METHOD OF DRI VI NG EL DI SPLAY DEVI CE BACKGROUND OF THE I NVENTION 1. Field
of the Invention s 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 turned on is controlled. In particular, the present
invention relates to amAHOD OF DRIVING Bin DESPdiAY THVHeli ce having an EL
panel using organic EL elenments. io 2. Description of the Related Art The

i ntroduction of digital technology to equi pnment and systens used by
broadcasters is increasing, and in recent years, the digitalization of
broadcast radio waves, thgACKGROUSEAQETHBANGENTENIENt toward the
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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, Aeal'mg 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 a plurality of subpixel.s. and driving each
subpixel independently based upon a digital video signal. One pixel must be divided

25 intoa plurality of subpixels in this surface area division driving method. In addition.
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in order to drive the divided subpixels independently. A difficulty thus
develops in that the pixel structure is conplex. On the other hand, the
time division driving nmethod is a driving nmethod for 5 performng
gradation display by controlling the length of tinme during which pixels are
turned on. Specifically, one frane period is divided into a plurality of

di spl ay peritisadso ndeassarypiodetmipixel Brotrpi@c@srdspoRdihp inast refpeRfivd k'tfﬂsiﬁqeigff
state in each display period in accordance wth a digital video signal
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of organic EL nmaterials is fast conpared to liquid crystals and the. like,
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- 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-level gradations when performing
15 time division drive. A case of displaying mid-level gradations by time division drive
in accordance with a simple binary code method is explained in detail below using

Figs. 19A and 19B.

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

R—

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

An image is displayed using a 6 bit digital video signal capable of displaying
gradations 1 to 64 in F igs. 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 Tr1 to Tr6) generally appear within one
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digital video signal correspond to the display periods Trl to Tr6,
respectively. The ratio of |lengths of the display periods Trl to Tr6
becomes 2 : 2" : 22 : 23 : 24 : 25. The length of the display period Tr6
corresponding to the nost significant bit s (the sixth bit in this case)
of the digital video signal is the |longest, and the |l ength of the display

period corr éspristiiod Wwigert itnd £8%kt ELBAIEAGAAENA Thé FHR 1 HSLix ﬁig Sipd he

digital video signal is the shortest. For a case of performng display of

the 32nd gr ditaal Gideo bid@aPéorRisporRl @ thE ﬁ%ﬁfﬁyi rio_@é’TPlntosf‘r?:[ Fetsg%btf'vlgﬁr di spl ay
state

periods Trl to Tr5, and the pixels are placed in an of 10 during

the display per i%ﬁ{i@.oﬁéﬁqu‘é afsgﬁﬁﬁ’aegﬁfiﬁ?ﬁﬁﬁrﬁﬁﬂ% 3 cdbsphiay:0tst he

33rd gradation, the pixels are place te dufing the
di spl ay perjods k4 TE . e El -dj spl a r.j od
Tror & poeudo Zontolr iyt b G TARERAE OB SByBtaRtiL
portion f.or - ng:.di. SR 1 he. at,i on and th ortion for
per f or mi Ag %Jflés)p| a?i I%qgﬁgh&?g%g(ragglga} gﬁ%ﬁ :g%ﬁ'gf gfﬂg lpgg%ﬁﬁggal&egle S dhe
refers to o€ I epeatedl v visibl e . erfor.mng
time grad a?ﬁn g}lﬁi &31 sr;gchéf q%ggélgdé%‘i’ q &!heglga%@{gﬁugc ¥W};¢I€e g‘ﬁg@t?mrf{}tetﬁ%&gﬂ%"dgéq t is
sai d that Hpe T%h@ cgg&e of the pseudo contour is fluctuations which
develop in Rty p P E8y %%‘brightness due to the characteristics of hunman
vision. A nmechanismof the .20 geperation of the pseudo contour jis
expl ai ned using %JIQF aggseﬁée&@qu%éﬁg}gggio hg A2BH giadaliom ithepixplsiare placed ing
di splay device in which_ a gseudo contour devel ops, and Héé" 20B shows t he
rati o of t RS Peiyeny thy digpiagpsyodsetridas rapprdithi pixelyanetnlacedria anrcdfstajser i od
i-n the pixel portign. An image is displayed using a 6 bit digital video
si gnal ¢hpd&Hriae dhe SB‘&MW%E 195 Fyrthgadponasase efpeslormingrigplay 2§ sheAdd20B.
The right hak%ﬁof the pixel portion perfornms 3 display of 33 gradations,
and the | efad3tpn. tBe pixsds giepdaced in aitemed off Brtesiudng ﬁleagrsmay periods Trl to
Tr5, and are turned on during the display period Tr6.
A pseudo contour may be visible at a boundary portion between the portion for
‘performing display of the 32nd gradation and the portion for performing display of the
15 33rd gradation.

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

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

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

- An image is displayed using a 6 bit digital video signal capable of displaying
25 gradations 1 to 64 in Figs. 20A and 20B. The right half of the pixel portion performs
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gradations. The pixels are placed in an on state during 31/63 of one frane
period, and the pixels are placed in an off state during 32/63 of the one
frame period, in portions of the 5 pixel portion performng display of the
32nd gradation. Periods during which the pixels are turned on appear

alternately with periods in which the pixels are turned off. Further, the

pi xel s are gikplagdf B g8dHa0OnS 8L & WH §L : ra eriad, _.and the
pi xel s are placed in an off state dur?%ggg%%éag%fp%t?ﬁ%gBegg?&ac;fﬁpqﬂgpfgﬁ, in
10 portionsg@afiatidag. pi xel portion performng display of the 33rd gradation.

Periods during which the pixels are turned on appear alternately with
peri.ods in whichyhg.di u off. FEar ase,of displaying a
nmovi ng picture, thé Int éﬁ@%g{{ 'eta%/e(gerpn&%t r(iui”@lg /%fgg?%ﬁlfrﬁ‘&eﬁ’ﬁ’éoé’m the
gr adat.i on fiﬁ:@e [ - (] ng the d.qgradation in Fig. 20A 15 is
t aken, for “exa , as noving | { . erel y,
ken, f lgr;%{eg’ll%a ik BH%Y“% %ﬁgéef&@ﬁnsfﬁww Bipartiens ofitaerel y
the pixels_kear. the bhoundar w.tch aver between displaying the 32nd
gradat i ogn éng dsiogst%?ena%%x‘gm”f‘ééﬁ%?% Oélx_léfdégli“gﬁad_@o@oi 1$§10d% duging wlicbthper i od
for displ a¥)'gg?gs Frh 33rd gradation begins imediately after a turn on
period for *di sp gfrluﬂbedt AR 2YPERRlY ovith pedieds inpwhishshagarels hee bonediar y.
The human e thus can see the pixels turned on 20 continuously during one

frame peri S4: This is percei ved as an unnatural bright line on the screen.
Conversely, the ‘i'}.%tlerface_ bet ween the portions displaying the 32nd
gradation- and F eﬁo‘ihﬁi%’ﬁ‘*sls arespresd ingint drest3@rdirigng P46 3 ofondfrking.peZidd, i S

t aken, formﬁgg}r‘gpl_e, as noving in the direction of the solid Iine. Nanely,
t he pixels Rigelsse pdegef Bvin off QEealringhdl/6Berf tHe spkaying peHled 3y d

gradation and di splaying the 32nd gradation. By 4 doing so, the turn on-
peri od PorPYHEps @tf}ﬁhﬁg' poRmegfombang displag o tir I3rdgetidatichyPahié® during )
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 gradation and portions-dispiaying the 33rd gradation in Fig. 20A
15 istaken, for example, as moving in the direction of the dotted line. Namelj'f, the pixels
near the boundary switch over between displaying the 32nd gradation and displaying
the 33rd gradation. By doing so, a turn on period for displaying the 33rd -gradation
begins immediately after a turn on period for displaying the 32nd gradation in the
pixels near the boundary. The human eye thus can see the pixels turned on
20 continuously during one frame period. This is perceived as an unnatural bright line on
the screen.

" Conversely, the interface between the portions displaying the 32nd gradation
and the portions displaying the 33rd gradation in Fig. 204 is taken, for example, as
moving in the direction of the solid line. Namely, the pixels near the boundary switch

25 over between displaying the 33rd gradatiom _and displaying the 32nd gradation. By
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the turn on period for displaying the 33rd gradation in the pixels near the
boundary. The human eye thus can see the pixels tamed off continuously
during one frane period. This is perceived as an unnatural dark |line on
the screen. 5 These types of unnatural bright lines and dark |ines
appearing on the screen are obstructions to display, referred to as pseudo

contours ( j : . [ [Fely) 0 display _also .beconme
visible i n%%ggé&?%g@gﬁﬁ%}g 8%%@15&%%&%@@%%&@9%@% ‘%ﬂ}eélﬁq?iﬁé Vi ng
pseudo cont devel op, kN POVI PG ] es. T, obstructions to . display.
static i nagtgghglpeonoﬁ%j&nfo\ﬁﬁi?so&xayfl% %‘g?%lr%érwgﬁ%ﬁl ﬁ’fr?lﬁﬁlsé’&@rnﬁﬁerji’oupga‘?he
boundari es .of radatiog . A si r@le expl anati.on_of the rieaéon that this type
of obst ructihYD %F ﬁ’ilsaﬁaq se5 the; pels jtmed A1 coptignpushy dutingiang draE  Even
if a person's, eye is. fixed upon one point, the visual point noves slightly.
and it is d%ef'lf)ﬁcﬁhs isgesgeryed aétand’rﬁ’éa‘b‘ﬁ?lrﬁilaﬂ%\]tltl?lo%msﬂ?ﬁny. Therefore. even
if ones intentign is to stare at the boundary bhetween portions of the

pi xel poftion idbGHf TR aspldrightlings auddeds inesgrarapnagn b serenaphd
gradation, and portions in which the pixels are perfarmng display of the
33rd gr adatobsEuctions g idisplay, poemed Wi dsipsaedaetntquradme visig rmqugq/contews and
right, up and down. For exanple, assune that the visual point noves from
portions perf or fbsguciipnspioadispdsy alse begomle yisdhlatin staticdmages donto fer famiari ng

di splay of the 33rd gradation, as 20 shown by the dashed |ine. For a case
in which t leeusgiagdhat iarehich tize tovingdsofido straberswlierelop hie nvidn@imagdsnt Thes

| ocated in portions displaying the 32nd gradation, and the pixels are in a
taned of f sbstttinheto display.issitiaimpgdsnatre ose inoglitke dlidkeripgmotomscadibepkaying t he
33rd ‘gradation, the pixels are seen to be in a turned off state through

t he ent ix ethenboundaries ofigradatiohy #Ansiolyde exglanatieyefthedvaoanthat dat yypef of
exanpl e, assune that the visual point noves fromportions 5 Performng

di spl ay of obsimicB3nsltgdizgiay iovisible Postitionsageeis madd bgodi spl ay of the 32nd

Even if a person’s eye is fixed upon one point, the visual point moves slightly.
and it is difficult to stare at one point with certainty. Therefore. even if ones intention
is 10 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
feft and right, up and down. |

For example, assume that the visual point moves from portions performing
display of the 32nd gradation to portions performing display of the 33rd gradation, as

20 shown by the dashed line. For a case in which the pixels are in a turned off state when

the visual point is located in portions displaying the 32nd gradation, and the pixels are

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

A 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
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gradation, as shown by the solid line. For a case in which the pixels are
in aturned on state when the visual point is |located in portions
di splaying the 33rd gradation, and the pixels are in a turned on stat
when the visual point is |located in portions displaying 5 the 32nd
gradation, the pixels are seen to be in a turned on state through the

entire one SHBn i bserver's eyes. Th i.xel.s are therefore
seen by hu n%%f eyes‘c’pt&r(;'b %g Q?Bréhe:?%r@r% adaten tgtpac%/ﬁ?nsogerfqgﬁ-gng fipteelohe o4t e,
t hr oughout r.a i bec e of the tin venent to the |eft

right, up a%g%fc%g S B e S ﬁﬁ%ﬁ?{’*%ﬂ%ﬁé{ § PSS 476 iz §ymag on

whi ch the undar rtion,is seen to sway back and forth is seen.
SUMMARY OF S’}%Ee’g‘ﬁﬂ/%&ﬁ{%%?ﬁ?f@“édwt Rorigens digplpriag the 33rd eeardation, atidthd
t he | ongest_.di s%!e%\ﬁ ag@ri od into a plurality of display periods (divid

di spl ay pem¥ds

B Ratewhen the visvabipeint is loaBed in podiemstdispingne

pseudo cont ou&s frombeing seen. The plurality of divided display peri

are ther ditd

g gradptign; the pieslearesgeretoderinadusedas stat througp fessntire one

succession., There, may be one divided display period, and there may be,
plurality &mﬂwm%w@@pﬁwr’p@ymds. However, it is preferable that a
di splay period corresgdi ng 20 to the nost significant bit, in other

wor ds, the | ong&he pige

a fixed rule. Further, it is possible for a designer to appropriately
sel ect t hetterbefi stafe, tidbughted ode Sphmypepiedibedsuse fithd tiny SoRERERIRRhEdrhat

t he anobunt of divisions be determned by the balance of the driving speed

for a di spurightyigendddwhhef thequbi poditsalBybsRtibAY to aé,é@ iﬁ%ﬂi@ﬁaff‘e

Furthernore, it is preferable that the I ength of divided
cor r esgonddavgdaxy fidntiors ismeedid swhy Badk fid fkthMs 96, si gnal be the same, but../

t he present

15

20

25

SUMMARY OF THE INVENTION

The applicants of the present invention divided the longest display period into
a plurality of display periods (divided display periods) in accordance with a fixed rule
in order to prevent pseudo contours from being seen. The plurality of divided display
periods are then distributed within one frame period so as not to appear in
succession. |
There may be one divided display period, and there may be a plurality of
divided display periods. However, it is preferable that a display period corresponding
to the most signiﬁcant bit, in other words, the longest display period, be divided in
order in accordance with a fixed rule.
* Further, it is possible for a designer to appropriately select the number of
divided display peﬁods, but it is preferable that the amount of divisions be determined

by the balance of the driving speed fora display device and the required display quality

of'an image. ‘ S
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invention is not limted to this. It is not always necessary to nake the
| ength of the divided display periods the sane. 5 In accordance with the
above structure, obstructions to display, such as pseudo contours, which
are conspicuous in tine division drive by a binary code nethod. can be
prevented from being visible. The structures of the present invention are

O seusecs el ASRARAIODN'S, BT WOUBIHA O JMIRCE g R 0

met hod of driving evice In pi xel s,

e T R T T S A

el enent, are aracterized in® p er1rods

and in are poth.natural. n er.s. ear. ,n_one frame rigd;, t 01N

i spl - per TORRT g PTG R, P VeBreserg Pafald flgcadf e 1o

anong n bits. of .the. di iH%% vi deo signal; a plurality of display periods,

anong t he n&)ﬂ‘{eﬁ display %37’ RotNe-correspond to the same bit of the

digital video signal; other, display periods corresponding to Qther bits of

the digifal vi déBassgAaRce WithiicqboNe Stiuckuie oRFupHonNs (B ispies Su FUERt ween

the plurality of display periods; 20 for each of then + in display periods,
the correspBHEUg VHeh afc eomepignens ) time division duyamby # binagy geds methagaean

el ectrode of the second TFT by the first TFT turning on, and the

respecti ve RfigpranjepEpmobringsitieby the third TFT turning off; after each

of the n + in display periods begins, the respective display periods are

conpl et ed by t hdhpeguaniresgeicghe armsenidnveitop sy dsevssedibelow.by the third TFT

turning on: 25 and 7 the organic EL elenent enmits Iight when the second

TFT is turned occerdingtnebe prasentdnientiongthereibprovided agectbad of driving andilned

of f. :

‘ 10 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:

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

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

15 among n bits of the digital video signal;

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

other display periods corresponding to other bits of the digital video signal,
among 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 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: -

25 and ‘ ' Ce—



According to the 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, 5 a third TFT, and an organic EL el enent, are fornmned,
characterized in that: n + mdisplay periods (where n and nmare both natural
nunbers) appear in one franme period; the n + in display periods each
correspond to REo a digital eo. signal amng.n bits of the

it. I i )
digital video si gn%a?lc%l‘ 5166?%‘ st i‘ggﬁ“”h?%*gueéyc%@r% & tuged 9§, atedaes+ i n
di spl ay per.i.ods,,. corr.espond to he.nost significant bit of the digital
vi deo si grlt® W’éﬁ%ﬁ ﬁ?e%#diﬁﬁglsc'b‘ﬂﬁ‘é’s‘ﬁgndi ng to other bits of the
digital video sjgnal,, anong then + in display periods, appear between the
plurality of d@gP&bﬂ%Bﬂhsmseﬂbmvwm dfere sgrovided mniteyl cfyirperg ad, t he
correspond(i%qn? bit of the digital video 15 signal is input to a gate
el ect r ode WPIPhevieciBrwhirhe plyralite of pixets, T&ch baving adiretiTF Brdsectie TFT,
respective display periods begin by the third TFT turning off; after each
of 't hen’ +aithlrdliplffi{ and prorgatic Bégilersent he foempéaharetatizedliashaper i ods are
conpl eted by the begi nning of another display period, or by the third TFT
turni ng on; and-Bm diplahpenodsa(vlerdh and enmetbotihitardl nghibe I@gpéab%ﬁﬁ&ond
TFT is turned on, and does not emt |ight when the second is turned
of f. Accofidiregperiodt 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 stieant ni Bisplayepdrivds@adit Eorradpdnaio QRO BRI §F FioRhBITRES sigdhf
formed, characterized in that: 25 n + in"display periods (where n~and nare

- bot h nat uambngurierofkhagipeal video @ppal:8 frane period; the n + in display
peri ods each correspond to one bit of a digital video signal R
10 a plurality of display periods, among the n + m display periods, correspond to )
the most significant bit of the digital video signal;
other display periods corresponding to other bits of the digital video signal,
among the n + m display periods, appear between the plurality of display periods;
for each of the n + m display periods, the corresponding bit of the digital video
15 signalisinputto a gate electrode of the second TFT by the first TFT turning on, and
the respective display periods begin by the third TFT turning off;
after each of the n + m display periods begins, the respective display p;eriods are
completed by the beginning of another display period, or by the third TFT tuming on;
and ‘
20 the organic EL element emits light when the second TFT is turned on, and does
not emit light when the second TFT is turned off,

' According to the present invention, there is provided a method of driving an EL
display device in which a plurality of pixels, each having a first TFT, a second TFT,
athird TFT, and an organic EL element, are formed, characterized in that:

25 n +m display periods (where n and miare both natural numbers) appear in one

8



anong n bits of the digital video signal; upper bits of the digital video
signal correspond to a plurality of display periods 5 anong the n + in
di spl ay periods, respectively; other display periods corresponding to other

bits of the digital video signal, anong then + in display periods, appear
bet ween t he plurality of display periods for each of the n +m di spl ay

periods, tHenkos Eonding bit of the digital video signal is input to a
gate eIectrode of the second TFT by the first TFT turning on, and io the

respective di sphay, P&hidegs d?is Rycit @&réi&bﬁ&l 1d bile B ro'?'a'?ﬂm@d(l v’idé%f iShar€ach

of the n+ mdisplay perlods gl ns, the respective |sp y periodsTare

conpl eted Qﬁﬁoﬁggb@ﬁqﬁrﬁ%a \‘:‘?Q‘g% 5. di splay period, or by the third TFT

turni ng on e orga ment emts |ight when the second TFT is

turned on, and bltg’é \éﬂa‘{l leeb %am%sfjgnd t%eacq%x%ht},: n'eftdi‘ng%é Oéer}lggl 8{ Lg

According to th presen ere 18" provi

an EL IS i pI ity of pixels, each having a first
TFT, a gec%lr[llg%{%'g% gnd&HY%}peglﬁg% pe§1e741¥;‘h are forned, wherein: n + in
di spl ay period andln are both nat |.. nuppher s). appear in one 20
frame period; ‘?Iré (%i&lax el QVTE)S@PPg - toeoi}é'f‘fat&’ﬁsr ?gg’ﬁo‘ﬁélt‘l%o‘ggﬁ%s‘ﬁ"? of a
digital video s n bits of e di vj.deq. si gnal ; . lurality
of di spl ayaIB%%J@g l&h@ﬁapﬂg IRETIRAS, 3PREadi gtlB %‘B’ﬁg g%y adt';p t he
same bit of the, di vi deo signal ; 25 t her display. perio

cor r espondi ng tf8r?ﬂg‘1lli‘é’ragﬂé?{1§181d‘ ??é/ atgeW’a%%’°§fi’@ﬁaqltOft@3§‘r$éfﬁbwﬁﬁ@ n +
in display.periods, appear beéetween the plurality of display periods; for
each of t 145111131191 g3l eetogeof thermsconst TES firthe %Stﬂlpﬁ g‘lmltnlgemdia@ flt al

video .
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 ﬁ'ot emit light when the second TFT is turned ‘off.

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

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

20 frame period; |

the n + m display periods.each correspond to one bit of a digital video signal
amorig 1 bits of the digital video signal;

a phurality 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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signal is input to a gate el ectrode of the second TFT by the first TFT
turning on; after each of then + in display periods begins, the respective
di splay periods are s conpleted by the beginning of another display
period; 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.

Accor di ng t@uengthpmes endisplay patiods appdae betvéennthe piudety R oddt i Vi ng
an EL display device in which a plurality of pi &el s(,ﬁyeach hav%)ngm%’fi rst

TFT, a second THI; eachofdirch am disgRRiperiblis, sheBHNspoRdiBe bATIREe dhef Sidl, N +
in display periods (where n and in are both natufal nunbers) appear 1'n one

frame peri ognal senputtoiargats ﬂlél:t@é’depﬁrth@géco%@cffﬁgf %g?g%gﬂlsg ?'gf aOf a

digital video signal anong n bits of the digita

plurality of di sfibesacherieds: mamansgy ﬁé%sbeé%s%&gg Péﬁ&%ﬂ@%%@fﬂigond

to the nost significant bit of the 'digital Vit gnal’; y
peri ods sc%b@@lt@é}ﬂbjmgl_et&ggﬁ{ﬁ?gopél{&hé}fdigﬁgj{ﬁé%(#%gw deo signal, anong
n-the pru

then + in display periods, appear betwe lity of display periods;
for each of thews gFodidic fi ¥ he corres .ng bit of the -
digital video 20 si gna E{‘?p‘f’rf%nﬁfp‘ﬁ{'%q%%?}‘gié‘i‘eesc?PE‘b‘ggf g‘ﬁs‘gﬁ%‘? %‘bégﬁldﬂiﬂr by
e firs ML : ¢h, 0 +m di-spl ay peri ods begins, e
e lql ln&h&?@ BL&ES pﬁﬁﬁ m%é .

respective display perio S 5F ¢ *the begi nning of anot her

di spl ay peri od; anic EL el.ement emts, |ight when the second TFT
is turned on, aAng&gggélg%%t I Y P ﬁ‘stlﬂ"é‘”éié‘égﬁl?th@lﬂﬁ@‘flﬂg aodELof f .

29, accor 9 ko (R BLRRRIL, HVGNL LA A8 S 050, TEL o0 B,
C\ha\éir 2?%@ fd'nrdsatn oTrELﬁc%}f%%%%gt,Eé‘iro’meﬁ,”%h?r%hﬁr ganic EL el enent, are for rred;)
n+ m display periods (where n and m are both natural numbers) appear in one
“frame period; |
the n + m display periods each correspond to one bit of a digital video signal
among n bits of the digital video signal;
15 a plurality of display periods, amoﬂg 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 vido-:-.o signal,
among the n -+ m display periods, appear between the plurality of display periods;
for each of the n + m display periods, the corresponding bit of the digital video
20 signal is input to a gate electrode of the second TFT by the first TFT turning on;
after each of the n + m display periods begins, the respective display periods are
completed by the beginning of another display period; and
the organic EL element emits light when the second TFT is tur-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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n + mdisplay periods (where n and mare both natural nunbers) appear in
one frane period; 5 the n + mdisplay periods each correspond to one bit
of a digital video signal anong n bits. of the digital video signal; upper
bits of the digital video signal correspond to a plurality of display
periods anong the n + mdisplay periods; other display periods

correspondi to,ot.her bits of, the digital video. sigpal 0 _ano en + m
di spl ay per‘ﬁ%&@f d%‘ﬁﬁ%éﬁwb Hradifeonpiselsy ?@q@f"m@i asﬁfsé;ﬂ: e?isgragx?igﬂff'& each
of the n + mdispl ay. riods, the corresponding bit of the digital video
signal is iARgAR Ag? C%’i{@e@F%WJBEH%ﬁa WhEeiBecond TFT by the first TFT
turning on; after each of then+m display periods begins, the respective

di spl ay peri ods laf 8 digplgy peeds (Wcrefeankyi aipbeid nsfurahSmes s RRPSREN ¢ i od;
and 15 the organic EL elenent emts |light when the second TFT is turned on,
and does deamepgriod;i ght when the second TFT is turned off. In the present
i nvention, the nethod nay be characterized in that the first TFT and the
second TFT havetltdve tsmrdispay periads. eatin comespponéd sense bitvwdntdigital video signdlod may
be characterized in that Tr" Tr" Tr;, 20 ..., Tr,-, =20, 2', 22, ...,

2" 2, wher e ativagindritg dithetdigitaé vidiee pigagl; peri ods, anong the n + mdi spl ay
peri ods, corresponding to respective bits of the digital video signal are
taken as Tr,, TopperBif8ofthe digifal nidee sional cdbfesfbnOBSGRIRTIHON diipldHEeRRAW NGS
25 In the acconpanying drawings: ti Figs. IA and 1B are di agrans showi ng a
pi xel port keengfithean +bh ddpl poriodsj ng a driving nmethod of the present

invention, and the ratio of the lengths of a display period and divided
di spl ay peri odsethee8p@hlyi pelods corresponding to other bits of the digital video signal.
10 among the n + m display periods, appear between the plurality of display periods;
for each of the n + m display periods, the corresponding bit of the digital video |
signal is input to a gate electrode of the second TFT by the first TFT turning on;
after each of the n + m display periods begins, the respective display periods are
completed by the beginning of woﬁer display period; and
15 the organic EL elément emits light when the second TFT is turned on, and does
not emit light when the second TFT is turned off.
In the present invention, the method may be characterized in that the first TFT
and the second TFT have the same polarity.
In the present invention, the method may be characterized in that Try, Tr,, 113,
20 .., Tr,,=2°%2" 2% ..,2%2 2™ where the lengths of the display periods, among then -
+ m display periods, corresponding to respective bits of the digital video signal are

taken as Tr,, Try, Ty, ..o, Tryy, T,

BRIEF DESCRIPTION OF THE DRAWINGS
25 In the accompanying drawings:
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Figs. 2A and 2B are diagrans show ng the pixel portion of the EL display
using s the driving nmethod of the present invention, and the ratio of the
| engt hs of display periods and non-display periods, respectively; Fig. 3
is a diagram showing the ratio of the | engths of display periods and

di vi ded di splay periods for a case of dividing a plurality of display

periods into divytgde i eriods; 10 Fig. is,a circuit diagramof a
pi xel portion uflh g‘ilé %{Fﬁ\%%(rﬁrﬁrﬁ% S@ow%a%ﬁfei%mmi#\f@rﬁfrQWPI%‘@?H&B is a
circuit di i X using.a driving method of the present

i nventi on; agl g. %B}egl'lcgd ﬁ%rgﬁ?eg’ﬁéw%w&ﬂ g?‘il Visnirtioeefbe letstinel pdéspdan

i nvention; 15 Fi oy ircuit diagramof a pixel portion using a

dri vi ng neP%%%‘FggdgWéée%ﬁﬁgg@hPerﬂﬁ’ﬂﬁeFﬁﬁpéﬁwa;g. 8 is a circuit diagramof a
pi xel using a jvij?gg rrqe1 hod of the present invention; Fig. 9is a

di agr am showi ng* #5drr heP AEt Hagrages shrwing s eivel pontimtdf trg E26isplayusikOA and
| OB are bl ock, di.agrans of a driver circuit; Figs. 11A and 11B are top

sur f ace’di TS’@W%@%‘E@ thespriessnt imvergion] 2id thoe 1210 aff thederigis sﬂﬁfs?@@
di agram and cross sectional diagrans, respectively, of an EL display;

Fi gs. 13A Riofigend mendiisdeaperiadsomispgetivelgt hod of manufacturing an EL 25
display, 12 Figs. 14A to 14C are diagrans showi ng the nethod of
manuf act uri ng dAgER is @i dipgray sikivgsg theAatiobfthe laighdbAgispls Wk tgdt he
met hod of manufacturing an EL

divided display periods for a case of dividing a plurality of display periods into divided

display periods;
10 Fig. 4 is a circuit diagram of a pixel portion using a driving method of the
jaresent invention; |
Fig. 5 is a circuit diagram of a pixel using a driving method of the présent
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;
Fig. 9 is a diagram showing a driving method 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

¥

respectively, of an EL display;

Figs. 13A to 13C are diagrams showing a method of manufacturing an EL

25 display; o
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display; 5 Fig. 16 is a diagram show ng the nmethod of manufacturing an EL
display; Figs. 17A to 17F are el ectronic equi pnent having an EL display
using a driving nethod of the present invention; Figs. 18A and 18B are
el ectroni c equi prent having an EL display using a driving nethod of the
present invention; 10 Figs. 19A and 19B are di agrans show ng a pi xel

portion of an EL.displa jng ..a conventional driving nethod, .and e
Pati o of the | eRiEnd a4k @%%@rﬁgﬁsglawg?ﬁﬁledpetﬁla‘é&?m%w%uw %EQL;
respecti velﬂy; and Figs. 20A and 20B are di agrans showi ng the pixel portion

of the EL di¥ay using the conventional driving method, and the ratio of

the I engths of display periods 15 and non-di splay periods, respectively.
DETAI LED DESCRI B@Sdﬁ%@ncméBmEﬁw shvape tEnsthoi pfveanufedivringas Bl A

case of displaying an internediate gradation by a tine division driving
met hod 20 déffplayhe present invention is explained in detail bel ow using
Figs. A and 113. Fig. I A shows a pixel portion of a display device, and
the rati®n of thBigd éngt hdiagoim dicpingythp erdticasofinatufattueappeartl disphay; f r ame
period Fin Fig. IB. In figs |A and 1B, an inmage is displayed using an
n-bit digital vFgeo!SA gndiF are algatrbeicakuipinspit Ayving ag EAdhsplanssihg adriviigo 2" .
The right half of the pixel portion 25 perfornms display of 2"-' + 1

gr adat i ons medtigd! dfltRe bekenttiatdntioat f orms di splay of 2° 13 gradations. N.
di splay periods (display periods Trl to Trn) appear within one frame period

for a case of usigRgigAend-1¥R afll glebbni¢i dRSiédRlvidd R EIOHHRNSLushE R a
sinmpl e binary code nmethod. The first bit of the digital video signal to
the n-th bitiviak ridiBodlbPihk freséhf®ention;
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 lehgths of display periods:

i5 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 IB.
Fig. 1A shows a pixel portion of a display device, and the ratio of the lengths
of dis‘p]ay periods Tr that appear in one frame period F in Fig. 1B.
In figs 1A and 1B, an image is displayed using an n-bit digital video signal
capable of displaying gradations from 1 to 2". The right half of the pixel portion
25 performs display of 2*' + | gradations, and the left half performs display of 2™
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5 signal correspond to the display periods Trl to Tm respectively. The
ratio of the lengths of the display periods Trl to Trn becones 2 : 2' : 22
. 2" . 2"'". The length of the display period Tm corresponding to the nost
significant bit (the n-th bit in this case) of the digital video signal is
the longest, and the Ilength of the display period Trl corresponding to the
| east signidiganhsbit (the first bit) io of the digital video signal is
the shortest. For a case of perform ng display of 2" gradations, the pixels

are placed in a tat.e.ip.the dis erjiods Trl Tr(n-1), and the
pi xelos are pl ac@ddlgﬁlagﬁgég?s quﬁjp@’p%&ls%ltqﬁ ”Eﬂ@iﬂ"é’ywbgm%(fﬁ?r%‘? Peied her ,
t he pi xelsfgl[e %!ac d.in.a tﬁrncgd. ciff. state during the display periods Trl
to Tr(n- 1)'°F ASHCHISE hep-Oif deitalngdehesarkisl asgorsapsowithrmsimpiabigasn

per form ng di,spl of . 2". + 1 gradations The display period Tr having the

| ongest percpg%lg’ﬁgyofih&ﬁeﬁr%bﬂ%@rtﬁﬁﬁﬂiﬁmd@\?l%éblfo the B1sh &it qféhd digkal(dddo Tm
and S2T in this enbodi nent node. Note that although the display period
Tmis divi dedal sreespons @ithe déwlay pesiady Tsbito dus respectivelyenbodi ment node,
the present invention is not limted to this. Provided that there are two
or more 20-di vi Heeiratiosqfithy lenethsoefsthe divplayyrdniexds A1 th Tinlbetotiespag! peti ods
may be provided, limted by the operation speed of a driver circuit and

pi xel TFTs: TRE di/i'delheliemthayolptei digslag periotl Bfpedtespdnditg CRSBicOMosA

di splay period corresponding to another bit of the digital video signal

al ways app@gnriichetthit(Ere n-wobit di thidede)ifand digitaevidossign2Ts Metienddigtnd he

| engths of the divided display periods nay not be the sanme. 14 Further, it
i s not neclssgtrof thodigplag pesing Tirl nbiradpondmean tidRaarstenfiodn: bhen s &y

periods which are not divided. There are no limtations on setting the. -
order fwonefthe difiimpiigo sipmial dtheghoepondi ng to the nost significant bi t.,.?o
the display period corresponding to the |east significant bit.

: Fora cas¢ of performing display of 2™ gradations, the pixels are placed in an
on state in the display periods Tr1 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 are turned on during the display period Trn,

15 when performing display of 2™ + 1 gradations.

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

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

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

25 " Note that the lengths of the divided display periods may not be the same.
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5 A reason that obstructions to display such as pseudo contours are
difficult to be seen in the driving nethod of the present invention is

di scussed next using Figs. 2A and 2B. Fig. 2A shows a pixel portion of a
di splay device for performng display by a driving nethod of the present
invention, and Fig. 2B shows the lengths of display 1io periods and divided
di spl ay periods appearing within one frame_ period, in accordance wth a
turn on peFlgheraids BOtNEERSSAR tomhens-any Ainigrions epithrorder of the dplaymeEiads ght
hal f of the pixel portion performs display of 2"-' + 1 gradations, and the
left hal f pardharamotidispiedy Breroaregroalimithloons anseting the arderdrqse tha dsRlayf t he
pi xel portion perform ng display of 2" gradations, the pixels |Is are

pl aced i n perimhcasteapending Y the most sighifipent Wit the thphy padod cemesppadingde and
the pixels are placed in an off state in 2" / 2" periods wthin the one
frame peri i@ ledsheigpdidantisit. duri ng which the pixels are in an turned on
state and the periods in which the pixels are in a turned off state then
appear al t er nat glryasofrtidt bestrudtivnp er dispiag sadh dsheeplointquos dicciiffpaitftobai ng
display of 2" + 1 20 gradations, the pixels are placed in a turned on
state i'n 2geen id the drivBig raeihoof thicprevast ihtention ipgisteded waxdusing Fisx2Asndr e
placed in a turned off state in 2" - 1/ 2" periods within the one frane
period. Thegperiods during which the pixels are in a turned on state and
the periods in which the pixels are in a turned off state then appear
alternately. Theot sk RO RGkQGHANM of BispiHyieide f@ﬁ{;er@@ﬁmg@i@lay eed and

appear alternately 25 within one frame period, and the visual point of a

person mov -Lingéﬁg d f in9Biition, kAdURg NG sHOWR thalGiResedigpiayi t s
sufficiently lgﬁs& (:)%Otk%t pge?ﬁ%r di stg?néy perlgods Sor ctii Vi dgiiﬂgdi sﬁlg%yy

per | 0dsoal Serftlds 86 iRMed disiBl peiiBRanrEal éﬁg%ew%@gm&ﬂi i aclordbhce

observer i’s conti nuousiy on o s, and conversely,

o ot oo B R ob 8 Ml & HIRSEr HonftifPde) peflDR R et ours can be
The right half of the pixel portion performs display of 2™' + 1 gradations, and
the left half performs display of 2™' gradations in Fig. 2A.
| In portions of the pixel portion performing display of 2™ gradations, the pixels
15 are placed in an on state in 2™ - 1/2" periods within one frame period, and the pixels
are placed in an off state in 2% / 2" periods within the one frame period. The periods
during which the pixels are in an turned on state and the periods in which the pixels are
in a turned off state then appear alternately.
Further, in portions of the pixel portion performing display of 2 + 1
20 gradations, the pixels are placed in a turned on state in 2™'/ 2" periods within one frame
period, and the pixels are placed in‘a turned off state in 2™ - 1/ 2" periods within the
one frame period. The periods during which the pixels are in a turned on state and the
periods in which the pixels are in a turned off staté then appear alternately.
The turn on periods and the turn off periods are divided and appear altematély

25 within one frame period, and the visual point of a person moves slightly left and right.
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5 visible since the I engths of successive turn on periods or turn off
periods are shorter conpared with conventional drive in accordance with a
sinpl e binary code nethod. For exanple, the visual point is taken as
noving froma portion displaying 2" gradations to a portion displaying 2" +
| gradations as indicated by the dashed line. Wth the driving nethod of

the present yh WA HWAN an@\B&efdre b iex el I ur.ned .of 10.state
when t he vi sjljjal poi n is\{Fo82‘{’8?&@6@@??‘9&8%%’@6?55i%ﬁerzdlsalaé(déﬁq 9T and
even if thegRidal §s/35E 4 stat.e when the .yisual point ves to
portions displayi ngﬂ g'peﬁloﬁs éﬁ%gﬁdg%s‘, h% &}BS St SVeR ﬂi‘%?’ﬁ“@f?mﬁkg?&@s
appearing i { s ..Shorter than that for a,conventional:
driving net%%%gﬁg?ié orrez(-f)?ﬁ:t QUSSP 19 a%ﬁdb‘i& Ri¥ien 29 COnY§EeY ¢ REkedi xel s
are al ways .Qltiﬁu&ﬁr ngd OB(ftuSt e t.hrgﬂ&hoat one frame period _15 can be
prevent ed. CHRVEYEY g Pl RXChESARIQ GaROPE Gen hepresrded Hommbeingg
froma porti.on, displayin 'z' + | gradations to a portion displaying 2"
gr adat i ogs.ww{%%%ethai?’\ﬁq%‘)f THEEESE e oPm prepgiedscnttuimeidperiods awvehorier t he
pi xels are in a td;rned on state when the visual point is located in
portions diCHIPRAGYit conventiongl driv iniesordanee withm simpledngiyxelle nidhade in a
turned on state when the visual point noves to portions displaying 2"
gradati ons, theFSUSKasRPIEVHeviFus] pRinpistikatsappdng frog A posimodigsavingfEdones
shorter than that for the conventi opal driving nmethod. Therefore. the
vi sual i zat ig#agPhigmRortiopedisplnging 2fie+di wetlaticnses ahdiagted iy the tasheddimn
state throughout one frane period can be prevented. 25 In accordance with
t he above Hithtedhwing fitbepresentdiequitiay, ewentif de pisdsde in hGugedtarr s,
whi ch are conspicuous in time division drive by a binary code nethod, can
be prevint 8@tef when thsi vigual ipsiriglis lochadtio ghortions didydeying 25' Qakdxtiddicasd spéay )
period corresponding to the nmost significant bit of the digi t al

if the pixels are in 2 turned on state when the visual point moves to portions displaying

2™ + 1 gradations, the sum of two turn off periods appearing in succession becomes

shorter than that for a conventional driving method. Therefore, the visualization by

human eyes that the pixels are always in a turned off state throughout one frame period

15 can be prevented.

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

20 are in a turned on state when the visual point moves to portions displaying 2™
gradations, the sum of two turn on periods 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 frame period can be

prevented,
25 ' In accordance wi_th the above structife, obstructions to display such as pseudo
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video signal is divided into divided display periods in Enbodi nent Mdde 1.
In Enbodi nent Mode 2, an exanpl e of dividing display periods correspondi ng
to a plurality of upper bits of a digital video signal, selected in order
successively fromthe nost significant bit, into pluralities of divided

di spl ay periods, respectively, is shown. 10 Note that, in this

speci fi cat ic%Htou}s*J%vHi@dQe%gsgj’ic@r?g%n‘&ﬁ{eﬂﬁ% iV Pbfh S cBFY hefiDa. diyi ded

into divided display perio the termlower bits corresponds to

di splay pegi ' @i vided into divided display periods. A
driving net ﬁgggge{]wgn%%g?ﬁg}%w%}ggie 2 is explained using Fig. 3. Fig. 3

shows the ratio of the |l engths of display periods Tr and divided display
periods STr 15 appearing within one frane period F in a pixel portion,

when perforgi {1 [ vision gradation display using an-n-bit digital
vi deo si gnﬁggﬁﬁr&%%d&%t Mode 2, the display period Tm and the display

period Tr(n- 1) re taken as. di spla ri ods correspondi ng. ta upper bits
bF 5 di gt 1o vi G0 Gegfiey kg8 <SP omfire B o nennmst g oL AT a
met hod of drjving is shown in ich.t bits., 20.the nupber bjt _and the
nunber - (n- I)ffesi%l, alig C{?‘aﬁn%% n&evg}w@ﬁ divnlay Ppﬁegiawé&éﬂ?oqlwahgf% Li slhot
limted to_this, The nunmber of upper bjts nay be set to 1. and nmay of
cour se be EBROGmERtMOgs Zngp X pipio o diviging isplay sresindy qoRgsPRAIng o the
upper bits be in succession. and jn order fromthe nost significant bit.
For exanpl Blurglgy ofuppes bitspf ¢ Higsia! videe sigppt sclectef én pidensicogssyyaly fome theunber
(n-1) bit, and the nunber (n-2) bit of the digital video 25 signal
cor r espond™@O8t sigrafigppdit, bite pluralities THdivided display phgods mensstively tihshelvepl ay
periods Trel to Tm beconmes 20 : 2' : 2- 2"-2 : 211. The pixels are placed
in a tufnetfolsnthet an dhisrspeeificalierp|thy tger upper ity cowespofids 19 dispkaynpgréedsor ni ng
display of 2"' gradations, and the pixels are placed in a turned off s
state in tdigidgdaploadivigedidiap!Fr peridelsy andthe wheroper biss comegspindplagispiad” -' - r
1 gradati ons, -
periods which are not divided into divided display periods.
A driving method of Embodiment Mode 2 is explained using Fig. 3. Fig. 3
shows the ratio of the lengths of display periods Tr and divided display periods STr
15 appearing within one frame period F in a pixel portion, when performing time division
gradation display using an n-bit digital video signal.
In Embodiment Mode 2, the display period Trn and the display period 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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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 in the display
period Tm In Enbodi nent Mode 2, the display periods corresponding to the
upper bits, the display period Tmand the display period Tr(n- 1) in
Enbodi ment Mode 2, are divided 1o into three divided display periods

(Sl Trn, S2Trn, ia:nelr@?onthea&ﬂgtﬁ%pthE\ﬁ@slp@dﬁﬁﬁo;ﬁagﬁf (L P BEL GRS R 22T o )

‘and S2Tr(n-1)), respectively. Note tha hr ée ons of the
di spl ay perjod*¥rn+i and two divisions of the display period Tr(n- 1), are
formed i n Enbodi mrent Mode 2, the present invention is not limted to this.

The nunbers ofTgh ¥isi f ' a ri ods correspondi to the upper
bits are not 1s Iifr!nkt éggags?g%tcﬁaeélgaglé—ﬁgée 1S %mpt?‘&ﬁ?%’é@' P‘ﬁ&%dgtlﬁgt%aﬁ@e}) is
equal to opnLgy Fﬁnﬁ-: Aoy dit | ossible tq formany nunber of divided
di spl ay per| odgé,?Itf im ?%gspé)%,l)?/f%y %rﬁ‘gatﬂ) ’e‘?"'ﬁig’ﬁri”’éﬂééﬁf’ Blecgd g 3 ped pftcui t
and pi xel | Vi ded -di sl eri ods corresponding to the same bit
of the di g{i-[%:%?l '\l?ggg%’%sée&? IldraoEH%i{ergﬁbé%Pe’ifmlﬂé o -4 gstdasions.per i od
or a displ eriod .20 .corresponding to another bit of the digital video
si gnal al m‘g@&%kp%??%‘émwgmsm%ma dérpda perigseriirdde Tr(Rot)eandhtiee t he
| engt hs of .t he di Vli ded di spl ay periods corresponding to the same bit of
the digi t XS HEPIRTEHRI2 MBS GTottatgiin theedispley pariod Tim. accor dance with the
above structure, obstructions to display such as pseudo 25 contours, which
z“ J >
are conspi cuoud® EmbodpaentiNeds 3 theidispiey byrieddxiomaspomtide toke hpper é@nthe! 8 be
prevent ed trﬁ)m bej ng visible. [Enbodinent Mbde 3] A driving nethod in
whi ch a di ay\pepiod; loa apd thy dispilep period Ta(opl LindmbydinfendMuddedarcHdididep! ay
periods based on a fixed rule is explained in Enbodi nent Mbde 3. In order-
to si Ml iy thise diviged displaynperinds(Sé Tat, $2irhoamd BETgNAGRd LS telbSiVidgd usi ng
an 8 bit digital
display periods (S1Tr(n-1) and S2Tr(n-1)), respectively. Note that, aithough three
divisions of the display period Trn, and two divisions of the display period Tr(n-1), are
formed in Embodiment Mode 2, the present invention is not limited to this. The
numbers of divisions of the display periods corresponding to the upper bits are not
15 limited to these values, and provided that the number is equal to or greater than two,
it is possible to form any number of divided display periods, limited only by the
operation speed of a driver circuit and pixel TFTs. -
The divided display periods corresponding to the same bit of the digital video
signal do not appear in succession. A subframe period or a display period
20 corresponding to another bit of the digital video signal always appears between two -
divided display periods. -
Not.e 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

25  contours, which are conspicuous in time division drive by a binary code method, can
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video signal is explained in Enbodi nent Mode 3. The | engths of display
periods corresponding to the nunber n-bit (where n =1 to 8) of a digital
video signal are taken as Ln, and the nunber of divisions of the in

di splay periods is taken as m,. If the value of Ln/m' 3 is found for a
case where in. =1, 2, 3, 4, ... at this point, then the results are as
shown in Tagd grededied BWm bdabyRibl. Ln/ M3 m=1 m=2 m=3 m=4 15 L8 = 128
128 16 4.74 L7=64 64 8 2:37 1 L6=32 32 4 1.18 L5=16 16 2 0.59 L4=8 8 1
20 L3=4 4 L2=2 2 LlI=11 19 The total nunber of display periods and

di vided display periods formed within one franme period is set to 13 in

Enbodi nent [Img)% ta eferable that the lengths of the all of the
di splay perio sdgﬁﬁdttﬁggé%ﬁ/i ded di spl ay periods be as equal as possible.

The vi sualizatign,of. [ (e]p) . di_spl ay .sugh. .as. pseudo .cont.qur. an be
effect vel y Ehp?\gﬁ%dégf%?%‘?@%&ﬁagﬁ %ﬁ@sptﬂ%@epéﬂ&ﬁiglldsi ITHE? ?P@&rniletﬁg%fﬁwi%ﬁcﬁy_
periods and.the divi i sp ri ods, are .equal ... The .nunber of divisions
of cach i ?ﬁ%{? %eéﬂ%ﬁafegjqnﬁeﬁ’éﬁdo‘g‘ge’éé[’:Bl?g‘b? T?Hl ﬂ%mfﬁwtéehf-h@ VLS of
per  ods- andtEREy ah% PRI HICERH Ao aMeEE T At th Grey FneabeN gy
Further, it.is preferable that_the display periods corresponding to the
upper bits? Ofé)grﬂ’i[i\‘ﬁ‘?fé’é?m @r%@po‘?lﬂéﬁﬁtm%dﬁ‘cﬁ-spl ay period having |onger -
| ength. I n Enbodj nent de

g : The lengths of display periods corresponding to the number n-bit (where n = 1

to 8) of a digital video signal are taken as Ln, and the number of divisions of the

10 display periods is taken as m,. If the value of Ln/m,’ is found for a case where m,_ = 1,

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

[Table 1]
Lo/mn’ mn = 1 mn =2 mn =3 mn=4
15 L8=128 128 16 4.74 2
L7=64 64 8 2.37 1
L6=32 32 4 L18
L5=16 16 2 0.59
L4=8§ | 8 i
20 L3=4 4 .
L2=2 )
L1=1 1
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3, the divisions are made as shown by the circled values in Table 2. [Table
2] Ln/m' m=1 m=2 ran =3 M4 15 L8 = 128 128 16 4.74 2 L7=64 64 2.37 1
- L6=32 32 1.18 L5=16 16 0.59 L4=8 O1 20 L3=4 40 L2=2 O LI=1 O 20
Nanely, the display periods Trl to Tr4 are not divided, the display periods
Tr5 to Tr7 are divided into two, and the display period Tr8 is divided

into three. Furthghetal hﬁlmg&eoff({l dcﬁ%ﬁpe\g ‘i,’eds(gi]lsﬁl\y% 81[51'8 saémﬁg{i&gg]pondl ng

to the sane bit of the digital 0 signa Wppear
in successigR.f S| swt el ect. the
number of di Vi sz?% s 0 1{9%2@033%%1306}%‘% talg[ngﬁat ’tsﬁr%ta i?g’iﬂé cdengiBs t he
nunber cord nce al ange betmeen t he driving
speed of theh%ir sp: QQB é’egﬂ ga'dflﬁ"‘ﬂ‘g Ig‘?}f;BFlé s heasieansd asfpossibicrage.
Furt her, rabl at.the lLengths of the divided display periods
to correspo %ﬁ%’aﬁﬁa tgogﬁg“%ﬂmg‘? d‘tsﬁlg Y §heh QSaHSCW‘H@BthWQﬁ&III bopelfesteresane,
but the present .inve (:_@ln iis,not limted to this. is not always
necessary POV episdpr %Yl‘a‘? apthedengths ofiadiad thftﬁlemimayem| andshddivisigdalisplayot e
that there are also cases in which it is possible to effectively prevent
vi sual i zat PEROGEr et o Themrmberofigjvisionngt eachisplayspeaiosiibtterdfoteselated he
above stated

s0 as to make the values of Lo/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]

Ln/mn® mn = mn=2 mn = 3 mn =4

15 L8 = 128 128 16 (4.74)

>

L7=64 64 2.37 1
L6=32 . 32 @ 1.18
L5=16 16 @ 0.59 %
L4=8 "
2 13=4 @
L2=2 @
uar | G




15 Ln/m'" depending on the condition. It is possible for the designer to
appropriately select which value to use as a standard when deciding the
driving nethod. In accordance with the above structure, obstructions to
di spl ay such as pseudo contours, which are conspicuous in tine division
drive by a binary code nethod. can be prevented from being visible.

Enbodi ments of thigndiyaneatsp !a@?%ﬁbumﬁgen%pé ﬁdﬁ@ﬂd@@'tfr?efv?ﬂ;lwﬁp@% et 1] A

structure of a pixel "portion an EL di'splay for cont mtted

from or gan, gyl SdieiRAl o E}Qiﬁx\éghsrpmr)@%lod"h% BREGIAND g];f e Sl 120 1

each pixel, and riving Xpl ai ne 21 A

bl ow up di & p n of _an a dipent, 1 is
shown in Fﬁg gglf%gbulf)ce&(&salhﬁnag%m%fﬁ%%o con{eapcgﬁl‘m%&)%@ﬁ Sé bégrfﬁls C[m“?ll nes V
1 to Vx, andd at e 56%21_ lines Gl to %/ are formed in the pixel portion
401. Regi o éel‘? YR Y0rfE "Obth Y 'j‘rﬁé‘l"c‘fs?’ﬁgs S | to Sx, one of the
power source es VI.to Vx, one t he slgnal ines d
to Gy intlicate 1§é3|0§3/1hi94p O  degigGRionisrfad SeAe%ﬁ%? ambg divpedoni s 204
are arrang trix, shap t he |er portion 401, A blow up. diagram
of the pi XE}Splﬁgzper rT%%-rhS\RH 1§ Hrq%?r@gleéhat ¢ pysherdeiperipedipnccoidancavél a
swtching TFT in Fig gate electrqode of the switching TFT 405 is 1io0
connect ed s bal Wé@&?%@@@ﬂ@%@p@%yf theedisplay Hevigaeed iegearired displagl t o
Gy). One of a source region and a drain region of the switching TFT 405 is

connect ed féalitrel spimage. si gnal line S (any one of the source signal lines
Si to Sx), and the other region is connected to a gate el ectrode of an EL

driver TFT 406 Bnthero it it apeferably tgsthef lepgtlts opithee|divided . digpay qegpinsist or

408 is fornmed in order to store a gate voltage (the electric
10 cormrespondirig to the same bit of the digital 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 the condition. It is possible for the designer to appropriately

select which value to use as a standard when deciding the driving method.
In accordance with the above structure, obstructions to display such as pseudo
contours, which are conspicuous in time division drive by a binary code method. can

be prevented from being visible,

20 Embodiments of the present invention are explained below.

[Embodiment 1]
A structure of a pixel portion of an EL disphlay for coﬁtrolling light emnitted from
organic EL elements, using two thin film transistors (TFTs) formed in each pixel, and
25 adriving method, are explained in Embodiment 1.
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potential difference between a gate el ectrode and a source region) of the
EL driver TFT 406 when the switching TFT 405 is in a non-sel ected state
(off state). Note that, although a structure in which the capacitor 408 is
formed is shown in Enbodinment 1, the present invention is not limted to
this structure, and a structure in which the 20 capacitor 408 is not

formed may al so 4vblovsepl didgumt bEs pixehportional 03 Wa ELf @epled oARMLIIGRIN {Eegi on
of the EL driver TFT 406 is connected to the power source supply line V

(any one ofshowe ipBigd. Sourcesigubihes I 1 198%, p¥vet LuMsupphillifs 11808608k
region is connected to an organic EL el ement 407. The " power source supply

l'ine VI is gaordiged] ethet & it laeG€aRaIBIhed irﬂ@i%-pii’é[})@%)zz%&@ni c EL el enent - 407

conpri'ses an anode, a cathode, and an EL l'aye ormed between t he anode

and the cathodeRe on%hﬁvﬁ@%@o?&e%%ﬂ%%ﬁ%%}] fifled 1o Bﬁ&f&%@%@%?@-};g the

drain region of the EL driver TFT 406, e anodé "bécone

Cat hode 1| S e T P %, REFORTO A0 (AR R o ET N PR AEF Tt i e e

cathode is connected to the source regio " he EL

becones' an hRairan 1 ot BAFEg D PRI S0P R LR Rt S B2 PRglr e

to the oppgém,ﬁllectrode of the organic EL el enent 407. Further, a power
source electric potential is inmparted to the power source supply line V.

The power sourc ri:c _potential the opposing to_electric potenti al

are inparted toﬁtb#()a“’?@l&_J d&?%rgﬁné)iﬁlwgﬁ({@ﬁﬁ%wgﬁﬁi% - Hefarerresrmasal 405 esent
i nvention,; power, .sout formed by external 1Cs or the |like. The power
sourlce til elgtla?lﬁa%spao?‘gﬁ‘lffflﬁg T&ﬁ P‘ré’gplgm’% & J?IEEU%‘EFP@T t}lgli“?‘échl@ Hﬁn?%ﬁ :ﬁﬁd at
an el ectri 0“5‘?% gnolaal awaggﬁnaré ec rlctgo ential difference.with the .

opposi ng eTBREFEHL giealasighaldine 0L thagatsrsignal bney Gdlte kst Queiels )
|'i ght when: t he power saource electric potential 15 is inparted to the pixel
el ectrode %ﬁwﬁeg}o&aﬁq@ t%gmerp%lﬁ»g o the switching TFT 405 is connected to the source

signal line S (any one of the source. signal lines S1 to Sx), and the other region is
connected to a gate electrode of an EL driver TFT 406 and to a capacitor 408 of each
pixel.
15 - The capacitor 408 is formed in order 1o store a gate voltage (the electric
potential difference between a gate electrode and a source region) of the EL driver TFT
406 when the switching TFT 405 is in a non-selected state (off state). 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 the EL driver TET 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
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An electric current density of several mA/cnR is necessary for the pixel
portion for a case where the anount of |light emtted per area of the pixel
is 200 cd/nm2 for a typical organic EL display at present. Therefore, if
the screen size becones large, it becones difficult to control the size of
the electric potential inparted fromthe power 20 source fornmed in the IC

by a swi tchy. b SROC RN by RS LONRES Y RLECK e ROl £k AR the

opposi ng el ectric po ways maintafi ne consta I"'evel”. and
it t t trol h i i tial 1. ted
oot BSATRD Y BoR R o RSPl L L BB R R

L ariver HeRadcREie GEHPEF HeiSi TgPpRng SEFanfiel CHRvar. SoHeHaEe TFTe.

However, if the source region or the drain regio of..t he river, TFT 406
i s connect EFBeeblothe aRUTSE ragk O tgAks aﬂreé}@n%ﬁ?ehéf{;‘WeijrFﬁisffoﬁrgF& abl e
that the EL driver TFT 406 be a p-channel TFT. Further, if the source
‘region or tifeceaihaien basgmss dfpitele clectrads \and et anode | hecemsh Bt SWPESINENe
cathode of the s organic EL el enment 407, then it is preferable that the EL
driver TFTelgotsodse an n-channel TFT. The switching TFT 405 and the EL
driver TFT 406 may al so have a nulti-gate structure such as a double gate
structure or a Anigppesigatedecitic potentiel 1si impmeididttoche tappasing refgoérodganfethe
structure. 10 A nethod of driving an EL display of the present invention
havi ng t heorganigdiluclemest 482 dFabievea pewengoleierdebtrie poteatining iEpgrtedio the Fi g.
6, the horizontal axis shows tinme. while the vertical axis shows the

ar r angenenpowedr sohecesaippbt ko §at Theipgwat shuirnesleckia potgntidieangabe oppgsial | i ne

G is selected by a gate signal input to the gate signal line G1 froma
gat e simgnadledtiio pothntidbaredipatied to Hetlel thzplay, whidbhises apkeniifg mathoahnof theat a
gate is signal line is selected indicates that all of the swtching TFTs

405 connecgrestnt thviehogaiyea power source formed by external ICs or the like. The power
___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 1s imparted to the pixel electrode of the organic EL element.
An electric current density of several mA/cm’ is necessary .for the pixel portion
for a case where the amount of light emitted per area of the pixel is 200 cd/m’® for a
typical organic EL display at present. Therefore, if the screen size becomes large, it
becomes difficult to control the size of the electric potential imparted from the power |
20 source formed in the IC by a switch. In Embodiment 1, the power source electric
potential and the opposing electric potential are always maintained at a constant level.
and it is not necessary to control the size of the electric potential imparted from the
power source formed in the IC by using a switch. This is useful in achieving a larger
screen size panel.
2% The switching TFT 405 and the EL driver TFT 406 can be formed using
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signal line are placed in an on state. In other words, the sw tching TFTs
405 of all pixels (pixels of first line) connected to the gate signal |ine
GlL are in an on state here. Afirst bit of a digital video signal is input
at the same tine to the source signal 20 line Si to Sx froma source
signal line driver circuit. The digital video signal is input to gate

el ectrodes wichttve] EFTe ok pahadfel TPAQ0 HdwaMghe &@%oﬁﬂe%ﬁéﬁﬁé%ﬁ%éqggigggg EL

driver TFTs 406 are placed in an off state’in this e
of the di gidfihe BlL.dBo/es THTR404 R CbAgect Y to ' - TS QULSS -
PRt o BRI ol o IR EPY A 0t o

el ectric potential 1is therefore not 1nparte € PIxe

Lo, o gan ds plefeipmhoud 0. dRorPER AU 4 p-chlind HA0! Fufthost AT Shirae s on

t he-pi xels into which the digital video sig

i nput. docgioh o8 Ud ahibicnMe KNl BB el Al 5. SLEDRL 5 1 nour

to a pixel, 1ndicates; 1n“this speci

signal is iopéldilﬁ- & ti@~electrode o he or gani L driver TFT of the
pi xel . 5 Convercsg1 ,&&egl?é@7ﬂpfe e{t I?’F?f‘éfte%ée Hhat tge nvsr dF IoA0Qthgranj £ 1"
i nformati Oﬁ-cﬂaﬁnéi Tai ned in the digital video signal. The power source
electric potential is therefore inparted to the pixel electrodes of the

organic EL ele ts 7. esult, the, organic EL elenents 407 of the
pi xel s into m?@ﬁe FW@‘%HP&%?J? 4‘{;% @é{)&lg EgrdEves ¥ TP 6 may alsofhereramulti-gage i nput
emt light, 10 The organi ¢ EL el ements 407 are thus placed in a |ight
emitting, Smﬁ%‘ﬁﬁr’?%‘? douhls E4th 50 MR s 8 LEplS SRRSO, Injaldition 1o xisigte
perform di sq&lga%g The gate signal line G is selected by a gate signal at
the sanme t¥ S. Wi “sel ection of the gate signal line Gl is conpleted.
The . sw hchi ng TFTs 40 f.all pixels connected to the gate signal |ine G%
are thd pl aced™ ¥ g a0 Effdsplsgeofithe ptestittinedntibh Havinethebtradtunel deo.
signal is i npéjt to the second line of pixels fromthe source signal lines
: stated above is explained next using Fig. 6. InF ig. 6, the horizontal axis shows time.
while the vertical axis shows the arrangement of the selected gate signal lines.
First, the gate signal line G1 is selected by a gate signal input to the gate signal
line G1 from a gate signal line driver circuit. Note that, in this specification, that a gate
15 signal line is selected indicates that all of the switching TFTs 405 connected to the gate
signal line are placed in an on state. In other words, the switching TFTs 405 of all
pixels (pixels of first line) connected to the gate signal line G1 are in an on state
here.
A first bit of a digital video signal is input at the same time to the source signal
20 line S1 to Sx from a source signal line driver circuit. The digital video signal is input
to gate electrodes of the EL driver TFTs 406 through the switching TFTs 405.
The EL driver TFTs 406 are placed in an off state in this embodiment for a case
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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SI to Sx. Al of the gate signal lines G to Gy are then selected in order.
A period until all of the gate signal lines Gl to Gy are selected, and the
first bit of the digital video signal is input to all of the lines of
pixels is referred to as a wite in period Tal. 20 Note that a period from
t he beginning of the wite in period Tal until the beginning of the next

write in peligvik @ beedtion iddpuldd RbSek@$e) 1 S referred to as a display
period Trl. The wite in periocIj) Ta2 be%nﬁns&\)/\%en the display period Trl is

conpl eted. and ght8ithat, the & i&@%ﬁd%f ggggrw B k@agﬁgggﬁ?ﬁﬁteﬁ;ﬁélﬁg the

gate signal lines are selected 1n 2 sec Igital
vi deo si gnahedificl t o1 i 0l 0 5. thr h_when the
second bi't Bf T pnelh shdp@ eSS P e A PRl Y wide R

pi xel's is nraf gL {gdﬁ wite in period Ta2. A period fromthe
begi nning o ﬁ%{é er?é)?iﬁﬁct%g?li od Ta2 until the beginning of the next wite

in period to ap ite in ' an in this case) is referred to as
a 5 di s%l ay pere%?%%x(s@%\{h dwﬁﬁ?ﬁ%{%@ﬁ}a}aﬁﬁﬁ aBQQiSWé‘? Khtninferanagiosp) ay
period Tr2.j Q eted... £ .,of th te signal lines are then selected in
order, ‘si m'HJI C:?P?atlgg‘i Wé[ﬁ8g§g§al)‘fld‘f‘ﬁ@g9ﬁﬁi & € PAWERRAUIGSFlaetric patsatial petharederer n
bit of the.digit ideo signal .is input tqo all of the pixels. A period
t hr ough V\hgﬂp%ﬁeéjakﬂjxh?eplxﬁfﬁ glrofesiofdthgioggame Bl 8]@81@@9‘?'&- s 4 repult, the al |
of the 1o _lines gf %iﬂxel s.ls referred to as the wite in period Tan. A
period frofiE2RE BEGIAREME 487 of He Rikels ntp wvhsel thscdizual ided signdl daviegi i ng of
the next wrfite in period to appear (a wite in period TOin this case) is
referred tBHaEnapongs wmRIESmt Bglitay period S 1Trn. Display periods Tr3, Tr4,
..., Tr(n-1) appear in order when the divided displa 15 period SITrn is
conpl et®d, and oesRicEb shamengs #07 awsfthup plagediin allight ewitisg, gmalonilight
émitting, state, and the first line of pixels perform display.

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

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

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

20 Note that a period from the beginning of the write in period Tal until the

beginning of the next write in period to appear (Ta2 in this case) is referred to as a
display period Trl.

The write in period Ta2 begins when the display period Tr1 is completed. and

similar to the case of the write in period Tal, all of the gate signal lines are selected in

25 order. The second bit of the digital video sigxial is input to all of the pixels. A period
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simlarly input to the pixels in the respective periods. The wite in

peri od Tan begins when the display period Tr(n-1) is conpleted. Simlar to
the case of the wite in period Tal, all of the gate signal lines are
selected in order, and the nunmber n bit of the digital video signal is
input to all of the pixels. 20 The period through when the nunmber n bit of

t he digitalyv i |18 40 to,all, of. the lines of pjxels.is
referred tothfe?su%ti:31 ﬁﬂéﬁév{/rlgﬂlﬂ'? eseéoﬁlldpbelf#%g] italvidep is'(%allf BorHe aﬁlsﬁﬁe itHEs OF t he
wite in periad: Tap until the beginning pf. the next wite in period to
appear (thzﬂ\ﬁr}?%ser%?e eget?iaﬁh’ef‘éﬁl%g‘flpteﬁ’é’%n frame period in this case) is
referred to as di vided display.period S2Trn. 25 Note that the divided

di spl ay peri od %W%ﬂﬂﬁi’%&%&#tﬁ?wtﬁmfé&qdwgzmhei@gwm fdbe ar e
referred to as a_di sg‘lragl eriod Tm One inmmge can be displayed when all of
the di spl af PeVPlus AT dtg’aPﬁ’F&fr(é‘ WHEHE Bereed Tan gethinerseois tifeptdatd asp one
image is referred to as one frane period Fin the driving nethod of the
present % n §H£4Yd?‘?ﬂ°w;’é'ﬁ- one frame period is conpleted, the 5 next frane
period begins. The wite in period Tal then appears again, and the above
stat ed oper at i ohBe Hitée inepreipdelan hagiEnwbda tendisflay period Trie esmariytetihatll t he
sumof the lengths of all of the wite 1in periods be shorter than one
frame peri ofithesgate sigsal liteatare Henraddaedin ohier,| $ntht Gk ddie of disptiayin - |
periods be set such that Trl : Tr2 : Tr3:...: Tr(n-1) : Trn =20 : 2" : 22
2" 10 : 2periothiBaldesd thechupted atbioof tHe gidiay vRieoniEngl Rdagitadslllof e pxegan be
performed by conbining the display periods. The gradation displayed in a

pi xel duriAgeuné tmagewhen ihecthunsbett ettt 6F thedidial videndighal {sh8pdtab all osu® of
the I engths of the display periods during which the organic EL el enent .of

the pixel loristod phtadhis referkiino bh ehd warRiDSEiROTador exanple, if the -
brightness is for a case in which a pixel emts light during all of the
di splay peri odsA patiefrém¥hSbegigning of the write in period Tan until the beginning of the
next write in period to appear (a write in period Ta3 in this case) is referred to as a
-divided display period S1Tm.
Display periods Tr3, Trd4, ..., Tr(n-1) appear in order when the divided display
15 period S1Trn is completed, and the correspénding bit of the digital video signal is
similarly input to the pixels in the respective periods.
The write in period Tan begins when the display period Tr(n-1) is cé)mpleted.
Similar to the case of the write in period Tal, all of the gate signal lines are selected
in order, and the number n bit of the digital video signal is input to all of the pixels.
20 The period through when the number n bit of the digital video signal is input to all of
the lines of pixels is referred to as the write in period Tan.
~ Aperiod from the beginning of the write in period Tan until the beginning of'the
next write in period to .appear (the write in period Tal of the next frame period in this
case) is referred to as a divided display period S2Trm.
25 " Notethatthe divic_ied display period S1Trn and the divided display period $2Trm
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taken to be 100% then a brightness of 1% can be expressed for a case of
the pixel emtting light only during Trl and Tr2, and a brightness of 60%
can be expressed if the pixel emts light in Tr3, Tr5, and Tr8. Further,
the display periods Trl to Tm nay appear in any order. For exanple, 20 it
is possible for the display periods to appear in an order of Tr3, Tr5, Tr2,

... after Tebmbiel Bidve@edthak8 1%;393 ver, it is essential that the
di vi ded display period Si Tm arﬁﬁt’ (ﬂVl ed di splay period S2Tm

di t i f 4t h di,ai tal vi i |, d t
corr espondi g { ook aRTEnTUENBE RNl HE bl b HhlE 5T e
el ectr o poL bl Ao P IORASHRL, RSS! e BRLentL 2l are Blupys,
h i . t:he. | i C. i al dth i I i
el T RS S RO WL

power squrce_electric.potential and.the e|lectric potential offhe opposing
el ectrode n¥ 'fgﬁawe?ypscnoﬂ%\‘?%manlfgi? Setiy %PWCLﬁﬂ Hlendippearp ageig, diciheRare t he

organi ¢ EL ?Ite nts.emt |light when 5 the power source electric potenti al

i s i npart e8¢ PRI2RIBSATe E¥Rs@teflode of the organic EL el enent at the sane
time as the wite in period is conpleted. In this case, the wite in period
i s not included BErHodimert lqiitdp pasessray theat thersem ofitpleagthpof A @ f tloy weitponds
to a period fromthe conpletion of a wite in period until the beginning
of the next®R@fiieds heshpees than poe Gippe astiodandaiemibriche rit off hpleagthsaritod i o
Trl is a period fromthe conpletion of the wite in period Tal 1untiI t he
next write displa 0ge be setgpplethat TriorTidxakmgl e, : Te@ylaffirer 2°hé' w2 t.e : 2
period Tal. |p accordance with the above structure, obstructions to display
such as®séddo Teodediadseradationndiaplay eosgigradationsi toi ecedi he mirfornudibye by a
bi nary code nethod, can be prevented from being visible. 15 Note that,

al though i roBhideg thertisplay periadisspl ay period Trn is divided into two,

The gradation displayed in a pixel during one frame period is determined by
finding the total sum of the lengths of the display periods during which the organic EL
clement of the pixel emits light within the frame period. For example, if the brightoess

15 for a case in which a pixel emits light during all of the display periods, whenn= 8, is
taken to be 100%, then a brightness of 1% can be expressed for a case of the pixel
emitting light only during Trl and Tr2, and a brightness of 60% can be expressed if the
pixel emits light in Tr3, Tr5, and Tr8.

Further, the display periods Tr1 to Trn may appear in any order. For example,

20  itis possibie for the display periods to appear in an order of Tr3, Tr5. Tr2, ... after Trl

within one frame period. However, it is essential that the divided display period S1Trm

and the divided display period S2Tm, corresponding to the same number n bit of the
digital video signal, do not appear in succession.

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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t he divided display periods SITrn and S2Tm Enbodinent 1 is not |limted to
this. There may be one display period which is divided, or a plurality of
di splay periods which are divided. However, it is preferable that they be
divided in order fromthe display period corresponding to the upper bit,
nanely the display riod having | onger 20 length. Further, it is possible
for a desi gR&h! HPE“E{.)H thio| Jhesgkesat! tht powarmimircotleii¢i g 2l tHeNfpdis R ay
period, but it is preferable that the-anount of the divisions be determ ned

by -t he bal a¢leerisprioasial mhp be riaiitaiped pesd sefedn HieSPHiRYn ?&%&%@@&etséb%r
required display quality of an image. Furthernore, hough it

pref er abl e soate ddverit potghtisl aaf tHehgeddiy potegtisiop Bie"@{) o?iﬁq P%rc{rﬁ)&sma ahﬁ%

corresponding to the sane bit of thcdigital video |gna be equal

present 2&aveueeldeait patemed] d ffd?bﬁ&@u&ﬁ’tﬁalﬁﬂx% or%&m% {Eﬂ m%@%l@gg« Sﬁ;%t

that the lengths of the divided display perio e samne

2] 5 In 3 hithe poeticnesd an EL. pl ay,
whi ch contr?)F t he Iumerigit?g gieehg%tlyﬁg %&%ﬁtﬁﬁiééékepﬁeﬁé%{] gﬁlbe Feght C\%ﬁl

met hod i s exphaitnethe %%@aég%qgn{eghrbgh &;Iagst tor provided in _each

pi xel s. The pixel portion 501 e present |nvent|pn i's
W ih source of naterrmege hREbbrd indl ol it siomireatods e W)
orasi ng gat PRGN Oﬁ%épé °Cfes fgé%%%agiqnﬁgg”a' lefiphgtpaein 8en63&§m;i?”i
ines (s IREEARE R el i i peiiod Sptesr Fiicanpls, e ojey pAROGI 1 he
e N Bl T R R SR
505 are ar ﬁé}'oddto' a%p%:gre(f&a g:-:rafu?ples hIaa% after the write in period Tal.
In accordance with the above structure, obstructions to display such as pseudo
contours, which are conspicuous in time division drive by a binary code method, can
be prevented from being visible.
15 Note that, although in Embodiment 1 the display period Trn is divided into two,
the divided display periods S1Trn and S2Tm, Embodiment | is not limited to this.
There may be one display period which is divided, or a plurality of displa: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 driving speed of a display device and the required display
quality of an image. -
Furthermore, although it is preferable that the lengths of the divided display

25 periods corresponding to the same bit 6f thedigital video signal be equal, the present
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The pixel 505 is shown in an enlarged scale in Fig. 8 1In Fig. 8, nuneral
507 designates a switching TFT. A gate el ectrode of the switching TFT 507

is connected with a witing gate signal line Ga (a |line anong Gal to Gy).
One of the source region 20 and the drain region of the switching TFT 507
is connected with the source signal line S (aline anong S| to Sx),

wher eas t hanedttion i ot RNt @dhw, t h ifshﬁatmgyseh@&%gfa ?heﬁfthéﬁ'enr%@m'gfhﬁéer TFT
1 or the

508, a capacitor 512 owned by each pixel an e source regio

drai n regi givigéd gigpgp%gﬁggs HEthe29Qe The capacitor 512 is provided for
retaining the gate voltage of the EL driver TFT 25 508 when the sw tching

TFT 505 is in the-unelected state (or OFF state). In this 29 enbodi nent,
there is shown the construction having the capacitor 512, to which the

i nvention Z]lg& gl obe limted, but the construction may-be nodified not
to have th ggpam tt6ﬁ) 512. On the other hand, one of the source region and

the drain regiop gf the EL driyer 5 TFT.508 i.s connected w.th the current
suppl y I?ne v (§1ﬁ?%%m§W§H§m%ﬁg?8“¥&5Feaﬁéﬁﬁﬁépoﬁﬁﬁ- ngLﬁ%ﬂgﬁﬁH€EF d with
an organic I nt. 510. The current._supply lipe V.is connected with the
capaci t or g‘%@ﬁéﬁgﬁﬁ%mg%%%eeof%ﬁpm FE’E“%‘F %Hcﬂa dRgrgpedhoq nexRelsing TFT
509, on the.oghﬁéi %&n “the one mhigp i.S not connected wth the source
regi on or. PHBE AR TEdH B g IS HProYied i €840 FigeHFT 507 is connected with
the current supﬁﬁ%PJipe V. Ngre ver, a qate el ectrode of the erasing TFT
509 is connect etPGWIEAL RRTtER 481 A aRELcdishlan o theimeseapinyvantion isshawn ip@ngex) .
The organi c EL glenent 510 conprises an anode, a cathode and an EL |ayer
formed bet W¥RcAAcHRHIEITard Thichiabpertionilels thevidetbwithi sousemsigntidinedi t h
the 15 souyrce region or the drain region of the EL driver TFT 508, the
anode a8t 5440 BKE cyrert supplydines (¥ 1 ih¥Kiawitingeatasiporldings (ar fias gatrsigmiosed
el ectrode. Were the cathode is
lines) (Gal to Gay); and erasing gate signal lines (or second gate signal lines)(Ge!l to
Gey).
A pixel 505 is the region which is provided with one of the source signal lines
(S1 to Sx), one of the current supply lines (V1 to Vx), one of the writing gate signal
15 lines (Gal to Gay) and one of the erasing gate signal lines (Gel to Gey). In the pixel
portion 501, a plurality of pixels 505 are arrayed in the matrix shape.
The pixel 505 is shown in an enlarged scale in Fig. 8. In Fig. 8, numeral 507
designates a switching TFT. A gate electrode of the switching TFT 507 is connected
with a writing gate signal line Ga (a line among Gal to Gay). One of the source region
20 and the drain region of the switching TFT 507 is connected with the source signal line
S (a line among S1 to Sx), whereas the other is connected with the gate electrode of an
EL driver TFT 508, a capacitor 512 owned by each pixel and the source region or the
drain region of an erasing TFT 509.
The capacitor 512 is provided for retaining the gate voltage of the EL driver TFT

25 508 when the switching TFT 505 is in the-unselected state (or OFF state). In this
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connected with the source region or the drain region of the EL driver TFT
508, on the contrary, the cathode acts as the pixel electrode whereas the
anode acts as the opposed electrode. 20 The organic EL elenment 510 is
applied at its opposed el ectrode with an opposed potential. Mreover, the
potential difference between the opposed potential and the supply

potential is alwawaik&pt ‘bevel for. the organic EL element to
| uni nesce when the sup’p?-%}ep%tjsglﬁpﬁl at{hgicgnsa Lﬁtﬁogglaf’@g&ﬁ%ci‘ﬂ%?épr eledergteh the
These supply pot.entl sed . potential are applied by the power
source which is pr&é?g%%n?ﬁofﬁééﬁﬁtegip%%l %/C%“HEW%‘E‘%HH@ fiert netgp haee Hod
of the inventi ggbaQ%{Ola?Ifxternal IC or the like. Here. the 30 power source
for the oppose otent1@ wll be especially called the 'opposed power

source 511 ". The typi,cal . EL display at the present stage is required to
have a current of égﬂer%fperhﬂnérf‘?neéﬁh‘?sr?é‘r%rféﬁioéfanﬂH@%&iﬂétgiunbftm{férérivﬁe
| um nescence pf%.ﬁggg S lum aes eRt area of the g/ixe_l is 200 cd/n2. As the
screen size °be {5 onngeted Withthe pargtsupply live Moirdmeivengov btodV L, mtiekdast 0
control the leyel .of the potential to be applied fromthe power source of
the 1C, with thEOHFiTronnegtedputh ﬁ@éfﬁWLt@EﬂmwiﬁpﬂyThmeHﬂﬁﬂ alppinting Meis
opposed potential are always kept constant. and the |level of the potential
to be applied YR8 eHhBIHGhe capasitor 81f the | C need not be controlled with
the to switch so that the invention is useful for realizing a panel having
a larger screen si £ the ypigrce egioh ang tHERFamQEgionhd il crdsiny QTF TTH00, 208habehe he
erasing TFT 509 to be wused may either the n-channel TFT or the p-channel
TFT. On the ot'RB. thapae which isswi cattiengdFHih B2 &outde@edbn QF theedraihrgrfS aRd
the-erasing TFT 509 should not be is limted to have the single-gate
structure But syighingverR 501lis icegaioeec’stmiuhcmurcen‘émcﬁhpﬁ@ Bne AOUBIS=GRE 2 oate

structure or a triple-gate structure. The drive nethod of the EL display
devi ce accor delggirede ohthei arnsing [T, 5@EBissIvONBCcted with an erasing gate signal line Ge (a
line Gel to Gex). |

The organic EL element 510 comprises an anode, a cathode and an EL layer

formed between an anode and a cathode. Where the anode is connected with the

15 source region or the drain region of the EL driver TFT 508, the anode acts as the pixel

electrode whereas the cathode acts as the opposed electrode. Where the cathode is

connected with the source region or the drain region of the EL driver TFT Sb& on the

contrary, the cathode acts as the pixel electrode whereas the anode acts as the opposed

electrode.

20 The organic EL element 510 is applied at its opposed electrode with an opposed
potential. Moreover, the potential difference between the opposed potential and the
supply potential is always kept at such a level for the organic EL element to luminesce
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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in Figs. 7 to 8, wll be described with reference to Fig. 9. The axis of
ordinate shows the tinme and the axis of abscissa shows the position of a
gate signal line. 20 At first, the display period Trl is started at the

pi xels of the first line, the witing gate signal line Gal is selected
with awitin gate signal (or a first gate signal) to be inputted from
the witi né’oﬁ‘g? oW de thejopaosedippeantiel wellbe egprsiallyldalied thet ‘sgfposed pdreer
witing gate signal line Gal. And, there are turned ON the sw tching TFTs
507 of allSP%GSgilx-ms (i.e., the pixels of the first line) which are
connected with the wiring gate signal 25 1line Gal. 31 Sinultaneously wth
this, the digitdhevypiea ELgheplayodt thherésens stagetis ramiietputiaed o carenttdte
source signal line driver circuit 502 to the source signal lines S| to Sx,
i s i nputt edeverdlr mugbmf Iper she tactsi 0fj tHE b 7uriio wiiee Fhe dihirEcehcd RR8theThe
digital video signal has the information "0" or "I", and one of the digital
5 vi deo ssi bmainsscedt agsacdf"the phas ia20Hed/mPol Aade: whemeds: bh@naishee hagra "Lo"
voltage. In this enmbodinent, the EL driver TFT 508 is OFF where thé digital
vi deo si gneerefbrs ii béammet themdre" diffidier &f 86:roll 16 1SHINIhO PotikiaBko ibs NOt
applied to the pixel electrode, of the organic EL el enent 510. As a

It, thappieddry ' | @k {dlentil LoNg!
resu gppdieddrirs thd p@laBitce ol the IO wMN 68 stviteh. Hitﬂb‘irﬂ%nﬁb%%ﬂﬁ%%?t he

having the information "0" is inputted, does not |um nesce.

having the infor mati _ d, " doe:
dr vor TFTG08 | & N TR o of GrTant ey Kaf SobEp® AR ford M

rover _ , - | . ic EL
pi xel el echdtesital t®be Eﬁ}ﬁlhegrfﬁg?gflé [pg:we%&%m)f ghje(if: rﬁgg lﬁ%{g ’t?ets éﬁrin%JQng rtﬁ%ﬂ' '(':I "

el enent 510, to which't vi deo si gna or mat |

i's i npybt efyitdhy+h nvednbRE Wcrlen r he digital Vvideo signal
has the information " gm E?Hgggﬁlsg%%%er U%ﬁﬁ%@%@“@%%ﬁ%ﬁsﬁt—e{—@ Wfere the
digital video signal has the information " 1 ", the EL driver TFT 508 is
turned ON. However, the inventionis not limted to this construction. The

EL drier TFT 508,.08%:Rfhd 11967, D EMNERZ: T8F Hellddhe Ya283 10585 (JBS
used may either the n-channel TFT or the p-channel TFT. On the other hand, the
switching TFT 507, the EL driver TFT 508 and the erasing TFT 509 should not be

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

The drive method of the EL display device according to the invention,‘ as shown
in Figs. 7 to 8, will be described ‘\‘Nith 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 Trl is started at the pixels of the first line, the writing -
gate signal line Gal is selected with a writing gate signal (or a first gate signal) to be
inputted from the writing gate signal line driver circuit (not illustrated) to the writing
gate signal line Gal. And, there are turned ON the switching TFTs 507 of all the
pixels (i.e., the pixels of the first line) which are connected with the wiring gate signal

25 line Gal. : S



the information "0", and may be turned OFF where the digital video signal
has the information "1 ". 20 Thus, sinultaneously with the input of the
digital video signal to the pixels of the first line, the organic EL

el ement 510 does or does not |um nesce. and the pixels of the first line
di splay. Were the selection of the witing gate signal line Gal is ended.
the witing gatdmudfagerusly witlkthazhd digdiviixoaibnal dthe fiestbid, 49 inguged feomi gnal .
Then. the switching TFTs 507 of 25 all the pixels connected with the
writing gatheseurgeaignkl e Gineraireuit G0DedthoNouse sidial 1ihbeS | 32S4) igiklteMi deo
signals of the first bit are inputted to the pixels of the second |line from
the sour chraighnbd switcleag FIF Tt £073. thd BEndrivak ITRIh$p8w i ti ng gate signal |ines
Gal to Gay are sequentially selected so that the digital video signals of
the first bit &ihe digivaltwiésd dignalHas tieing PR,y by e, rpﬁe bldioitag the
digital video signa%gﬁof theg?irst bitﬁgégw?gpytﬁgdlfo a @kﬁﬂghgﬂ%gﬁg i's

the wrisindd@esig@ils ol and 11"'Ha¢ aPkel 0k Ak bad h8imd ies bl Tlofg oSt ar ting

the witing period Tal has a time di rence. _ i'me périod
L0015 PpcPLS S BRI BE LIPS e AL ol
Starti ng g rgidor OF, Phetciap. 88 sty B Rng ool BTl pLee pleoRpgfc 21
0050, DSRYS Bbabl LS 216 1B Sl bt NPT 0 B E co
AR R e e R
o anat o henBgEP ABhE a0 Sl e SR T O el 351104, % ©
lt ihge ; |G(ra|s t dﬁl{%‘é&’%gﬁﬁ ésg{)gigl ﬁﬁqrgglgeﬁ 3385131? lplotetnrt]igl gi a)i:)%llised(tg 'tt?e' bixgpglegégfé s of
of the organic EL element 510. Asa result, the organic EL element 510, to which the
digital video signal having the information "1" is inputted, luminesce.
In this embodiment, where the digital video signal has the information "0", the EL
_ 15 driver TFT 508 is turned OFF. Where the digital video signal has the information "1", the
EL driver TFT 508 is turned ON. However, the invention is not limited to this
_ construction. The EL drier TFT 508 may be turned ON, where the digital vid;-*:o signal has
the information "0", and may be turned OFF where the digital video signal has the
information "1".

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

Where the selection of the Writmg 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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the erasing gate signal line Gel is turned ON. Then, the supply potenti al
of the current supply lines V1 to Vx is applied to the gate el ectrode of
the EL driver TFT 508 through 20 the erasing TFT 509. When the supply
potential is applied to,the gate el ectrode of the EL driver TFT 508, the
gate el ectrode and the source region of the EL driver TFT 508 take the sanme

potential s®sitdatdebRerARt 6f thelikradit dré ifurd ¥o thERexeH- ofliiev@EondHIndR8mi the
turned OFF. ~Specifically, the digital 'video signal, which has been

retained b)éoﬁrfggs%%leﬁ@gsg:ittroogg of the 25 EL driver TFT 508 after the
witing gate signal line Gal was selected with the witing 33 gate signal,

i s erased by appylng @Q&ﬁ@%%gpﬁ%%@bai%Gﬁfaﬁ%g‘aﬁtggg@@&ee%a e lEL

driver TFT. As a résul otentral 1s” not o the pixe

el ectrode qf_ t.h ' : - e -9r ' :

ol ement s 50 RfedA G bR Ebr Bttty Rl AR FAMIMEbHERT AR fefan
pi xel s of the,.first.line do t i ) n cii . .

er asi ng 'Sga%t? %‘E’éﬂ;ﬁldeﬂ %%n% P?ﬁ? @ﬁ@@kﬂ%ﬁﬁ?%‘%ﬁ? ,ail{lﬁeeﬁsggfsa% iﬂﬁ%&fl % ggfa‘%m
line Ge2 i el egted so that fhe erasin FT.509 of all the pixels (i.e.,
the i xel s 181 Thiequxanar Fribhns Jhn ol THTE R B aBER QL A gD A f | he
Get is turn ed. ON Then, the supply potential of the current supply |ines
V1 to Vx fliffes¢fsei ed through the erasing TFT 509 to the gate el ectrode of

the EL driver TFT 508. Wien the supply to potential is applied to t.h ate
el ectrode of t hurthergibp\igpe perrodguring hespixpl i qispdsyings 5688“‘3‘? o %?rfiéépei@i%F
The supply potential is not applied to the pixe|l electrode of the organic
EL el enentPSI0 Tasd arez@mple doribe opse RE fBpigang eixel, dprldgmesiod b W%e%y
the pixels of the second line |uminesces to establish the state in which
the pi X6l ssisriltapeouskycwith the waitinggatrotignal ifaleis selectes. THmtimingeokitadingdhgat e
signal is inputted sequentially to all the erasing gate signal |ines. The
time peri odisplay perdd of eachdingsis déffeysnle signal lines Ge 1 to Gey are sel ected

so that -
Before the digital video signals of the first bit are inputted to all the pixels, that is,

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 second 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 turned ON. Then, the supply potential of the current
supply lines V1 to Vx is applied to the gate electrode of the EL driver TFT 508 through

20 the erasing TFT 509.
When the supply potential is applied to the gate electrode of the EL driver TFT
508, the gate electrode and the source region of the EL driver TFT 508 take the same
potential so that the gate voltag‘e.is at 0 V. The EL driver TFT 508 is turned OFF.
Specifically, the digital video signal, which has been retained by the gate electrode of the

25 EL driver TFT 508 after the writing gate signal line Gal was seiected with the writing
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the digital video signals of the first bit retained by all the pixels are
erased is the "erasure period Tel". In each line, the timng of starting
the witing period Te has a tine difference. 20 Further, the tinme that the
pi xel s do not display is referred to non-display period Td. For exanple, a
pi xel s of the first line, the display period Trl is ended sinultaneously

when the eraft R@napt | -] e d_ to the. non-displa riod.
Li kewi se th%ﬁ d%spl’ a§ eﬁdesrg??g ,a%fe)h’elhgit%i nug)%%f?p gﬁegﬁ?’i Wg“hﬁérﬁlediﬂggf ‘B’gﬁhﬁo@Lof
each line igdi e igital .video signals of the first bit
ret ai ned by&éﬁ% )3% Xérs Igﬁ% %Jﬁigge%&en% 1% Agt aﬂpil,egﬁ%iﬂ%ﬁ'%ix?lhf’éecé?%&féhe
period Tel { ot her hapd. the wjting gate signal 34 |line
Gal is sel edg %rggg%g?lﬁ&\%n{ %FQ’ ﬁgg\ﬂpp? Pﬂglegﬁg%mgi glemeRptspdOgwnrad by th piseds
erasure of - fhe ﬂ%lt i ?I vi deo sign%s of the first bit retained by the

pi xel s. Then, & gf‘%"frﬁ}netsﬁcﬁéw Fihapixelsqr the irg ding e itdisptay. i nputted to
the pixels of t first line. As a result, the ‘pi‘xels of the first line
di spl ay again so’ tHatCt e HOR-dithe eEajingegato dignal ling Galdiednd&d, Therebiere the
period till _the witing period which will exist next (in the case the
witing pé&fFEE 8?56251%11% lgtedfels selestedisnbatithe eragingeFFDAOT af all thegtinels €ide.j S
the display period Tr I. Next, the display period Tr2 is started to a
writing pe}/‘?eda}(qia@f therepcgadiine) semnsctedaith tife efasingrdatd signgdire Géphaurhdde
is selected se%gentially, and digital video signal of the second bit is

i nputt ed t &Ml Thes s sioplopsenialeofithe cairgittsabplyilties V51 @Mk s gpplidiehaaend
bit are inputted to all the pixels, that is, before the witing peridd Ta2

i s ended, crasingTRErS09ctodhe shtecelentasic ng tyaER dignalFt 508 Wik he saphRct ed

W th the eras_itglﬁ?'_gate_ signal in parallel with the inputting of the digit
vi deo diPgrizgtentisl ixapplicd twthd gotetel¢crddoef RieRil &riveaTEs 08, ehis BORivef TETS oRL -
el ements owned by the pixels of the first line | um nesces so that the

2015 e R Tt v ATt o sPUR 0
EL element 510. As a result, none of the organic EL elements 510 owned by the pixels
of the second line luminesces to establish the state in which the pixels of the second line
do not luminesce.

15 Then, the erasing gate signal is inputted sequentially to all the erasing gate signal

lines. The time period till all the erasing gate signal lines Gel to Gey are selected so that

- the digital video signals of the first bit retained by all the pixels are erased is-the "erasure

period Tel". In each line, the timing of starting the writing period Te has a time

difference. |

20 Further, the time that the pixels do not display is referred to non-display period Td.

For example, a pixels of the first line, the display period Trl is ended simultaneously

when the erasing gate signal Gel is selected, to the non-display period. Likewise the
display period, the timing of starting non-display I;en'od of each line is different.

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

25 thatis, before the erasure period Tel is endéd, on the other hand. the writing gate signal
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Then, all the erasing gate signal lines Ge2 to CGey are sequentially
selected 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.

Li kewi se.  af ] e _ , S y i : o th
Ly ewi se, ik Ol 14! DG ARUUSLB0Rlink HE BAA 1T BLERLH APRERLAR e e
that 95 | < EBRAIS) ARANS P hei® el e Bl R &Gl DA e
. : . L. _ . ithoth . ¢ . I
1 par al ol St PGt it g0 R RP B Al e R el RS o
bit toth ' . ore, f,th i-C,,EL t d by th
pixel o of st EiediprRf B GR B IE eSOk PRl T 8 e8 he first Iine do
t display. T f .t i spl ' .Ir3.js.ended.in th i xel f
the first |1ne nocammrerics ) & ayHbalrion wpest PHLASTIER i BesrsPromyine
Vi deo i gnaFEOBTERhLS AT pRALT BELPAEEIA Tl 1S FRESQIS G Sioa1e REFRSeth - Th
eo sign : +-The
;/: ne. _pgri od t'ﬁel tge di Pi tal. video signals of the third bit retained by
all the pixels Xle&tdhedisplayperioddri & darigdtoyrigns pered T2d. Kadias thasame, .

di spl ay peri 0(} Tr3 is ended to a divisional display period Sl Trn.
Li kewi se, atolirewiingigaty senal lige dneslected sequentualin pad digivbyides stzngd of thet
the digital videg A signals of the n bit are inputted to all the pixels.
Bef or et he SEROGADA] is yprdieddp gHalxeldf the n bit are inputted to all the
pi xels, that is before the witing period Tan is ended, on the other
hand, tHe erasiBgfogathe digiglaidgo signateof tha Sedosd diflase inputied tehalt the pixelsithat
gate signal in parallel with the inputting of the digital video signals of
then bit t & btferpibeardtingheried Salis andad cwfthe beheo hgadhitbe Siasiek errsignaived by
Gel is selected with the erasing gate signal in parallel with the inputting of the digital
video signals of the second bit to the pixels. Therefore, none of the EL elements owned
by the pixels of the first line luminesces so that the pixels of the first line do not display.
15 Therefore, the display period Tr2 is ended in the pixels of the first line to a non-display
period Td2. |

Then, all the erasing gate signal lines Ge2 to Gey are sequentially selected 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 1s the "erasure period Te2".

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

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

25 is, before the writing period Ta3 is ended, o the other hand. the erasing gate signal line
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the pixels of the first line |um nesces so that the pixels of the first
line do not display. Therefore, the display period Tmis ended in the

pi xel s of the fast line to a non-display period TO. 20 Then, all the
erasing gate signal lines Ge2 to Gey are sequentially selected so that the
digital video signals of the n bit retained in all the pixels are erased.

The tine pe}dlqgl selkktel IEG}Pt}Q' &bs{glﬁé gXﬂe%%‘xa? ihgggllaﬁef)&q% rfr%bt'é gé e&@}%ﬁ%ftaﬁ od

all the pixels are eras eriod

actions ar { nal s o the m bit are
oputted ¢ o Gopaidaf e tuldRicH ?‘Leef?‘éelé ot ufty Bote BE e edii L Shaents

di spl ay pe 1A th A perjod Td.r t

appear anceéwg%bg gl ?p F‘eﬁ%gé?‘?ﬁ{f %PF i(%ﬁ?%ﬁﬁ@éhqtr%ﬁ? gsp%l‘tatgﬁF lrétfluieh‘éﬂ not
witing pey T eras eri.od Te | On the ot her
hand, the nlgﬁl%&'i ib?‘&@" |pe Ht iR dpende; éﬁ'ﬁl%‘%@&fﬁh%ﬁfﬁ Haee & asefe
period olthe s(ﬁ]i. % of the witing period (i.e., the witing period Ta2
inthis ca§1§§’ 2y BCHOG&QP- appear. Moreover, the display periods Tr2, Tr3, - -
-, and Tr(m 1), _and e non- display eri ods Td2, Td3, - - ~and Td(m 1)
are i ndi vi dual | {fetlb e sadng exte St%él ﬁwﬁ%&to %@f@r@demnt@m selested so that
non-di splay peri-od Tdl by the witing period Tal, Ta2, - -, and Tam and
the erasur eﬁéglfaéa’gdep@gnaf%pfﬂle third bihl’@éhlfr@(( in al ﬂld:pr‘(&lmmemamdc eBhofimehe
descri ption, . 9 exenplifies the case of m= n-2. to However, it is
natural t WO@H& the vegital yidestragriads ebthe igird bitiretathetitaralt the firels les émvehisi on.
t he val ue froml to n can be arbitrarily selected for m Wen the digital

vi deo si grih¢ Serasure peried #f137.(n-2)-th (the fol | owi ng parenthesi zed case is
for m=n - 2) bit are inputted to the pixels of the first |line, these )

pi xel 510f t he Newttthel displagimplodyTfois thdedispl aiyigieridl odisglap| pertld. STOED, -
the digital video signals of the nin-2] 15 th bit are retained in the

pi xel s ti ILikewise,dilgiheadritingl gatessignad sreqleqhfitialiedeldidd 66 that BpiEiod] vidbben
the display period Tr(mtl)(n-1) are started and when the digital video
signals of the n bit are inputted to all the pixels.
Before the digital yideo signals of the n bit are inputted to all the pixels, that is,
before the writing period Tan is ended, on the other hand, the erasing gate signal line Gel
15 is selected with the erasing gate signal in parallel with the inputting of the digital video
signals of the n bit to the pixels. Therefore, none of the organic EL elements owned by
the pixels of the first line luminesces so that the pixels of the first line do.not display.
Therefore, the display period Trn is ended in the pixels of the first line to a non-display
period Td3. |
20 Then, all 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 "erasure
period Ten".
The aforementioned actions are repeated till the digital video signals of the m-th
-25  bit'are inputied to the pixels. so that the display period Tr. the divisional display period
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signals of the (mH)[n-1]-th bit are then inputted to the pixels of the
first line, the digital video signals of the nfn-2]-th bit retained in the
pi xels are rewitten to the digital video signals of the (mtl)[n-I]-th
bit. Then, the pixels of the first line are displayed for the 20 displ ay
period Tr(m+l)[n-1]. The digital video signals of the (mtl)[n-1]-th bit are
retai ned i rXrhendpihe elom-display tpegod iTgl fepbat thele appéagaaes. Ofhet MigplagpleribitTar e
inputted. When the divisional display period S 1Tmare started and when the
di gi tal vi dentimsss@rahshoftatthethdowtitiag pefidtETal fpthketsedt bPthehasirxptsodfet he
first line. the digital video signals of the (mtl)[n-I]-th bit retained in

the pixels G ther@Mér hdrRID theOndhGisfiagi pteﬁbd queébnﬁhg&afr%np{he%a& he 'ﬂléjbrtasur-ghen
the pixels of the first Iine are displayed for the display period Trn. The

37 di.gital gghg@%ﬁt&ﬂ% Sar@bf Eﬁb&wﬂtx@%?eﬁ"&@(x TSR ngg’hrhi}&ﬁ ’PiZX?lltﬁlstdaLé) f ge

di gi t al o signals of the next t are Inputte edsp ay perio

Trn{n-2 AR ty a t ti riods
Tar‘rn[{ n- 2 }5 pext Efp;pe%d Tan&tc:ég f @l{ﬁ t ra tﬁsdagfﬁt&hg}?}iﬂ"ﬂ nagl%piéﬁ|hlodﬁgrfdo£h;é é(
ﬁﬁ;]\can

appear. ggﬁﬁy‘r’i’nlehoﬂg?dg' B, ay p(g.lr "P{ﬂﬁl i5r iialla iy Setgﬁgﬁn[%d 1?{@?1&{-1: 2 ed

be di spl ay I nvent’i on, o Cone I Sp
mor cover . TRE m}a’-{lﬁnﬁ&ﬂg&to@?fép‘i’%P%@.Tﬁel%%ﬂ*ﬁéW%’@ggﬂegﬁ L o T

are i nputs S D PR Rl 100 TR Y T TR R g LQ%T 'sL?Lyb'pter | o
et hod of - Enbodh eI BRRES 8 FifpGEHRGoT HHE: P HREUS: IhEICREPRE f0k ol |
i spl ay S Pykrerns Egtirra?%@aﬁ BRI BT ep: SRRhenetiiand

S2Trn with 1e ﬁ%) i.n od 15 of Enbodinent 2. It is therefore
necessary tpﬁé’f‘“? elntg ”cI @%%?ﬂ%%@rl%ds be set such that Trl :
Tr2 : Tr3 :...: Tm=2: 2" : 22 :...: 2". The desired

When t 6131g1ta1 v1deo S1gnals of the m-th [(n—2) -th (the followmcr parenthesized

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

line display for the display period Trm{n-2)]. Then, the digital video signals of the m[n-2]-

15- th bit are retained in the pixels till the digital video signals of the next bit are inputted.

When the display period Tr(m+1)n-1) are started and when the digital video

signals of the (m+1)[n-1]-th bit are then inputted to the pixels of the first Iiné, 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 dispiaycd for the

20 display period Tr(m+1)[n-1]. The digital video signals | of the (m+1)[n-1]-th bit are
retained in the pixels till the digital video signals of the next bit are inputted.

" When the divisional display period S17Trn 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]3-th bit retained in the pixels are rewritten to the digital video signals of

25 then bit. Then, the pixels of the first line are displayed for the display period Trn. The
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gradation display anong gradations 1 to 2" can be perforned by conbining
the display periods. The gradation displayed in a pixel during one frane
period is determned by 20 finding the total sumof the | engths of the

di spl ay periods during which the organic EL elenent of the pixel emts
light withip the frame period. For exanple. if the brightness for a case

i n which adtﬂl%él‘/ldéﬁislglﬂﬁ)ﬁ gifthe i arg rethinedfin theepidels pillmie plégitabdiicowhenlnos 8,
is taken to be 100% then a brightness of 1% can be expressed for a case
of the pi x#ienegibitaraipputigt only during Trl and Tr2, and a brightness of
60% can be expressed if the 25 pixel emts light in Tr3, Tr5, and Tr8. ' -
38 It is essentThe dishay perieds Tanfna2)per i, add Tercbitinuartidrh Bg: dtatst dTRhOWRTRIy M
bit of the digital video signal to the pixels be shorter than a display

period TrnperiddsiFanifne2]et or aandRGEBIAE Yrirbadf thh SuritilgUserRfds thEeRisppapTber m
be a value, anong 1 to n, such that the wite in period Tamis shorter

‘than the di spl ayhpekiate Higha fi&d{s:ﬁigm tig afl &Rieﬁ%’on?@fﬁlﬁ’&i’:scayqe &ie%ﬂéa'g@d.”ay

appear in any order. For exanp is possible for the display I ods

to appear mmnhé&mvendsh, At pdfidd fobloe ithhde tobe di Tr it ] f
period. However, it is p?ef er aobl eetnﬁage tohé3 d?@%f%l;}gﬁélr]?%% %ﬂ?@eﬁeﬁgﬁ
have an or@®r so as not to nutually overlap. Further, it is also preferable

that the erasure periods Tel to Ten have an order so as not to mutually
Clich 25 pscudo TRt ALPE o e Beiot MESVE Y it B AT Bl 20,
al Thovgh o Eehant mor # ey LRl PR T et venle B igoscbie

i . e HBELS B6E pRelol bt AU o e RasidTardvntutperh 5l Bhaiithy of
3Pt PP et | e (T o

In the driving method of Embodiment 2, it is important that the sum of the ienghs
.of all of the write in periods be shorter than one frame period. Further, the display period
T is divided into two divided display periods $1Trn 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 : . i Tr(n-1): 2x Trn=2%:2':22; . : 2"2: 2™ The desired
gradation display among gradations 1 to 2" can be performed by combininé the display
periods. |
The gradation displayed in a pixel during one frame period is determined byA
20 finding the tota] sum of the lengths of the display periods during which the organic EL
clement of the pixel emits light within the frame period. For example. if the brightness
for a case in which a pixel emits light during all of the display periods, when n = 8§, is
taken to be 100%, then a brightness of 1% can be expressed for a case of the pixel
emitting light only during Tr1 and Tr2, and a brightness of 60% can be expressed if the
25 pixel emits light in T3, Tr5, and Tr8. © - —
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corresponding to the upper bit, nanely the display period having | onger

|l ength. Further, it is possible for a designer to suitably select the
nunber of divisions of the display period. but it is preferable that the
amount of the divisions be determ ned by the bal ance between 20 the driving
speed of a display device and the required display quality of an inage.
Furthernore, al thisugkentia! ttgt prefieriablegiot Naim fhewtidngtinshofuhbea ©ibii dfthe

di splay periods corresponding to the same bit of the digital video signal

be equal . tdigitadrnesRndighdIeMhid pikeld Be Elrtdrithar £dispayt fdrfod TEml 9t RaheRFYRY'S
necessary that the I engths of the divided display periods be the sane. 39

Not e that, pdidsk@ticha the edThé Bt bintiunther B hoglvaieWmdik ErPRdusMat the viritel S
possible to make the period during which the organic EL el enents emt

l'i ght be S'i&?f)&x%dTSB%QSEﬁ}ﬁter‘@ﬁ&&ﬁeidﬁbp%;%?}a%gw”bom ment 2. The ratio of

the total sumof the lengths of the di periods in one frane period

(duty ratio) | SFﬁﬁgf%r?&fércﬁﬂﬂO%}g ﬁ&%(ﬁrm gﬁﬂfpg%la? a?ﬁ,eérnﬁ.alﬁggr%& Por e?ax’af?lﬁ.n prite

in period. Note : al t h a stru _ hown i n odi'ment .

10 SRR Bl 5 b R BB Tpb T Bl SP3BT,

CaPaCTL ot iRl S A8 e b0 bl o8 bRy S

R N e i AL

capacitor for storing.the voltage applied to fhe te electrode of the EL

driver TFTPP 'Igeah}ggll‘ep & agar SSTaQBH'fetog‘&F@ahéﬁﬁg‘i??%nce changes in

et on Buer | ap, MHRAOGHEr PaTe I FROV 67 BEABH, COSHUQ 078 1 SHRSBICE: 6 PRUCBy

t he | engt h of the f{i réagi on_ included in the overlapping regi on.d can be

[ Enbodi mentomsgurs, which are conspicuous in time division drive by a binary code method,

prevented from being visible.

- Note that,although in Embodiment 2 the display period Trn is divided into twé.
the divided display periods S1Trn and S2Trn, 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 speedlof a display device and the required display quality of an image.

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

corresponding to the same bit of the digital video signal be equal. the present invention

is not [imited to this. It is not always necessary that the lengths of the divided display

periods be the same.
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Detail ed structures of the source signal line driver circuit and the gate
signal line 20 driver circuit used in order to drive the pixel portion
shown in Fig. 4 are explained in Enbodinent 3. Figs. | OA and 10B are bl ock
di agrans of driver circuits of an EL display of Enbodinent 3. Fig. | OCAis

a source signal line driver circuit 601 having a shift register 602,.a
latch (A) 603, aNdteghdtadiCherigBfrofidihe dﬁ@infg;ﬁém@asmmm&%gdiﬁ%ii,i?i%@[-,&siBH:' s€
SP are input to the shift register 602 in the source signal line driver

circuit 601to ke tikigfetiotielyiinb &rhiOR ThelGRERIB IS clehEhiiSit & !
based upon the clock signal CLK and the startepul se SP, gﬁ%ﬁgiﬂgaae?ggﬁ{wg

Lim ng S guleingRrioafh Brntakah R’ (TGOS IRAB LS Re LALANYT R FLERY! |

such as a buffer (not 5 shown in the figures). nal’s

hi ft [ 7 jyf:d : [ ' h buffer.
The | ond capaert oo fany berd g RRid) it ferctbrehof okl Ry s Temh o

timng sggr}gé“jlﬁeﬁl\u,\#&gd@d is large because many circuits or elenents are
connected to the ring. The buffer is formed in order to prevent

bl [ h i f the tim [ |, which d I d
fo the & arge | o' SEseoldls sRUebiTinshOVRh Enbutatnig W vRce scsargiargs
f he b . Th i m Si l.s buffer- lified b he buf f

suppl i ed t &0 i bty Ria S R GoiBep doefed Afheene Rlssrigpihalladver THAL ch
stages for i#PLQ essi ng, an n- i }tl dipgi tal yideo signal. The latch (A) 603
wites in And Qi RSEPIstG HBi (oe FAPaEHgH-t Ber ¢ perednsviyahIthe Bhpirived THY haoant he
out si de okaﬁf]éesoq%e si.gnal line driver circuit 601 when the tim ng signal

’s input. PRA SoiFfPePTigh Wb ths e rlengdeiisonahe sarpnsuingfide; 1o
t he pl u‘roalit | atch stages of the |atch (A) 603 when witing in the -

of.
di gi tal ' vi %B%Taé’i"‘ﬁﬁ&PaqlﬁﬂF%%eneaélwefwedat@&s 2 gpsgapecitanches formsé it themogioni of
is not |i n:irfled to this structure. The plurality of latch ~
15 gate capacitance may also be actively used as a capacitor for storing the voltage
applied to the gate electrode of the EL driver TFT. |
The capacitance value of the gate capacitance changes in accordance with the
surface area at which the gate electrode and the LDD region overlap, and therefore the
I5 capacitance value is determined by the length of the LDD region included in the

overlapping region.

[Embodiment 3]
Detailed structures of the source signal line driver circuit and the gate signal line

20 driver circuit used in order to drive the pixel portion shown in Fig. 4 are explained in

Embodiment 3.

~ Figs. 10A and 10B are block diagrams of 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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20 stages of the latch (A) 603 nmay be divided into sone groups. and the
digital video signal may be input to the groups at the sanme tine in

parallel, that is, partitioned driving may be perforned. Note that the
nunber of group at this tine is referred to as the nunber of divisions.
For exanple, this is referred to as gradation drive with four divisions

when the | atches chyok sildnal AKX it © s@rquidse SIVeareinpowto thé sigi€segidter 6b2 ipekd od
until the digital video signal is conpletely witten into all of the latch

stages of tdrardendighal (e BR3r tivcUiLh®r. M TR SRS Bter iGN %ﬁéﬂa@@__mﬂxiﬂgmﬁ@@i Ge,
there may be a case where the line period includes the period in which a

hori zontal digbtbaseRqipoRdhd §1oa1@§11§§a1§@Lthaﬁ 80 9Me: ﬂt}lé‘@sp%ﬂ@ﬁkppﬁeﬁﬂ@ﬁn}g

signal is supplied to the latch™(B) 604 when.one |ine period is conpletted.

The di gi t algyiglegnShRfainowet td &@whgea?ﬁgﬁ?ﬁ&%ﬂ% @6%1}%' Rk Bs @DufRAInbS

sent all at ©nce at this instant to atch ( and is witten into

all of the f the latch (B) . 604, and stored. Wite in of
t he di gi alslh\gl.%"@g{l)%lréfggge&fs again perfornmed, in order, to the latch (A) 603

504, based on t RECTTRPRGE R G PeahiH fBudtBo? oA B e

11 S0, L aloithd gt PR S Qe P B RSPk Rt
A T AR G R R
OO o e 6 ke gl e Sy L RLL R R L0 R R
o150 SO0 BB 0 et s T 0
corres pondinggesg% ?o form the buffer.
The timing signals buffer-amplified by the buffer are supplied to the latch (A) 603.
The latch (A) 603 has a plurality of latch stages for processing an n-bit digital video
signal. The latch (A) 603 writes in and maintains the n-bit digital video signal supplied
15 from the outside of the source signal line driver circuit 601 when the timing signal is’
input.
Note that the digital video signal may also be input in order to the 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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signal line. The gate el ectrodes of the switching TFTs for one |ine of

pi xel s are connected to the gate signal line. The switching TFTs of all of
the one line of pixels nmust be placed in an on state sinultaneously, and
the buffer in which a large electric current can be flown is therefore
used. 25 42 [Enbodi ment 4) |In Enbodi nent 4, an exanple of manufacturing an

EL display devi dhcyphiiol uttikthe dipith ividdusi it Roebahlctdhewpies et o QP 1 S
expl ained using Figs. 1 1A andagllB, and %ilmlgé %g\eﬁg 12C. 5 Ig:ugalfqui%,llé\aq?}é a

top surfacstageagfthaiath g6 is Wekicats a9f 1hb! ex%d.din%?fégycgg@%ﬁ%g%g%ieﬁg%ﬁ o

met hod of the present invention. Note that the term

a substraipé j k i ! i | ecificati,on, A
o el por &1 o yieinepofoBinduddIht pefiod n yRICHRERdhoh FergBERAS RasRa 1) o

si gnal Iingleéyoivg%e?,gﬁg&ljt 4004a, and a second gate signal line driver
circuit 4004b are fofnmed on a - io substrate 4001. Note that the nunber of

the pregent i nventean SelisSPPfid © R 1D ShPRE ehClind prrid i Complaed. | {

i i bl : ' i. t abl t .th f i gnal i
i ver i vy Plpif,OERb 080 S Bo h R Poans BreleliRne) Bpant ok o1oh Encoar o
Formed on THEER Wbt E @3B i Refen somthorieleioh St anint Ioveind on
is not Ii ng(hed (io this. A source signal line driver circuit and gate signal
line driver erPeaif< formed on a substrate separate fromthe TFT substrate

25 an FRC.  Ref oF EHE ARG 00 3o cita B Taraba orordacs b (ichig) 605
R R AR R o A PRI e TR N
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
Is  circuit.
A gate signal line driver circuit 605 has a shift register 606 and a buffer 607.
Further, the gate signal line driver circuit 605 may also have a level shifter.,' depending

upon the circumstances.

——

A timing signal from the shift register 606 is supplied to the buffer 607 in the gate
20 signal line driver circuit 605, and the timing signal is supplied to the corresponding gate
signal line. The gate electrodes of the switching TFTs for one line of pixels are connected
to the' gate signal line. The switching TFTs of all of the one line of pixels must be placed
inn an on state simultaneously, and the buffer in which a large electric current can be flown
is therefore used.

25 i
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A bl ow up di agram of the extraction wirings 4005 is shown in Fig. 11B.
Reference nuneral 4100 indicates an R extraction wiring, reference nuneral
4101 indicates a G extraction wiring, and reference nuneral 4102 indicates
a B extraction wiring. Fig. 12Ais a top view of an EL display formed by
sealing the TFT substrate shown 25 in Fig. 11A by using a sealing

materi al . HEghthdBndif cross sectional diagramof Fig. 12A 43 cut along a
line segnment A-A', and Fig. 12C is a cross sectional diagramof Fig. 12A

cut along a |i peEsRQABRintR; By exdiapR d@dnuthdurih EL IS dedfoe WARHSREE

reference nunerals are used for portions already shown’in Figs. 11A and

sour ce o1 gral LS oF B e e i g B A R R T AR B0 B 11
gate si gnallzwtgeug:ri ver circuits 4004a ahd 4004b fornmed on the substrate
4001. Further, "a"sealing material 4008 is formed on the pixel portion

4002, the source. si 1L iver ci ' n e-fir nd_t he
second gate sig & I?Bﬁéa&??@gﬁﬁ% c?zgéfatngSgégfgosgnﬁanﬁsgﬁweﬁ%e&%ﬁa e'I’SIB%ﬂ?G’i on
4002, the ,source signal, line driver.cirguit. 4003, an e.first. gnd the
second gat SiSiaarEpRE v pOSeA Vel Relemante el d50as esa® indiaics e
herneti cal Ly, seal ed t he subst.rate.4001,. the seal ant 4009, and the
Seal ng meSUITAT OBBCABHELREtGR IS G mien dn tHRERRTAIA0R910. Fur ther . the -
pi xel portion 4002, the soyrce signal, line driver circuit 4003, and the
first and the sedbHdPgaiR Ogn%wq%?wg’e&i#% uPritstid 0apcubiserie gpaljine
formed on the substrate 4001 have a plurality of TFTs. T & cally, driver
TFTs (not eEKg: CENIL A A a seropdratgsigaaldieifinge crapt 4804 asdarmedh ob e
figures here) 4201 contained in the sogurce signal line driver circuit
4003, aifd EUsHpleWSP 1T etths mugmbes ohsewre piggaldmecdrives copiiseand 2atesighglani c
EL el enents) 4202 are forned on a base film 4010 as shown in Fig. 12B.
P- channel rerdiver cifceifentled presems invastipa st dmitegl tathemsmbersiavorindrie. Uistd in
the driver_ TFTs 4201 in Enbodi ment 4, and-the p-channel TFTs manufactured
by the 20ltispesibhefdedesizacivesnitahletsecthemutbicy ef sonFmssignd dine Auiveneircuits
st orage capacitors (not :
and gate signal line driver circuits. Further, the source signal line driver circuit and th
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,
Ablow 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
extraction wiring, and reference numeral 4102 indicates a B extraction wiring.
Fig. 12Ais 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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shown in the figures) connected to gates of the EL driver TFTs 4202 are
provided. An interlayer insulating film(leveling film 4304 is forned on
the driver TFT 4201 and the EL driver TFT 4202. and a pi xel el ectrode
(anode) 4203 electrically connected to a drain of the EL driver TFT 4202
is formed on the interlayer insulating film4304. A 25 transparent

conduct i vectiidlongrlimipgmenangd wordkFif U isererds seotishal Alagihe dPiFkel12A cut

el ectrode- 44 4203. A chenical conmpound of indiumoxide and tin oxide, a
cheni cal cdoppalide ségmemd-Ih dictelchagrifl Fzdsne2 9% UBC, FeRGnRX%effendeininRXhde,
and i ndium oxi de can be used for the transparent conductive film Further,
the transpaeestd foopditidris\adrehdy Bhdvon WFigh. o haidmps added may al so be
used. 5 An insulating film4302 is then formed on the pixel electrode 4203,

and an openi ng AmlatdtQOOQﬁfﬁﬁﬁé%ds@oﬁlﬁﬁ)dnﬁ%eﬁk&;& i&ﬁ%%%sﬁ‘g OS?%%@A on

pi xel electrode 4203. An EL (el ectrolum nescence ayer

the pi xel IBleeEivePsiecAZA®3 And B AREMH e 5%2)5& i"%{%%@?mﬁgbg’gp é‘ifcéllfztlﬁg\%o"fa

materials can be used for the EL layer 4 . FOr _ B
1o (pol ymars o AR R B o3t BaRe «0b "R Sa PR e TR st
cveporall e hREBLAUE ghoaut D A0 LCR SR SER BTN, IS 08, 2
Tayer . a RoTRIACGRRTIR, R bOERAR ROgR sl hlpel it S e
L anspor oL QYRR AR SLEELEAD LLECHLI LA o0 S LLORY e i
KT i b SR T
pr ef er abl %ea?a&? %Q&r‘g\?@dé& ﬁ‘f?iwgdgatﬁﬁéjs‘i%geb&mﬁ%ﬂ a Gitler poteriad 48%9.gen
Iei(i sting int rl?urihrég,etilfe %?xee} ?Jg;['t\ll\éeneé{lo(}ZTEhecsgwc%%iegnilzgx?e gpigert Qi?culiEtLthlO%),/gxgd 3129.04

first and the second gate signal line driver circuits 4004a and 4004b formed on the

substrate 4001 have a plurality of TFTs. Typically, driver TFTs (note that an n-channel

15 TFT and a p-channel TFT are shown in the figures here) 4201 contained in the source
signal line driver circuit 4003, and EL driver TFTs (TFTs for controlling electric current
to organic EL elements) 4202 are formed on a base film 4010 as shown in fig. 12B.

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

., i
S

the driver TFTs 4201 in Embodiment 4, and the p-channe] TFTs manufactured by the

20 known method are used in the EL driver TFTs 4202. Further, storage capacitors (not
shown in the figures) connected to gates of the EL driver TETs 4202 are provided.

" Aninterlayer insulating film (leveling film) 4304 is formed on the driver TFT 4201

and the EL driver TFT 4202, and a pixel electrode (anode) 4203 electrically connected

to a drain of the EL driver TFT 4202 is formed on the interlayer insulating film 4304. A

25 transparent conductive film having a large work function is used for the pixel electrode
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is therefore necessary to enploy a nmechanismfor formng the EL | ayer 4204
in anitrogen or inert gas atnosphere, and then form ng the cathode 4205
Wi t hout exposure to oxygen or noisture. The above stated fil m deposition
is possible in Enbodinment 4 by using a film deposition apparatus of a
mul ti-chanber nethod (cluster tool method). A 25 predeterm ned voltage is
t hen i npar t4283t ¢k Keraiaheermpazsol WQHWhOWQéiﬁﬂémEEX'é?e%ﬁh?mWQb@Wl & ng
the pixel electrode (anode) 4203, the EL |ayer 4204, and the cat hode 4205
i s thus forinditim oxige sudeinicwaide; tine 0381, tis oxiderantondiam owde carbs vised far theg
film4302 so as to cover the organic EL el ement 4303. The protective film
4303 is ef fimotparenticonpneirerfilimd uriwet,dhé namspsresuaimdastivxiiye o whighizoilsru e
from 5 entering the organic EL el ement 4303. Reference nuneral 4005a

i ndi cat es addekinzaaldodse wdedi ng connected to a power source supply line,
and the extraction wiring 4005a is electrically connected to a source,

regi on of the EWAndnsuietinglfiln 4202s thendoguéd @cthe pixehtledingded 08 santamsesning
bet ween the sealant 4009 and the substrate 4001, and is electrically

connect ed pertRM KRGl 1iAGhd &Rblating Bim 4BE2 bP& dROSixtIheletghdeadC (i ot EDPI C
conductive film4300. dass materials, netallic materials (typically

stai nl ess %él@@:}oiﬁﬁﬁl%sb&io%) jayeBR200 G fomé&bh@hes ix@NelcPlradd §20IMmtBE iopkhing
(including plastic fil can be used as the seal ing material .400 An FRP

(i ber gl asgofRhnfios oA ofgfaﬁﬁt EL Hlarlt €an B BRYE PO iYkr E0i0TsiRkr fihbsd @

nylar fil a pol yester I'm “and an acrylic resin filmcan be used as the

plastic magrigl meole r&agﬁ%@ﬁ@ﬁ? {%}ﬂcrﬂ‘?h &ﬁzﬁ@%ﬁ'& %ﬁfﬂmwﬂicﬁﬂr Hright

alumnumfoil is san W che ar filnms can al so be Used.

However g%qyrﬁ%rgr@éf%kﬁl‘ rgﬁl%hfaﬂeaﬁd a@%g?liag,rge dcfEdt he direction of |ight

emttedfr ani c enents 1s the cover material. In this

o 1 kg S By B o R R,
Inert gas h: erﬁqc?ds of f rxrn%qge the%tL ﬂ)%OQQOQHFHItBEraYﬁ Eﬁtlayel may have a single layer
structure or a lamination structure in which a hole injecting layer, a hole tranSportingm
layer, a light emitting layer, an electron transporting layer, and an electron injecting layer
15 are freely combined.
A cathode 4205 made from a conductive film having light shielding properties
(typically a condué:tive film having aluminum, copper, or silver as its main-component.
or a lamination film of such a conductive film with another conductive fiim) is formed on
the EL layer 4204. Further, it is preferable to remove as much as possible any moisture
20 and oxXygen existing in the interface between the cathode 4205 and the EL layer 4204. It
is therefore necessary to employ a mechanism for forming the EL layer 4204 in a nitrogen
* or inert gas atmosphere, and then forming the cathode 4205 without exposure to oxygen
or moisture. The above stated film deposition is possible in Embodiment 4 by using a
film deposition apparatus of a multi-chamber method (cluster tool method). A
25 predetermined voltage is then imparted to.the cathode 4205.
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hardened resin or an infrared hardened resin can be used as a filler
material 4210. PVC (polyvinyl chloride), acrylic, polyimde, epoxy resin,
silicon resin. PVB (polyvinyl butyryl)and EVA (ethyl ene vinyl acetate) can
be used. Nitrogen is used as the filler material in Enbodinent 4. 46 In
order to place the fill terial 4210 in a noisture absorbing substance
(preferably bar i th? &k L%E"%f“% CORBUISIRG 16 Pise clkagere (anegeeti(3 thaEL
concave porlti og O4007 ihs f'%r ged on the substrate 4001 side surface of the
seal i ng mat &% 4rV408d thesathade A203isihes WEa6eAbAgrossbye fimet 398 ia thywbioramede
whi ch can adsgrb oxygen 4207 is arranged 5 in the concave portion 4007. The
moi st ur e afEdreisYladmsdilant20%s0 asie couprsthameganih EErelenant 4503 oTheqpyptpenivé207
is maintained in the concave portion 4007 by a concave portion cover

materi al 4408 €93 haffedtiveripipsewanting bootaniingnis sbsh anoxygen theé nseibstaiesn

whi ch can adsorb oxygen 4207 does not fly off. Note that the concave
“portion Toesleringthy drgantBB eldnaesit 4383.ructure with a fine nesh shape, and
that air and noi sture can pass through, but the 10 noi sture absorbing
substance or thBefutrstcamarenahd0h5 L aiQUSOLD e GRA Wlhe Sa8ScRalto PPSSver

t hrough. Degradation of the organic EL el enent 4303 can be suppressed by

forming tbarooigtply inabsmrt Bgtrsitient 4005k B UbRE RN e SnMat kot AdS O b

oxygen 4207. A conductive film4203a is forned so as to contact the

extracti onragiod oftOBBadrivedt TR h@262Me Hel dBrAR8ioh MRk XRJ058! ﬁgée{ﬁ%wééﬁl%h% S
m

formed, as shown in Fig. 12C. 15 Further, the anisotropic ‘conductive fi

4300 has aseabindd60% ¥ed ftiel ; it .t
substrate 4001 and theﬁiél%gﬁ%%gg@?lﬁgﬁ gésnﬂgﬁﬁgygérﬁﬁ]é%géégh@%ﬁ Hjielbge%m

subst rape MéF@W@M&&M%&@?@E%t@% 5t 4tg996 are el ectrically )

connected by the conductive tiller 0 at I't is possible to

| pl ement  EMDOWB RN aferPils, hERl LAY ApibhngathidDsted At FIROL BN s 1
to 3. [ Enbodi nent- 5] :
materials, and plastic materials (including plastic films) can be used as the sealing material
4008. An FRP (fiberglass reinforced plastics) plate, a PVF (polyvinyl fluoride) film. a _
mylar film, a polyester film, and an acrylic resin filin can be used as the plastic material.
15 Further, a sheet having a structure in which an aluminum foil is sandwiched by PVF films
or mylar films can also be used.

However, a cover material must be transparent ifthe direction of light emitted from

the organic EL elements is toward the cover material. In this case, a transparent substance

———

such as a glass plate, a plastic plate, a polyester film, or an acrylic film is used.

20 Further, in addition to an inert gas such as nitrogen or argon, an ultraviolet
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 {(polyvinyl
butyryl)and EVA (ethylene vinyl acetate) can be used. Nitrogen is used as the filler

material in Embodiment 4.
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In the EL di splay device of the present invention, a nmethod of

simul taneously formng, on the sane substrate, a pixel portion and TFTs
(n-channel TFT and p-channel 47 TFT) of a driver circuit formed in the
peri phery of the pixel portion, is described in detail using Figs. 13 to
16 in this enbodinent. First, in this enbodi ment, a substrate 300 is used,
whi ch is nade frlomrgeays plasgcthe fdierbanienm B3 4 priguey absorHrg HGHRALM
borosilicate, represented by such as Comng 5 #7059 glass and #1737. Note
that, as tHerefeteblyrkarmngoride porpubstanstybichane pdonb axgidn o CORIISE PATEN a
metal substrate, or a stainless substrate, on which an insulating filmis
formed, ned00Fds femdedisn thesutsphactl01sifd sistace ofubs sealing materiah4PEatand a
resistance to a process. tenperature of this enbodi nrent nmay al so be used.
Then, a basroitiureaiHdibihgsoedrdte onm aubstags diicingarf adsorts oryeenst 24795 hitemaed
oxide film to a silicon nitride filmor a silicon oxynitride film In

thi s. embodiif®id condate\BortidWeID07 S The Ghdikterd &bsudih ashstdire basie fubktmddhich
However, a single-layer filmor a lamnation structure consisting of two

or nore | ayghadfrb bRegdnnsil7at bhehthink Mid8Y% BRcebitidS4807 by 8tondad¥ pbrilin t he
base film 301, a silicon oxynitride film301 a is forned into a thickness

of 10 to 2@ rHﬁen(iQir@r(}%rs%%é‘t-ﬂlé&oﬁs@uréggsd}%gléﬁbﬁ%(% d#¥he N3 randp N30 a5

reaction gases by 15 plasma CVD. In this enbddiment, the silicon oxynitride

film30la GAQIBos sérpfiﬁsd?g(?de@ ot fly 6f§%te%a§ t§e7g@#cgbe=p@1ﬁ%%ﬁdeﬁn§te§i3%208

having a filmthi c‘l’<nes_ of 50 ninh Is forned. Then, ‘as a second |ayer of

| nat ot ket ban At ¢ BRRpREKERAR. B bl Sty Rk SPEF AR 485 18 Mo
embod; mint P par et obie S48 dr 2 ARRERCPUNRIARATLANA olfich 1257 dogs nor
Formed.  subsigtiseyDERBdRan Githe der ey Bt R Besckd b b e
ggfn-e C](c):’lljlr,ln C{h}?nel?ils emﬁgogﬁ%%&%gstﬁgee&smg (S)gbs a%c:e)’%igﬁ gaI{ Qcﬁs%%j oizyrg%gf'tﬁ’,(ﬁ.

o | -A -c.;,onductive film 4203a is formed so as to contact the extraction wiring 4005a,
at the same time as the pixel electrode 4203 is formed, as shown in Fig. 12C.

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

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

20 of Embodiments 1 to 3.

[Embodiment 5] .
In the EL display device of the present invention, a method of simultaneously
forming, on the same substrate, a pixel portion and TFTs (n-channel TFT and p-channel
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anor phous structure by a known nmethod (a sputtering nethod. an LPCVD

nmet hod. or a 25 plasma CVD nethod), and is subjected to- a known
crystallization process (a |aser 48 crystallization nmethod, a thernal
crystallization nethod, or a thermal crystallization nethod using a

catal yst such as nickel). The crystalline sem conductor filmthus obtained

i's pattern@¥T)of @dfleai (iUt THARGSIn!tRe PBERIRY bPeTERE] PORMIC {Qfesdrais de@éﬁ§5

sem conductor layers 302 to 305 are forned into the thickness of from

to 80 m (gsigbexabhY 139642150 bH?ﬁ'h he material of the crystalline
sem conduct oréfﬁsm IS not par ?I?cu arﬁn}; limted, but it 1is preferable to

formthe film uglng:, Sl Q0 q: i : i (.Sl , = Q01 to
0:02)) al 1oy iR EBhfeR L SEOATIOTR WAL R gl B s
silicon fi i forn | GVD, .and .t.hen, nickel - contai ni .

sol ution iébmﬂe 88%%&5%?%%gigﬁngf]%cbg’ﬁosf#l?%e’ %Paﬂéﬁvaﬂg’aéﬁgl%% Biess
of the anp us Sili il erforme 50 o C for gqne hour), . and

t her eaf erﬁﬁfQF@?%E}ndg’ﬁ@%aI%tijﬁoﬂs ﬁ%%lgé athobe?ﬂB?rﬁ?eau gg@’@%é}hc%ur
~hourss) thereto. Further, to inprove the crystallinity thereof; |aser anneal
treatment §“?}8’raf‘5‘???$ﬂltlsga‘feo$‘}r)ﬁ faiess jeisgric AR vdieh %Bs‘ﬁﬁqll}ﬁ filppisdormeg.s
crystalline silicon filmis subjected to a patterning process using a

phot ol i t hograpRySEEaidhe rerlasht ) plaskie subsirpte dITing beal|IeyislBca3t0a (RI0SES.. 15
Further, after the formation of the sem conductor |ayers 302 to 305, a
mnute arBRRETagHe ohskis empodinaent maay #6e bauerd. phosphorus) nmay be doped to
control a threshold value of the TET. Besides, in the case where the

crystal | i ne serfi€Bndibexcdinr3q nformedfiont ar ingnlaging filmesyeh pa g silicen pxidgl film,
met hod, a pulse oscillation type or continuous-wave type excimer |aser, "%0

" YAG | askr @ glicenmitridgsBim wmye bidicor exkynitride fdnpade thisesabodiveat, laateedayare -
used. it is appropriate to use a nethod in which laser |light radiated from
a | aser ostutium or vl ascndens ddnby0hn Hypwéwea) a sitgdeyenfidmeor 4 teeamatieam
and is irradiated to the anorphous sem conductor film Although the '
condi t i onstrettuthesmsisgmpaifitive atr inwre dinews df the ipsudpiugd §film may be used. As a first
layer of the base film 301, a silicon oxynitride film 301a is formed into a thickness of 10
to 200 nm (preferably 50 to 100 nm) using SiH,, NH,, and N,O as reaction gases by
15 plasma CVD. In this embodiment, the silicon oxynitride film 301a {composition ratiQ Si
= 32%, O = 27%, N = 24% and H = 17%) having a film thickness of 50 nm is formed.
Then, as a second layer of the base film 301, a silicon oxynitride film 301b .is formed so
as to laminate thereon into a thickness of 50 to 200 nm (preferably 100 to 150 nm) using
SiH, and N,O as reaction gases by plasma CVD. In this embodiment, the silicon
20 oxynitride film 301b (composition ratio Si = 32%, O = 59%, N = 7% and H = 2%) having
a film thickness of 100 nm is formed.
~ Subsequently, semiconductor layers 302 to 305 are formed on the base film. The
semiconductor layers 302 to 305 ‘are formed from a semiconductor film having an
amorphous structure by a known method (a sputtering method. an LPCVD method. or a

25 plasma CVD method), and is subjected to-a known crystallization process (a laser
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sel ected by an operator, in the case where the exciter laser is used, a
pul se oscillation 25 frequency is set as 300 Hz, and a | aser energy density
is as 100 to 400 m}/cm (typically 49 200 to 300 mJ/cnR). In the case
where the YAG laser is used, it is appropriate that the second harnmonic is
used to set a pulse oscillation frequency as 30 to 300 kHz, and a | aser
ener gy densirysjaliigatiu mgthagoe therms@locnygiabir@tion ymdthed. o, 2 350meb cEGLHIteN?) |
Then, laser light condensed into a |linear shape with a width of 100 to
1000 m f ormethadmpding a 408lys sBich gs nickeldli Bhectystellinh eemivohducor filacdue bbtaeed
substrate, and an overlapping ratio (overlap ratio) of the linear |aser

| ight at tHs pattdrn@&l imty désdredahapes 16 @btain H¥sermfc@aluetor kselat Thegsehnicondbor s
then fornmed for covering the, sem conductor layers 302 to 305. The gate

i nsul at i ng liyera3 @B 305 droforackdiin@nihathiclkisdsh af frog 19 dors0cant(picfragly 39 tbicgon
by plasma CVD or sputtering into a filmthickness of from40 to 150 rim 1In

the to enbegiymamhe mitheal daklR: érpsbiieisBshidddat3PBim S ﬁ&rpqﬁsﬂcuﬁarr%mmiréaj g on
oxynitride filminto a ) thickness of 110 rim by plasma CVD (conposition

ratio Si =i3giéferible 18 9%m fl‘;e:ﬁl?ﬁ/%siﬁ?ﬁiliéoﬁ cho%eﬁwﬁ@%,(s}ix@ﬁﬁgﬁﬁ r?.om to

insulating filmis not limted to e silicon oXynitride fl

i nsul ati ng gfg GANtRIRL M. Ot :oSdohi f i N als) yer
ofgoh Mg ANt AR N %gqréls érgvé@wﬁewsbﬁn c%é@h&@sigibag Al B

of a lamnation sStructure. esl en the silicon oOxide Imis used,

L can be ailEtWafn2 8 QM then, ik dltohfin SERBR N AW NO I ERIR)

and 0, are m xe a reaction pressure o substra

b R e R L e

et 20 e, SRR bR SABAD SIS AR E S5t o

shown 0 il s iob B kIS IR e LR e L

film thi Ck?sepsegformed to form the crystalline silicon film. Then, this crystalline silicon film is
subjected to a patterning process using a photolithography method, to obtain the
semiconductor layers 302 to 305.

15 Further, after the formation of the semiconductor layers 302 to 305, a minute
amount of impuﬁty element (boron or phosphorus) may be 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‘\.‘/'O‘t 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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of 20 to 100 rimand 100 to 400 rim respectively. In this enbodi nent, the
first conductive film307 made froma TaN filmwith a filmthickness of 30
rimand the second conductive 25 film 308 nade froma Wfilmwith a film

t hi ckness of 370 rimare fornmed into lamnation. 50 The TaN filmis forned

by sputteri i »~target under a here containing nitrogen.
Besi des, thz@g\}\%3 Ppnr%? Ilf(]é-lgf)balrlrglge B%fet"ﬁéerga%ﬁa%g%fs %@e%t%‘éﬁ st 3praoRAIate Epdtthe The
WTfilmmy f.ormed by thermal CVD usi tungsten hexafluoride (‘WF6).

Wit chever” SBd B R Gt ot B R e ion g SRt s O3 0P iz, s Hsom

resi stance _for use.as. the g@}e 5 electrode, and it is preferred that the
resistivit Vo8 ;éﬁ‘éSIWIISiSFtrﬁ% Gia 6Q0ml gy’ (trpiealby 366 uals 00 tol/@o’)p Odven, Byer
making the,crystal grains large, it is possible to nake the Wfilm have

| ower resi ygﬁ%@??”ﬁ%@\k@@é‘rl}neﬁﬁshaﬁé veilsewidik o 10ty 1 409nunj foy emdraplent 80 atch
as oxygen are contained within the Wfilm crystallization is inhibited
and t he 5 e5i'5pdiatcd tp icowhele sarfgereef tha hersahte; end amovdrlappamhato (@rdlaphtio)
formng the Wfjlmhaving high purity by to sputtering using a target,

havi ng a p@fibeyingar 199@9@9% Wénigmie magdoh teit an 50 Iy 90%ki ng suffi ci ent
consideration to prevent inpurities within the gas phase from m xi ng
therein during 4gete inpulntifg filmtI06nis teer Reinsd ifvt EyvedingfthoBeBidoad2QoPREaCan
be realized. Note that, in this enbodinment, the first .conductive film 307
i s made of30Pal.3%ndThe patesradaihecfid 306iiy eortidd308m BsiBage FmWorkhirihe
material is not particularly limted 15 thereto, and either filmmy be
formed of silicel lpnEatms €NA0 bedpilitterMgTiato MilmithiclBess O frdat! 4066 180 N1 PfRean
alloy material or a conmpound material containing the above elenent as its
mai n i ngr esitenimesediedese i@uﬁﬁﬂk@ﬂﬂ}w{ﬁ%xfﬁéd@ﬁﬂlﬂi dili€h B¥yfride Im into a )

polycrystalline silicon filmdoped with an inpurity elenent suc

phosphor ushithyess@f U$@dm HHEFhARS CVENeon! -dﬁ%ﬁggi%ﬁ"(ﬁﬁ)ggyﬁ dsughgas a
conbination in which the first conducti've film i 3 formed” of *t anf dlUm
Ta) and tthe 236% b ME il iSeif. OF .of: C ' iLon. ,.igs_which
(r D e L TR lcllo BERIBI R R et

the first conductive filmis forne _ _ _ _ ¢
second . Candstlafi HikMebRalBhERAG' silbo? nfR"BLBLHER ih® Mlle Hhfer’ f 81

conductive filmi
lamination structure.

15 Beside, when the silicon oxide film is used, it can be formed by plasma CVD'in
which TEOS (tetraethy! orthosilicate) and 0, are mixed, with a reaction pressure of 40 Pa.
a substrate temperature of from 300 to 400 °C, and discharged at a high freqﬁency (13.56
MHZ) power density of 0.5 t0 0.8 W/cm?. Good characteristics as the gate insulating film

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

20 annealin_.g 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
0120 to 100 nm and 100 to 400 nm, respectively. In this embodiment, the first conductive
f1lm 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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formed of tantalumnitride (TaN) and the second conductive filmis forned
of Al, or a conbination in which the first conductive filmis formed of
tantalumnitride (TaN) and 25 the second conductive filmis formed of Cu.
51 Next, masks 309 to 312 nmade of resist are fornmed using a

photol i t hogt a -jret hod d a first etchin rocess is perforned in order
to form el gr@F ﬂ%&gﬂghﬁgwl}ﬁﬁﬁ’é’épug@%%di qhif’ I%rgﬂ Ufgg_a i SPf“T'@tCOé‘faé’Pﬁnﬁg
process is perforuged w tR R{g%ﬂfi_r t alr(}d second etching conditions. In This
embodi nent P%Cflhg‘aﬁdﬁ&t BOE KRGS FS,QSFR? thyghe spuicringmeshed wada WMiergetc sl ed
pl asma) etching nethod is used, a gas mxture of CF4, O, and O, is  used

as an et ch&lganay hatorgsed Wlﬂéﬁm}ﬂbgé@ gsmgfrurtg@tezévezsﬁq@ickc@m)ah‘ﬂﬁighgm is

generated by applying a 500 WRF (13.56 MHZ) power to a coil shape

el ectrode WHwd iguied, 1t myopssast iotmalky thewiatasiahhave Ip@pegispued fopgssisthaRyte
produced by Matsushita Electric Industrial Co. Ltd. is used here. A 150 W
RF (13.56 &egrodsowed itiis peafswedipiat thedesistivipeobib SV fdnds sot ®ildss tharet egiace
stage) to effectively apply a negative self-bias voltage. The Wfilmis

et ched wi t to 2hpQki: By stakingide corstil igrains Jarge) dt i Ipessibld tpardkiedhe §f filthéhasecond
conductive layer is formed into a tapered shape. In the first etching
condi t i onsloweheesistivity nglovatver, irothe ciiYe whel® thad® implmiyrlerhdins sichiak ogygat gef or
TaN is 80.32 rimimn, and the selectivity of W to TaN is about 2.5. '

Further, tdmtdinpewithigltte OF Wi, Scrodigizaén W Wihibibd ddd e edsBRMRE beldmes
conditions. Thereafter, the first etching conditions are changed into the

second et ciph¢. Tigdrefore.RSthM driedtimeRiIY! foemiMetheBwkEm 88ving R pRELHOT
resist, a mxed gas of CF. and {2 is used as an etching gas, the gas flow

rat e i soseaiputteridOnsifly & &ehtt hatthogRASINET B oBeNE LAl ath RN ARy YAiNgs ufFlindV RF
(13.56 MHZ) power to a coil shape el’'ectrode under 20 1 Pa fo thereby

per f or m et@Rkiagrakioh t@?%ﬂem?’&]ﬁﬁﬁfé@ Ieithifd tieDo A/ Jgigi‘gé #3m8 i Y dh PEWRIurinleShal SO

applied to the substrate side (test piece 3t ) to effectively a négative

sel - bi as k0kiadRon TRMli) BF 88 § (820 Abbckd LR BE Ralipid €t ched on the same

order with the.second .. _.__
- Note that, in this embodiment, the first conductive film 307 is made of TaN. and

the second conductive film 308 is made of W, but the material is not particularly limited
15 thereto, and either film may be formed of an element selected from Ta, W, Ti, Mo, Al,
Cu, Crand Nd or an alloy material or a compound material containing the above element
as its main ingredient. Besides, a semiconductor film typified by a polycrysta:iline silicon
film doped with an impurity element such as phosphorus may be used. Besides, any
combination may be employed such as a combination in which the first conductive film
20 s formed of tantalum (Ta) and the second conductive film is formed of W, a combination
in which the first conductive film is formed of titanium nitride (TiN) and the second
conductive film is formed of W, a combination in which the first conductive film is
formed of tantalum nitride (TaN) and the second conductive film is formed of Al, or a
combination in which the first conductive film is formed of tantalum nitride (TalN) and
25 the second conductive film is formed of Cu.—
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etching conditions in which CF4 and C, are mxed. In the second etching

conditions. the etching rate for Wis 58.97 rimimn, and the etching rate
for TaNis 66.43 nmmn. Note 25 that, the etching tinme nmay be increased by
approximately 10 to 20% in order to perform 52 etching w thout any residue

on the gate insulati ilm _lp the first etchjng process, the end portions
of the first zﬁe&“’s dg@oﬁ‘a&é?iq}é ¢ phyesigt %Ei’ae%OFE‘F g a e ghegsehed
shape due_t Préxhe etﬁect of the bias vgltage applied to the substrate side
by adopt i‘%’ﬂ &Rd adfirst Jehing RRpgeRs & ReformsHdn oFrgsdo Tormeclasgidss end pHeings

t aper ed porgi ons nmpy be set to 15 to 45. Thus, first shape conductive

| ayers 384 shewnivkig dpBstThis fasictehivg progessispratormed sdthatha fastsmdmedond
conductive | ayers 314b to 317b) constituted of the first conductive |ayers
and the $E3@IH cerditions.i via T embadiandny medhbyfirst eching Sonditiohs.ngn piCR ess.
Ref erence nuneral 319 denotes a -gate insulating film and regions of the
gat e. isns (induetingly ¢aupladhplesma) @ctniop nuahat Bdisky, 4 dw rhixnst of BRpECIcand dotid ve

to layers 314 to 317 are made thinner by approximtely 20 to 50 nm by

et chi ng. usdeas, anzidhing pasitpi gey frvocas & sesto®y/L HM 0B derh Carridslashie isrgeEidded

el ement for inparting an n-type conductivity to the sem conductor | ayer

wi t hout beepplying at 500 WekR (IGife MIZ) pestito o doilshhpBilect i nigierayhe Lars i ed
out by ani on doping nmethod or an ion injecting nethod. The condition of

the ion efohinggleviet iith IGP (MallelE@IIANEP) FrodutediiiMatssitaE 1t SricTRdAARB/ CNe,
and an acceleration voltage is 60 to 1 keV. In this enbodi nent, the

dosage (s. ntdSisms&@héreat,ms/owv&ml@pb.wmz?ﬁb%ﬂsi A% %{ﬁlfﬁ%ggﬂﬁésﬁ%t#ﬁﬁa\/{ AS

the inmpurity element for inparting the n-type conductivity, an elenen

whi chobediga gas:t;ﬁga(?egﬁ@%@ b Bdctit B app®f h%ﬁ%&s&@éélﬁﬁiea% éz%'ltggé't %‘PQ Respipius (P)

or arsenic (As) is us and phosSphorus 18 used s case, the

conduct i stehddaweh Sh3fidd ettéhi?l% z:oﬁgﬁfbﬁ's,;%d%é ‘%idh%:rgﬁf o FRYEL LY d %Bﬁ{iﬂ‘f&}vezp for

inmparting the n-type conductivity, a hi'gh c ration Irnmpurity regions

520 10, i A LR Sl 14 00, ARG con B EETRY T
L mpuri t yarie 80888 nagfhih Ond28cHifl LRE 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 conditions are changed into the second etching
conditions without removing the masks 309 to 312 made of resist, a mixed ga;q of CF, and
Cl, is used as an etching gas, the gas flow rate is set to 30/30 sccm, and plasma is
generated by applying a 560 W RF (13.56 MHZ) power to a coil shape electrode under - .-
20 1 Pa to thereby perform etchiﬁg for about 30 seconds. A 20 W RF (13.56 MHZ) power
is also applied to the substrate side (test piece stage) to effectively a negative self-bias
Vbltag‘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
étching 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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concentration range of 1 x 1020 to | x 1021 atons/cnB. Thereafter, the
second etching process is perforned wthout renoving the masks 25 nade of
resist as shown in Fig. 13C. Here, a m xed gas of CF4, Cd, and O, is used
as an 53 etching gas, the gas flowrate is set to 20/20/20 sccm and

pl asma is generated by applying a 500 WRF (13.56 MHZ) power to a coil
shape el ectetahdteg witbent anyResitioc bhéreegage panfaongfilet chi ng. A 20 WRF (13. 56
WMHZ) power is also applied to the substrate side (test piece stage) to
effectively apphytis firegatchites miekéssbitesendopdrages of thetfiet st endnéicohin@ive
process, the 5 etching rate for Wis 124.62 nmmn, the etching rate for
TaN i s 20. Gaferd 43¢ formedaphatvb e tafeb@diapeiduy t@fheWtet dbfNeibsasbeddage applied to
Accordingly, the Wfilmis selectively etched. The taper angle o? Wis 70

in the secgndnpteitcRtie SeaandirRondUG dMeskAwahS R2ABIL Pape’IHalBgle boiHred

by the second etching process. On the other hand, the first conductive

| ayers 3l4gnetdd p%%aﬁeq%ﬁy bacdky 1 8¢ hed, Tand ﬁﬂs{%pee&%&gibx%%ﬁgu%%ﬁé}a to

327a are fof ned. a second dopi ng process’is perfor econ

conduct | ve kSt ks R 0110 SH 8PS ARu00 LIBLCHEK Gl

and doping'is perforne uch that

et ConCk ek RS E BN chfeLARSE A RAELIIS R oL s SOV K5

ot ome/ cne. o RPERRREE ke JROFrGRE MR aetb 11 dEnBReF SRS UisTed gl rndo
wth the el SNECRYF TotP i B Suiith bt Woried vdnd M e gomiier
feqi ondt338 ¢y 345 P R Hintary Porasimpihe S os0 s achiatgent o
concentration gth%di e i,n _accordance \%)tg?q éthe il mthickness of the tapered

ot '
portions of th Bs%ﬁ?séfi%l&ﬁ&a%‘ﬁ‘%éﬂe HRRUIY feRRRt ISEHRYHBECt or

| ayer that overlaps with the tapered portions of the first conductiyve
| ayers, tH& D BREOPALEH Y B the ﬁ@‘%ﬂﬁ?&gflﬁpyﬁ?’éﬂf’éﬁﬁ%u‘ WRGHRS (s BAYS 1305 Mt he

end portions o ,theBtalger_ed portions of the first conductive |ayers .
resist (Fig.13B). Doping may be carried out by an ion doping method or an 1on injecting

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/cmn® and the acceleration voltage is 80 keV. As the impurity element

for imparting the n-type conductivity, an element which belongs to.::groﬁp 15 of the

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

here. In this case, the conductive layers 314 to 317 beconé masks to the impurity element

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

are formed in a self-aligning manner. The impurity element for imparting the n-type

conductivity is added to the high concentration impurity regions 320 to 323 in the
concentration range of 1.x 10% to 1 x 10* atoms/cm’,

Thereafter, 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

53



toward the inner portions. The concentration, however, keeps al nost the
sane level. Further, the high concentration inpurity regions 333 to 336
where the high density 25 inpurity elenent is added. 54 Thereafter, as
shown in Fig. 14B, after the masks made of resist are renmoved. a third
etching process is perforned using a photolithography nethod. The tapered

portions efchitpgdsi theigacfioduateiiv et LEYBLE/2056rRAHdi A s i§b‘éﬁ1§5‘te§%y%§ hnpave
shapes overl apping the second conductive layers in the third etch f?lg =

process. | aGOdartRat { 18.SERIENON o Biclil sRAR eldctiBikinasf) FadeyRler ér;fcgen re

formed in the regions where the third etching process 1s not conduc

The et chi ngichnRdiA b ' };m% [ : I : etching is
used, si mii ar téi?gerwfw(s%ﬁ?nd t &ﬁ%@%ggggéﬁﬁﬁg%pﬁgggé@& 41%&%%59165 d
SF6 are us I it f rat f /[, .50 see
respect i yeIglg.gé}SlN(c))f‘3 ggt%%y ?ﬁé,}?%?l %ﬁ?t%a’ Slsa%)fg%% \_6419&%8' %ﬁ%ﬁgﬁ%}]&gﬁﬂ% Ri%S ggefléehi ng
Gat e 1 nau SrrE Y e s St BE LB R B T Bk, GRE Rk v bior
gener at ed. AT I TRSEH BE: 3oy oy RERIE3 e et b o bpouer
2 goPP Ll LSS5 SRS (SRPLE SR a0E). Sty T et el B0 0, 15 @
W th the 1IOPERd bY BHaREOR g ar e s O 16 ez hadahe Srsveendvetife b guics
with the third etchi rocess. ~Note that an inpurity region (GOLD region)
346 remai 8 33\?%@?%%8%’96%@?%atl‘limgf?r‘iq@@{i“ﬂﬁ/@dm%3 tcai%?m fefameg0 Furt her,
.an el ectrode .formed by the first conductive |ayer 324a and the second
conductfve | ayi#exéﬂﬁe@f‘ﬁéiop}nﬁﬁf@é%s‘s pedfateed| Secansronghictive lay etsaiRddl toTF

of a drivl%r circuit. An electrode formed by the first conductive |ayer
340a and tRdD e BFRS 2omasks fovan impurity element, and doping is performed such that the

impurity element is added to the semiconductor layer below the tapered portions of the
first conductive layers. In this embodiment, phosphorus (P) is used as the impurity
element, and plasma .doping is performed with the dosage of 1.5 x 10' atoms/cm?, current
15 density of 0.5pA and the acceleration voltage of 90 keV. Thus, low concentration
impurity regions 329 to 332, which overlap with the first conductive layers, are formed
in a self-aligning manner. The concentration of phosphorus (P) in the low c'oncentration
impurity regions 329 to 332 is 1 x 107 to 5 x 10" atoms/cm’, and has a gentle
concentration gradient in accordance with the film thickness of the tapered portions of thé :
20 first conductive layers. Note that, in the semiconductor layer that overlaps with the
tapered portions of the first conductive layers, the concentration of the impurity element
slightly falls from the end portions of the tapered portions of the first conductive layers
toward the inner portions. The concentration, however, keeps almost the same level.
Further, the high concentration impurity regions 333 to 336 where the high density
25 impurity element is added. e

54



| ayer 340b frally becones a gate el ectrode of a p-channel TFT of the driver
circuit. Simlarly, an electrode fornmed by the first conductive |ayer 341 a
and the second 25 conductive |layer 341b frmally becones a gate el ectrode of
an n-channel TFT of a pixel 55 portion. An electrode fornmed by the first
conductive | ayer 3423 and the second _conductive |ayer 342b finally becones
a gate el ect r oddhsreadtep.as showwa o Tier 148, afier thepeasks giadeiodmesistivee Fapaysd 2
regions (LDD regions) 343 to 345 which do not overlap with the 5 first
conduct i ve tiggeteBingauecesvis safermegis ingrephotglithegrgpionEbad ( BoLiBPeisgiPoR) o846
which overlaps with the first conductive |ayer 324a can thus be forned at

t he same t iofdhg frst Eppdetivedaydss awerpiriiellbetcbekso poishistesshapesnoneslapping 8y ons
in response to the TFT characteristics. The gate insulating film319 is

et ched nexsecoBdR3nductivedaycasindhe diinlvteigng asicessndntidenteliy, tas sleowmim BtechiByg
(RIE) is perfornmed for this etching process. In Enbodiment 5. the )

et chi ng pr omek 33B snqerdf oesie dradotined hethehagioas wheesha tidrdathing podesPés nan RF
el ectric power of 800 W and a CHF3 gas flow rate set to 35 stem A
portion of choduckddgh concentration inmpurity regions 333 to 336 is thus
exposed, and insulating filnms 356a to 356d are fornmed. 15 After renoving
the masks conpriBhd@chingicdhditiBEMuRs sird é&haipthrdddds arethbOrareéchinsOiukesi st ,
and a third doping process is perforned. Inpurity regions 350 to 353. to

whi ch an i gipifar byt RFeRd the sedae@idiiad pid¥BaEs, anl g, NPT &€ uSQNUSERt Y
type (p-type) fromthe single conductivity type (n-type) are fornmed to the

sem conducifked, INAL Bas MW fdtes HERPIY §&hi, H8sgedi iy RbidmeN@P BRhidd Jfeeddt the
third doping process. (See Fig. 14C.) The 20 first conductive |ayers 340a

;ng r'rgﬁt%@i araN Yee: R MRakScHRgabRRksd R 1i1f§)Hﬁf/ﬁ1ﬁ1,%@rfﬁ&tth¢teh%m% p&Kd S¥h
nparting p-type conductivity 1s added, and the 1 npuri regi ons
are formedshdit o &R faids@Rling HTRN9$5.8 nm/min.
A 500 W RF (13.56MHz) electric power is applied to a coil shape electrode under
épressure of 1.3 Pa, plasma is generated, and etching is performed. A 10 W RF (13.56
MHZ} electric power is applied to the substrate (sample stage) side, effectively applying
15 anegative self-bias voltage. First conductive layers 340a to 342a are thus formed.
Impurity regions (LDD regions) 343 to 345 which do not overlap with the first
conductive layers 340a to 342a are formed in accordance with the third etcﬁing 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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The inmpurity regions 350 to 3 53 are forned in Enbodi ment 5 by ion doping
using diborane (B2H6). Note that the sem conductor |ayers which form
n-channel TFTs are 25 covered by the resist masks 348 and 349 -formed from
resist during the third doping 56 process. Phosphorous is added to the
inpurity regions 350 to 353 in differing concentrations, respectively, by
the first @opiong proekswodndotmed by teclind dodiaivplgesssila MAWVEMEkecd@IPi NY
is perfornmed such that the concentration of the inpurity el enent which

i mpar t's p- copdictive thyet 342t findlly leaohesfa gdie clegb@nst HECHARAII T LHEGRL10
2x102' 5 atons/em, and therefore no problenms will develop with the regions
functi oni ngogensour ce regions and drain regions of p-channel TFTs.

I mpurity regions are forned in the respective seni conductor |ayers by the

process up thougf itdpusitPdgiéns (TTED rESIbAS) IS BASHRAUAIS d%ﬂaéﬁmv&g

next, and a first interlayer insulating to film357 1s forned

i nsul ti By fiksk BFROLA RYBY 30k kS MA. %nﬁ-%éfgxggdt}ﬁcg &%@?ggé%‘iﬂé ?ﬁegz@gg% v&l%?gt 0

200 rim wusing plasm D or sputtering, i'nsulating

o 307 a3t W@ Lidlen{d LDk Soho'olE dld b0 B(dd 18 bl icassiaeof, 150

nm by pl asma D in Enpodi nent 5. irst interlay

is of courg Lt B : iLdecon oxynitride fil and ot her
i nsul ati ng [??F&r?snelcl:lor?f gﬁﬁi’ﬁgeég%fé%dﬁgfr?g%lp%g%gé%e i ’fPSmressPﬂlbﬁeetol eﬂlFF—Br a
| am nati ongsttueiyre. Next, as shown in Fig. 15A, a process for activating
the inpurity elenents added to each of the sem conductor layers is

performed. Ther 2eak i.n Si an . anneal i n furnace is rfornmed for

the activation g?% %ESQS%IG%‘@P gﬂ%gacit?rhegie% ggFQéSr'fS&ﬁr?é&“ie #a5% ABYen

at nospher e_hayin Ny OX concentration.of 1 ppmor |less, preferably 0.

20 ppm"gr?F%?s?,c 1‘%} &}fg@g@ﬁgbﬁéjﬂ %1@%{ Q%E rPTB?RﬁsaEH%@m?mWei e )
activatio FLOCess i.S etrforgedi Enbodj ment 5 by heat _treatnent at 550C
for four REUME PRSEY B Herforrd vigufha eheberimersia SerinealiHig anl W efectric

anneal i ng _and rapi her nneal i n RTA) can al so
gpoweropfdo ,andgeé 3 gas owgatg sett)o35 scem.

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

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

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

The mmpurity 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
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be applied. Note also that, in Enbodi ment 5, nickel used as a catal yst
during crystallization 25 is gettered into the inpurity regions 334 to
336, 350, and 351 containi ng phosphorous at 57 a high concentration at the
sanme tinme as the above activation process is perfornmed. The nickel
concentration within the sem conductor |ayers that mainly becone channe
formi ng r@gticesss ifhosphmoneducaded Thethealropurgy tegwnef I3 ue it i sliffeduced
for TFTs having channel form ng regions thus formed, and a high electric
field effectnogpbatiansyressectbeiy) eate Hiet dosieg phocoss andéy gioosd cond/ddpak g priocess.
Thus, good properties can be achieved. Further, the activation process may
al so be peHoornadddehgisedftmed gudhatthe séncentrhidsd @ftae impsridy aldomgt fihbich
However, when using a wiring material which is weak with respect to heat,

it is pref grgdisep-typepesidetvicnac asth \oit thenrepios @sombs @rorh @xT0igot hel 0%
interlayer insulating film(insulating filmcontaining silicon as its main

const i t uenitomSichi’C th@efirk hb PeoblldrhdRvill @velopaish Sk rédlofd ARELSKInPAOIREEe t he
wirings and the like, as in Enbodinment ) 5. The doping process may be

per f or med, reanfhs bhe@ dfdif foibi & J-asihe TS ating filmmay be fornmed after
perform ng the activation process. In addition, heat treatnent is perforned

for 1to 12 houiﬁpgxﬁi%?fﬁ%oh%r??&%édln%reﬁcﬂw&?ﬂ@&ﬂcﬁi&&%ﬁ%ﬁﬂePié’&%é&e”

of 3 to 100% per ogenation o e sem conduct’or l"aye Heat
t r eat ment ﬁ;?thBﬁ ﬁlrisr?t%e{f’{ or one hour at 410C in a nitrogen atnosphere

cont ai ni ng “approxi met el'y 3% hydrogen in Enbodi nent 5. This process is one

f . . A H 1 -
or ter m nat | ngdanaking, HORg 408 F%%"?fﬁaf%ﬁ"f?’%mﬁ?‘t fa b i nﬁtsﬁxyé}xﬂgu?%g& g

contained in the ayer I1nsu as rogenati on
b o058 g 397 MU 89, Oy LHICE, @RoMIBIER AR o
? (r:glmv :E' g Qgﬁ r&@?&f i@ell}stixb% 513“%%@@@5%’]3%&%&8'&;3@?% %s?inkear?a?/%r %n's&g{mg H?IH 335, t hat
A silicon oxynitride film is formed with a film thickness of 150 nm by plasma CVD in
Embodiment 5. The ﬁrsig Ainterlerlyer i;lsuiating 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, Jaser annealing and rapid thermal annealing (RTA) can also
be applied. |

Note also that, in Embodiment 3, nicke] used as a catalvst during crystallization

25  is gettered into the impurity regions 334 to 336,.350, and 351 containing phosphorous at
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perform ng the above hydrogenation process. A second interlayer insulating
film358 is formed next on the first interlayer 25 insulating film 357
froman organic insulating material, as shown in Fig. 15B. An acrylic 58
resin filmhaving a filmthickness of 1.6 mis fornmed in Enbodi nent 5.
Patt erning g ' rder to formcontact holes for reaching
the inpuri taylﬁggg%(%gﬁ%%} 5‘@%3 M%&ﬂ}e aﬁﬁ%" ahove agtivalion preqessrs peafamned. The
i nsul ati ng »AdeLd [ i-ng sili.con, or an organic resinis 5 used as
the second i nt g‘? “%%@%%ﬁé% fo e FoRdRIer ?%ﬁ‘%tg%mn%&iya»@szorgwhmnl formningle,
and silicon.:oxynitride can.be used as the insulating material containing
silicon, aﬁ%‘%ﬂﬁﬁ‘%ﬂ gu%eﬁc ais Qfithe ofd cupentianedused & TH TschavinrgictBGRe]
(benzocycl gbut.ene) .can, be_used as the. ' organic resin. A silicon oxynitride
filmis fof HERGIFEILsdS ovmed andadyah plentricsicldieflectimhetility i obtaines! because
preferable that the film¢thickness of the silicon oxynitride filmbe from1
to 5 /.cm 0’%%@0 cersglbpity Betsweend propeties campe athieved.| i con oxynitri de
filmis effective in suppressing degradation of the organic EL el enent
because there i d UFTW%I@"« Aeirgrtigneprocess nadynaleo ba petforthied befdes Gbiminkukd Fest
dry etching or wet etching can be used in formng the contact holes, but
15 consi deffeEgyeHasyrEng é_ﬁﬁﬂostWav&rpwﬂamagiﬁg duwirfig LhehaNghidhtisiveak with
preferable to use wet etching. In addition, the first interlayer :
i nsul at i ngespachtamdat Ht is podfadbientepbayen thesuliaking prddebdmBEe f&ﬁgﬁgd%,@t
the same time when formng the contact holes. It is therefore preferable
to use a rintedejelindudatirigfilm (igsuldiingFHE G AYE s iUl Ao Brubid TR, Ch
has a faster 20 etching speed than that usedto formthe first Interlayer
i nsul at® ngutridefilmg orsixdergdleldntdiger 16 paReciahe WiBnSOMAGE ;ﬁgl % in‘%@b&@iﬁ] S591t 0
366 for electrically connecting to the inpurity regions 333, , d
5.

The doping process may be performed, and the first interlayer insulating film may
be formed after performing the activation process.
In addition, heat treatment is performed for 1 to 12 hours at 300 to 550°C in an
15 atmosphere containing hydrogen of 3 to 100%, performing hydrogenation of the
semiconductor layers. Heat treatment is performed for one hour at 410°C in a nitrogen
atmosphere containing approximately 3% hydrogen in Embodiment 5. This p-rocess isone

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

y

interlayer insulating film. Plasma hydrogenation (using hydrogen excited by plasma) may
20 be performed as another means of hydrogenation.

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

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

25 insulating film 357 from an organic insulating material, as shown in Fig. 15B. Anacrylic
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350, and 351, respectively, are then formed. The wirings are formed by
patterning a lamnation filmof a 50 nmthick Ti film and a 500 nmthick
alloy film(anAl and Ti alloy 25 film. OQher conductive filnms may al so be
used. 59 A transparent conductive filmhaving a thickness of 80 to 120 nm
is then forned _thereon, and a transparent electrode 367 is forned by
pat t er ni ng.TepiBdBmhayng & Blm thiskeessidt -6 pm sdbumsd imEmbpdiangt fOPatterningds a
transparent conductive filmof indiumoxide into which 2 to 20% zi nc oxi de
(ZnO) i s niBes@rmpdned deorler thorrreontsahelns forseashingtthe irapunity Eagiods Aht3 35.
Further, the transparent electrode 367 is electrically connected to a drain
regi on of EO0cand®Ent control TFT by being formed contacting and overl appi ng
a drain wiring 365. Next, as shown in Fig. 16, an insulating film

cont ai ni ng si | i carfil{ramsd¢ froonaminsdeting matarlabromaiBippdiioenbr &) ongsnitcaesiads
having a fil mthickness of 500 am and an opening portion is fornmed in a
posi ti ons case®apdrdiaegnd ontetleyd:r iamslpare fitmel 8¢t 8diden IGdde Allidv ditride, and
interlayer insulating film 368 which functions as a bank is fornmed. Side
wal I s havi Bfjican okgjigtidctaptpsecd anttedasdipsiddaniten ARGnyn kg siitboneinEinatriags
when form ng the opening portion. If the side walls of the opening portion
are not sukfhidtcaseytilyivni@eHdigamidegacrlid, and FATR didnz08y Qbhiithge)hn IndYgEd dyghd 0 a
step becomes a conspi cuous probi em Care is therefore necessary. Note that
al t hough aogdahicGesinoxide filmis used as the third interlayer insulating
film368 in Enbodiment 5, an organic resin filmsuch as polyi m de,

pol yam de, act V14 GilicoRbxBiidoRA ActteheR bl BASha CDEh Emthruitieg(h. WeRaRG N9

upon the circunstances. 20 An EL l[ayer 3 next as shown by Fig.

1%, L S ghgeaniablione b gorkect salolo AR kel 810 o0

on the tragiparsgeterflif HecRds 264dL8T S MBI iNSod R ynitride film is effective in
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 contact holes, but

15 considering the problem of static damage during etching, it is preferable to use wet
etching.

In addition, the first interlayer insulating film and the second interlay—er insulating
film are etched at the same time when fdnning 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 thah that used to form the first interlayer insulating film, considering the
shape of the contact hole.

Wirings 359 to 366 for electrically connecting to the impurity regions 333, 335,
350, and 351, respectively, are then formed. | The wirings are formed by pafterning a
lamination filrn of a 50 nm thick Ti film, and a 500 nm thick alloy film (an.Al and Ti alloy

25 film). Other conductive films may also be used.
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EL |l ayer 369 and the cathode 370, conpletely renoving all noisture. Note

that. although an MJAg el ectrode is used as the cathode of the organic EL
el enent in Enbodinment 5. 25 other known materials nay al so be used. - 60
Note al so that known materials can be used as the EL | ayer 369. A two | ayer

structure conprigj a_hole transporting layer and a light emtting |ayer
is used as the éﬁﬁglﬁsg%epgpﬁn%%%ﬂ}av g ao%i‘)kt“ﬁ@r‘g §Pep 198 e sdben fihered a
hol e i njecti | ayer, an electron, injecting |ayer, or an electron
transporti %Sr%ggyaéiée q Cagspprrag ?lteREFﬁe é?%af?pq%@e@)by PRdCHIRD nifiea diig oS have

al ready been re%ﬁt&% upan,. and any of the reported structures may be

used. Pol yphenyFéfetiat ) iadigm dnreide 1) Slmperatiaospaaentt doadholie film of
transporti,ng | ayer.. . in Enbodinment 5. Further, a material in which from 30
to 40% of RABIAELG e ydlieh 2 ip P Yczing oxiBIHZNG) i sixddyist eckdias thetrynipaydn:
carbazole is formed by evaporation as the light to emtting |layer, and
approxiﬁate&WOﬂ%mEﬁ@Dﬁm@ti% added as a center of green color |ight

em ssion. Further, although it is possible to protect the EL |ayer 369 from

noi sture and oRyuesn, thy ttanepayent dettrade H7ds kleatiaBY bonhécted (P4 efar addignt 0
forma passivation film372. A 300 nmthick silicon nitride filmis forned

as the pasfiavatienn controd BFZ bynb&mgodinedcodactng Ihe oResshyial i0kal] w@iﬁgg{

al so be formed in succession after formng the protective ¢€lectrode

wi t hout efpbsure to the atnosphere. The protective electrode 371 is forned
in order to prevent degradation of the cathode 370, and is typically nade

froma netalli QNé&it) 48 Shaviing & U%,%f%@ﬂa{iﬁﬁ? Egrﬁid&mﬁé‘ﬁﬂégts}iﬁéb%rttagélgo%e&iigﬁ t he

materials my al so be used, of course. Fur t ayer and

cathode 3fifin af EneddiReR! ¥) ReRFmM RSP, hRKERISEEESo .%nh@%rcgieg@ﬁgiii)

is preferable to protect the EL |ayer fromthe outside atnosphér

IR <ot R i i A e e e s
interlayer insulating film 368 which functions as a bank is formed. Side walls having a
tapered shape can easily be formed by using wet etching when forming the opening
portion. If the side walls of the opening portion are not sufficiently gentle, then a

15 degradation of the EL layer due to a step becomes a conspicuous problem. Care is
therefore necessary. |
Note that, although a silicon oxide film is used as the third inte‘rlayér insulating
film 368 in Embodiment 3, 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.. It is
preferable to pefform heat treatment on the transparent electrode 367 before forming the
EL layer 369 and the cathode 370, completely removing all moisture. Note that. although
an MgAg electrode is used as the cathode of the organic EL element in Embodiment 3.

25 other known materials may also be used. -~
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Note that the filmthickness of the EL |ayer 369 may be from 10 to 400 nm
(typically between 60 and 150 nn), and the filmthickness of the cathode
370 may be 25 from80 to 200 nm (typically between 100 and 150 nn). 61 An
EL di spl ay device having a structure as shown in Fig. 16 is thus conpl eted.
Note that, in the process of manufa(;turin% the EL display device in

Enbodi nent 5, aNP%oﬂa%thaﬁEng‘aw%@e%@Igﬁam piupedsasathe Flodaay 369. ¥arandaygr t he
materials which formthe gate electrodes, and al though the gate signal

| i nes are FOPFHEE WmMIsing Heolpiransnproeg by exdnds: light emittiogreyar ireussdas ¢ Bhd
drain electrodes, with relation to the circuit structure and process,

ot her nat eldyal i pmpodinsmt hebwi shwdte nRayrteherase where a/kole dhjecting la¥@6ahaltctrgnan
n-channel TFT 701 and a p-channel TFT 702, and a pixel portion 707 having
a swit chi nipjading7gernd anclEttralr inaaspoffidy T84r daforntel. f aapdeainslbe oFame
substrate. 10 The n-channel TFT 701 of the driver circuit 706 has the
channel si boonbipatiegs Intve a)read33Ben rrélﬁnﬂeewF@@,ra@a Ak 8f tHeReh dHRH Jubiénir€0han bd29
(GOLD region) which overlaps with the irst conductive |ayer 324a form ng
a portion @fedt he gate el ectrode, and the high concentration inmpurity

regi on 333 which functions.as a source region or a drain region. The -

p- channel TFT 7Q2i1enyRae chatnelis fansang év%ﬁ&z‘éﬂox?@:hélﬂfieh%éf%iﬁ%g f8Q-on

343 15 which does not overlap with the first” conductive |ayer

struct uri ng BmBeaihé® Of Fidtr, SMBeBEGIERLE & ARS L R4 IAPY Lf%ﬁé&g)%it L 350

and 352 which function as source regions or drain regions. Th I ng

TET, 103 Ol hacsirish 00k A0 Dl R EERCl kot 0008 S0 Bl
20 out sjd - . - | . Lo the
20 out 5 5 ko e SLECHE M, 190 WL ORRRL (QYERLEP ORI b

concent ratdgaspapurity region 335 which functions as a source region or a
drai n region. ) ‘

Further, although 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 degraAation of the
cathode 370, and is typically made from a metallic film having aluminum as its main
constituent. Other materials may also be used, of course. Further, the EL layer 369 and

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

Note that the film ﬁlickness of the EL layer 369 may be from 10 to 400 mn
(typically between 60 and 150 nm), and the film thickness of the cathode 370 may be

25 from 80 to 200 nm (typically between 100 and 150 nm).
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The EL driver TFT 704 of the pixel portion 707 has the channel formng
region 375, and the high concentration inpurity regions 351 and 353 which
function as source 25 regions or drain regions. - 62 Note that it is
possi ble to inplement Enbodinment 5 by freely conmbining it with any of
Enbodi ments 1 to 4. nbodi nent 6] .5 An EL display device formed by

i mpl enenting t hepﬂ]r%][sgfﬁp?‘?%%‘ﬁﬁ bAvingma seuprare &y showrsindfiki 16 isithubcomgpleted.

| ocations ijn copparison to a liquid crystal display device because it is a
sel f - eni ssi ?fet‘%e%él% Beocean of mpnedansiring thef BRI displhy \desicenini Bmbbdienent 3,
Accordingly, it can, be used as a display portion for various electronic
devi ces. Fotthgughihicesourge signalgnesprd furmed by Tisand We e mdicsialsoayhidiosa (RE
the present invention as a displ.ay portion of an EL display to (an electro
optical devtcieqodenandtaddiongh Ble ghtspkayl linestahe fdrmrdby ARG rthThagens!
equal to 30 inches or greater (typically equal to 40 inches or greater) for

appr eci at i ovhidf forfy the cadicasing diyinl de@mdes @A reMabE tb AR cbdit %ﬁ&g?eyén
di splaying i nformati on such as a personal conputer display, a TV broadcast

reception giespsaythepmantrisigueitaeaeneddi splay are included as the EL' 15
di splay. Further, the EL display device of the present invention can be

used as a di spl &Burtheerd di9verVirchli ¥ 08 1AM g \A - Ohlinrizl %W@L@ggﬁﬂ%ﬁ&ﬁﬁé ]F%PT

foll owi ng can be given as exanpl es of such electronic
present i 0B ahdapixd potER07CARBRSRY a dwilhGh ' 0 )rl{% i spl ay
(head mounted displ aﬁ); a navi'gal?“’i’7 onwsystgzﬁlgzé%%% %@ng‘g%l ggltF g dg(\:/a}nce

(such as abefrmeddhahs¥aheRbstataan audi o conpo systen); a notebook personal
conputer; a gane equi prment; a portable information term nal (such as a

mobi | e onput er Tha niBRinkhe] T’FT?@E%S&@a%&JEgQHCEit%@%aS ﬁ]&ﬁé%ﬂtlgg{qn%?’rggwn Q

el ectroni ¢ book); and an 1 nag evi Ce provi

medi um (s ps33) tHeddh! dbnclhtBRMnGFp Yt RS Y [BoPLA %Ef%;%‘ﬁ w%icfo&gfa%rs Vilfene

medi um

~ first conductive layer 324a forming a portion of the gate electrode, and the high
concentration impurity region 333 which functions.as a source region or a drain region.
The p-channel TFT 702 has the channel forming region 373, the impurity region 343
15 which does not overlap with the first conductive layer 340a structuring a portion of the
gate electrode, and the impurity regions 350 and 352 which function as source regions or
drain regions.
The switching TFT 703 of the pixel portion 707 has the channel forming region
374, the low concentration impurity region 344 (LDD region) which is formed on the )
20 outside of the gate electrode and which does not overlap with the first conductive layer
341a forming the gate electrode, and the high concentration impurity region 335 which
‘functions as a source region or a drain region.
The EL driver TFT 704 of the pixel portion 707 has the channel forming region
375, and the high concentration impurity regions 351 and 353 which function as source
25 regions or drain regions. -
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and.is provided with a display which can display those i mages, such as a
digital video disk 25 (DVD)). In particular, because portable information
termnals are often viewed froma 63 diagonal direction, the w deness of
the field of vision is regarded as very inportant. Thus. it is preferable
that the EL display device is enployed. Exanples of these electronic

devi ces are showNoie'thk 8% pokSib@@ ikfbletibll Exldiitsnts-bf ﬁ%@fgﬁ%nﬂﬁ’ﬁh& % with
contai ning a casing 2001, ‘a support "stand 2002. s and a display portion
2003. The bhy dERIM®RAdRhedt® tpreESENt (invention can be used in the display
portion 2003. Since the EL display is a self-em ssion type device with no
need of a back light, its display portion can be nmade thinner than a
liquid crystal display, device. Fig. 17B is a video canera, containing a

mai n body : i gpl ay portion 2102, o0 an audio input portion 2103,
operation @%@%%ﬁg§ﬂ5§84, a battery 2105, and an inmage receiving portion

2106. T EL dis i of the esent _invention can be used in the
di spl ay t}gort i on %ggdq%:%;&f% fltolsm% owl?qgl??e%tfngaﬁ]ﬁBﬁeﬁe%ﬂﬁ@@ﬁn%ﬁ@p&@&t ro
optical deyice.(right,side). .containing a.maip body 2201. a sjgnal cable.
502C 7 nedatnitih BPealacbing i¥ §MuBidien to FarERe e oA S50y daiiodpiicas fgyst em
2205, and a_display portion 2206. The EL djspl ay device of the present
i nvention %gﬂf-ggusago&p PHATHEE, &Pgﬁ}cﬁ?‘% 3 %@WD@%}B‘F’“ 15 yyidey Zpscpedingly; hage.
pl ayback evicgﬁ%sgg&%ficaLly a DVD pl ayback device) provided with a
recor di ng Hedcdar 2 doRlayinarien Boryariaupdagromedeviges: &b eEnRBlenbH ABRTONTR K as
a DvD) 2302, o eéﬁfipn sw tches 2303, a display portion (a) 2304, and a
di spl ay 20°H8s tiedit display sgvice phihegressnbipvpeiian 457 ¢isplappodiop of amEhldisniaed
for disglzgingpinage. information, and the display portion (b) 2305 is
mai nl y 'fsd@? £&ctgi Sica) fagce Maoaperated annEbrdisgnlavots therfgarnpehaving)k ditgopal
device of the present invention can be used in the display portion (a)
2304 and iequelie 39iisphesyorapateriyRipylly2ame! tanbl inchérar gromtentforapmedaoupprent
TV broadcasts by large screen.
Note that all displays displaying information such as a personal computer display,
a TV broadcast reception display, or an advertisement display are included as the EL
15 display. Further, the EL display device of the present invention can be used as a display
portion of the other various electronic devices.

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

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

25 (DVD)). In particular, because portable information terminals are often viewed from a
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is included as the inmage playback device provided with a recordi ng nmedi um
25 Fig. 17E is a goggle type display device (head nounted display),
containing a 64 main body 2401, a display portion 2402, and arm portion
2403. The EL display device of the present invention can be used in the
di splay portion 2402. Fig. 17F is a personal conputer, containing a main

body 2501, d@g@%@é,ﬁhgct'zcmmexademsspfmyfmmﬂﬁﬂoaﬁ%gara&@a@vem%tﬁfa% 2pQ4. The
EL di splay device of the present 5 invention can be used 1n the display

portion 25035 praftreblenthst the Blheispldysadvase ;s WHMBRGE BaEhi 3l CONesS
higher in the future. it wll be possible t%! gidé thaeI I?gg’itfg%%sgyé%pgl\%né% of

t he presemdevigeyare shomvn in Eigf.rignindtpgoe or  a rear type projector by
projecting light including outputted inages, which can be enlarged by

| enses or the | Fige.l71‘01‘5'@15dﬁ?ﬁ&%%e@kc%?E&rﬁéﬁhﬁl&?géns%eﬁsg@l? 3%,%@% ng mone 2.of ten

used to display information pfovided throu e

Sy eromimidopel st ion, 440y RGN 30,

and in particular, opportunities for displayl

i ncr easi n@ispl ) i.¢ EL terials is extrenely high.
and ¢ hor of oIV BEGPONT PRCEMOLLAARN £ ArBPRTHR St fefion Haba menc on

and .therefore the EL display device i's )

di splay. &baSigaidnhed i 1511 ortiqgn of the EL display device
CONSUMES power . ,;[gthtt‘,sné p%g*agféﬁjrﬁéh[}%n es’ﬁ’laaﬁ tﬁﬁf‘?fr&*ﬁ?iaoﬁqglé @¥stabdisalay t he
emtting ggktd on becone as small as possible. Therefore, when using the EL

di splay device in a display portion which mainly displays character
table infornation termnal, in particular

~information, Sﬁ@é}fﬁhzranﬁe r S o . a
portabl e tel ephonie and an gugfgrfé@pgﬂyegﬁgua%bp@kﬁunsaﬂ§pbngemab2bﬂlo
ER T f e e O
et o ger SER PRI T RSBl foves chponsripbsticimn ennarinthe |

display portion 2102. |
Fig. 17C is-a portion of a head mounted type electro optical device (right side).
containing a main body 2201, a signal cable 2202, a head fixing band 2203, a screen
15 portion 2204, an optical system 2205, and a display portion 2206. The EL display device
of the present invention can be used in the display portion 2206.

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

20 portion (b) 2305. The display portion (a) 2304 is mainly used for displaying image
information, and the display portion (b) 2305 is mainly used for displaying character
information, and the EL display device of the present invention can be used in the display
portion (a) 2304 and in the display portion (b) 25505. 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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2605, and an antenna 2606. The EL display device of the present invention
can be used 25 in the display portion 2604. Note that by displaying white
characters in a black 65 background in the display portion 2604, the power
consunption of the portable tel ephone can be reduced. Fig. 18B is an audio
reproduci ng device, specifically a car audio system containing a min
body 2701, Taircadsi 2401 b Aisplsy mereen 240 aeh aappeionsiftBe s By OERIIE D704,
The EL disp|ay device of the present invention can be used in the display
portion 279AhE preseRdpkeion can bgwaedin thp displeyi nogtiee4®% for a cards shown in
Enbodi nent 6, but it may also be used for a portable type and a donestic
type of audi o r & ddiidh agetentieempuiist eontiaingymdindysidyyd 599, skating ERd2.act er s
in a black background in the display portion 2702, the power consunption
can be rediisgay poriian 280 aand & Kepboayd e50éct The ELndiaplagrdeatideeof the pygsentaudi o
reproduci ng devi ce. The range of applications of the present invention is

t hus extr emeéntionicde beawed irt theidésphossirtibe25@3.appl y the present invention to
electronic devices in all fields. Furthernore. Enbodiment 6 can be

i mpl enented i n doodbihasit therenoibsianjunsihanetofiBEsnatritlbbedorhadiipleantis thd fuourb. 15
The applicable scope of the present invention is thus extrenely w de, and

it is podswhliee possisle tb hee deEIeditplapuerite @ﬂthisgr@bmm@ﬂm iaaupieRte & al |
fields. Further. the electronic equipnment in Enbodinent 6 nay al so use the

EL di spl aygediayidigorbior 8 ptdjectinglieHEhbkaHh eld imESROhIRRGE bk ehRr&ed 20
In the present invention, turn on periods and turn off periods are divided
and = appeak lalsesbtieqlie. Wi t hin one frame period. Therefore, even if the
vi sual point of an observer noves slightly left and right, up and down,

the Ii kel ihood Thataobe Mbaidtio Afivites Se bBSARICHIRS dfferAGEd NWOURBHy! | xed

upon only pixels which are turned off, or conversely 7
information provided through an electronic telecommunication line such as the Internet

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

15 Since the light emitting portion of the EL display device consumes power. it is
preferable to display information so as to have the emitting portion become as small as
possible. Therefore, when using the EL display device in a display portion v\.fhich 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. 1s a portable telephone, containing a main body 2601, an audio output
portion 2602, an audio input portion 2603, a display pértion 2604, operation switches
2605, and an antenna 2606. The EL display device of the present invention can be used
25 in the display portion 2604. Note that by displaying white characters in a black
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is continuously fixed upon only pixels which are turned on, can be | owered.
Qbstructions 66 to display such as pseudo contours, which are conspi cuous
intime division drive by a binary code nethod, can therefore be prevented
frombeing visible. 67 Wiat is clainmed is: 1. A nethod of driving an EL

di spl ay deV|ce including a plurality of pixels, each having a first TFT, a
second TFT, backereund i dispray portion@a0it ah&powtRBRBimp hbﬁoﬁﬁ%%@gabi@i’g@ héiend:
dividing a frane period into n + mdisplay periods with n1be|n%
natural nuftiebsredhcasine or nore, wherein the n + mdisplay periods each
correspond to one bit of a digital video signal anong n bits of the
digital video sidigl 188 iplatr abiioy r@fro@iciiy AkyRET Ish ﬁcalm gatg\?deﬁaTem

di spl ay periods correspond to the same bit of the gl tal ded ¢

ot her di spl a}ntmaMgmaind@Wthﬂs lzgfdﬁ’(%rﬂgﬁ 2%5; Véeg%u gzvﬁ(fa}]ﬁsg’?gf >;mgf

signal, anmong the n + mdisplay peri appear

di spl ay perl7iods;The®L gasiay ek tting the
correspondi ng bit of th% Ui gri:cg%fmi\lﬁ o(g{stﬁlglﬁg%og ‘Eé B'th‘&dﬂsﬁ RfATUPRe

G Spl 2y por s od buRhEEARE dhidfidld iebtadh &%f%%f%?%raﬂc”a'af? @ﬁ%ﬁ@[ﬁeﬁe st
di spl a en I the r ctive displa eriod by turnin
o The”t hi iR BROEBeCOR . ﬁ%df%%eaﬁ@s aﬁgépafm RIS T e Grice. |

second TFT emt ght when the second TFT is
turned off, Nt E%E:Bﬁ%ﬁjgay‘ggq’fh‘ 18 &d Iaclfsbefélfgpun%én Sendlisplan porion

film aga§ 4 dy% filmover thec stalline sem conductor film

first and sZ%dEE (g%éern(%f% "g] QLEan By FreYcHl ebhis isrartieylgrseesiévesiam potablc t or
filmw fh ulatl filminterposed therebetween, and first anql
second cha @ag nPrr%)gu?lélé ‘%g’éc % n the crystalline seniconductor film bel ow

The range of applications of the present invention is thus extremely wide, and it

nd

15 possible to apply the present invention to electronic devices in all fields. Furthermore,

Embodiment 6 can be implemented in combination of any structures of the Embodiments

1to 5.

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 uﬁher. the
electronic equipment in Embodiment 6 may also ﬁse the EL displays having any of the
structures shown in Embodiments 1 to 5.

20 In the pre'sent 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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the first and second gate el ectrodes, respectively, and a pair of first
inpurity regions in the crystalline sem conductor film between the first
and second channel formng regions and a third inpurity region between the
pair of first inmpurity regions, and wherein at |east one display period,
anong the n + mdisplay periods, is shorter than a period to wite the one
bit of thelfigplagisuch a%easeélidg SENtORFp FEIElh arencasspisus InHEM@diYisign driyedeon
signal to all the pixels. 2. A method according to claim1, wherein the
first TFT Biant ¢ndegaebad crrthareivee be prevenied fiswt being yisige. A met hod accordi ng
to claim1, wherein the first TFT functions as a switching 68 TFT, the
second TFT functions as an EL driver TFT, and the third TFT functions as an
erasing TFT. 4. A method according to claim1, wherein after each of the n
+ mdi splay periods begins, the respective display periods are conpleted
by the beginning of another display period. 5. A nethod according to claim
1, wherein a first display period is a divided display period in the franme
period, and wherein a |last display period is a display period in the frane
period. 6. A nethod according to claim1l, wherein a first display period is
one of the plurality of display periods in the franme period, and wherein a
| ast display period is one of the other display periods in the franme
period. 7. A nethod of driving an EL display device including a plurality
of pixels, each having a first TFT, a second TFT, a third TFT, and an
organic EL el enent, the nmethod conprising: dividing a frane period into n
+ mdisplay periods with n and m being natural nunbers of one or nore,
wherein the n + mdisplay periods each correspond to one bit of a
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digital video signal anong n bits of the digital video signal, a plurality
of display periods, anong the n + mdisplay period correspond to the npst
significant bit of the digital video signal, and other display periods
corresponding to other bits of the digital video signal, anong the n + m
di spl ay periods, appear between the plurality of display periods; for each
of the n + mdisplay periods, inputting the corresponding bit of the
digital video signal to a gate el ectrode of the second TFT by turning on
the first TFT and beginning the respective display period by turning off
the third TFT; and after each of the n + mdisplay periods begins,
conpl et i Winat lzeclaiespleist i ve display period by turning on the third TFT;
wherein the organic EL elenent emts |light when the second TFT is turned
on, and does not emt ht when the second TFT is turned off, wherein the
first TFT conbri $edethast 98@@%1@ &) lélemiiarxlmdde\tio& irfdltlld"mg a pataity obpixalsi ageh
film OVGﬁavMIﬁaQ‘rrytSTiaﬂ a%%céﬁmmﬂdy%@r TET! Bha I &gaﬁf&dE§%‘F&?ﬂQntg@ﬁe?%ethod
on e gat

el ectrodes i,or med over 69 the crystalline sem c uct or
i nsul at |9?én9 R i nt er posed therebetween, and first and second channel
f ormi ng regi clidgding a Hmnoe weriabl| inte nsermc@spllugzt;mriofdislxmmﬁ end rhhiseihg netturand

d gak&, |
'n the p i 5 PFbRECETort SRREH YT PSP RuBR br8 epbb cPhahab Loy EMihe)
f or m ng %'él Oafianadl amang ¢ ti"ffﬁpgfrmeﬁf@@@ﬂ(ﬂ\ecbélgﬂéb@ plealigaof displayi pastods,
ldlrn;ulr :it Y@y s +a1ﬂdfs\b4’@l’;ﬁirm>d@tcoh%@§®n@&ftg%' SHRhalit B?{h'eQﬁ lteﬂml télég?al [‘?]rgd m
i ot BrSSay kECEOENFEondili B AHEFbISEr it Sidetadnd: Simanois ary
t he pi xé’ﬂ@"sp@y perigsishadpeardmtaeag thoploraityoidisplagneiriodshe first TFT and the
second TFT haecadhher tﬁéWﬁF’rﬁhﬁé;ﬁléy eﬁodsA Hﬁﬁtﬂﬁé’ ttﬁ%BFrg%]ﬁ&&lﬁ%Béﬂl‘_%gdlgital

wher ei n e f|r TFT functions
functi oMCRSISHA 9 2 gRIs BRCHRSE OLiRe Serand A1 by RrTInG AR iRafiSt EaT @A beginning

the respective display period by turning off the third TFT; and

after each of the n+m display period begins completing the respective display period
by turning on the third TFT;

wherein 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 the first TFT comprises a crystalline semiconductor film, a gate insulating
film over the crystalline semiconductor film, first and second gate electrodes formed over
the crystalline semiconductor film with the gate insulating film interposed therebetween,
and first and second channel forming regions in the crystalline semiconductor film below
the first and second gate electrodes, respectively, and a pair of first impurity regions in the
crystalline semiconductor film between the first and second channel forming regions and a
third impurity region between the pair of first impurity regions, and

wherein at least one display period, among the n + m display periods, is shorter
than a period to write the one bit of the digital video signal among the n bits of the digital
video signal to all the pixels.

2. A method according to claim 1, wherein the first TFT and the second TFT have
the same polarity.

3. A method according to claim 1, wherein the first TFT functions as a switching
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erasing TFT. 10. A nethod according to claim7, wherein after each of then
+ mdisplay periods begins, the respective display periods are conpl eted
by the begi nning of another display period. 11. A nethod according to
claim7, wherein a first display period is a divided display period in the
frame period, and wherein a |ast display period is a display period in the
frame period. 12. A nethod according to claim7, wherein a first display
period is one of the plurality of display periods in the franme period, and
wherein a last display period is one of the other display periods in the
frame period. 13. A nmethod of driving an EL display device including a

pl ural i t yFof ths setcand €BEHunttmrisngs anfilr stivaiFTFT aase agnehitF TR Tauhdiord d4&n
and an o&%%mganp el enent, the method conprising: dividing a frane period
into n + mdisplay periods with n and m being natural nunbers of one or
nore, wherein the n + mdisplay periods each correspond to one bit of a 70

d:c g|t L al dVI de0¢|1 Si gmaietmm@:dnduhgtté cREmtheHrGh tiler hé!aé#?ef ﬁa]gegﬂﬁ'm di4BRY el?l'o §
0 e | corr.e 0] rro
O e sk Eecs SNl RE SRR L B RURL B B4 bRt S ads by

to ot herp%’iqu of the d| gltal vi deo signal, anong the n + mdisplay
peri ods, appear between the plurality of d| spl ay periods; for each of the n

+ mdispl ay ds utting the caorresponding bit of the di gital video
signal to a %P@%’F?@@&CB‘F&@ §£9d’6‘n31 WEEre) a dirsti digple RGO isr 8 tdivigad

and begidisplay perme i depleatioveeridids phawHeesihadi By disylay FEEQMQF ik atcﬂigpitak)'deﬂoa':ﬂ'
and aft ehe¢aphk Rbridd1e n + mdisplay periods begins, conpleting t
respective disp ay perlod by turning on the third TFT; wherein the organic

EL elenment emits |ight when the second TFT is turned on, and
6. A method according to claim 1, wherein a first display period is one of the

plurality of display periods in the frame period, and wherein a last display period is one of
the other display periods in the frame period.

7. A method of driving an EL display device including a plurality of pixels, each
having a first TFT, a second TFT, a third TFT, and an organic EL element, the method
comprising:

dividing a frame period into n + m display periods with n and m being natural
numbers of one or more, wherein the n + m display periods each correspond to one bit of
digital video signal among n bits of the digital video signal, a plurality of display periods,
among the n + m display period correspond to the most significant bit of the digital video
signal, and 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, inputting the corresponding bit of the digital
video signal to a gate electrode of the second TFT by turning on the first TFT and beginning
the respective display period by turning off the third TFT: and

after each of the n + m display periods begins, completing the respective display
period by turning on the third TFT;

wherein 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 the first TFT comprises a crystalline semiconductor film, a gate insulating
film over the crystalline semiconductor film, first and second gate electrodes formed over
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does not emt |ight when the second TFT is turned off, wherein the first
TFT conprises a crystalline semconductor film a gate insulating film
over the crystalline sem conductor film first and second gate el ectrodes
formed over the crystalline sem conductor filmwth the gate insulating
filminterposed therebetween, and first and second channel form ng regions
in the crystalline sem conductor filmbelow the first and second gate

el ectrodes, respectively, and a pair of first inpurity regions in the
crystalline sem conductor filmbetween the first and second channel formng
regions and a third inpurity region between the pair of first inpurity
regi ons, thenaysiadinei seraicoh@astr fine withstpkayat eh$ Q8kin@ AN thtb AR sBd th&cBb b ahy

i ods, 4 $ iaon t ite th bit .of the digital
oo, S8R0k Secph o 5 Flt g e e Bl Slng il Al
pi xel s. W8 firgl ansk sRe@ndasde lestotes oeapestivaly, whdmepair oHest immtrityTFeGiemdntthe

second Tdrystahiae&echhorsao ] i e '
wherein %%?f |i rste TET funcrﬁﬁlg%{sétggeg% vy %iﬁélggébl%ﬁ'%rﬂigl gjétr@qr%}%ﬁldpsjénda

W fchir \
functi ontb dMBHT¥ region Rt wees the pelr Héﬁﬁsmmmfﬁe@aﬂ%tqr@ns as an erasing
TFT. 16. A nevimrdiragiclendi oge tsptdyapenid®, ambiey eieannatt rdiepielh mefiotibes shomer

di spl ay I i | I sl Y..: i re c d.b
the. bedi pil rg of angt har GESEPORL G SRR B RGBT e
clai m 13{'d%§9@?'ﬁ0é hepixelg.spl ay period is a divided display period in
the frame period, and wherein a |ast display period is a display period in

the frame perd od, d according to.clai/ wherein a fj

di spl ay peri Sy B ré%%“’@f%h@”%ﬁ’u@ﬁﬁ”? { y‘g’B‘F'”eH? L*]ﬁ {ffr‘lﬁ’:eT ABeLNe Resans fﬁﬁ@ve
peri od, Bagameer@aiityt he | ast display period is one of the other display
periods in the franme peri od.

9. A method according to claim 7, wherein the first TFT functions as a switching
TFT, the second TFT functions as an EL driver TFT, and the third TFT functions as an
erasing TFT.

10. A method according to claim 7, wherein after each ofthe n + m display periods
begins, the respective display periods are completed by the beginning of another display
period,

1. A method according to claim 7, wherein a first display period is a divided
display period in the frame period, and wherein a last display period is a display period in
the frame period.

12. A method according to claim 7, wherein a first display period is one of the
plurality of display periods in the frame period, and wherein a last display period is one of
the other display periods in the frame period.

13. A method of driving an EL display device including a plurality of pixels, each
having a first TFT, a second TFT, a third TFT, and an organic EL element, the method
comprising:

dividing a frame period into n + m display periods with n and m being natural
numbers of one or more, wherein the n + m display periods each correspond to one bit of a
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19. A nmethod according to claim1, whereby the nunber of divisions M of
each display period corresponding to a bit n of the video signal having a
length Ln is selected so as to nake values of Ln/m3 or Ln/m2 as equal as
possi ble. 20. A nethod according to claim1, wherein a first display period
is a divided display period and a | ast display period in the one frane
period is an undivided display period. 21. A nethod according to claim1,
wherein a first display period is one of the plurality of display periods
in the frame period, and wherein a |l ast display period is one of the other
di splay periods in the franme period. 22. A nethod according to claim?7,
wher eby digitainudixesigatl dincingi robRs Bt digrahvidbs Blahal RETHeP Bits o 1es BRG] 0gebO

a bit n  gf.t [ [ j length Ln 1 s selected sp as to, nmak
val ues oPShal pSpORR 6 Bk KL Aoty SOREE, afahd 5 nR hEishlaRkeistin AEC: o
cl ai m 7, othRedisptayaeriodstcodies pprying & btk ibits of dhe didéd! ditspkianabeniad thec a
last di spl@yplappeiiods, idppkhenoRfchitBERRELH S dishi év'lg;i vi ded di spl ay
period. 24. y ﬁgt od d(g)gordi ng to c?g)j m 7,{1}, vvhé eﬁpaI I st di splay period
or ?Q + 8 ) fy
i's one of thd® BRUP & 1§ of ThfispieMPsors otipUtnG the qoreseoRding duk ofdha digital
wher ei n \ddéasigndi to gate plactrodeios trenseaohd THIEbYIUIRING Bng Rk 8iyst TET D@shddntihe
frame parkQ8spardivad i : r di | é wher eby the nunber of
di visions m ,p o%vegé%ﬁ%wb%gﬁﬁ@g d@%ﬁ%@@%@)ﬁlﬁh ﬁgo a bit n of the video
signal havi ngr 16865t tha n & wdliser pesodadeginsnarepleiingdbe obspegtiveisplay
Ln/ m2 msiceduelurdisg pegsé higd TR8, A met hod according to claim 13,
wherein 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 the first TFT comprises a crystalline semiconductor film, a gate insulating
film over the crystalline semiconductor film, first and second gate electrodes formed over
the crystalline semiconductor film with the gate insulating film interposed therebetween,
and first and second channel forming regions in the crystalline semiconductor film below
the first and second gate electrodes, respectively, and a pair of first impurity regions in the
crystalline semiconductor film between the first and second channel forming regions and a
third impurity region between the pair of first impurity regions, and
wherein at least one display period, among the n + m display periods, is shorter
than a duration to write the one bit of the digital video signal among the n bits of the digital
video signal o all the pixels.

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 the first TFT functions as a switching
TFT, the second TFT functions as an EL driver TFT and the third TFT functions as an
erasing TFT.

16. A method according to claim 13, wherein after each of the n + m display periods

begins, the respective display periods are completed by the beginning of another display
period.
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wherein a first display period is a divided display period and a | ast
display period in the one frame period is an undivided display period. 27.
A method according to claim 13, wherein a first display period is one of
the plurality of display periods in the frame period, and wherein a |ast

di splay period is one of the other display periods in the frame period. 73

17. A method according to claim 13, wherein a first display period is a divided
display period in the frame period, and wherein a last display period is a display period in
the frame period.

18. A method according to claim 13, wherein a first display period is one of the
plurality of display periods in the frame period, and wherein the last display period is one of
the other display periods in the frame period.

19. A method according to claim 1,

whereby the number of divisions m,, of each display period corresponding to a bit n
of the video signal having a length Ln is selected so as to make values of Ln/m,® or Ln/m,2
as equal as possibie.

20. A method according to claim 1, wherein a first display period is a divided
display period and a last display period in the one frame period is an undivided
display period.

21. A method according to claim 1, wherein a first display period is one of the
plurality of display periods in the frame period, and wherein a last display period is one of
the other display periods in the frame period.

22. A method according to claim 7,

whereby the number of divisions m,, of each display period corresponding to a bit n
of the video signal having a length Ln is selected so as to make values of Ln/m,® or Ln/m,2
as equal as possible.

23. A method according to claim 7,
wherein a first display period is a divided display period and a last display
period in the one frame period is an undivided display period.

24. A method according to claim 7, wherein a first display period is one of the

plurality of display periods in the frame period, and wherein a last display period is one of
the other display periods in the frame period.
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25. A method according to ¢laim 13,

whereby the number of divisions m,, of each display period corresponding to a bit n
of the video signal having a length Ln is selected so as to make values of Ln/m,> or Ln/m,2
as equal as possible.

26. A method according to claim 13,
wherein a first display period is a divided display period and a last display
period in the one frame period is an undivided display period.

27. A method according to claim 13, wherein a first display period is one of the

plurality of display periods in the frame period, and wherein a last display period is one of
the other display periods in the frame period.
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