METHOD OF DRI VI NG EL DI SPLAY DEVI CE BACKGROUND OF THE | N\/EI&TB@QI 2, Field
of the Invention 5 The present invention relates to a nmethod of driving an
EL display device having a panel for perform ng gradation display in which
a plurality of pixels are arranged in a matrix shape and the | ength during
whi ch each pixel is tur i pa{rtyh t he present
invention relates to a m@%@@%@%LQfs(ﬁléﬁgﬁgggﬂe havi ng an EL
panel using organic EL elenments. io 2. Description of the Related Art The

i ntroduction of digital technology to equi pnent and systens used by

broadcasters is increasing,._a L5 2ar s oA {qitalization of
broadcast radio waves, thaBASGROEEDLE LS

> —teve t toward the
real i zation of did%tal br ogdcasti ng,

. _ is being perfornmed worl dwi de. 15
Furt her, dealifigldgfithe IR&EDHPYi t al i zati on of broadcast radio waves, research

and . devel opnent has al so_been thriving in recent.years f.or,_acti.ve matrix
di spl ay devi ces i"ﬁheMWﬂﬁH’é’e%lﬁl‘@rﬁéﬂteﬁipg&?%%ngcﬁgpvﬁé\W% 4‘?1%18% ?Vﬁ?%}ar‘r’éqgi on
is used as is, wthout being converted to apalog, taq displ an inage. A
Surf ace. ar eas gneISvEpPCBIIRE AR TR SBAY e e RFOE SPIER GrfEEhBY  can
20 be given as nethods for perform ng gradation_ display jn accor dgn ervi th
the two vol bagmrivahemssanstthe letighh during Plich egchpirel istiygied on Keonkodgd. 1o
division driving nethod is a driving nethod for perfornmn gl.adat i.on
di splay by dipmitiite, the@resericinverion rlgies o W@Oéfoféﬁﬁm&éf EL céﬂﬂ% FFFRg
each . subpixel independently based upon a digital video signal. One pixel
must be di vi HevingsniBl pamel phing akganjc BE edemlgitkel s in this surface area
-\\di vision driving nethod. In addition. | : :
‘ 10 2. Description of the Related Art
The introduction of digital technology to equipment and systems used by
‘broadcasters is increasing, and in recent years, the digitalization of broadcast radio
waves, that is, research and development toward the realization of digital broadcasting,
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, without 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 grédation 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 2 plurality of subpixels. and driving each
subpixel independently based upon a digital video signal. One pixel must be divided

25 into a plurélitjr of subpixels in this surface area division driving method. In addition.
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.Q 3 MAR 2005 it is also necessary to form pi xel el ectrodes c%r r&sﬁondi ng
to the respective subpixels in order to drive the divided sl gi @'532[}@5

i ndependently. A difficulty thus develops in that the pixel structure’is
conmplex. On the other hand, the tine division driving nmethod is a driving

t hod f . i . i spl b trolli t he | h of
i dur i ng Gt 5o AbcBRty %6 Rithl bRt leafod oattestibBiing o i spicsye SHopiegle | s
di vided into. .t . .di spl i,0ds. i i.s then pl di
2 Vurned on B aHvE e yide Mt ai Sident i APkl thos b eremiadas
a digital viﬁgleo.si | al.. The rqdat_i on of a certain pixel is found by .
summi ng t he G -%’f“c eelscﬁogftﬂ & periods which that pixel is turned on

within all of 1lo.the display periods appearing within one frane period. In
general, the res p%%grée QB@E&%@ @Fé‘é@ﬁ givesiondrigingamsthod is agdriviegypethod foo
liquid crystals and the. |ike, and therefore the organic EL materials are
sui tabl e forPEIEUNgERAdatiomdigplayby conwellipe didength of simeediiring whinh piels areng
hi gh-1evel gradations when performing 15 time division drive. A case of
di spl-ayi ng nERedpe|Sngetirally.ome fiame periodds divideshingly 4 plarality ofi displayl @atiedssi t h
a sinple binary code nethod is explained in detail 'belowusing Figs. 19A
and 19B. Fi gEa%mxglwé\xherepkgp&cbm pornedon of temdd off siptede\cacle displag fehied in
l engths of all display periods appearing within one frame period in the
pi xel porti cifcardanss s ¢ digiial videpGigiaB. The gravatieniof adicspimyixdl issbugd by6
bit digital video signal capable of displaying gradations 1 to 64 in Figs.
19A and 19B.sunheing; tha terpsh pf dfe display pemddspehich dhatnexélds bemned os plitin afl 033
(32+1) gradations, and the left half of the pixel portion perforns display-
- of 32 (31e1)thgdisplayi parinds apgéarBigawilhiapinayframes padsd. (di spl ay periods TYl to .
Tr6) generally appear within one 0 3 MAR 2005

- . In 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-lével gradat_ioﬁs ‘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 1to 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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frame period when using a 6 bit digital video signal. The fi@@tﬁﬁg %@5
sixth bits of the digital video signal correspond to the display p ods
Trl to Tr6, respectively. The ratio of |engths of the display periods Trl
to Tr6 becones 2 : 2 : 22 : 2" : 2" : 2s The length of the display period
Tr6 correspong] t sigpificant.bit. s.(fhe.sixth bit . in this
case) of the rg?P gﬁo{iﬂ gg%glln&naagglltgl %é"f%ﬂg*é%ﬂ% t‘ﬁ%ﬁjfsﬁ&) {ggﬁﬁ‘fﬂﬁlbgf OE e

di splay perio Il ondj,ng to t l.east signi.fi t hi the first bit)
of the digita tg{jl g ged %‘E‘éﬂa r’i‘“’?‘i“ﬁé"éﬁ%&‘ﬁ%@l’%‘a ‘f’scﬁfqéagﬂé&d' SREHY®¥ i ng

i Spl ay peri ods TriPABAAEITEN SR RS SeHPE i HEcH e aReDRr e AT 62 Ko
during the digplgy..pe i%g?T . Further, for a case of perform ng display of
the 33rd gr aoét'izcn:[ﬁ?if‘é‘ 9@?@ déspiay&eé@éﬁﬁﬁoaeﬁwﬁw tgthe mogsienifieanidit he

di splay periods Trl .to Tr5, and are turned on during the display period
Tr6. A psedddiR&wGH inlis s@ﬂipgﬁhsﬂsgl@ﬂw&egmalap ghed@:agqsbﬁnmevlmﬁpﬁaue .

portion for perform ng display of the 32nd gradation_and the portion f.or
perform ng di‘gﬁ?lé)j/l’%'#o qeErespen T@t@?l&éﬁéﬁigﬁfﬁcmt@@ﬁﬁsb@@tﬂf@lmgﬂaiwideo

refers to an unnatural contour line repeatedly visible when performng
time gradati ohewl dghayghemesiccor dance with a binary code method, and it is
said that the nain cause of the pseudo contour is fluctuations which

devel op in the pdioteicesiofiperipmmmestsplaeof the SRrd gredrtion, ¢hd ikl aroflabedian
vision. A nechanismof the 20 generation of the pseudo contour is

expl ai ned usiangorFitgts. in AAdisptey 2680dF Tl to?DiA, sibthe pixgls ael plpodtin @n off state
~di spl ay device in which a pseudo contour develops, and Fig. 20B shows the
‘ratio of tihe dusingtthe displayi mesicalyTnoe Hurther, dpope @rsanof perforining display odniee Prdi od
in the pixel portion. An image is displayed using a 6 bit digital video

si gnal capablgraddtion; thelpyélsgre fbcegrindatined offisthe didingnhddgplay POA0EITTr 12QB.
The right half of the pixel portion performs 3 0 3 "FAR 2005

- Tr35, and are tumed on during the display period Tr6.

-

A pseudo contour may be visible at é 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 mu;thod, and
it is said that the main cause ofthe pseudo contour is fluctuations which develop in the
perceived brightness due to the charactéristics 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 half of the pixel portion performs
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di splay of 33 gradations, and the left half of the pixel pd8i ﬁ@gwﬁorms
di splay of 32 gradations. The pixels are placed in an on state ‘hg
31/ 63 of one franme period, and the pixels are placed in an off state
during 32/ 63 of the one frane period, in portions of the 5 pixel portion

perform ng di,splay the 32nd dat L on, Periods during which the pixels
are turned o r‘%lsﬁk‘e{e"iggﬁff‘gﬁfmew&f gﬁeﬁﬁhgﬂﬂ of dhe pixelportian prefopnxdisplayod 32
turned off. F r%.her, the pixels are placed in an on state during 32/63 of
one frame -pegf%%&,mnsand the pixels are placed in an off state during 31/63
of the one frame period, in 10 portions of the pixel portion performng

di splay of the 331Be BiElsATE placedbar ap @y stale dwang W63 lof ohe fipineglesiods end thened
on appear alterpately with periods in which the pixels are turned off. For
a case of di BpelsaraplagedimanfT gaterdiring 321638 ofitheodefranbptriet in portioho5the

di splaying the 32nd gradation and portions displaying the 33rd gradation in
Fi g. 20A i5s pixel prgion gesformingrdisplayaef the\A2mg gradatlom. dPertmisi durinef whitg get t ed
| ine. Namely, the pixels near the boundary sw tch over between displ aying

the 32nd gr apixelsoare dnmed i apdppean gliermbelBdMttl wprdatin WhiclBihed@ilkald 238 tuhelUr N
on period for displaying the 33rd gradation begins imedi ately after a
turn on perioff. for displaying the 32nd gradation in the pixels near the
boundary. The hunman eye thus can see the pixels turned on 20 continuously’ .

during one frame Puthendhe Pikeds % Higtedch\@bnatatd AuHhR 3D M3 Ik ifie bdfisa ON
the screen. Conversely, the interface between the portions di'splaying the

32nd gradat i amd tengixtherp@lddearis i 6f stk MhriBe3 1367 9 WAL 'qfalﬁl(f ﬁ@éﬂ-inZOA‘

is taken, for exanple, as noving in the direction of the so

T i SR o s O R R
: which 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 grédation and portions‘displayiﬁ'g the 33rd gradation in Fig. 20A
15  is taken; for example, as moving in the direction of the dotted line. Namel}‘f, the pixe.ls
near the bounda_ry-sWitch over between displaying the 32nd gradation and displaying
" the 33rd gradation. By doing so, a-turn on period for displaying the 33rd 'gradation
' .b'egins 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'duriﬁg 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 33:d gradation in Fig. 20A is taken, for example, as
moving in the direction of the solid line. Namely, the pixels néar the boundé.ry switch

25 over between displaying the 33rd gradatiom gnd- displaying the 32nd gradation. By
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doing so, the turn on period for displaying the 32nd gradati on begi ns

i medi ately after the turn on period for displaying the 33rd,&ﬁaﬁg¥i@g in
t he pi xel s near the boundary. The human eye thus can see the pixels ?ned
of f continuously during one frame period. This is perceived as an
unnatural dark line on the screen. 5 These types of .unnatural bright |ines
and dark | i n8eingspaheiug oameflﬁéf%r&lwl%&@e3éﬁégrradémrbbrs€%ﬂm%dpmabf,after
referred to as pseudo contours (nopving-_ pseudo contours). Gbstructions to
di splay al sothsdusnen peepe fer digplayingitee rdggradation indhe pixelarrar Heub@ngsmt hat
in which the noving pseudo contours develop in noving i mages. The )
obst ruct i ons The huinssl exe 8ngtdap seadhe pixeletusned pif eomtionowsty skang mgentainon
can be seen in o0 the boundaries of gradations. A sinple explanation of

t he reason t peatiod.hThistiyperceived apan nomatunahgdarkdindicgythaycreen.vi sible in static
images is made below. Even if a person's eye is fixed upon one point, the
vi'sual -point nove¥hedeitgpesiof unnginchi btightdings hfid dadktlines appeuriagan thowrgol at
with certainty. Therefore. even if ones intention is to stare at the .
boundary bet whstrucpions todisplal, telferadi tsak ppardoi contouns (hvvdhg pheudpicvatamrsit e 15
perform ng display of the 32nd gradation, and portions in which the pixels’
are. perform ng dObpirestionk to lésphar dls@bechaid VRiblé hestuiis irdhggaaduettowht lsame
actually nove slightly |left and right, up and down. For exanple, assune
that the visualsepgithdt ifovesh tHeomvpagipsands aditdues Gtvidop di Svalg iefagkhe 13end
gradation to portions performng display of the 33rd gradation, as 20
shown by t heogaalttidns td\@splaPktatic ﬁﬁé%és lafe ¥MY i6 RvHiBieflRk¥68h S niviien tin Be §éeniad

-~ off state when the visual point is Tocated in portions displaying the 32nd

gradati onyo aptk bHghdatiselof ghddatiohd) A $ipeexlhdativhadfethehieasontBatvihisUgpe R Nt
is located in portions displaying the 33rd gradation, the pixels are seen

to be in a typacuehs icERbRY IVRIMDIN B&iESRldLSisNsdd bag®. period by an
observer's eyes. 25 Conversely, for exanple,” assune that the visual point
moves from porti opgemifth perddhd eyedi@@Red upon one point, the visual point moves slightly.
and it is difficult to stare at one point with certainty. ’[her_efore; even if ones intention
is to stare at the boundary between portions of the pixel portion in which the pixels are
15 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 visuai point moves-: from portions performing
display of the 32nd gradation to portions performing dispiay of the 33rd gradation, as
20 shown by the dashed line. For a case in which the pixels are in a tuned 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
period by an observer’s eyes. |

25 Conversely, for example, assume that the visual point moves from portions

s




.Perform ng display of the 33rd gradation to portions perforﬁi ngmgis | ay of
the 312nd gradation, as shown by the solid |ine. For a case ion iy i 2405t he
pixels are in a turned on state when 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 |ocated in portjons displaying 5 the 32nd
gradati on, t'ﬂ?grféf‘?’élgsdl%i@' A 3(’53 geadation te periwas parferming dlﬁll?l@)[lgﬁthd@nd
entire one fr eri od by an observer's eyes. The pixels are therefore
seen by hurraﬁrﬁfrgg 125 SBEWR 9y dhq spliddines Fosmgess ingyhich the pikels asdingf thrstdade,
t hr oughout one frame peri od because of the tiny novenent to the left and
right, up and@fowhen the visyal Rairfijalocptsidin portivgs displaying the 33rd gradatiqy, ayd it
which the 10 boundary portion is seen to sway back and forth is seen.
SUMVARY OF TRECISWERTRONTEA onstrse wdenttbe visuslmiptis devated imvsurtionsndidphyiigd
the longest display period into a plurality of display periods (divided

di spl ay péri ndgradationdhe pixels drh seerf toedn b tlitied b siafe Qi 6Lesh the eRHRVGR
pseudo contours from being seen. The plurality of divided display periaods
are then di sfhamsytesidd bytaniabsenver’§ egese peri od so as not to appear in
succession. There may be .one divided display period, and there may be a
plurality of diviHhelpotehprashepeforosien byQURET eyes tto bé iPh PhRkaBh il A if a

di spl ay period corresponding 20 to the nost significant bit, in other

wor ds, 'the | tugeseffdhosg ayugieu ore famedicriod 8eeduie oPRRIny MoASEAN 5 BRACH 1 !
a fixed rule. Further, it is possible for a designer to appropriately

sel ect the nambsiphtotip adil Vosladofitepliayal PRk Jidnd & d ; t

t he amount of di %lilsi%ns be determ ned E%%/ﬂt’toﬂgi %%ﬁ%éenéotf% @E@Bg%?%cgﬂg%eed
f2 or @ displ aboutrdetycgortiof i fen ke Gihy BAcI AR lofn jd¥@ld ty 25 of an image. 6 'B)

SUMMARY OF THE INVENTION

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

- aplurality. of display periods (divided display periods) in accordance-vﬁth a fixed rule

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

periods are -then distributed withiﬁ 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, itiis preferable that a display period corresponding

20 to the most siglﬁﬁcant 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 sele¢t 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. ; Co=




Furthernore, it is preferable that the I ength of divided dis @y%%griods
corresponding to the sane bit of a digital video signal be t e’*‘sfvéi“ 208t
the present inventionis not limted to this. It is not always necessary
to make the length of the divided display periods the sane. 5 In
accordance wth the above structure, obstructions to_djsplay,. such as
pseudo contours, %ﬁﬁﬁ‘lﬁ“‘ﬁe“c%?ﬁ?@[ﬂ?@% that n@nﬂﬁh\/Pgi‘iinﬁai $iaigy petidsar y
code nethod, can be_prevented frombeing visible. The structures of the
present i nverforgsporangfiosths sawg ibpbadigaat yrdepsignabbe tee pares vt theprssenton,
there is provided a nethod of driving an EL io display device in which a
plurality of ipyspdips is eeichmied tnthis ftip sot giwpys aeeassasy ¢ Trke thglengthy of theT,
and an organic EL elenment, are forned, characterized in that: n + in
di spl ay peri olivid¢dliepkeypesiads the same. bot h natural nunbers) appear in one
frame period; the.n + in display periods each correspond to one bit of a
digital video siglmiccotdanmamvith the bboee sifuctre, absigudtains v-displag) syrblas pseudo
- plurality of display periods, anong then + in display periods, correspond
to the sane dontourd whieh ahegiohspicwoudan timegdiadsjonairherbyd sinkaycqiemettied, can
corresponding to other bits of the digital video signal.  anong the n + in
di spl ay peri ddprevenpebiromdiemgevisithe pl urality of display periods; 20 for
each of then +.in display periods, the corresponding bit of the digital
video signal is Mhputrutiares dahepasadtinaationtird discigseabiglowFT by the first
TFT turning on. and the respective display periods begin by the third TFT
turning off; aftenceariingfothépresent ihventbs théry iPaoVidds a beghddof driving an EL

- respective display periods are conpleted by the beginning of another
"display pabi Qisplgf ddicd fewhith adhhlfalitt Of pixeig, @kh haviaganfirst TFT,  s€&cddBR'O05
a third TFT, and an organic EL element, are formed, characterized in that:
n+ 1 display periods (where n and m are both natural numbefs) appear in one
frame period; |
~then+m display periods each corréspond td one bit of a digital video signal
15 among n bits of the digital video signal;
a piurality 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 i'éspective 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 A_ : ' Ce—




the organic EL elenent emts |ight when the second TFT is turned on, and
does not emit light when the second TFT is turned of f. AdédrHiRqHgE t he
present. invention, there is provided a nethod of driving an EL display
device in which a plurality of pixels, each having a first TFT, a second
TFT, s a third TFT, and_an organic EL el enent, are forned, characterized
“in that: n + in 8epeasic Fr¢lonentanhits bght vdred thesemond BBTHs ahed &, apdabey S)
appear in one frane period; the n + in display periods each correspond to
one bit of &otewitilight whenshessapnad TFaNbgmedbiff s of the digital video
signal; 10 a plurality of display periods; anmong the n + in display
periods, correspémedonding tolthe pres¢ntsinesmitiohohete iDptovidediadifedlbd bf @ividh 48 BT
signal; other display periods corresponding to other bits of the digital
video si gnaldjspleyndevircetinemhith iarplaialip! 6f/piRels] €8 hadRizeAfirR T ERLNE TFT
plurality of display periods; for each of the n +71n display periods,”the
cor r espordi aghipd TFYY addén BHGinicFL \eldeént Lire Thahed, chirabieBta &@hét: gate

el ectrode of the second TFT by the first TFT turning on, and  the )
respecti-ve di spl ay ipedd SesisTwhyg i T i . r_each
of the n+m displ ay peripg%gp begi Es, ﬁ\ﬁ;%%%?p%gtb ?@eﬂa%g{l%gb%éﬁp@%é}%roge :
conpl et ed b¥rahteepedpiddt Nni ng of anot her display period, or by the third TFT
turning on; and 20 the organic EL elenent emts |ight when the second ITT
is turned on, angedpe , T A ET...s.turned off.
According to the pr esE\?g?%%%dgﬁg:g%}h}é\é}g&lpls)ﬂg}%%éd)gg Oga%%ﬁ%d” 1° 981l ng
an EL di sphmg i e Wik a.plyral.ity of pixels, each having a first

- TFT, a secown ?Hlﬁg)ﬂttﬂh??%&@jl;v'[ﬁegrsl Ib’rngiﬁ organic EL element, are forned, ...
charact efg zed | ny bhiakie 2 ity Bl BPhANERPI5 BURE SR AN bR S

nat ur al nunbers) appear.
' 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, ap;ieﬁ between the plurality of display periods;
_ for each of the n + m display periods, the corresponding bit of thé- digital video
15 signal is input to a gate electrode of the second TFT by the first TFT tuniing on, and
- the respective disialay periods begin by the third TFT turning off;
after each of the n +m display periods begins, the respective display p;:riods 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 secoﬁd 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 riare both natural numbers) appear in one

8




frame period; the n + in display periods each correspond t bit of a
digital video signal anong n bits of the digital video si &gﬂ‘%ﬁk%;ﬁﬂ% bits
of the digital video signal correspond to a plurality of display periods 5
anong the n + in display periods, respectively; other display periods :
correspondi n@ to other bits of the digital video signal, anmong the n + in
di spl ay peri’ %‘Q‘?p%‘b‘gar bet ween the plurality of display periods; for each
of the n + in display periods, the corresponding bit of the. digital_ video
signal is input tt€°8+gﬁ"c SplRE PEFBdRecash CORESRUKGRPIT Pt o2 digitaliYideq sipgpgd
tamng on, and to_ fhe respective display periods begin by the third TFT
turning of f;2mangh bisxehthsrdigitad videp signadli spl ay peri ods begins, the
respective display periods are conpleted by the beginning of another

di spl.ay period, oipppsbitsf thedigialnidea signgl sgrrespond el phigaliy ghdisplaFpespdsnent
emts |ight when the second TFT is turned on, and does 15 not emt [|ight
when the §ecamengrthd njsm displey perieds, respeetiNelig to t he present invention,
there is provided a method of driving an EL display device in which a
plurality of pixaither displty penodsgcaardsponding fd other dits @f ¢hd Biitahdidearsignajani ¢
EL el ement, are formed, wherein: n + mdisplay periods (where n and in are
bot h nat ur alamengithe 9)+ apdisplay periodse a@feaf betveeepehd pldralith ef display pedodpl ay

peri ods. each correspond to one bit of a digital video signal anong n bits
of the digital vifdeeachiafiiad n+an gisplagylpetipdgfthet@pspyndieg b d$ thealiping vide> n +
m di spl ay periods, correspond to the sane bit of .the digital video signal;
25 ot her di syigre) ipmpuoca gae ckspode dfithetsecaddEF T b ttise fifst THT tdixghg ah, atidleo
“ssignal. 9 0 3 MAR 2005 :

: 10 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

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

15 r;[ot emit light when the second TFT is turned Voff.

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 TF T, 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
among 1 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.
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)

periods; for each of the n + in display periods, the correspondi ng
the digital video signal is input to a gate el ectrode of the second TFT by
the first TFT turning on; after each of the n+m di splay periods begins,

t he respecti ¥@ofli ¥ ' - d t he, begi.nni ng of  anot her
di spl ay peri od;0 ﬁ%ﬁ%& l?héﬂ g?%g%is%é@ﬁs’e% %eggr?ét‘g{%’lgq @%ﬁlﬁrﬁﬁ%\?ﬂ#ﬁ ﬁ:lé%g’éfé%d TFT
‘is turned on, and ite-Ligh n,the second TET is turned off.
According to the gd?ggc;hn(t)ﬂﬁ%\r}?%idd%él&%%%ﬁ' the SOgEsRARG MY th‘ﬁ?hg'ﬂ dagitay vidgong
an EL di spl J § i i lurality o ixels, ea having .a first
TFT, a secgngié!i"lg—iel‘%lhﬁ@ékgﬁgggﬁ%%ggﬁﬁgﬁﬁs%P%MﬁyﬁﬁﬁFﬂr F“Wdﬁ’%r(éi;n: n +

re bot,h natural nunmbers) appear in one

AT . 1
rame: per od: - t nett ea ST Ay oftuPl eBSu et Hicuspsviive dpiey Feriodosren

digital vide i I ng n.bits of, the digital video signal; 15 a
plurali tysofg%?élg&%}jyptg?lgs&wuﬁrﬂf othes Aisplayipegiodptag, peri ods, correspond
~to the nost sigr{hficant it, of the_d'h, ital video signal; other display

pefiods correspondf SEEHES B flsmept pwits fi h‘@h@l’éﬁﬁmomiﬁé&s@mﬂdlonmm t he
n + in display perjods,. appear between the plurality of display periods;-
for each of "f‘%eepnﬂghgli‘trw&‘?”s%%?%%éﬁmmﬁé%rrespondi ng bit of the .
digital video Zorgi gnal is input to a gate el ectrode of the second TFT by
the first TFT tu ?‘??g‘%eﬂfoth&ﬁ%ﬁﬁnbmwmﬂmmm@ﬁém amefmdicfdsiviieginBL t he
respective dé)%gl ay periods are conpleted by the beginning of another
di splay peri U®laRHevien @ whichamplaratity of pinsis, eacti havihg glirsodET) 4 fiwoseq® TFT
is'turned on, and does_not emt |ight when the second TFT is turned off. . .
25 Accor dP ng?pn ¢rganie & celement, ern foomed; Wherein: s provi ded a nethod of '
driving an EL 10 0 3 MAR 2005 '

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

anong the n + in display periods, appear between the pluralify %ﬁg}dzm ay]c
0

* 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 piuraIity.of display periods, amoﬁg the n + m display periods, corresp;)nd to
the most significant bit of the digital video signal; |
other di_sPIay periods corresponding to other bits of the digital .vid‘eo 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 anothef 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, thére is provided a method of driving an EL-
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di splay device in which a plurality of pixels, each havin 1?P”$J§é TFT, a
second TFT, and an organic EL el enent, are forned, whereFrt iy 35 di spl ay
periods (where n and in are both natural nunbers) appear in one frane
period; 5 the n + in display periods each correspond to one bit of a
digital video signal anmong n bits. of the digital video signal; upper bits
of 't he di gi t displaydievicei igrvettick aphes iy gixelsy epthihating g foft HFEp segopddiFdds
anong the n + in display periods; other display periods corresponding to

ot her bits otnd heotfapid BL elémean, &t foated, whereirong t hen+ in di splay peri ods,
appear between the plurality of display periods; for each of the n + in

di splay periods, #hanGsplaspeivis (ehbietn 0id th Afe B nhdal\iveieers iafpedr ih sné nput
to a gate el ectrode of the second TFT by the first TFT turning on; after
each of the Wame geriddspl ay periods begins, the respective display periods
are conpleted by the beginning of another display period; and 15 the

organi ¢ Els el emeniheqiiityf didpdhf dpeﬁmg_ehaﬁcc&ﬁééﬁam tFdnd it bPk M@staPRideaRebhpes

not emt |ight when the second TFT is turned off. In the present invention,

the method may,oRe ndhiRrGFahebig@dvidBo kipahy the first TFT and the second TFT
have the sanme pofarity. In the present Invention, the method may be '

characterized in 115 bf thE digital Video sighll ¢ dildrio aplility’ofdisplaperiods 2~ 2,
2', where the Ien%bo‘%bfﬁle (ﬁ;lspl ayeoslé’r |gloc gr,eS%ern(g)a?he r{ + %sﬁ %ips?&"a?/ :

peri ods, cor gndi ng : ji¢e bits of the digital video signal are
t aken as Tr, 5&%99 r3,1£f21.1§.p?§5$§<?i-§d,d,¥, Tr,. BRI EF DESCRI PTI ON OF = DRAW NGS*

2500 e ool AN AN, el OByl i e
' 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 tuming on;
after each of the n + m display periods begins, the respective display periods are
completed by the beginning. of anofha display period; and
15 the organic EL eiement emits light when the second TFT is turned oxi, and does
nét 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,, Tr;.
20 .., 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,, Try, Ty, -, Try,, T

BRIEF DESCRIPTION OF THE DRAWINGS
25 In the accompanying drawings:
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a driving nethod of the present invention, and the ratio 83 tHR 288%t hs of
a display period and divided display periods, respectively; Figs. 2A and
2B are di agrans showi ng the pixel portion of the EL display using s the
driving nethod of the present invention, and the ratio of the | engths of

di spl ay peri ods d non-di spl ay periods, respectively; Fig. 3 is a diagram
" showi ng the rati (a)ﬁgﬁ‘n]t‘%éu‘li iﬁgﬁrﬁélaﬁw showiRggpixeldeortian oflay Elalismdig phiay
periods for a _case of dividing a plurality of display periods into divided
di splay perid88Yingomethgd of the paesent myentioi.aandate antia ofitheelengths tifandigpiang a
driving nethod of the present invention, Fig. 5 is a circuit diagramof a
pi xel usi ng BTG apdiljvided idisplayf periodsmespentivelyi nvention; Fig. 6 is a di agram
showi ng a dri vi n&rmat hod of the present invention; is Fig. 7 is a circuit

di agram of a pi xligp@A dmsi?Risterijagranis showingrthe hixel pdrtibh of the B2 sBlay using
invention; Fig. 8 is a circuit diagramof a pixel 'using a driving nmethod of
the preseft theyiving orethod of the pireseat dhivagition) aitbren@tio oiTthy idhgtHERINAGHIQ) the
. present invention; 20 Figs. | OA and 10B are bl ock di agrans of a driver
ci rcuit; - Fi geriods ard ano-dispByeperiddeprespedtaely; di agrans of an EL di spl ay;
Figs. 12A to 12C are a top surface diagram and cross sectional diagrans,

respectively, of Fig Elis didigdram; sHovdfig theAati® of e M1l GOdi 5'y é@ﬂ%y%ﬁi .
o

net hod of manufacturing an EL 25 display; - 12 0 3 MAR 2 I gs.
14C are di aghiidsd ﬂhpluylp@ﬁbbﬁfdféhhﬁwbﬂlﬁvi@ﬁl‘gﬁﬁlﬁ%ﬂfdf B8N afberiods into divided
display periods; L
10 Fig. 4 is a circuit diagram of a pixel portion using a driving me tﬁo d of the : )
f)re_sent 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 portion 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;

S

Fig. 9 is a diagram showing a driving methc;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; - : o -
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di splay; Figs. 15A and 15B are di agrans showi ng the nethod Bf hﬁgug turing
an EL display; Fig. 16 is a diagram show ng the nmethod of nmanufacturing an
EL display; Figs. 17A to 17F are electronic equipnment having an EL displ ay
using a driving nethod of the present invention; Figs. 18A and 18B are

el ectroni c equi pnment havi ngf an EL display using a driving nethod of the
present inventi onkigsol4a g 146 mradinzions shewiggdbe methashoivnaguiacringlangBk t i on
of an EL display using a conventional driving nethod, and the ratio of the
| engt hs of adtfpém ay period and divided display periods, respectively; and
Figs. 20A and 20B are di agrans show ng the pixel portion of the EL display
usi ng the conventFignal SAlrnd i iy anediagrhmssicwinetheabetbod bf traaufaengingsandfl.

di splay periods 15 and non-di splay periods, respectively. DETAILED
DESCRI PTI ON @fsplaf= PREFERRED EMBODI MENTS [ Enbodi nent Mbde 1] A case of

di splaying an internedi ate gradation by a tinme division driving nmethod 20
of the present inpFnle s Bgexpkliwiag the\mdtiod df rhalu@verusnd gn ELgEspldA and
1B. Fig. A shows a pixel portion of a display device, and the ratio of the

I engths of di spl gigsPETA @0STFlre tlRatromipREaIpricht RAEng 48RE dRPldyadidy 4 dkiﬁjhg-
1B. In figs 1A and 1B, an image is displayed using an n-bit digital video

signal  capablethddfofdhé ptayhtiavéfipgat i ons from1 to 2". The right half of |
the pi xel portion 25 perforns display of 2" + 1 gradations, and the |eft

hal f performs di spisay194 ﬁffi'iSBl%rezgﬂQEtrgﬁi@%hgﬂi@ﬁ haMin@ SPERY dREfRY e a
(display periods Trl to Tn) appear within one frame périod .
' -driving method of the present invention;
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 lehgfhs 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. [B.

In figs 1A and 1B, an image is displayed using an n-bit digital video sigﬁal
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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for a case of using the n-bit digital video signal in accorda j1h a
sinple binary code nethod. The first bit of the digital vi deogcﬁéxn\gﬁ% 2006 t he

n-th bit of the digital video 5 signal correspond to the display periods
Trl to Tm respectively. The ratio of the lengths of the display periods
Trl to Trn becqmes 2 : 2" : 22 : 2"-Z: 2'". The length of the display
period Tm cogﬁaggttﬂﬂ?di ng to the nmost - significant bit (the n-th bit in this
case) of the di gilﬁ | video signal is the |ongest, and the Ilength of the
di spl ay period Tr PeRsTINdgi igrlay perieds Telsto Eingappear avithibione frame peripgt
bit) t o of the digital video signal is the shortest. For a case of .

per forni ng dfosm aye 6f using' the nik disitak videh sigiak & scardansk avitida simpe bimiy
state in the display periods Trl to Tr(n-1), and the pixels are placed in_
an of f st at ecodgunsthed.t Hae st pitaf theedigival video sigmal hethe r-thebipoikae dightabvigeaced
in a turned off state during the display periods Trl to Tr(n-1), and are
t urned on sdusignay cotresmingdpb dye displaggefiods Trilt Tnerespedtivetyni ng di spl ay of 2
+ 1 gradations. The display period Tr having thé |ongest period is then-
di vi ded . i nt o. t wo Thewatiedf titt kepbihg ofeiid digplay PetidaTANG 52 BeRdmbd2® Hi's 32 .
enbodi nent node: ’aNOt eét hat al though the display period Tmis divided into
two divided di sptay 25&r iTiks ldoptit bif she gy Betiod "M EcorfddorRfi tihd tion
isnot limted to this. Provingéd t hat theryie@are two or rr%?e 1g%(t‘?jiﬂ\lli 3%‘55@

di splay per i sigsificampittrersth i inthisicdes) ofitfrdigialReaé PGS AR O RNBER VAR e
limted by the operation speed of a driver crrcuit and pixel TFTs. The

di vided di spleaythpetheispldppribd TPPEGesnBndiig 46 8 10ibr sibnftichbl BY (REHHR Yt
corresponding to another bit of the digital video signal alwaysS appears . -

bet ween tmo ofthy diied dideplsihabRthOdBorted® Note that the |engths of the
di vi ded display periods may not be the same. 14 A 3 MAR 2005 Further, ‘it

i's not necessary Hg ﬂa%ﬁfﬁéﬁoﬂﬂﬁ?%ﬁ%?@f?ﬂ gfr%n%ggﬁigﬁgfxeﬁshﬁe ﬂ%a%gé ?l%/%fé

periods which are not divided. TRer e no - on setting
order from tfestdieSR 8 display periods Trl to Tr(n-1), 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 Tr1 to Tr(n-1), and aré turned on duﬁng 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 S2Trm) in this embodiment mode. Note that although the
display period Tm is divided into two divided display periods in this embodiﬁlent .
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 périod
corresponding to another bit of the digital video signal always appears between two
divided display periods.

25 " Note that the lengths of the dividéd display periods may not be the same.
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period corresponding to the nost significant bit to the '(ﬂngmﬁ%@ﬁji od
corresponding to the least significant bit. 5 A reason that o ctions

to display such as pseudo contours are difficult to be seen in the driving
met hod ofthe present invention is discussed next using Figs. 2A and 2B.

Fig. 2A shows a pixel portion of a display device for perform ng display by
a driving nBathsr bis peiaepessawrie Piace any ligHtatigngiorrthy, ordg of Kk dispIg¥ PREAEY hs

of display io periods and divided display periods appearing wthin one
frame peri odwhich aae oo dixided. vibere aremgrlimisations onsgttingdhaondgr froey the dagmay ur n
on) period of a pixel. The right half of the pixel portion perforns display
of 2°1 + 1 gpexitst ¢ooresporahing ta the mast sighidichniddt fodherdisplay peragd efrregponding to
gradations in Fig. 2A. In portions of the pixel portion performng display
of 2"-' gradtieileass sighifecapt kel s 15 are placed in an on state in 2" - 1/2"
periods within one frane period, and the pixels are placed in an off state
in 2 ' /| s2" periAdsasoh titobsthetionetd digpiey perh a8 gseuboeopmuiroats diffiouit ngbevhi ch
the pixels are in an turned on state and the periods in which the pixels.
are i-n a tugdeadn thefdrivigl method of thg pessentihvartivatiediycusbad elvensing Figp&rA bodis  of
t he pixel portion performng display of 2° + 1 20 gradations, the pixels
are placed ipga turned on state in 2""" / 2" periods within one frane
‘period, and the pixels are placed in a turned off state in 2"-'" - 1/ 2"
periods wi thin thgjg oAehbanEpiREdotlon dhe dppldyaitvicduor perfaviing) disphiybyel s
are in a turned on state and the periods in which the pixels are in a
turned of f sgalRctieModRERE padstRl IRERON, ahBFik VIR sROwpeid Rasthand dikyday ur n
of f periods are §|V|ded and appear alternately 25 within one franme period,

‘and the vigsuglifRial didéd BRpRY PeABYLHpehiifd vithin @fe!frandpdridiin ackbrdacd/AR
2005 up and g%% and therefgré@iet i's spSffi ciently possible that other

di splay periggg Qﬁﬁéﬁwaﬂdéﬂrﬁ%fpﬁf&% &f)pesiotiaddippebl. I n this case,
even if the visual point of an
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 inan 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 ina turned off Statﬁ:. then appear alternately.
The turn on periods and the turn off periods are divided and appear alternatély
25 within one frame period, and the visual point of a person . moves slighﬂy left and right.
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observer is fixed continuously on only turned off pixels, an f Y,
fixed continuously on only turned on pixels, pseudo cont ourg%%\ﬁﬁgﬁﬁg

prevented frombeing 5 visible since the | engths of successive turn on
periods or turn off periods are shorter conpared with conventional drive

i n accordance with.a sinple binary code nmethod. For exanple, the visual
point is také® ?R?Wwfﬂldftﬁﬁ}:ﬁfarep’éﬁft switiciangly| nogsibly trat otheydispday pegodoon
portion di splﬁa%i n(ﬂéz-' + 1 gradations as indicated by the dashed |ine.

Wth the dri Wvigehdtnby priodsarpstaddied; doehisi ease, exeanifithe tisuappaiitofaare i n
a turned off to state when the visual point is |ocated in portions .

di spl ayi ng 2'obgeraemais Hxed continugusly onf orlietupiede D& pixelsi and tanverselyonfisédt e
when the visual point noves to portions displaying 2'' + 1 gradations, the
sum of two t &PAUBIGuslyern ol tanped anipixels, pseudncastows cinebe prevenet drda beidpan
that for a conventional driving nmethod. Therefore, the visualization by
hunman eyess t ivistiblesmcpitielesgts efshoagsive nura dnlpenieds of furs ofif peridtisaitg RAbEeONE
frame period 15 can be prevented. Conversely, for exanple, the visual

poi nt i s t akenmperedovitngorfventivaal givivieiin Bccotil @ik ayiting sidiple binaly 86RAARIHIAES t O
-a portion displaying 2'' gradations. Wth the driving nethod of the
present inventi onForwmmplé, théieispalwint i8takehAs tdviidR8mA pditioh @isphing be
visual point is located in portions displaying 2"-' + 1 gradations. and
even if the gradetion2® @apertion displayined™on 1 radionh adiddited 5v e RRhAE 1BV ES
to portions displaying 2" gradations, the sumof two turn ‘on periods
appeari ng i n Vit tesiiviip RetodRsT thsreb&it indeRdibn,ldah if thE phites &@F}P/Q eadkr
driving nethod. Therefore, the visualization by human “eyes that the pixels

are al ways i Btate WHen e Visus3 ol i$ icaileah BbriRns dis S N Behd »
prevented. 25 In accordancebwith t he aboge struc ure,gog‘f)s‘tr%%%?%’n%dt%ven

i e, vi st on y Fg by o e R A po e AR B
visible. - 2™ + 1 gradations, the sum of two turn off periods appearing in succession becomes
shorter than that for a conventional dnwng 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 pon:ioﬁ displaying 2m gradations. With ti-xe 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 611 state when the visual point moves to portions displaying 2™
gradations, the sum of two turn on periods appearing 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 fraxﬁe period can be
prevented. |
25 ' In accordance wifn the above structiire, obsﬁﬁctions to display such as pseudo
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[ Enbodi nent Mbde 2] 5 Only the display period corresponding@ﬁoﬁﬁﬁgﬂ@ast
significant bit of the digital video signal is divided into divide
di spl ay periods in Enbodi nent Mode 1. In Enbodi nent Mode 2, an exanpl e of
di vidi ng di splay periods corresponding to a plurality of upper bits of a
digital video signal,, selected in order successively fromthe- st
signi fi cant SAROUTE,WICH jatk AnspicEQULI tHNG fliyasony ﬁ?g a&é?%&@,ge ngg*ﬁ@cma Y,
is shown. to Note that, in this specification, the termupper bits
corresponds bPoPuvepedrogebeiBgyisikityi ded into divided display periods, and
the termlower bits corresponds to display periods which are not divided
‘into divided display periods. A driving nethod of Enbodi nent Mode 2 is
explained using Fig. 3. Fig. 3 shows the ratio of the |engths of display
periods Tr aEEinbtbdﬁnéeUNhﬁdsgﬂ ay periods STr 15 appearing within one frane
- period Fin a pixel portion, when perfornming tine division gradation
di spl ay.- u#si ng arOnlylthe diphiytpetiodicdeesmondingto thexmBatrignifieant bubefahe digirpd
di splay period Tmand the display period Tr(n- 1) are taken as display
peri ods cor resporsiinab it divigpeintbidisided dispiiygperaddsvindEmbeidgneit. Mided. that ,
i n Enbodi nent Mbde 2. al though a nethod of driving is shown in which two
bits. 20 t heEmbobient Mode andn telxampisTbe dividing)difplay pariedd akmespasdingptr a
bits, the present invention is not limted to this. The number of upper
bits may be gRikalitpofuppsiditseya oigiabuidsesigaal, sdtctédid wdensucoessively-rommbe, it
is necessary that all of the upper bits be in succession. and in order
~fromthe nosiosi Ggiificaanit, Bitd phirglitiedoddpli@ed digplap pededs, tspedtively, ighewidi t s.
...the nunber n bit, the nunber (n-1) bit, and the.nunber (n-2) bit of the
Adigital. vigdeMote?thatiifitBls spetifiRaiRen)dhé Sertrh @pputisits bbrkésponds o7 dBpRy NRIiode05
The ratio of the lengths of the display periods Trel to Trn becones 2 : 2
S22, 2 0 2dMided iR SviRUNISSy PLAGRI ahd iR eHhN6WeOBitsS E@T&pbAds edidhRpl ay
periods Trl to Tr(n-1) -
periods which are not divided into divided display periods. '

A driving method of Embodiment Mode 2 is explained usiﬁg Fig. 3. Fig. 3

shows the ratio of the lengths of display périods Tr and divided display periods STr
15 appearing within one frame period F in a pixel portion, when performing time divisibn
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 corresponding 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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when perform ng display of 2"- gradations, and the pixels epphaced in a
vm%ﬁ %’ﬁ?&%ﬂ

turned off 5 state in the display period Trn. Further, ﬁing

di splay of 2"-' + 1 gradations, the pixels are placed in a turned off state
in the display periods Trl to Tr(n-1), and the pixels are placed in a
turned on state ijq th

di.spl eriod Tm_ In Enbodi nent Mbde 2, the display
periods correspo %&‘%ﬁ?‘ﬁ%%sﬁ%w%ﬁ display @erigds; bredytopkm hegomen2’ardf tXe

di spl ay peri‘od_Eg_“(-r?Ml) in Enbodi nent Mode 2, are divided to into three
di vi ded di spl-ay “per

ods (Sl Trn, S2Tm and S3Trn), and into two divided

di splay periods ($1Tr(n-.1) and S2Tr(n-1)), respectively. Note that,
al though three diffiRI¥elRaroplacsibing Bysnedompatatedd tTerdisplay geviodsiTrli i rigs- 19f

the display period Tr(n- 1). are iforma-d i n Enbodi nent Mbde 2, the present
i nvent i on i VR Performing displayref™ Bredationhiemd thé pikiels sieqpisced mtaermbdsgray

periods corresponding to the upper bits are not 15 limted to these
val ues, afd S#tein thedisphatperiod Tmunberthérswheppdrfdrming digpR3toFL™ t-hRgrakiu@ond,t | S

possi ble to form any nunber of divided display periods,

operation spBenixgls ae placodin zturned offatute i the dispRayperibae Tei 1o Theal 10] il BY

periods corresponding to the same bit of the digital video signal do not

appear in sudxessieqiaced inubtirmdeorpaated tier displgy peHay Teer i od 20
correspondi ng.to another bit of the digital video signal always appears

between two di viIniEmbﬁbidi{péxaMOﬁi,QHédisﬁﬁyﬁeﬁ&ﬁtcoﬂ&%%&f‘d?ﬂéﬂﬁth@ﬁpﬁéi‘%itg.itﬁé ded

di spl ay periods carresponding to the sane bit of t

need not al ldi RN andRh @ 8iepr: ka1 Y 4 | yr s e
idpdayt i an EPlagREBd g’%(tﬁc%)ﬁ]l-?;ﬁlj?gmiﬁﬁﬁi JE/H)% Yl &e divided

obstructions to display such as pseudo

in tinme doviisioahredrdivided)aignlsy F%ﬁn%dﬁ@?nmiﬁﬁ; alf PR3 TS, %@ﬂ%ﬁv@@%ﬁﬁ?@hi’ :

prevented from being visible.

nment Mobde 31 A dri’ving metho

a display palispheh perictisViSITHo-1f Sac SPHAANY, ¥syletiOliy AQbke that, although three

15

20

25

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 i;s not limited to this. The
numbers of divisions of the display periods corresponding to the upper bits are not
limited to these va‘iues, 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

corresponding to another bit of the digital video signal always appears between two -

divided display periods.

" Note that the lengths of the divided display periods corresponding to the same _

bit of the digital video signal need not all be the same.
- 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

13

e digital Video signal

are conspi cuous--

limted only by-the

)



5 di splay periods based on a fixed rule is explained in Embfd ti %@Epe 3.
In order to sinplify the explanation, a case of performng gradatl

di splay using an 8 bit digital video signal is explained in Enbodi nent
Mode 3. The Iengths of display periods corresponding to the nunber n-bit
(where n = to 8) of a digital video signal are taken as Ln, and the
nunber of dlb?EYeHﬁ%terﬁQ%belpgvéﬁ@ﬁl ay periods is taken as in,. If the value .
of Ln/m 3 is found for a case where in. _ 2, 3, 4, ... at this poi nt,

then the results are as shown in Table 1 below. [Table 1] 15 20 Ln/m3m =
1m = 2m = 3mm = 4 L8 = 128128164. 742 L7=646482. 371 L6=323241. 18
L5=161620. 59[Embg3menBMpﬂelﬁi 22 LI=I1 19 0 3 MAR 2005 The total nunber of
di spl ay periods and divided display periods forned within one frame period
is set to 13 in Efidoringemethvd dewBichiatdisplaypeiasriadividediinio atpiealignfidirgdedf
the all of the display periods and the divided display periods be as equal
as possi blse. displag perisdsbdsed bn arfixefl rabss expleined i Erobadisphtllosadh Imerdeséado
contours can be effectively 5 prevented provided that the | engths of all of
t he di spl ay getplifythecoxghldradion astade df derfminaiyig gradation display using an 8 bit digital

video signai is expléihed 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 periodé is taken as m,. If'the value of I-_,nh:n,,3 is found for a case where m, = 1,

12,3, 4, ... at this point, then the results are as shown in Table 1 below.

[Table 1]
Lo/mn’ mn=1. mn=2 . mn=3 mn=4
15 - L8=128 128 6 4.74 2
L7=64 64 3 2.37 1
L6=32 32 4 118
Ls5=16 16 2 0.59
=8 8 1
20 | 1.3=4 4 A
L2=2 2
L1=1 1
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peri ods are equal. The nunber of divisions of each display, ge?iéd ig
therefore selected so as to nake the values of Ln/nR2 as éb' A smm ssible
and make the total nunber of the display periods and the divided display

periods formed in one frane period 13. Further, it is preferable that the

di spl ay peri ods r ndi, n the u r bjt.s.be to divided in order from
t he display peri g@%@\%ﬁ%@“ﬂ%ﬁﬁé&@@ﬁ&?ﬁg‘?ﬁ ‘?Pdﬁfhﬁ’éi&& Hesriaymsgieds formedeavithin

di vi sions ar de as _.shown he_circgled values in Table 2. [Table 2] 15
20 L mamm-SHESTe BERER o5t 14 Simbotuncn Bads 3 Femm fesshle it daaleagitis 1
L5=16160. 59 Lét:hBBﬁJl }ng=44? L2=2 L1=1 20, 0 3 MAR 2005 Nanely, the display
periods Trl tothepliof apsFiafe and thediyided displayameriods barasequabasTpGsibie

di vi ded int oT%vvo,, and the _display period Tr8 is divided into three.

Further, i nlBaESeslggHopef pedrucHansioxdisnigy pshias seudorcoatoponaintg effectinelys ame
bit of the digital video signal are driven so as not to appear in

successi of. Breventpdpryidadshat tholengthdefal) obthedispiayi pealotly asdthe diviteddisphber

. of divisions of the display periods, but it is preferable that the nunber
be. det er mi neperiads grassudhnbhe inter of Hivisieneofeachdisplag peiibe isdhéreforg sslpeed of

t he di splay device and the required display

: so as to make the values of Ln/m,’ as equal as possible and make the total number of

the display periods and the divided display periods 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]

3
2
:
]
:
4
:
L.I;’.)
:
_;";

15 18 =128 128 16

I3

L7=64 64 2.37 1

L6=32 . 32 @ | 1.18

L5=16 16 @ 0.59 }
. L4=8 | 1

20 13=4

O
=2 @
G

L1=1




quality of an image. Further, it is preferable that the Iegg}?@goé@ﬂe
di vided display periods to corresponding to the sane bit Of 3 ﬁ t al

vi deo signal be the same, but the present inventionis not limted to
this. It is not always necessary for the |lengths of the divided display

peri ods be equal. . . af ACé i i i Ll iFhle to
effectively pr eveNn%IHé@i {shggdlt‘slp;j?}ﬁ egjr?adcs)ﬁ r%{s"zgf oﬁggﬁﬂ%{aird gﬁbégggs%lﬁgiﬁﬁ%ﬁyg%as a
substitute forthe above, stated Ln/nd' de j.Ng. 0 he condition. It
s possi bl PoF e ANALFLALT M anfd Boeintay eGP S o GRS P8Rt e s
a standard when deci din e qdriving .method. In,accordance wth the abpve
i Tuature octe fEns metod e display AT GSTspnndas e i ure bt Gf ta Gighal
conspicuous in time division drive by a binary code nethod, can be
prevent ed fr¥eeHeieAy are Sriyes S0 sHneiB3APSALAR SUGESHEME present i nvention are
expl ai ned bel ow. ]%I_Enbodi_ ment 1] A structure of a pixel portion of an EL
“display fér cont rlbis Posgible dert 2 drsignerdo sHERRIY Seigahithe mumbear vhdivisions, of fee ¢ wo
thin filmtransistors (TFTs) formed in each pixel, and, 25 a driving - _
net hod, are @éisplenpededs, hubkisaerefasshle that the nympegprdoigyningdpn aceorgange Agiam of
a pixel portion 401 of an EL display of Enbodinent | is shown in Fig. 4.
Sour ce si gnathe|balaase Beptwesn the dpwmgrspessielcibe sligptayydaviggeandhe reguired Y gat e
signal lines GL to Gy are fornmed in the pixel portion 401. Regions having
one of the squaliteoBamimadge.ines S| to Sx, one of the power source 5 supply
lines V1 to Vx, and one of the gate signal lines G to Gy indicate pixels
404 in Enbodi merfurtherAitpisupséfetapleothat Hbe plengths of0theadivided alispéay ipariads
-~ matrix shape in the pixel portion 401. A blow up diagram of the pixel 404
’is shown ion &irgespondife tetherserierhinef te digil video signal be the same, 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 rthe 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 conépicuous 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 disp-lay for cbﬁtrolling light emitted from
organic EL. clements,.using two thin film transistors (TFTs) formed in each pixel, and
25  a driving method, are explained in Embodiment 1.
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indicates a switching TFT in Fig. 5. A gate el ectrode of theﬂw h?% TFT
al

405 is to connected to a gate signal line G (any one of the gate s
lines G to Gy). One of a source region and a drain region of the swtching
TFT 405 is connected to the source signal |line S (any one of the source

signal lines S i KbIGKup cﬁ;ﬂr%ahhﬁ‘zpﬁﬂﬁr pIrB&h 201 bﬁmmﬂ%@g&&gﬂgg%cﬁ! St Xe 15

el ectrode of an EL driver T 406 '‘and 't o a capaci tor

The capaci spéwd @FFi 54“9{6&%&'51@3&‘1%@&&98&]&( r3o@lk Queﬁﬁﬂ% dﬁ%e\glé{l??g)é and

electric potential difference between a ga eectrod
region) of t becledll el GTRY GyARE BRIy fT 405 is in a
non- sel ect ed@state (of f- statgy tet %ﬁﬁeﬁﬁﬁeﬁﬁougﬁ -6 Structure in which

th t 408 t h :
nventon i s not TeRCPeiide b 3 Robie MERRHIRR o s onkios e sRurose
20 it th f

Fegi on and a“ iy ReCS 0 Yo il Horth? ByeRidtines ] b Ciinigtt ucluiPe
B wni et RASRiec 00 QY of S alreut A BB AT r gt inG rest b eabeie tegeiThe
power sour Cepsﬁﬁ%%il ine VI is connected to the capacitor 408. 25 The

organic EL e 07 conprises an anode, a cathode, and an EL |ayer 22 .0

3 2005 forned bet n the,.anode d the cat hode. t he anode i s connect ed
to the source reéfb dﬂpdﬂ?ﬁr?lﬂé)fgﬂeai’lﬁef léﬁh‘?ﬂ’nlﬂré‘gEi Befepasice ppmped @05t hen

t he anode beco elrm ﬁlléwelg de and t he cat hode becones an o'}lgposyng

el ectrode. - %Se‘fgw’tf: g ot higde- M Latoplgecedsgol hetsnatobing TEL 4§ isn or
to the drain r of the EL driver TFT 406, then 5 the cathode. becones a.

pi xel el etk rSQfEJ% P ReBat¥gna H@@&r&%@a‘?ﬂ%@ggﬁ@ sigriablineodé to &y).opmesifng

electric potential is inparted to the opposing el ectrode of the
a source region and a drain region of the switching TFT 405 is connected to the source:

signal line S (any one of the source s1gnal 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 TET
406 When the switching TFT 405 is in a non-selected state (off state). N‘ote 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 thé EL driver TFT 406 is
‘connécted to 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 element 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

22




organic EL el ement 407. Further, a power source electric poggn%‘ﬁﬁl 2008

i nparted to the power source supply line V. The power source electric
potential and the opposing to electric potential are inparted to the EL

di spl ay, which uses a driving nethod of the present invention, by a power
source fornmed by external 1Cs or the |ike. The power, source elecgtric
potential offormed pawern dit rredesmddhy cP‘ihﬁge-i éth‘g'ﬁif’ﬁ?% ﬁect?“ﬁ?etﬁ‘ﬁt(é I
potential having an electric potential difference with the opposing .

el ectrode orregiengr xihe deaie Fegione! tha ELgirisn [ TH06 cthenihn anode 85‘3‘1‘?@% Pigglen

t he power source electric potential 15 is inparted to the pixel electrode
of the organtlectmde andtherathotls bspernes anopRasingleciads; Cpnyersely,dihg cathedsy i s
necessary for the pixel portion for a case where the amunt of |ight

eri Lt ed per iacemeotedith Ghesonete feEioBOD ta e dain Fegionol By BLAVaIGARS, ghen

di splay at present. Therefore, if the screen size becones large, it
becones disf ftheutdthdde beodmed at ppocedi dectufdet hrd checandde pescemasi ah PpIRSHIERd
fromthe power 20 source forned in the IC by a switch. In Enbodinment 1, the
power sourceeledtagieri ¢ potential and the opposing electric potential are

al ways mai ntai-ned at a constant level. and it is not necessary to control
the size of the eleepposingeleetid pdtehtiglais timpafted o threoppoiveg cleowode of drared
in the IC by using a switch. This is useful in achieving a |larger screen

si ze panel . @fadibElssleteht 407. Tufthéfa powkrisbercEblecttid paenti#l s dfifarednio tige
formed using 23 03 ! AR 2005 n-channel TFTs or p-channel TFTs. However, if

the source rggié@solfcet MPpHr BV €U Power sduliee Electeiici porentibl ind @ite bpposing
-.connected to the anode o? the organic EL element 407, it is preferable

‘that the gL @eivipotntalfe iﬁx?aﬁe@t&ih%@[?ﬂisﬂ'ﬁ , whightuRes a diibidghaethodrofehe
region or the drain region of the EL driver TFT 406 is connected to the

cat hode of thes&yd@aabs, Gle PHREEHurdOfGrmbd 89 ekierha 106 of @it Thapowee EL
driver TFT 406 be an n-channhel TFT. :

_ source electric potential 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/em’ is necessary rfor the pixel portion

for a case where the amount of light emitted per area of the pixel is 200 cd/m? for a
typical 6rg'anic 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 EE driver TFT 406 can be formed using
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The switching TFT 405 and the EL driver TFT 406 may al so havﬁ,% 233 ate
structure such as a double gate structure or a triple gate structur
addition to a single gate structure. 10 A nethod of driving an EL dISp| ay
of the present invention having the structure stated above is expl ai ned

next using Fig, 6. .l ig. 6, th ri ontal aX|s shows tine. while the
vertical axi ggﬁm%%rﬂ"%@ﬁgﬁ% PHEVY il s syremesion opih¢ draimeegion
First, the ga al is selected by a gate signal_input to the
gate signal Fﬁ};jé%%qutﬁfé%d § goryicgiedito thepnode iof dhe ergaeigiBL clkprent 40Bt; i n

this specificati %n that a gate is_Si gnal line is selected indicates that
al | of the s¥iREHrRjethatihadi. dbveicbl E406 beaimechpmme! TFgnFurthiendf dresopraced
in an on state. In other words, the switching TFTs 405 of all . pixels

(pi xel s of f FqEien Py the)irgisapgionof thedEkL HeiverT ET $0¢ iratoninected G thercattiode afi then
state here. Afirst bit of a digital video signal is input at the sane
time to tHe SfsriccEL) elegient 407 thes i6lis poeferabler that ahe &ir deived HA! 406 be an
driver circuit. The digital video signal is input to gate el ectrodes of the
EL driver TFEshaoel{H ugh the switching TFTs 405. The EL driver TFTs 406
are placed in an off state in this enbodi ment for a case ofthe digital

~ video signal haV|'ﬁlgeS\@itchlng&”ﬁmo&nndt]ﬁhﬁlmmrwmltt%&n@rQl@blhhﬁe@ﬁﬁlﬁ%hfé'
is therefore not inparted to the pixel electrodes. of the organic EL

el ement s 407stridur2Such aesddutble e songar of afdh E|gﬁfﬁﬁj&nﬂ-@ﬁngﬁdlhhﬁupég(ﬁ|!§: ‘
into which the digital video signal 24 0 3 IVAR 2005 having "0" information

i s-input do paitseuacturd.i ght. Note that, that a digital video signal is input
to a pixel, indicates; in this speC|f|cat|on that the digital video

si gnal i s nput’ tmmétﬁo@af@ﬁh ah FDAESs 1;515 y bitfe féﬂéﬁﬂlﬁver@onq{a'vﬁﬁrthggtﬁ&ﬁret he J
pi xel . s Conversely, the EL drlver TFTs 406 are placed in an 6n state 1f"|"

- information staedaboveisapldified Askt dsRigliab. &/ KHEG8gS6, Qﬂ@hon{&ﬁalmgho%%ﬁg
el ectric potential is therefore
while the vertical axis shows the arrangement of the selected gate smnal lines.
First, the gate signal line G1 is selected by a gate signal input to _the g_ate signal '
line G1 from a gate signal line driver circuit. Note that, in this Speciﬁczition, that a gate
15 signal-.line is selected indicates that all of the switching TF Ts 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 Gl 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
of the digital 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 thepixels into which the digital video signal
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inparted to the pixel electrodes of the organic EL el enents %OMAS a
result, the organic EL elenents 407 of the pixels into V\/ni@ il t al
video signal having "1 information is input emt light. 10 The organic EL
el ements 407 are thus placed in a light emtting, or non-light emtting,

state, and t firgth.line of pixels. perform.display. The gate signal line
@& is select 2’%"% Q%Ito ﬁ%gﬁmg?tqcﬁéotse 1#e as the selection of the
gate signal line i onpl eted. The sw.tchi.ng TETs 405 of.all pixels.

connected to the g%’fee%%&}g t g fdigtalsyidgpesi dngﬁ't‘}e@ PR Bicates; & g

the first bit of .15 the digital video si qnal i s input th t he second |i-ne of
pi xel s from tREFHAHM,T t&gf’a igpigladeo signal g, ingut toghe gate qlertrods of th; Qraamic
lines G to %{%}[e thenéel ected in order. A period until .all of the gate
si gnal 'lines Braf apbthediselt ed, and the first bit of the digital video
signal is input to all of the_lines of pixels is referred to as a wite in
period Tal$ 20 Nofenverselyathsdd; &river d5hstthe arsadacediingn or stetedf W informatipar i od
Tal until the beginning of the next wite in period to _appear (Ta2 in this
case) is ref éy¢oatpmed iaghedigiebyideysigeali dHe mower soures algdtmiepotantisd 1s therefae
begi ns when the display period Trl is conpleted. and simlar to the case
of the witelmpangesd fotheTpixel glectrodest ¢fethgarganie FlatletmentssdGi: eAs el estledthen 25
order. The second bit of the digital video signal is input to all of the
pi xel s. A perigaiCBLEISH#MR 400 @5 thdpizelgintatverich te degtadndddn dignefl hhhimgdilgi t al
video signal is input to all of the lines of pixels is referred to as the
wite in periufdriigion i ipput aubt figlwn t he begi nning of the wite in period Ta2
until the beginning of the next wite in period to appear (a wite in
‘period Tam i n thi $heasginic ELr démented0¥ aratua pldvediis pllait pwitting ofrmdn-Hdie
wite in period Tan begins when the display period Tr2 is conpleted. All
emitting, state, and the first line of pixels perform display.

The gate Si‘gnal line G2 is selected by a gate. signa'l at the same time as the
selection of the gate signal liné 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 pe;r'iod until
all of the gate signal lines G1 to Gjr are selected, and the furst 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 selectedv in

25 order. The second bit of the digital video sigﬁal is input to all of the pixels. A period
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of the gate signal lines are then selected in order, simlargt se of
the wite in period Tal, and the nunber n bit of the di gitapsgi?@@gzéf&gnal

is input to all of the pixels. A period through when the nunber n bit of
the digital video signal is input to all of the 10 lines of pixels is

referred to gs the ite in jod Tan, A period fromthe beginning of the
wite in per%{%f~1 Ww?fhhel SePT‘nge%’é ihg a@@* 8 Sinal 1S4piktq ﬁ?BfthedquScPf
appear (a wite i,n period Ta3 in this case) is referred to as a divided

di spl ay per i Bycsistatcmedin ashomiteimpeniad Ta2.4, .. Tr(n-1) appear in order
when the divided display 15 period Sl Trn is conpleted, and the

correspondi ng bi tABfriphEow;the beginying efthe witglin periodsTaR wri e haginrting of thee

pi xels in the respective periods. The wite in period Tan begi ns when the
di spl ay per i Bt Wigia 1n perigd ¢o appesr éal writsiiniperiod {lantih¢his a8se)ds refamredus teai n
period Tal, all of the gate signal lines are selected in order, and the
number n bi tdigplay peried §r3.al vi deo signal is input to all of the pixels. 20
The period through when the nunber n bit of the digital video signal is
input to all of THeewtiteiapedbd ffiardeginssviienfthe dpldypepipdthe iveoihpleted. peni od
Tan. A period fromthe beginning of the wite in period Tan until the

begi nni ng ofoft the gateesipnairlines arenthpr seledtddonappeasinildigo Whé tasel oF thefirdd ifal |
of the next frame period in this case) is referred to as a divided display

" period S2Tm pétodWileahdihic nuhitbeth bitdFdheldigRhByidpesi Qi%pﬁifbﬁﬂé‘f&l@?iﬁlﬂi ded
di splay period S2Trn 26 AR 2005 conbined are referred to as a display :

period Tm agetichgeosgiwhen tesphieed biteithabigial vilbesighsiak Mpub Ry AIPGSthET |

to Tmare conpleted. A period for displaying one inmage is referred to as--.

one framaopelineddfipitdls istrBRrdiny b the WO mebioiampPr esent invention. Wen - J
one frame period 1s conpleted, the 5 next frane period begins. The wite in

period Tal- then appesssfragadhdbeddfting BEHRRAVR it pHRLTAAGHA MO IRiE of the

repeat ed. _
' next write in period to appear (a write in period Ta3 in this case) is referred to as a

-divided display period S1Tm. )
Display periéds Tr3, Tr4, ..., Tr(n-1) appear in order when the divided displéy
15  period S1Trn is completed, and the corr33p6nding bit of the digital video signal is
similarly input to the pixels in the respectiw}e periods.
The write in period Tan begins when the display peﬁbd Tr(n-1) is céﬁnpleted.
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 pLxefs.
20 The period througi: 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 ofthe 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 S2Tm.

25 " Note thatthe divided display period $TTrm and the divided display period S2Tm
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LD
In Enbodinment 1, it is necessary that the sum of the |engt Hg 3oﬁ%l Zﬂﬁs‘w t he
wite in periods be shorter than one frame period, and also that the ratio
of the lengths of the display periods be set sucht hat Trl: Tr2:
Tr3:...: Tr(n-1) : Tm=2: 2" : 2'- :...: 20.2 10 : 2"'. The desired
gradation displ T0N ragdations. 1. to 2" n be perfornmed by conbining
the displ ay p%“?W?ﬂ%f%ﬁF‘g'%ﬁ %31581%[9359@8&% a pixel during one frame
period is determ E?Gd by fi ncg n% the total sumof the |lengths_of the
di spl ay periods difaenPagsi@n aendsplayethmberall of deehisplay peRedypisieto 't axe
light within the frane period. For exanple, if the brightness 15 for a case
in which a piseamwleadt & nerigdfordisplayinglone dmageis refesyaddy 2p ope Hase peAied Fin= g,
is taken to be 100% then a brightness of 1% can be expressed for a case
of the pixel thegfivingmesthodypfithe prejentunyengion; Whencoreframepetiad ibeorgpietask theof
60% can be expressed if the pixel emts light in Tr3, Tr5, and Tr8.
Furt her, the ntxsfhrew psupd begingr The vrirgrimpsricdobalathen appeays egaimrand o above
exanple, 20 it is possible for the display periods to appear in an order
of Tr3, Trb5, swmteqd operaticifstaze répehtedwi t hi n one frane period. However, it is
essential that the divided display period S 1Trn and the di vided display
period S2Trn, cor ile&abedimenttlo ittih aesasary thatitles sum lbif thedengthe of ali of tiel wiiedeo
signal, do not appear in succession. Note that, although the sizes of the
power sour ce ialperibds e shotterthaa bnafrdme perio@ mndpxesthagherant ¢f the leatdvbif dle ar e
al ways fixedi n.Enbodi ment 1. the present invention is 27 0 3 MAR 2005 not
limted to thlisplayipericsis besefuch et folveTrSoTi3ce.. eTe@t i: TrpetEnel st :and2the

~.opposing electri-c potential may be maintained as the sanme in the wite in

period. And t:E!paherdesisalipmdatdredisplag apuinenéraddti@nd 02 elnest pérforprtait i al
of t he opposing el ectrode may always have an electric potential difference
-such that theoaitgaing¢hddlisglagpenbds.em t |ight .when 5 the power source

electric potential Is inparted to the pixel electrode of the organic EL
el ement at. the sametdra®@ting difiRaywd e piRePSriftohs FaMFYeeiodds determined by
.- finding the total sum of the lengths of the display periods during which the organic EL
element of the pixel emits light within the ffame period. For example, if the brightness
15 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 pixél
emitting light only during Trl and Tr2, and a brightness of 60% can be expre;;sed ifthe
- pixel emits light in Tr3, Tr5, and Tr8.
Further, the display periods Tr1 to Trn may appear in any order. For example,
20 it is possible for the display periods to appear in an order of Tr3, Tr5, Tr2, ... after Trl
within one frame period. However, it is essentiat that the divided display period S1Trn
and the divided display period S2Tmn, corresponding to the s.ame number n bit of the
digital video signal, do not appear in su.ccession.
Note that, although the sizes of the power source electric potential and the

25 opposing electric potential are always fixedin Embodiment 1. the present invention is
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In this case, the wite in period is not included within th@gjmﬁlg%5
period. The display period corresponds to a period fromthe conpl on of
a wite in period until the beginning of the next wite in period to
appear. For exanple, the display period to Trl is a period fromthe

conpl eti on of MG LN I il th ext wite.in.period to
' apggar (for élfgnrrgllﬂg?tbrg%i z;[P ? eSirzg%jHgai\ﬁﬁmérisﬁarﬁgrePeocglcr%?t?nﬁlﬂ and {5 OBPRSINGy th

t he above str, : ' : | Splay su as.. pseudo ontours,
which are con g%?f(r:gulg%t gﬂ'?aril EIE#%‘:I %@P&&@ﬁﬁiﬁ? @%n%?(\tge Wﬁegwe&’(‘?ﬂeﬁﬁatth%ﬂ@"’é‘an
be prevented | . sible .15 Note that t hough in Enbodi ment | the
di'spl ay peri Séﬁ‘%%ﬂ?fs‘%%‘%’%@ga?%féemcP%%lab?ﬁlﬂaemwﬁﬁq%gﬁ%mw@wmr rn
and S2Trn, Embodinment | is not. limted to this. There may be.one display
peri od whi chf& H Siegtss P%ﬂt’a{ ?}F%F%CF pychhatthe graapicidy plsaentsmmit ightrwhen
divided. However, it is preferable that they be divided in order fromthe
di splay peti GiF ROYH SOBBREISHIS Botemilipisararisiito theaesl placrods of e apem Fad
havi ng | onger. 20 |l ength. Further, it is possible for a desjigner to suitably
sel ect the nﬁ%ﬂtﬁ?g‘&isﬁ@i%“@ﬁw1@!P§@Pé}8‘?§’@mlﬁé¢< but it is preferable
that the-anount oipthe di vi sions be determ ned by the bal ance between the
driving speed of & HiSFASsythgaviitgdn padod Weﬂqtenﬂlud@f;Wﬂhmﬂha}disptﬂyapeﬂoﬂ. GFhean .

i mge. Furthernore, although it is preferable that the |l engths-of the

di vi ded di spHiplaysriodcomgspansis ite 8 peniad fipm thet drenpsienien bf & vatte ihperdod)inhil

vi deo signal be equal, the present 28 0 3 MAR 2005 invention is not limted
to this. It fhebrginningafthewnesaite jn phriod theppeangFbsexaintifiahe displayesbriod

di spl ay periods_be the same. [Enbodinment 2] 5 In this enbodi nent; the
st ruct ur el%f Tal j aperigsbiroingthe cbmatetioh afitbpiwaite inpértdd Tebohticthe hbgt write in )
| um nescence of the organic EL element and a driving nethod is explained
usi ng a t hr epetiod o dripenr (fonecingiler Tad) after d wiitedagoripd Tall s. '

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 visibie. |

15. Note that, although in Embodiment 1 the display period Tm is divided into two,
the divided display periods S1Trn and S2Trn, Emﬁodirnent 1 is not limited to this.
‘There may be one display period which is divided, or a plurality of displz;y_ 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 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 the drivin‘g 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 6f thedigital video signal be equal, the present
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The pi xel portion 501 of an EL display of the present inveptyg i s shown in
an enlarged scale in Fig. 7. This pixel portion 501 is pr@\%miﬂ%:
source signal lines to (S 1to Sx); current supply lines (VI to Vx);
witing gate signal lines (or first gate signal lines) (Gl to Gay); and
erasing gate signal_ lines (or second gate signal Ii nes)[gGel to Gey).. A

pi xel 505 i siVEEIGHL; i lgpttedhtq thigr d iRt slitiks saerssiryithat bisdereths of the
lines (S| to, Sx), one of the current supply lines (V1 to Vx), one of the
writing gat edi¥idedaisplay peripds bedhg satee.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 matri x shape. The pixel 505 is shown in an enl arged
scale in Fig. 8 1In Fig. 8 nuneral 507 designates a switching TFT. A gate
el ectrode of [Bmheodmentchi ng TFT 507 is connected with a witing gate signal
line Ga (a line anong Gal to Gay). One of the source region 20 and the

drai n regison of tlhehbwnishiimgn B §0xtire afonpxel pattion ol anHel doplaye vditgnal
line S (aline anong Si to Sx), whereas the other is connected with the
gate el ect r ocomtl thalunthesdenoeant tHe-argafis Elaclempaizindardride methed idexpéaodd

pi xel and the source region or the drain region of an erasing TFT 509. The
capaci t or S5lhkinga girey thde dildharansBtaripsoviged heegghtpdxainl t age of the EL driver .
TFT 25 508 when the switching TFT 505 is in the-unsel ected state (or OFF

. state). In this ZPhefixd pdtfio O0boLabBLli dispisy of the peestst inhawiontibehown in an
construction having the capacitor 512. to which the invention should not
be Iimted, d&lirgedecaAlORBFipUG! Tl PiREl PErtivABL ie Pravaded withasoRrdeignal dipaci t or
.512. On the other hand, one of the source region and the drain region of
‘the EL drioVe(SIt5SIEEuﬁ@ﬁtdu@pEzQBﬁQW!fﬁkaj;hvﬁthﬁggh%ﬁ@Mhliﬁh@@lrﬁ:sdgﬂ@s‘iédam i ne

anong Vi to Vx), whereas the other is connected with an organic EL
el ement 510. iddi§ (GHT {07 Bhy)S HRPEMsink Mate\sibBal GRIRE BStiseebnt ddie §iBRalIRRAFGED0 S12.
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 scalg in Fig. 8. In Fig. §, numeral 307
designates a switching TFT. A gate electrode of the switching TFT 507 is connected
with a writing gate signal line Ga (a line among Gal to Gay). One of the source region

20 and the drain regidn 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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O the source region and the drain region of the erasing TFTY 0@ {}gfﬂthe
ot her hand, the one which is not connected with the source fegi ﬁ“ fohe
drain region of the 10 switching ITT 507 is connected with the current
supply. line V. Mreover, a gate electrode of the erasing TFT 509 is

t edembi e si.gnal line Ge (a line Gel to Gex). Th
o oant o stebfinia, 305 3n88hng A Buckion Bavife 18y capaCiions 12 i iialy e
f d b ‘ hade. th de_ i ted with
the s oaVERfor PG Bt 3t Hetonititiion mey Bt moglfiad ot hgpBet h

anode act g, 8.1 | xel el ectrode whereas the cathode acts as the aqpposed
el ectrode. ere e cathode is connected with thé source region or the
drain region O(If) he EL .dri.ver -'Il;FT 508, on the contrary, the cathode acts
as the pixel erB®HGURI hnd,meofthrsourrsdesiqnend the draia regipnefilie Fil diiterode. 20
The orgam[}g gh el ement glo is applied at its opposed el ectrode with an
opposed pot SN isgonngeied sGdrthe cwizent supply line Vilefine merong \Bktodée)) whisssagppos ed
potential jand the supply potential is always kept at such a level for the
- organi c B Eonnsciegnvite s ergapieBL element 50y Thetcaremeduppsy RpVigd to
the pi xel ‘el ectrode. These supply potential and opposed potential are
appl i ed DSPOPRECHFHIBY the sapacétonilzh i s provided in the EL display 25 device
using a driver_nethod of the invention by an external .1C or the |like. Here.
the 30 2005 pdwkthesoumceaegion ant theoppinsegionatfahs erabingi THT 58, 08RRE baldry
call ed the "opposed power source 511". The typical EL display at the
present dtang Fonegdueh iscot coimaectedawith theeyvtraefregiva e tidd dratlY ePonsiitht he area
- of the pixel unit where the |um nescence per the 5 |umnescent area ofthe
pi xel 1Ps s¥G@hing FBT SW'isft@nﬂewtedamiﬁiﬂled@@&ﬁﬂﬁi}aﬂiﬂﬁnh@.@%m’e&}@ﬂ'%f%%ft@’ -
beconmes the nore difficult to control the |evel of the potential To be
appl | ed }‘ﬂlm'ﬁuoldh of poversngUTER 509 i$ btneled Wiitharl BRsmW datdsighd) theGE gy ent i on,

e supply - - . _

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 Where_as the cathode acts as the opposed electrode. Wher'e the cathode is
c'oﬁnected Mth the source region or the drain region of the EL driver TET 568, 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 oppésed potenﬁal and the
supply potential is always kept at such a level for the organic EL element to luminesce
when 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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. . SQ’* 44T
potential and the opposed potential are always kept con én%iﬁﬁaﬂ}%t he | evel
of the 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 having a larger screen size. The switching TFT 507, the EL dri ver _
TFT 508 and the_ erasi FT 509 to be. her.. t.h chan TFT or
the p-channef® “f?‘lsoufﬁ?n@ﬁg’ o?ﬂ?é’?e‘#}%%afmatlﬁgﬁ%é:vﬁ g%“ﬁ?lﬁ}’ ca'Hf? @bﬂ’ptoﬁ% Eﬁ griver

TFT 508 and the e{ﬂf,l ng . TFT 509 should not be is I|mted to have the
si ngl e- gat e ¥YF e but may have a nmulti-gate structure such as a

doubl e-gat e stru e.or tr) e structure, The drive nethod of.{he
EL display devic B’BF‘&I%& fhégllﬂﬁég BSPRStagEcis gReMRCd r%ﬁﬂeg% C“Veflfo‘?’%

w Il be described with reference to Fig. 9. The axis_of ordinate shows  the
time and t hesexsral BA/GBspes e argvRl tl}?ep@r@kmtowh@ie theghyminescgpen Pes fee 20
At first, the display period Trl is start(;d at the pixels of the first
line,- t he Swrivmingscerfzarea OF ghmpixel §2062¢d/md. ) the sexeenisizs hecomes theglaggare
~signal (or a first gate signal) to be inputted fromthe witing %ate

si gnal |ine ‘@erefexe, &ibecgmtes (the indre |diiStcnkittedontis! theelaxe]l of the pejameéalstoghral.
line Gal. And, there are turned ON the switching TFTs 507 of all the

pi-xels (i.e. applied fmnxﬁiesaoovertsmgw pf S 10, with thhiwitcharle thoimvention thw suppihe |
wiring gate signal 25 line Gal. 31 AR 2005 Sinultaneously with this, the
di gi t al "vi demoteitigh aindothe hppbsadspotbitial aas alwayutiepd chnsant. tid tisolevek of itlgmal
line driver circuit 502 to the source signal lines Si to Sx, is inputted

t hr ough t he potestédlitcbe dpplicidron thetgoeveEkowtce wEthe TE hebdBot bElventtoled withwheleo
~.signal has the information "0" or "I", and one of the digital 5 video
‘signals "@" switchlsdthat the ibentivo is gl foercalising hgantiiewileslagger lsoreen aldeage.
In this enbodiment, the EL driver 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 element 510. As a result, the
organi ¢ EL el emerTheashirchine WAT G071 the EL driver TFT 508 and the erasing TFT 509 to be

. used may either the n-channel TFT or the p-channe! 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 \-with 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 (of a first gate signal) tb 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. - S




digital video signal having the information "0" is inputted oes not

Iugi nesce. 10 Were the digital video signal has the mfornaglwo?ﬁm?'ilzﬁ%on
the contrary, the EL driver TFT 508 is ON. Therefore, the supply potential
is applied to the pixel electrode of the organic EL el enent 510. As a

result, the orgaSigunedusyeith tﬁikomch%tﬂi‘bﬁ@o Elgﬁald}‘iﬂ%{ix%jt bl\f' grgxﬁaéz%feg

hawngthelnformatlon "1"7i's inputted, |um ne s
the d Adler BRSY
ﬁ;_?_r 208 |GS Ittgéfén?criwgzl zg\/lﬁieere tﬁe dll{glgl?za 0%8 eo S|{&ﬁnaﬁh% é‘ftr??’T ﬁ%’ﬂ’rﬁ?‘i{ |
! the invention is not -
it 10 TS Eonstrett o HEVEL GHAPHERSHE: may Do furnod O where
the digital videqpugi vlﬂ:?e% r-neti o R et rned.
wher e ?he di gi talqh ?la gnalé%gs%]ﬁ% H?Dﬁfn?ﬁ%gpoﬂr ﬁsané?n?{qﬁghe dig ltlals 9
si mul t anepu put, ' tal, videp s g eplxe
tlhe fi rsjt) ﬁ%eg‘%%x{%&i@gdgﬁlg Egg %Igﬁe _eLBVt{TB tﬁ??@g’égasn I}:P;ﬂ;}ﬁ’ Fﬂi@e? and
t e witin
gare s onal 1 nettd® Filbeldfe BERl ArvenbF 5a0k s ORBrubere theditel vidceeizpet ed
i th hing TFTs 507 of 25 all the
b xel s conn et BoRpn 8" Thesehiy 5t&s%ﬂfm?gﬁ%ﬁu}aﬂﬁ@omplmdemtthimi -
d deo signals of the first bit are
TESLJ 23 f o%f ﬁb%’%@gg’ Ig‘iég@o& qqeﬁ'élta ®RTeamc ELotlement$ hdo wmqtdeﬁxlelsi
Sx. Then the wi ignal lines Gal to Gay are sequenti-ally
tsgl e)ét ed god’tﬁtﬁ “dFﬂél%‘P&%‘g?g edatprEiagen"Q" isfinpyted; dpe natitumimesce.nput t ed
to all the pixel time period till 5 the dlgltal video signals of t%h(ﬁ
first bit’are mﬁ‘{h% & Getnl videe signabhas the infesmanion by qnethec;mmﬂi‘aily rt]ulenELhe
pi xel s of e C.h l'fF"Eép%he timng of starting the witing period Tal has a

time differ HE%f AePN. t’ﬁbertt‘fqré thesipply gotdntig] tstepppied b thespiselsgleayideg

o f ed the displa
Is referr o% the organic I%ment 510. As aresult, the organic EL element 510, to which the

digital video signal having the mformanon "1" is mputted, luminesce.
In this embodiment, where the digital video signal has the information "Q", 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;e() signal has
. the information "0", and ﬁlay be turned OFF where the digital iridco signal has the
info:matioﬁ ", |
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 wntmg 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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period Tr. For exanple in the case of first line pixel, di jod Tr
is started to sinmultaneously with the witing gate signal 5@?‘%@2?@@0%,[%_

The timng of starting the display period of each line is different.
Before the digital video signals of the first bit are inputted to all the

Phe er st ng Gatd Sigindy AL ML REIHRRERT A pENS B e hobi it S "
i nputting of the di f}al '?e signals of the first.bit to the 15'pixels,
with the er a%”?-‘F@%@% @F@%!ﬂ osﬁ‘r the second gate signal) which is inputted

fromthe erasing_gate signal. line driver circui not 1l1lustrated) tq the
erasi ng gate si gndity ?lhél yng gqtﬁélrg,na]tlﬁg,sgaégp y eg&}@mbqﬁfy efecg e“"?ﬁ%‘%{a s
(i.e., the pixels of the first_line) connected w t he erasin at.e, .

Sl gnal |1 ne B Kl videsignel ofthe A bHA WRTSH e PAEISy (5% 8 deahal
supply lines VI to Vx is_ap?lied to the gate el ectyode of thtﬁ EL.driver .TFT
508 t hr ough thedigit videgsigngsrofithe Giost biyass mpyted iyl Tg'eﬁ?é%%ﬁﬁ £ Wrilingpsriodq
to-the gate el ectrode of the EL driver TFT 508, the gate el ectrode and the
sour ce regi ohialof Intthe pistelsiof cash lineTtisggningled staang higavriing Beriodhi 2k Bas Hmet he
gate voltage iis at O V. The EL driver TFT 508 is turned OFF. Specifically,
the digital diffigemcei gnal, which has been retained by the gate el ectrode of
the 25 EL driver TFT 508 after the witing gate signal line Gal was _

sel ected with theFusthiet,i thg tB8e PerBodhRIEDS piatlds disphaing isgetarmeddd thy display
applying the supply potential to the gate electrode of the EL driver TFT.
As a resul t,pdrivel SupHor mimgi¢ iimlthe sageoof fpyllinsdpixel, tdisplgy petio@[IEcis stattedof
‘the organi¢ EL elenent 510, and none of the organic EL elenents 510 owned
by the pipel Smubthnéduslyf withithd imniting \gatensdigrad Gad ds stlatted hd hgitimming offstarties hier st
i ne do not display. 5 Wien the selection of the erasing gate signal line
Gel is endeddisphypeNed of tdvh lieriadiffirentat e signal line Ge2 is selected so
that the erasing TFT 509 of all the pixels (i.e., the pixels of. the second
| i ne) connected vBéford the degias ivitgogidnalssifdgrafirst binere@ities! to wHleglpixeloNhatien,
- the supply potential -of the current supply lines V1 to Vx is applied

t hrough before the writing 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 secoﬁd gate signal) which is inputted from the
erasing gate signal line driver circuit (not illustrated) to the erasiﬁg gate signal line Gel.
Then, the erasing TFT 509 of all the pixels (i.e., the pixels of the first line) connected with
the erasing gate signal line Gel is turnéd 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 v_c_)ltag'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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the erasing TFT 509 to the gate el ectrode of the EL driver W@B en
the supply 10 potential is applied to the gate el ectrode ofthe r g@%er

TFT 508. this EL driver ITT 508 is turned OFF. The supply potential is not
applied to the pixel electrode of the organic EL elenent 510. As a result,

none of the ' : . 510 owned the pixels of the second |ine
| um nesces t %ﬁ%ﬁ%h%ﬁégﬁ g éy 1§ WhiSuRP 'tﬂapt?)‘}t{%he e tyy 2atp elegcednaf thaELdo

not | um nesceg,.: e t he erasin ate signal is jnputted sequentially to
all the er as?ﬁg&ga 2' srlll Sg%’é Suﬁ‘l &‘ﬁéggplg'ﬁ’é’t‘?qﬁﬁ‘glsﬁ@ﬁiaﬁﬂhﬁ 1 thgpixel pleceede phithe

gate signal |ines to are selected so that the digital video
signal s of t H’égalni‘?g'ﬁ %‘?‘Pe‘?‘ﬁﬁr ﬁ'é‘gm?ﬂﬁ %ﬁcthe PReani; Kb|elemenss 810 owaed by threpixels
"erasure pe-rifﬁld %%_ L. 1n each line, the timng of starting the witing
period Te ha&®! e fisblinglumigesass so thag the pixels of thenfirst linedo hat displey.pi xel s do
not display is referred to non-display period Td. For exanple, a pixels of
the first 1ine, tMNeedEssslechen ofdheretasing gataisignalilind Gahéoesded, mobesvet e
erasing gate signal Gel is selected, to the non-display period. Likew se
the di spl aySifemedate signalilingGeg istselectedso tut thunerdsing THT $05 6l thé pBRISilei ne
is different. Before the digital video signals of the first bit retained by
alt the pixefts pixels of seessecon@ dingheenriestedbeifiothe drdng parui @Gt GE2Teluingd .
ended, on the_ other hand. the witing gate signal 34 0 a MAR 20005 |ine Gal
is sel ected S3hiFhen, the supplnpoteitig dfahecnranalpply aes 31 @1 vitist pplie daRSHT €
of the digital video signals of the first bit retained by the pixels. -
Then. the di Bleteassing T€3 Htoathe garfeledimds oF tReEDI drivak TFMNHOE. t Rheh Qhd BSpply

pi xel s of the first line. As a result, the pixels of the first line : )
- di spl ay aljai potsntiallisapplicd tote-giespitasodpof ileEITalivér TrNshad thiSET REvEl TET 508 -
period till the \%/rdiZ;}iqungeriod which will exist next (in the case the
““writi-ng perisgum .sThe aupisid pbtepitial ReonapliddtoRBE bRE r 5
the display period Tr 1. Next, pt he di spl aym?)eri od T‘PZ }gﬁé%rgﬁ ‘Z%ﬁ%tg?‘gaﬂlé
writing periBH elefentAnd. @ 4 fesulsatbhe.ofthd o@hnic L WehidnROs GpbEncd 9P@e JikdlE

is selected sequentially, and digital video signal of the
of the second line luminesces to 'es_tablish 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, befdfe the erasure period Tel is ended, on the other hand. the writing gate signal
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second bit is inputted to all pixels. 10 Before the digital éi dgﬁgﬁsj‘%als
of the second bit are inputted to all the pixels, that is, éf e £
witing period Ta2 is ended, on the other hand, the erasing gate signal
line Gel is selected with the erasing gate signal in parallel with the

I nputting of «+h .0l t.al, .video .signals.of the second hit t he pi xel
Theref or o, ndRBGH if neited SRR BT et Sie R Rt dlel B Frbld o e

| um nesces sq.t.hat. the. pi xels, o first.line.da n display. 1 .
Therefore, t ﬁ@%ﬁ?ﬁ%‘%@ﬁi Ocﬁherﬁ# Fg r“é‘ﬁ’é‘@@l by FpetfPiEngi %?% ﬂb&'@ﬁ%‘ ‘flg?%ﬁlg{l?lﬁe
to a non-displ erjod Td2. Then, al| the erasing gate signal |jnes Ge2
to Gey are s@&fa%rﬁég%ﬂ 1t &g @E?%@e@éh?ﬁﬁieis Qfﬁge %Fﬂihgﬁi At?i%@é‘% ité‘hﬁ]@ko‘?ftf‘ﬁe
second bit retained.in all .the pixels are erased,_The tine period till the
digital vided¥ilgealispley agaipsedrbhe nonrdisplay perded B¢l i gndege pi xel s are
erased 20 is the "erasure period Te2". Next, the display period Tr2 is
ended to di splay pBetimeperigd tillithewrisiag patied which witliekishaexg fndhecaga e wrikag
are sel ected sequentially, the digital video signals of.the third bit. are
inputted to RETIOHTRR) is staperdram theewrilipg peiod Tak s sartpdals sheodisplme petivd drbi t
are inputted to all the pixels. that 25 is, before the witing period Tai

i s ended, on the beXeihhdiaplay praod a3 isrgartedite aswigtieg périoeI€h And 2908 Bate.i s
selected with the erasing gate signal in parallel with the inputting of the
digital videB ofitpiaritingigatersignahling ivselectesl seiquentially| and digialiefideesignainef thé
the or ranic EL elenents L owned by the pixels of the first |ine :

| umi nesces -sé&eqondtbitinénmpitiedltg alfpixdte first line do not display. Therefore,

. .the display period Tr3 is ended in the pixels of the first line to a non- 5

“di splay period TOBefdrethe digitaltvieoesigminef thaseroad ditate inpoesd ©Gall the pleys, die -
sequentially.selected so that the digital video signals of the third bit
retai ned in &, befdrethe weitisg perdodcTab mdndddi@nttheether hand, the erasing gate signal line
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 There’fore, 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.cebted 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
.writirig 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 p.ixels-. that
25 s, before the Writing period Ta3 is ended, off the other hand. the era.sing‘gate signal line
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period till the digital video signals of the third bit retaﬂ@q‘iﬁlgyz%l t he
pi xels are erased is the "erasure period Te3 10 Next~ the display riod
Tr3 is ended to a divisional display period SITrn. Likew se, all the
witing gate signals are sequentially selected so that the digital video

Vi deo oi gnal Sebp® Rl BB ek Shllienh R, RSB Cpulin, & g feica

Stanal |1 ne apb SnRRe s 4R 8PP BN CrheR G i & harsinic Flrdrpeft
it . "R oo G BRI A el
Ther ef or o, 1HSPRY < ras FerPe fish HREOR 1AL et Mt miers Ogediel inatow tame
to a non-gi :@éﬁéﬁgeti&gdgd& 20 Then, all the erasing gate signal |ines Ge2

to Gey ar FIAP el ected so that the digital video signals of the
n bit retained in_.all i)a_le pixels are erased. The tithe period till the

digital video signgPsalbtheasing gate sieaablings GedtoLiey arpseqotsinlly selected se duiti s
the "erasure, peri-od, Ten". The aforemnmentioned actions are repeated till the

digital videbe gigjiphvidegrsignads phherthird bityetaingin aipthe pikelsoare fesaspilx dlhe. time
that the display period Tr. the divisional display period 3 '6 0 3 MAR 2005
STr and t he Ffawddilkthejgigd vidne signalepbtie tihdbit relpmed byradbthe pikds diesgrhsed is
period Trl continues fromthe start of the witing period Tal to the start
of the erasube "grasurggenied Te3tn the ot her hand, the non-display period Tdl
continues fromthe start of the erasure period Tel to the start of the -
writing périod (iNext, thehdisplaytpenipdp®ri ded efided] ton at tivisiomed edisplay periedt S1Tm.” .:.)
. appear. Moreover, the display periods Tr2, Tr3, - - -, and Tr(ml) and the
non  di spl ayLipewisedall Te2wrilidg gate, sigmals Frk( seghgntiully sehtted stieak yhegibRaviaes
| i ke the display period Trl and the non-display period Tdl by the witing
period Tal, sigls of the n biad iffamed to all the pixels.

Before the .digii:al 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

R

- period Td3.

20 Then, all thé 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 “erasufé
period Ten".

The aforementioned actions are repeated till the digital video signals of the m-th
25 bitare inputted to the pixels. so-that the display period Tr. the divisional display period-
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and the erasure periods Tel, Te2, - - -, and Te(m1). For CO‘-MW%

the description, Fig. 9 exenplifies the case of in = n-2. to However, it
is natural that the invention should not be [imted thereto. In the
invention, the value froml to n can be arbitrarily selected for in. Wen

the digital sreasd e Ah-Hisplayt Ise'ndar m ré;(elat Beirt fprehRcdO! TAVIADIay period Tri

parenthesized case is for in = - bit are inputted to the pixels of

the first |i ganticubes@nDineakst Qf'thE Iwnﬁﬂor Seriod TaﬂeroGIhé RlafYofftRE extagt?regieﬁgh%l
period Trn{n-2]. Then, the digital video signals of the n{n-2 bit

are retai nedgihb Bﬁle?'k?&ﬁhsth%'d&n &1§ﬁ gebr&?'rdy) ?ﬁ'ﬁ?lfés%%hggta}lh@f g%mﬁ%é

are inputted. Wen the di splay p are started an

the digital ?érﬂﬁpr?ls{&ﬂ@l %arP&fﬂnE%vr(dtm&’il %e{r{bdl gl Iﬁleb\krﬁuﬁ eﬁgg&a%@r?#{lg %%es ?ch

the pixels o irst Iine ‘T'deo sign

bi d t al I f
the (mi) Lo PRCRPERT Mot ﬁﬁéﬁ?ﬂa&‘@&#@t TR & T e R e e o
he 20 di spl T I
(1) (ol ] -t fopRy Islﬁﬁds B - Hong TR Gk AlanttOFR, S 83h80 Rl WlSitey

I ft t d
590l o BedPth oy I‘%I‘é.ae o RN R PP
[ ed t I f t i t al d I ft
(Y[t i '?%P%ﬁegao ni&hiver S @BEhe (Con 1o the digi tal videg
For the di splay paFT SREVFHEOGH t%ﬁv%@éﬁﬁ%%éfégﬁ?%%ﬁa Gt Shsnsd B 5102he
f t he di spl i 0 i n e
;.no[Jlt :relfghg?/ned Lnthe els till digital video _signals of the
‘next bit HrePPREUT: BdS DFE dﬁ%‘ﬁilea’iwﬁ’é‘i‘q"bg@ ﬁmtrbeﬂ]mlted thereto o JpythednvgRionnue

"fromthe starts he witing perijiods Tan -, and Tan to the

“strarts of tW@‘Iﬁf"‘r&té Té’rqﬁ?d’gbet% H’é"k’tlyéfﬂifé%f?fm%en all the display
periods Trl to Tm are en , e mage can be dlneﬁ)layed In the invention,
the period for on¥hFRdRe ‘tgHa]b‘él en gignaly efj thegndh [ (ned)-Hi{Ehe hileving parepiicsiaer!

(F)"

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 di gital 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 liﬂe, 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 signaIs of the next bit are inputted.

" When the divisional display period S1Trn 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'nbit. Then, the pixels of the first lme are displayed for the display period Trn. The
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After end of one franme period, noreover, the witing gate @Qiﬁ@%jﬁwe Gal
is selected again with the witing gate signal. Then, the digital==¥f¥deo
signals of the first bit 10 are inputted to the pixels of the first one
take again the display period Trl. Then, the aforenentioned actions are
~repeat ed agatifital idem@igaals of e mbithoeiredinghinatie peds @1] the digitali viges $iapils bhat
the sumof the lengths of all of the wite in periods be shorter than one
frame peri odhe pexthibare inpattei. spl ay period Tmis divided into two divided
di splay periods S 1Tm and S2Trn with the driving nmethod 15 of Enbodi nent 2.

It is therefore réwalisplaypedadts Tftri[n#ﬁng-tb&nﬂrﬂdﬁﬁtiﬂwﬁ*oﬁﬁh@@fah@@?ﬂfé@vﬁ&%g
such that Trl : Tr2 : Tr3 :...: Tr(n-1) : 2 x Tm=2: 2" : 22 :.... 2 2

2"-'. The dgsiriods Tagiladd) 0 add Tahay tiey8ets GF @RS plribs %’neﬁf .
performed by conbining the display periods. The gradation disp edin a

pi xel. dursng one Whairellpies dflaySiegiRHe TR BE P FeToTEeToWR of
the I engths of the display iSgrlb{(?ds during whi cﬁet%lﬁga’odr}%z;%(?%%%ﬁogltdzé@é%@bf

the pixel et inveitionitkdpétiddfor bhé BaRab e d; MRu%he Ednel
brightness for a case in \/\gi ch a pixel emts fs'rpg‘ﬁ{w%n ngq%?lgngf eepenod
~di splay peri@®ys, when n = 8, is taken to be 100% then a brightness of 1%
- can be expressed for a case of the pixel emtting light only during Trl -

Ty T 7 e oA o R B N, U e
P B LT ectgaB SR i 1 S LY
et e o, Wl RS o, o B S B oS B 5
oEl o P SRR MR 0 B SO ) e,
s Tt g " el R LT RS SSHimERE Y, ot Bl SR b it W™
: ' _of all of the write in periods be-shorter than one frame period. Further, the display period |
Trn is divided into two divided displa‘y periods S1Tm and S2Trn with the driving method
15 of Embodiment 2. It is therefore necessary that the lengths of the display periods be set
such that Trl : Tr2 :..Tr3 et Tr(ne1) :2xTm=2":2' 022, : 2™ 2% The deéi_red
gradation display among gradations 1 to 2" can be performed by combininé the display |
periods. o
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 brightnéss
for a case in which a pixel emits light during all of the display periods, whenn =18, is
taken to be 100%, then a brightness of 1% can be expressed for a case of the pixél
emitting light only during Tr] and Tr2, and a brightness 0f 60% can be expressed if the
25 pixel emits light in Tr3, TrS, and Tr8. = -~
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have an order so as not to nutually overlap. Further, it isdgﬁsgﬁﬁngﬁ@rable
that the erasure periods Tel to Ten have an order so as not to mutually.

overlap. 10 In accordance with the above structure, obstructions to display
such as pseudo contours, which are conspicuous in time division drive by a

bi nary code met hadis eentia (RAEY Gkt Heérada PRinr Wriing! 8. thAfbePBE bit of the
al though in Embodinment 2 the display period Tmis divided into two. the

- divided di splipitaPeidesdsonal ﬂoneamc@%ErBhoﬁePQféh@dl‘spl & berif@ i npt&@daefr&oref

this. There 15 may be one display period to be diVi or a plurality o

di spl ay perigdgsda@y it HeWatlROof thEBiBURber ntbel Svalie oﬁbll%hhﬂfghtﬂ%%é’ rite

di vided in order fromthe di spl ay per| od correspon Ing to t upper

nanel y t he dinsﬂyrﬁa\ﬁ Furt her it is possi bI e
ot ﬁ#ger 0

for a designer to swta y se ect t d| vi sions of the display

q .

82[ Ie?n‘i neg bylthia ah@éﬁ?g?a&é@{ %%hmrl Vi épeedhec{#éa gslggrleacgm é?i lt(:e
d th : th

pref erib{iqt‘haq%@flﬁlesf% %%%% o ?@eaé%?aﬁlsa% b TR rzzgﬂ ity

s not 11 mtBHbEEow, §m‘31 "9%%5% et g i e 55k rn%ﬁ@% Rt Pohe

di vi ded di ds be 0 h ff

fromthe hf%%@%%&@%ﬁwsagm FHRRIE Sefn T eEeb e?sa@geﬁ%m%é?ﬁ%%hgéﬁ%qﬂg

Wi te in perPBIPde SR HENE 25 Ot 80 PRBPGOSRHEALY PBIP- sum of the | engt hs

,of the digsplay riods, in one fra eriod (d atio ]S t her ef ore not

“deternineld oniy al"l‘?quaEﬁ%f"H&’o °Y£§tf\)\‘7rt}“{ee OE?F}/";?@PP% NBlay uehas pseudo

“although a structure Jﬁ shown in Enpodi nent, 2 in which a capacitor is .
formed in ortREHOWs. WRICHEES FORSRICUGHS Fhfg@e dpisipa drive by gy o0& methodgeare

the EL driver TFT, it s alsq possible to omt the capacitor. For a case
in which t hePrEVeRtFd figm beipg yisblsn

Note that, although in Embodunent 2 the display period Trn is divided into two.
the divided display periods S1Trn and 82T, 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.
itis 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 irnager.

Furthermore, aithough 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 .always necessary that the lengths of the divided display

periods be the same.
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LDD region fornmed so as to overlap with the gate el ectrodeﬁﬁw%@@% gate
insulating film 10 a parasitic capacitance generally referred to as a gate
capacitance is fornmed in the region. This gate capacitance nay al so be
actively used as a capacitor forstoring the voltage applied to the gate

el ectrode of the Hotelthay&iffdfils frdMAnE ARFRE HAIEST WAL Bintdim

f,e..: X
capaci tance changes in accordance with the surface area at |c1hltﬁ1%oség’tl%

el ectrode andotnfekelthOpeRsd airify W%e%?@a:ﬁ@ﬁi%%@né Ig%ltu léé‘&cbl%%ﬁﬁﬁtgp $ah the

value is determned by the length of the"LDD region in

over |l.appi ng . @G gy Dq!hlg r e t.he so e signal
I;/ne dﬂoi/e? (;??ﬂ gg?? ergnd th%ﬁgg%%éis[?gna Ir%ﬁﬁgf%gg%r%@f)?&lerlgﬁg@s ﬁé&.’a cﬁ%ﬂay
order to dri +HRE; N i i 4 are expl ained in

Embodi ment 3. pr et EbA AN PR b b fonk Bl eGP e deoedt otin
EL -di spl ays ofy,. EROG) t: 3. Fig. | OAis a source signal line driver
circuit 601 having a“shitt register 602,.a latch (A) 603, and a |atch (B)

604. 40 V 3 MAR 2 lock signal CLK and a.spart pul se SP are-input to
the shift regist e%&@aﬁﬁ?@ﬂgﬁgaﬁv@eﬁgﬁw 7 Fabgrinyeay 2dn sk a cepacitpnés
shift register 602 generates timng.signals in_order based upon the clock
si gnal CLK agﬁ?ﬁgﬂg{"%ﬁm m@ngﬁ g%lmgéﬁlﬂﬁﬂdit@%h@cg%e ¢lpetrods ofshefpldsvenEF T, |
after anot her.t 0 downs.tb eamcircuits through a circuit such as a buffer
(not 5 showit ¥ RISOROSH Eﬁﬁoe%rfu.”h‘?léaﬂqcﬁpﬁgl:%ﬁ ypasedn frloeh theeEE Wirfver TEF] Istsem
602 may be b r-arﬂ) ified by a circuit such as a buffer. The | oad
capaci t ance L9 lorogd 56t teqveslap with the gate glecimodgihrughlacate insutatimg film,
signal is sugplied.is | ar ge because many circuits or elenents are connecte
to the wi AGAFHE BRAIEANCE genesplherelenedipas o 2ats qapacitante b forthed sthe negibe. .-
rise and fall of the timng to signal, which devel ops due to the large | oad
capaci t ance. This: gate ﬁggaqlttan%wtalgq hepetively 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 .regioﬁ- overlap, and therefore the
15 éapacitance 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 lim;;
20  driver circuit used in order to drive the pixel pbrtion shown in Fig. 4 are explained in
'Embodiment 3.
~ Figs. 10A and 10B are block diagrams of driver circuits of an EL display of

Embodiment 3. Fig. 10A is a source signal line driver circuit 601 having a shift register

602, a latch (A) 603, and a latch (B) 604.
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necessary to formthe buffer. The tim ng signals buffer-arrplﬂ&’i%m %ﬂg he
buffer are supplied to 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 wites in and maintains the n-bit digital video signal

SR L 1 Mo ik i SNy SRSl (st

when the timng signa i nput . o-signal na

503 when wi £ g R HAGARIR i BL YoB aniePl iy b P fhcRinsg AR NiEhat
ol urali ty of O SRopRERE TR JulIonm Al B 485 blsS sk S trlies HE g

groups. and the digital video signal. nay.be. ipput .to the aroups at.th

Tre v e nsisgplioPeiefer FAORPLR SiRmerB fi it P £y Seiulie Ahante s
t hat the nunber of r3ﬂ£¥a5 this time is referred to as the nunber of

di vi sions.’ F ‘“@&HH%F E¥FVs is referred to as gradation drive with four
divisions when the latches are diyvided into groups,eyery fouyr. _stages, 41 0
3 MAR 2005 The peﬁﬁm signqlhfrog %F?la&r%la% @@ﬁ&be\ﬁgﬁgﬁﬂwéﬁégg AeIEREn
into all of the latch stages of the latch (A 603 is referred to as a |ine
period. In pFaeh M@uﬁ%rﬁlmd SepagTianee PagHEic CappRitanLHO TR VIRE fowhisddle .
the period in which a horizontal return period is added to the above |ine
period. 5 A Mztiagsigngissupniicdiplsrgchpcavscinany drys opylepmatyae fowstad jedhe
period is completed. The digital video signal witten into and stored in
the latch (AWHDg The bufar informsd inprder tgprevent Wuningssinthe risegnd falhelthe tip)ing
.604, and is witten into all of the latch stages of the latch (B) . 604,
“and stored® Wgngek Whiclhidevelepsidye tatheylageolosfl papicitagcegdigic gleatfib isvpet alvypys
order, to the latch (A) 603 10 that has conpleted sending the digital data
signal to thaetessaryi¢ Brmeds bubgsed on the timng signal fromthe shift

regi ster 602.

The timing signals buffer-amplified by the buffer are supplied to the latch (A) 603.
.Thc latch (A) 603 has a plurality of latch stages for processing an n-bit digitél 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 piur-ality of tatch
‘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, thié is referred to as gradation drive with four divisions when the
latches are divided into groups every four stages.
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The digital video signal witten into and stored in the Iab&?gégy §h4-|
input to the source signal lines during the second |ine p RF2Eo | i's
a bl ock diagram showi ng a structure. of a gate signal |ine driver

circuit. A gate signal line driver circuit 605 has a shift reglster 606 and

a buffer 607. Furhéiperiod BRIIYAS BigHalPRieo sighel Lido let‘éig/rx&ih‘%q 2 g@faﬁgﬁ%

have a | evel
fromthe shi
si gnal Ilne

shifter; dependi ng upon the rcuns

S4SS 06 603 UISELET K4 BT PR A AL, 20
e ey okl B %ﬁaﬁa T

for one |ine of plxe sfare connected

switching T

stat e sinultaneous

e one line of pixels nust be placed in an on.
REe a%v? e Blrdd

Enbodi nent 4, an exarrp

a driving rTBi-EIé)

11B, and ‘Fi gs.

he buffer in which a large electric current can

be flown gis therﬁflé}éﬁ SRS sipaifn 3 iBe %@%@@%‘V O%'gpnlﬁg,peg@dlmhp@mm@@

iy i S4BT iep 0 g tori e Tiek Lobood dgentalbet once

_substrate of .t he EL di t dr.iving nethod of 'the present

i nventi on. Sgnplayt to ttﬁg a?é‘r@'l@%’ ﬁ&%ﬁ@n o2t #f &he latchstagss phihe lah:thlBl)ch

a pixel portéd)‘ﬁqiaﬁé forcgEd in this specification. A pixel portion 4002, a
e

source signa

St§rs

rocircuit 4003, a first gate signal line driver

circuit 4004a, an@ a second gate signal line driver circuit 4004b are
s

fornmed on a

driver ci rcgkl @{a% Wg)ftte Si gnal line driver circuits in the present
i nvent i or®i sAGIASICPRPLALE! $egdingdhedigiel daineignalitn i lgtch(B) 604, based on the timing -

15

20

1o

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 .

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 shiftm.‘,‘ depending

upon the circumstances.

A timing signal from the shift register 606 is supplied to the buffer 607 in the gate.;

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 bufferin which a large electric current can be flown

is therefore used.
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It is possible for a designer to suitable set the nunber ofﬁgo%ﬁzﬁggnal
line driver circuits and gate signal line driver circuits. Furt

source signal line driver circuit and the gate signal line driver circuits
are formed on the TFT substrate in Enbodi nent 4. but the 15 present
invention ismabodilddhfgfl to this. A source signal line driver circuit and
gate signal ine driver circuits fornmed on a substrate separatefromthe

fﬁfpﬁéﬁsﬁégtni R a0 oo " B ke RARIACen nrr Ry BeviBO by
an' 1 Cor t noa Ak uBAs RSP BbRsyvonyRila CEIREE) Gad Fisd i B0 1 éx‘xﬁ%ﬁ%

di agr am of tli'? 3 égéctlon wirings 4005 is shown in Fig. | 1 B. Reference
nurmer al 4100 % P es an R extraction wiring, reference nuneral 4101

ot :rgﬁ ?zrrfawgri ﬁégb AL o fon siBice el ETET Eﬁsr%rt%aéf {5 Mo el yine e
ET
mmterial . Fi gsg panad of ek et SR tigns ok thet Y et DRT SubE e Fibicamns

cut along a line se A-A , and Fig, 12 a cross sectional diagram of '
CFig. 12A cut Subsfralép Wg%chél E%@lrﬁémlmswsfonﬂ&gﬂ%ts‘%mw JAtipRgs. 12A to 12C,
the sanme reference nunerals  are used for ﬁgrtl ons_already shown in Fi ? :
11A and 11B. A seAlPHid ranion 40025 50vsee signal dne grivercirguih 09 e Hissteate sienal figp -
4002, the source signal s line driver circuit 4003, and the first and the
second gate SHYerAirquit004e; and a secondigete sigual dine griyer cioxnt 4Q4hege Sermedeon a
\Isubst rate 4001. Further, a sealing material 4008 is formed on the pixel
‘portion 4B02sulisHateddfdc dose Ganthemunebenof seurce sigpaliline4ipss cizgwits ahé ghiersignaingd
the second ?at e signal line driver circuits 4004a and 4004b. The ;1): i xel
porti on 4002}nefdversyguitsingheprsseritinnention isgrot fimited ke theoombenshowriin Fig.rldA.
and the second sate signal line driver 10 circuits 4004a and 4004b are
t her ef or e heltiepossitil¢ forsedesignebip suliebksebthe aumbsnofisoutdesiged linndriveogdreuitad
the sealing material 4008, by.neans of a filler material 4210.
and gate signal line driver circuits. Further, the source signal line driver cn‘cmt 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 TF T 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.
A blow up diagram of the extraction wirings 4005 is shown in Fig. 11B. Reference
‘numeral 4100 indicates an R extraction wiring, reference numeral 4101 indicates a G
exiraction wiring, and reference numeral 4102 indicates a B extraction wiring.
Fig. 12A is a top 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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Further,.the pi xel portion 4002, the source signal |ine drigverygclrcuit
4003, and the first and the second gate signal line dri ve@%iﬁ’@iiﬁ% 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. icat 41Bge Aligyk ORI 4204 FRO @l I ( ilgpal, | i ne
i MNP s BnAUiE S 19024 LY

driver circuit 4003, and EL driver TF for contr Tng electri

current to amr%ézhgﬁﬂé debnRheREsH Sy oé%ﬁ%hﬁ{:ﬁgg.qw&t hdazse {éférrg]xaéegrgl}ga&%ﬁom

shown in Fig. - Channel TFTs or nne S nmanufactu

met hod are-wﬁgehrfg;}lg@igﬁg g@iaﬁi %-Bﬁwﬁ%.ﬂ%éés’)ﬁﬂba%qi&qﬁt 4, and the p-channel

TFTs manuf act ur ed t he 20 wn et are use the EL driver TFTs
4202. Further, staqr } shq in.the figures).connected to
gates of the L Araan ARRCIHBISS ROk sy TR Rt Romion 40P e e g
film(leveli: -1 LS f on.,t.he driver TFT 4201 .and . the EL
driver T 31@89;1 j"%{%‘céﬁ%‘?’% a‘%‘%ﬁ%ﬁ}d‘&d%%F&&%‘j&/&aé%)@%@ﬂe‘&wr@éqr|cycw&fm@ed
to a drain gf ri;ver. TET 4202 is forned on the interlayer insulating
1 asoa Ana k0GatorBel Kimd Sheialadol, RS segling marcrl 4ODE i RREASR | o
used for th i.xel. el.ectraode.44 0 3 \W\AR_2005, 4203, A chem cal conmpound of
i ndi um oxi dglegﬁ%&tﬁ’ 8%48@2 @eéﬂﬂmec%gm&g%diﬂﬁ’ﬁr gircuit A9 ranging dirstandzihec.
oxi de, zinc_oxi 8e ti.n olxllde .and .indi um oxi de can be_used for the .
t r anspar ent SECRAEAS 1804 iR duyRT disits ARQ43 prdh 4Bedk ndThe rivelcpariien A0 the
which galliumis . aggedﬁ‘y al so be used. 5 An insulating film 4302 is then
formed on t TR X&Raldmeqriven srayip 3003, qad dhe Biseandhthe speand gnte signaldinesdtiver
the insulating.film 4302 over the pixel electrode 4203. An EL
(el ect r oflunfREUtseHi047 and4004hrun therefase heumesicallyicegled &y bk avbstude 40003then )
t he opening ortion. Known organic EL materials can be used for the EL
| ayer 4204. S@Eﬂﬂ. Y AP, anddhe sealing mygrialy}098ubnmenns off fillepmeresia) 4210yani ¢ EL
materials and high nol ecul ar weight - io (polyner) organic EL materials, and
ei ther may be usglﬁ"b. of; tha diwel podjer 4020 thetsoutvaisigne! bne drikeraircustpho0B catd the
t echni que may be used as , _
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 shewn in P-‘ig. 12B.

P-channel TFTs or n-channel TFTs manufactured by a known method are used in

N

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 capacttors (not
shown in the figures) connected to gates of the EL driver TFTs 4202 are pi‘ovided.
" Aninterlayer insﬁlating film (leveling film) 4304 is formed on the driver TFT 4201
and the EL driver TFT 4202, and a pixel electrode (énodé) 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 werk function is used for the pixel electrode
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a nethod of formng the EL | ayer 4204. Further, the EL |aye b a
single layer structure or a lamnation structure in which @W‘g %{]%ecti ng
| ayer, a hole transporting layer, alight emtting |layer, an electron
transporting layer, and an electron injecting layer 15 are freely

conbi ned. A dathodecHitisanemepdundmidndondoxide wad tin| oxide e ¢hgmica) ivompeuad @fng
properties (typically a conductive film having al um num copper, or silver
as its main ¢odip@redde andzinaokile] zint oridef tin oxidé, and dhdiamopndeican beaiskd fon thiet h
anot her conductive film is formed on the EL | ayer 4204. Further, it is

preferabl e teahgipse caadiiatbe fHs. [Fusthen tiee @amspaensdomdectiafilane veyly gallium is
existing in the interface between the cathode 4205 and the EL | ayer 4204.

It is theref giged@apakarie isedenpl oy a mechani smfor formng the EL |ayer
4204 in a nitrogen or inert gas atnosphere, and then form ng the cathode

4205 without expoauifsiiRiPxXHRE 0206 tHERl foirtédEon thopixebaver aleal68, dnidlamopening
deposition is possible in Enbodinent 4 by using a filmdeposition

appar at us of %nﬁ}ﬂ I forRRANA theBisiOineCHilns 4802 boel theesikeIddlectfode2203. An EL
pr edet er mi ne&) voltage Is then inpartéed to. the cathode 4205. 45 AR 2005 An

~organic EL el uftil EQ&B?V' | %€ EFixEPER GROAR 11388 opbiidgEL
| ayer 4204, %g&?ﬂe ca%ﬁode élld Ogaig(gi 'lt&ﬁ{??nfégrmr%giclj.ﬁ% pro(t:ecti ve fli |.m 2&03 s

e 5, O OB P AR, P OB o

el ement 4303 e pro I's effective in preventing

cont am nant © 234 &hy BRIQANA RN SrddfE1 ABGAL bAE HidIPmB ANk treidht

el enent 4303." Reference nune cates an extraction wring

".connect ed 1@26?9‘%@%%%?@%%@%%'&5 Q8herd lg%fer'segxt raction wring 4005a

is electri €€, regiaon the EL driver TFT 4202.

T oL aCt o Y B R PRSPy MELES LS o 0O AR g o
e 71000 § PR AR EE BB Sta L0 L B, T
- structure or a lamination structure in which a hole injéc‘iing layer, a hole -tran'sportingv .
layer, a light emitting léyer, an electron transporting layer, and an €lectron injecting layef
15 are freely combined. |
A cathode 4205 made from a conductive film having light shielding properties
(typically a conductive film having aluminum, copper, or silver as iis main-cofnponent.
or a lamination film of such a conductive film with another conducti\)e film) is formed on
the EL layer 4204. Further, it is preferable to remove as much as possible any moisture
20 and oXygen 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 de’positio-n 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.

" 45



rfateri als, and plastic materials (including plastic filns) ;@@nﬁ%ﬁ d as
the sealing material 4008. An FRP (fiberglass reinforced plastics) ate, a
PVF (polyvinyl fluoride) film a nylar film a polyester filmand an
acrylic resin filmcan be used as the plastic material. i5 Further, a sheet
havi ng a struct uréniongaghi¢ Eh edementd3DB combrisingithe piasiseaiaid (ByodRYR203 | fB pror
nylar filnms can al so be used. However, a cover material must be transparent
i f the di r eclayen44, engthe eathadest206rio thustfbened. gapir6eHiveeliRARBOSis theh ?&S\?ﬂéﬁ
the cover material. In this case, a transparent substance such as a g ass.
plate, a pl astis jpbulnting &lnal3PRsbas th bbver th oRANREIY kiefueht k503 STHS Bebtedc
Further, in addition to an inert gas such as nitrogen or argon, an
ul traviol et fihard36Rdsl effesiive &t Fﬁﬂ%h&ig abeamiine neg) {Lseékflge%a@dbl%o%&&r% %g@
filler material 4210. PVC (polyvinyl chloride), acrylic,” polyimde, e
resin, sils ceterigg e orEMBc IOt MIcRYA3030ut yryl ) and EVA (et hyl ene vi nyl
acetate) can be used. Nitrogen is used as the fllherumﬁterla![ in 4510 in
Enbodi ment 4. 46 ReferdMAR nd@R2a1 ApFatlich aggrtign Ll gramat er
a noi sture absor bi EFlgrsubst_anc% ﬂ)( pragselrcagf%!nbar fug%xldafeg CSPE%F%E%%‘%]EGH&%H

[ ' ' En RAkhL IS rnmed o
whi ch can adssurée %ﬁ%&é,@ndi‘h&&ﬁ%{ L gtgn : EQBPSageﬁec&B%Br%eged&&ia SPHTSS .

substrate 4001‘S|de surface of eﬁllng ma gggﬁb iy 1208 L8 arr anced

BT e conRIPCaRIER GHEE TR The SRafesH i éﬁﬁ?ﬁ; RATES BPOTERD the
bst e § m 207.1S i.nt,ai ned in e cave.

;gr tS i 2.2040\8/;%%{/h“agg@ncaveggggﬁagﬁﬁb@ogg? 15;?&%’3?\33&3’ %’?@g‘:ti‘){) tq ?ﬁfﬁgggnggfpﬁge

Ty oot HRor S hREPe Roe ot BRCE RN Chahcts BRF $500.508° -

fly off._NoFet at the conc 01T c o e zggtﬂfzuahstwtcttjaé_.
10 norsture absortag el mahuE brBhaBll wanked sioel mueSosggec
be_ suppr os s SR ar Rk BfbaRaTisvis MOl be hrvciasihe sentine usserisico
~which can adwgl? &ﬁ%ﬂ‘]ﬁ’n(fft%lgg?lass reinforced plastics) plate, a PVF (polyvinyl ﬂuoride) ﬁlrn; i

- mylar film, a polyester ﬁhn. and an acrylic resin film can be used as the plastic material.
15 Furt.her, 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 ﬁust be transpargnt ifthe direction of light _;amitted from
 the organic EL elements is toward the cover material. In this case, atransparent 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
hardened resin or an infrared hardened resin can be used as a filler material 4210. PVC
(polyvinyl chloride), acrylic, polyimide, epoxy resin, silicon resin, PVB (polyvinyi
butyryDand EVA (ethylene vinyl acetate) can be used. Nitrogen is used as the filler

material in Embodiment 4.
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A conductive film4203a is formed so as to contact the extraction wring
4005a, at the sane time as the pixel electrode 4203 is forrnkd, MAR AZpwn 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 conduct lerddrl @ FRA6S the f0Ir niRersd) DX 0ainea 408t nud hbbdBirPSubtdncod
4301 on the FPC 4006 are electrically connected by the conductive filler

4300a. Note t(ji%ferhﬁly'b&nﬁ@xs@h@ég&)rta%ubﬁ%m% Erbatoreety fenhi, f doRehve poruon
conbining it with any 20 of Enbodinments 1 to 3. [Enbodinent 51, In the EL

di spl ay devi agopfis Fdithedr & Bl subBYRBUOOD sidR SWRhBOHT Be @aﬂyétnmﬁ%sxloms and a
form ng, on the sane substrate, a pixel portion and TFIs (n-channel TFT and

p-channel 47 p RerdrMM¥RoAARS SIIB:s*.Eaté)(‘;r Ps éiéﬁﬂ@é which@hladfHBG e gﬂﬂmmpcﬁﬁnﬂﬁﬁ ry

of the pixel portion, is described in detall using Figs. to 16 int

enbodi ment G fh%tconl:;ﬂlet ﬁ Hpe4l g‘g@ Inoi érfsﬁlgesu%glgn&ﬁso%@QUch%hNﬁléh

made from gl ass. suc arl um r osi |cate SS Or

Chat, a5, the ShE straﬁ’%% T ?r?ca’**g O PR b gt

a Si

o2l S“b“@*v&ung%én%ﬁtbﬁ'g%@amce seer@%@sgfwxegm%%@gwﬁah 0,k

R L

ox e LU 2kt SxRsSp Ak é@?esggﬁ%aqdﬁﬂz@&aa%ﬁ@ez@z@a%s R ol

L i %@%qrweﬂr B B0 WD S RSk LB B,
B e

reaction gas %?e moisture absorbing substance or the substance which can adsorb oxygen 4207.
| o A conductlve film 4203& is formed so as to contact the extraction wiring 40053.
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 43005. 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 possible to implement Embodiment 4 by freely combining it withany

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, a pixel portion and TFTs (n-channel TFT and p-channel
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is plasma CVD. In this enbodinent, the silicon oxynitride@3IB®IE6
(composition ratio Si = 32% 0 = 27% N = 24%and H= 17% having a film
t hi ckness of 50 rimis forned. Then, as a second | ayer of the base film
301, a silicon oxynitride film301lb is formed so as to |am nate thereon -
into a thi ckopppofaf ardrBedi forkiedid |ThestRba%in &

and N20 as reac)ts? on gasrescby pl asm%ﬁpﬁgwﬁ%ggg#g%mlﬁ?%gbgﬁ |(§é(§?|l 20

oxynitride fjd b i Ed ALl.0 S = 32% 0 =59% N = 7%and H =
B FALCL TR RS A acf

2% havi ng firmis formed. Subsequently, |
sem conductor |a 302 e I .t he base film, The '
sem conduct or | aé:g{rsg @%S%%bgggn%t’ea %@Pﬁg% 3@56?1?%?‘@8%'%156‘3?@?&"“? #1es- 94k ng
ot hod, - br 2R SHE bR RO R LoBnifiais. GHPIESEE Rngish o Coming
crystallizatj [ oces aser 48 1 3. MAR 2005 stallization nmethod, a
Tt mal | By PP RIS RBR 12300000t e, RHBE ARV 300 41 YASTHRBH RIS
a catal yst such.as nick ?l‘lib The ge%‘;t al line sem conductor filmthus

obt ai ned | ss“gﬁtf%‘&%@af SrafestristrBlsanubstate i WhisheRansyiating Sbmie famed,

| ayers. The senjconductor |layers 302 to 305 are formed into the thickness
of from 25 tBaBOEMNIFY §Fdherepipse 3¢h plastio sybsirgte ImMinenlaat resigtanse toHfe process
crystalline semconductor filmis not particularly Iimted, but it is
pref erabl e t'SMPEHAMHIE 98 this cpbgdingpt say alembe wsedi | | con ger mani um (Si, Gel_ (X
='0.001 to 0.02)) alloy, or the like. In this enbodinent, 55 nmthick
anor phous si | i corfheny #base filmr YHreempd fiemammsdating & supleas a silicon oxide film,
nickel -containing solution is held on the anorphous silicon film A
dehydr ogéhatd Figicpr gdteile Bim torea siliseposyaitdde ifdon i this | entuslithentire dwb et o)
"C for one hour), and thereafter a thermal crystallization process is
per formed (590ctu tsonsed arutherzase Him Bet.e tHowedwer,t disinglelayemfilmwoe at Jamination
crystallinity thereof. |aser anneal treatment s perforned to formthe
cryst al | i ne stiuriuoeorsisting ofitenwn, ornivirs layeys bfdhkeiinelating film nfaylbaised. suhj et ed
to a patterning process using a photolithography nethod, to obtain the L
seni conduct deyeraf tredba30 Aln3030&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 tlﬁs embodiment, the silicon oxynitride film 301a (composition ratio Si
=32%, 0=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 100to 150 nm) using
SiH, and N,O as reaction gases by plasma CVD. In this embodiment, the silicon‘ i
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 te- a known crystallization process (a laser
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15 Further, after the formation of the sem conductor |ayers %g ' %5 a
m nute anount of inpurity elenment (boron or phosphorus) may” %% 50
control a threshold value of the TFT. Besides, in the case where the
crystalline sem conductor filmis manufactured by the |laser crystal

met hod, a pulcggtdiigitionamb®iod] ﬁﬁﬂex@iﬁalc@?éthmz% WRUR VP& SshmiEEryk@siefation 20
YAG | aser, or YVO4 | aser nmay be used. In the case where those |asers are

used. it is apIkePisiag £cdtalysisacRadvathay The wWpitallint a5@Eohd@tdr flAdhad Stafdeam
a laser oscillator is condensed by an optical systeminto a |linear beam

and is irr adii@fg?ﬁférﬁéll ifedaes @?@g to %Bfﬁﬁ:?%%ﬁﬁ&fnd%tbmgg@lgg ﬁgxg%nﬁ%duaor

conditions of the crystallizat shoul d be proper t by an

gperator, | ikfags SRS 3% riRaBiGl he thibBREL of SomFdo 8 AL RERPHAY D3 kAN

25 frequency I’'s s_et as 300 Hz, an aser energy density I

e P Sl Sy B, 2000200 D PR 695 TuREL R 1

density 15 sorostoRyh ) SEER AL ugRe hchR. #ite S ity G| SR T O o

L aser oo GRS g, L OGRPRRRRGH 3 ik heoAR8 A0 PRET
e oy be Soraibsodege 3T ¥ined wikeirSprnioe poRfhis FOTondhe oot For
S For mod 1 SHHCHR s o SRR hesaRr e AT AP T Bgn g e (00

ehbodi mentt " haofmenotl S ERRATRT 4 e8! RO AR B AT PEBRC GNG R de
L 02 A LSEOREA R T, PR SRS OTR e o
ot her 511§ cor RO 5, 1ABR T i S ghieon &Jr BRDatih seATeOTIGRR dUFLPS

' subjected to a patterning process using a photolithography method, tor obtain the

semiconductor layers 302 to 305.

15 Further, afier the formation of the semiconductor layers 302 to 305, a minute
amount of impuﬁty element (boron or phosphorus) may bé doped to control 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 Y”\'r'()d 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
condensed by an optical system into a linear beam, and is irradiated to the amorphous
semiconductor film. Although the conditions of the crys-tallization 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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15 Beside, when the silicon oxide filmis used, it can be f.@r%ﬁﬁmﬁp?ﬁ% asma
CVD in which TECS (tetraethyl orthosilicate) and O are m xed, w a
reaction pressure of 40 Pa. a substrate tenperature of from300 to 400 "C,
and discharged at_a high frequency (13.56 1.4HZ) power density of 0.5 to
0.8 WcnR. CHHRtacHY @égm-sln' s case whereghe & AGdaseatis ngdf ltlisupsapribe that the
obtained in the silicon oxide filmthus manufactured by subsequent  thermal"’
20 anneal i ngSegPndpEMani&B®sedIo SEh e pulsassciliatien fraquengy ad 3o 00 ML SatSaser
insulating film306, a first conductive film 307 and a second conductive
fi1m 308 ar eerfegydehsitptinsdtanioatto GO0tm)/bmb eypichill B3 30Hock0te8S/cndS. 2Hed 92dQ0
nm and 100 to 400 nm respectively. In this enbodinent, the first ’
conductive lightroB@hsehiro & liasarashapdwithlarid &F H)OftUlUD@)b}rElf&ﬁe?énﬁﬁ Hoh
[hoith a Frm

and the second conductive 25 film 308 nmade froma Wi

t hi ckness sof is 3FAdiated tathe Wi EBefAde e thedtibe@t Ohd a'é&v@ﬂépa;%\{ﬁgg%ﬁ)g@glﬁgp LARS)

filmis fornmed by sputtering with a Ta target under an

cont ai ni ng rlixﬂthegﬁéar1&ﬂig§§atﬂlﬁqhﬂgtﬂag,rgéi5§%&03tfogﬁ,cb@lg the sputtering nethod
y ther

with a Wtarget. The Wfilmnmy be fofne mal ~ CVD usi ng tungsten

hexaf | uori de (WA gadtheRwes filAB0Be Hed SR ngtcgivgxl'ﬂgg @feg%gﬁix?ir%chc?%ﬁg%érg (‘a

mat eri al have | ow resi stance for use as the ga

preferred tha fohmst episShiy iiﬁsYﬂé{[qgt i Y66 'LJ] Brindd %ﬁmtaﬂ st%za;tfriﬁhﬁﬂ? g&@%{jﬁ‘é he

to 20 1iOcm By nmeking the crystal” grains large, I'S po

ol cront & such Sy BIESHECND OF spiHREGhs 4 ok WEREASS oY RRT AT TN od PR dpichs
embodi ot B areet, B el BB RE KR RS o Sy T ARG ng
onei der at 1 oh R BSREILS fiity pilent? EVH Prinostiod i SERazd e ne i e, and ™
be. 1 oali zod REr e Qo HEPLe S s anblibiifd o B Rom e BDT
i onte OF s Rk 12 SB0RIEO NG LliCor ma 86 Torrned TG & bingle yer oFa

lamination structure.

—at

15 Beside, when the silicon oxide film is used, it can be formed by plésma CVD'in
which TEOS (tetraethyl orthosilicate) and O, are mixed, with a reaction pressure 0f 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/em?. Good characteristics as the gate insulating film

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

20 'annealix.lg 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
0f20to 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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15 thereto, and either filmmay be fornmed of an elenent s I?ﬂﬁﬁ m Ta,
W Ti, M, A, Cu, C and Nd or an alloy material or a cogpou rial
containing the above elenent as its main ingredient. Besides, a

sem conductor filmtypified by a polycrystalline silicon filmdoped with

an i npurity Eleen®ilHUS FordSedRPSRINCHHS WilYa 8 t4t5&AindBesh #88espAE% containing
conbi nati on may be enpl oyed such as a conbination in which the first

conductive fji} gyl B&idQ! fRAWH ! RTbhed b he)spfididd18eB88 Aith LONENEL: Ve

B
filmis formed of W a conbination 1in which Phe first conductive Tilmis

formed of tijagii,p gbtﬁ %vﬁﬁ?%‘fﬁi’t %@%@rﬁ%ﬁg@ff&te&wﬂﬁ&h&@g@ﬂggﬁg@%&ed

of W a conbi nation rst conducttve filmis

combi nat| on TROGASIRh ERAckAaREE AR, BOTRHENIHRY | Renfrané MR RpCps Beual 2
ViR 2005, Rete e SR b PR PERY nERRENRIAEy ot BPplf LY fleqtan o
P01 or m ol acbrQunsathn d e R e bysdl oflS 4R, FIeRSRbiL R B8k R dpilufls™
process is pterforme t and.second . et chi ndi tions. In Tgi‘s

gwitﬁthe fir . gCO.,

Brbodi nent , SYeE FRISHvi, Hapehenty the Far rYHS TR namy By e R PR P8 Fis

| t chi . hod.i i of..CF4, d 0, i d

e ohi e hebthifled 0fhen fne 3 i SEtaBiatie) Bofbiried sefune MefiuaneBrtre
ted by . | vi 500 RF (13.56 Y il .

O oot foda o highers "Biefrey ip this copdingl by SOTIOR thes (RBLHieg REhoy iy by

- produced by Matsushita Electric Industrial Cgé Ltéjf i % useg gﬁre. 150. W
'RF (13. 560MHPPIEENSTSiPG 2 AR RiBB RPEHD A SPmE7S b 8¢ Hradditpns by F\géél?ﬁﬂie@ce
stage) to effectively apply a negative self-bias voltage, The Wfilmis

et ched wi t h 4omaideration tepEgieabineRIRHIes VYD thergpsphaseiiempbingersin fuang tsond
conductive layer is forned into a tapered shape. In the first etching
condi ti ons, Biefemeticngs resisevityof frpp S o) p8snheay b 1§alizede et ching rate for
TaN is 80.32 ' nm'min, and the selectivity of W to TaN is about 2.5 .
Further, the tapévotaihgteinghisemboditpent; theding eandpetéve fils 0B iscRadegef 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 a compound material containing the above element
as its main ingredient. Besides, a serniconductor film typified by a polycrystailine silicon
film doped with an impurity element such as phosphorus may be used. Besides, any
combinatidn may be employed 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, ora
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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15 conditions. Thereafter, the first etching conditions are 9@%2{]3&0
the second etching conditions wthout renoving the masks 309 to 312 made
of resist, a mxed gas of CF, and Cl2 is used as an etching gas, the gas
flowrate is set to 30/30 seem and plasma is generated by applying a 500
W RF (13.56 MZNexbweeskso3@0 toi3ll2shage of Iresitt adeformdarustiy 4 pRatdlahéshaprpy
performetching for about 30 seconds. A 20 WRF (13.56 MHZ) power 1Is also
appl i ed t o mé¢tbod dodtar faseetshitg rroeess ipperfienrddg eyder o Grheelbetvaley and Magabs ve
self-bias voltage. The Wfilmand the TaN filmare both etched on the sane

order with askhowadobil. 16BC NG fesreditiing peodeds WeeforBed vanthelfirstand Je-384-
In the second etching conditions. the etching rate for Wis 58.97 nm mn,

and the et ciihigg rcdhditions. TRNTHSs @entbirAadiNiaR. thhlofift eféhihPadlondiidgs ehi il

ti me maybe increased by approximately 10 to 20%in order to perform 52 0 3

MAR 20055 et(aftiubvely thHaikd BRYMBFSIHIE REMbAR $3HE bRASHEALERS AR | aﬁ% d.h¢e

first etching process, the end portions of the-fITst and secofid ¢onductive

~ layers ar e ysed ®sh &iehiAp\e8s aht g&eﬂﬁﬂ_rédaq:ﬁﬁet W85 69/100RcR! &Ehialha fsrsbteen%ﬁd .

vol tage applied to the substrate side by adopting masks resi
Syt (201 =aappTiico usherei(13 b6 NELARGURS OLA SRDe oA Ar el 318, 4°
Firet condeTUdRACERin ICROURLENELENRER) Btcl Oor Y than S ERb et | ne
flim and GOLATERSR bl oL PR S RETED Deg it o oG 80ed Bberubrte  ne
appr oxi ot o145 S Pl Gragsd s BHEkR) Sniil e e SelERof lafocmedv gim s )
ot he sem LaRguaire Bk elefie oo omiehs el Rigiomighe Spoondggndpetive
[ nj Goting IRRTHOBT R doaBPER APt dHaBr i e CoRhge: A sine S8 dehge
's 1 X 10" 50960 %0 $hmin, the etching rate for TaN is 80.32 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 cbnditions 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 plas1ﬁ'a is
generated by applying 3750‘0 W RF (13.56 MHZ) power to a coil shape electrode under )
20 1 Pa to thereby perform etching for about 30 seconds. A 20 W RF (13.56 MHZ) power
is also applied to the substrate side (test piece stagé) to effectively a negative self-bias
~\}_oltag‘e. 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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15 atonms/cnR, and an acceleration voltage is 60 to 100 keV. I@g@t@i%
enbodi nent, the dosage is 1.5 x 1015 atons/cm - and the accel er é 02&35
voltage is 80 keV. As the inpurity element for inparting the n-type
conductivity, an el ement which belongs to?group 15 of the periodic table,

typically phe&aah&ywﬁh&&)an9rreﬁa§@&mm(g%@aiﬂsﬁlaaﬁgﬁmand phosphorus is used
here. In this case, the conductive | ayers 314 To 317 beck-he masks to the

| uri Ly of e B0k iel R e ACR MRS M) on 0B B
manner. The 'leﬁ}élég] L Yol et Havt tapiBfitabBYub ﬂ?th’é‘e%éipffothgg%@:{r%h%%% L¥piled 1o

added to the concentration 1npurity regions
concentratio f.: -1 0 Pi]tq% : Thereakt er he,
second et chi ﬁlger %%g%%tgg lées%égﬁlrnrgelggsvl\né t ou%lsfg%\%/ énigéa})lﬁeﬁl%g%’kfsme fggt?a%fetth
resist -as shown in F.qg. 13 [E, &, N Xe as. of ,CF4 ,.and O, J.S .us
ne an 5o, ¥ Pikadbostitts itk 1§ 618 e Gl gl stint sordeudf v ihs yRa8RT6
sccm and pl i S ner-at ed appLyLn a 500, WRF (13.5 6 NH12Z) power
to.a coil. shg%‘g?é’f)gﬂ'?&é’&e %ﬁﬁe?yqla %gbﬁ)a %H%rS&B?PdpS?IF &hve_é%qﬁ gdééﬁ)ozﬂliﬁRF
(13.56 MHZ) power is alsa.applied.to the syhstrate side (test piec st age)
to effecti veFW%‘S‘BFé Ogﬂﬁefga{) faRgngive lagers and e sggend $ondeR velgghar EREASY -
process, the 5 etching rate for is 124.62 in, the etching rate for
TaN i s 20. 67 WUHESF SIHMZGRPEHe RE g@?iﬂﬂﬂ%ﬁfﬂﬁﬂ%ﬁwﬁm gete gsyigting film, and
Accordingly, the Wfilmis selectively etched. The taper angle of Wis_ 70*
in the seconfFeRmpiige gakcigsedating filmWhigh agg Betscoysmd Wiothg fust shape condipaiivg
“.by the second etching process. On the other hand, the first conductive
'layers 3 1%alayes 378 337 are made ghispeHamappaerintately £0 ¢o A0 aat by echinger s 324a
to 327a are fornmed. 10 Next, a second doping process is perfornmed. Second
conduct i ve | ayer sThemp firgi dopapraeess e&mgq@e#ﬁ@@d apimpTityplgmiepy fog frapeming
and doping, is perfornmed such that the inmpurity elenent is added to the
seni conduct oBn Natype cordushivithdo thrnagordictirdayer ovithaws rempyisg ey masle riagde of
| ayers. In thi's enbodi ment, phosphorus (P) is used as the inpurity
el enent , andr¢sisi€rag. 360 Rpping way be camigd Aut byan o dpsrgmetifod pr gn jon @jecting
atoms/ cnR, current _ . )
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 be.longs to_?g.rou.p 15 of the

périodic table, typically phosphorus (P) or arsenic (As) is used, and phosphorus is used

here. In this case, the conductive l_ayers 314 to 317 becenzé masks to the impurity element

20 for imparting the n-type conductivity, and high concentration impurity regions 320.to 323

are formed m 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 rangerf 1x10®to 1 x 10% atoms/cnr’.

- Thereaftier, 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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15 density of 0.5gA and the accel eration voltage of 90 keV. Fhiiss
concentration inpurity regions 329 to 332, which overlap with 'ﬁ%ﬁ %@t

conductive layers, are formed in a self-aligning manner. The concentration
of phosphorus (P) in the | ow concentration inpurity regions 329 to 332 is

1 x 10" to 5_%;.:10Q" nd_ha tle concentration adient, in
accordance w tté?]]}]g ﬁgg#ﬁﬁ&% f?r’igﬁ e{o}PipWasﬁg% go i) FFsgeGFraf%LbWPlelﬁgt
conductive | in the sem gondugct or | ayer that overlaps with
the taper edg é@@\’ﬁﬁgﬁgéﬁ@@ﬂ%’w ?18%&6}}3‘986659'89%}1“‘%{61 Ig%‘t%@‘?f?{’}épl?ﬁﬁﬂ@f
the impurity el.ement ' Ly f fromthe end, portions of the tapered
portions of ?tﬁ;@ngi k%eﬁé%ﬁﬁﬁ@w% paRMisdita flag subskete sife. (tephpiece
concentration, howeyer, keeps al nost the same |evel. Further, the high
concentrat i oﬁ@%?%??lwma!}%qv& selibiagvelage. Hathe spsoad atshing proeess, the
inmpurity elenment is added.. 54 0 3 MAR 2005 Thereafter, as shown in Fig.

14B, after t¢letinadris Ionde iv24-e3neymyy. she etabing gate for TN figi2@67 hindyinr acihs
is performed using a photolithography nethod. The tapered portions of -the
first conductelessivitypé M tTaN phﬁ-gﬁaﬂcyolémmesw fibn issehativelyletghed. The taper
overl apping the second conductive layers in the third etching process.

| nci dent al | yangle o Nowhn 70% irFthe. setdiB] eShings kSR88d wadduaiverlegérs t32dbaof37bedei n
the regions where the third etching process is not conducted. The etching
condi ti ons i¥ermhéby tes¢cenditchigs pravess Omihe otHeahand hefishisiglutveliagers.314a
simlar to the first and the second etching processes, and Ch and SF6 are

used as et chiori] 7agaskad]y etchdd, gas firdt@ondundtive 1ferd 824a HB2yacm foreegect i vel y.
Note that the etching speed of to TaN under the third etching process is Y

111. 2 nmmin, andNexias sedvmdatapiiigiprospssdd peifbiined. eSgeeld doadbdivedayds 324b to
insulating filmis 12.8 nmmn. A 500 WRF (13.56MHz) electric power is

- appli.ed to a32%bi dre sbepes alagks fogdeiPEey elemdt SaRUAGHIRS i ﬁfcﬁﬁmd@u@ﬁﬂﬁaﬂtﬁe-
generated, and etching is perforned. A 10 WRF (13.56 ) electric power

i's applied timpusity slehsdnt & ddegashesehiiogductirdsyer 8kl tevabire@pBlidmthiRe @
negative self-bias voltage. First conductive layers 340a to 342a are thus
f or med. first C'onducti_v¢ layers. In this embodiment, phosphorus (P) is used as the impurity
element, and plasina doping is performed wiih 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
ina self-aligniﬁg manner. The concentration of phosphorus (P) in the low c-oncantration
impurity regions 329 t0 332 is 1 x 10" to 5 x 108 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 conecentration impurity regions 333 to 336 where the high density
25 impurity element is added. o=
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| mpurity regions (LDD regions) 343 to 345 which do notﬁ rlap with the
first conductive |ayers 340a to 342a are forned in ac 2§ th the
third etching process. Note that an inpurity region (GOLD region) 346
remai ns overlapping with the first conductive |ayer 324a. 20 Further, an

el ectrode fornmed tpledehfted s StovaPnROPiRt 4B, Afferahe 824k Made bheesBea@@moved. a
conductive |l ayer 324b finally becones a gate el ectrode of an n-channel TFT

of a driver ufid&bhihg pfotesy iﬁﬁérfé}ﬁ%dflﬁhag%gﬁhmblm&ﬂﬂﬁﬁetﬁ@dldﬂﬁftip@ed ®ions

340a and the second conductive |ayer b finally becones a gate el ectrode

of a p-channgk mFirs@bohMRLIE 1MRES GlelSiidlly QLRad & hy/to RVeh8Sds r&#@ﬁaﬁﬁ&g}glﬁ by

the first conductive |layer 341 a and the second 25 conductive |ayer

finally beco : =ch . Bl : o34k AR
2005 port | on R RR0 SRR A g BRRE, MadiD. P i e dap N
t he second duebi I : st A2l QUES ac .

p- channel %F%Pdg'?gg ?u(lla]}( agexog?f%sgortl (I)-Itrr]lw%g%irg%&rl tye%ég?gﬁrsde%(t L &? g‘gﬁeggnlss)qmé43
to 345 whi Chcgz?du.{?:%d overlap with the 5 first conductive |layers 340a to
342a, and theé inpurrty region (GOLD region) 346 which overlaps with the
first conductive |ayver, 324 n thus formed ¥ s S
Enbodknent 5. and TH bihmdoRaiob! IR it LR Bihellrobds AR, 10 hichile fpupeg.

Fegi ons I’ n réespoRse
Gl Fai s usoqeatacdh i BT i 82t gk PloshRtevanTch: G SRt il Snine
7S por f or med Ak e EehHaren Po8 PR SEEb. gt v paNoRoafng et Tref 3
 Concent r aff oSN £he i SRERS Praes 1oh 2 SRR aeigbetd® e Fadiitng
1; ialsim;t 3 ﬁe\?vai‘i}ésgﬁgf tg tlggggtrgﬁ@fugtynleg gnégéé; fer r .e@vi ng t. he masks conpri sing
A 500 WRF (13.56MHz) electric power is applied to a coil shape electrode under

apressure of 1.3 Pa, plasma is generated, and etching is performed. A 10 W RF (13.56
I\([[—iZ) elgctric power is applied to the substrate (sample stage) side, effectively applying
15 a negative 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 etcliing 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 dopm g process is perforned. Jrrpurbt%ﬂ i.ons 350
to 153. to which an inpurity elenent is added that inparts’ ‘%3 te
conductivity type (p-type) fromthe single conductivity type (n-type) are
formed to the sem conductor |ayers, which becone active |ayers of

p-channel THJtioRY ARCoibdiddd SRRIAIHPALHRS: cbAfntt dayerSuda l;ng;p tﬁQ.s{eiy;&?é

conductive l‘ayers 340a and 342a are used as nmasks agalnst "the | npuri

el ement .. t he, gLl ' [ -t o ctivity,is—added,. and
he i mpur ¢y arire feer @ Telly TRbe R o R Uit pibpnnlt E TR T
regions '05 onl 93 are formed in Enbodi ment 5 by ion doping using

di borane (B21-1j." Note that the sem conductor |ayers which form n-channel
TFTs are 25 covered.by t.he resi sks 348 and 9 ~formed fromresjst
during the third d8§i é“’é‘ﬁ’ ﬁ@%@é@%ﬁ%&ggﬁ’ 33&8@5%#8&@ pyer With dae
the inmpurity.regiaons.350 to 3,1 iffering concentrations, respectively,
by the fi Pstﬁﬁgg@ﬁb‘%‘f&i‘é&% 3§ﬁ%t%€4f%éﬂ§ %%@%T%&%&B@ﬁ&!ﬂgl%aé@&hwh |
doping is perfarned. utghlﬁihat the_cogﬂcent ration of the inpurity el enent
which i rrpar‘i“’?%ﬁpft V’f)% b AicRandreyve bvendhda pan Hats kegfosme dnat dbfraame tang in
2x1020 to‘2><é0ﬁ'.= 5 at_%ms/(gr_rﬁ, and therefore no problens wll devel OE w th
the regi ons FHRGHMEHE 1g2n Ishafores nasgiblnte make dharagionsginoraspesise o chadmdl |
TFTs. I npuri ny regions are formed in the respective sem conductor |ayers by
the process SBaAGFIISHBUGh this point. The resist masks 348 and 349 are
renoved next, and_a first interlayer insulating io film357 is forned. An
insulting film codbaiateipsuatingidiam 39 isntekad neati GYFaitusediasen steching geganch
200 nut, using plasma CVD or sputtering, as the first interlayer )
i nsul at i H8. fiepgvesen etching (RIEYis perforimed foetifis btehing rfrocesed IniErtbodimhéntrh, the: -
thi ckness of 150 rimby_ plasma CVD in Enbodinment 5. The first interlayer
i nsul ati ng fat¢lEngprodess sfpasbumed wish thé phambert pressues setitoi @3rPapay RE elederic
~film and other insulating filnms containing silicon may be used in a 15
singl e | ayerposreraf Ba&iWandarCHF s gat flow rate set to 35 scom,
' | A portion of the high concentration impurity regibns 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 type (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 lajrers 340a and 342a are used as masks against the impurity element. the
impurity element imparting p-type conductivity is added, and ihe impurity regions are
forméd in a self-aligning manner.

The impurity regions 350 to 353 are formed in Embodiment 5 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’

56




Next, as shown in Fig. 15A, a process for activating the ilﬁaﬁlrh‘m@ mﬂgrrents
added to each of the sem conductor layers is performed. Thermal anneali ng
usi ng an annealing furnace is performed for the activation process.
Thermal annealing may be perfornmed in a nitrogen atnosphere having an
oxygen conceplotai OmheipHorBRTIOdheSSo 1BE ShffaR YeSiors 2B0PRM3SS heafrerile
400 to 700C, typically ‘between 500 and 550C" The aCtivation process 1is
performed in

Prat: T RSB A S e B SR P Bp S,
annéa i ng (I?ﬁé%eg&n- [s] i@g %s ;%?fo?xﬁghkl?&npg{ﬂp?czzgr[c%ﬂuﬁ' ofttsxgié-@@gf%lgﬁf&t {C}l:nle

ni ckel used as a cata uring crys I on I'nto

[ ity ' 334 t - , [Wall 0 & 3
VAR 2005 o hRGREEORDRR FAREHRY 1o ARth Branf PR R TN 2RI 3, 200
[ f d._Jd.li ickel trati ithi.n t ] duct
Payers that REIRS g Frs e o HTE i el P AT ARG R
I f the off . t | d f Ts havi h | forari ‘
{egi ons. t husTRaHo i SR EFRR] TP <l d offect mobi 11ty 1a obtai ned

because 5 of the _good crystallinity,. Thus, od properties ca -
nohteved. _Fur t her IRpREoTEbps predAt et g O F sB B bisi i it il pragess
forming the first inter]ayer insulating film However, when using a wiring

materi al whi BRHOREhEURPRIEL, respect to heat, it is preferable to perform
the activation process after form'a% the interlayer i nz_ul atirg]g fi.lm
4 BpftnteE iy

(i nsul ating fil m cdwrasish Resksi A8 @BA 349 are ©emayie redhand ¢ §rdpspiating
nitride film_for_exanple) in order to protect the wrings and the |ike, as
'i n Enbodi Henfilns 35ZisiengdpArdnyrtes 4 sagtaming et tdarmethbawings figkaess of
intcrlayer insulating filmmy be formed after perform ng the activation
. process. |n a@cr208Aam, wsing Plasa (¥R orisRuEBeas e Hrg nterlasgr mpulgng &l 5300
to 550'C in an_ 15 atnosphere containing hydrogen of 3 to 100% perform ng

hydr ogenat i of sficamexynitride 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. 154, 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 hogrg ﬁmﬁzﬁ%o C
In a nitrogen atnosphere containing approxi mately 3% hydrogen in

Enbodi ment 5. This process is one for term nating dangling bonds of the
sen conductor |ayers by hydrogen contained in the interlayer insulating
film Pl asma2high eseatration gtibe sndiiinieay dre bove aedvaonPrasdsn)s paformed. Ne
performed as another nmeans of hydrogenation. Further, when using a |aser
anneal i ng nenivkel concenteationtwitkin ibersemiandastor layeisshat Blag{lg badin® dhanhéltadhake
| aser light such as that froman exciner |aser or a YAG |aser after =
perform ng thegiaisds thusyddwgeandhe ealRoTURSSE cAreRGORGuLE & T8 hal sy g.{}ﬁéig
film358 is formed next on the first interlayer 25 insulating fi|ﬁ]§l

from an or gafirmihgsegiais thes forined, 4d,a Hsh sleem fidld Bhrsht oA i 0
3 MAR 2005 resin filmhaving a film t T ke fichd St pm | %w?g?@ntggpé?r?%‘:iﬁe

Embodi nments 50fﬂhtgoeﬂrﬁrymalliﬁjty.pﬁﬁﬁsgggg‘gpg@g}ﬁésrbaglbgg%%ireg%gior m contact hol es

for reaching the inpurity regions. 350, a . Afilmmade from

an insulating mat Ghrder.C@Bla3tiRite Hobdd $ayPLish Be HerBNhEd bERK rdrihing SRtk S

t he second interlayer insulating film 358. I con ‘oxide, silicon h

and T conene odaaRTIBe HaREaE e 08 B RCIRL bRy SN

silicon, and matérials such as pol o acry
(benzocycl obpgang) bg ; i ic resi.n.. A siligon_oxynitride
filmis for n'edﬁ by tgl(:lgés%tr?aﬁég/%ﬁ?fﬁ rIT%(Ig(gip reflraf‘r‘)i}{.lggﬁe %%Igattl%ﬂ)ro‘\i%s Pﬁeﬁ §°m¥1ﬂg e

f ble t | {.Chk . h Il 1con. Ltride fil.mbe f| 1
preLer e kb o L UGN bR P,
eSS Y o, SRS EARP S kel e P

etching or wet etching can be used in form ng the contact holes, but 15
considering the probl emof 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 aﬁ
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;'ocess isone

for terminating dangling bonds of the semiconductor layers by hydrogen contained in the

S

interlayer insulating film. Plasma hydrogenation (using hydrogen excited by plasma) maf :
20 be performed as another means of hydrogenation.
Further, when using a laser annealing method as the activation process, it is
: prefe'rable—to irradiate laser light such as that from an excimer laser or a YAG laser aftef
performing the above hydrogf;-nation 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 fllmaadfﬂ"‘ﬁﬁ %ond
interlayer insulating filmare etched at the same tine when formng the
contact holes. It is therefore preferable to use a material for formng
t he second interlayer insulating filmwhich has a faster 20 etching speed

than n that uyesefite hhoin® 4 fikn thicBiess BFerd avds forafd!ia Ergodiink® 5 .coagddald RO
the shape of the contact hole. Wri ngs 359 to 366 for electrically

connecting t @effifmédiikt ird drdeP@ AR c3Bdct 3G for Rabhind Btk Biplirity RERARIIYEsYs,
are then forned. The wirings are fornmed by patterning a Iam nation filmof
a 50 rimthigkoTdndfishim and a 500 rimthick alloy filnm(anAl and Ti alloy
25 film. O her’ conductive fil ns may al so be used. 59 0 3 MAR 2005 A
‘transparent CondUCA A5t thh 8 BAVAN Y s@afi %%Pc&fzm sﬁlébg%bgﬁ]olréalﬁ@f‘égm is

formed thereon, transparent elec e 367 1s orrre y patterning.
S Fi LingH | Te I t

(Soc 18, o oo 5‘?‘ %?%%%P%%ﬂfﬁﬁ%%ﬁkﬂ%a% DR SR AT e
mxed, 1S us ﬁ ei&fiu&{fé&% u%@& éxe%&?&nﬁ%éﬁatéﬂﬂ%gpﬁgl ﬁ&’gﬁmgn Hrn%&%ﬁaxs

the tr anspar en ECt rrca connec r'arn-region

Wring 365, Sﬁé@d Righite ﬁd%olfae&l@gg&‘*iﬁg%gﬁ‘ﬁ.ﬁn@?ﬁ PN A B Ao

silicon (a mlgcgcn X|de io filmin Enbodi nent 5) |sforrred having a film
t hi ckness of °589 Tand an openi ng portlon is formed in a position

?ﬁéLFZPf’Rg‘ Pil A e ; L"dﬁs}aS?as@afé?lhélaﬁ%”hﬁﬁ'sﬁfﬁewmﬁ
2petn?ﬁ3reg)%?w§are Prebfibet ot fikies %ﬁﬁ%ﬁm“nﬁéwe‘ File Simprotpg 1 © 3%m©
sufficiently

a 15 at n he EL | eto st ep
becomes a co TE'CHE‘P&%I glrynlaeftgﬁpn %g% Smln 'Phc sﬂ1con oxyr?i%'lde% m is effective m

suppressing degradation of the organic EL element because there is little moisture

contained in the film itself.
Further, dry etching or wet etching can be used in forming the-contaét holes, but
15 considering the problem of static damage during etching, it is preferable to use wet
etching.

In addition, the first interlayer insulating ﬁ_lm and the second interlay'er insulating
film are etched at the same time when foﬁning 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 10 366 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 alioy film (an.Al and Ti alioy

25 film). Other conductive films may also be used.
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therefore necessary. Note that, although a silicon oxide filnlid Mifediis
the third interlayer insulating film 368 in Enbodinent 5, an organic resin
filmsuch as polyimde, polyimde, acrylic, or BCB (benzocycl obutene) can
al so be used, dependi ng upon the circunstances. 20 An EL |l ayer 369 is

formed next as shéwmadspafengcortfictive fikd Giating thrkaakhwde to(lﬁ@ﬁﬂu@ltl?&xtf’oﬁqga
370 and a protective electrode 371 are fornmed by evaporation.

preferabl e tthereen oK thaabatehtalesode D67- ﬁ@rﬁé@ﬂﬁgﬁt’t&ﬂincek%@é Pi%d%ﬁg)o
before form ng the EL |ayer 369 and the cat hode | et el'y rerfovi ng

al | noisture. Not NotdHat adlihdi@EDHN c@ﬁﬂm)efiﬁ?téroéjﬁatﬁ;af@ﬁ%oﬁ&u&% i3 g?de

of the organic EL el enent in Enbodi nent 5 25 ‘ot her own nmaterial's

I b b d
e The EL T eyt B g PRk b O R T LR eteitif g

| ayer andsa diihide Sskito aﬁnélﬁ)ser is used as the EL layer in Enbodinent 5,
but there nmay be a case ere a hole |nject|ng | ayer, an el ectron

injecting |ayer, s for exa | es
of ‘the 5 conbi natl ons have ﬁ %{ég‘gtgér)l erjeéggth’égb }{C(’gﬂg&%g}? %Bya}‘%éec’
reported strjct P Lyghen Iene Vi n ne i.s f.ornmed by

evapor at i on dg(s:a W&nrﬁ%}h@ Fm pe § 1PAEP © %%% OFErlePRng IiaHb}’V}m&%
material in ich from30 to 40% of 134oxyd|azole dielectric PBD is

di stributed i’ poI yvinyl carbazole is formed by evaporation as the light io
emtting | ayer, s added as center of

roxi mat % cu in
gi een col or |ight 8%?%?16‘?1“ E‘rgﬁé 3 %g%lqnthnga%@gsqﬂmc@ (esilifopradde
the EL | 369 JT0i re.and o en by the protective electrode 371,-
it is pr e%@é@g%ﬂﬁ' 5&%&@5{4 pg A lgvﬁﬂclﬂmsssefpﬁ@nnphua@@ a5} ppesane. )
nitride filmis forned as the .passivation film372 in Enbodinent 15 5. The
passi vat i on POFH9R d§rmesy %EO"T‘BP%B“F?P‘%‘GE@@@%H%ﬁﬁ%@ntf%?%oﬁg 36fe A third

protective interlayer insulating film 368 wh1ch 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 ﬁecessary. .

Note that. although a silicon oxide film is used as the third inte'rlayér insuiating
~ 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 pe-rform heat treatment on the transparent electrode 367 before forming the
EL layer 369 and the cathode 370, completely removing all moisture. N.ote that. although
an MgAg electrode is used as the cathode of the organic EL element in Embodiment 3.

25 other known materials may also be used. - =
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el ectrode 371, w thout exposure to the atnosphere. The prot e@%mg&ﬁ@rode
371 is formed in order to prevent degradation of the cathode , IS
typically nade froma netallic filmhaving alumnumas its main
constituent. O her materials may al so be used, of course. Further, the EL

llayer 369 and 20 tge ARGk h Blaferfd L4IE ﬁfse\ﬂeﬁl‘th%glazaslf@ﬁt Alfvo layelhe

noi sture, and therefore it Is preferable to protect L layer from't
ol et rode. 371 Sass ORIt poRADRIR oh13 sl o M) R R R BR LY ©
(typi caly byuEaPibodfifals pftiete di5 PREap phERE thle bR 14 an slperop
o, ToBS . RS RTeG RO PR ) IR0, A B o °
e b e S e oG8 oS TR PR ekl o b
and W the materials which formthe gate electrodes, and although the gate

signal linesU$f% formed by Al, the wiring material s whi ch forms the source
and drain electrodes, wth relation to the circuit structure and process,
other materials waﬁplmlgf&yg@e YEEDeHy, qrﬁ@ﬂ_%vap?r@@?ne? mediole TRRSPREAS Ysh
n-channel TFT 701 and a p-channel TFT, . 702, and a pixel portion 707 _havi ng"
a swit chi ng PFEmMbediaeH ﬁnFEEh%ﬁ a yasteriprinywhich ffom 0 tootGvePioh3 dhexuligrole
substrate. 10 Then-channel TFT 701 of the driver circuit 706. has the
channel f or nfli§leciagPBD. is disgributerkin noly vda carbezele informed by icviporatipmoes e dight
(GOLD region) which overlaps with the first conductive |ayer 324a form ng
‘a  porti onltf emittingdayer,and epprodinatelyd % kemprig f is edledan arcgnico af giegn cploy light
region 333 which functions.as a source region or a drain region. The

p- channel TFIM¥BPIhas the channel formng region 373, the inpurity region
343 15 which does not overlap with the first conductive | ayer 340a
structuring a por tFwthesfaltheugh it is possible to 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, Withoﬁt exposure to the atmosphere.

The protective electrode 371 is formed in order to prevent deg_ra&ation 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 itis 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 ﬁicmess of the EL layer 369 rhay 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 aad 150 nm).
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gate el ectrode, and the inpurity regions 350 and 352 whi chgfajrmi% 28055
source regions or drain regions. The swtching TFT 703 of the pi xel
portion 707 has the channel form ng region 374, the | ow concentration
impurity region 344 (LDD region) which is formed on the 20 outside of the

gate el ectrode andAwHIC lisgbgsievide HRvaid ARmwnide a%@ﬁo%ﬁﬁ?_i@%%'@ﬁdsyc%lﬁﬁ}&%& :

341a form ng the gate el ectrode, and the high concentration inpurity ‘region

335 which f (Nué iteHSinatheapBREsC6f FRahRRnRIngAhe Al Hidrde) QBvicd éﬁb@jﬂn 5
TFT 704 of the pixel por?iljon 707 has the clgigtgael férp?ﬁg}ng rlggihlgn 3 ,gg{n%r

the high coneafthbugt ihersoufaeuiimial e b radd h#Nd a%%%%mfeﬁﬁgﬁrggh #rm the

source 25 regions or drain regions. 62 .0 3 MAR 20 te t

possi bl e to ioaRlgemdideEHBAMHBALL ?e?ﬁtef §i§‘¢hgin%9 a;/f%grggd ol &6@%@?%1&%ateria]

Enbodi ments I to 4. [Enbodi ment™6 An ispfay devi ce for |
| obat ons. | bt RRSTAL sbENHIR e IRL 0 AR} LAY pldubbb e o

| ocations in conparison to a |iqurd cryst “di'splay VT ( ( :

Accor di ngty, RS QR pERer AR ARl "or 11 on Tor vari ous 6l ect roni ¢
deovices. FOT, Xahgnals 3 ARkt erbles B Goiolids Selce, 8
cqual o 30 R URRERoR o FhalE e ket A0Sk e L GG, i ceor
o 5ol aying. | o SRt BE AR St Conal comput er i spiay. a TV br oadcast

G spray. Mo ther T Ebaiie T A he Sy rRéuf D62 tiesnor omping mgior )
used as a di §?é,afxe 1% éc:t:ric%gtrggiorg prgpifrgtg]'%gigg 5i290?(%O%Defetggc?nr;i\x?higl?\éi/gr?a%s witﬁ the |
- first conductive layer 324a forming a portion of the gate elec'.crode, and the high
cot;centration 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 (1.DD region) which is formed on the ) '
20 outside of the gate electrode and which does not overlap with the first conductive laver
341a forming the gate.elecirode, 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. S
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The foll ow ng can be given as exanples of such electronic de_ﬁ@mgp@mie
present invention: a video canera; a digital camera; a goggle type pl ay

(head mounted display); a navigation system an audi o reproducing device
(such as a car audio system 20 an audi o conpo system; a notebook personal

conputer; a gane | nt; a tahle, inf tion term.nal (such as a
nobi | e conput er, ?gﬁ%ﬁﬁﬁé Fé?"é%ﬁi?n‘@ .“ngl?%?ﬂtggr%og@emesg}fﬁnbﬁg‘ﬁtcgm%uﬁﬂg 1t with
el ectroni ¢ book)._.and . an i e, pl ayback device provided with a recording
nedi um (specfﬂf‘ji’%%ﬁn@?d’én%n?g%%hi ch performs playback of a recording
medium and is provided with a display which can display those inmages, such
as a digital video disk 25 (DVD)): In particular, because portable
information terpminals are often viewed froma 63 :0 3 MAR 2005 di agonal
di rection, -t HamRpdiErk®t 8l of the field of visionis regarded as very
inmportant. Thus. it _is preferable that the EL display device js enployed.
Exanpl es of t hese Ap& tdigHardevdaes fopasd By EnplsBipptingithepirsentinventionigs symegior
17A-is EL display device, containing a _casing 2001, a support stand 2002, .
5 and a di spViibiferinibsighblpgationsia compaesecie aoliquith erystad dispiayidsvieabeeanse dns be
used in the display portion 2003. Since the EL display is a self-em ssion
type devi ce wistlfrenossiretype devige sadkmonegier, itsi fisld df gistoayis pode. i Aecordinglyeit vamle
thinner than a liquid crystal display. device. Fig. 17B is a video canera,
cont ai ni ng abeused dsadiisplapportiandosydriops glactronig d21825. Far@xampleudiivagpuppriate
portion 2103, operation switches 2104, a battery 2105, and an i nmage
recei vi ng potaussth@EDGlisplaedddicedifsi preseigvieatiof as ddisplag pertion afiasiili displexan
-be .used in the display portion 2102. Fig. 17Cis a portion of a head '
‘mount ed t ype (sl eletiro oppitaloddvickemcapofated)ht Hi display todint Hiamedhavingsi diapochy
2201, a signal cable 2202, a head fixing band 2203, a screen 15 portion
2204, an opt eqa! ts 98 tmche? 20 Greatndiypiciily plasl tpdOtindrres 22 @featéthfor Bpprticimpion pf
device of the present invention can be used in the display portion 2206.
TV broadcasts by large screen.

Note that all displays diéplaying_information such as a personal computer dispiay,

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 portéb]e

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

re_cording 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 i mge playback device (specifically, a DVD p?@%@@i ce)
provided with a recordi ng nedium containing a main body 2301, a di ng
medi um (such as a DVD) 2302, operation switches 2303, a display portion (a)

2304, and a display 20 portion (b) 2305. The display portion (a) 2304 is
mai nl y used | Lng i e _infor ion,. and the display portion (b)
2305 i s mai n{i@é%‘gdég%%ﬁnd&sepﬁdg??ﬁé OEFF%%?{E ef‘flﬁlf?flé%fﬁa%qd@%,as vandinprtant. Thus,
di spl ay devi resent_inventiqn can be used in the display portion
(a) 2304 andﬁﬁ%%%féeﬂgieg%?ﬁ@‘ep%frtqlﬁa}( 85"’19%‘15‘?1111%&%’@1 ﬁéﬁnmlﬁﬁélﬂfttﬁesegdnﬁronic

equi prent ig l.ncluded as.the i e, pl ayback device provided with a :
recordi ng m‘gﬁvﬁ?ﬁs%ﬁf—q‘@“ﬁ 5§ gflg“‘bgﬁgl e type display device (head nounted
di spl ay), containin 64 3,.MAR 2005 mai n_body 2401, a display portion
2402, and ar m-por ﬁgnﬁzﬁ% Lflisplay deyiep captaining ecasing 2005 papperttstandVEIDR, on
can be USEdai%-p& tge di spl ay Borti on 2402. Fig. 17F is a personal conputer,
cont ai ni ng i 11955B@y posan 2803 adhaFlodevice of theipsereatinventiorocanidedandha
keyboard 2504. The EL display device of the present 5 invention can be
used in the YFRIRY BYti98r3003n SisestheNd: disphaytis afselfrenissivms sipeniekicaiwitngs neéd EL

materials becones higher in the future. it will be possible to use the EL

di spl ay devi®¥ea Brck Hghtitssdisplay poetion om o mader thiiner yheh @'liquidcheti disgy

. projector by projecting |ight including outputted inmages, \/3ni ch can bée ~°
enlarged bydevigeses or the |ike. 10 The above el ectronic devices are

beconming nore often used to display information provided through an

el ectroni c_t el ecolfiguAi7Bds oideoicamesa)chnaimitdemat B5dyet! 0101 diSATY pb&RRIA 02

tel evision), and-in particular, opportunities for displaying animation .

i nf or mat fon aar exdiecryea gartion 2463, expateswheRd P0100MeSy PO {lciads )
extrenely high. and therefore the EL display device is flavorable tor

- perfor i ng amésieingenrtibredl0sy The B1Skisplay tbcs bORE pRELLANGERALE B0uQ% i g EL
di spl ay devi ce consunmes power. it is preferable to di-splay informtion so
as to have tdsplagnpdrtion@1pdrtion becone as snall 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-aack device)
provided with a recording medium, containing a main body 2301. a recording medium
(such as a DVD) 2302, operation switches 2303, a display portion (a) 2304, and a display e

20 portion (b) 2305. The display portion (2) 2304 is mainly used for displaying image
ihformation, 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) 23;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 digga AR 2085 on
which mainly displays character information, such as a portable
information termnal, in particular, a portable tel ephone and an audi o
reproducing device, it.- is preferable to drive it by setting 20 non-emtting

ortions as ] i ipan 1 it ok B
p #Mﬁ%?l?ggpggmﬂoﬁ ﬁﬁ%@%ﬂhgt’)ﬁf%@g THe BNdidi0device

portions. e tel ephone, containing a main body 2601,

an audi 0 out puf o %s'éﬁtoiﬂvgrﬁ%’%gls%ea%g%&{hgn' RS dHioN2£803, a displ ay

portion 2604, operation swtc an ‘antenna 2606. The EL displ ay
2604 Note that. by i Sarbgtenr Al et SGtamat d Bk ol PRI SRR 2302 50
background inp the di ortj p ey C i

por tabl ot el han@eidh 28505, ki 8058ty 248 PRI SRGHEPALALE BF e resent
devi ce, specificall car_.audi o,.system.. itaining a main body 2701, a

di spl ay pért’r“é’ﬁ“‘é"/‘b&éﬂa‘é&n “'Sbfégh“t‘?l BYRPYIORES03703 and 5 2704, The EL

di spl ay device of .the present invention can used. i.n the displ.a rtion
2705, “Lur ther nor o, Nolf SR B PpisP G dem g tE o e B ehmEs g Yyl
fype of - audi 8L RRTI oass HEcEL SRy @erratd By Tarept M ERfobin 4 EORLTRe 6
Consunpt 1 on EEHBee PEUtEH PFAIREIPS iR PE Ty RIS EBEry T B P Rr e
consunption ) _

to type audi o reproduci ng device. The range of applications of the present .
i nvention i sbY knsesstthe Py wide, and it is possible to apply the-present
“~invention to electronic devices in all fields. FurthernorgéE Enbhodi nent 6

‘can be i mf enent edlhen abeYRiRATOBH CIVERY AP RROPTIVRES TBPICt RECENSSHE Harftiwplay

| to5. 15 The_applicable scope of the present invention is thus extrenely
wi de, and i t infermation provided through an electronic telecommunication line such as the Internet

or CATYV {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.

13 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;rhich 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 pértion 2604, operation switches

26035, 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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possible to use the present invention in el ectronic equipnengj NA@IQ
fields. Further. the electronic equipnent in Enbodinent 6 nay a Q@e t he
EL di spl ays having any of the structures shown in Enbodinents 1 to 5. 20
In the present invention, turn on periods and turn off periods are divided
and appear alabesRalEnknWViihi f1qpeperiod. Ther ef or even i f the

vi sual poi nt ofgéa{n obé{g%fgg iagrggggons_r | gh‘ihgyofvglf onsHEPHiog of the poriahle telsphone

the likeli thqFBQ\?\%duEE@ visual point of the observer is continuously fixed
upon only pixels Ichare turned off, or conversely is continuously fixed
upon only pixels V\ﬂ cflgﬁ'e turned on, can. be |owered. Obstructions 66 'O 3
MAR 2005 to displ aySsuch &S BPsBHHS TEBAEENg, depses paridicallispicaugudiol systérme
di vi si on drive %%.a bi narbé cngéhod, can therefore be prevented from
bei ng vi si bl §OMEFIBE 3 TR bSEY 1sBlay partian2 102, and operatioh switohesd? 706 angl
an EL displa vice in.which a plurality of pixels, each having a first
TFT, a sec né?%{;‘ﬁ%}a@}ﬂ%’ﬂa}r ,lcgﬁﬁthér?r%ﬁeghmventm cam by wyedrin theadisply poribn
wherein: n + 28 d: S@| a¥ Feri ods. with n and in being natural nunbers of one
or nore appg 2 % A8 apdipireprodasiag devins Hir sanis spewndnEndedhnent 6, but
correspond tQ one bit of a digital video signal anong n-bits of the
di gital vi ded BEXHa0 be yeedfopampontableytyps antl & ddmgstivaypo df andiowagotinEng dévica
di spl ay periods, correspond to the sane bit of the digital video signal ;
ot her di spl ay\QseHiably displasdng sridiencharastars frer Hiddisbadk gt dendlingike atispliygertion
si gnal , armng the n +m di splay periods, appear between the plurality of
di spl ay peri 8dé2, thapoveersionsimptiom cambalicspéaly Tiey isgasticuliiy 6MEdR2RLAPoRAbIRI t
of the digital video ,
- 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 Struc_tures of the Embodiménts

l1to5.
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. 'F urther. the

electronic equipment in Embodiment 6 may also use the EL displays having any of the

S

| 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 signal is input to a gate el ectrode of the second TFT by‘vgéffﬂ%b T
turning on, and the respective display periods begin by the third T
turning off; and the organic EL elenent emts |ight when the second TFT is
turned on, and does not emt |ight when the second TFT is turned off,

wherein a bitbsd?g{@fgucﬂfasapstem Eorftbam! F¥jdhedrk Q@n?ﬂi&l&stﬂ?%inlib divis'ibrﬁ&%% B a

periods 20 | erent froma bit nunber of a’l ast display period anbng
the n + in di ' ' : im1, wherein the
(e Ter arbiiy Tde RRER ’?ﬂa’ﬁ%@%ﬁiﬁg%&ngg%ﬁ%%@gﬁ%s B 3 MAR 2005 3.
A nethod according to claim1, wherein Tri, Tr2,Tr3, ..., Tr" i =221, 22
2n-2 2n-1 where the lengths of the display periods, anong the n + in

di spl'ay periods, corresponding to respective bits of the digital video
signal are taken as Trl, Tr2,Tr3, ..., Trn-1, Trn. 5 4. A nethod according
to claim1, wherein the first TFT functions as a swtching TFT, the second
TFT functions as a EL driver TFT, and the third TFT functions as a erasing
TFT. 10 5. A nethod of driving an EL display device in which a plurality of
pi xel s, each having a first TFT, a second TFT, a third TFT, and an organic
EL elenent, are fornmed, wherein: n + in display periods with n and in
bei ng natural nunbers of one or nore appear in one frane period; 15 the n
'+ in display periods each correspond to one bit of a digital video signal
anong n bits of the digital video signal; -
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a plurality of display periods, anong the n + in display pe?g%
correspond to the nost significant bit of the digital vide [ 200t her
di spl ay periods corresponding to other bits of the digital video signal,

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

di spl ay periods; .for each of then + mdisplay periods, the correspondi ng
bit of thgwﬁ &ictlﬁ}negllﬂeo 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; and 69 0 3 MAR 2005 the organic EL el enent
enmits |ight whén thé w&mddofl’ﬁﬁvihg anuEhedisgay dewide idoelsichat plmlity lofght when
the second. TFT i erein .1 nunber a first display

peri od anBR§™® tﬁ%‘ﬁ’nhi‘”fl%ad ﬁp"’ets?“t?&g 'P%ii%uﬁfffirgﬂj AP 4% REEANS; ¥ nunber
of a |ast Rishi, aﬁéfgﬁﬁé@%}@f@ﬁlg the n + in display periods. 6. A nethod
according to claim5, wherein the first TFT and the second TFT have the

same polarity. n Hony displayrenehiods addion dhegn theing| reituralonumbess ef wnd ot mofe2, Tr 3,

N 22 2n-2 2n-1 where the | engths of the display perlods
anong themg;peﬁrlr 1%non&frsap ea%enogerl ods, corresponding to respective bits of the

digital video dHegnain akglay %léﬂﬂdsa&cﬁrc@rrespﬁha to bhdbit-of -a digital-videoldignal 15 8. A
met hod accor di ngﬁto clalm wherein the first TFT functions as a

SWi t chi ngampmg n soE e shigitaridop sigael ons as a EL driver TFT, and the third
LT, At on ey S TRl e R Bl B P MR o2
TFT, a t hiledahEbjt ca‘mhb cagnﬂrx@@am ﬁgrﬁl,
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 the first TFT turning on, and
the respective display periods begin by the third TFT turning off; 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,
wherein a bit number of a first display period among the n + m display periods
20  is different from a bit number of a last display period among the n + m display

periods.

2. A method according to claim 1, wherein the first TFT and the second
TFT have the same polarity.
25
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el enent, are forned, wherein: n + in display periods Wthx&gm%ﬂﬁ)ei ng
nat ural nunbers of one or nore appear in one frane period; 25 the n + in
di spl ay peri ods each correspond to one bit of a digital video signal anong
n bits of the digital video signal; 70 A 3 MAR 2005 upper bits of the
digital -video signal correspond to a plurality of display perigds anong
the n +m di spl iy peﬁirﬁ?fé‘?géﬁ%’ ing o plpiy lpwhesins T of bor-‘pdTrng=t2?y %ﬁ)t her bits
of the didtalomi geo i : h L1 i i;0ds ear
bet ween t%aé "|'o’I2ur élgi t’)f%oe]g‘51 |esl|g{l§gpggglji}eo§§@a p?@?&’eg@h&%{&fﬁg % %S@%pdi spl ay
peri ods, phedsorarespondignt tesgecofe bhe oflthgi digital widbeosigsil greatakérsas fput to a
gate el ecirgllde of thg. second TFT by the first TFT turning on, and the
respect i v&2ditspi-afrpéft ods begin by the third TFT turning of f;: and the
organig EL element emts |ight when the second TFT is turned on, and does
not emt |ight when the second TFT is turned off, 10 wherein a bit nunber
of a first display penpibddapemdingHe claim |, rwikirgplthy fips riTddfunctignsdasf 4 er ent

f bit_nunmb f | ast ,di . i od t ' i
per i ods. - TCHRRETER, 4 EBha R REYAPE +°8 ERRRe TFrnet SR g ¢ ne
second lhmn#fdnshaverishe BEe polarity. 11. A nethod according to claim9,

wherein Trj, Tr2, Tr3, ..., Tr" 1 =20, 2° 22, ..., 2""2, 2n-', where the
| engt hs of the display periods, anong the n + in display periods,

corresgond 19 o, RPN byt B Al sl S, abgach gy ek o
wher ei n t pizels] eadh Réving wnfitst AT, as se&con$ WHTG N bdgrdTEFT, tahé seogasic TET
functi Onsel%%er?t, aIlErI_e fg{rgé/d?iwh-gr%}_ﬁ: and the third TFT
n + m display periods with n and m being natural numbers of one or more
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 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,
20 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; and
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functions as a erasing TFT. 25 71 DO 3 P BAR 2005 13. A nmethod of driving
an EL display device in which a plurality of pixels, each %QVM%% 05 r st
TFT, a second TFT and an organic EL el enent, are forned, wherein: n + in
di splay periods with n and in being natural nunbers of one or nore 5
appear in one franme period; the n + in display periods each correspond to
one bit of a digital video signal anong n bits of the digital video

-signal; a plurabidrfardl Ui sy B8t A8, wAKPRE {B6nd THT 8 tGinsBloAY after i 0ds,
correspond to the same bit of the digital video signal; 10 other display

peri ods cdessespemtilight wherothheecobil {IFTas turhed afifgi t al vi deo signal, anong

then + in displ eri.ods,.a tween t lurality of display periods;
for each of & neBtreltd b AropRa) St Suls Perio CasfontiBo i mlist e ono”

di gitad Visd@ffercht Grdal al Bit in0RBEr bP adlagadiSpley) §Rtib@ Ut thBe) segoMmdpldfT by the
first TFT turning on; and the organic ER el'ement emts |ight when the
second TFReriaslst urned on, and 15 does not enit | i ght when the second TFT is
turned off, wherein a bit nunber of a first display period anong the n + in
di splay periods is different froma bit nunber of a |ast display period

anong the n + 6n di sphetod pesordids .to 2Rirh4, whereh fedfike TBTANAGhd Secehdi M 13,
wherein the first TFT and the second TFT have the sane polarity. 15. A

met hod acebf dptRthe SaBe BPWIT3, wherein Tr1, Tr2, Tr3, ..., Tr"-1 = 20, 21,2
22n-2,¢n" 1 where the lengths of the display periods, among the n + in

di splay 25 periods, corresponding to respective bits of the digital video
signal are tak®n asATndthod according to claim 5, wherein Try, Try, Trs, ..., Try = 2°, 21,

22, .., 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 Try,
Try, Trs, ..., Tryq, Tro.
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.

20 9. 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 with n and m being natural numbers of one or more
appear in one frame period;

25 - the n + m display periods each correspond to one bit of a digital video signal
among n bits of the digital video signal;
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Tr2, Tr3,..., Tr,-,, Trn. 72 0 3 MAR 2005 16. A method accﬂgim@@ﬁl ai m
13, wherein the first TFT functions as a switching TFT and the d TFT
functions as a EL driver TFT. 17. A method of driving an EL di splay device
in which a plurality of 5 pixels, each having a first TFT, a second TFT,

and an organic EL el.enent, are  fornmed, wherein: n + in display periods
with n and in BeRSiP waf)ﬂm digitab ¥idgo GMSNsh COBRSIPBA &0 & HHEaLLY| ‘hfa élﬁ%laﬁane

peri od; tE@ri&&s%ﬂoﬁﬁgﬁéﬁhﬂ%&%@?&lﬁad@aCh correspond to one bit of a digital
ng n

video sighal 10 a its of the digital video signal; a plurality of
di spl ay peri odstheadisphytieeiods eoirespdidipg ay offer ibitd ©f thodigitapeiddo ts@nak, he nost

significant bit of th igital, video . signal: other djspl.a erj ods
cp?responﬁ’inﬂ@g%hﬁ%Tﬁb‘%sﬁﬁgger&dst%eﬁitﬁf‘g%ﬂn_t@? Hlélf??’éﬁ’ @#1@?1?1&%/8 B9 then + in
di spl ay peri odgr caBP6Rthe Ret MEEEHIASrRidyriaé b(slyesga‘mcghg@ik %Ytﬂ%‘%!figit%ﬁ%deé5 for

each of the n + in display periods, the corresponding bit of e digital
vi deo si gisadl if snpivhpue gals edecirate obthsceeadel ISR by e St SHT tuminggn,tahd fir st

TFT turni on: and.. the organic EL el mts |ight, when the second TFT
st ur ned S hsef gl 1o By s SR T e RETAOTET 1's. tur ned of 1,
wherein a bit endeaniofElaefenient efhits Mgy wheh itRd s@BATHING furked ¢h, Ghapl ay
periods 20 is different froma bit nunber of a last display period anong

the n + i Aogsingbpant lighepherthe seepndATietsieraedetfor ding to claim 17, wherein
the figst TFT %gregrbg bﬁ?ﬁ%gr of'd Ers?al%glagr %grigcflgﬁoggolh%rﬂ 1 ¥ digplsla}7 8eri0ds

is different from a bit number of a last display period among the n + m display

periods.

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

11. A method according to claim 9, wherein Try, Trp, Trs, ..., Tty = 20, 21,
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 Try,

20 Tty Trs, ..., Tryg, Trp.

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 erasing TFT.

25
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0 3 PEAR 2005 19. A nmethod according to claim 17, wherei nmglyﬁgﬁ Tr 3,
L, TIr" 1 =2, 21,2 22n-2 2n-1 where the Iengths of the' dr spl %irlods,

among the n + in display periods, corresponding to respective bits of the

digital video signal are taken as Trl1l, Tr2, Tr3, ..., TT"-1, Tr,,. 5 20. A

nmet hod according to claim17, wherein_the flrst TFT functlons as a
switching TFT hhd t Nemsthodnef deving e ELodisplax dgvige iarwiieh arpivraldy of A et hod

of drivi nixeR EendeRbaVs de dﬁﬁ.glrtle@c)m%aﬁd% féL @Emeﬁtom@fasﬂeﬁ each

having a first TFT, a“sec and”‘an or ganic ment, are forned,
wher ei n: whéreim d| spl ay peri ods W|th n and in being natural nunbers of one
or nore appear franme he n + in dll spl a r| ods each
correspond to Brie b APBH I&‘Haflg“ﬁ | 0 gy g being figfuraly lﬁﬁsw ANBOF SDYUE t he
digital vhgear i GgRaamdiRn; bits of the digital video signal correspond to
a plurality of display periods anong the n + in display periods; other

di spl ay peri odﬁledo#nesimpmj’l pegxodsneamilh@rremdnd tofone i ofiagdipdl widebengsil gnal |

anong the n + | ppear between the plurality of display
peri ods; f‘%‘?ngﬁgltﬁgiﬁ caﬁgl{%ﬁ%ldﬁo $g P% di spl ay periods, the corresponding bit
of the di gital a)f_allﬁﬁ@cy%f@'f@ﬁa}ﬂ }ﬁ:noH@MonEQh@ng%QhﬁJle%%érﬁﬁg &Heﬁﬁ'&d&@cond TFT

by the first TFT turnin and the organic EL elénent emts 1ight when
t he seconﬂle'ﬁﬁimelbstthlﬁh!qﬁélt%irvld@rﬁegﬂahoes not emt |ight when the second TFT

o 1 ay per PRAE SRRy Tl PUPRREnlhg T bl i R P R R oy "
peri od anamgng the nv- M diBplay @i, appesr Hédﬁeenﬁﬂe 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 organic EL element emits light when the second TFT is turned on, and
15  does not emit light when the second TFT is turned off,
wherein a bit number of a first display period among the n + m display periods
is different from a bit number of a last display period among the n + m display

periods.

20 14. A method according to claim 13, wherein the first TFT and the second
TFT have the same polarity.

15. A method according to claim 13, wherein Try, Tra, Trs, ..., Trpg = 20,
28 2% ..., 2% 2™ \here the lengths of the display periods, among the n + m display
25  periods, corresponding to respective bits of the digital video signal are taken as Tr,

Tl‘z, Tr3, ey Trn_l, Tl‘n.
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0 3 MAR 2005 22. A nethod according to claim21, wherein @?eﬁﬁﬁrgﬂﬁTFT and
the second TFT have the sane polarity. 23. A nethod according to clainRl,
wherein Trl, Tr2, Tr3, ..., Tr" i =22 522, .1.12n-2 .., 2"-2, 2",
where the I engths of the display periods, anong the n + mdisplay periods,
corresponding to respective bits of the digital video signal are taken as
Tri, Tr2, Tr3l6.. . Amethod aceprding t@4laing 1ewhendinalbe divefi NGl funcepad #p 21,
wherein the. fiir s i .10 it chin FT and the second TFT
functionsmgl'gglﬂ%lllJi EFgggégg%%%$gW§§é%ﬂaﬁ§%ﬁ%%ﬁgﬁ%gﬁa?gg‘to claim1, 5, 9, 13,
17, or 21, wherein after each of the n + mdisplay periods begins, the
respective disPIay periods are conpleted by the begi nning of another

di spl ay period!7.15 Aemehogedthériving @or b rilisnley dpwrenia winch g plymlity of o 21,
whereip t . ' y I ' i ¥h-ele ' : [ ' |d one
frane 51pef)lrl%(‘?)lg’; %%%ldqé/\ﬂgé%’l ﬂ%?r?é ’ai?e%flgpﬁg %lg?%%?rgésﬁmg%g‘l g%ﬁaegt’;%i od in
sai d one farme® wpenré¢iod. 20 27. A nethod according to claiml1, 5, 9, 13, 17,
or 21, wherein the first display period s one of the plurality of display
periods in sai®™" BhQISPII%&rP&“B@? NG ™ AP MRS RO HeM TR 6F Spe axyf M5 i od i s
one of ot RfeaOinSkIinRElkidds in said one 25 frame period. 28. A method
according to claim1 or claim 13, wherein the lengths of each of the
plurality of tthe rispldesplayeareriodscashicohresmnd és poa dittad at digitd andeotdignabf t he

digital video LIS nIRYifiPYias kighs. Lhe same.

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; 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,
wherein a bit number of a first display period among the n + m display periods
20 is different from a bit number of a last display period among the n + m display

periods.

18. A method according to claim 17, wherein the first TFT and the second
TFT have the same polarity.
25
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19. A method according to claim 17, wherein Try, Tra, Trs, ..., Ttha = 20,
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 Try,

Try, Trs, ..., Trog, Trp.

20. A method according to claim 17, wherein the first 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 eclement, are
formed, wherein:

n + m display periods with n and m being natural numbers of one or more
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; 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,

wherein a bit number of a first display period among the n + m display periods
is different from a bit number of a last display period among the n + m display

periods.
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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 claim21, wherein Try, Try, Trs, ..., Tt = 2°, 21, _
22, ..., 22 2™ where the Iengths of the display periods, among the n + m display
periods, corresponding to respective bits of the digital video signal are taken as Try,
Try, Trs, ..., Troa, Tr,.

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.

25, A method according to claim 1, 5, 9, 13, 17, or 21, wherein after
each of the n + m display periods begins, the respective display periods are completed

by the beginning of another display period.

26. A method according to clairh 1,5,9,13,17, or 21,
wherein the first display period is a divided display period in said one frame
period; and

wherein the last display period is a display period in said one frame period.

27. A method according to claim 1, 5, 9, 13, 17, or 21,
wherein the first display period is one of the plurality of display periods in said

one frame period; and

wherein the last display period is one of other display periods in said one

frame period.

28. A method according to claim 1 or claim 13, wherein the lengths of
each of the plurality of the display periods which correspond to the same bit of the

digital video signal may not all be the same.
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