi bl e""fo'f)‘:r7 4R GV ’@F%?W%Gnﬁéfﬁ‘hwlﬂél’@%ﬂ Tr§é$ dvidegrintorihses) Farther.use as
a standard when deciding the driving nethod. In accordance wth the above
structure, Bo%e fiane praod thejdisplay pegody.catesponding to tssemarbit ofjhe digital o
conspicuous jn tinme division drive by a binary code nethod, can be

prevent ed f ¥igae BiEpalAry deivel &0 aoRotiaBERAAFENIUSCESIONhe present invention are
expl ai ned bel ow._ [Enbodiment 1] A structure of a pixel portion of an EL

di spl ay fSor contlt pessible foya designer dej seitably seleqjdhe pumbercpfedinisions ofsheg t wo
thin filmtransistors ‘(JTF.T'S) formed in each pixel, and 25 a driving:

net hod, ar edisRlgy petieds, byt itistrseferable that the numbenizy detgmingdi/asaydandepsitls A

bl ow up di agram of a pixel portion 401 of an EL display of Enbodiment 1 is
shown in Fi &e balanep beteween itmduiving speedif thedisplay devies andthegequirgdadisplay nes Vv

1to Vx, and gate signal lines G to Gy are forned in the pixel portion
401. Regi ongualifypkap Bwageof t he source signal lines S 1 to Sx, one of the
power source 5 supply lines Vito Vx, and one of the gate signal lines Gl

to Gy indicate furder #ois preferablsothainthe langths pf dhedivijeddistlay petieds s 404
are arranged in a matrix shape in the pixel portion 401. A blow up diagram
of the pioxe¢orzrgponding teothe shme bitpf the diguplovidersignaliberthe sas but the present
invention is not limited to this. It is not always necessary for the lengths of the divided
display periods be equal.
Note that there are also cases in which it is possible to effectively prevent
visualization of pseudo contours by using Ln/m,” as a substitute for the above stated
15 Ln/m,’ depending on the condition. It is possible for the designer to appropriately
select which value to use as a standard when deciding the driving method.
In accordance with the above structure, obstructions to display such as pseudo
contours, which are conspicuous in time division drive by a binary code method, can

be prevented from being visible.

20 Embodiments of the present invention are explained below.

[Embodiment 1]
A structure of a pixel portion of an EL dispiay for coﬁtrolling light emitted from
organic EL elements, using two thin film transistors (TFTs) formed in each pixel, and
25 adriving method, are explained in Embodiment 1.

21
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i ndicates a swtching TFT in Fig. 5. A gate electrode of the swtching TFT

405 is 10 connected to a gate signal line G (any one of the gate signal
lines Gl tyag6¥ns74One of a source region and a drain regippqysifinidie SW tchi ng

. TFT 405 is connected to the source signal line S (any one of the source
signal lines S1 to Sx), and the other region is_ connected to a %ate

el ectrode of ar oW diagrayraf apjselnosiq ofanddy display oEEgoodimant 148 xel . 15

The capacitor 408 is fornmed, in order to store a gate voltage (the electric
" potential shpwndnEiged. Bewsesignal lipes 8140 86 modies sante sippbilines ildgiVenandf t he
EL driver TFT 406 when the switching TFT 405 is in a non-selected.state
(of f st at egate sigead lingsG1 to4Fy arsfommed inithepixegl portigndfich t he capacitor 408 is
formed is shown in Enbodinment 1, the present invention is not limted to
t hi s struct ur e Reginhshavingwoe of theisquush sighallings S2to Sxpmeiof the pooRT seuraet
formed may al so be used. Further, one of a source region and a drain region
of the EL supplydiney W ta04&x,iand opeoafibe gets signat hinesgolvor Gy indicate pinglpH04 fin ne Vv
(any one of the power source supply lines VI to Vx), while the other
regi on i s Ewmbedioentil.t4 phuvalitygdthepifils 404care arranged in Fmatrizpshape intba pixsl suppl y
line V1 is connected to the capacitor 408. 25 The organic EL el enent 407
conpri ses portiemé@le, a cat hode, and an EL | ayer 22 WO 02/21574 .
PCT/1$0 /0191 G fornmed between the anode and the cathode. If the anode is
connect ed t o t Heblwmpdiagrapyofihe pixet 404 is shaiwminFigehi Beference ameéital 403 ver TFT
406, then the anode becones a pixel electrode and the cathode becones an
opposi ng ehdicates dswitchinge TEE iy Fig.fS. t Acgateaelectdede ofsthe smitehingdTHD 406ds sour ce
region or to the drain region of the EL driver TFT 406, then s the cathode
beconesioa qunredtedticex gatedignahling Gd(any onleofithe gaesigml lipgoG1l tyGykl @ae pbde. An
opposing electric potential is inparted to the opposing el ectrode of the
or gani ¢ Ela siueceangiod@id aldvaih begion of the switcling TEE 406 éxcconinectpdtoahé sa@drce S
i nparted to the .

signal line S (any one of the source signal lines S1 to Sx), and the other region is

connected to a gate electrode of an EL driver TFT 406 and to a capacitor 408 of each
pixel.

15 . The capacitor 408 is formed in order to store a gate voltage (the electric
potential difference between a gate electrode and a source region) of the EL. driver TFT
406 when the switching TFT 405 is in a non-selected state (off state). i\Iote that,
although a structure in which the capacitor 408 is formed is shown in Embodiment 1,
the present invention is not limited to this structure, and a structure in which the

20 capacitor 408 is not formed may also be used.

Further, one of a source region and a drain region of the EL driver TFT 406 is

connected o the power source supply line V (any one of the power source supply lines
V1 to Vx), while the other region is connected to an organic EL elément 407. The
power source supply line V1 is connected to the capacitor 408.

25 The organic EL element 407 comprises an anode, a cathode, and an EL layer
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power source supply line V. The power source electric potential and the
opposing io electric potential are inparted to the EL display, which uses a
driving net waxb2eis7ahe present invention, by a power sourmasedted by
external 1Cs or the like. The power source electric potential of the power
source supply line is nmaintained at an electric otential having an

el ectric poformed hetweenrthe aneds and the cabods pshe gnadeds counistagiiodhe stutes  such
that the organic EL element emts |ight when the power source electric
potential resionriqihgdrain region efthp Ekeiriver TET #86.shert the Auods brsaines Epixel enent .
An electric current density of several mANcnR is necessary for the pixel
portion fcHecradggnd fegathadedesoresan erposingielectrnile. t Gonvisesehaifthe oithode pi xel
is 200 cd/n2 for a typical organic EL display at present. Therefore, if

t he screen iscounegteddotie sowcgeﬁglpnortsetbgdsénwgildmd ¢ EL driventF BHOG Hbersi ze of
the electric potential inparted fromthe power 20 source fornmed in the IC
by a swi sctthe | catiimdzobecames b, pixek glesirode sangr the @heds rbecompntannbppdsimnd t he
opposing electric potential are always maintained at a constant level. and
it is not redectroglary to control the size of the electric potential inparted
fromthe power source forned in the IC by using a swwtch. This is useful

i n achi eving a |4 gpposing electmicspatentiad ie impa®d thahe wppeding gletEddel 06 thend .t he
EL driver TFT 406 can be formed using 23 ;ar: WO 02121574 PCT/1BOLl/ 01916
n- channel TEZanioELElehentdd. Thither, ipowersourcef el¢dixic potanial is epparteddo thehe
drain region of the EL driver TFT 406 is connected to the anode of the

or gani ¢ EL pewemrsourcd Gupplytlinei ¥. [Fhefpovediseutch atectrivepdientihl iand thel 6potitz be a
p-channel TFT. Further, if the source region or the drain region of the EL
driver TbT eldfiric potentisienme adpartedttbe¢he BE hlispdayp tvhidhauses adgiaivigameihoéloftent 407,
then it is preferable that the EL driver TFT 406 be an n-channel TFT. The
sw t chi ng TprdsedOimveantibd, by afgowtr isowce Tormed(dy extornal|IEs oh thwelilee. NThd pewat e

source electric potentiai of the power source supply line is maintained at an electric

potential having an electric potential difference with the opposing electrode on an order

such that the organic EL element emits light when the power source electric potential
15 is imparted to the pixel electrode of the organic EL element.

An electric current density of several mA/cm? is necessary for the pixel portion
for a case where the amount of light emitted per area of the pixel is 200 ccél/m2 fora
typical organic EL display at present. Therefore, if the screen size becomes large, it
becomes difficult to control the size of the electric potential imparted from the power

20 source formed in the IC by a switch. In Embodiment 1, the power source electric
potential and the opposing electric potential are always maintained at a constant level.
and it is not necessary to control the size of the electric potential imparted from the
power source formed in the IC by using a switch. This is useful in achieving a larger
screen size panel.

25 The switching TFT 405 and the EL driver TFT 406 can be formed using
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structure such as a double gate structure or a triple gate structure, in
addition to a single gate structure. 10 A nethod of driving an EL displ ay
of the prewentrismvention having the structure stated abmvasbsoiewp! ai ned

. next using Fig. 6. In Fig. 6, the horizontal axis shows tinme, while the
vertical axis shows the arrangenent of the selected gate signal |ines.
First, thenghamnetlfhalor pichent@l TET'ssHowevenlifithe souges regivngrahie dmimuegioo t he
gate signal line G1 froma gate signal line driver circuit. Note that, in
"this speciéf thaBLodriver TAT 406ia cennebfedstiogmbndde of thesorgashio Rleelemnanti 404t #s t hat
all ofthe swtching TFTs 405 connected to the gate signal |ine are placed
in an on sisgreferdble thahthe Bloddiver TRE 406itechp-chanfiel $F70 ¥ uptheg [if thesoneses

(pi xels of first line) connected to the gate signal line G1 are in an on
state heregioh driths trdin tegidn ef tHe BLtdxivey THF A0S iigrminectsd tofhatcatbde bEtheane
time to the source signal 20 line Si to Sx froma source signal line
driver oirongabic Hheelenentt 407, thete it isimraferabls theatghe Elt driyet 8F #4065 bodas of
the EL driver TFTs 406 through the switching TFTs 405. The EL driver TFTs
406 are plpchshiehTET. of f state in this enbodinment for a case ofthe digital
vi deo signal having "0" information. The power source electric potenti al

i s therefore ndrhd swischigITFD 408 endtheHl dtieatTRIU4G6 by hl36 havgatiulti-Zhte
el enents 407. As 25 a result, the organic EL el enments 407 of the pixels

i nt o whi chsttdveurdisgél @a ddutRzats GnRture 8re VIPIORAS*RBArEGH AiBObA QloGiglehavi ng
"0" information is input do not emt light. Note that, that a digital video
signal is gaeetrudtared pi xel, indicates, in this specification, that the
digital video signal is input to the gate el ectrode of the organic EL

driver {FT of thendthabfdrfiiVEL aRblay of b gebsedlt inveriticikvinkQBe grgtpbaced in
an on state if"1" information is contained in the digital video signal.

The powver sigied@aBod BEikpiatnddaieRMisifg Figs 6! MEFRY. 6] e horRaithiegkid shokiRQink, x el

el ectrodes of the organic EL el enents 407. a result, the
while the vertical axis shows the arrangement of the selected gate signal lines.

First, the gate signal line G1 is selected by a gate signal input to the gate signal
line G1 from a gate signal line driver circuit. Note that, in this specification, that a gate
15 signal line is selected indicates that all of the switching TFT's 405 connected to the gate
signal line are placed in an on state. In other words, the switching TFTs 405 of all
pixels (pixels of first line) connected to the gate signal line G1 are in an on state
here.
A first bit of a digital video signal is input at the same time to the source signal
20 line S1 to Sx from a source signal line driver circuit. The digital video signal is input
to gate electrodes of the EL driver TFTs 406 through the switching TFTs 405.

" The EL driver TFTs 406 are placed in an off state in this embodiment for a case
ofthe ;ligital video signal having *“0” information. The power source electric potential
is therefore not imparted to the pixel electrodes of the organic EL elements 407. As

25 aresult, the organic EL elements 407 of the pixels into which the digital video signal
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organic EL elenments 407 of the pixels into which the digital video signal
having "1" information is input emt light. 10 The organic EL el enents 407

are thus plwoagzism a |ight emtting, or non-light emttipagasesibiie, and the
first line of pixels performdisplay. The gate signal line & is selected

by a gate sjgnal at the sanme tine_as the _selection of the gate signal line °

Gl is conphdteg OW@WBMWQuWOt@BtB@aI | pixels connected to the

gate signal line & are then placed in an on state, and the first bit of 15

the digital vidddotsthak thatsa |d¢$tﬁl videor signal s dRBI tone Pételpindicates o Fhis he
source signal lines S 1 to Sx. Al of the gate signal lines Gl to G are
then sel ectinscifisaiemidhat the digitabvidemsignal iy inpubto th gatglestrodgabihelorganic G to
Gy are selected, and the first bit of the digital video signal is input to
all of the EL#@?%TF'ﬁloi@lesplﬂel referred to as a wite in period Tal. 20 Note
that a period fromthe beginning of the wite in period Tal until the

begi nni ng of t heComvrrselsi, theEl driyrsriFds 406 aegmeced ip Faon statetififld infosmptions
referred to as a display period TH. The wite i nei)erl od Ta2 begi ns when
the di spl ayisgentaingd i theidigitabwidee signal. Thelpowensolepe elagtridpotentiskisdierefoee wri t e
in period Tal, all of the gate signal lines are selected in 25 order. The
second bit iofparted toithe pixel elegtrodes ofnthe organie Bt elements|403f Ahe rpsulpltse A
period .25 WO 02/21574 PCT/1B01/01916 through when the second bit of the
di gi tal vi degasic@ilatlementsritofithe pixtls diitotwhich theatigitdl vidsioxignel havingfEired to
as the wite in period Ta2. Aperiod fromthe beginning ofthe wite inperiod
Tat until tinéorimtionis mpubémitdighhext wite in period to appear (a wite in
period Tan in this case) is referred to as a 5 display period M The wite
in periad Tan befierzgaiic KLt ¢lemeits g0Z prepthus plicd i & dightoemitiiigs dr néd-lighof t he
gate signal lines are then selected in order, simlar to the case of the
wite in emitting, state, and the first line of pixels perform display.

The gate signal line G2 is selected by a gate signal at the same time as the
selection of the gate signal line G1 is completed. The switching TFTs 405 of all pixels
connected to the gate signal line G2 are then placed in an on state, and the first bit of

15 the digital video signal is input to the second line of pixels from the source signal lines
S1 to Sx.

All of the gate signal lines G1 to Gy are then selected in order. A period until
all of the gate signal lines G1 to Gy are selected, and the first bit of the digital video
signal is input to all of the lines of pixels is referred to as a write in period Tal.

20 Note that a period from the beginning of the write in period Tal until the
beginning of the next write in period to appear (Ta2 in this case) is referred to as a
display period Trl.

The write in period Ta2 begins when the display period Trl is completed, and
similar to the case of the write in period Tal, all of the gate signal lines are selected in

25 order. The second bit of the digital video sigﬁal is input to all of the pixels. A period
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period Tal, and the nunber n bit of the digital video signal is input to
all of the pixels. A period through when the nunber n bit of the digital

vi deo signeomsigiypput to all of the 1o lines of pixels j ! d to as
.the wite in period Tan. A period fromthe begi nning of ??réh\ﬁiliﬁ?{e(ei n period
Tan until the beginning of the next wite in period to appear (a wite in
peri od TO throughivghenathe secondr it of thedligital adden sighal isiigputiicsgil afthedirniesdfS 1Tm
_Display periods Tr3, Tr4, ..., Tr(n-1) appear in order when the divided

di splay Ipixgleis referfédiorasitise weitpingieeidd TaBd t he corresponding bit of the
digital video signal is simlarly input to the pixels in the respective
peri ods. The wA pariodfrpethobgimindpefthewrivdiapetibé Ta2 antilalye eginmdee dfthe- 1) is
conpleted. Simlar to the case of the wite in period Tal, all of the gate
signal |i next surite $ieberod tb appead (adwrite AnskriddeTan inithls casd)i i referreeo di gi t al
video signal is input to all of the pixels. 20 The period through when the
nunber tdisplay périwd Wi tal video signal is input to all of the lines of
pixels is referred to as the wite in period Tan. A period fromthe,

begi nni ng of t herhervii®@ ih Pefied Tasl bdgns Whkh thel displBesérivd TY2 9 tompRtedieXt Wite
in period to appear (the wite in period Tal of the next franme period in

this casegf the gatef i dink®aSthén Sé1¥ite@sh BideR| sivnilRelol thel cB2ToN the Jvrbietig t hat
t he divided display period S1Trnandt hedi vi ded di splay period S2Tm 26 WO

02/ 21574 RfeHodBal] &iPhe nufidePn bR df eligitdl 9ide8di eliasn;ﬁl_teﬂapbme?ﬁfehsod'ﬂ n.
One i mage can be di splayed when all of the display periods Trl To Tmare

conpl et ed. A pei6d {HR6udrOWhéH G hadbeen B f iHERBEtl Fides kRnhEd it ASa1Ps@KE r ane
period Fin" the driving nethod of the present invention. "Wien one frane

period jbs 1GRERIFPHRL isréRrred ReXd the WAKTB iPBEHQPTALOI Ns. The wite in period
Tal then appears again, and the above stated operations are repeated. In

mo?gi ment 1, A pérfod BEA IMeLiddiRd ofthewsitdinQbrib@Tah R 1NSheinndhd ofthe t he
next write in period to appear (a write in period Ta3 in this case) is referred to as a
divided display period S1Trn.
Display periods Tt3, Tr4, ..., Tr(n-1) appear in order when the divided display
15 period S1Tm is completed, and the corresponding bit of the digital video signal is
similarly input to the pixels in the respective periods.
The write in period Tan begins when the display period Tr(n-1) is c;ampleted.
Similar to the case of the write in period Tal, all of the gate signal lines are selected
in order, and the number n bit of the digital video signal is input to all of the pixels.
20 The period through when the number n bit of the digital video signal is input to all of
the lines of pixels is referred to as the write in period Tan.
" Aperiod from the beginning of the write in period Tan until the beginning of the
next write in period to -appear (the write in period Tal of the next frame period in this
case) is referred to as a divided display period S2Trn.

25 Note thatthe divided display period S1Trn and the divided display period S2Tm
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in periods be shorter than one frame period, and also that the ratio of the
| engths of the display periods be set such that Trl : Tr2 :Tr3 :...:
Tr(n-1) @ TwomBds7s 2 : 22:...: 2n-2 io : 2"' 1. The desigadseddsdt i on

di spl ay anong gradations 1 to 2" can be perforned by conbining the display
periods. The gradation displayed in a pixel during one franme period is

det ermi ned tspmbineddirzefensed tooasal display périadiBrml engt hs of the di splay periods
during which the organic EL el enent of the pixel emts light within the
frame period. FoPnexmage an be displayedi whemalt of tite displan perieds Trl whiToham pi xel
emts light during all of the display periods, when n = 8, is taken to be
100% t hen aomplegér. ndperiod fardispayineonximagederefémed @ asane fimfnetgesiodi Kial
emtting light only during Trl and Tr2, and a brightness of 60% can be
expressed i fthe drivinginegiodafithespresephinvention. SWhau éne fimme Perdod iFvompleted, thee

di splay periods Trl to Tin nmay appear in any order. For exanple, 20 it is
possi bl e § omexthieame pertiad/bggims. dde writedp period Tal thenapgears agaid,rand the shover 2,

... after Trl wthin one frame period. However, it is essential that the
di vi ded di sptated gperdtimas Srelrepeated.and t he di vi ded di splay period S2Tm
corresponding to the sane nunber n bit of the digital video signal, do not

appear in succeshi Bmbolinient 1 it is netbdshaubiht the summiofelse lehgthbof flDvLthespritece

el ectric potential and the 25 opposing electric potential are always fixed
i n Enbodi mei périods/be shoresrdidn ore\feanie meviodsand?alsd/fBatxhé 2akfo ot itiRIEAZRS of the916
not limted to this. The sizes of the power source electric potential and

t he opposi ndisplygetiodsbesdt emdh thht Tedy To2 : Te8 nt.aMa@el)adrh ke2'sahe22i:0. 1208 wite
in period. And the power source electric potential and the electric

pot ent i ako ot he Thpdesired grhdation alisplaypameng\gradatidisvietos2? cahdetperforied épt i al

di fference such that the organic EL elenents emt |ight when 5 the power
sour ce el ectombinigy thetdisplay geriodparted to the pixel electrode of the organic

EL elenent at the sane tine as the wite in period is conpleted. In this
case, the wite The peidatich UBphgéd ing bixdeduthg bhe fiafhe pdiisaliayetegtined by The
finding the total sum of the lengths of the display periods during which the organic EL
element of the pixel emits light within the frame period. For example, if the brightness
15 for a case in which a pixel emits light during all of the display periods, whenn =38, is
taken to be 100%, then a brightness of 1% can be expressed for a case of the pixel
emitting light only during Trl and Tr2, and a brightness 0of 60% can be expre.ssed ifthe
pixel emits light in T3, Tr5, and T18.
Further, the display periods Tr1 to Trn may appear in any order. For example,
20 itis possible for the display periods to appear in an order of Tr3, Tr5, Tr2, ... after Trl
within one frame period. However, it is essential that the divided display period S1Trn
and the divided display period S2Trm, corresponding to the same number n bit of the
digital video signal, do not appear in su;:cession.
Note that, although the sizes of the power source electric potential and the
25 opposing electric potential are always fixed in Embodiment 1. the present invention is

27



di splay period corresponds to a period fromthe conpletion of a wite in

period until the beginning of the next wite in period to appear. For

exanple, the display period 1o Trl is a period fromthe conpletion of the

wite in pé’Y‘?W‘%&I until the next wite in period to aﬁﬁg/g‘f“"('?%ﬁ exanpl e,

"Tat) after the wite in period Tal. In accordance with the above structure,

obstructio t0 -0l .Sl . - Wi, G- i us in
Nor ifhaNBlAE, SHENIAS oPREUMRrS8Rke UletmialliliaE sy SRTSRIGHD

time division drive by abrnary co nme preven ei ng

15 e ARl e R AR
aivivea, orliiitndi Ayl onEpel i fugl ﬁtﬁ%ﬁpﬁygﬁﬁﬁ%{j&"fﬁfs@%@%ﬁg& E
P b A Ao e o

B 588tk BRI B ST P R S o
ST oG e MRS e BT G, oo 1 i o
LTS T o S kS Aok R ol e

oL b R i B RSn 6% E I S TR S |

di vi ded di spl ay perio be the ,sane. [Enbodinent, 2] 5 ILn this enbodi nent,
t he struct U&S?’Sgg‘% ‘%setpe BE¥t WIS 181PeHRd £ appegp, §9{ l’%ﬁﬂ@‘ﬁ tﬁ%é‘ﬁf’l@bﬂpeﬂﬁé

| um nescencg .oft he organi ¢ EL el epent_and a driving nethod is explained
usi ng a ¥hr ‘s aiperiof e #&r&qr%alsﬁmp?%@? Jete ihperech o} walildhe et vritedn

ortion 501 of an EL di lay o he esent Jinvention is shown in an
P perIod to appear (?o@ exgmpIe, Il‘a2) iﬁ{er the writenm period Tal.

In accordance with the above structure, obstructions to display such as pseudo
contours, which are conspicuous in time division drive by a binary code method, can
be prevented from being visible.

15 Note that, although in Embodiment 1 the display period Trn is divided into two,
the divided display periods S1Trn and S2Ttn, Embodiment 1 is not limited to this.
There may be one display period which is divided, or a plurality of display periods
which are divided. However, it is preferable that they be divided in order from the
display period corresponding to the upper bit, namely the display period having longer

20 length. Further, it is possible for a designer to snitably select the number of divisions
of'the display period, but it is preferable that the amount of the divisions be determined
by the balance between the driving speed of a display device and the required display
quality of an image. .

Furthermore, although it is preferable that the lengths of the divided display

25 periods corresponding to the same bit of the digital video signal be equal, the present
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enlarged scale in Fig. 7. This pixel portion 501 is provided wth: source
signal lines 10 (S1 to Sx); current supply lines (VI to W); witing gate
signal Iin r first gate signal lines) (Gl to Gay); rasing gate
signal Ii ngg"{’zg?m%econd gate signal lines)(Gel to Cey) Padi 1?1%)3 165057 s the
region which is provided with one of the source signal lines (S 1 to Sx),

one of thejfidhtiets AotORhited it @fis.( Yt & Ad afwhys Bevessly te t¢ inpth8 efahe signal
15 lines (Gl to Gay) and one of the erasing gate signal lines (Gel to

Cey). In tBRididAsplaPpéridddbeRedsante.pl Ural ity of pixels 505 are arrayed in
the matri x shape. "The pixel 505 is shown_in an enlarged scale in Fig. S. In
Fig. 8, nuneral 507 designates a swtching TFT. A gate el ectrode of the

switching TFT 507 is connected with a witing gate signal line Ga (a line
anong Gal ]—rﬂn%en of the source region 20 and the drain region of the
switching TFT 507 is connected with the source signal line S (a |line anong

S1to ), mg@%fs 6o RBRY, tﬁésﬁﬁﬁﬁ@%ﬁ%ﬁ&ltﬂbﬁﬁ&?oﬂiﬁi B edigsihy, ofcRf an

EL driver TFT 508, a capacitor 512 owned by each pixel and t'he source

regi on or Wl | iaf IVIRE NG S
provi ded f%?@%%?%‘%g#ﬁg&gﬁ?%@% ?’E‘ig& %ﬂﬁﬁﬂ%dﬁ‘?@ger TFTk Ef%;%la.%%% when

the switchj [ i : or OFF state). Inthis 29
WO QZlZlS?H%ﬁggﬁngGﬁngﬁg%Mﬁﬁﬁﬁkﬁég{}{iélss( shown t he coalst ruct i on
having the capagl.% @%e%ﬁny 'gﬁ 901N8fﬁ*%fafa§sgldyrmﬁé prafens RhSo RishBRm i Eh t ed,

but the constru e nodi t 'to have the capacitor 512. On the

ot her handenlgf%d%f;al% @E&F%O?Lqﬁsg&géﬁbrﬁﬂﬂ Sbi‘gﬁ ;srbﬁidgd WE: Sured sibhAl lides dr 1 ver

5 TFT 508 'S nnect e urrent sup ltne V (aline anong VI to

,  Wh , ' . L h[; h
V) om0 'S5 SRS sBYIRRSEP! BV WALCRD oRUBANIS (RSB i The
region andyh A5 (@h e whd efbink Yre Wi ifles'(of sdnd AR sightl MIRGe1 to

Gey).

A pixel 505 is the region which is provided with one of the source signal lines

(S1 to Sx), one of the current supply lines (V1 to Vx), one of the writing gate signal
15 lines (Gal to Gay) and one of the erasing gate signal lines (Gel to Gey). In the pixel
portion 501, a plurality of pixels 505 are arrayed in the matrix shape.

The pixel 505 is shown in an enlarged scale in Fig. 8. In Fig. 8, numeral 507
designates a switching TFT. A gate electrode of the switching TFT 507 is connected
with a writing gate signal line Ga (2 line among Gal to Gay). One of the source region

20 and the drain region of the switching TFT 507 is connected with the source signal line

S (a line among S1 to Sx), whereas the other is connected with the gate electrode of an

EL driver TFT 508, a capacitor 512 owned by each pixel and the source region or the
drain region of an erasing TFT 509.

The capacitor 512 is provided for retaining the gate voltage of the EL driver TFT

25 508 when the switching TFT 505 is in the unselected state (or OFF state). In this
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hand, the one which is not connected with the source region or the drain
region of the to switching TFT 507 is connected with the current supply
line V. Moge@yeisys @ gate el ectrode of the erasing TFT SGrmgeGisgected with
.an erasing gate signal line Ge (a line Gel to Gex). The organic EL el enent
510 conprises an anode, a cathode and an EL | ayer fornmed between an anode
and a cat hembodifest,d¢hé¢reds alhowie thescanstme tndving the tchpacitdd 5 $2) o sehicleicon or
the drain region of the EL driver TFT 508, the anode acts as the pixel

el ectrode invenBarsshonid nattbediteitad; bat the cohdnufipo smy belneadifiedrot tiihave thehe
cathode is connected with the source region or the drain region of the EL
driver TFTcag@8itoflZ he contrary, the cathode acts as the pixel electrode
whereas the anode acts as the opposed electrode. 20 The organic EL el enent
510 is applied @hthdsherhandsheof dxisoorte regidharsithe ppisedionpdte EL dtiver

Mor eover, the potential difference between the opposed potential and the
suppl y ot FETISO8 is conhkvey svithahé citers vagplpliheVéh lihosmbhge Varg¥x)ovidresy enent
to lum nesce when the supply potential is applied to the pixel electrode.

These suppthe qibérdp tinttectaddwitld pip 0fg@iIRL eltiment 5 80.eThoPlrrad stpply Nide POTCT
source which is provided in the EL display 25 device using a driver nethod

of the invesideotedbyititthespaditorlsi2C or the like. Here. the 30 WO 02/21574
PCT/ BO1/ 01916 power source for the opposed potential will be especially

cal l ed the "opposgt YR regivauhE thddrdin regibaf thekirasihg EETHSPbRIhedthéhe
present stage is required to have a current of several mAJcnR per. the

area of thgagd, ¥ed o Whichiehdt coRfedtedvile et eReFioh bEtheddrait e gien 6EHe ar ea
of the pixel is 200 cd/n2. As the screen size becones the |arger,

t her ef ofe, siitchIBE TFESSONS EBtneetdd FitiC et cubRneQipplPling e Mot8dver! a IghR

potential to be “applied fromthe power source of the IC, with the swtch.
I'n the inveRkir&ds of the cB4sRiY TFT B0ODES EbritlecWilthsh &ﬁﬁﬁg%ﬁte%@éxﬁ@‘lihéb@{ae

al ways kept constant, and the |evel of the
line Gel to Gex).
The organic EL element 510 comprises an anode, a cathode and an EL layer
formed between an anode and a cathode. Where the anode is connected with the

15 source region or the drain region of the EL driver TFT 508, the anode acts as the pixel
electrode whereas the cathode acts as the opposed electrode. Where the cathode is
connecied with the source region or the drain region of the EL driver TET 5 68, on the
contrary, the cathode acts as the pixel electrode whereas the anode acts as the opposed
electrode.

20 The organic EL element 510 is applied at its opposed electrode with an opposed
potential. Moreover, the potential difference between the opposed potential and the
supply potential is always kept at such a level for the organic EL element to luminesce
v;hen the supply potential is applied to the pixel electrode. These supply potential and
opposed potential are applied by the power source which is provided in the EL display

25 device using a driver method of the invention by an external IC or the like. Here. the
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potential to be applied fromthe power source of the I C need not be
controlled with the 1o switch so that the invention is useful for realizing
a panel havwogzaisier ger screen size. The switching TFT PfasdieeankL driver
TFT 508 and the erasing TFT 509 to be used may either the n-channel TFT or
the p-channel TFT. On_the other hand, the sw tching TFT 507, the EL driver
TFT 508 andpewier soueesi foy thieropposed peieniiad will beissperiallyngailed theo"opnosedinoswver
single-gate structure but may have a nmulti-gate structure such as a
doubl e- gat esareq@tlire or a triple-gate structure. The drive nethod of the
EL di splay device according to the invention, as shown in Figs. 7 to 8,
wi || be descri bethewtypical Eledispley at gherpigserd stapgds aequiredftodiaye macwstasiofis  t he
time and the axis of abscissa shows the position of a gate signal line. 20
At first, t$eyersl apAdgmpper the wealof thespixel vnit avherhcheinminesesnce perfthe st
line, the witing gate signal line Gal is selected. with a witing gate
si gnal (or hinfinessentraee of ithgpixpl is@00ecd/h pdstthel s¢reemsize beguniasi thg lgger
signal line driver circuit (not illustrated) to the witing gate signal
line Gal. Ashdrefoigeitebexomes the obronifficult soicootrohtheTleTel &Oihe plotexitial tdbe
pixels (i.e., the pixels of the first line) which are connected wth the
Wi ring gat eappligdditom &% povres s@ace offthe VE) With fhicssTvitchCIn thiedivedtionsthe supply
Simul taneously with this, the digital video signal of the first bit, as
i nputt ed f rpotentiad andithe ®ppospdapoténtiab ark always dkiepic cortstan@ 2ndathe Heved afrthe
signal lines Si to Sx, is inputted through the switching TFT 507 to the EL
driver TFT pd€ntialtebelapyilicd from thepovieysmircdafthe Keneeadinot bacomrolled Wwithrthé 1
and one of the digital 5 video signals "0" and "1" has a "H " vol tage
wher eas toheswitdheso thatstha invention islsefpd forirealizimga paded Having b largérescidenddzever TFT
508 is OFF where the digital video signal has information "0". Therefore,
the supply potential is not applied to the pixel electrode, of the organic
EL el ement 510. As a result, the organic EL el enment 510, to which the
digital video sifrawitchiigDFT 567,ithé BL nieiverTFT G08 iasd thepudsiTFT 668 tabé
| um nesce.

used may either the n-channel TFT or the p-channel TFT. On the other hand, the

switching TFT 507, the EL driver TFT 508 and the erasing TFT 509 should not be

15 limited to have the single-gate structure but may have a multi-gate structure such as a
double-gate structure or a triple-gate structure.

The drive method of the EL display device according to the invention,. as shown
in Figs. 7 to 8, will be described \‘vith reference to Fig. 9. The axis of ordinate shows
the time and the axis of abscissa shows the position of a gate signal line.

20 At first, the display period Tr1 is started at the pixels of the first line, the writing
gate signal line Gal is selected with a writing gate signal (or a first gate signal) to be
inputted from the writing gate signal line driver circuit (not illustrated) to the writing
gate signal line Gal. And, there are turned ON the switching TFTs 507 of all the
pixels (i.e., the pixels of the first line) which are connected with the wiring gate signal

25 line Gal.
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10 Where the digital video signal has the information "1 ", on the
contrary, the EL driver TFT 508 is ON. Therefore, the supply potential is
applied towd@misnel el ectrode of the organic EL el enenpepifdanfdisd result,
.the organic EL el enent 510, to which the digital video signal having the
information "1" is |nputted | um nesce. I n this enbodi nent, where the
digital video s$1§Wéqan?F§§ ¥ with thiy, ghadigitad wideg signalnf the firstht, @ inputtedframs 08 i s
turned OFF. Were the digital video signal has the information " 1 ", the
'EL driver thepourss signal lineddveniropis W8y & thetsperce sigank lines Slgo$ay islinputtedd t o
this construction. The EL drier TFT 508 may be turned ON, where the

di gital vitsersh@aswiehing THeS0hicohedLi diver @ﬁd may be turned OFF where
the digital video signal has the information "1 ". 20 Thus, sinul taneously
with the input e digitaliyigee aignel kisdhe infermation "Oherbl'kené oo of He digitalst
line, the organic EL elenent 510 does or does not |uninesce. and the pixels
of the sfiviseo kignalsdD%pnd 1" hser "Elit' veltagsl whereasithe bthiehbasa ['Lo'heplpate si gnal
line Gal is ended, the witing gate signal line Ga2 is selected with the
witing gate siIgrthiS.emlbodimenthmesEh duiver TF TTI0Bss ©FF where 28e dilgitalt videsigadls
connected with the witing gate signal |line Gat are turned ON. so that the
32 WO 02/ 2ha7informatiemtQ). Clletefore)itis supblyvpadediab isgroahpplidd tbhise Hikekdledriddear e

i nputted to the pixels of the second Iine fromthe source signal lines S i
to Sx. Theaof thaldrganie Ehr ¢leineant Tk eAs & gesalt, therorgarGalElL eleGayt 510 te edicinthieal | y
selected so that the digital video signals of the first bit are inputted
to all thedigitalevideo Jignaltliavingthe infdrmatidn "08 ig inputled)idoed notildminescgnal s of the
first bit are inputted to all the pixels is the witing period Tal. In the
pi xel s wf each Wiere, thehbgitdl videp sifnalthas thenipforheationi"lf,ngh perdoattatgthdBE a
time difference. Further, the tinme period during the pixel is displaying

i s referr edrivey THRR508 Esp(DNy Thxeefoos] tHe supﬂyr pottind ieapplicti 6 tieasiRelfledtiddst

i ne pixel, displ ay period Tr is started
of the organic EL element 510. As a result, the organic EL element 510, to which the
digital video signal having the information "1" is inputted, luminesce.
In this embodiment, where the digital video signal has the information "0", the EL
15 driver TFT 508 is turned OFF. Where the digital video signal has the information 1", the
EL driver TFT 508 is turned ON. However, the invention is not limited to this
construction. The EL drier TFT 508 may be turned ON, where the digital vid'eo signal has
the information "0", and may be turned OFF where the digital video signal has the
information "1".

20 Thus, simultaneously with the input of the digital video signal to the pixels of the
first line, the organic EL element 510 does or does not luminesce. and the pixels of the
first line display.

Where the selection of the writing gate signal line Gal is ended. the writing gate
signal line Ga2 is selected with the writing gate signal. Then. the switching TFTs 507 of

25 all the pixels connected with the writing gate signal line Ga2 are turned ON. so that the
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1o simultaneously with the witing gate signal Gal is selected. The timng
of starting the display period of each |ine is different. Before the
digital videoosngrals of the first bit are inputted to apéridegohee! s, that
is, before the witing period Ta | is ended, on the other hand, the
erasing gate sigpal |in Is.selected in parallel with the inputting
of the di gl@&?ﬁl Vi 861@ tge Grstbiiarg inputtedsorthe pixelscofithe sacend tine fommthehe
erasing gate signal (or the second gate signal) which is inputted fromthe
erasing gareuse §igael inesSldioiS%er circuit (not illustrated) to the erasing
gate signal line CGel. Then, the erasing TFT 509 of all the pixels .(i.e

the pixels of t ihaemjalldhe pritiag gatsrsignel lines/Falio Gayaresequentipllyselectedgaahat | ne
CGel is turned ON. Then, the supply potential of the current supply |ines
Vi to Wx |§hQa@}S¥tﬂéﬂdQQ)Slgh@5 gﬁﬂ’é fstdit are ipuited tnall e pials, eFhertinme pedod til ough
20 the erasing TFET 509. Wen the supply potential is applied to the gate
el ectrode e digalryidety signals vfthe fiskdit arh inpyited tedlbthermixkls wrible whitingperiod
region of the EL driver TFT 508 take the sane potential so that the gate
vol t age i s Tal. dn the pixels of eaeh limg, thertimb@dfistarting thedvidiirg perisidcEa If hasad time t he
digital video signal, which has been retained by the gate el ectrode of the
25 EL dri vdifferEice508 after the witing gate signal line Gal was sel ected
with the witing 33 WO 02/21574 PC1'/B01/01916 gate signal, is erased by
appl yi ng t he supwitherptitectirne period dutfimg thatpixalie displagingds refemredio tikr display TFT.
As a result, the supply potential is not applied to the pixel electrode of
t he organperiél Tel efemexamiile inrthle vasecobfirst Hmeopigelnidsplly pdree’Bt 3 Sthftedwned
by the pixels ‘of the first line |um nesces so that the pixels of the first
| i ne dolhosimiiltapeensly withithe wiriting gatecsigriab Gadfis sdlected. aThefmgag of starging|the | ne

Gel is ended, noreover, the erasing gate si gnal line Ge2 is selected so
that the edisplaygefibd of@acholineisidififérentpi xel s (i.e., the pixels of the second
| ine) connected with the erasing gate signal I|ne Ge2 is turned . ON

Then, the supplBefoot thetdigital videblsignels of thetfirst hitry idputted to\allithe pixes, that appl i ed
t hr ough the erasing TFT 509 to the gate el ectrode of the EL driver TFT
508. When béfersthpmiriting period Tal is ended, on the other hand, the erasing gate signal line Gel
is selected in parallel with the inputting of the digital video signals of the first bit to the
15 pixels, with the erasing gate signal (or the second gate signal) which is inputted from the
erasing gate signal line driver circuit (not illustrated) to the erasing gate signal line Gel.
Then, the erasing TFT 509 of all the pixels (i.e., the pixels of the first line) co;mected with
the erasing gate signal line Gel is turned ON. Then, the supply potential of the current
supply lines V1 to Vx is applied to the gate electrode of the EL driver TFT 508 through
20 the erasing TFT 509.
When the supply potential is applied to the gate electrode of the EL driver TFT
508, the gate electrode and the source region of the EL driver TFT 508 take the same
potential so that the gate voltag.e is at 0 V. The EL driver TFT 508 is turned OFF.
Specifically, the digital video signal, which has been retained by the gate electrode of the
25 EL driver TFT 508 after the writing gate signal line Gal was selected with the writing
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to potential is applied to the gate el ectrode ofthe EL driver TFT 508. this
EL driver TFT 508 1is turned OFF. The supply potential is not applied to

t he pi xel wbastisede of the organic EL el enment 510. As admmswidisignone of
.the organic EL el enents 510 owned by the pixels of the second |line

| um nesces to establish the state in which the pixels of the second |ine
do not | ungatesignal, i5 cFased bytapplytngthersypplyt potentiph 4o thesgateplectrede o€ theeBLi al | vy
‘to all the erasing gate signal lines. The tinme period till all the erasing
gat e si gnadriveriEsTl.GAs b resulGihe supplyspitentiad s mot apphed to the piliedjieteatrode dfthe
signals of the first bit retained by all the pixels are erased is the
“erasure ganieEll eletent 61@&and nohe of tHelvegidieEDelaherst 810 onged bg the pikelsg
period Te has a tine difference. 20 Further, the tinme that the pixels do

not di spl ayf the firstflitter lamhinescesmo-tHatshé pikepsasfithel first line Bomoedisplpye, a pi xel s of
the first line, the display period Trl is ended sinultaneously when the

erasi ngsgat e siWhsh thekelecticieb bt easingogitbgighahlisk Gell 4y epdad, @tbredvdf Cibies e
the display period, the timng of starting non-display period of each line

i's differ egfasinBehey e tindl Qe tivdelooistn thatthe kfasiig THRSG9 65411 thietpixetd @iened by
all the pixels are erased. 25 that is, before the erasure period Tel is

ended, on th'&?ijéél@ of tHealedond fife)Wonhédied Gthehé bﬁﬁﬁg gattAsifial Qide 37 turned .
PCT/ 1B01/ 01916 line Gal is selected again with the witing gate signal in

paral l el o) The q{ewpp? terithi® of ieWuirdht SUpPBRNirkds WMetoSVRfis hpifticd thedughi t

retai ned by the pfxels. hen, the digital video signals of the second bit

are inputted dasidd"EFi 50916 (e gdtBRlektrbdd of thREL dSva TIESH08., Wi thkX8pSlyof
the first line display again so that the non display period Tdl is ‘ended.

5 The t{gmephieftifgs dfplied tdi@e thtelel R odE6HtREEMERABr TFT 508 this B1LRBKler TF1T soRe
case the writing périod Ta is started fromthe witing period Tal is
started i SisttﬁﬁxeﬁlGEF.aThQSlﬁ%ﬂ%{pE{enﬁal is Ne¥dpplied o HHeSkd 1hProde éf elorglnic
started to a witing perio at. And as the sane,. all of the witing gate
si gnal |'i npyictera&@lt$a0e AsSLRS@R oak bY theABarflt B! Abm¥itd §90 SwaBdby @he Hiels

second bit is inputted to all 'pixels.
of the second line luminesces to establish the state in which the pixels of the second line
do not luminesce.

15 Then, the erasing gate signal is inputted sequentially to all the erasing gate signal
lines. The time period till all the erasing gate signal lines Gel to Gey are selected so that
the digital video signals of the first bit retained by all the pixels are erased is the "erasure
period Tel". In each line, the timing of starting the writing period Te has a time
difference.

20 Further, the time that the pixels do not display is referred to non-display period Td.
For example, a pixels of the first line, the display period Trl is ended simultaneously
when the erasing gate signal Gel is selected, to the non-display period. Likewise the
display period, the timing of starting non-display I;eriod of each line is different.

Before the digital video signals of the first bit retained by all the pixels are erased.

25 that is, before the erasure period Tel is ended, on the other hand. the writing gate signal
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10 Before the digital video signals ofthe second bit are inputted to all
the pixels, that 1is, before the witing period Ta2 is ended, on the other
hand, the ewestegrgate signal line Gel is selected wthpthgsrbiss Ny gate
signal in parallel with the inputting of the digital video signals of the
second bit to the pixels. Therefore, none of the EL el enents owned by the
pi xel s of t HinefGakis seleqted againiwith S wiiting gate signabinyparallebwithitbe enapwre of thee do
not display. is Therefore, the display period Tr2 is ended in the pixels of
the first |digialtvides signaludfshe figst beetrimgd Py the pikels, Ther. therdigital asdaogigpalse
signal lines Ge2 to Gey are sequentially selected so that the digital
vi deo si gnaifshesecohd btaroinguiied ta the pixetsdofithe fikst linke Asiavesult, theepizelaofthe The
time period till the digital video signals of the second bit retained by
all the pi xfixdssling displapsgain s@ thadt the imn-dieplay periopEd] tscknded”. Next, the
di splay period Tr2 is ended to display period TO Likew se, all the
witing gate si Jhakine peeoddilkths wiriting pericdwhichtwil lekigt naxhéin thegiasethe writing
signals ofthe third bit are inputted to all pixels. Before the digital
vi deo si gnglesiodfTa2his stdrteddirdmithaweiting petiodTal i stdrtedtibthepdispddysperiddafrl. 25 i s,
before the witing period TOis ended, on the other hand, the erasing gate
signal |ine 35Nk GhRe¢ displag pefiod THD is/ PdrfetiGo @atriting pericdcYa2d And 43 thbearme,asi ng
gate signal in parallel with the inputting of the digital video signals of
the third Hilloftthe tnitingigaed signal e éd selestedseqeemially handodigitalividdel sigriad o tltes
owned by the pixels of the first line |um nesces so that the pixels of the
first |ine sdcomidtit isdhpyttedito allpdxedf.ore, the display period Tr3 is ended in
the pixels of the first line to a non- 5 display period TO. Then, all the
erasi nggat e si @efdrelthedigitdlodddosigmds cfithe sseondbit vl ihyutteelteall ek Hrels,thdt  t he
digital video signals of the third bit retained in all the pixels are
erased. Thds,tHefie thepwriting petidd Tah s ethided, toalthe bhephaid thel esasidg gdtesighalrithebi t
retained by all the pixels are erased is the "erasure period Te3".

Gel is selected with the erasing gate signal in parallel with the inputting of the digital

video signals of the second bit to the pixels. Therefore, none of the EL elements owned
by the pixels of the first line luminesces so that the pixels of the first line do not display.

15 Therefore, the display period Tr2 is ended in the pixels of the first line to a non-display
period Td2.

Then, all the erasing gate signal lines Ge2 to Gey are sequentially sel‘ected so that
the digital video signals of the second bit retained in all the pixels are erased. The time
period till the digital video signals of the second bit retained by all the pixels are erased

20 is the "erasure period Te2".

Next, the display period Tr2 is ended to display period Tr3. Likewise, all the
writing gate signal lines are selected sequentially, the digital video signals of the third bit
are inputted to all pixels.

Before the digital video signals of the third bit are inputted to all the pixels. that

25 is, before the writing period Ta3 is ended, on the other hand. the erasing gate signal line
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10 Next, the display period TOis ended to a divisional display period
SITrn. Likewise, all the witing gate signals are sequentially selected so

t hat the dwoiokais7yi deo signals of the n bit are inputtagimBoddibigt he
.pi xels. Before the digital video signals of the n bit are inputted to all
the pixels, that is, before the ertlngl period Tan is _ended, on the other
hand, the Sehds srlegied withi the srasingrgatesignal inmparallel withdthe inputiing oftheedigitalng
.gate signal in parallel with the inputting of the digital video signals of
the n bit Yvidee signplsyafithe thivdhittoothe pixedn eTharefone nong efthe @ranit Eleslementaned
by the pixels of the first line lumnesces so that the pixels of the first
| i ne do noownedby the pixals of dredfizat linhkhumdnesseniso thet the gixeis dEthe drstdinierdoa tog
pi xels of the first line to a non-display period TO 20 Then, all the
er asi ng gadisplalygivherefomethe displaypetied Ta3 is epdediavthé pivels ofdhefistlinsto a - t he
digital video signals of the n bit retained in all the pixels are erased.
The ti me pdisplay petipd TdBhe digital video signals of the n bit retained by
all the pixels are erased is the "erasure period Ten". The aforenentioned
actions ar e -r epEaarpdllthd ¢ragihg gate gignal lines €2 to iGpyarsseyientiadlyi selected saShati t
are inputted to the pixels. so that the display period Tr, the divisional
di spl ay pethealigitd6/id0 £igndld 67 theRBird odOrbtfiiallin filthespixiels hre eraseddi B time
period Td repeat their appearances. The display period Trl continues from
the start périadell the digita] yidea ighalabf the thindbs retained by el ¢hepiasisraee prasedid Tel .
On the other hand, the non-display period Tdl continues fromthe start of
t he erasur the "eeasurecpefiald Te3"t he start of the witing period (i.e., the
witing period Ta2 in this case) to s next appear. Moreover, the display
per| ods10Tr 2, TrNext; the displaydperiddii3l)is ended te andivisiotiab m@&ayppm@:tiSlTﬁZ TO,
- -, and Td(ml) are individually determ ned |like the display period Trl

and t he nohikéwigd, all theMWritthgTgatdsighdle ave sequagiafigrselediedab, thdiahe digital videand
Tam and the erasure periods Tel, Te2, - - -, and Te(m1). For conveni ences
of the dessigh#lsiofthe fFbiy ardinpuitetitoiallithe pixets. case of m = n-2.
Before the digital video signals of the n bit are inputted to all the pixels, that is,
before the writing period Tan is ended, on the other hand, the erasing gate signal line Gel
15 is selected with the erasing gate signal in parallel with the inputting of the digital video
signals of the n bit to the pixels. Therefore, none of the organic EL elements owned by
the pixels of the first line luminesces so that the pixels of the first line do' not display.
Therefore, the display period Trn is ended in the pixels of the first line to a non-display
period Td3.
20 Then, all the erasing gate signal lines Ge2 to Gey are sequentially selected so that
‘the digital video signals of the n bit retained in all the pixels are erased. The time period
till the digital video signals of the n bit retained by all the pixels are erased is the "erasure
period Ten".
The aforementioned actions are repeated till the digital video signals of the m-th

25 bit are inputted to the pixels. so that the display period Tr, the divisional display period
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1o However, it is natural that the invention should not be Iimted thereto.
In the invention, the value from1l to n can be arbitrarily selected for
in. When t hsvaleis7al vi deo signals of the mth [(n-2)-th gdigeifadbdsowi ng
parent hesized case is for in = n - 2) bit are inputted to the pixels of

the first |he, ese pixels of.t first, Jine display for. the displa '
pe[i od ‘(Ij'rrr[ h?ﬁfn&%&fgfﬁ;?gpgrf%fﬁléﬁt ?&Eﬂ??m‘?ﬂe&ﬁﬁ%ﬁlaﬁgﬁlfﬁf are
retained in the pixels_ ti igital video signals e next, bit are
Pput fed.  SoRPBR S wistar oiife Sifbnsiming Gl 15 bk ertoSibe PR alne
digital vi dﬁo si gnal s ‘g‘f t he éﬁ&l%in#g@g bit ar th&g I nputted to the
pi xel s of t @ the oljer hand, the nonsisplgy,period; Tdl contipnes Fogy W@rﬁt’%‘hﬂﬁfﬁwf%t
retained in the fif(el are r itfen tqg % e di gita videq _signals of the
(m+l ) [n-1] - periast {© f st f %@%@gme 44 e priingpegiod TP dpHiyeased & t he
20 display period Tr(mtl)[n-1]. The digital video signals of the

(m+ ) [ n- 19 - BeRtisppeasy dVIopeovss, thag display mperipds  £1% T3y 1 - rARddl e ) ang; the @on-
signals of the next bit_ are inputt‘gd. Wien the djvisional display period S
| Tm are st afiSRigy afdodEHe- (e ui yAral didiare diykinaly determiacd like thedispleshen
inputted to the pixels of the first line the digital video signals_of the
(mel ) [ n- 1] peripdsTe! andiths nentdisplay peripd Xl by theavritingneriod T ad oTads e - oiagH {Tam
video signals of 25 the n bit. Then, thegplxels of the first line are

di spl ayed f#nd trerasreapeaipdsdel obe2rr n=. apdd e(®@7)~, rr WO 02/ 21574

PCT/1B01/ 01916 digital video signals of the n bit are retained in the
pixel's till the Eargranypnignepsoolsing ieserintion, Fige Snesemplifies dhe casepef met.n-Zhe

di splay periods Trnfn 2 - - -, and Tm-continue fromthe starts of the

wri ting lopeHpwgverTis patifal that the inveptignshenld sot brelimited thesetas In the inygntiong
periods to next appear. 5 Wien all the display periods Trl to Tmare ended,
one i mage cths Vel 1149 @ccan berarbifrarilyseleatedder mt he period for one image to
be displayed is called the"one frame period After end of one frane

g
peri od, noreoverWhemthesigital videgsignats ofitheym-th [2&3)21%1 (thefollowing parenthesized

case is for m =n - 2) bit are inputted to the pixels of the first line, these pixels of the first

line display for the display period Trm[n-2]. Then, the digital video signals of the m[n-2]-
15 th bit are retained in the pixels till the digital video signals of the next bit are inputted.
When the display period Tr(m+1)(n-1) are started and when the digital video
signals of the (m+1)[n-1]-th bit are then inputted to the pixels of the first lin.e, the digital
video signals of the m{n-2]-th bit retained in the pixels are rewritten to the digital video
signals of the (m+1)[n-1]-th bit. Then, the pixels of the first line are displayed for the
20 display period Tr(m+1)[n-1]. The digital video signals of the (m+1)[n-1]-th bit are
retained in the pixels till the digital video signals of the next bit are inputted.

" When the divisional display period S1Tm are started and when the digital video
signals of the n bit are then inputted to the pixels of the first line. the digital video signals
of the (m+1)[n-1]-th bit retained in the pixels are rewritten to the digital video signals of

25 the n bit. Then, the pixels of the first line are displayed for the display period Trn. The
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selected again with the witing gate signal. Then, the digital video
signals of the first bit to are inputted to the pixels of the first one

t ake agai nwbherihspl ay period Trl. Then, the aforenentlwmoﬁ,ﬁgi(ons are
.repeated again. In the driving nethod of Enbodi ment 2, it is inportant that

the sumof the lengths of all of the wite in erlods be shorter than one
frame per idgitalmidaorsignals péthginghit atg refained dn ﬂTPrﬁIK%lS ilvheidigitalvidee signaiswlded

di splay periods S 1Trn and S2Trn with the driving nethod 15 of Enbodi ment
2. It is tﬁ@n@ﬂ&i@fﬁm&dw that the | engt hs of the di splay periods be set
sucht hat Trl : Tr T : : -1) : 2x Tr n=20:2" : 22
2"''- : 2"The daslmaymrmﬂafrm&xﬁ],sph@pdaimn@wdmmmtartsmfﬂzewcxangbe
performed by combin the di splay periods. The gradation displayed in a
pi xel dur|peglodﬂa"am{a-r£,-pe-smetcu&pétrmtmﬁﬂlbwnmparwdsngmm@ppeﬁral sum of
the lengths of the display periods during which the organic EL el enent of
t he pi xél em t SWhénhll the display tpeeiods Trietoplmni avel endask, ons imageccani e dibplayed.
brightness for a case in which a pixel emts light during all of the

di spl ay pelnithelinventien tie periyd fos one imkagr t¢ be Bisplagedis cabehtha “bné fFamegesiodf 1%
can be expressed for a case of the pixel emtting light only during Trl
and Tr2, &fF.a brightness of 60% can be expressed if the 25 pixel enits
light in Tr3, Try, and Tr8. 38 WD 02/21574 PCT/1801/01916 It is essenti al
that a wite i Afparembofl ane fimmenpériddn gnoreovdnetheunwtiting igatei digivél lite Gadiigi t al
video signal to the pixels be shorter than a display period Trm It is

t her ef or e seleetedlspainywiththie wiiting ghtasignbl. tThenpthe digitadbeideosipnaly of theBrst bitong 1
ton, such that the wite in period Tamis shorter than the display period

Tim 5 fburdrbéiputieiaochs pials ofthe ditst ciietakoagain tiveydisplag period Tany Thenehe For
exanple, it is possible for the display periods to appear'in an order of

Tr3, Try, dfttementioféd &dtiohslare wiptdtedagare. franme peri od. However, it is
preferable that the display periods Trl to Trn, have an order so as not to
mut ual | y over | dpa thedifi¥ing methdd ofErmbitmprite, étigivhsortapathat the semaftliclengths
of all of the write in periods be shorter than one frame period. Further, the display period
Trn is divided into two divided display periods S1Trn and S2Trn with the driving method
15 of Embodiment 2. It is therefore necessary that the lengths of the display periods be set
suchthat Trl : Tr2 : T¥3 : ... : Tr(n-1):2x Tm=2°:2":2%: ... : 2"2: 2™ The desired
gradation display among gradations 1 to 2" can be performed by combininé the display
periods. |
The gradation displayed in a pixel during one frame period is determined by
20 finding the total sum of the lengths of the display periods during which the organic EL
element of the pixel emits light within the frame period. For example, if the brightness
for a case in which a pixel emits light during all of the display periods, when n = 8§, is
taken to be 100%, then a brightness of 1% can be expressed for a case of the pixel
emitting light only during Trl and Tr2, and a brightness of 60% can be expressed if the
25 pixel emits light in Tr3, Tr5, and Tr8.
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periods Tel to Ten have an order so as not to nutually overlap. 10 In
accordance with the above structure, obstructions to display such as pseudo
cont ours, wwaooh2/2887¢ conspi cuous in tinme division drive bycdrmhinasly code

nmet hod, can be prevented from being visible. Note that, although in

Enbodi nent 2 the, displa riod. Tmis divjided intg two.,, the diwvide i
di spl ay peri ods ‘S %%‘ﬁ‘ﬁf‘teéﬁtﬁ?aw %"ri WIHRE 1 %Q‘E@q@k’ﬁi&ﬁhﬁ'here
is may be one.display. perjod to he divided, or a plurality of_displa
periods to @5“81 %aa%él.gg%éﬁe‘g‘&{’}xqq% be §h%(?%ftg?’hﬁldéspfa}¥aﬁcr{°ﬂei/(mbehdﬁ vhexefors
order fromthe display perio cqrresponding to the upper bit, napely the
di spl ay per?W%&ﬁb%F(YﬁB’@P?%fﬂ‘?m R %g."a]“ﬁtam%n Od}, spch thefthe write .
desi gner to, sui,tgg‘l],y sel ect the nu el\r of ,diyi sions of the display period.
but it is pidiestodplam tsshortenfpan the Hipley perioddl f®-si ons be determined by the
bal ance between _ 20 the driving speed of a display device and the required
di spl ay §ual i t y Birthsh thegisplayperiodeTidedm may ApneH ineny srdareFer exsmple.itt t he
| engt hs of t he diyvjded display periods corresponding to the sane bit of the
digital vi dédossigledor the display peripds {or ppsar inj ap der ohTr3, draolsd, i maftedTrlo
this. It is not always necessary that the |engths of the divided display
peri ods be Withinseesfrarge pegind 2 Howsyer, neqpq%@fbfgqutahmdtsalmpda itk tor Trag
fromthe driving nethod shown in Enbodinent 1, it is possible to nmake the
peri od duriayenpicsderspas spijamunaly eieglapnFurthas; it is glygrprefesabie that the erasure t he
wite in period in Enbodinent 2. The ratio of the total sumof the |engths
of the di spteaipds Jeliteden paveorpordensmasnot tomutuallypverdan.o) is therefore not
determ ned only by the length of 5 the wite in period. Note that,

al t hough%a st r udaceondgneshwith thealmmsaiugime, obstryctigns ¢o displaypaichtas ipseudo
formed in order to maintain the voltage applied to the gate el ectrode of
the EL dri veontomes; which are qomspiceans n dimenlivision dsive byarhinarssad¢ methodiean ke case
in which the EL driver TFT has an LDD region formed so as to overlap with
the gate elpevenieibfromrhpingvidiblgat e i nsulating film .

Note that, although in Embodiment 2 the display period Trn is divided into two.

the divided display periods S1Trn and S2Tm, Embodiment 2 is not limited to this. There
15 may be one display period to be divided, or a plurality of display periods to be divided.
However, it is preferable that they be divided in order from the display period
corresponding to the upper bit, namely the display period having longer lenéth. Further.
it is possible for a designer to suitably select the number of divisions of the display period.
but it is preferable that the amount of the divisions be determined by the balance between

20 the driving speed of a display device and the required display quality of an image.
Furthermore, although it is preferable that the lengths of the divided display periods
corresponding to the same bit of the digital video signal be equal. the present invention
is not limited to this. It is not ;adways necessary that the lengths of the divided display

periods be the same.
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10 a parasitic capacitance generally referred to as a gate capacitance is
formed in the region. This gate capacitance may al so be actively used as a
capaci tor Wwere2gtsaing the voltage applied to the gate epefigopsRiPf the EL
-driver TFT. The capacitance val ue of the gate capacitance changes in
accor dance withl\} he surface area at, which the gate el ectrode and the LDD
regi on over | ap, Netithah diffrmedram the driyinganetbod shevwn indimhodimentds #ispossidlay
the length of the LDD region included in the overlapping region.
[ Enbodi mento makeheperiod Which shepprsaie Eloelementsiemitlightibesharténtban tie cui t
and the gate_signal line 20 driver circuit used in order to drive the
pi xel port MHe dmpertrd in Hmbodiment 2 Ehatatip o the tatal Burh of thedangtBs ofthgslispla9A and
10B are bl ock diagranms of driver circuits of an EL display of Enbodi nment
3. Fig. 1Cpetiedsinoogimmespayiod (dutyyatia)rs thereforenntdetegninet anlyrhy the knigflt of
register 602, a latch (A) 603, and a latch (B) 604. 40 WO 02/ 21574
PCT/ EBO1Y 0 f@18rif® inipstiedsi gnal CLK and a start pulse SP are input to the
shift register 602 in the source signal line driver circuit 601. The shift
regi ster 602 geNetedthet althonghp snghut ts showndn dmbdiament Ainovhitihe capaeisr & gnal
CLK and the start pulse SP, and supplies the timng signals one after
anot her t ofolowdst pedentainpintdin thetvioltageppphied torthe gate slectrodsofthdBlE, tieived TR, 5
shown in the figures). The timng signals fromthe shift register 602 may
be buf f er - drniplalsbipedsibie ta amit the ¢apasitorh Fas azakeifrf which The ELaRiVes TP Thdsaimc e
(parasitic capacitance) of a wiring to which the, timng signal is
suppl i ed i &DDregionformed so asto pvedapouith the gateelaiodt threugh apriasiiathg Bl he
wiring. The buffer is formed in order to prevent bluntness in the rise and
fal |l of itheatparasity capacitapoagenerdilyahfetied ¢ axsgaie cagacitidve id fohged inohd region.
capacitance. Note that it is not always necessary to formthe buffer.

This gate capacitance may also be actively used as a capacitor for storing the voltage

applied to the gate electrode of the EL driver TFT.
The capacitance value of the gate capacitance changes in accordance with the
surface area at which the gate electrode and the LDD region overlap, and therefore the

15 capacitance value is determined by the length of the LDD region included in the

overlapping region.

[Embodiment 3]
Detailed structures of the source signal line driver circuit and the gate signal line
20 driver circuit used in order to drive the pixel portion shown in Fig. 4 are explained in
Embodiment 3.
" Figs. 10A and 10B are block diagrams of driverlcircuits of an EL display of
Embodiment 3. Fig. 10A is a source signal line dri.vei' circuit 601 having a shift register

602, a latch (A) 603, and a latch (B) 604.
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The timng signals buffer-anplified by the buffer are supplied to the latch
(A) 603. The latch (A) 603 has a plurality of latch stages for processing
an n-bit diwiamkisisdeo signal. The latch (A) 603 wites pdimighiom Nt ai ns
the n-bit digital video signal supplied 15 fromthe outside of the source

signal line driver circui when the timng signal is _ _input. Note that
the digital vi deb ‘%?ﬁhﬁgmﬁréﬁqéﬁg‘é agtart pylsg SP ArtaER tothe SHE registen 3 i the

| atch stages of the |latch (A) 603 whe iting in the digital video signal
to the |at cROYES signat line, sy o ﬁel.pffgs%ﬂ 1eR Rt 004 Beperates tiningsigaalsin
this structure. The plurality of latch 20 stages of the latch (A) 603 may
be divi ded PHiE bg%uzgmﬁsﬁoc&ﬁw ELE apd the S%FU@SS%%W&!“ suppljesghe tigHng t o
the groups at the sane tinme in parallel, that is, partitioned driving nmay
be perf or nignalgone aflepanather ta depmstream girgits through ascixquitsuck ag @b@ﬁe@&o@o as
t he nunber of divisions. For exanple, this is referred to as gradation
drive with slawn i the figgres)when the |atches are divided into groups every -
four stages. 41 WO 02/21574 PCT/1BO1/01916 The period until the digital

vi deo signal is Ehetimingsignalyfromdhe shifit segister G2 maybe ufter-amplifigd by sfcircwie
latch (A) 603 is referred to as a |ine period. In practice, there may be a
case wher esudheas| 4 buffgre (Thedoachedpaeitance i(earpeitic eapaciiands) eha aviting torwhich|the
return period is added to the above line period. 5 A latch signal is

suppl i ed t otimieg sigralhs uppliedis langebeenuse mank cipeyitsoy elenetsatesonnectedrigghe
digital video signal witten into and stored in the latch (A) 603 is sent
al | at oncewdting.t Fieduffes isfarmedinorder taprevent Blungmss inghejris ofthe timing al |
of the latch stages of the latch tng) , 604, and stored. Wite in ofthe

di gi tal i deignal gvikach develepsi ducplorthe derge loadhcapagidance: Notadhatdt éhngtgiveps o
that has conpleted sending the digital data signal to the latch (B) 604,
based on t hneaessarntp fozmghebufiferom t he shift register 602. The digital video

signal witten into and stored in the latch s)B) 604 is input to the
The timing signals buffer-amplified by the buffer are supplied o the latch (A) 603.

The latch (A) 603 has a plurality of latch stages for processing an n-bit digital video

signal. The latch (A) 603 writes in and maintains the n-bit digital video signal supplied

15 from the outside of the source signal line driver circuit 601 when the timing signal is
input.

Note that the digital video signal may also be input in order to the pl@iw of latch

stages of the latch (A) 603 when writing in the digital video signal to the latch (A) 603.

However, the present invention is not limited to this structure. The plurality of latch

20 stages of the latch (A) 603 may be divided into some groups, and the digital video signal

may be input to the groups at the same time in parallel, that is, partitioned driving may be

performed. Note that the number of group at this time is referred to as the number of

divisions. For example, this is referred to as gradation drive with four divisions when the

latches are divided into groups every four stages.
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source signal lines during the second line period. Fig. 10Bis a block

di agram showi ng a structure of a gate signal line driver 15 circuit. A
gate si gnawodewpesdriver circuit 605 has a shift regi SterP@P/ﬁTo%Qﬂ?‘ buf f er
.607. Further, the gate signal line driver circui.t 605 nay al so "have a

| evel shifter, endi .upon, the circunstances, A timng signal fromthe
shift register ?%ocg'grﬁﬂltﬁ%g‘gftél ‘Pﬁ%o Hgnalds coopletely yrden Hite aﬂg@‘ thg lgteh
line driver, circujt 605 d.the timng signal, is_supplied to the
corres pondFtﬁgesg%tftﬁe 1a§‘f%g@9| ilﬁ@%eﬁ%t%’ataémélpé’élf’%&a@’a@icet Hheresmpy beipsaseTFTs
for one lin f gi_xel S ,areq?@?nnect ed, to the gate siﬁnal | ine. The
swi t chi ng the lige peripd incindss the pesiod dn whishea Borizpntal setupy pesied is addedhtoon
state sinultaneously, and the buffer in which a large electric current can
be flown e abREeEngpetioded. 25 42 WO 02/ 21574 PCT/ I BOL/ 01916 [ Enbodi ment
4] In Enbodi nent 4, an exanpl e of manufacturing an EL di splay device which
uses a dri vi ngAd#ich signak is suppliedde the latohdB) ﬁBzW@n@nplliat pedodisicomplétgd. 1
| A and 11B, and Figs. 12A to 12C. 5 Fig. 11A is a top surface diagramof a
TFT subst r Ak digital fidepsigapkywriston into and stored inrthe lateh (AtG98ds sent aliat pnessant
i nvention. Note that the term TFT substrate indicates a substrate on which
a pi xel pots instanttortbe fateh (B) 04 andisowitténciata ahof the pitslestagesrafitbnlatdD®) a
source signal line driver circuit 4003, a first gate signal line driver
circuit 4060k andastored.second gate signal line driver circuit 4004b are
formed on a 10 substrate 4001. Note that the nunber of source signal |ine
driver circuitsWaiteinpfitee digigalyidacisignaliisiagain perforned, in ondet, hethe latata@t) 603
invention is not limted to the nunber shown in Fig. I IA It is possible
for a dWsi thathasicompletedsandingsthe digitaldatbsignal to thelatcle(B)i694 sbased omtinbrtinving
circuits :

signal from the shift register 602.

The digital video signal written into and stored in the latch (B) 604 is input to the
source signal lines during the second line period.
Fig. 10B is a block diagram showing a structure of a gate signal line driver
15 circuit.
A gate signal line driver circuit 605 has a shift register 606 and a buffer 607.
Further, the gate signal line driver circuit 605 may also have a level shifter., depending
upon the circumstances.
A timing signal from the shift register 606 is supplied to the buffer 607 in the gate
20 signal line driver circuit 605, and the timing signal is supplied to the corresponding gate
signal line. The gate electrodes of the switching TFTs for one line of pixels are connected
to the gate signal line. The switching TFTs of all of the one line of pixels must be placed
in an on state simultaneously, and the buffer in which a large electric current can be flown
is therefore used.

25
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and gate signal line driver circuits. Further, the source signal |ine
driver circuit and the gate signal line driver circuits are forned on the
TFT substr awe a2nisbodi nent 4, but the 15 present inventipiyksinwe |1 mted
to this. A source signal line driver circuit and gate signal |ine driver
circuits fornmed gn a substrate separate fromthe TFT substrate may al so be
el ectrical IE»EIE e to the pi xel portion through neans such as an FPC
Ref erence nuneral 4005 indicates extraction wirings. The extraction wrings
4005 are connedidimbodiggnttt. an cxmuplepfganglastiring agElLL display devieewiich uses
externally to the substrate 20 4001, A blow up diagram of the extraction
Wi rings 400%5dm*§ngmdqﬂhﬁg@sqﬂtmymﬂq@mxﬁﬁ@éﬂw&gmw 1l gl § 1% iapdFigs. an R
extraction wiring, reference nunmeral 4101 indicates a G extraction wring,
and referenbAuldfal 4102 indicates a B extraction wiring. Fig. 12Ais a
top view of an EL display fornmed by seali n%Et he TFT substrate shown 25 in
Fig. 11AS5by usi Atgal Ideis 4 teg sutfees diggranrpfp TEEBubgrate of the ELsdisplaynsing theagr am
of Fig. 12A 43 WO 02/21574 PCT/1B01/01916 cut along a |line segnent A-A',
and Fig. 12&ivisg methaskel the presspbinventiom: aNoteithet the termATE T subsitapmindicalssrie
segment B-B'. Note that, in Figs. 12A to 12C, the sane reference nunerals
are used f osubpiateiooivehich a pixel pettions farmed i this spepifieationt 1B. A seal ant 4009
is formed so as to surround the pixel portion 4002, the source signal 5
line driver cirdupixeyspBon 4002, a bwures signal linedriver cireuiv#@03ga fiest gatgnignal linee
driver circuits 4004a and 4004b fornmed on the substrate 4001. Further, a
seal i ng natdnivealcit¢@id 8004z, ind asccand gatdsigpdlliske dpiver ¢ioownit02b atehformed ooe

signal line driver circuit 4003, and the first and the second gate signal
| i ne driwersubstrateid0Q1. 490 dha tite MGGkKy of Ihercpsiged] line dtivercibddPand gate sigoalr ce
signal line driver circuit 4003, and the first and the second gate signal

| i ne dri verlinkalrivier cirdutits intthe presemtdnvingich isarog litlited &f the suthbenshown &i Fig. 5l ed
by the substrate 4001, the sealant 4009, and the sealing naterial 4008, by
means of a ltidpossibledfora dedigne? td itablersetthe number ¢ff sovtce signal live #DEP cirtuits
source signal line driver circuit 4003, and the
and gate signal line driver circuits. Further, the source signal line driver circuit and the
gate signal line driver circuits are formed on the TFT substrate in Embodiment 4, but the
15 present invention is not limited to this. A source signal line driver circuit and gate signal
line driver circuits formed on a substrate separate from the TFT substrate may also be
electrically connected to the pixel portion through means such as an FPC. |
Reference numeral 4005 indicates extraction wirings. The extraction wirings 4005
are connected through an FPC 4006 to an IC or the like formed externally to the substrate
20 4001.
Ablow up diagram ofthe extraction wirings 4005 is shown in Fig. 11B. Reference
- numeral 4100 indicates an R extraction wiring, reference numeral 4101 indicates a G
extraction wiring, and reference numeral 4102 indicates a B extraction wiring. .
Fig. 12A is atop view of an EL display formed by sealing the TFT substrate shown
25 inFig. 11A by using a sealing material. Fig. 12B is a cross sectional diagram of Fig. 12A
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first and the second gate signal line driver circuits 4004a and 4004b
formed on the substrate 4001 have a plurality of TFTs. Typically, driver
TFTs (not ewhext213m n- channel 15 TFT and a p-channel TFT p¢frmipihg i n the
-figures here) 4201 contained in the source signal line driver circuit

4003, and E river TFTs (TFTs, for_co olling electri¢c current .to organic
EL el ement% : a‘&’%ﬁ’é‘?&%?&e‘g’% n a’é‘s Figs E£¢ 1Y #rrepsisetenal diagram H?ﬂ&; 1240yt
_P-channel "TETs ar n-chan , TET nuf.act yred known thod are used in
the ar  ver e Shefrebntat B iNpte ety n By 1o o i eme ripsengg mimesalar ed
by the 20 kno net hod are used in the driver. TFTs 4202. Further,
st or age ca%&':‘?%@gp?ﬂﬁns a&ﬁ%‘&ﬁﬁowntlﬁg?ﬁ'g 1 1dBanected to gates of the EL
driver TFTs 4202 are vided. An interlayer insulating film(levelin
film 43 04 is %ﬁﬂi?é?ﬂ%‘% 'F%%mmffsé?@? twﬁﬂirfoaﬁ@e pa‘fr?éip?qﬁl@naﬂ%rthwurcpmgrm 02,
and a pixel e]ectrode node) 4203 electrically connected to a _drain of
the EL dr ﬁm%‘lﬂl"ﬁ’iﬂﬂ%'z“qaoé F’B% thedirstand the seqend gaig signalling daivenejreuits 400404, A
25 transparen onductive_filmhaving a | arge work function is used - for the
pi xel el ed“eréd{fi)@ib %Q%‘n%ﬁé WQ?BWM‘%@E@@Q&@ sealirg mategigbh9Qiais formgsbomd of
indiun1oxhge and tin oxjide, a chemcal conpound of indium oxide and zinc
oxi de, zi rfe piseeortion 0%, the sourer sigenl Jimesitiver ciseit 03 g0d thefirst fand the
transparent conpductjve film_ Further, the tranﬁfarent conductive filmto
whi ch gal |5660Rd gate sigmakling drivereirgwits 408de and AR04ns Thapixe) portion 40W2 ths t hen
formed on the pixel_ electrode 4203, and an opening portion is fornmed in
t he i nsul a°P¥§ signablinsdrives\eiticuit 4803 snd the:fiest andsthe saxuwl. gatersigial line driver
(el ectrol uginescence) |ayer 4204 is fornmed on the pixel electrode 4203 in
t he opdfi rfigtcugs APP4mandd anedheneforehermeticallyissaled by he aststrafeo0Q lhehEL
| ayer 4204. Further, there are |ow nolecular weight (nmonomer) organic EL
mat eri al s S&AlGOAPR, arsl thesralingwntighial 4008, by olegmeofa Gllgramateridll42t8t eri al s, and
either may be used. A known evaporation technique or a known application
t echni que may Farthetetheqixelpomien$02 thefsonree signahkinesdrivergicuid 2008, akd theer |
the EL layer nmay have a single |ayer
first and the second gate signal line driver circuits 4004a and 4004b formed on the
substrate 4001 have a plurality of TFTs. Typically, driver TFTs (note that an n-channel
15 TFT and a p-channel TFT are shown in the figures here) 4201 contained in the source
signal line driver circuit 4003, and EL driver TFTs (TFTs for controlling electric current
to organic EL elements) 4202 are formed on a base film 4010 as shown in Fig. 12B.
P-channel TFTs or n-channel TFTs manufactured by a known method are used in
the driver TFTs 4201 in Embodiment 4, and the p-channel TFTs manufactured by the
20 known method are used in the EL driver TFTs 4202. Further, storage capacitors (not
shown in the figures) connected to gates of the EL driver TFTs 4202 are provided.
" Aninterlayer insulating film (leveling film) 4304 is formed on the driver TFT 4201
and the EL driver TFT 4202, and a pixel electrode (anode) 4203 electrically connected
to a drain of the EL driver TFT 4202 is formed on the interlayer insulating film 4304. A
25 transparent conductive film having a large work function is used for the pixel electrode
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structure or a lamnation structure in which a hole injecting |ayer, a hole
transporting layer, a light emtting |ayer, an electron transporting

| ayer, and o ®r2es78ron injecting layer 1s are freely corggmgeinidigcat hode
4205 made from a conductive filmhaving |ight shielding properties

(typically go@onduskintg] fcbﬂnﬁylﬁfdr%&f;gd%ﬁﬁjuﬁu Thd $APREEe, Oc%qeﬂiéa\f%ﬁz@%g{x%é?mi n -

conmponent . or a lamnation such a conductive mw t

conduct i ve. iy ok u TR} e, AE oFlael By 3 n BT OB el BePESTEL D1 ©

to renmove as much as possi ny nol sture oxygen exlstin

nocessary 1 e RRaRy AR RERE kel Tt bitpment ARG Him iRl Ooer

or inert gag3 AL eﬁ?&ﬁe d then form ng the cathode 4205 wi t hout exposure
to oxygen Or noisture. € above stated filmdeposition is possible in

e
s Sor S Bt W o il iod 1A B AP b
e et Al R RS U B0 o T e, ©
o oY L 5 LB G SO AR SURD B
rure e 00 L5 DB ARl FEOAPELR MR 55
e e
ani sot r opi ¢ Y con d&;g??% engom%d@qhn@tgsog a%ﬁ?‘@? Faﬁéc%ﬁﬁtﬁ Eefﬁhml‘:?bw Y f“ﬁ?‘ggsg :
it or al s (4 RO B OB e he B e f2b F e Bue HE e Rul ety el

structure or a lamination structure in which a hole injecting layer, a hole transporting

(D

layer, a light emitting layer, an electron transporting layer, and an electron injecting layer
15 are freely combined.
A cathode 4205 made from a conductive film having light shielding properties
(typically a conduétive film having aluminum, copper, or silver as its main component.
or a lamination film of such a conductive film with another conductive film) is formed on
the EL layer 4204. Further, it is preferable to remove as much as possible any moisture
20 and oxXygen existing in the interface between the cathode 4205 and the EL layer 4204. It
is therefore necessary to employ a mechanism for forming the EL layer 4204 in a nitrogen
or inert gas atmosphere, and then forming the cathode 4205 without exposure to oxygen
or moisture. The above stated film depositioﬁ is possible in Embodiment 4 by using a
film deposition apparatus of a multi-chamber method (cluster tool method). A
25 predetermined voltage is then imparted to the cathode 4205.
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4008. An FRP (fiberglass reinforced plastics) plate, a PVF (polyvinyl
fluoride) film a nylar film a polyester film and an acrylic resin film
can be usegoagnishge plastic material. 15 Further, a sheetpdadghidofms Structure
in which an alum numfoil is sandwi ched by PVF filnms or nylar filns can

al so be used. However, a cover material nust be transparent if the
direction of |i#4norganiqEkglamanif3@heomprisang he pixed plepwedes(apede) 4483 .dhe e
cover material. In this case, a transparent substance such as a gl ass
‘plate, a playst4204ppad the cathnge#ad$ ds thixs formed; Anprofeetiye fidm4303 s them derned20
Further, in addition to an inert gas such as nitrogen or _argon, an

ul t ravi ol een theaingdating fitrsi4303 so amta enventhedrianie E&ee%em@@i‘lﬁoéaﬁhb@mxg@bfeas a
filler material 4210. PVC (polyvinyl chloride), acrylic, polyimde, epoxy
resin, sil fitnr303d9s effepti® fmppleyonting contaminants)such aE\pXygen hyd grodstuienfrom
acetate) can be used. Nitrogen is used as the filler material in

Enbodi ment edteridg tha@rg@di2 Pi7elefeiy 433l / 01916 In order to place the filler
material 4210 in a noisture absorbing substance (preferably barium oxide)
or a subst ance Réfepdnce amnmdalot(PSaxindieates an extrectimawinggcdonnscted 40 @7povser
formed on the substrate 4001 side surface of the sealing material 4008, and
a noi st ur sowrbs sugpiynlins wnd theexdrastion wdrihg #a0zes whkctically comtstediio aspgese , 4207
is arranged 5 in the concave portion 4007. The noi sture absorbi ng substance
or the subsdgincef e Eh driben TRIS4202.0The ertrd@ibh wiringpd005ai pussksi betwben thencave
portion 4007 by a concave portion cover material 4208 so that the noisture

absor bi ng sediatt 4009 and thelsabsitHic 4601; andvi stdvtrdcaily cadseantd W FPC Wihg 4504s not
fly off. Note that the concave portion cover material 4208 has a structure

with a id nef theHPGhagithrouph dndiiscitopiceuhdoctive filie43000 pass t hrough, but the
I 0 noi sture absorbi ng substance or the substance which can adsorb oxygen

4207 does not @Ghss nidierialgmetliiyy mdrtiaB(taficdllyestainsn seelbnartiglsh deragic03
can be suppressed by form ng the noisture absorbing substance or the

subst ance wiaterialy; and plesiio hatexylg ¢inckidihg plastic fiels)cah beusdd astirk 28 mgsattAalmed
so as to contact the extraction wiring 4005a,
4008. An FRP (fiberglass reinforced plastics) plate, a PVF (polyvinyl fluoride) film, a
mylar film, a polyester film, and an acrylic resin film can be used as the plastic material.
15 Futtlher, a sheet having a structure in which an aluminum foil is sandwiched by PVF films
or mylar films can also be used.

However, a cover material must be transparent if the direction of light ;emitted from
the organic EL elements is toward the cover material. In this case, a transparent substance
such as a glass plate, a plastic plate, a polyester film, or an acrylic film is used.

20 Further, in addition to an inert gas such as nitrogen or argon, an ultraviolet
bardened resin or an infrared hardened resin can be used as a filler material 4210. PVC
(polyvinyl chloride), acrylic, polyimide, epoxy resin, silicon resin, PVB (polyvinyl
butyryl)and EVA (ethylene vinyl acetate) can be used. Nitrogen is used as the filler

material in Embodiment 4.
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at the same tinme as the pixel electrode 4203 is fornmed, as shown in Fig.
12C. 15 Further, the anisotropic conductive film 4300 has a conductive
filler 4300wooByis74 hermal press fitting of the substratepéPdorpidst he FPC
4006, the conductive film4203a on the substrate 4001 and the FPC wiring

e o i L
o
pochanner " TR B R ig e il Bl g, [
Lo 16 in t HRQISHSARNorRnE Subtiats of 7 spbsRRCe BAISHHeR2Ator® SxXeiAd0d s Hrapesds

used, which is made from gl , -such, as barium bprosilicate,qgl ass or

al um nuns bdPdls Peticayeportion 002, TBA Mpjstdis ARsarLmEsEPsEnceor e bNiance highy
#1737. Note that,_ as the syhstrate 300, .a quartz sub e, or a silicon
Cubstrate. canaror XUERR 420ds mputained B thy OheaLs BUTIOR 007 bya GRRca e Brtion

insulating filmis forned, . may be used as the replace, A plastic substrate
havi ng heatcowe%mgﬁe&ﬁk@%%ﬁ%%@%,tm elsPpRipg SEhstAnge of the SURSIARGA Mhich camay

al so be used, Then, a film,30 rmed froman insulating fil, h as
a silicon RO RYEH 4&?7;‘?%?S§‘P%X 8#' &\fo}%&p ICPRTAYF Partiam 9036"11‘“6??%1 ‘f%%de
film In this enbodinent, a two-|layer structure i,s used as the se film
301. Howevdes agiTrust With 3 fine mesh stees anc) -aH&Pf*affPIStgreercaevﬁ%Séhreaa@ﬁglfﬂwg of
two or nore layers of the jnsulating filmmay, be used., As a first |ayer of
t he basdOf imeistue absorbingisubylanse,ps the subgtance ‘nglﬁglcén P&W%P}%%ﬁﬂi%% dges not

thi ckness of 10 to 200 nm_ (preferably 50 to 10Q run) using Si H4, NH3, and
N, O as r eadiesuhrepede Pegadation phtbaaraanis ELL ¢lementd 303 sepbssmpressaddbyforming

oxynitride film 301la_ (conposition ratio Si )
the moisture absorbing substance or the substance which can adsorb oxygen 4207.

A conductive film 4203a is formed so as to contact the extraction wiring 4005a,
at the same time as the pixel electrode 4203 is formed, as shown in Fig. 12C.

15 ~ Further, the anisotropic conductive film 4300 has a conductive filler 4300a. By
thermal press fitting of the substrate 4001 and the FPC 4006, the conductive film 4203a
on the substrate 4001 and the FPC wiring 4301 on the FPC 4006 are electrically
connected by the conductive filler 4300a.

Note that it is possibleto implement Embodiment 4 by freely combining it with any

20 of Embodiments 1 to 3.
[Embodiment 5]
In the EL display device of the present invention, a method of simultaneously

forming, on the same substrate, 2 pixel portion and TFTs (n-channel TFT and p-channel
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=32% 0 = 27% N = 24%and H = 17% having a filmthickness of 50 run is
formed. Then, as a second |ayer of the base film 301, a silicon oxynitride
film301b weisi®d so as to laninate thereon into a thiGkpessefl 50 to
.200 nm (preferably 100 to 150 nm using SiH4 and N20 as reaction gases by
plasma CVD. In this enbodiment, the silicon 20 oxynitride film301b
(conposi t i BAT) efta dyiver cizcigirmed Bothe prepleyy afidie pixel poionaigidaspribad in detail
‘thickness of 100 run is forned. Subsequently, sem conductor |ayers 302 to
305 are f ousingiFigs. 3hte Maindhisiemhodithent. sermi conductor | ayers 302 to 305 are
formed froma sem conductor film having an anorphous structure by a known
met hod (a sput tHrst,ny thie ebddiment, laRahXxate 0 is. used, whidlbisphaderfronTgassesubnd) |
and is subjected to a known crystallization process (a |aser 48 WO

02/ 21574 PRETHaERGI barbsilisatecglysstanl Alimmtirobonosilinatd, reprasemtedibly sucly s Sofningt i on
met hod, or a thermal crystallization nethod using a catalyst such as

ni ckel ) 5 THEDSOrglass aindi#1d3% e Natotictes diie Sublstrate!306, o quaitnabstrate, gred sidicord
into desired shapes to obtain the sem conductor |ayers. The sem conduct or
| ayer s 302substr6/a metal substoad, dratstainless stibstrate) oa svhidh dirinsnl2ng fiinbie fowmed,
(preferably 30 to 60 s nn). The material of the crystalline sem conductor
filmis nomapdetisedlasrthy réplacd. ed, plstic substrate haviie hedtl resibanéeotora tprecdss | m
using silicon, a silicon germanium (Si,,Gl.. (x = 0.001 to 0.02)) alloy,

or the |i kiemperahirBiof tidsembbdinint nfay alveiehised. anor phous silicon filmis,
formed by plasma CVD, and then, nickel-containing solution is held on the

anor phous  si | iTheR, 4 basafild 3 Hypchapfomtanrigsubatingefian gichlae aailieon bride filid, i con
filmis performed (500 to C for one hour), and thereafter athernal

cryst al i zasilivonpigtdesHlnh orpesiliconmedydiride fldhorin thisuembodifieht, td e ellayer
Further, to inprove the crystallinity thereof, |aser anneal treatnment is

performed dtancheem Lbal & hetisist ifite 301.1 Howeléy, @ sidgletayet flis 6 ¥ Hminkiioe
silicon filmis subjected to a patterning process using a photolithography

The o mat s on oF e Sy conauctor ey era s as e Saa o e, Pea Bl el
layer of the base film 301, a silicon oxynitride film 301a is formed into a thickness of 10
to 200 nm (preferably 50 to 100 nm) using SiH,, NH;, and N,O as reaction gases by

15 plasma CVD. In this embodiment, the silicon oxynitride film 301a (composition ratio Si
=32%, O = 27%, N = 24% and H = 17%) having a film thickness of 50 nm is formed.
Then, as a second layer of the base film 301, a silicon oxynitride film 301b 'is formed so
as to laminate thereon into a thickness of 50 to 200 nm (preferably 100 to 150 nm) using
SiH, and N,O as reaction gases by plasma CVD. In this embodiment, the silicon

20 oxynitride film 301b (composition ratio Si=32%, O = 59%, N = 7% and H = 2%) having
a film thickness of 100 nm is formed.

* Subsequently, semiconductor layers 302 to 305 are formed on the base film. The
semiconductor layers 302 to 305 .are formed from a semiconductor film having an
amorphous structure by a known method (a sputtering method. an LPCVD method. or a

25 plasma CVD method), and is subjected to a known crystallization process (a laser
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anount of inpurity el enment (boron or phosphorus) may be doped to control a
threshold value of the TFT. Besides, in the case where the crystalline
sem conductwookiism i s manufactured by the |aser crystal pegiibamioa pul se
oscillation type or continuous-wave type exciner |aser, 20 YAG I aser, or

YVO4 | aser may be used. In the case where those |asers gre used, ji IS
appr opri at e ahon g egmglcﬁ'y?tgﬁlgu?q thq%aﬁf & qugﬂillgg’g?n
oscillator is ondensed. by ap optjcal,,.system.into a ||near._beam and |s
rradi at ed TEORUSRRASRIRELs e anticksid TRy A LRE SPCARANSIOTENE TR AREhs of
the crystal]ization,should b roperly .selec¢ted by an operator, in the
case where BRéttesed indp dPﬁEE@rS%PgeﬁPQ@&%tbﬁéFg’éc petor F‘@n% SEREPRERGLOT | s
set as 300 Hz, and a éﬁlser ene géﬁ%ens,it is.as 100 tq 400 r’rtﬂ/cm

(typi cal |y layers gy tp3td arpforsaed iptgine ghickessebirens 2300 Stare (Rpgterably 3o ¢hise
where the YAG laser is used, it is appropriate_that the A second harmonic is
used to Setnm) plhesmaisyal ofthe prystalling semicopduciontilm isnotperticlarly limited, butde,
energy density is_set as 300 _to 600 mJ/cn2 (typically, 350 to 500 ml/cn®).
Then, | aseris prefgrgbletofarn dheyfilm psing sfljcoaet siligem germaniim (Hiden B 0.00! 1o
1000 m for exanple, 400 m5 is irradiated to the whole surface ofthe.
substrate, &) aHownver thedikengin this enbedimenty 55 mmm itipk agyorphpus silicon, film dsr
light at this tinme may be set as 50 to 90% A gate_insulating film 306 is

t hen f or nedformed by plasmadC YReardieporgirl coptaining pelution is hedd op e amerphause
insulating film306 is formed froman insulating filmcontaining silicon
by plasma OGilisanfilms A dehydiegenating propess of thejamometions silicon Silmatperformed (3¢0n | n

the 1 o enbodi nent, the 3ate insulating film306 is forned froma silicon

oxyni t rilde G forpnghaenry and thegsaties a thermahaystaHirarion psecess icverfpreptds0 € dor
ratio Si = 32% 0 = 59% N= 7% and H=2%. O course, the gate
i nsul at i ng four heurs) theret¢.i Furthes, todmpreveshe rrystalloyityriherepg daser anneal tgpatment
insulating filmcontaining other silicon may be formed into a single |ayer
of a | am riapedormed tecformethe reystdlingigilicomBhmy Fdes; thiscenystalling siliqonnfiig isused,
it can be fornmed by plasma CVD in . _ ]
subjected to a patterning process using a photolithography method, to obtain the
semiconductor layers 302 to 305.

15 Further, after the formation of the semiconductor layers 302 to 305, a minute
amount of impurity element (boron or phosphorus) may be doped to contro} a threshold
value of the TFT.

Besides, in the case where the crystalline semiconductor film is manufactured by
the laser crystal method, a pulse oscillation type or continuous-wave type excimer laser,

20 YAG laser, or YVO, laser may be used. In the case where those lasers are used. it is
appropriate to use a method in which laser light radiated from a laser oscillator is
condénsed by an optical system into a linear beam, and is irradiated to the amorphous
semiconductor film. Although the conditions of the crysfallization should be properly
selected by an operator, in the case where the exciter laser is used, a pulse oscillation

25 frequency is set as 300 Hz, and a laser energy density is as 100 to 400 mJ/cm® (typically
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whi ch TECS (tetraethyl orthosilicate) and 02 are m xed, with a reaction
pressure of 40 Pa. a substrate tenperature of from 300 to 400 C, and

di schar gedwate2@1914 gh frequency (13.56 MHZ) power densi t,ycﬁ‘m@n@"to 0.8
-WcnR2. Good characteristics as the gate insulating film can be obt ai ned in

anneal i ng 0 Rot0h VB TAURERE et i r A% eSSt s Aopiigtetoat the

117 m 305 gesordhtitnieusediherctinite wison Beanmmayae ap in JERE Az 100
Conduct | veenerp| GsBy s ek g® BOb 1 GSm ] Gmiptl. 40 o AP0 o Shen.dosen
i cness THAC o ARPLILS § HpcrEahanRont AT 0 5 K9 Gonmmpre, 400 i
et moSpHSFEUAT 1 (6 REpolf ik g e suitsl A4 REOVS FPPIETSta Gresep miohhe

sputterin thod with a Wtarget. The Wfilmmay be formed by thermal CVD
usi ng tungﬁtﬂgﬁﬂ{’@%ﬁ%g&l’cﬁt@ e.mWP%P@\?éISOt?r@WV%d is used, it is
necessary to ke the terial h&ye | ow resji stance for use as the gate 5
el ectrode, and E@én%ﬂ%@ﬁ%w g them, formed; for poveripgdhe semaiconduycton layerset to
| ess than Sg)r e%b%l to 20 Ccm_ By making the crystal ‘grains large, it is
possi bl e P27t Hehegate insplating TilmoiRs is ferned from ap inpwaking filmconteining as e
wher e rrany_i,rrptiryity el epents such as oxygen are contained within the W
film crySilgonbyplaspe CYD arsmitterns inta afiim thickness:ofdrony 40 terd80 nhi. ginghe
Therefore, in this enbodi pent, bé form ng the Wfilmhaving high purity by
to sputl ersorRpdiraeniqthe gats ewlating filg 309 iy formed frogoa sitioowexymidide filadiaid & on,
by taking sufficient consideration to prevent inpurities within the gas
phase frorfiskness@fd e pmiby plasmaigVD{somppsition tatiedi F32%. £ F89¥sNv7¥yand from
9 to 20 .t _cmcan be realized. Note that, in this enbodiment, the first
conduct i vel 4% d8Fcousseythpegate immalating film is net linitestia thositicar oxpmittide flRO8 i s
made of W but the material is not particularly limted 15 thereto, and
ei ther filam WsylaiagfBlimmsanigining othes radlicons miap dteefbrined intbaa sijgldilayelvof &l |

lamination structure.

15 Beside, when the silicon oxide film is used, it can be formed by plasma CVD in

which TEOS (tetraethyl orthosilicate) and O, are mixed, with a reaction pressure of 40 Pa.

a substrate temperature of from 300 to 400 °C, and discharged at a high freqﬁency (13.56

MHZ) power density of 0.5 to 0.8 W/cm®. Good characteristics as the gate insulating film

can be obtained in the silicon oxide film thus manufactured by subsequent thermal

20 annealing at 400 to 500 °C.
Then, as shown in Fig. 13A, on the gate insulating film 306, a first conductive film
307 and a second conductive film 308 are formed into lamination to have a film thickness
0f20 to 100 nm and 100 to 400 nm, respectively. In this embodiment, the first conductive
film 307 made from a TaN film with a film thickness of 30 nm and the second conductive
25 film 308 made from a W film with a film thickness of 370 nm are formed into lamination.
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Cu, C and Nd or an alloy material or a conpound material containing the
above elenent as its main ingredient. Besides, a sem conductor film
typified bywo@msmarystalline silicon filmdoped with anpdmiBpindibis €l ement
such as phosphorus may be used. Besides, any conbination nay be enpl oyed

such as a ¢ l.ngtj.on i.n i,ch the firs nductive film 20 .is forned of
Cant al am (T LS Sds SEE P mgEs piha Tt pifera Grombes EOHBRIRE | on
in which the first_conducti filmis forped of titaniumpjtrjde (Ti and
e Second TEBHTL AL e Tl Rraied 5 e STatii AR oIt A WireraRt  Phe
first cond Lve filmis forped of ntalumnitride (TaN) _and the second
conducti ve uwﬂm may pg formedhy tB?rmag p\%ﬁ usgE Hmestep é‘ﬁxe}ﬂP%ﬁF (Qﬁ:tﬁ}\ e‘s‘@’?‘?hé‘f’er
conductive filmis forned of tantal nitrigd T and 25 the second
conduct i ve Petha jsuised,itis geepssary) to @ikl g@fez@gbe&legel\?ﬁwtqnc,efqrpsg aythg galgext
masks 309 tq 312 nade of resist. are forned usin hot ol i t hogr aphy net hod,
and a fi PsteleRtEdPARddF BRIe rqeé%rtmeﬁ@amhofi%%ﬁwg 1f 5510 LS8 Bl g ain
wirings as shown in_Fig: ,13B. This first etching process is performed with
the first dRdOSHLHRdBYIRUHPS recartink sraims largs itis pessihle dpimeknthe Wefilaphave; r st
etching conditions, an ICP 5 (iinductively coupled plasm) etching nethod is
used, a gadowesiesistvigr. Hgweverip therasowhers many dgpurity slemengsfuplagiyger i€ gas
flowrate is set to 25/25/10 sccm and plasma is generated by applying a
500 W RF ( xontgéned-withisother W flm, exystalliga %I%W&IK%@%W#WW PCORRSF
etching device with | CP (Mbdel E645-DI CP) produced by Matsushita Electric

| ndust ri al bigher. [Eherefpre, i this pmbediment,dyy farming the Wilm-bavipg hish purity byo
applied to the substrate 1o side (test S?i ece stage) t(_)_effectiveléqpply a
negat i vedosspPRtigingusing & target havieg apurity pf 1599997 18ed ingddifion, by kingsulficientng
conditions, and the end portion of the second conductive |ayer is forned
into a tapeossidentipe to prevemtdmpurities withinithe)gasphase fromonixingthereimivring thee f or
Wis 200.39 nn/min, the etching rate for TaNis 80.32 nmmn, and the

sel ecti vi t yfilof fopnation, Barsistiviiefifrom 930 20 wQaseean bewealizgder angl e of Wis

about 26 with the first etching 15 conditions.
Note that, in this embodiment, the first conductive film 307 is made of TaN, and

the second conductive film 308 is made of W, but the material is not particularly limited
15 thereto, and either film may be formed of an element selected from Ta, W, Ti, Mo, Al,
Cu, Cr and Nd or an alloy material or 2 compound material containing the above element
as its main ingredient. Besides, a semiconductor film typified by a polycrystailine silicon
film doped with an impurity element such as phosphorus may be used. Besides, any
combination may be empioyed such as a combination in which the first conductive film
20 is formed of tantalum (Ta) and the second conductive film is formed of W, a combination
in which the first conductive film is formed of titanium nitride (TiN) and the second
conductive film is formed of W, a combination in which the first conductive film is
formed of tantalum nitride (TaN) and the second conductive film is formed of Al, or a
combination in which the first conductive film is formed of tantalum nitride (TalN) and
25 the second conductive film is formed of Cu.
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Thereafter, the first etching conditions are changed into the second
etching conditions wthout renoving the nmasks 309 to 312 nmade of resist, a
m xed gas wWo&P4sand Cl2 is used as an etching gas, thepggjgn(ﬁW\g rate is
set to 30/30 scem and plasma is generated by applying a 500 2 (13.56
VHZ) power to coi | shape el rode undey 20 1 Pa to_thereby perform
etching for abg{ﬁ‘gﬁa cOtd® ?gé ?Eﬂdmﬁgfe&%.a%fwﬂ SR A phosolgth@ganﬁasm i ed
to the subs%a(ie ai (taaslt Bi ece stage) to effectively a negative

sel f - bi as MSFIPHZGE 2 HERESIAEPE PRACSSTS PREOTAN injardsrdp fompp tlgclaedes sad griringe  sane
order with tﬁﬁf second tchi.ng conditions in which CF4 and C 2 are m xed.
In the se® ‘@?Hhﬁ}gg léﬁndﬂw et preeessiinperfermedivith theifgstsaidosecomd ni n,
and the etching rate for TaN is 66.43 mm/mn. Note 25 that, the etching
time mayb&iShing sarditions, J5pibis embedipent as treodistnetehiog rcanditivsss enniCEB2 WO
02121574 PCT/1B01/01916  etching w thout any residue on the gate insulating
film 15 Cindustively caunled plgsmprlrtehing methoddsusedor grvmixtat of IGF,{ Ck and Sads
second conductive |ayers are forned to have a tapered shape due to the

ef fect of UBsasAnsichiBg gay thegnsiforprateis sette 25(A5€10 secw, sndiplagma iscgemerate nasks
of resist with a suitable shape. The angle of the 5 tapered portions may be
set to 15byaprplymgmmdR) W RF £13-§w§§2);mm¢o aeeil shaperetecBbde tnd3 17Pa. (A dnst
conductive | ayers 314a to 317a and second conductive |ayers 314b to 317Db)
const i t ut €tehisig devicerwith ICR viadel B645-TEGR producdd b dasshital Eleotrit intiiisteial ayer s
are formed b the first etching process. Reference nuneral 319 denotes a
gat e i nsulGs {ﬁb is psad heamdA ¥5OgWARIE (13.56 MG ppaveris alsampplied folthe wdibstiatear e

not covered by the first shape conductive io layers 314 to 317 are nade

t hi nneit0 byidgasbRiesaistige) Roeffectimelyrapplya atgative gelfHianvolngti Mie Woinn ¢
process is performed to add an inpurity elenent for inparting an n-type
conduct i vietoped gvithhthesfist etohingxonditioay,candvthe lend portiomoofi the sedvadrevadusmee of
resist (Fig. 13B). Doping nay be carried out by an ion doping nmethod or an
i on i nj eclayiyis forned ihto TMepererthshiape.oin tie firbiectehing domditionsydicuiching ratd@ér a
dosage is | x 1013 to 5 x 101= is atons/cnma, and an acceleration voltage is
60 to 100R¥¥s 20032 hindmim thecktehing rate fier TG 5P0.32 nm/min, and the selectivity of W

© to TaN is about 2.5. Further, the taper angle of W is about 26° with the first etching

15 conditions.
Thereafter, the first etching conditions are changed into the second etching
conditions without removing the masks 309 to 312 made of resist, a mixed gaé of CF, and
Cl, is used as an etching gas, the gas flow rate is set to 30/30 sccm, and plasma is
generated by applying a 500 W RF (13.56 MHZ) power to a coil shape electrode under
20 1 Pato thereby perform etching for about 30 seconds. A 20 W RF (13.56 MHZ) power
is also applied to the substrate side (test piece stage) to effectively a negative self-bias
voltage. The W film and the TaN film are both etched on the same order with the second
etching conditions in which CF, and Cl, are mixed. In the second etching conditions. the
etching rate for W is 58.97 nm/min, and the etching rate for TaN is 66.43 nm/min. Note
25 that, the etching time may be increased by approximately 10 to 20% in order to perform
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Is 1.5 x 1015 atonms/cnR2 and the acceleration voltage is 80 keV. As the
impurity elenent for inparting the n-type conductivity, an elenent which

bel ongs toy®Rgroaus7d5 of the periodic table, typically phesabinss(P) or
arsenic (As) is used, and phosphorus is used here. In this case, the

conductive Igﬁ/,ers, 14 to 317 becwrasks to the inpurity element 20 for
i mparting tHe1Ag Ut dRsEdEe PR e gaie ingighing §HBent rati on i npurity regi ons

320 to 3 23 are forned in.a self-aligning manner. The inpurity el ement for
i nparting the nﬁwﬁ%{%&&%@w PiAcEss, the edaaations efibe Hirhandoweend sandugtive :

impurity regions 320 to 323 in the, concentration range of 1 x 1020 to | x
1021 at ors/l8YRSS ﬂfﬁéﬂ@ﬁg tahavertapered shage due 1 1§ e%}eg@gt‘stge bigs yaltagsappliedia hout

renmovi ng the masks 25 pade of resist as shown in Fig. 13C._Here, a m xed
gas of CF. thesubsisse side by adeptingmagks ofygsigiovish axsuirallesbaps. Bthe angle f the
etching gas, the gas flowrate is set to 20/20/20 sccm and plasnma is
gener at ed Bgperpppoitiogs may begettois° ta4°s Thusidirstsbape canduativadayers Bipto 317
el ectrode under 1 Pa. to thereby perform etching. A 20 WRF (13.56 M)
pover is al(§isstagnmiduetive dayerfe3t4mhie BaTa and secqndecondyciive layersadbdb te 317b)
effectively apply a negative self-bias voltage. In the second etching
process, t ronstitutedhifithe first eonductive layers and the saeand aendudiivedayshd arg formed byor
TaN is 20.67 run/mn, and the selectivity of Wto TaN is 6. 05.
Accor di ngl ythe tfinst apelfing process e Refarence| numerall®. defiotest agate insulafing film,vends 70
in the second etching. Second conductive |layers 324b to 327b are, fornmed
by the secaegions ofithegate insulating Glmtwilkich ateenoticamered biydhé firss shapermbmductine
| ayers 3 14a to 317a are hardly etched, and first conductive |ayers 324a
t 0 327a lar dayers dbdito 310 avemadedhisaehythpgopiimgtelyr 22 ws50 i byestdhdwgred. Second
conductive layers 324b to 327b are used as masks to an inpurity el enent,
and doping is pdhenrafindt dopig pdoaesstisperformpd td add aplimpurity slened dedmpertinge
sem conductor | ayer below the tapered portions of the first conductive
| ayers. | n anhi-typercondiictiviiy to timsspricondsicioP)ayes witheut mwanavimeg theymasktngade of
el enment, and plasma doping is perforned with the dosage of 1.5 x 1014
at ons/ cnR, resistr(Big 131). ddoypdng mpapbe carkied antbyt dvsion dopingmeethahonanliomipgeading00
keV. Thus, |ow concentration

method. The condition of the ion doping method is that a dosage is 1 x 10¥ to 5 x 10"

15 atoms/cm? and an acceleration voltage is 60 to 100 keV. In this embodiment, the dosage
is 1.5 x 10" atoms/cm? and the acceleration voltage is 80 keV. As the impurity element
for imparting the n-type conductivity, an element which belongs tQJgrouiJ 15 of the
periodic table, typically phosphorus (P) or arsenic (As) is used, and phosphorus is used
here. In this case, the conductive layers 314 to 317 becozzé masks to the impurity element

20 forimparting the n-type conductivity, and high concentration impurity regions 320 to 323
are formed in a self-aligning manner. The impurity element for imparting the n-type
conductivity is added to the high concentration impurity regions 320 to 323 in the
concentration range.of 1x 10% to 1 x 102! atoms/cn’.

Thereafier, the second etching process is performed without removing the masks

25 made of resist as shown in Fig. 13C. Here, a mixed gas of CF,, Cl, and O, is used as an
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I mpurity regions 329 to 332, which overlap with the first conductive
| ayers, are forned in a self-aligning nanner. The concentration of

phosphor uswoRhrisiat he | ow concentration inpurity regi onseP®Bid@916332 is | X
.10" to 5 x 1018 atonms/cm, and has a gentle concentration gradient in

accordance wth the filmthickness of the tapered:.portions of the 20 first
conduct i ve etchinggas, thogas flomirate isset th2026/3 (ssanhiandiplasmeayis gendrated by epplypsg wi t h
the tapered portions of the first conductive |ayers, the concentration of
t he i npuri @b00IWRIN{13.54 MFIR) poweakd g cdil shapt klectrade wulet il Pago tifersbyeparfqrar ed
portions of the first conductive layers toward the inner portions. The
concent r at ietohingh AR08V RIk €856 MHE)giowenés alsorepplieded the shbstrdieside (test giegh
concentration inpurity regions 333 to 336 where the high density 25

i npurity elstageyto effectiviely dpply 4 négatb2/s2if ik velfasd HRth<skad6d etdliap peddesy, thes
shown in Fig. 14B, after the masks nmade of resist are renoved, a third

et chi ng pr etchas tate forrWds 124162 ainviging thdetching trite JoaPdlY is20. 6D am/mhite ahd e ed
portions of the first conductive |layers are partially etched so as to have

shapes ovestlepivitydofiWao TaNG9595¢ drdudingly, theWefibn isselebivélp etcled:t The 1ager
process. Incidentally, as shown in Fig. 14B, 5 nask 338 nade of resist are

fornmed in tahiglercfOWOIRSTORIR Itiee §dtend lBiohtheet StoRd cohdWetive layverf3R4b e9BEMsShRd.
The etching conditions in the third etching process are that ICP etching is

used, ,  siffinhelibythe sdt@nd efchingPscesd €O etk Bbid) il cundtade laphsi3 da and
SF6 are used as etching gasses, with gas flowrates of 10 / 50 sccm

respect i vehy31N0&e habdly etdhed, eind firftiondeaiiedhyeto33ANo 320 brd fagmedi rd et ching
process is 111.2 nninmn, and that the etching speed with respect to the

gate ingel at i ngNekt, ® deBoddSpingbrocess 8 pePrmiéd—Sécbad Tohdirckive I8kkd BZ4p@Ner

Is applied to a coil shape el ectrode under a pressure of 1.3 Pa, plasma is

gener at ed, 3amy afd £edH8 haskB 26 Eﬂﬁxﬂ?ﬁity&lérﬁeﬁﬁ! itd ﬂdp?n%& pevidfheg!sBER Hak tROVer
is applied to the substrate (sanple stage) side, effectively applying 15 a

ngﬁ; :jve S YinpuRiydclerioht i3 48ded o' thé seiRiREAEIctotEay R Iow B apdred BrtRnd be titus
first conductive layers. In this embodiment, phosphorus (P) is used as the impurity
element, and plasma doping is performed with the dosage of 1.5 x 10'* atoms/cm?, current
15 density of 0.5pA and the acceleration voltage of 90 keV. Thus, low concentration
impurity regions 329 to 332, which overlap with the first conductive layers, are formed
in a self-aligning manner. The concentration of phosphorus (P) in the low c;)ncentration
impurity regions 329 to 332 is 1 x 10" to 5 x 10" atoms/cm®, and has a gentle
concentration gradient in accordance with the film thickness of the tapered portions of the
20 first conductive layers. Note that, in the semiconductor layer that overlaps with the
tapered portions of the first conductive layers, the concentration of the impurity element
slightly falls from the end portions of the tapered portions of the first conductive layers
toward the inner portions. The concentration, however, keeps almost the same level.
Further, the high concentration impurity regions 333 to 336 where the high density

25 impurity element is added.
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| mpurity regions (LDD regions) 343 to 345 which do not overlap with the
first conductive |layers 340a to 342a are forned in accordance with the
third etchiwgopeseess. Note that an inpurity regi on (GOpPrimgiopig 346
remai ns overlapping with the first conductive Iayer 324a. 20 Further, an

Elﬁﬁéhé’.? ?ggi ?233?“%?%#1@%“ j‘i@’%ﬁ% ot g R %ﬁbgs%éﬁggsi:ﬁ:ondi‘]’ﬁ%ﬁTw
oy s Sl i i Sy it Pl
ORI a9
o2/ éagzﬁvgcjﬁgpgﬁiﬁ@lfé&%:rfﬁgm %ﬁmﬁﬁ*%ﬁgmcslﬁe Ingiitasity s i i n- 5% i3 o
2 ate elochidetiade BEEnstAe et i megs where B B Hetiog gk Py

regi ons (LDD reg 8ns) 343 to 345 which do not overlap with the 5 first
conduct i ve $RAFEd340a to 342a, and the |rrpur| ty region (GOLD region) 346

whi ch overl aps he first canducti er 324a_can sbefonndat
the same ti rrepi n%r?ﬁ%’d’i‘ﬁr@‘?ﬂds%on éﬂ q rﬁ&%‘h‘ésp B8 aﬁ& glung jsu SF Yi ons
in response .tQ the TET, ract cs. The i ns tin fllm 19 |s
et ched nextsm’éﬁ? the fﬁiié'lé}g #“Héplj%&esse&%&d%{l ‘W/gs

RIE) is perfornmed_ for this et rocess t he C |n
o bost .ngéﬁ?s@masaaﬁtfo OE‘HQR%Q%CW@W Velg; Nojs atibe gtching e ghi o
electric r of 800 d a CHF3 | ow rate set 35.sccm A

S ortt on 1 AL nlen e ShEL AR RICRSR S T1-5 SR edah S cbins Peed fdth
exposed, and insulating films 6a {0 356d, are formed. 15 After renoving
the masks CGAPRSE &Q thg aa@sm%l%an%aﬁwsf% Bnd 349 are forned

A 500 WRF (13.56MHz) electric power is applied to a coil shape electrode under

a pressure of 1.3 Pa, plasma is generated, and etching is performed. A 10 W RF (13.56
MHZ) electric power is applied to the substrate (sample stage) side, effectively applying
15 anegative self-bias voltage. First conductive layers 340a to 342a are thus formed.
Impurity regions (LDD regions) 343 to 345 which do not overlap with the first
conductive layers 340a to 342a are formed in accordance with the third etcﬂing process.
Note that an impurity region (GOLD region) 346 remains overlapping with the first
conductive layer 324a. .

20 Further, an. electrode formed by the first conductive layer 324a and the second
conductive layer 324b finally becomes a gate electrode of an n-channel TFT of a driver
circuit. An electrode formed by the first conductive layer 340a and the second conductive
layer 340b finally becomes a gate electrode of a p-channel TFT of the driver circuit.

Similarly, an electrode formed by the first conductive layer 341a and the second

25 conductive layer 341b finally becomes a gate electrode of an n-channel TFT of a pixel
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fromresist, and a third doping process is performed. Inpurity regions 350
to 353. to which an inpurity elenent is added that inparts the opposite
conduct i viwe o384 (pP-type) fromthe single conductivit ypdyieydibret YPe) are
.formed to the sem conductor |ayers, which beconme active |ayers of p-channel
TFTs, by the third dqping process. (See Fig. 14C. ) The 28 first condugtive
| ayers 34RPrHeR 3aprlegtrodssimsd byn thes NEg 4onductivee laypy 3A2# yAnd| Bge$Rcond ne
impurity elenment inparting p-type conductivity is_.added, and _the_ inpurity
"regions ar@ndp@tﬂWGY¢r&4abg"§}ally¥>FFgﬂmg%ﬁ#@k?derﬂ%a preparnel T EIRf tBpgredo o
353 are fornmed in Enbodi nent 5 by ion doping using diborane (BZH6). Note
that the sRAfte®nductor |ayers which formn-channel TFTs are 25 covered by
the resist masks 348 and 349 forned fromresist during the third doping 56
WO 02121574 PCTIThedmputitiegions §EBEsregioms} phbtanoidd whichsiparptioyerar withghe ity
regions 350 to 353 in differing concentrations, respectively, by the first
dopi ngpsocizstcendictive lau@saée@mﬁ%pm@thpmp@s@.regm\ﬁgwl? regdpst) 3¢ 6ivhich
performed such that the concentration of the inpurity el ement which

i nparts p-ovepleps vtk ihe ifirst sondyctiveclayerf 324accanctyus s founerdakthesametimed2 t o
2x 102' s atoms/cnB, and therefore no problens will dévelop with the

regi ons f Ufmbpdiment 5agnd dubecomes qpssibls tormaksy therregiogs dm sesppngs- ohtheef T TFTs.
I mpurity regions are forned in the respective seni conductor |ayers by the
process ughardeteristics.hi s point. The resist masks 348 and 349 are renoved
next, and a first interlayer insulating 1o film357 is fornmed. An

i nsul ting fil m dbatgaterinsating filnwdl9 is ctchedmaxt LA R gis asedhasHurateling gas. 400 t o
200 rim wusing plasma CVD or sputtering, as the first interlayer insulating
film 3 1B7. reagtin ibh cbohing (RIE) is prefdrinedfosthissetolitg wradessa Tni Embediinekh® gbe of
150 nm by plasma CVD in "Enbodinment S. The first interlayer insulating film
357 is of etchinggromess is pérfatedowithdéhe ehidnbeo pressyrsi set ital 6.7 P4, mn RRcelettier
insulating films containing silicon may be used in a 15 single layer or a
| am nat i onpowerofiB00dV, and a CHF; gas flow rate set to 35 scem.

A portion of the high concentration impurity regions 333 to 336 is thus exposed,
and insulating films 356a to 3564 are formed.

15 After removing the masks comprising resist, new masks 348 and 349 are formed
from resist, and a third doping process is performed. Impurity regions 350 to 353. to
which an impurity element is added that imparts the opposite conductivity t.ype (p-tvpe)
from the single conductivity type (n-type) are formed to the semiconductor layers, which
become active layers of p-channel TFTs, by the third doping process. (See Fig. 14C.) The

20 first conductive layers 340a and 342a are used as masks against the impurity element. the
impurity element imparting p-type conductivity is added, and the impurity regions are
forméd in a self-aligning manner.

The impurity regions 350 to 353 are formed in Embodiment S by ion doping using
diborane (B,H). Note that the semiconductor layers which form n-channel TFTs are

25 covered by the resist masks 348 and 349 formed from resist during the third doping
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Next, as shown in Fig. 15A, a process for activating the inpurity elenents .
added to each of the sem conductor layers is performed. Thermal annealing
usi ng an anvex¥nsgs furnace is performed for the activat i iR ORSHRS -

Thermal annealing may be perforned in a nitrogen atnosphere having an
oxygen concentrati of 1 ppmor_ |ess. preferably 0.1 20 ppmor |ess, at
400 to 700CPTOFSSS; cg'BP%PhBé? Bnaddpd i dhe dmpurity eegions; 33 ite B3 Br i aliffering
performed in Enbodjnent 5 hy heat treafnent at 550C for four hours. Note
that, in oRFBCERtEARIons, respertiealy. on thedirstflopingnecessanddm thesgcandidonipg processs nal
anneal i ng (RTA) can also be applied. Note also that, in Enbodinment 5,

ni ckel usedia¥evercdapingispeformedsuch jhat the qonggntighion phthe imyputity slaseerit mthéck he
inpurity regions 334 to 336, 350, and 351 containing phosphorous at 57 WO
02/ 21574 PCMPRHES T-tyPo 19ongusiigly tofednof the meiens besemsa feom 2xd 0% stot 2l Bhove
activation processg is performed. The nickel concentration within the

seni cond8ct@pmp/seaadihereforpnaprpblsmsarill develop withtheagions funetivning as spurdeus
reduced. The value_ of the off current is reduced for TFTs havi ng channel
formi ng r edgesiens apd drainregions of pechanpel JF I8! ectric field effect nobility is
obt ai ned because_ 5 of the good crystallinity. Thus, good properties can be
achi eved. Furt helmpudity regionsaxe faymeg inthe sespeative sergisopdugtenlayershythbpfovess |
forming the first interlayer insulating film However, when using a wiring
mat eri al whipchongh thisspoink.t h, respect to heat, it is preferable to perform
t he activation process after formng the interlayer insulating film

(insul ating fil mlIbemsitmasks 348 bt Sare rersovedinext end rifirstanterlayar [insmdatingo
nitride film for exanple) in order to protect the wirings and the like, as
i n Enbodp néfim 3% is formedo pAmipspliiog idm cenipining piticéwisferipediraying wthickness of
interlayer insulating filmmay be fornmed after perform ng the activation
process. | nl02do290 am, usimgplasma&Vikonspitiening, asthefitst ingerldyet msdlatingfils 357. 300
to 550C in an 15 atnosphere containing hydrogen of 3 to 100% perform ng
hydr ogenat iAsilighn tohgnitride film is formed with a film thickness of 150 nm by plasma CVD in

Embodiment 5. The first interlayer insulating film 357 is of course not limited to the
silicon oxynitride film, and other insulating films containing silicon may be used in a
15 single layer or a lamination structure.

Next, as shown in Fig. 15A, a process for activating the impurity elements added
to each of the semiconductor layers is performed. Thermal annealing using an annealing
furnace is performed for the activation process. Thermal annealing may be performed in
a nitrogen atmosphere having an oxygen concentration of 1 ppm or less. preferably 0.1

20 ppm or less, at 400 to 700°C, typically between 500 and 550°C. The activation process
is performed in Embodiment 5 by heat treatment at 550°C for four hours. Note that, in
addition to thermal annealing, laser annealing and rapid thermal annealing (RTA) can also
be applied.

Note also that, in Embodiment 5, nickel used as a catalyst during crystallization

25 is gettered into the impurity regions 334 to 336, 350, and 351 containing phosphorous at
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sem conductor |ayers. Heat treatnent is perfornmed for one hour at 410Cin a
nitrogen atnosphere containing approximately 3% hydrogen in Enbodi nent 5.

Thi s procegsot/ssne for term nating dangling bonds of telengeiiggnduct or
.layers by hydrogen contained in the interlayer insulating film Plasm

hydr ogenati on_ (using hydrogen excited by plasma) may 20 he perfornmed as
anot her neahlgmmﬁvgmge#aaaeémemﬁt ¥cthe a&mwcumfgl proressdy pforEed; dde
met hod as the activation process, it is preferable to irradiate |aser
"I'i ght suchnigkelcaaeentiatipn #ithindbe sepicpaduciordayers taanainkybecome ehannpldprmingi ng
t he above hydrogenation process. A second interlayer insulating film358 is
f or med nexteginustihus rediced.nTles valyeef the off syarenbisiredpced fon BEE having daneslgani ¢
insulating material, as shown in Fig. 15B. An acrylic 58 WO 02/21574
PCT/ | BO1/ Oficgmdng vegions thusiformed, agd ah?ghl eleatric Bridesiecunotility imobtainesihesausen
Enbodi nent 5. Patterning is perforned next in order to formcontact holes
for reachi ofthelgood spistalligity. ebhusngo®yFop@Eiss camoachigygd351. A fil m made from
an insulating material containing silicon or an organic resin is 5.used as
t he second i nt erBuatper, the sctivtion pro¢essmBgaisodd parfnmsdibgéore Sotmingrthe firsti de,
and silicon oxynitride can be used as the insulating material containing
silicon, amtertayerinsulating$imh Bewesrywhénesing o wiring dmterial milicl is winak BUB |
(benzocycl obut ene) can be used as the, organic resin. A silicon oxynitride
filmis forespectity hlatsitrds @riEfierableEt petifommm ttheS actiNedtiont pratess laftertfoirping the
preferable that the filmthickness of the silicon oxynitride filmbe from1l
to 5 /. cm intertayer inswhengfiny (ihatlavrey filth conthiding sijicod xitsahdin comstituepni;silicod e
filmis effective in suppressing degradation of the organic EL el enent
becauseid heitdde firhj fot rampley invrder to@rd@cinthd wiringswdfthe tike,tas éh EmYeadirthérer
dry etching or wet etching can be used in form ng the contact holes, but
1s consi defjng the problemof static damage during etching, it is
preferable to use wet

The doping process may be performed, and the first interlayer insulating film may

be formed after performing the activation process.
In addition, heat treatment is performed for 1 to 12 hours at 300 to 550°C in an
15 atmosphere containing hydrogen of 3 to 100%, performing hydrogenation of the
semiconductor layers. Heat treatment is performed for one hour at 410°C in a nitrogen
atmosphere containing approximately 3% hydrogen in Embodiment 5. This p-rocess isone
for terminating dangling bonds of the semiconductor layers by hydrogen contained in the
interlayer insulating film. Plasma hydrogenation (using hydrogen excited by plasma) may

20 be performed as another means of hydrogenation.

Further, when using a laser annealing method as the activation process, it is
prefei-able'to irradiate laser light such as that from an excimer laser or a YAG laser after
performing the above hydrogénation process.

A second interlayer insulating film 358 is formed next on the first interlayer

25 insulating film 357 from an organic insulating material, as shown in Fig. 15B. An acrylic
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etching. In addition, the first interlayer insulating filmand the second
Interlayer insulating filmare etched at the sane tinme when formng the
contact hol wmo2kis7as therefore preferable to use a mat errcghs§imieior m ng
the second interlayer insulating filmwhich has a faster 20 etching speed

t han that used ormthe first interlayer insulating fil consi dering
the shape aﬁrsntﬁ@ngewa@t I fhickngps o L8 o fopnedin Exl odimsat 5 Pattemping is

connecting to the inpurité regi ons 333, 335, 350, and 351, respectively,
are then foPsdermednexhinqragrsoomn equtart holsy forapaching themapurity FReiensi 353, 33%:m of -

a 50 nmthick Ti film and a 500 nmthick alloy film(an.Al and Ti alloy
25 film. OBh®randddductive films may al so be used. 59 WD 02/ 21574

PCT/ 1 BO1/ 01916 A transparent conductive film having a thickness of 80 to
120 nmis then foh#da madedrensan ingylatingmalerig sprtpining sligonfansganie resisyised
by patterning. (See Fig._ 15B.) Note that_an indiumtin oxide (ITO film or

a transpar eHsedcamihgterond interlaysr insuleting flex 3 SHicongxide siliqop miide; jand
oxide (ZnO s mxed, is used as the transparent 5 electrode in Enbodi nent
5. Furt her, siligen exynitislecen be usaskasitwiasdating matsriakeontaining yilisonsaadimagterials a
drain region of a current control TFT by being forned contacting and
over | appi ngsuchdsgiolyimide, polyagade, askic, améBGBc(hmszﬂyqi@@term camhe nseglasdhe ng
filmcontaining silicon (a silicon oxide 1o filmin Enmbodinent 5) is
formed havi agganiciresim t hi ckness of 500 nm and an opening portion is forned
in a position corresponding to the transparent el ectrode 367. A third
interlayer insul 2 siligoh pkyni8is film is fiormed byiplasmadSVR in EmbodinénsSnidote Biatie
wal I s having a tapered shape can easily be fornmed, by using wet etching
when f or 1 nij is preferpblei that the dilmi thickness afitlee silicen owpimiitside ffilinhee fromnl tgS pamt i on
are not sufficiently gentle, then a 15 degradation of the EL |layer due to a
st ep beconefmerecurigratiy desweanoblaach 4 @ar)e The silicon oxynitride film is effective in
suppressing degradation of the organic EL element because there is little moisture
contained in the film itseif.
Further, dry etching or wet etching can be used in forming the contact holes, but
15 considering the problem of static damage during etching, it is preferable to use wet
etching.
In addition, the first interlayer insulating film and the second interlayer insulating
film are etched at the same time when forming the contact holes. It is therefore preferable
to use a material for forming the second interlayer insulating film which has a faster
20 etching speed than that used to form the first interlayer insulating film, considering the
shape of the contact hole.
Wirings 359 to 366 for electrically connecting to the impurity regions 333, 335,
350, and 351, respectively, are then formed. The wirings are formed by patterning a
lamination film of a 50 nm thick Ti film, and a 500 nm thick alloy film (an.Al and Ti alloy
25 film). Other conductive films may also be used.
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t herefore necessary. Note that, although a silicon oxide filmis used as
the third intdrlayer insulating film 368 in Enbodinent 5, an organic resin
filmsuch a® @ehyrism de, pol yam de, acrylic, or BCB (bengefiaheidyd ene) can
.al so be used, depending upon the circunstances. 20 An EL |ayer 369 is
formed next as shown by Fig. 16. In addjtion, a cathode (MAg el ectrode)
370 and a pr ot echispasparentcopductiye filmhavingathiskngss 6F 89 &y 524G wm is thenifermed
preferable to performheat treatnment on the transparent el ectrode 367

bef ore f or HerRPm Aed 2 Enspayent ebstode 367 isdformedbyipatraingc ¢hed Bigel §B)enovi ng
all noisture. Note that. although an MyAg el ectrode is used as the cathode
of the organi c BYotg|thatean indiumtizoenide (ITQ). filnpSorat wansprrentwomditctive dilm oy

al so be used. 60 WD 02/21574 PCT/LB01/01916 Note al so that known materials
can be usethdigmioridedntq whish 230Q20%zinewxidey(@nO) it mixsduisaised apthesiangpareto| e
transporting layer and a light emtting layer is used as the EL layer in
Enbodi ment elBctrodst intErabediment be a case where a hole injecting | ayer, an

el ectron injecting layer, or an electron transporting |layer is forned.
Many exanpl es ofF r,3he tahspazent elestrbde/36%is releattycaliy eonmespat toeddrafinrgioand
any of the reported structures maybe used. Pol yphenyl-ene vinylene is
formed by effapurtent contasl TFE bydeing farnmedaohtacting aye overlappidgrhaithinewirin.
Further, a material in which from30 to 40% of 1, 3, 4-oxydi azole dielectric
PBD i s di sB65.buted in polyvinyl carbazole is formed by evaporation as the
light to emtting |layer, and approximately 1 % cumarin 6 is added as a
center of green Nedtpas shogiin Rigi K5 ian insufating it contdiiag @llidoh (h Silites dkldee tO
protect the EL | ayer 369 from noi sture and oxygen by the protective

el ectrote flif in Bmbedimeat 8y sbioemed havingadfilpadacknris oNSO0 hin, 34d an dpedBG NM
thick silicon nitride filmis formed as the passivation film372 in

Embodi ment pdifioh.is Tdrmedda 3i puaitiodrcoriekponting @l 180 tlagspatimietbctrBds 367. 3Sthad
after formng the protective

interlayer insulating film 368 which functions as a bank is formed. Side walls having a

tapered shape can easily be formed by using wet etching when forming the opening
portion. If the side walls of the opening portion are not sufficiently gentle, then a

15 degradation of the EL layer due to a step becomes a conspicuous problem. Care is
therefore necessary.

Note that, although a silicon oxide film is used as the third inte’rlay-er insulating
film 368 in Embodiment 5, an organic resin film such as polyimide, polyamide, acrylic,
or BCB (benzocyclobutene) can also be used, depending upon the circumstances.

20 An EL layer 369 is formed next as shown by Fig. 16. In addition, a cathode
(MgAg electrode) 370 and a protective electrode 371 are formed by evaporation.. Itis
preferable to pei'form heat treatment on the transparent electrode 367 before forming the
EL layer 369 and the cathode 370, completely removing all moisture. Note that. although
an MgAg electrode is used as the cathode of the organic EL element in Embodiment 5.

25 other known materials may also be used.
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el ectrode 371, wi thout exposure to the atnosphere. The protective el ectrode
371 is fornmed in order to prevent degradation of the cathode 370, and is
typi cal ly nwodazbrsesm a netallic filmhaving al um num as i pgriBitR1916
constituent. O her materials may al so be used, of course. Further, the EL

| ayer 369 and Zogohe cat hode 370 are extremely weak wth respect to

moi sture, and t hdlots aise that known materials can b?BS%’r%ﬁ@@tEIt lyerg69- afpetva lages t he
out si de at nosphere by_perfgr{g ng film lﬁ;r mation_up .through the protective
el ect rode FHHCYETEQMETIYRE § holf transpArting et and alight suittinglayshisscd aghe Elhat
the filmthickness of the EL |ayer 369 may be from 10 to 400 nrn

(typi cal | y lgearieEmbediment 51 byt there mayrhe a qase pihess & kple iiectingdayarian elegtrasde
370 may be 25 from80 to 200 rim (typically between 100 and 150 run). 61
WO 02/ 215740iecting Byer, 0%oats chastron teansparting davier de fermada g Manyt exgalgseofithes hown
in Fig. 16 is thus conpleted. Note that, in the process of manufacturing
the EL db splompingtipns Bavepleady beengaport:d upan.tand i og the repnrted strygtyresimayibees
are forned by Ta and W the materials which formthe gate el ectrodes, and
al t hough thWeegate signal lines are forned by Al, the wiring material 5
which forms the source and drain electrodes, with relation to the circuit
structure and pPolyphenylenehdnylens isfommed hyssvaperation es thedwle wansphging layedr.i ver
circuit 706 having an n-channel TFT 701 and a p-channel TFT, 702, and a

pi xel por t itoEnfgdiment g Farther, tacimaterialrisrwhiish e Intort0% raf\ied 47y diaadlec an
be formed on the same substrate. 10 The n-channel TFT 701 of the driver
circui t 706li¢lestric RBLisaltstdbuted impolyvinggarhazols 3sformied by eviapsnatiomrasithe light

i mpurity region 329 (GOLD reqi or;% whi ch overlaps with the first conductive
| ayer 32da ehuttingriayes, gndrappooximatelh?s gumarin bdeaddedas aganter bEgrnemyeolor light
concentration inpurity region 333 which functions as a source region or a
drai n regi emissidihe p-channel TFT 702 has the channel forming region 373,
the inmpurity region 343 15 which does not overlap with the first conductive
| ayer 340a st r ucFuthergalthqughtit srpassiblerte protect the EL layer 369 from moisture and

oxygen by the protective electrode 371, it is preferable to form a passivation film 372.
A 300 nm thick silicon nitride film is formed as the passivation film 372 in Embodiment

15 5. The passivation film may also be formed in succession after forming the protective
electrode 371, without exposure to the atmosphere.

‘ The protective electrode 371 is formed in order to prevent degrac.Iation of the
cathode 370, and is typically made from a metallic film having aluminum as its main
constituent. Other materials may also be used, of course. Further, the EL layer 369 and

20 the cathode 370 are extremely weak with respect to moisture, and therefore it is preferable
to protect the EL layer from the outside atmosphere by performing film formation up
through the protective electrode 371 successively, without exposure to the atmosphere.

Note that the film thickness of the EL layer 369 may be from 10 to 400 nm
(typically between 60 and 150 nm), and the film thickness of the cathode 370 may be
25 from 80 to 200 nm (typically between 100 and 150 nm).
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gate el ectrode, and the inpurity regions 350 and 352 which function as
source regions or drain regions. The swtching TFT 703 of the pixel
portion 70Wdwme1se channel forming region 374, the | ovp&pipsRioiat i ON
dmpurity region 344 (LDD region) which is formed on the 20 outside of the

A e S T
R N X N RS NG A
Lhe 1 9" SRS B Bl T el 8 G5 B e et ekl o025

that it is _possible to i ement Enpodi t 5 by freel onbiping it with
any of bR PTote A ARG U e e RETBY Haesapie fpriaiat A hasyie ety by
[ [ ' ' ' isibjlity in bright
| ocat i or PR fsEs 6 A0UE 200 iR & Koy e mith hatop ados ckvebsmmEAd s o
sel f-em ssi on tsyp devi ce, and reover its field of visionis wde..
Accor di ngl yTOE ,gﬁ}?}'ma‘g@ad%g@y odedised| ay portion for various el ect ron:c c
[ It i | at to use the EL display device o
the present. i nvohET A GBI 40 poYinE oA acihaasel A TaTa) p%hwglamtlm
[ ' [ [ to the frane) having a di agona
cqual o S0P BHAPISR Rorach 67 bR & ARG AET 108 g ohRnesves T 4 @ 1 or
appr eci atign of TV broadcasis by |arge screen. Note that all displays
di spl ayi ng Pﬁ?ﬁm%ﬁsg‘ﬁl&ﬁ“@%‘%ersonal conput er displ ay, g a TVhbr(ézEdczigt
[ [ d [ t .display_are included as the
i spl ay0 Fur t per e frehEmelTES| ) i deincs irewL7 o easche chanmehiormingsgione
| tion_of_ the other various el ectronic devices.
used as a %i%g Yow 8oor{celn?ration impurity region 329 (GOLD region) which overlaps with the

first conductive layer 324a forming a portion of the gate electrode, and the high
concentration impurity region 333 which functions as a source region or a drain region.
The p-channel TFT 702 has the channel forming region 373, the impurity region 343
15 which does not overlap with the first conductive layer 340a structuring a portion of the
gate electrode, and the impurity regions 350 and 352 which function as source regions or
drain regions. .
The switching TFT 703 of the pixel portion 707 has the channel forming region
374, the low concentration impurity region 344 (LDD region) which is formed on the
20 outside of the gate electrode and which does not overlap with the first conductive layer
341a forming the gate electrode, and the high concentration impurity region 335 which
functions as a source region or a drain region.
The EL driver TFT 704 of the pixel portion 707 has the channel forming region
375, and the high concentration impurity regions 351 and 353 which function as source
25 regions or drain regions.
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The follow ng can be given as exanples of such el ectronic devices of the
present invention: a video canera; a digital canmera; a goggle type display

(head nountwee2disspl ay); a navigation system an audi o r qpqAf%hdlg device
(such as a car audio system 20 an audi o conpo system; a notebook personal
conputer; a gane e(%w prent ; port abl e |nformat|on termnal (such as a

nobi | e conputer, ﬁﬁ}ﬁtﬂéspe#setﬁﬁ&@plammﬁm@dgm by, frephreambiting # with

el ectroni ¢ book and an i mage playback device provided with a recording
medi um ( spedtoidanbedimgnigdtode which perforns playback of a recording
medium and is provided with a display which can display those images, such
as a digital video disk 25 (DvD)). In particular, because portable
information termnals are often viewed froma 63 WO 02121574 .

PCT1l B0O1101Ersbodiinenfdlal di rection, the wideness ofthe field ofvision is
regarded as very |rrh90rtant Thus, it is preferable that the EL displ ay
device i § enpl oy Eldisplaydsviet formeddyémnp ting thepessentdgvention davsuperior
Figs. 17 and 18. Fig. 17A is EL display device, containing a casing 2001, a
support st avisibilipin bn@ltémhanﬂmsqﬂna;anp@: to okiquid ostat isplay dawige becayse ithie
present invention can be used in the display portion 2003. Since the EL

di spl ay i s ascierhissionsyiecievicepandimoreovenits ficld of visiod is widea Acxokdihglyfit cani t s
di splay portion can be nmade thinner than a liquid crystal display, device.
Fi g. 17B i sbeaused dea displaypartianiotr wandusglestronicdetsicdy Ent@tampledit ssapayoppiatd i on
2102, 1o an audio input portion 2103, operation swtches 2104, a battery
2105, and aho usethgdEL displej devige pfithe presert id@ntidimas &display podipndfen ERE didplayhe
present invention can be used in the display portion 2102. Fig. 17Cis a
portion 10f (anlededironeptivakdetiopincetporated an Bili display do theefrémephavisg deljagonal
contai ning a main body 2201, a signal cable 2202, a head fixing band 2203,
a screen IlegupbtotI0anclR2®t greaterdfypicallly egyaltte 40 2RMSs ongreatar)dos ghpaycipiont ofHn

2206. The EL di splay device of the present invention can be used in the
di spl ay porTVdnodticads by large screen.

Note that all displays displaying information such as a personal computer display,

a TV broadcast reception display, or an advertisement display are included as the EL
15 display. Further, the EL display device of the present invention can be used as a display
portion of the other various electronic devices.

The following can be given as examples of such electronic devices o.f the present
invention: a video camera; a digital camera; a goggle type display (head mounted
display); a navigation system; an audio reproducing device (such as a car audio system,

20 an audio compo system); a notebook personal computer; a game equipment; a portable
information terminal (such as a mobile computer, a mobile telephone, a mobile game
equipment or an electronic book); and an image playback device provided with a
recording medium (specifically, a device which performs playback of arecording medium
and is provided with a display which can display those images, such as a digital video disk

25 (DVD)). In particular, because portable information terminals are often viewed from a
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Fig. 17D is an imge playback device (specifically, a DVD playback device)
provided with a recordi ng nmedium containing a main body 2301, a recording
medi um  (sugfp @14 DVD) 2302, operation switches 2303, a gidrdopopPrtion
(a) 2304, and a display 20 portion (b) 2305. The display portion (a) 2304
Is mainly used for. displaying imge. infornmatiaon, and the display portion
(b) 2305 i sdipgeny direation. thisvidensss althe feldipfvisiands regarded apusry JRPoraN. Thus. L
di spl ay device ofthe present_invention can be_used in the djsplay portion
(a) 2304 andis Araferable; thah the Elodisplay qeyiceasemploysde Byompleronkidess Clggiwpnic
equi pnent is included as the inmage playback device provided with a

recor di ng néa¥ieanaroshownyin Higs 1i7§mg I§oggi e type display device (head nounted
di splay), containing a 64 W 02/21574 PCT/|BO1/ 01916 mai n body 2401, a

di spl ay portion Fig2l7AiscEh displayrdavige, comaningacasing 2003} ayumgl gtand 3002.he
present invention can be used in the display portion 2402. Fig. 17F is a
per sonal Scoansla displaypordem20Q8. aThaER dsyivg ofsle preserd davangior se be gsediinstheay
portion 2503, and a keyboard 2504. The EL display device of the present 5
i nvent i on cdisple® pogtioa 2003t Hdnes the [Elydigpley isom selbemissiap: pe deltics witome need
em ssion |um nance of EL materials becones higher in the future. it wll
be possi bl eof & back light its| displey ipertianecdn: be ofadetibinperthanta liguidrarysal display |
front type or, a rear type projector byprojecting Iight including

out putted idewies, which can be enlarged by lenses or the like. 10 The
above el ectronic devices are becom ng nore often used to display

i nf or mati on pr ovikKigd 7B1is ewvideomamera comtoining & mhindwdyrd 0 L, atdisplay partos 2t02,as
the Internet or CATV (cable television), and in particular, opportunities
f or di sploayamgudiniinputi portion 21 03 neparatiomaswitéhes 2484 adattdtye2 105s pndse ispged of
organic EL materials is extrenely high. and therefore the EL display
device is freeevilg porfion 2106 fiheBIndisplay deticoor the present invieati®i cancbetused in thhat
emtting portion of the EL display device consunes power, it is preferable
to display displaypettiom2193. as to have the emtting portion beconme as small
as

Fig. 17C is a portion of a head mounted type electro optical device (right side).

containing a main body 2201, a signal cable 2202, a head ﬁxing‘ band 2203, a screen
15 portion 2204, an optical system 2205, and a display portion 2206. The EL display device
of the present invention can be used in the display portion 2206.

Fig. 17D is an image playback device (specifically, a DVD playl;ack device)
provided with a recording medium, containing a main body 2301, a recording medium
(such as aDVD) 2302, operation switches 2303, a display portion (a) 2304, and a display

20 portion (b) 2305. The display portion (a) 2304 is mainly used for displaying image
information, and the display portion (b) 2305 is mainly used for displaying character
information, and the EL display device of the present invention can be used in the display
portion (a) 2304 and in the display portion (b) 21:}05 . Note that domestic game equipment
is included as the image playback device provided with a recording medium.

25 Fig. 17E is a goggle type display device (head mounted display), containing a
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possi bl e. Therefore, when using the EL display device in a display portion
which mainly displays character information, such as a portable

i nformat i omobeenynal , in particular, a portable tel ephpapgmsdisap audio
reproduci ng device, it is preferable to drive it by setting 20 non-emtting

ortions as .backgr d and fornin aracter ipfo tian Lp emttin

Bort : ons. BH. @gg&pg’ aag“ﬁglﬂgﬂﬁm@ntgzéﬁgpﬂ%“@ﬁ?%éméﬁée hﬂl%%@’d‘éﬁv 1, an
audi o out ortion 2602, an audj.o.j nput, portj o 03, a displa ortion
D604 operShthe RreaeH: Ayeoton sal Be SR e Bitplal RertioB 403 The L i opl xy” devi co-
of the present 'nvel\%hi.on can aﬁe used 25 in.the di.sg‘la%y%)%ortion 2604. Note
that by di spl ayFH WA & PERaRal CompUter, FoRtaning  mays Tyasesing 2502, a

PCT/ 1 BOL/ 01916 backg nd i.n the di rtion,. 2604, 't he power

consunpt i dﬁs 7 PR %éf@mla@dtaei(@g’r%’ﬁfg%@gnp@& l?ljgdjéﬁ@ ' deyige 0259‘53 PEESE audi o
reproduci ng devi ce, .specjfically a cag L0 system containing a main
body 2791, ‘éefm%p?ﬁ’ayeﬁé?‘h"&ﬁe#éﬁypgﬁam%ation switches 2703 and 5 2704.
The EL di spl ay vice qf the present inv ion ¢ be used in the display
portion 2702. Fgﬁﬁfgﬂ'ﬁgﬂ’&eﬂﬁ l%fbﬁ‘%nqné’BP ﬂ@?@"%ﬁ@%b‘ﬁhﬁ'@&e fogirehown
in Enbodinment_ 6, but it may alsq be used for a portable type and a

domest i c tWHl Bg pessibls to ussthe &L displapedsvice of thepresant mvenoryinafrentityrs othi t e
characters in a black background_in the display portion_ 2702, the power
consunpt i GISFAVPREOlestor Brprojecting light including gutpp 9«5) igrgesy hieh Gag bg eplgraedp) e
lo type audio reprqduci ng device. The range of applications of the present
i nvent i on Bydenssser tedikenel y wide, and it is possible to apply the present
invention to electrqgnic devices in all fields. Furtherpore, _Enbodi nent 6

can be 19 npl enentBe 8boVe oftBFLERRIG SleVises Aty bacpming, meere opftem disedifedisaley s

| to5. 15 The applicable scope of the present invention is thus extrenely
wi de, and information provided through an electronic telecommunication line such as the Internet

or CATV (cable television), and in particular, opportunities for displaying animation
information are increasing. The response speed of organic EL materials is extremely high.
and therefore the EL display device is favorable for performing animation display.

15 Since the light emitting portion of the EL display device consumes power, it is
preferable to display information so as to have the emitting portion become as small as
possible. Therefore, when using the EL display device in a display portion v;/hich mainly
displays character information, such as a portable information terminal, in particular, a
portable telephone and an audio reproducing device, it is preferable to drive it by setting

20 non-emitting portions as background and forming character information in emitting
portions.

Fig. 18A is a portable telephone, containing a main body 2601, an audio output
portion 2602, an audio input portion 2603, a display p('>rtion 2604, operation switches
2605, and an antenna 2606. The EL display device of the present invention can be used

25 in the display portion 2604. Note that by displaying white characters in a black
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possi ble to use the present invention in electronic equipnent in all

fields. Further. the electronic equipnent in Enbodinent 6 nay al so use the
EL di spl aywolbayismg any of the structures shown in Enbodicmaséimidist o 5. 20
~In the present invention, turn on periods and turn off periods are divided

d | t tely. within. f iod. Th if th
i sual " poi TRERBPULA (55 isplay BoRispibos BERe P GoBr B 1 GRS At
the likelihoqd that .the visual point of the observer is continuously fixed

“upon only "&9465fch are turned of f, or conversely is continuously fixed

upon only pixel s, whj .are tur.ned on, .can,be | ower.ed. Cbstructjions 66 WO
0%/ 21574° PCT/ | BEIS: oiiﬁes {2 a‘i‘émr&yr E‘Hga‘levﬂf?eﬁﬂ‘c')c‘gﬁﬂ{yoﬁr%“,r P FYstem-

conspicuous in tinme djvisj rive a bi code nethod,, can refore
o oF event SR RGH B P S0l ce Aol pOuigr0R/0% S5 ot 0 205 PRy | s
clainmed is; 1. t hod, of, dri vi an EL, displa evice.in ich a .

pl uralify %?O%fp |'@§Ir§-' Bla deyics iOﬁg‘ IeSepkiveEion ng’@d-@ mrth?\,g?SQfatqurHO‘TFT,

and an organic _EL el enent, are forne erein: n + mdisplay griods

d, =5 ,
(where n af¥ZmFUFBEIRATE, aRAUdioNePTOdREBE dsvigp i Aicar is shoswe kg Putthe n
+ m di spl ay periods each correspond to _one bit of a_ digital video signal
among n bi ¥ Baglsohe used fersa pertabletyee anthp domestic typepkaudiqregroducing dgyice.
peri ods, anong the n + mdi sgi{é;ly periods, ~correspond to the sane bit of
t he di gi t aNotgithetdysdigplayingovhite claragiers o gdlackibackgrouadgaihe display nortier bits

of the digital video signal, anong the n + mdisplay_ periods, appear

bet ween t he7034 thepomey censumpiionpn be eadueest ; This is particularly effective in a portable

10 type audio reproducing device.

The range of applications of the present invention is thus extremely wide, and it
is possible to apply the present invention to electronic devices in all fields. Furthermore,
Embodiment 6 can be implemented in combination of any structures of the Embodiments
1to05.

15

The applicable scope of the present invention is thus extremely wide, and it is
possible to use the present invention in electronic equipment in all fields. .Further. the
electronic equipment in Embodiment 6 may also use the EL displays having any of the
structures shown in Embodiments 1 to 5.

20 In the present invention, turn on periods and turn off periods are divided and
appear alternately within one frame period. Therefore, even if the visual point of an
observer moves slightly left and right, up and down, the likelihood that the visual point
of the observer is continuously fixed upon only pixels which are turned off, or conversely

is continuously fixed upon only pixels which are turned on, can be lowered. Obstructions
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15 for each ofthe n + n1d|splay periods, the correspondlng bit ofthe

digital video_signal Ts—nput—toagate eiectrodeoftfle second TFT by the
first TFT g ed2ig40n, and the respective display peri odecimegieotsy t he
third TFT turning off: after each of the n + mdisplay perlods begi ns. the

respective displa peri od

di spl ay peeid %Plaibgu%yastﬂ"?sui%i’?rgo ‘rll%lfg a?%? nshgﬁgﬁseﬂfa%g#t e or gani I;bnyr EL

el enent emts |ight th d TET nd does not emt
li ght whenbingRy c@ ea}?\éwofﬁ?affﬁi F%CWQ)&%ﬂen’te? &'%B%%Q}gs a%cor ding to claim1,
wherein the first TFT and the-second TFT have 25 the sanme polarity. 68 |

et et CcLMSIHET W 02/21574

PCT/ B01101916 3. A method according to claim1, wherein Tr,, Tr,, Tr3, ...,
Tr" _, =20, 2, 22, 2', 2", where the lengths of the display periods,
anong the n + mdisplay periods. corresponding to respective bits of the
digital video signal are taken as Tr,, Tr2, Tr3, ..., Tr"_,, Tr. 5 4. A

met hod according to claim 1, wherein the first TFT functions as a switching
TFT, the second TFT functions as a EL driver TFT, and_the third TFT
functions as a, erasing TFT. to 5. A nmethod of driving an EL display
device in which a plurality of pixels, each having a first TFT, a second
TFT, a third TFT, and an organic EL el enent, are forned. wherein: n + in
di spl ay periods (where n and mare both natural nunbers) appear in one
frame period,
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15 the n + in display periods each correspond to one bit of a digital video
signal anong n bits of the digital video signal; a plurality of display
periods, awwmng2idye n + in display periods. correspond tg, 'ﬁﬂﬁuﬂ@ﬁi
.significant bit of the digital video signal; other display periods
correspondjing to . other bits of the digital video 20 signal, anong the n +
i n display todeimeddsear between the plurality of display periods; for
each of the n + in display periods, the corresponding bit of the digital
'video signal is input to a gate el ectrode of the second TFT by the first

TFT turning on. and the respective di sga Cg%/m[)erl ods begin by the third TFT
turning of f; 69 114 method afidriving an EL dispiay li whiicH 8 plukdlity of\ixeR/ &0ch74
PCT/ 1B01/ 01911 after each of the n + in di spl ay periods begins, the

r espect i vehaiﬁll@g)ﬂéi}fSt Bk iagwesond EFEoarint BT, andtancorgargc &ili elgmert, ancfohﬁed

di splay period, or by the third TFT turning on; and the organic EL el enent
emts I|59hWhW¢§n the second TFT is turned on, and 5 does not emt |ight
when the second TFT is turned off. 6. A method accor di ng to claimb5,
wherein the first TFTndma displaypertodd (Whdrehsand m atébothmmrﬂﬁiumbets) ﬁéhﬂ A
nmet hod according to claim5, wherein Trl, Tr,, Tr3, ..., 8

22, 2', anonevﬁmneperlmilengt hs of the d| spl ay peri ods, am)ng the n + m
dlsplay periods, corresponding to respective bits of the digital video
signal are taken as Ttk n Fim dispidy, periods eachr corfespdiid to. orlSbibof Adigfahoflleo

according to claimb5, wherein the first TFT functions as a switching TFT,

t he seconcblgiFaTamMmhtsoﬁthedlgﬁaldrdwergnalET and the third TFT functions as

2 10 a plurélity of display periods, among the n + m display periods,
correspond to the same bit of the digital video signal;

other display periods corresponding to other bits of the digital video
signal, among the n + m display periods, appear between the plurality of display
periods;

15 for each of the n + m display periods, the corresponding bit of the digital
video signal is input to a gate electrode of the second TFT by the first TFT turning on, and
the respective display periods begin by the third TFT turning off: |

after each of the n + m display periods begins. the respective display
periods are completed by the beginning of another display pc;,riod, or by the third TFT

20 turning on; and .

the organic EL element emits light when the second TFT is turned on, and

does not emit light when the second TFT is turned off.

2. Amethod according to claim 1, wherein the first TF T and the second TFT have

25 the same polarity.
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erasing TFT. 9. A nethod of driving an EL display device in which a
plurality of pixels. each 20 having a first TFT, a second TFT, a third
TFT, and anwarggam7e EL el enent, are fornmed. wherein: n -sorvmEmapdgy periods
(where n and mare both natural nunbers) appear in one franme period; the n

+ in display peri,ods egch correspond.tq one hit, of, a.digital vj .25
Signal anony h bk & BEREASHITRESS SAitic THEGHBIE. Fon Fx pa a2 2%, 222,
FEEEErrrrrr L Lyl s * ~ Lo WD 02/ 21574 PCT/ 1 BO1/ 01916 uppey bhits of the
AR P il A b Ko b
e n + in display.periods; other displ.ay.periods correspondin o_ot her
bits of thec‘m‘%l’? fQIESPCLVE Pafs 0 g@%‘s‘w m%ﬁk&ﬁ% 1 HasIhappear
between the _plurality of display 5 periods; for each of then + mdisplay
peri ods, tHEhaéﬁhesponding bit of the digital video signal is input to a
gate el ectrode of the second TFT by the first TFT turning on, and the
respective display periods begin by the third TFT turning off; after each
of the n + mdisplay periods begins,, the respective display to periods are
conpl eted by t he 4pAdnethpd aceordipg tn ¢laim hivéisrel thedimsblE T Bincgns asea switchingrFT

turning on; and the c;rﬁgani c EL elenment enits_light when the second TFT is
turned on, BRE thgseeondoTFEfinctiongas afile drivereIEBcanddhe third IFT fupetipnsfas.a 15

10. A nethod according to claim9, wherein the first TFT and the second TFT
erasing TFT.

10 5. A method of driving an EL display device in which a plurality of pixels, each
having a first TFT, a second TFT, a third TFT, and an organic EL element, are formed.
wherein:

n + m display periods (where n and m are both natural numbers) appear
in one frame period;

15 the n + m display periods each correspond to one bit of a digital video
signal among n bits of the digital video signal;

a plurality of display periods, among the n + m dispiay periods.
correspond to the most significant bit of the digital video signal;
other display periods corresponding to other bits of the digital video

20 signal, among the n + m display periods, appear between the plurality of display

periods;
for each of the n + m display periods, the corresponding bit of the digital
video signal is input to a gate electrode of the second TFT by the first TFT turning on. and

the respective display periods begin by the third TFT turning off;
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have the same polarity. 11. A method according to claim9,wherein Tr,, Tr2,
T3, ..., Tr. , =20, 21, 22, ..., 2", 2", where the lengths of the

di spl ay pewbagais7anong the n + mdisplay periods, 20 c (ffﬁl? jng to
respective bits of the digital video signal are taken ag'r r 991{?9% Tr 3,
ooy, Tr"-1, Tr". 12. A nethod according to claim9, wherein the first TFT
functions as a swit chRRgr eachof thea + s displaymrriods begisasthegespeRtiveldispby TFT,
.and the third TFT functions as a 25 erasing TFT. 71 LI111II ClIIllil
LLLET 111 | periqds) are compistegrby thedregimingofr anasiter dispase pardod, 4r iytthe thint THT vi ng

an EL display device in which a plurality of pixels, each having a first
TFT, a secBwaingon; aidl an organic EL el enent, are forned, wherein: n + m

di spl ay periods (where n and mare both natural nunbers) appear in one
frame period; 5 the ntheorgatiieBLglement éoitslightothenthersespntifFT s tamed bitandf a
digital video signal anong n bits of the digital video signal; a plurality
of di splsaydessrio émit light whentee second AFdiis piragd ffr i ods, . correspond to the
same bit of the digital video signal; other display periods correspondi ng
to other bits of the digital video to signal, anong the n + mdisplay

peri ods, appear between the plurality of display pericods; for each of the
n + in display peAndabodatwrdiog tespiondiwhprdih thefirst TRT didthe atcond THthasegnal
is input to a gate el ectrode of the second TFT by the first TFT turning on;
af t er eachthefsamiegolaritym di spl ay peri ods begins, the respective display

10 7. A method according to claim 5, wherein Tr,, Tr,, Tr;, ..., Tr,, =2°, 2, 22, ...
272, 2™ where the lengths of the display periods, among the n + m display periods.
corresponding to respective bits of the digital video signal are taken as Tr,, Tr,, T3, ...

Try,, Tr,.

15 8. A method _according to claim 5, wherein the first TFT functions as a switching
TFT, the second TFT functions as a EL driver TFT, and the third TFT functions as a

erasing TFT.

9. A method of driving an EL display device in-'which a plurality of pixels. each
20 having a first TFT, a second TFT, a third TF T, and an organic EL element, are formed.
wherein:
n + m display periods (where n and m are both natural numbers) appear
in one frame period;
the n + m display periods each correspond to one bit of a digital video
25 signal among n bits of the digital video signal;
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15 periods are conpleted by the beginning of another display period; and
the organic EL elenment emts |ight when the second TFT is turned on, and
does not enwodi2gdvs when the second TFT is turned of f. ldpcrhsi®iibed

according to claim 13, wherein the first TFT and the second TFT 20 have

the same polarity. 15. A nethod _acgording to claim113, wherein Tr, . Tr.,,
T3, o Try.. 21 BRDCTRES O%szd,clgl 'wqgeo\m%wrﬁ@pp%@wu@m pkdigplap| ay
peri ods, anpn he n + m di spl.ay perjads, corresponding to respective bits
of the digi PHO i%gsthﬁﬁé"lméi‘ﬂ}(?&%wd% Tr,, Tr-,, Tr3, ..., 25 Trn.,,
Trn. 72 111101 111111 ' LI1{,. r~ s WO 02/ 21574 PCT/[B01/01916.16. A nethod
according to claim 13,°W?E%§P@ytﬂ’%‘°ﬂFFQFGW ot ¢ %Fsb‘é%° thesdigitalnyidgo TFT
and the secaond TFT functions as_ a EL driver TFT. 17. A method, ofdriving an
EL display #8%lc@MORSIAFh TalhdisPlAYi PSriQsspeRRI& betieqn the plality of display
TFT, a second  TFT, and an organic EL elenent, are fornmed, wherein: n + in
di spl ay pPerP@#siwhere n and mare both natural nunbers) appear in one
frame period; the n + mdisplay periods each correspond to one bit of a
digital video signal Bmagxﬂf%ﬁﬂémmwlwmne%éheW@%ﬁ?ﬁhgd@gﬂﬂ
plurality of display periods, anong the n + mdisplay periods, _correspond
to the nostVideesignalisinputipo gate elepirodp gf thgsecpnddF sbygtéa irst JER dprningsan. and |
periods corresponding to other bhits of the digital video signal, anong the
n + m di spl & rewertivrsdispigy pariodshegindy the ghipd TF Bitamineditidi spl ay  periods; is
for each ofthe n + in displ aé periods, the correspondi n%_ﬁtéit of the digital
vi deo signal is input &fierseaghtaf the ach podisplay periedsbeging the-respectiveadisplant

TFT turning on; . .
10 periods are completed by the beginning of another display period, or by the third TFT

turning on; and
the organic EL element emits light when the second TFT is turned on, and

does not emit light when the second TFT is turned off.

15 10. A method according to claim 9, wherein the first TFT and the second TFT

have the same polarity.

11. A method according to claim 9,wherein Tr,, Tr,, Tr;, ..., Tr,,, =2°% 21,22, ..,
272, 2™ where the lengths of the display periods, among the n + m display periods.
20 corresponding to respective bits of the digital video signal are taken as Tr,, Tr,, Tr;, ...,

Tr,.,, 11,

12. A method according to claim 9, wherein the first TFT functions as a switching
TFT, the second TFT functions as a EL driver TFT, and the third TFT functions as a
25 erasing TFT.
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after each of the n + in display periods begins, the respective display
periods are conpleted by the beginning of another display period; and the
organi c Elvebgient emts [ight when the second TFT is t pepgan@iogsand 20
does not emt |ight when the second TFT is turned off. 18. A nethod

“according to clajm 17 einth I,y sf TFT and the secopd TFT  have the
s pol ari ty. Bb A méthod i ngaiEn dsplay SroR Torhihe BROS0Y O B ACHRR hod
according,to, claim wher ei vae Ir2, Tr3. ..., TIr,, =2,.21, 22, ...,
515, o mavipgatarst RET, 23f5oRd %EW%‘&W&%W%&”%H%L i, 1
di splay periods, correspondjng to respective bit f the digjtal video
signal “are taken as D ¢isplay perods (_w_sh,ereqpncfm arfrgp&gl%f.al DURRRTR} APpear
according.to claim17, wherein the first TFT functions as a swtching TFT
and the sd®8RETHBEREGREL i ons as a EL driver TFT. 21. A nmethod of driving an
EL display device in which a _plurality of pixels, each io _having a first

TFT, a %econd TFT, arfBean By ¢splay periods cagh serrespopd o ppg kit ofaadigited. videor m
di spl ay periods (where n _and._m are_both natural nunbers) appear in one

frame per iSig@al ppengn bits,of theffigijal yddsosagnalioach correspond to one bit of a
digital video signal anong n bits of the digital video signal; 15 upper
bits of the digital & dbwalitygpfidispay pepedss ampng Hleunati my displayi rsiody. .
periods anong the n + mdisplay periods; other display periods
cor r espondrgspandde Hae same kit of theidigital yideasigprleo  signal, anong the n + m
di spl ay periods, appear between the plurality of display eriods; 20 for
each of the n + m di sshendipplay periods erresperding dogthey itstofghe idigitalivideal

10 signal, among the n + m display periods, appear between the plurality of display
periods;
for each of the n + m display periods, the corresponding bit of the digital
video signal is input to a gate electrode of the second TFT by the first TFT turning on;
after each of the n + m display periods begins, the respective display
15 periods are completed by the beginning of another display period; and
the organic EL element emits light when the second TFT is turned on. and

does not emit light when the second TFT is turned off.

14. A method according to claim 13, wherein the first TFT and the second TFT

20 have the same polarity.

15. A method according to claim 13, wherein Tr, Tr,. Tr;. ..., Tt =20. 21,27, .,
272, 2™ where the lengths of the display periods, among the n + m display periods,
corresponding to respective bits of the digital video signal are taken as Tr,, Tr,, Trs, ...,

25 Try, Tr,
T S
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video signal is input to a gate electrode of the second TFT by the first
TFT turning on; after each of the n + mdisplay periods begins. the

respecti ve dicspheyps peri ods are conpl eted by the begi nni ngragoissher
di splay period: and the organic EL el enent errits i ght when the second TFT

Is turned on, and 25 does.n the second TFT is.turned
off. 74 CL ~, S W& nﬁmaﬁferﬁlesde/@% :22' wherkith g, Gt dE% o rfBRgHPE A5t ai m

21, wherein th TET. and t econd TFT same poI arity. 23. A
met hod acc oWt g@‘%‘hagﬂﬁh@g&ﬁwgﬁgirﬂ%@mﬁaEE ,er.t}%T, T j =2, 2. -
22. .. .. 5 21, 211, where the lengths of the display periods, anong the n +
m di spl ay peri ods. correspondi ng to respect i ve bi ts of the digital video
signal are taken as Tr,, Tres Tr. A net hod accordi ng
to claim21, wherldiAmg oqlpf@tmnzm%ﬁm@@%lewhtcewﬁa&mqf@meaﬁu the

second TFT fUI‘_lCtIOI‘lS as a EL driver TFT. ~, ILIl~1l . . SIII//~ 75
5 having a first TFT, a second TFT, and an organic EL element, are formed, wherein:

n + m display periods (where n and m are both natural numbers) appear
in one frame period;
the n + m display periods each correspond to one bit of a digital video
signal among n bits of the digital video signal;
10 a plurality of display periods, among the n + m display periods,
correspond to the most significant bit of the digital video signal;
other display periods corresponding to other bits of the digital video
signal, among the n + m display periods, appear between the plurality of display
periods;
15 for each of the n + m display periods, the corresponding bit of the digital
video signal is input to a gate electrode of the second TFT by the first TFT turning on;
after each of the n + m display periods begins, the respeeﬁve display
periods are completed by the beginning of another display period; and
the organic EL element emits light when the second TFT is turned on. and

20 does not emit light when the second TFT is turned off.

18. A method according to claim 17, wherein the first TFT and the second TFT

have the same polarity.
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19. A method according to claim 17, wherein Tt,, Tt,, Ty, ..., Tr,, =2°, 21,22,
272 2™ where the lengths of the display periods, among the n + m display periods,
corresponding to respective bits of the digital video signal are taken as Tr,, Tr,, Tr;, ...,

Trn_] 5 Trn .

20. A method according to claim 17, wherein the ﬁ;st TFT functions as a
switching TFT and the second TFT functions as a EL driver TFT.

21. A method of driving an EL display device in which a plurality of pixels, each
having a first TFT, a second TFT, and an organic EL element, are formed, wherein:
n + m display periods (where n and m are both natural numbers) appear
in one frame period,
the n + m display periods each correspond to one bit of a digital video
signal among n bits of the digital video signal;
upper bits of the digital video signal correspond to a plurality of display
periods among the n +m display periods;
other display periods corresponding to other bits of the digital video
signal, among the n + m display periods, appear between the plurality of display
periods;
for each of the n + m display periods, the corresponding bit of the digital
video signal is input to a gate electrode of the second TFT by the first TFT turning on;
' after each of the n + m display periods begins. the respective display
periods are completed by the beginning of another display period: and
the organic EL element emits light when the second TFT is turned on, and
does not emit light when the second TFT is turned off.
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22. A method according to claim 21, wherein the first TFT and the second TFT

have the same polarity.

23. A method according to claim 21,wherein Try, Tr,. Tty, ..., Tr,, =2%, 2. 2. ....
22, 2™1, where the lengths of the display periods, among the n + m display periods.
corresponding to respective bits of the digital video signal are taken as Tr,, Tr,, Tr;, ...,

Tr,,;, Tz,

24. A method according to claim 21, wherein the first TFT functions as a

switching TFT and the second TFT functions as a EL driver TFT.
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