METHOD OF DRI VI NG EL DI SPLAY DEVI CE BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5 The present invention relates to a method of driving an
EL display device having a panel for performing gradation display in which
a plurality of pixels are arranged in a matrix shape and the | ength during
whi ch each pixel is NETIRODOOF BREVINGEL ®ISPLAY PEVICE| ar, the present
invention relates to'a nethod of driving an EL displ ay deV|ce “having an EL
panel using organic EL el ements. to 2. Description of the Rel ated Art The

i ntroduction of digital technol ogy to equi pment and systens used by

broadcasters is mcreaswmgwbummm di gitalization of .
broadcast radio waves research and devel opnment toward the

real i zat 'ﬁ@é@ﬁﬁg%@%‘% oadcastl ng, is being performed worldw de. 15

- Further, digitalization of broadcast radi o waves, research

and devel opnept IPE&% X?{mg,%gaa{e?'ﬁ% A’f\?{%%ohﬂf g%ﬁﬁﬂi%liﬁevﬁ%mhvﬁamt rix

dlspla9 devi c Lgl €0 sl gna aving i'nmage i nformation
d t. bei K A
Surface ARl PTG AR g RACHSE B bich RPRiraly o Bl o MeaAed B0, Can
20 Db t hods .f th
the tuo wBRRRsapE Raedlen B BT Mot Sa6r gl %ﬁ%‘%ﬁ? plfguEs agee v
g !szﬁ“bgara"“ A %:%‘%%nhﬁ&%u%{lh%%?eﬁ Brpard §F%$%%%%{%% Fisr BBt ng
-each ubpi.xel i ndependent Ig ba%%%yu%fﬂ%gﬁ digital. video signal. One pixel
b

" nmust be avisan 5L pagelsip pi'xels in this surface area

di vision driving nmethaod._ In addl tion. is al 50 necessary to. form pixel
el ect rdde® Q@icﬂé'@%ﬁﬁmﬁ’(ﬁq ged et respectl ve subpi xel s |

The introduction of digital technology to equipment and systemns used by |

‘broadcasters is increasing, and. in recent jrears, the digitalization of broadcast radio
waves, that fs, research and development toward the_ realizatidii of digital broadcésﬁng,
is being performed worldwide. |
15 Further, c.leaiing with the digitalization of broadéast 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 subpixefs. and driving each
subpixel mdependently based upon a digital video signal. One pixel must be divided

25 imoa plurahty 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 perform ng gradation
di splay by controlling the |length of time during which pixels are turned

on. Speciif iszldd pecessaey fo for meslichdiodesltork&panding %o ﬁleq]e bl ¥ @L\%E spl ay

peri ods. Each pixel is then placed in a tufned on or t rned o ate in

- each di sphaydapes di9vk the dn@&&ﬁfuﬁﬁﬁ&% M &Jégaeﬁjd A a'ffﬁéf‘thlgﬁ?le ng%v%fb?fs in ﬁ‘é‘% di spl ay

gradation of a certain .pixel Ts foun nm ng

peri ods vﬁegﬁelb@ﬁctgf@qglcoﬁ@é(urned on W|th| nall of 10 the display periods
appearing within one frame per| od. In general; the response speed of
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- The first: to he sixth bits of the
gener the response speed of orgamc EL materials is fast compared to liquid

\c;ystals. and ﬂle‘, 11ke, and t]_:;erefore the organic EL. materials are. suitable for time
divi3'ion drive‘r | B |
Binary code is convenient in realizing high—lével: grada;ioﬁs -whén perfbnning
15 ﬁme 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
Fzgs 19A and 19B. |
- Fig. 19A shows a pixel portion of a dlsplay device, and the lengths of ali display
periods appearing within one frame period in the pixel portion are shown in Fig. |
20 19B.
An image is displayed using'a 6 bit digital video signal c;apable of displaying
Qada’tions 1to 64 in Figs. 19A and 19B. The right half of the pixel portion performs
display of 33 (32+1) gradations, and the left half of the pixel portion performs dlsplay
of32 (31+1) gradations.
25 | Six display periods (display periods Frl to Tr6) generally ai)pea'r within one
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digital video signal correspond to the display periods Trl to Tr6,
respectively. The ratio of |engths of the display periods Trl to Tr6
beconmes 2 : 2" : 22 : 23 : 2" :2'. The length of the display period Tr6
corresponding to the nost significant bit 5 (the sixth bit in this case)

of the di gidnad péﬁdileﬁhédGﬁﬁéai%iﬁﬂi%ith%ﬂé‘é&ignﬁf‘%@l%ﬂﬁé@%rs f‘E}H?@FSpl ay

period corresponding to thée least “significant bit t he

digital viglaa %i&e%k%ﬂa?cw&gaﬂmﬁét -sgggfdpﬁ?faé%ﬁw T%E{sgegg;@ghdi splay of

the 32nd gradation, the pixels are p an on sta e disp!ay
per o T Lo TRE B chlthy B S o o R LDTRuRL S 12,20 A1
i spl 5y e | SacTHenly e sy BEBEE Fut Rrfeobl A8 el sEmliea Bger s o
por i -orf 1 GLCRBPT B i GReRTAle Gerefiofend MihE e cand B gl eltuh | or

perform ng.display.of the .15 33r adation. .The ter udo .cont our
Peferet o dipiamerbd Bumb ondiiRss el aBheatty We srag) Sife dizser rigent ng
time gradafi Oﬂlﬁglsgﬂog%%ai n-accordance with a binary code nmethod, and it is
sai d t hat Si&fd $hS e of the pseudo contour is fluctuations which .
develop in the 1:'ﬁpercei ¥ed brightness due.to the characteristics of human
vi si on. ‘A mechHPh 3FASGOL PrIdorming displiyalitan3 2d aradationethe pieadmare laced in
expl ai ned using Figs. 20A and 20B. Fig._ 20A shows a. pixel portion of a
~display dé®io8e #tﬁlﬂnmecd%lam%mbkém%ﬁi andabepixgls, aranliced in aipoff stttows t he
-ratio of the |engths of display_periods appearin w thin one frane period
in thelhi deringshe display pepigd Tng.gEurtherg fora eare @f weifagning alisnlay of tet3drd vi deo
si gnal capabl e of di spl ayi n? 25 gradations 1 to 64 in Figs.. 20A and 20B.
The ri ght Zadationfthe pixels sreplased in o firped oHisiate dudng hiealispddy B3iagis duthtto ons,
and the left half of the pixel portion perfornms display of 32

Tr5, and are turned on during the display period Tr6. _

A pseudo Qontour may be visib.le.at é boundary portion between the portion for
"perfqmﬁng display of the 32nd gradation and the portion for performing display of the
15 33zd gradation.
The term pseudo contour refers to an unnatural contour linc repeatedly visible
' when performing time gradation display in accordance with a binary code mf;_thod, and
it is said that the main cause of the pseudo contour is fluctuations which develop in the
p_erceived brightness due to the chara_ctéristicsfof 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. o

- 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 offstate 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

- al-t er nat edispliiytoff 388rh @A fonks e Red iexel re t.urned. . Of‘é,i'g Furt her, the.
pixels are g}&gced %‘h.an on’ st at g-lieu;hlglr%‘%lf?%% Ol?o%ﬂ!épﬁ g Pl @f 38nd t he
pi xel s -ar gra@hfgRd i n an off state during 31/63 of the one frane period, in

10 portions of the pixel -portion performing display of the.33rd gradati on.
Peri ods du,ringr%@]% <Lhe ni .are furned on appear alternately wiith
periods in whic iﬁgl s’p?? §3E§é§¥%m§8{1ﬁgg€ dyagng %Ugg Q?EE‘E agye pgriegl andthg a
novi ng pi g interface between portions _displaying the 32nd
gradat i onﬁ %‘gg%%él??%in a&i"i@ﬁ%‘ﬁﬁﬁ”ﬁﬁ@/ @#@wmm%ﬂem%mgqmg@mfms is
. taken, for. exanple, as nmoving: jn the direction of the dotted IS. -Nanely,
‘the pi fe|é*§%§%9ﬂé’°%&iﬁ'&%§gg 't‘bthh’isxﬁéﬂdtﬁw_eé@n.'oﬁ’@mdaﬂmggmhicazhd .
~gradation .anﬁ di E@:%%i ng the 33rd gradation. By doing so, a turn on period
for - di spl BYFHFY o8 PPsErflisRatsbyvith Heredsimmdish tietpirela ateiturned per i od
for di spl‘aﬁi ng the 32nd gradation in the pixels near the boundary. The.
human eye0 hus can see the pixels turned on“20 continuously during one
~frame period. This is perceived as an unnatural bright line on the screen.
“Conversel y, t Hauthet.dhe peelsnse macsdiin en porstitoduring 3PH6A VT ge tflaene3pbd,
_ gradation and the portions displaying the 33rd gradation in Fig. 20Ais
~taken, 'f ARdetbgmixels aze plaged iim@ni offtstase ditring 3ilt63 ‘of tHehenes Ghind peridg; idamely,
.-the pixels near the boundary switch 25 over between displaying the 33nd>
gr adat!P orPAHENRIRe nixehportion perfcmingatisglaoof theg 341 gellAms Peribledlitis ON
_ period for displaying the 32nd gradation begins inmediately after
e whlch the pixels are turned on appear alternately with periods in which the pixels are
turned off. |
For a case of dis.'playin'g a moving picture, the intérface Between portions
-displaying the 32nd gradationand portions dispiéyiﬁg the 33td gradation in Fig. 2OA
15  istaken, for example, asmovinginthc direction of the dotted line. Namely, the pixels
near the boundary switch over between displaying ﬂ1e'32nd gradation and displaying .
“the 33rd gradation. By doing so, a turn on period for displaying the 33rd gradation
- begins immediately after a tutn 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 bn'ght Iiné on

- the screen.
~ Conversely, the interface between the portions displaying the 32nd gradation
- and the portions displaying the 33rd gradation in Fig. 20A is taken, for example, as
moving in the direction of the solid line. Nameiy, the pixels néar the boundéry switch
25  over between displaying the 33rd gradation gnd- 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 turned 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

in . et ] ' I .ref d

cont our & (omgeRanE LR pBEa K8 il AP o e AR Pegi Bl Slel B e
ont our s {1 g psetdo cont ot b Spr Y 4 €8 BEtone

peeudo. comtairbRReARE IS MAet e SR R o i brllootbr B pdgr oy
tatic i in which flicker] [ . n i i th

boundari e e AR S R & i BEER okl P BTy SHG6 onR AR < 1 ypo

of obstructi to display is visible ip static i mages.is made bel ow. Even

if a per-sB?P%‘BQ@é‘SiI%P?IF%é’B‘YG%%“W@%’gME,lmFWB $J8f1-poi nt noves slightly.
~and it is difficult to stare at, qQne &oi nt_ with certainty.' Therefore. even
“if ones® i nt ent {RFFC TYRESO %%%P@S%glitﬁ epauheark JingeaRReaHng on thegsEeegfare he
pi xel portjon in which the pixels are is performi ng display of the 32nd
gr adat-i on®PSEtERT 19 Q}ﬁglayarregweéﬁo ahpsqude epatonrsmgyang paviingontosyay of t he
33rd gradation, the visual point will actually nove slightly left and
right, up and @bsictioss te displyealsobesoms Yisible meatid inages ot o thosase f r om
portions performng display of the 32nd gradation to portions perform ng
~ di spl ay ofauspés $mtdn grhielnthieanoving psadogisotourhdevelnp dasbeilg linages. Fohe a case
in which the pixels are in a taned off state when the visual point is

| ocat ed i pbgictipesito display stglininages admd iy whitdt flickerimgmotirecsi beedesndme in a
turned off state when the visual point is located in portions displaying
‘the 33td thyrbaradades of pradptistsl. SAaimpleesiplanatibe df tha réason éltit ahis tgpabe
through the entire one frane period by an observer's eyes. 25 Conversely,
for exanpbestrugtisnm® dibginy ismasiblesinatatiodmapesio weslefbetow porti ons 5 Perform ng
di splay of the 33rd gradation to portions perform ng display 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 to stare at the boundary between portions of the pixel portion‘i.n which the pixels are
15 performing display of the 32nd gradation, and portions in which the pixels are
performing display of the 33rd gradation, the visual point will actually move slightly
left and right, up and down. |
~ For example, as$ume that the visual point moves-from portions pérforming
display of the 32nd gradation to portions performing display of the 33rci 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
.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 state when
the visual point is located in portions displaying 5 the 32nd gradati on,

t he pi xel ; I rned on st.ate through the entire one frane
peri gd byﬁ%‘ﬁé‘g‘ﬂ%rﬁ{\}gﬁﬁs@%§3%§dfiﬁ%ﬁ°§ ang t %W&ii’?ﬁﬁhﬁ@@ﬂd eyes
.to be in e . or.i.n a. turned off state, throughout one frame
peri od be@gﬁ%%%ﬁﬁg‘bﬁﬁbghﬂﬁt For,a ¢45¢ ip which the giéclgre in apurandodown, of
t he visua] i.nt .. and obstructions.to display in which the 10 boundary
por t1on | SASIURIRE USR] PRI IS Igried i portipas Gplaying thnAird aoRiaTiog, 4rMENTI ON
The appl i c.an]tés of the esent invention divided the |ongest display period
into a pPdf WW%F”%&% sipteowhen the visnal peid isllospled)in pertiondsisplaying
accordanc \§Wt.h a fixed rule 15 in order to prevent pseudo contours from
bei ng §eet§? hdeysdation. ithspisels gresega do te it aynedomr staethmugh thesmtide shei but ed
within one frane period so as not to appear in succession. ' There nmay be
one divi ol%%@ﬁpglmcgbymabweréﬁwesnere may be a plurality of divided

di spl ay periods. However, it is preferable that a display period -

cor r espondi ng e nixels aee thersforsisgen by hamén leiyes tol be intdineDémstatel BLid #ngest

di splay period, be divided in order in accordance with a fixed rule.

~ Furt her, tumedoffaiats] thtaughout anedemhegperiod becapsy ihé e bvesledfio thhgfmunber
of divided display periods, but it is preferable that the anount o _

di vi si onsindgighétwgr mmdéuivn, wf thé eidual ?mﬁg affl dbbRudliony it Qis & Rkn dhdi spl ay
device and the required display quality .25 of an inmage: Furthernore;~it.
~i's 'pr a8 erboivhdary Ipatticrhis skangtswayfbadicwnd gertklisqeay peri ods correspondi ng/to
the same bit of a digital video signal be the same, but the present

- SUMMARY OF THE INVENTION

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

- a plurality of display periods (divided display,pen'ods) in accordarice-v./ith a fixed rule

15 in order to prevent pseudo contours frém being seen. The plurality of divided display
periods are then distributed withiﬁ one frame period so as not to appear in

succession.

“There may be one divided display period, and t‘hereL:may be a plurality of

\\ .-_.r:"

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

20 to the most sigm'ﬁcant bit, in other words, the longest display period, be divided in
order in accordance with a fixed rule. |

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

divided display pe;'iods, but it is preferable that the amount of divisions be determined

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

25 of'animage. ‘ o=




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 conspi cuous in tine division drive by a binary code nethod, can be
prevented fro i Do vl sibi e t puctdl : I on are
EARSAROH il et E 4 g SRR ik AL

di scussed bel ow. resen ion, ere-l rovided a

met hod of LV LSl ay. devi.ge in ich a plural ity of pixels,
each havi S boR8ind o rhe sile Bl Ll e, bpMUERe gl Y ik orienl

el ement, are forned. .characterized i hat n + in display peripds {where n
and in ar &58EM ﬁa‘i‘q}rlgfn%?éﬁb 5 )Zﬁéﬁp'ﬂ)‘gfﬁwf‘# BFrESSapy fé’r@gﬂﬁ%ﬁcﬂﬁ?ﬁgr@tﬁe +in

di spl ay per.. .each correspond to one bit of.a digital.video signal 15
anong n° bﬁl"é‘?%fdlfﬂéyﬂfeﬁ?cisatﬁgﬁ“&%o signal; a plurality of display periods,
anong the n + in di s&lna%/ gﬁriods, correspond tqo the sane bit of the

di gi t al® vi deo Wiagrardengs Wah the ahavsstrpeire aBstashpasigshtnlay sedh #nserdei t s of
the digital video signal, armong the n + in display periods, appear between
the plur awmyurémhi%rayowq%anQmefdmm@aéﬁ%gm’mnmmdmmﬂm= ayn
periods, the corresponding bit of the digital video signal is input to a
gat e el ecbe perventedirun bewgndsivleT by the first TFT turning on, and the.
respective display periods begin by the third TFT turning off; after each
of the n+ in thﬁ)W%‘éﬁpﬁﬂzﬁmé@Dﬁmveaﬂl@ aregiirsussed deliivepl ay periods are
conpl eted by the beginning of another display period, or by the third TFT
turning on: 248cegrding to thepresest ipyangorktheed ispeomidesiha methiodgfidrivingrantBle second
TFT is turned- on, and does not emt |ight when the second TFT is turned
“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, .charac’_teriied in that®

n+m display periods (where n and m are both natural n.umbefs) appear in one
fﬁupcpcﬁod; | |

_ ' the n + m display periods each corréspond to one bit ﬁf _é digital video sig_nal'
15 among n bits of the digital video signal; |

a p‘lurality of display periods, among the n + m display periods, correspond to

the same bit of the digital video signal; |
+ other display periods corresponding to other bits of the digital video signal,

émong the n + m display periods, appear between the plurality of display periods;

20 for each of the n + m display periods, the corresponding bit of the digital video
signal is input to a gate electrode of the second TFT by the first TFT turning on, and
the :;'e'spcctiv_e 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 tumning on: -

25 and '_ ‘ S




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 T.FT, 5 a third TFT, and an organic EL el enent, are forned,
characterized in that: n + m.display periods (where n and in are both

natural nunbegs).. kD one_ .frage period;, the n+ _.in display periods
each correspo{ryg)ofgﬁ'g‘gﬁg e?ﬁrfle'ﬁfnﬁts&}%q n thegepond FREjs tugedieg, #ndotlaes of t he
digital yjde ignal; 10 a plurality of display periods; anmong then + in
di spl ay éé&?@&?ﬁﬂg‘ﬁﬁ%&’&éﬁa‘gﬁﬁﬁ{rﬂéﬁaﬁ gnificant bit of the digital
~video.signal; other display periods corresponding to other bits of the .
digital videc Efqyfmeto R¥FIL vgntion, there isprayided pinatlsod aifsivadng freEleen the
plurality of display periods;, for each of the n + in display periods, the
corres poﬁ’&l’{z@ ds¥ice 3 Which apiirelity ofipixels, dash bevingla first TEPLA séoond TR e
el ectrode of the second TFT by the first TFT turning on, and the
respedt i §third %Ta@qmmmmtﬁéﬂemmammrmeddcmwma@ iAghaf f; after each
of then+m display periods begins, the respective display periods are
~conpleted by aten sglaymenipds {where tchend 1 iaspbeth nRRIrAIQthm¥rs)RYypedtan bher d TFT
turning on; and 20 the organic EL elenent emts |ight when the second TFT
i s turneframa pedind; does not emit |ight when the second TFT is tamed off.
According to the present invention, there is provided a nethod of driving

an EL di spl aje devicdisplayweriolls eadhl eorfbispénd R orfdl biehBa d8aaIvIvRYishthap i 1St
TFT, a second TFT, a third TFT, and an organic EL el ement, are Torned,
‘charact esthamgin bits bfithe dighalivided sighalspl ay periods (where n and mare both
natural numnbers) appear in one 8 frame period; the n + in display per i_;o?s
each ioor r esparplutaditp of displayQeriddsli Aimdrdl th¥ ndem @kfiB¢ beriods, correspond to '
. themost significant bit of the digital video signal; - |
other display periods cérresppndi_ng to other bits of the digital video signal,
among the n + m display periods; appear between the plurality of cﬁsplay periods;
for each of the n + m display periods, the corresponding bit ofthc:--digital'video :
15 signal is inputto 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;

o

- 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 pi'est_ant' 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 fiare both natural numbers) appear in one
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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 the n + mdisplay periods, appear
betmeen.iﬁﬁﬁéﬁgdga§lity of display periods; for each of the n + in display
‘periods, ‘the corresponding bit of the digital video signal is input to a

gat e el eot 1008 ¢ aPREk e L cbBBrbhSd oy LS Wyer it © L1

respective di spl'ay periods”begin 1 r-turnrng o after each
compl ot odtpEa iRt RGP U BRI, . * o7 LT 30 her o, of by (he third TFT
LU g o e s O R o SRR ke e R R
an EL* crmopeRen B e PTy of pixel s, each having a firot
di spl ay” por i ofer GBI FetiHa EHesRaBing 10 PBFLP ORUiRBEL! MeFeaEnzh one |20
O i ol 0 G R NP Poe DA 0r GBTIRGRRIOSE pl ur a1ty
of display periods,, anong the n + mdjsplay periods, correspond to -the.
same bit of t K& ark PE the it H@B%‘%B@F‘?ﬂszgle&toﬁéﬁ?%dw Hyofjhe digtel video
corresponding to other bits of the digital video signal. 9 anobng then + in
di splay SEnrbEdnPYpefatmRlevirrds afithe prognd THLbothedirgipTBY yaiigoes andf or  each
O NS " the feSpective diSpisy pariads begin by the thaod TFT traing o | O 01131 VIdeo
| éfter each of thc n+ m display periods begins, the respective disj:day periods ;i:e
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 tumned on, and does
15 l;[Of emit light when the second TFT is turned ‘off. | |
According to the present invention, there is provided a method of -driv'in'g 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 dispiay periods (where n and m are both natural numbers) appear in one
20 frame period;
the n + m display periods.each correspond to one bit of a digital video signal
among n bits of the digital video signal;
a pluraﬁty 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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[ | is input to a gate electrode of the second TFT by the first TFT
fL?E?ng on; pafter eagh of the n + in display periods begins, }he Cher
respective display periods are 5 conpleted by the_beglaglngtﬁ aggond —_—
di spl ay period; and the organic EL el ement emts-|ight en the s cond
i s turnedBANS ted: Hordisplayiperinis, apbetitberhedh ﬂlgghﬁ-&[@@%:d{ﬁa}} h%%-mb;s?dri off
According to the present invention, there is provided a t -0 firs?
~an EL displ anyUem'lmfthemMmdispmygjdﬂoag,lthyc@fms?bﬁﬁhg,b?% B%Pgiggﬂ- st

TFT, a second TFT, 10 and an organic EL elenent, ar or med, er L - o
i n di spl ssignadis et {oshgate elecaode bﬂﬂﬂfsécﬁﬂtﬁfﬂﬁg‘%@ﬁrﬁwggg?t 0.0
frame period; the n + in dlsp‘[ﬁay peélofk; eaci{hgtlr)rr;aspon i ﬁal' (#5 .

igital video aficgesh AR displsy Br eghg LoshleSER ..

g: glr';l ity of di segl ay peri ods, a%mjr(lg tﬁe no+ 1 n d?g’p\gtg}; ‘%‘%@P—‘éﬁ%@ ¥ espond

to the rﬁmiplétbalb&ftﬁl&@éﬁnﬁh% o?ﬁn&tﬁ@r @?ﬁ%‘%@kﬂ?‘%?@% signal ; other display

periods corresponding to other bits o vi deo signal, anong

hen + in di ey RRNERs é‘le | yrality of display periods;
' Eorene;clhnof | fﬁ%ﬁé’rﬁ%’%g?ay perlig‘%&s[%%ﬁéﬁc%%i?@?gghézconzﬂ ‘fl’_‘;':a_?ng ﬁ]gl ]9: ﬁglt
video 20 1h e 1idhk wHlRUhe Ldbofla 43101 Ghifh LRge O

' ; ' i spl ay periods begins, the:
TFT turning on; ~after eac I sp ri o
[ [ ' - b nni ng_of anot her

Ui apl ay peri oat o RNREIRE BeBLR i@y hEE it raiided ampghed aPdavinsenddoond TFT
disp ; . . _ _ 7 i d

' ; . .1 liaght whep the second TFT is turned_ of
o u(rj_r_leqhsﬁ_.;ga% (Eéégce?%mf H%ﬂ’@%ﬁb’oﬁ‘f&?‘ﬂl@r eachhaying\a Bes TF Tore shorhoTF 8y i vi ng
’ Q(r:]cgrl_ (;Lgiﬂh Y .pgg' ce in whi gh a pl rality of pixels, each ‘having a f l)rst
TFT, a seco%ﬁ i%iﬂ %ﬁzﬂfﬁ??tb?fﬁ ﬂFEeCEEV f¥Rent, are formed, wherein:

n+ m display periods (where n and m are bdth-nafural numbers) appear in one
- frame period; |
. then+ m display periods each correspond to one bit of a digital vidéo signal
among n bits of the digital video signal;. |
15 a plurality-of display periods, amoﬁg 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 sighal,
among the n + m display periods, appear -betweén the plurality of display periods;
for each of the n + m display periods, the corresponding bit of the digital video
26 signal is input to a gate electrode of the second TFT by the first TFT turning on; -
after each of the n+ m display periods begins, the respective display periods are
completed by the beginning of anothef display period; and
the.organic EL element emits light when the second TFT is tm“ned on, and does
not emit lighf when the second TFT is turned off,
25 According to the present invention, there is prbvided amethod of driving an EL
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n + in display periods (where n and in are both natural nunbers) appear in
one frane period; 5 the n + in display periods each correspond to one bit

of a digital video signal anong n bits. of the digital video signal; upper
‘bits of the digital video signal correspond to a plurality of display

peri ods o the n.+ in display periods; other displ peri ods

“corr esponaasaggtdswaw}s?h §P§Falﬂtﬂé’l% % ghchhayaee afigal F T, asscandoRE Tt he n +
in display periods, appear between the plurality of display periods; for
each of t #rd #n ergapickk glemenbare fmed; wheres¥ r esponding bit of the digital
video signal is input to a gate electrode of the second TFT by the first
TFT turni ng ont+ radisptayqpesieds{where n-and g atgibogh patntad aymibers) appear feone
respective display periods are conpl eted by. the begi nning of another

di spl ay pénimegeriadd i's the organic EL el enent enits |ight when the second
TFT is turned on, and does not emt |ight when the second TFT is turned
~off. | the prthsent m displey maniods kechnerieopbndely dre tihaf adigial viddo signahat t he
first TFT and the second TFT have the sane polarity. In the present

i nvent i onambhg nits kddhedigithevideasigndleri zed in that Tr™ Tr" Tr3, 20 ...
Tr,.., =20, 2", 22, ..., 2-2, 2", where the lengths of the display

- periods, anmonguppee bits ofthedigliad piday sipailicotsspondns & phesittynd display pefeds | ve
bits of the digital video signal are taken as Tr" Try, Tr3, ..., Tr" _"
Tr, . BRI EmbESHs P rlisghay HdEc@RAW NGS - 25 In t he acconpanyi ng draw ngs: 11
Figs. I A and TB are di agrans show ng a pi xel portion of an EL di splay using

a driving net h@eolisphe pRrRIS Bbrrkdhoadink Ao ot biishsT thatdigitnfvidddesikengt hs of
a display period and d|V|ded d{splay perlods, respectively; :
- 10 among the n + m display periods, appear between the plurality 'of display periods;
for each of tﬁe n+ m display periods, the corresponding bit of the digital video
signal is input to é gate electrode of the second TFT by the first TFT tuming on;
after each of the n + m display periods begins, the respective display periods are
completed by the beginning. of ano'&wr display period; and |
15 the orgahic‘ EL el.ement emits light when the second TFT is twrned oﬁ, and does
nét emit light when the second TFT is turned off, |
~ In the present invention, the method may be characterized in that the first TFT
and the second TFT have the same polarity.
In the present invention, the method méy .be charac_terized in that Tr, Tr,, Tr;.
20 .., Tr,, =29 2", 22 .., 2%2 2™ where the lengths of the display periods, among the n -
+ m display periods, corresponding to respective bits of the digital video signal are

_taken‘ as Tr,, Try, Try, .., Tr, Tt

BRIEEF 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 nethod 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 spl peni or case of dividing a plurality of display
periods into gly%sl' gé‘agu%csﬂéﬂ{ea‘ﬁaggﬂs wWinga prsl partion of apiEledisplayiusgream of a
“pi xel porti i r.iving nethod of the present invention, Fig. 5is a
circuit d %ﬁ?ﬁ%%bﬁqg%fﬁf%& PR gréendiany ahg thetatiscolohe dengthy efedisplay

i nvention nPFégﬁlgl‘;l;eqa (diagram showi ng a driving nethod of the present

i nvent i oR® display peods. refpsetivaly:of. a pi xel portion using a

driving net holq_ of _the resent invention; Fig. 8 is a circuit diagramof a
pi xel using al'té ¥Agd ABaRR diagrams showving thetpixdl pustivni afithe Bl dispRyhsing di agr am
showi ng a driving nethod of the present invention; 20 Figs. 10A and | OB
“are blbckheiiryipgaetbed of dhe peasensi invention, Eindshe tatid afthe IdMbths 6f HPlasur f ace
diagranms of an EL display; Figs. 12A to 12C are a top surface di-agf.am and
cross seber@fraAndnangdisplsy periedpeespevtively; of an EL display; Figs. 13A to 13C
are diagrans show ng a nethod of manufacturing an EL 25 display; - 12

Figs. 14A to HgC3aiser diagtpmashowipnibiegrativeofMmblehedstaé oﬁ&,[k?iz@%é‘f&d@% n EL .
- display; Figs. 15A and 15B are di agrams show ng the method ‘of nanufacturing
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 metﬁod of the
j)resent invention; |
Fig. 5 is-a circuit diagram of a pixel using a driving method of the present
invention;
Fig. 6 is a diagram showing a driving method of the present invention;
15 - Fig. 7 is a circuit diagram of a pixel portion using a driving method of the
present invention;
Fig. 8 is a circuit diagram of a pixel using a driving method of the present
invention;
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 sirface 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; S
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display 5 Fig. 16 is a di agram showi ng the nethod of manufacturing an EL
display; Figs. 17A to 17F are el ectronic equi pnment having an EL displ ay
using a driving nmethod of the present invention; Figs. 18A and 18B are

el ectroni ¢ equi pnrent 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 Igs-ditépioal At sradia 881¢amegpﬂ\ﬂfr%ﬂﬂﬁ¥mgamﬁlt he
ratio of the lengths of a display period and divided display periods,
‘respect i v@PBlaY;and Fi gs. 20A and 20B are diagrans showi ng the pixel portion
of the EL display using the conventional driving nethod, and the ratio of
the | engths ofFigs.dp¥aandodd angsliagamn ghowingdhe plethyodpefimamisacinenganfivel y.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ Enbodi nent Mbde 1] A
case of ddisglaygyi ng an internedi ate gradation by a tine division driving -
method 20 of the present invention is explained in detail bel ow using
Figs. BA and IFig. 16Hsq didgasishosing temethpd of mpufitnding SiERisgewi ce, and
the ratio of the lengths of display periods Tr that appear ‘in one frane:
. period F in FiRgs. 172 to10F kiegdedtndequiBnedthaviipge BISdidpmpusined diigy an
n-bit digital video signal capable of displaying gradations froml to 2'.

The ri ghtmbbfi ofthd fresdpit kleniieri;t i on 25 performs di splay of 2" +'1 .
gradations, ‘and the left half perforns display of 2" 13 gradations. N

di spl ay peri odggd diggphay 18BI irediectfdnid SqiipMenf RPAAS W NI dise ufing®e peri od

for a case of using the n-bit digital video signal™in accorddnce With a

si.npl e bi s nfedftRl M@Pféseﬂf g ditfost bit of the digital video signal to
eo

the n-th bit of the digital vi

10 ~ Figs.19A and 19B are diagrams showing apixel] portion of an EL display using -
a cpnventional driving method, and. the ratio_ of the lengths of a display jaeriod-and
. divided displ_ay periods, respectively; and |
| Figs. 20A and 20B are diaérms showing the pixel portion of the EL display
using the conventional driving method, and the ratio of the léngths of display periods

15 and non-display periods, respectively.

DETAILED DESCRIPTION OF THE PREFERRED EMB ODEV[ENTS
| [Embodiment Mode 1]. | |
A case of displaying an intermediate gradation by a time division driving method
20 of the present inﬂrention is explained in detail below using Figs. 1A and 1B.

Fig. 1A shows a pixel portion of a display device, and the ratio of the lengths

of diéplay periods Tf 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 sigﬁal
capable of displaying gradations from 1 to 2°. The right half of the pixel portion
25 performs display of 2*' + 1 gradations, and the left haif performs display of 2™
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5 signal correspond to the display periods Trl to Trn, respectively. The
ratio of the lengths of the display .periods Trl to Tin becones 2 : 2' :
222 . 2"-2 : 2"-1. The length of the display. period Tra corresponding to
the nost significant bit (the n-th bit in this case) of the digital video

signal is .longest, and the length of the display period Trl
correspo 0 the least significant bit (the first bit) to of the
r%% Otng' he | ignifi bit (the fi bit) f th

digital video,si,gnal is the.shortest r a case of perform ng display of
2" gradat i ons,ﬁflﬁgﬁaﬁfig‘?@'@s gqlﬁprlﬁ' Be fﬁéﬂ Trahapnear within enedrameperigd peri ods
Trl to Tr{n-1 and-.th ixels are placed in an off state during the
di spl ay. .%&Pi‘%ﬁf‘ ?FVEmgfﬁ?‘fﬁf)éiﬁ‘t, ‘igﬁ%l Yifse pignal ia gocarsdence with & simpéaibinkify st at e
during the display periods Trl to Tr(n-1), and are turned on during the
di spl ay p&dedthody The fystpitaf the digitalvidgosimpl tytheh-th bitef thegligitaltvidors The
di splay period Tr having the |ongest period is then divided into two .
di vi dedl %@@bpweqyeadw&q@plwnem B2 To Ayn,j mespestiselgnbodi nent node. Not e
that although the display period Tin is. divided into two divided display
 periods in thilhegntbodf theriengthe déthetdisplay patods Trid e M becdnses2St 2f it ted to
this. Provided that there are two or nore 20 divided display periods, any

nunber of..-di ¥ded™di Jhkalgngthr obH ts: d'npiabepmcﬁlvirﬁedorreépoﬁhﬁ@dtobﬁlet Best .
operation speed of a driver circuit and pixel TFTs. The divided display

- periods dgmfitandppd e nith bitio deis sasehof the diginl aidep siphads ObhRSRANGHRI t O
another bit of the digital video signal always appears between two divided

di spl ay dengtbdfthe2bspot peridielr It dverekspoi@lifistothe (et stimvitidiet biki (B fxe Bigy | 0ds
may not be the same. 14 Further, it is not necessary to place any = .=
| i mit aoi eishodigithlevidealsenaelfis theshdireg, ay periods which are not divi ded..
-There are no limtations on setting the order fromthe display period

corr espondi ngFopaiche diﬁ;ﬁdrfcﬁirﬁkﬁ@ﬁis?.ﬁ?bf@“ ela@alibies, HeSRLAY aRE51hOM in an
corresponding to the | east signiticant brt. : _
on state in the display periods Trl to Tr(n-1), and the pixels are placed in an off state -
during the display period Trn. Further, the pixeis are placed in é furned off state ciuﬁng
the dispiay peﬁods" Trl to Tr(n-1), and aré turned on during-thé display period Trm,
15 when pe_rforming.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 dix-rided- display periods in this embodiﬁuent

- 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 an'other 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 ofthe 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

i nvention, and _Fjg. 2B shows the | engths of display 1Q periods and divided
di splay gartisadt BASLRPGERATRAQ Phare m@gm}tawtﬁeafdyer ﬁ? g &odgj th a
turn on period and :a turpn off (non-turn on) periqd of a_pixel.. The right
hal f of t‘ﬁ’élcbia%mOtﬁéYlflp@nTB@iefﬂé‘? Re IWP@HPB&O%&@H% ﬂlwriergﬁrfaaém gisBlayand ™ t he
left half perfornms display of 2" gradations in Fig. 2A. In portions of the
pi xel porperied comespondingjodnsiostysigrificant bitge thealisplayperiodeopespandingite ar e
placed in an on state in 2" - 1/2" periods within one franme period, and the
pi xel's dhelqasbggificentdit.of f state in 21' / 2" periods within the one frame
period. The periods during which the pixels are in an turned on state and
t he pesi ods i A wdasahthahebgiuxioss tardisplaynsueh tspseado ofiftosts aredifiarit tapsear
alternately. Further, in portions of the pixel portion perforning display
of -2"-' 4seén irdfe grieiigiahed oftthepyesots isveation 3ldicesket nea usingridgk. 83A andat e i n
~2""" 1 2" periods wthin one frame period, and the pixels are placed in a
turned offBstate 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

I n.which the Hixels skéws bpixel porivacord displapidevich tot pepfoaningadisslayayel y. The
turn on periods and the turn off periods are divided and appear alternately
25. Wi t hi Nar¥iy et PEEeOpkeser dnidiftion] sh@Fig OINshows MelerghNofaisphys! i ght | y
left and right, 15 up and down; and therefore it is sufficiently possible
that o heteriids Rh@WivRBId disiHaPperidls Wppadind withia Yn BairRGeriod Gnatéqdsied. In
this case, even if the visual point of an observer is fixed conti-nuously on
only turngfh Qithroineriod z&iﬂ%-ﬁﬁi‘ﬁﬁ(ﬁ&hﬁrﬂfdﬁ}ﬁéﬁb&@fg& pRepusly on only turned

on pixels, pseudo contours can be prevented from beilng
' ~ 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 porfions’ of the pixel portion performing display of 2™ gradations, the pixe;ls
15 ére placed in an on state in 2™' - 1/2° periods within one frame period, and the piﬁels
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 -p'ixels are
in a turned off state then appear éltemately. -
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
j:eriod, 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 statf; then appear alternately.
The turn on periods and the turn off periods are divided and appear alternatély
25 within one frame périod, and the visuval point of a person moves slighﬂy 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" + 1
gradations_as 4 hdi cat by .t he dashed, line. Wth the driving nmethod of the
present i ﬁgea%‘fi id(;o s é’\?‘gﬂh?‘)iéﬁ?rﬁét bi %&E?e&'flﬁ pessilethatipibern fisplaypertagdseonhen
the visual, point. is |located in portions displaying 2"' gradations, and even
if the pi %‘5@35;5181"1%% periogs ﬁé‘?j%@fioé%%t &0 khis Fash eevon sfihe pishalt poioy e ano
portions d*);&lg?a{yj 2& (ﬁ + | gradations, the sumof two turn off periods
dppear i ng °PHTEHCcEeR¥eh FOBRYHEY o8 Hanly durmed aofftpisels,f and Zooverselys ifbseal
driving nethod. Therefore, the visualization by human eyes that -the pixels
are al waySORtHIUQUELY oRanlyrned en pixels; psayidowontemes ¢anzheeprpeented froitbbeiag be
prevented. Conversely, for exanple; the visual point is taken as noving

f r om a Spovisitde singe thel layethy of successive grmdaperods éruen pifffcriods drsghaeng 2"
gradations. Wth the driving nethod of the present invention, even if the
pi xel s - ar‘eoropargd Withneulventiatah tevedreacordancy wdthal sip@idBinks dodedh&Hod N
portions displaying 2" -+ 1 gradations. and even if the pixels 20 are in a
turned on st at Borvexempld)éhervisua Ipopmiisiak epyemotidgfirh h posticH SBpRYIRD2"
gradations, the sumof two turn on periods appearing in succesSion becones
shorter = gladationsed af portibd displayitg 2T onhlorddativhd 4k iﬁgﬁﬁ@@.byﬁﬁg@ggggdqmg.he ,

vi sual i zation by human eyes that the pixels are always in a turned on

~ state: t hr Blighthudrieiig hehod op e fResehtimvbation L OMER IR ixeR atdindCGRtLRsEe Wi th
t he above structure, obstructions to display such as pseudo 16 contour,.s,a
whi ch 1r estatensidrcihe vgsuahpbint® 19EatkS hy 8i Bjinin e JARtRad. ~can
be prevented from being \gi si bl e. [Einrg%%r?%éé§;s %%gZ] %Eég?ﬁg’qé’r?%ﬁﬁ%% ay

peri Q d coifespieseftintaluined oiQeke Vhontde wani p&int mBizesttB%ogtiicq{.stcﬂpla}iing

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

shoﬁer than that for a conventional driving method. Therefore; the visualization by -
'rhuman eyes that ﬂle pixels are alwaysina mrnedo_ff state throughout one frame périod
15 can be prevented.
Conversely, for example; the visual point is taken as moving from a portion
displaying 2*! + 1 gradations to a porﬁoﬂ displaying o gradations. With tl-le_d;iving

method of the present invention, even if the pixels are in a turned on state when the

R

visual point is located in portions displaying 2™ + 1 gradations. and even if the pixels :,
20 are in a turned 611 state when the visual point moves to portions displaying 2™
gradations, the sum of two turn on periods dppearing in succession becomes shorter
than that for the conventional driving method. Therefore, the visualization by human
eyes that the pixels are always in a turned on state throughout one fran.ie period can be
prevented.
25 ' In accordance wi_th the above structure, obstructions to display such as pseudo

16




video signal is divided into divided display periods in Enbodi nent Mdde 1.

I n Enbodi nent Mode 2, an exanple 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, .r.espectivel i.s.shown. .io,Note that, in,thi

Cpaci 11 cAORIRES i B Hotifeyousiif st Pistoportee Bt Biteny ePeBrdodscan vi ded
into divided %@%\ﬁg eriods, ,and the termlower bits corresponds to

di splay §5tF SHEVISBEE-di vi ded i nto divided display periods. A
driving nethod of Enbodi nent 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 frane period F in a pixel portion,

" when perf@ﬂihoﬁﬁn?m&éo@ﬁ%]gsi on gradation display. using an n-bit digital
video signal. |In Enbodinment Mde 2, the display period Tm and the_ display

- peri od5Tr ( n-1)Cnlyihe display,perdodicarpaspynding toths reest sigmipfassat by of thaudigital bit s~ of
a digital video signal. Note that, in Enbodi nent Mode 2. although a nethod
-of - dri vi igdeas sighehus dinmidgdi ity dividasi displag (perieds rin mbodintgint Mede 4 helmunber
(n-1). bit, are taken as upper bits, -the present invention is not limted
to this. HhbodimebeMaie Appeexdmpls ofediviing display pericahdcoaegpaidisguose he
set to two or nore. However, it is necessary. that all of the upper bits be
i n suecegdimiity ofarper bitsorfcadigital omddorsiomabselestegrih brdmstcdaistivelFdrom xanpl e,
for a case of three upper bits. the nunber n bit, the nunber (n-1) bit,
and t he. nuodieignificad} bihi intoqflutaligedofdivhled dispday pe2inds, rgsysdcticelyyeshowd. t o t he
upper bits. 17 The ratio of the lengths of the display periods.Tre | to

" Ti n-bacoridste 2hat, ARtiAs sPadificdtion, i itha yppee bits afoereppaanis doi dispday perieds on
state in the display periods Trl to Tr(n-1) when perform ng display of 2"
‘gradat i ondividadéhtb iévifed elsplagrperipdaced the t@nt e digidorresponds to display

periods which are not divided into divided display periods.
A driving method of Embodiment Mode 2 is explained usiﬁg Fig. 3.. Fig.' 3
shoWs the ratio of the lengths of display périods Tr and divided display periods STr
15 appearing within one frame period F in a pixel portion, when performing time division
gradation display using an n-bit digital video signal. 7
In Embodiment Mode 2, the display period Tm and the display peri(;d Tr(n—l)
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 shpwn 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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S state in the display period Tin. Further, when perform ng display of 2"-d
+ 1 gradations, the pixels are placed in a turned off state in the display
periods Trl to Tr(n-1), and the pixels are placed in a turned on state in
the display period Tin. In Enbodi nent Mbde 2, the display periods

di ' ] 4 t h di spl [ Ti and _t he displ
por i od e (n- 21§ REFoEARTenglhd B sni S B8 3 hecomenba s 4 ded

di spl ay perigds 481Tm S2Trn, and S3Tn), and into two divided display
periods (S1TF(r-1) and S2Tr(n-1)), respectively. Note that although three

di vi si ons of di spl ay.peri.od Tin, and two divisions of the display
period Tr(n- Tg;gPB?Z‘D“Fﬁ’r‘%&G@ﬁ%é@n#&qﬁ%m@mmn@lqﬁé@m Tr@mvEntion is
not limted to this. ‘ilih ngg@prs of divisions of the display periods ‘
cor r espondi-H&PERHRE 5@@!0 Kt seRfations; andsthei pikels dre plaché spa wehed sff and

provided fhat th r‘iunber_ is equal to or greater than two, it is possible
to for & %%ﬁﬁp 8Y PeriQd L Farther, axhep peiforning dispilayeaff 251yl goydatioas,

operati O&?flfgéd of a driver circuit and pixel TFTs. The divided display
peri ods 1 aredilagpdiip attpmed afbstatietin tife disayiperiods Tilitd d9(n-F), gidithedo not
appear in_succession. A subfrane period or a display period 20 - _

- cor r espoRikekgre plagadihatuned opfktathin e disphly periddoTai gnal al ways appear s
between two divided display periods. Note that the lengths of the divided
di splay peri ot mbedigepoitiided, the displaygriieds bbrrespbnding t6idippbr BitsdgR Si gnal

= ®

need not all be the sane. In accordance with the above structure,
obst ruct Hispleyperidd T ayd theatispdsy paiddin(n-2pirCBRbOEISent MbAD, AFETGRIAGPI CUOUS

in ti e di vi sion dri ve by a b_i nary code method, can 1g be prevented frgm
O g e s ST IR,
‘fixed rullisplag pexiptia(SEDH(h-1) BAb SHTHRN) MdBedtively?  Rodthat Qlthough three
divisions of the display period Trn, and two-divisi'ons.of ﬁle display period Tr(n-1), are
formed in Embodiment Mode 2, the preseﬁt invention 1s not liﬁlited to this. 'fhe |
numbers of divisions of the display periods. corresponding to the upper bits are not
15 limited to these values, and provided that thé number is equal to or greater than two,
it is possible to form any number of divided display perio&s, limited only by the
operation speed of a driver circuit and pixe] 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 aﬁother 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.
B - In accordance with the above structure, obstructions to displé.y such as pseudo
25 c;ontours, which are conspicuous in timeé division drive by a binary code method, can
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sinplify the explanation, a case of perform ng gradation display using an 8
bit digital video signal is explained in Enbodi nent Mode 3. The | engths of
di spl ay 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
to displ ' ' - . in.. If the value of Ln/mf 3 is found for a
case me?%e%ﬁ@éﬂ%;ﬁﬁlo%ﬁ@%ﬁg%sﬁ? at this point, then the results -are as -

- shown in Table 1 below. [Table 1] 15 20 Ln/m3m = 1m = 2m = 3m = 4 L8 =
128128164. 742 L7=646482. 371 L6=323241. 18 L5=161620.59 L4=881 L3=44 L2=22

L1=11 19 t ot al of display periods and divided display: peri ods
formed wi %Pd)‘]@ﬁ’étwabﬁgjperiod is set to 13 in Enbodi nent Mode 3. It is

preferable that the lengths of the all of the display periods and the

di vi ded di spl a@dﬁm&ﬁﬂg ma‘gméhagrspgaé'méﬂ%ﬂlﬁdedmé&p usaly phavidad of
obstruct id%ns to di splay, such as pseudo_contours can be effectively 5 ,
pr eventedlipplay peredsthsed oma fixedyilels explaingd ipEmbpadimentiyiage Heln erder tnd t he
di vi ded di spl ay periods are equal. The nunber of divisions of each display
peri od i sSimplfiethgcapknantien esaseof pasfarming gradation displeeysing an 8/bit dgitel equal

. as possible and make the total nunber of ,

video signal is explained in Embodiment Mode 3.

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

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

[Table 1]
l! Ln/nm3 mn=1'.r ‘ n_1n=-2 @-=3 mn:=4
15 S L8=128 | 128 6 4.74 .
| L7=64 64 8 237 1
L6=32 32 4 118
L5=16 16 2 0.59
| rams 8 1
20 134 4
L2=2 2
L1=1 1
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t he display periods and the divided display periods forned in one frame
period 13. Further, it is preferable that the display periods correspondi ng
to the upper bits be to divided in order fromthe display period having

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

the circled vapeast 72 = 3m =
4 L8 = 128128164, ?f:laﬂlﬁ@gﬂgff’z%%yﬁ%&i%ﬂﬁv i ﬁ‘éﬁ%fé’é"%’l‘mﬁ%g‘@%s ~4
L2=2 L1= I Tr4, ar t di VI ded t he
di spl ay é%elz%%ids}@ é{d%sos %‘71'32’% eg{jﬁ'ﬁd 3 \t}gls rgrahie Fg’ﬁl Beri od
Tr8 is di L0, 0one frane period .the dIS
peri ods c%i:tgggsi%)bf%g dti;% agﬁeﬁledgégiﬁlg-@wgfd &'ﬁ@laﬁ P@T‘?‘éﬁpbe\ﬂscfﬁﬂa]sﬂs@%?rlg]&r e
driven s ins ion. 5 1t is possible for a designer
to suit ag{ﬁéwg%g%ﬁ?@gp ??D&hﬁ‘éﬁ“"ﬁf 0&“«? %ﬁ%ﬁ%awswﬂ%corapwlcaybpéﬂbmly but it
is pre erabl e t rmned in accordance with the bal ance
bet vv’ee% tHF&Y “i:ﬁ“?‘&?%“@g %ele? %@%tpe display periods andahe diyidedstisplays pl ay
qual ity of Eyrt her, |s preferabl e that the |lengths of the
- di vi ded cﬁ%’ﬁpﬁ gf“f“lo e number of d1v151ons of each display period is therefore selected

S0 as to make th¢ values of Ln/m_? as equal as possible and make the total number of
the display periods and the divided display periods fo_rméd in one ﬁame period' 13.
Further, it is preferable that the display periods correspondinsz to the upper bits be

10 divided in order from the display period having longer length. In Embodlment Mode ' }

3, the divisions are made as shown by the c1rcled values in Table 2.

[Table 2]

Lo/mn® mn = m=2 | mi=3 | mn=4

15 18 =128 128 16 (474) 2
1.7=64 64 237 1
L6=32 - 32 Cad | s

] | -
L5=16 16 0.59 |
- 1A= 1

20 L3=4 | @
L2=2 [l @
€D

L1=1




to corresponding to the sane bit of the digital video signal be the sane,
but the present invention is not limted 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
vi-suali zati on Mdmdl§ate Qispyiseriods i1 165TraGrd Mt divide A thSdispIBPhbriddserrsor the
above stated 15 Ln/nf'' depending on the condition. It 1I's ‘possible for the

desi i at: ich. 16 ot - wh
esi gner #{oraRR §Rided ﬁioﬁtwo?‘iﬁ@ﬁfe dg%ﬂrlﬁ»g%éfﬁ:lms @dﬁg&‘eégﬁt&mfée? dr when

deciding the driving nmethod. I'n ac ce wth t ove structure,

or ?é;:é?tvi e ot BEIGY 1RSI RGN SRR o %@%ﬁ‘?@ﬁﬁ @ﬁ% eing
{Enbod: refediend o Bipefio ANforRh REAH LIVEBHEY 32 5i Sol'ay for

trolling light emtted fron ¢ EL el t ing.two thin fil
Cransi Stors (TERRCPBIGER 4 ROne QPR s I Bipeh AR ook |
expl ai ned..i n_Enmbodj nent. 1. 21 A b di, f-.a pixel portion 401 of
an EL d SHly BB e A Erable B Ry P d i in goalghis Rinos S

to Sx, po ource supply,lLi.nes Vita Vx, -and . gate signal lines G to G
are for rretgee F’ﬁlsaf‘?f'ebeﬂ”fﬁtﬁ) Bl%‘i"?’f‘%ﬁ spesel ot g fila’ﬁ@y ﬁ&%ﬁ%&na Hie ’Eﬁfimﬁ‘ﬁg’éﬁlﬁb’ ce.
signal lines Si.to Sx, one.of the power source 5 supply lines VI to Vx, and
one of trﬂéméaft%f%ﬁ%rﬁ- lines G to G indicate pixels 404 in Enbodiment 1.
A plurality of_ the pjxels 404 are arranged in a matrix shape in_ the pixel

" portion 401. Aughgty ipsdpuitrablecthat fe denaths of sthe sdividsdndisplay; pericsls
Ref erence nuneral 405 indicates a switching TFT in Fig. 5. A gate

el ect B dEoFEsRIding o the sage pirofbsdigifal 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 preve:it
visualization of pseudo cortours by using Ln/m,’ as a substitute for the above stated
‘15 Ln/m_* depending on Athe condition. It is po§sible for the designer to appfoPﬁater
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 con_Spicuous in time division drive by a binary code,me.thod. can
be prevented from being visible.

20 Embodiments of the present invention are explained below.

[Embodiment 1]
A structure of a pixelportion of an EL dispiay for doﬁtrolling light emitted from
organic EL elements,‘using two thin film transistors (TFTs) formed in each pixel, and
25 a driving method, are explained in Embodiment 1. |
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10 connected to a gate signal line G (any one of the gate signal lines G
to Gy). One of a source region and a drain region of the switching TFT 405
is connected to the source signal line S (any one of the source signal
lines SI to Sx), and the other region is connected to a gate el ectrode of
an EL driver T&Plawapaliapran of agéipe pottion 40180feh Bladisplapiof BmbokiEnent ihe
capacitor 408 is fornmed in order.to store. a gate voltage (the electric
pot ent i al skpwi akigch Smurordenal liges 81 & $x,pondes@iite ppBLES VIA8NB0 AT the
EL driver TFT 406 when the switching TFT 405 is in anon-selected state
(of f st at gyte sigmablindsa] to Gytabofigted i thdgikel Fortion Wb Ch the capacitor 408 is
formeéd is shown in Enbodiment 1, the present invention is not limited to
this struct ur Reglogs g o ofiRe sdursbiighallfies SPh SARACIIHe 0 LGy ROt
formed may al so be used. Further, one of a source region ahd A arars regi on
of t he sELsujl es WFtA0L. dnd onfe Joidaait f £ S Ly . l.ine V
e o AR S0 el s R o AR SURR e

(any. one of the power source supply lin

regi on i SEmbodRsdned. AHIaR1es SRR 6 in FDC.POVEr . source supply
line VI is connected ?o thgr capagﬁgrﬁgggwé%?gg%%&ﬁe@ kRAE! 407

conpri sesp@fioaqoye, a cathode, and an EL |ayer 22 formed between t he anode
“and the cathode. |If the anode is connected to the source region or to the

drain region o - drd ET. el t.ne.. an beconmes a pi xel
el ect rodg and %Ete&ggg Egg%ﬁgg%ﬁgg&é%%%%&%ngl%% %ﬂﬂ%&ﬂ%@@i@f if the
cat hode  #.9; ef - rge region or to . the drai.n region of the EL
driver TFi‘ll'lalf%fGé,g%?ﬁgln 5 é)ﬁgq?gsﬁég*de‘ b“e%%‘lﬁee ecirodpof the 5‘1"3@"9‘1“5 I 85 the anode
. beco i0 I n.opposi.ng electric potential is inmparted
o e SRR 6 Ay R e 8 e oo
source e : iad_ .S, . ed.to. OWer . source su i ne V.
The pover® Shir Rl s e PEiHeSharcfins TrpAl Ronnecicdio thd foukee

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

cb’nn_ected to a gate electrode of an EL driver TFT 406 and to a capacitor 408 of each
pixel. |
15 - The capacitor 408 is formed in order to store a gate voltage (the electric
potential difference between a gate electrdde and a source region)-ofthe EL driver TFT
406 when the switching TFT 405 is in a non-selected state (off state). I"J’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 TFT 406 is
conneécted 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 clément 407. The
power source supply line V1 is connected to the capacitor 408. -l
25 The organic EL element 407 comprises an anode, a cathode, and an EL layer

22




o electric potential are inparted to the EL display, .which uses a driving
nmet hod of the present invention, by a power source fornmed by external 1Cs
or the like. The power source electric potential of the power source
supply line is maintained at an electric potential having an electric

potenti al EH%%J GEGRGE ot dddak *&ﬁfl Qﬂvﬁgaf]th{?cgeéeﬂg‘?ﬁé LS 9 QoA iR the %g@]&t hat the

organi c enent emts 11g ower source electric potential 15
current dgheh Brfodfe BehEiegPutiinele el LG uF oo ShRICT 1 o,
For a1 iteaaie iR aefe pricrs R hrnb e BRerBif o Bver e diealibg o °Gi 7
e AT SR R X i

I n Enbodi prent 1, the power sou ctrigc. egote ti.al and the opposing

ce el

el ect r# ¢ tot@Hads beromes| faBixe Testiafincands ibd, aagf (BRPMER\AN OPPRHAS { i s
not .necessary to control the size of the electric potential inparted from
~the powelecgBdece formed in the I1C by using a switch, This is useful in
-achieving a larger screen size panel, 25 The switching TFT 405 and the El
~driver TFT 40éunceppasing eechig nesoniigl 2B impartedniocthe TAPPesipe qhectrodariad] therTs .
However, if the source region or the drain region of the EL driver TFT 406
i s connecugani¢ BLelwnenidfé. burtherea ppyansare elestagwatentialzis imparted tgpthef er abl e
that the EL driver TFT 406 be a p-channel TFT. Further, if the source
regi on orpomee souraé supyilioe \of ThieepoPrer goimee relepiic poBniial angrithe cppesing t he
-cathode of the s. organic EL elenment 407, then it is preferable that the EL
dri veno TElectiGpitential arqimpeatadab tHEEL dispday whichisey afiETvigg Sethatl ohdieEL
‘driver TFT 406 may al so have a nulti-gate structure such as a double gate
st r uct ur eresentinventpine by atpevet socted fesmddbectdembiCs ar the dikngThe mate
structure. :

__ 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 6rder
such that the organic EL element emits light when the power source electric potenﬁgi
15 is.imparted to the pixel electrode of the organic EL. element.
An electric current density of several mA/cm? is nccessary‘for the pixel p’ortioﬁ
for a case where the amount of light emitted per area of the pixel is 200 cd/m? for a
typical _6rganic EL display at present. Therefore, if the screen size becomes large, it
beco_més difficult to control the size of the electric potential imparted from the power |
20 source formed in the IC by a switch. In Embodiment I, the power source electric
potential and the opposing electric potential are always maintained at a constant 1ével-
and it is not necessary to control the size of the electric potential imparted from the
power source formed in the IC by using a switch. This is useful in achieving a larger
screen size panel.
25 The switching TFT 405 and the EE driver TFT 406 can be formed using

23




10 A nethod of driving an EL di splay of the present invention having the
structure stated above is explained next using Fig. 6. In Fig. 6, the
horizontal axis shows tine. while the vertical axis shows the arrangenent
of the selected gate signal lines. First, the gate signal line G1is
sel ected byhaugTETS ofpalrahMITF I HARRLLER ORI L fLoma gate
signal line driver ci rgui t. Note that. ‘%ﬁ t |§g§%(%5%‘71?§§ﬁh(])er§{,mpﬁg?o gate
i s signal of the®Xi &rived! L £66 {sInfi ' the switching TETs. 405
. S @ét@@t&tﬂ?tangﬁaé oﬂBe r?p%arrinc\ém{i(}{teéqm%ﬁ 48}

connected to the gate signal Ii1ne are placed in a r.

wor ds, thg rrdfeldbld fiae feBL ! | xel i f first line) -
connect ed tp?) the gate Si gna Ie?ne Oﬁaﬁéeépﬁig’ﬁg%ﬁﬁafqﬁngﬁefftéheAOWF?st bi t
of a digi Al Eonak 0 Sed t.at t time to the source_ signal
20 11 ne o RGP aBERRtod SRR dfeririT AR sonirefiithe cothedeigne ol
video sig . Spyf (o) te electrodes of the EL driver TFTs 406 through
t he svmg't cﬂ%%b%}?%g& Ii[g‘é nbtr}sv%rf’g hgethg Bl Arives TH T 486 bsf anst at e
inthis eﬁ[gﬂg#%g for a case of the digital video signal -having "0"
i nf ormati on. T'gg\/ver source electric potential -is therefore not inparted
to the pixel ect r.odes. e grganic EL el ements 407. As 25-a result,
the organic EL S&Wﬁf@ﬂ@%“b? afl&élﬂpﬁ&éﬂ&fﬁﬂﬁ%‘i%maﬂswdwdfb@imwlti-gatdeo.
signal 24 _having.."0" jnformation is input do not emt |ight. Note that,
that a digieHre %aéiogﬁlﬂgaresstmwﬁ of airiple gt structimedincatdésn tor sifgls
specification, that the digital. video signal is input to the gate
el ectrodegatgq'm_’c'“r?éurﬁrgani ¢ EL driver TFT of the pixel. 5 Conversely, the EL
-driver TFTs .406 are placed in an on state if"l" information is contai-ngd
in thd®digi t at Wethod of dgiying amile displeyiof tmpresentinventiochpitetieiseliciuge.
t herefore in&)arteq to the pixel electrodes of the organic EL el enents 407.
As a resuttated abpye is explained mextusingRigs 64 07Fiy. 61 the hoirixehta] axipklovwiigh. t he
digital video signal having "1 " information is input emt |ight.

- 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 ggte signal line driver circuit; Note that, in this speciﬁcﬁtiom 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 81 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 tliE"p_iers into which the digital video signal
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10 The organic EL el ements 407 are thus placed in a light emitting, or
non-light emtting, state, and the first line of pixels performdisplay.
The gate signal. line & is selected by a gate. signal at the sane tinme as
the selection of the gate signal line GL i's conpleted. The switching TFTs

405 of al havihg €03 infonaeat Rdnfe dolifor eaiightgnal line G2 are then placed in
an on.. state, and the first bit of 15 the digital video signal is input to

the second |i Meogf tiRitXeHa$ of ﬂi%’/fhﬁ.bﬁe§%g%ﬁ§eif@lglc}o!d.ngﬁéi Mdicades §f(thciisa‘|‘| of

the gate signal lines A to are t or der. period until

;all of th ' Hel ; ; irsy bit of
he it ar vt dee Sronal  Fo it B Redriofic Bt BOGolfr dlotlgat  ©
referred Eg(ﬁ.ﬁ,e@m(gfeﬂlie%i}&@riod‘Tal . 20 Note that a period fromthe

begi nning of the wite In period Tal until the beginning of the next wite

i iod t kA Lhi ' ferred t ,.di spl i od
o1 The wri (eorese; et ARG E R 4R rleC i S aar Do atterheid "o ©
conpl et ed;, and. si:nid ag: to f the wite in-period Tal, all of th
are s gnaofbindt EiPligkR id 825 Phenairer S lselipomiiali tionetom gi ol
i deo si IS jnput to all t he, pi xel s. i od 25 through when th
econd b EaesFieEs iépieh Segries of fuf afeans FfyAEmeds 407. oS e hesuls doa of

pixels is _referted . to as e ite in periqgd Ta2. A period fromthe -
* begi nni ng”& -\ﬁ}‘?"ﬂ%“%f* ﬁbﬂef %@W‘%@%Hﬁpc the digtnl Mileagiseal having PExt write
in period. t.o appear.(a wite in period Tan in this case) is referred to as
a s . di'%e QrIFE}ﬁ‘P-"f@Ie‘I‘F‘r}]égIWi te in period Tan begi-ns when the display
period Tr2 is or‘rgl et e AHI‘ of the gate signal lines are then selected in
or der , *%i mi | ar 1 }oOMERBICHES &lements 40 aretthus plaped inoylight emigting, oheomdightr n bi t
of the digital video si%nal is input to all of the pixels. A period
t hr ough HHRE, StateAnc thy Dstding ot phelpegfaran displaro signal is input to all
of the '

The gate signal line G2 is selected by a gate,signal at the same time as ﬂle
selection of the gate signal line.-Gl is comp]eted. The éWitching TFTs 4_05 of all pixels |
connected to the gate signal line G2 are then placed in an on state, and the first bit of
15 thedigital 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 péfiod until
all of the gate signal lines G1 to ij are selected, and the first bit of the digital video
signal is inpﬁt to all of the lines of pixels is referred to as a write in period Tal.

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

The write in period Ta2 begins when the display period Trl is completed. and
similar to the case of the write in period Tél‘, all of the gate signal lines are selectedl in

25 order, The second bit of the digital video sigﬁal is input to all of the pi}iéls. A period
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10 lines of pixels is referred to as the wite in period Tan. A period from
the beginning of the wite in period Tan until the beginning of the next
wite in period to appear (a wite in period TOin this case) is referred
to as a divided display period S 1Trn. D splay periods Tr3, Tr4,

- T (NdougRRPREH theReQits | SRhGW: 10 Lod SIIrn is
conpl et ed, ar%1 t he corl?esﬂgg%j%g&b%gﬁgﬁ“;dhgg gil i[?"a ﬁ%‘i‘&@ ‘%’e@ﬁg’lne??
si-m | arl yyikapy e Riaxe | . ective periods. The wite in

peri od Tébn bggrﬁg&v%ﬁalzghe |§ép a‘%/é}’%é‘{f@g Tr(n-1) is conpleted. Simlar to
t he case of t il | riod Tal, all of th te signal.lines are
selected in gfﬁéﬁéé:f;?\ll&%? T q“g?%wemtempﬂ?gﬁ%n@?h cIRGNG ofithe | s

i nput to of the pixels. 20 The, period roygh when_the nunber n bit of
the di gi tAr WHss" 8?‘8?@?0 ?@%&;W“Eg ’%P?n%é }iLa_JP HEthis AasS) & referxed to assa -
referrgd fo.as the wite in period Tan. A period fromthe beginning of the
wite 'ncbtgﬂl?%ﬁe%wi?ntil the begi nning of the  next write in period to
appear (the vvr;jhtée i.n period Tal of the next frame period in'this case) is
referred to as'ig WGilyBeried Spn hgipemhen tiepdisplay perind 412 ksatonapletedi Altied

di splay perjod SYTrn and the divided display period S2Trn 26 conbined are
" referred 9tdhe gatg signablings grerthenysateeted dmerdernsimilento e cise pf dyedrithan al | of
the display periods Trl to Trn are conpleted. A period for di'splaying one
i mage i s ReEPdlrddanddhesugher 1f bispthsatigitel viddarsignahés idputtondi ofehdwistesf t he
present invention. Wen one frane period is conpleted, the 5 next frane
period beypeod threnghrwhes thenpebeon biTaf thendigitalpidar gl & inpurodlitdfehabove
stated operations are repeated. In Enbodinent 1, it is necessary that -the
“sum ofl0 t Hinep efipixels ipfefaired tif astthe witetie petiod feni ods be shorter than one..)
frame period, and also that the ratio of the |engths of the display

peri ods be setAparisid fidmthebepinnidy &f the Wite in periodTan uhdil the PegiAn2@ of e © 2’

. 2 | : ' ‘

next write in period to appear {a write in period Ta3 in this case) is referrcd toasa
‘divided display period SITm. e
Display periods Tr3, Tr4, ..;,;Tr(nfl) AaI.)pear in order when the divided dis;ﬂay
15 period S1Tm is completed, and the coﬁespbnding bit of the digital video signal is
similarly input to the pixels in the resPecﬁ\}e periods.
The write in period Tan begins when the display period Tr(n-1) is c;)ﬁlpleted.
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 ini)ut to all of the pL*;eis.
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 peﬁod Tan. |
~ A period 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 S2Tm.

T 28 .' Note thatthe divic}ed display period STTmm and the divided display period S2Tm
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10 : 2"'. The desired gradation display anong gradations 1 to 2" can be
performed by conbining the display periods. The gradation displayed in a
pi xel during one frane period is determined by finding the total sum of
the I engths of the display periods during which the organic EL el enent of
t he pixel cemibhfedlasr@hifervéd i R adi§plhy peRodeH] 0d. For exanple, if the ‘
brightness 15 for a case in which a pixel emts light during all of the

di spl ay peri odgye\Wh@Be Bar b8 didplayeckidEih {aﬂ) o}g?nh%?%c%a}{%ﬁgﬁ-ﬁ i}g dSge Of 1%

gﬁg _l?_rezex_pressed ;‘or a case.g t'he pi xe _ 3 Y LUI‘I nthTlr: "
TR0, SRRt eSS Rrdtsotihe B BRI ARRER by SRSl HeoSERa, 1 1

appear i n B RRBloR g ibrkbent fiyRRAGA e Bhc fide oA SRR B per 1 oc.
i vi doc® arem By TRRRRA Pt el gt BsE 1! ther SRSt AR HuABLS OBV of ( he

digital vi signal. do not appear in succession. Note that, although the
sizes of tg-%ge%p “°§86¥°€8P%%t%‘gtri c potential and the 25 opposing electric
~ potential are,.. I]\évaﬁs.d.fi%gg in Enbodinent 1. the present invention is 27 not
limited to thiPERREIEERLL, 16{S Reges at s sreeoidhe langths ofelletthamriind t he
opposing .electric potenti al y be majntained as the same in the wite in
peri od. Ar‘fhpffrf%‘rsbB ' ?ﬁerﬁy&%r%wmqﬂ,w@ﬁ?mmﬁaw péthelleneths ef thet ent i al
of the op%osgngj‘ee_l ctrode nmay always have an electric pot eqti al difference
such 't hat IBSREYREHS e 301 Sugtheintd gt 163 ght: Wled) : BmAid’ phudf : so@ée
.electric pg;_leh,i,'éal' .S i %Lﬁt,e_d,to t he pixel el ect_rodg of the organic EL

el ement? af “t hel R fgsited opilispigy erong grdatiens 1 it 28 sambe pexformed bii s
case, the wjte in period is not included within the display period. The

di spl ay p&frBIRgihe displayreniodsa period fromthe conpletion of a wite in
period until the beginning of the next wite in period to appear. For
exanpl e, the dﬁ%g@yla%@_rp fdisglayed in a pixel during one frame period i$ determined by

C

- finding the total sum of the lengths of the display periods during which the organic EL
element of the pixel emits light within the frame period. For example, i.f the brightness
15 for a case in which a pixel emits light during all of the display periods, wheﬁ n=_§,1is
. taken to be 100%, then a brightness of 1% can be expressed for a case of the pixéI
emitting light only during Tr1 and Tr2, and a brightnéss 0f 60% can be expre‘ssed ifthe
- pixel emits light in Tr3, TrS, and Tr8.

Further, tﬁe display periods Tr1 to Tm may appear in any order. For example,
20 it is possible for the display periods to appear in an order of Tr3, Tr5, Tr2, ... after Trl
within one frame period. However, it is essential that the divided display period S1Tm
and the divided display period $2Tm, corresponding to the same number n bit of the

digital video signal, do not appear in su.ccession.
Note that, although the sizes of the power source electric potential and the
25 opposing electric potential are _alv_vays ﬁxed’ip Embeodiment L. the present invention is
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10 Trl is a period fromthe conpletion of the wite in period Tal until the

next wite in period to appear (for exanple, Ta2) after the wite in period

Tal. In accordance: with the above structure, obstructions to display such

as pseudo contours, which are conspicuous in tinme division drive by a

bi nary cod€t iitaéd & thisnThesizgr eftbapeiel sourch eledgicvictéta® and theNPpRsinaat .

al though in Enbodinent 1 the display period.Trn is divided into'two,” the

- di-vi ded_dFispirinpqentiabumyBe Tuainmingd 8 o sanfoh et WRidlin bedisd. "Rhd HPdwid. t O

this.” There may be one display period which is divided, or a pliurality of

- di spl ay- psetiroelelectvicipotensin banditivé él@@hicﬁ_@t&ﬁﬁ@foftﬁéoaigés‘ &-%fe%&@{?%ﬁa B_E‘gqytshey be
n e

divided in order fromthe display peri.od corres I'Ag to e bi t,

namel y  hhavt apesriopoicndalinitiiticd A Hiat ROEERIER. olFHELRE e ldh L5,RO5S! DI ©

for a designer to suitably select the nu VI ST pl ay
- per.iod,s btle polwer SoleEEREH B st , di vi si.ons_ be. er m ned
- by the 3agl§ir?c§ bet vveﬁ. t %eo?‘:rtéldﬂlgs %%ggg@ (k){:ﬁj]?igf |eli5%1%3§?%?iitﬁ%mﬁ?ﬁf°t

require efigheat thé ; “;I!;g@ : re, although it is -
preferabl e that tthhe Ieﬁggnhs_ (ﬁ@t e glle}\)/elrl:e%rd‘wgﬁrng%t% 25 periods :
present 28 | sl Yas U w ifbeddih Jofiefiocvifitn Bt ipmpetod cabeary

t hat .t he hiepgi hsQf L he kvided displa eriods, be the sanme. [Enbodi nent
2] 1n thi Jél e%??ﬁ%ﬁ%&gmgh%tor%g?%?iBBﬁ the Spopfetion qfiagwrilsrin gsripd vatidpl ay,
. which ¢ ; ' nce. of t organi ¢, EL el epent and a driving

net hod igmg?gﬁhﬂ%dal n J’fdﬁs‘}"%gﬁé‘%ﬁﬁwep?m Or3PPFATE f%ﬁ%@al@s Hrdlispley periodach

i xel Tha ipi . ' 501 .of. L di.spl of th t i tionyi
Ehoun o T BiEkioBH b M Siiind O e v n e Tog b hegi Mg o dbd
wth: so | li.nes to,( to Sx); current supply lines (VI to Wx);
writing ;%etgg)d:tf)%gg%arl(ﬁ{eeé%}e‘ i'ﬁi%fﬁg&b@u@t@mmod Tal. |

- , In accordance with the above structure, obstructions to display such as pseudo

coﬁtours, which are conspicuous in time division drive by-a binary code method, can
be brevented from being visible. |
15 . Note that, aithpugh in Embodiment I the display period Trn is divided-i-rito two,
the divided display periods S1Trn and S2Trm, Emﬁ'odiment 1 is not lhﬁited to this.
There may be one display period which is divided, or a plurality of disple;y,peﬁoﬂs
which are divided. However, it is preferable_ that th.ey 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 diviéions be determined
by the balance between the _drivirig speed of a display device and the required display
quality of an image. - |
Furthermore, although it is preferable that the lengths of the divided display
25 periods corresponding to the same bit of thedigital video signal be equal, the present
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lines) (Gal to Gay); and erasing gate signal lines (or second gate signal
lines)(Gel to Gey). A pixel 505 is the region which is provided wth one
of the source signal lines (Si to Sx),.one of the current supply lines (VI
to Vx), one of the witing gate signal 15 lines (Gal to Gay) and one of the
er asi ng - gaventidrgRalot Ilintiesd {Calis.t -8 satel b 3

plurality of pixels 505 are arragtefjge?ar} ?ﬁyﬂﬁﬁg’i&gﬂ?ﬁﬂéﬁ%ﬁlﬁggﬁ%% IS

- shown i n d@Ridealdas; Pk Beithe g, 8. In Fig. 8, nuneral 507 designates a
switching TFT.. gate electrode of the switching TFT 507 is connected
with a witing gate signal line Ga (a line anong Gal to Gay). One of the
source region 20 and the drain region of the switching TFT 507 is connected
with the goMWqEmsi@lal ine S (aline among Si to Sx), -whereas the other
i's connected wth thHe gate el ectrode of an EL driver TFT 508, a capacitor

512 owped b [ xel.. - Lhe rcesregion of th ai.nh region. of an
of ast ng. TET 508 i RdiAl, iaONE Sraikdh ot OF an HIpRgl ARRY o

ol t ag: : i E 25 508 n.the swi,t.ching TFT. 505 is jn
{be unel acrnd? aRlpinetlat b e e ElY et Sud B S iiod igapizined Shown
the constructign havi pg the .capacitor, 512. tpo which the " invention shoul d
not be I'idn#[fge!%l,ﬁ“%%@uqﬁgnmé’gﬁ(?‘gﬁewaﬁ]épﬁ@ tfied not to have the -
Cebion of the TR hirehpertictcso S e’ Anlty e Birsct e arien duahoSR vpp! y |
dine V (aline anong. Vi.to_Vx), whereas the_.other is‘,connecte_d with an
olr gani c( é?haéﬁﬁweg %‘\1%.3- %hﬁ&wérﬁofg%éw iy prwided;weith: sewise sigaal linesh t he
capaci t or ilZ O the soulr e region_and the drain region of the erasing TFT
200 df (SLTSSREFUITFRESHPPlY HEesiol Y D wrising galesigpabinesdoviisteath sieaalur ce

regi on or,th)(;: rain region of, the to switching TFT 507 is connected with
the curr Jes 1% Gaveand erping gdiersisnal Haesdor second gate signal lines)(Gel to

Gey).
A pixel 505 is the region wﬁich is provided with one of the source signal lines
- (81 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 Géy). In the pixel
portion 501, a plurality of pixels 505 are arrayéd‘ in the matrix shape.

The pixel 503 is shown in an enlarged scale in Fig. 8. In Fig. 8, nu;neml 307
designates a switching TFT. A gate electrode of the switching TFT 507 is connected
with a writing gate signal line Ga (a line among Gal to Gay). One of the source region

20 and the drain regidn of the switching TFT 5C7 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 ofthe EL driver TFT

25 508 when the switching TFT 505 is in the-unselected state {or OFF state). In thié

29




el ectrode of the erasing TFT 509 is connected with an erasing gate signal

line Ge (aline Gel to Gex). The organic EL el enent 510 conprises an anode,
a cathode and an EL |layer fornmed between an anode and a cathode. \Were the
anode is connected with the 15 source region or the drain region of the EL

driver TFT 5Q&holhs C. S ixel electrode whereas the cathode
acts as the oppgsede%n%g?er%d%@%@%ggpﬁﬁucﬁg?ﬁ@ﬁ’é‘gi € CRRSRHEE? B tovvitich the
source regi OByt i pon.of the EL driver TFT 508. on the
contrary, the cgtlﬁgglé&gg#' gtéggbﬁtgdg?%éﬁe ETEEPFRmAR 8f ipdifiednotiobevades as
t he opposed _cgfg) e 9. 20 The organic EL elenment 510 is applied at its
opposed el ectriode witfi an opposed potential. Mreover, the potenti al

di fference betweepn the osed potential and the supply potential is

al ways kept at su@ﬁ‘tge ?@g&a"%o?‘?et?ég%f'%?ﬁf@gﬁ agl gintregibn of thedid edrivdren
the supply.p lbal is applied to the pixel electrode. These supply

pot enti al °anmﬁd%wafeﬁwﬁwe&r@%wpmmw tamesowng Ebtor ¢r), whicedasi S
provi ded in g}he L di S%I@e%}/ cﬁS_ device using a driver nmethod of the invention
by an ext er nHI® e€IgF compected with gaasganip EL3derpemteil Os dihewarieor supply hpptsied
potential will be especially called the "opposed power source 511 ". The
typi cal EL dF¥PIesipdayith the gspaciinnt512i age is required to have a current of
several mA/cm per the area of the pixel unit where the | um nescence per
the s | um nescen?fHicsguege regionpindghe dripGRiadditRe ersingt TRT S09,881ths bARr
beconmes the | arger, therefore, it beconmes the nore difficult to control the
level of theh%ig et angiwhish fenotapophéased Withrihd $vnrgEneRionsH WHE Eradf relghtfh ¢iGhe W t
the switch. In the invention, the supply potential and the opposed )
pot ent i al 10ar 8vikthing IFleA7 bormmented veitld tenaurteay shpply HnkevpausRioval, at eabe -
applied fromthe power source of the I C need not be controlled with The 10
swit ch so t helectrads ofithentastng TET Gefisikormectedenith &h BeshePoRebichAERIGE (a

| arger screen size.
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 és the opposed electrode. Where the cathode is

connected with the source region or the drain region of the EL driver TFT 568, on the

contrary, the cathode acts as the pixel electrode whereas the anode acts as the oppoéed
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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The switching TFT 507, the EL driver TFT 508 and the erasing TFT 509 to be
used nay either the n-channel TFT or the p-channel TFT. On the other hand,
"the swtching TFT 507, the EL driver TFT 508 and the erasing TFT 509
shoul d not be 15 Ilmted to have the single-gate structure but may have a
mul t i - gat RO 39rag for shecopresedpoteiatid) vall getespadialictailed the "@pposédpeweat e
structure. The drive nethod of the EL di splay device according to the -

i nventionsousge $HAwn in Figs. 7 to 8, will be described with reference to
Fig. 9. The axis of ordinate shows the tinme and the axis of abscissa shows

the position dFheatypicat Eli display lat dec pReeristdder §trequif! & hidedy cR@EMOSE Tr! s

started at the pixels of the first I|ne the witing gate S|gnal I|ne Gal
i s sel ectseeral thAZom pér @ @@hfSit@ngikel it dwhreSthe JRhAn&LANR! Do p1 |
inputted fromthe witing gate signal line driver circuit (not |I ustrat ed)

to thesvwﬂxmumcemaé@aafm bl B206dd/mANds th Q¢ t
switching TFTs 507 of all tlﬁe 1p| xel s I?l .eis, ?‘é‘ex%gx?)%r:zesﬁég Q%g‘]gfl%&s%tr I irne)

whi ch ar etherfiBiec iraskcdied thd ghond Bifﬁguﬂ% %gﬁtrgpﬁ{e 1%5e1| ?Pﬁlecﬁc!tentfé} to be

Si mul t aneously with this, the di gi tal eo signal brt-,

~inputted dppaey ﬁbﬁﬁth%%bﬁ;&?s&lrgé‘@fﬂxé 'I('i‘,?\ﬁﬁﬁ Bi’eesrm G4l f:la%ntfo%:{‘fgggﬁp (r)cte he EL

signal lines Si to Sx, is inputted roug e SW

driver ThbtaRf a{@qhgll 488 0 n, "0 ,or "1",
“and one of the d gi talogg‘5 0%5 S| 1%15;1 %‘aaglqé# Q&ﬁsw‘rf%aéﬂ; he%ewelv%q% e
wher eas - iver TFT
508 is O‘—ﬁ&e V\hergﬂ%@dﬁ I gi tgqmgﬁég%p%lﬁ%&t{tﬂéggngﬁf %‘FPII%'W‘HTE{@ ef ore,

t he syppl to .the |er electrode of the organic
Lol orert BB hirthe hivehthn BRRLAS for il Al Ept iRy BE bR shmt it ne
digital video signal having the information "0" is inputted, does not

| umi nesce. 10 Were the digital video signal has the information "1", on

the contrary, 'lthg% i Xdr 'ﬂé‘?ﬂb&% d'ﬁ%e%T-ngref eeraé[lltxloerTl%%ps%l9yo%gt enti al

i's appl ied to
- 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 s'ix}gle—gate structure but may have a multi-gate structur'e.such asl a--

double-gate structure or a triple-gate structure. |

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

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

25 line Gal. ‘ .
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of the organic EL elenent 510. As a result, the organic EL el ement 510, to
which the digital video signal having the information "1" is inputted,
| um nesce. In this enbodiment, where the digital video signal has the,

i nformation "Q} 15 driyer,. TFT 508 is turned OFF. \Were the digital
vi deo si gnal %ansm#%%ol %11?' gﬂmsoﬁcﬂ}@ﬂ,V‘flﬁ‘éﬂgﬂ{lo&ﬁhﬂﬁ'ﬁthiﬁﬁs B@etted fibar ned ON.
However, ghe i veglj;l'i gn is. not. li.mted to this construction. The EL drier
TFT 508 may el “‘6‘9? VIhEFat HE2 19ithe seurce sigaal liieg Sl tolSxsis inpistted -

i nf or mat i "0n. and. nm turned OFF where the digital video signal. has
the i nf or@%@Hﬁ?s‘?&hﬂﬁﬁﬁépgévﬁhﬂ%ﬁ@a%mmm the input of the digital
vi deo si gnal Jgg E‘lhe‘#i xels of the first line, the organic EL element 510
-does or does nBt eI KHideesignghbas the ipformhton 0t tre" 1" &nd bné of eheddisRAIRY -
Where the. sel ection of the witing gate.signal -line Gal ‘is ended. the.
writimg ﬁ'ﬁf“'@-ﬂ%’iﬂ&nﬂ apand" g a 'Hi"switagt etiemial thel dthemhidstd ML "0RIRes] onal .
Then. the switching TFTs 507 of 25 all the pixels connected with the
~writing gat e-Bithiseambadimertiathedile dtiver BRI SD8 isSOFF haterd e tﬁéit&ii\ﬂﬁé igidjdeo
signal s of the fi_rs_t" pit are inputted to the pixels of the secon i ne from
t he sourbas igfomaiion; ﬁésT&rcfoge,f&e S@P@Jﬂpoﬁﬁﬂiaﬂi@ﬁowﬁgﬂi'eﬂgo-ﬂﬁt}:ﬁ gilégé&lo dl i nes’
Gl to Gay are sequentially selected so that the digital video S|gn5rs of
the. firstthpiorganie BingaentiSt00 Ak la redigy, BieX@lodnicTBE diddiBn290! 'ﬁ?whlc I, .5 the
~digital video signals of the first bit are inputted to all the pI ePE i s
- the wri tdighalpg 'dmsigﬁallhavin’gmbenmhn@dicmqf"igﬁgﬁnleh\ .i,{%f;g of starting
the witing period Tal has a tinme differencé. Fﬂf?@(eﬁé@?l ' ee%]ﬁ%r‘re period
~during the piWatrd thedligipdl ayder0sikal Rk e ffotRatlidier @ SRIAY RELI 0d, Tr. FOI
exanple in the case of first line pixel ,ﬁ%?spzfﬁa@' pl(eif‘ ?g&gél('f:g %mgtg’lﬁtgd Po
si mul t andrines ITFTAE0$ist ON. Tieréfoge, 98¢ SuppidPétentilss | ched. fhe tining of
starting the display period of each p?i)’ﬁ]]agl{eg i‘??ﬁe‘?‘zeﬁ‘{&’ the pixel efectrode :
- of the organic EL ‘ele_me:}t_s 10'_ As a result, ﬁle_ organic EL element 510, to which the

digital video signal ha{ring the information "1" is inpﬁttéd, 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, fhe invention is not limited to this
- construction. The EL drier TFT 508 may be turned ON, where the digital'vid;ao signal has
. the mformation "0", and- may be tumned OFF where the digital ﬁideo signal has the
information "1", - . ) |
20 Thus, simuitaneously 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 pixcls of the
first line dispiay..
Where the selection of the Wntmg gate signal line Gal is ended. the writing gate
signal line Ga2 is selected fvith the writing gate signal; 'Iﬁcn. the switching 'I?F"fs 557 of
25  all the pixels connected with the writing gate-signal line Ga2 are turned ON. so that the
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Before the digital video signals of the first bit are inputted to all the
pi xels, that is, before the witing 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,
peh the gfigd asﬂﬂogr BISHANE rdi it deb E@ﬂﬂthG?‘ifelsSb%éls):cdﬂa'lﬁﬁ frdim AP Ut t ed

fromthe I'ng gate signal line d iver circult (not illustrated) to the

era3| ng QE% . Then, the erasing TFT 509 of all the pixels
. t% 6§1§g u%ésﬁfto i rst Ilne) connected with the erasing gate

::f;:gf"K 1 et R G B R SR T
508 . 20t i
ORI e T TR

source regigQn_of the EL dri.ver T.. 508 tak h enti.al so.that the
Gate vél L el vepsigaleiot YL it bip are ippetigs M4RE BielotS diviifag Beod Ca |y
t he di gltal vi deo si whi ch. has bee refai ped by the el ecf rode . of
. the 25 Eladsilpdhe Tlgalafaeasﬂlé?stbﬁélww Hargathe ¥y |Pfi“i'°ag‘I as ggume
selected with the witing 33 gate signal, is erased by appl yi ng -the supply
pot ent i aldifferepese gate el ectrode of. the EL driver TFT. As a result, the
supply potential is not applied to the pixel electrode of the organl c EL
el enent 510, Enttherotles Bmetnesiofrdyuinegdhepixel srimlayisgos avfpmed iy therdisplaxel s
of the first-line lum nesces so that the pixels of the first line-do not
di spl ay. perigielr. t Her sstmple inthsf caspofdizgt Bng pisledispignaperiodnbr &eptarted ended,
.noreover, the erasing gate signal line Ge2 is selected so that the erasing
TFT 500 csﬁnalltanepmiymiﬂe&s writing gate ivignpl Gal & ssiectese The Sming pheprtgithect ed
with the erasing gate signal line Get is turned . ON. Then, the supply
pot ent i aldispflay pericsofreach lizappdifferéntes V 1 to Vx is applied through the
erasing TFT 509 to the gate el ectrode of- the EL driver TFT 508. Wen the
supply to potBefitrieahe dlgltabqaﬂetesign:ds pfthe dastdicrempuodétaodll theeieEls. thatier TFT
508. this"ELdriver TFT 508 "is turned OFF. The supply potential is not
appl i ed thefdrk¢hepivritihg peod Talis enfled, be tiergheriband, the erasing gate signal line Gel

--4

is selected in parallel with the inputting of the digital video signals of the first bit to the
15 pixels, with the erasing gaté signal (or the seconﬁ gate signal) which is inputted from the
erasing gate signal lim_e driver circuit (not iflustrated) to the e_rasiﬁg gate signal line Gel.
Then, the erasing TFT 509 of all the pixels (i.e., the pixels of the first line) co;mected with
the erasing gate signal line Gel is turned ON. Then, the supply potential of the current
supply lines V1 to Vx is applied to the gate electrode of the EL driver TFT 508 through
20 the erasing TFT 509.
| When the supply potential is applied to the gate electrode of the EL driver TFT
508, the gate electrode and the source region of the EL driver TFT 508 take the same
potential so that the gate letag.e,is at 0 V. The EL driver TFT 508 is turned OFF.
Specifically, the digital video signal, which has been retained by the gate electrode of the
25 EL driver TFT 508 after the writing gate signal line Gal was selected with the writing
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EL el ement 510. As a result, none of the organic EL el enents 510 owned by
the pixels of the second |ine |um nesces to establish the state in which
the pi xels of the second Iine do not |um nesce. 15 Then, the erasing gate
signal is inputted sequentially to all the erasing gate signal lines. The
time peri bl . the.erasin ate .signal lines Ge 1 to Gey are selected
so t hat g%%tsiﬁna}’ﬁglerﬂff’ & P, "gheo?uPP speteptal tg;the @iea*?lﬁfé@déwfdhb Elhe

‘pi xel s ar .er\?ﬁﬁ? Ls the "erasure period Tel". In each |line, the timng of
starting &‘ﬂ STt i 7Y 3EP4Lb dherunphspetertighds notamplied de gl pixdleleamodaef the he
tinme that the, 'xe! s do_not display is referred to non-display period Td.
For ex arrp?r@?m&%ﬁ‘r & bp1Q.padmopsg ©f therprganin Eldelepieats Pérovatd bylthe piesisled

si mul taneously, when the erasing gate signal Cel is selected, to the

non- di spl"%\é}hﬁéﬁtdﬁe lpiinsaressor that hel piyelsgf the firstdinetdvendtidisptay. of starting
non-di splay period of each line'is different. Before the digital video
‘signal § of t héWhen dhe pelectiont off the erimngifrate tsigmap e lGe lokseendé @i S86keovad that
is, before the erasure peri od Tel i's ended, on the other hand. the witing
gat e. si griaksiBg ghteisignghling e é seidceell soghirtheietRidd BFIS0S 0Pl eRtfixg gnal i n
parallel with the erasure of the digital video signals of the first bi t

- retai ned thy pitels of thelsscorfhliar) dohRedled)ivithlthy efletheSi0 3Honal e GE@isSﬁ:ﬁ?&g. bi t
are .inputted to the pixels of the first line. As a.result, the pixels of

the fir9DNl iThengihepupylygeadniiab of tﬂé&:ﬁlﬂﬁﬁﬁstﬁ?ﬁr Gh&pV ?yo‘ R&S ik gﬁ%@% %(?lu ﬁ:ge_d.

5 The tine period-till the witing period ich will. exist
case t he the etasig THES09do Tegatt sletiradd SLhEEIMEDE TET 5089 WhL j s
. started is the display peri o% Trl 1. Next, the disp é’?@be‘?ﬁ%’id rS}Z_\gkls)J -
‘start ad tmieutististappledrithogart alectrddbific ENQ-ARIPFT 50| mREr! dig iy g 02t @
signal line is selected sequentially, and digital video signal of the

second biit titfed QP Btk $iDpd potthadlis HEE 96 el fl&eidi@cdik of! Lgnal s
of the second bit are irll'%g?{%% to él ?Ot'gﬂ%g pi g(;e se,ﬁlﬁﬂgétlg&f@?.o\fltglgﬁegrr%hgﬂe :

W Inte | ng- B blethehas IO,TSAg AGeshlt, 9Bné BEHRIPEINIE B %klembl 5303WNIE b§HhEpleanal
of the second line lurminesces to‘estéblish the state in which the piﬁels of the second line
~ do not luminesce. |
15 Thén, 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 sigﬁals 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 Tr! 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 l;eriod 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'endEd_, on the other Vhand. the writing gate signai
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Gel is selected with the erasing gate signal in parallel wth the inputting
of the digital video signals of the second bit to the pixels. Therefore,
none of the EL elenents owned by the pixels of the first line |um nesces
so that the pixels of the first line do not display. 15 Therefore, ‘the

di spl ay riad, Ir 2,1 nded _iLn the pixels of the fifst line to a :
non-d: apl S5¢ GRLIS Slecebreihund i Pritig el Sevn) Sy aral it A4 ohnle g5 o oy
are sequentiall.y selected sq that the digital video signals of the second
bit retai «ﬁg&% Yiden ﬁlg{lﬁéogﬁhfég%t rgtalneddyfhe phesls: i]grjﬁ,?“‘- %@%ﬂ%@fmep stgmals

di gi t al \z/‘ié)fd‘so si,gg |.s of the second hit retained b% all the pixels are
erased € SeqpEd-bit are dnputisd i Bip pregls of fhedirst inke 448 3 prsalt. thernizels of the s
ended to di SP| ay, period Tr3. Likewise, all the witing gate signal |ines
are sel ectslinedisplayiagainso thafdhe nen-displayi pesieodfddiaerdest the third bit are
inputted to all pixels. Before the digital video signals of the third bit
are inputted tBredime pereodsilkdleavritingperiodsvhich wilks:dstaextin theicasathe paitingd TO
i s ended, on the other hand. the erasing _é;éte signal. line 35 Cel is

‘sel ect ed pearidd T429 ivstagehogethe vaitipgperiod Yedriastaged ve the dispeyi pepiedi Trdg of t he
~digital video signals of the third bit to the pixels. Therefore, none of

© the organi ¢ ElNeitethentisplaywertbdobr2tib etapied & 8 woitinglperibd Taf, Andre thesamesces

.so that the pixels of the first line do not display. Therefore, the
di 'spl ay-- pdl obhidhe PRiting gated signallinehis spiextet seqfentialdy, fand sifgital nileb aignab ofithes
di splay period Td3. Then, all the erasing gate signal lines Ge2 to CGey are
sequent i adecyndbit écinpdttsdida alhpitcelst he digital video signals of the third bit
retained in All the pixels are erased. The tinme. period till the digital
vi deo 1®i gnal s-Béfotde difitallvided sivatigionit seyorml Bit drbénppitsehSaldtie xelsatlai s
the "erasure period. Te3 10 Next, the display period Tr3 is ended to a
di vi si onais, sifegel thy wartidgqebriod T2 'is ehdddowh g otBéd hahl ethwetdsindgpgasiensl lamal s
are sequentially selected so that the digital Video: o
: 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 elernents 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.érasing- 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  is the "erasure period Te2".
Next, the display period Tr2 is ended to display period Tr3. Likewise, all the
'writirig gate signal lines are selected sequentially, the digital video signals of the third bit
are inputted to all pixels. |
Before the digital video signals of the third bit are inputted to all the pixels. that

25 is, before the writing period Ta3 is ended, of the other hand. the erasing gate signal line
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signals of the n bit are inputted to all the pixels. Before the digital

video signals of the n bit are inputted to all the pixels, that is, - before
the witing period Tan is ended, on the other hand, the erasing gate signal
line Ge 1 15 is selected with the erasing gate signal in parallel with the

i nput t i fi ' ignal s.of the n bit.to the pixels, .
“her of or etz sEesPH A ineleiRe 3Rt bl iy me i tnbl Bitieii
first |ingelumi - t the pixels of the first Iine do not display.
Ther ef or SRR By et Bilto Hp PelsC Thetetore. g bF it arepmicailecrments | | ne

to a non-display, period Td.3. 20 Then, all the erasing gate_signal lines
G2 to mﬁ@%ﬁegﬁ%%ﬁ ﬁ?%ﬂﬁ@@l@@@é"%rﬁ&tﬁa&tﬁé PNt ?9’3&8@5@%1%@@:@ s of
the n bit.retaiped in all_ the pixels are erased. The tine period till the
digital -é'ﬁ’@FFéP%eagﬁqwalhpqu Fidsprdad ipghepixelsinf the fiest Sneitea nomsed i s
the "erasuyr periqQd Ten". The aforenentioned actions are repeated till the
~digitat W@iﬁ%ﬁéﬁdg’-of the mth |s bit are inputted to the pixels. so .
that the display period Tr. the divisional display period 36 STr and the
‘non- di spl ay péhém@llthe eragngicatarignal lippeGetaGsy afthequesidlbysefretddmm that
continues fromthe start of the witing period Tal to the start of the
erasure e digialnddeo signals afithe thitdebit metanhed tih @llrthe pikelp heyerpssd. oThddine
continues fromthe start of the erasure period Tel to the start of the
writing perpdtillthe digitat videowsignals@f e third biatetdined by all clesgikelsars efged is
appear. Mreover, the display periods Tr2, Tr3, - - -, and Tr(ml) and the
non di sphicalergare paidlB&". TO, -.--, and Td(m 1) are individually deternined
li ke the display period Trl and the non-display period Tdl by the vvri,‘,-{a'bng
periog Tal, TN2xt,-the displangefiad Trang . dnded avas Witsivanai q@glaieiaeﬁJ@fsleﬁ 7
and Te(m1). For conveniences of the description, Fig. 9 exenplifies the

case of iikewise,2ll thd eviteyRE sidoals ﬁ“&é.’!déhﬁhllﬁl* Balkcrel 8ol thMant idRsital Rtod not

be limted thereto. In the invention. he value from | ton can be

- arbitrar signal@f tied @ 8itfaed Mputted to all the pixels.
 Before the digifal video sigzlals of tﬁe 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 ﬁne Gel
15 is selected with the erasing gate signal in paraliel with the inputting of th_e ﬁigﬁtal 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 tﬁe pixels of the first line to a no’n-display' .
period Td3. | i
20 Then, all thé erasing gate signal lines Ge2 to Gey are sequgntially selected so that
the digital video signals of the n bit retained in all the pixels are erased. The time period
till the digital video signals of the n bit retained by all the pixels are erased is the "erasufé
period Ten".
The aforementioned actions are repeated till the digital video signals of the m-th
.. .25 bitare inputted.to the pixels. so that the disptay period Tr. the divisional display period.
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Wien the digital video signals of the mth [(n-2)-th (the follow ng

parenthesized case is for in =n - 2) bit are inputted to the pixels of
the first line, these pixels of the first |ine display for the display
period Tnn[n-2]. Then, the digital video signals of the nfn-2] 15 th bit

are retalmdaﬂdnmb%noﬂﬁl bl TdRpettGhéidlapiéLittes] ol bi t
are |nputted When theﬂgfsﬁﬁay peri ocE Trl?l V (n- f§ gﬂ??%tsahtgdﬁgngpg\}men

the di gi t@htiMhedFRomhe Sadtiofhe %Pi%nglﬁﬁ%w Tal 10 ‘gﬁ S%E of s of t &P(’:#ng]

t he pixels of the first line, the t al eo signha

the ( md)(hing el 6% R gl s p%rffgf‘f;mé?o it & s sk aieé’f
for the ﬁ%@ﬁﬁgl% (RESEAb IR AL Betda (1D Snd Wil potl HOP L RR! Gl o N

(m+|)[ are retaln d|g|
I f d d
2 81 3, U e e R e 5 P LR B R
tted th th f t he. t d f th
(Pt oo Pt T 5 b R e Ay Rl BBl L s
for the di 2?#‘6”@% sﬂmeréefftﬁﬁ%?m%fwﬁt%&ﬁé{%g a%ai rest BFE ar e
t d | s, t d I f th t bit
| mput o, 9 B RFTIOEs TobctStnny h 8. TelmD. ' nd Tm cont i nie f rom ¢ he.
tart f th t ds. T , d T to th tart f
the writing pEOF GHBvEReHEROldBp SR PaR s ARG LA .
are ended, one image can be displayed. In the invention, the period for one

i mage Wo eweNesit Waéﬂ@ameéavw@n sherddmok he ligsted shereto, IHAhQ Byvegfen.of one
frame period, mpreover, -‘the witing gate digital line Gal is selected

agai n wi tthe velne figm f ita @ cgatbs aghigarly selpgted for me di gital video si gnal s of the
first bit to are |nputted to the pixels of the first one take again the.

di spl ay peri oaMWl? Thgital vidre sigiady efifben-Bnide-2adh beﬁécOlé@‘ém@di}@é%Rth@lﬁéal n.

caseisform=mn-2) bit are inputted to the pixels of the first line, these pixels of the first

line display for the display peried Trm[n-2]. AThén, 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 'Fhe digital video
signals of the (m+1){n-1]-th bit are then inputted to the pixels of the first liné, 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 pikels of the first line -are disPIayed for the
20 display period Tr(m+1)[n—1]_. The digital video signalslof the (m+1)[n-1]-th bit are
retained in the pixels till the digital video signa}s of the next bit are inpﬁtted.

" When the divisional display period S1Trm are started and when the digital video
signals of the n bit are then inputted to the pixels of the first line. the digital video signals
of the (m+1)[n-1]-th bit retained in the pixels are rewritten to the digital video signals of

25 the'n bit. Ti'len, the pixels of the first line are displayed for the display period Trn. The
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t'period Trm

In the driving nmethod of Enbodinent 2, it is inportant that the sum of the
| engths of all of the wite in periods be shorter than one frane period.
Further, the display period Tmis divided into two divided display periods
S 1 Tmand S2Trn with the driving nethod 15 of Enbodinment 2. It is
t-her ef or digitd sideorsjgnahmof thhe bicagirmined in e pixsisltAlthpeligiedsides ssstals stich
that Trl : Tr2 : Tr3 :...: Tr(n-1) :2 x Tm=.2: 2" : 22 :...: 2"-2. 2",
The desi. theinexy bitcae imput@idspl ay anong gradations | to 2" can be perfornmed by
conmbi ning the display periods. The gradation displayed in a pixel during
one frane per The displagsceiods Tes[9], -20, ddTnonkiil fohthe 448 Aind Weirls2 ! hs
of the display periods during which the organic EL el enent of the pi Xel
~emts | i gbtiodd Thh-DNe -f-f AETREEd BE strffé of e b ' s for a
case in -ahi ch a pl[r:(e emts l'i ght glﬁl‘i ngogtihlé o] ﬁ%gh%én ég?&%%%%?%gs -when n

=0 18 akewiten BewGBie bed b GYIGAS Yyt RE Y SSARTLAST 2

case of the pixel emtting [i.ght only ht ness
1

f 60% _ ¥ 5 b XEhe i.ght i p T3, <Tr5 and Tr8.
O 36| MORIn RIS R hekibd foncial tobe Blbfaded s 3led et PRy SR Hunper

m bi t of;(p)h_e digital video signal to the pixels be shorter than a display
It is therefore necessary that the value of the bit nunber m

b 2 val e, SR900 chold S RS bl SIS e ARBETLRCTAN L. plTLer
PSS | SR QA AP b, TR B e R 2

i . it,as. f b h h i spl i od | e
B o R |8 R Bl . BB 0 T b

‘the erasg{oeelﬁeriodg Tel to Ten have an order so as not to nutually. -
over | ap. OB PRILANES AGUARLATRITEPF AL M byve structure, obstructions to display

such as pseu cont ours, i re.conspjcuous in tinme division drive by a
bi nary nge ﬂ&tﬁggpwgg‘éﬂo? Em%ognnentflt 1s important that the sum of the lengths Y

g ,Of all of the write in periods be shorter than one frame period. Further, the display period

-
N

- Tm s divided into two divided display periods S1Trn and S2Trn with the driving method
15 of Embodiment 2. It is ﬂletefo:e necessary that the lengths of'the display periods be set
_such that Trl : Tr2 : Tr3 : ..t Tr(a-1) :2x Tm =29:2': 22+ .. : 2°2: 2™ The deéired
gradation display among gradations 1 to 2" can be performed by combininé the display
periods. |
The gradation displayed in a pixel during one frame period is determined by | '4-;)
20 finding the total sum of the lengths of the display periods duringv?hich 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.disPIay 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 Tr1 and Tr2, and a brightness of 60% can be expressed if the |
25 pixel emits light in T13, TrS, and Te8. - -—
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prevented from being visible. Note that, although in Enbodi nent 2 the
~display period Trn is divided into twd. the divided display periods S 1Tm
and S2Tm Enbodinent 2 is not limted to this. There 15 may be one displ ay
period to be divided, or a plurality of display periods to be divided.

However, it i g Rrlf&raPhiy ta'\ﬁttitetiﬂﬁiériﬁﬁ 1%3(?613\91*1&%% dY P ch e St Rl ay

period corresponding to the upper bit, nanely t di splay period having

| | Vid BRI to the b s desi Q Sy |
e numbor Bt ] SRR o the phEIBE AN (il o QY ARH T O BAREIE D
A rons. ' . °
ar' ving apsgeriatthl e Pyl ARk e Wint sl PO g@%*@%f ﬁey@fbff] an
i mge.  Furth Nt ferable that th t t
i vy dea o Bhia TREr e A e RS T same it of the digital vi deo

signal _be equal ...th .esent i.n i,0 is not limted to is. It is not
o) SaysS necess Tth S SRR anttd TS e eaARaerr BiocHiongeT. S PSP Sert ne
sanme. 39 .Note.that, dif.fering.fromthe driving neitho own. i n Enbodi ment
ST Do iDRSSHHEdOr 1t HEmE PRECD GREH A HuORRY B LEhelion b o I drbront s
~emt light, bhe shorter thapn the wite in perjod in Enbodinent 2. The ratio
of the toYHHNDOumTmmME perigd nHowsves Hiip prefrppledhat the displry periessel i dadenper i od
(duty ratio) is therefore not determined only by the |length of 5 the wite
i n peri odavi@e arder 50 as ROYtA SRl eerlget Hrdhersit hwlsmpreferahls shatfemerasuren
which a capacitor is formed in order to maintain the voltage applied to

t he gat e Rsrigds Tekito ben hane g order saess mot 1o mutyallyovarlap possibie to onit the:
capacitor. For a case in which the- EL driver TFT has _an LDD region forned
-so as 1o over Imgcegrdanacuith dhe abgvecitiugtiee t ohsbuefions tgatisplinsuthaed psgutlpl m 10
-a parasitic capacitance generally referred to as agate capacitance is
formed i reoptoary, adlicinare cpRfpicyeusdn diapadivistoncdrivedyy abiserbendganéthed, candbed as a
capacitor for storing the voltage applied to the gate el ectrode of the EL
dri ver THTevenied from being visible. '

Note that, _aIthough in Embodﬁﬁent 2 ﬂlrller display period T is divided into two
the dividedl display periods S1Trn and S2Tm, Embodiment 2 is not limited to this. There
15 . may be one display period to be divided, or a plurality of display periods to be divided.
However, it is preferable that they be divided in order from the display period
corresponding to the upper bit, namely the display pe’ribd having longer lenéth. Further.
it is possible for a designer to suitably select the number of divisions of the display period.
‘but it is preferable that the amount of the divisions be determined by the balance between
20 the driving speed-of a display device and the required display quality of an imager. _
Furthermore, although it is preferable that the lengths of the divided display periods
: correéponding to the same bit of the digital video signal be equal. the present invention
is not limited to this. It is not -always necessary that the lengths of the divided display

periods be the same.
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" signal'$ on

- tothe wri

The capacitance val ue of the gate capacitance changes in accordance wth
the surface area at which the gate el ectrode and the LDD regi on overl ap,
and therefore the 15 capacitance value is determ ned by the length of the
LDD region included in the overlapping region. [Enbodinent 3] Detail ed
-structures of Nbe thaUdiERrink SR theldBS i thMRbd Sh 1’51#11-t‘ ?Hg .e_si gnal
g u:fé[oéltgrfiivgﬂedt e%rlﬁgg p§$g?%§p§ in

line 20 driver circuit used in order

. Fig. j o ' : :Ei . bl ock di

of I“;'é‘i ot Way"%?m@éﬁigafﬂ%@%?@%? h??@‘?er%&ef Bag blrce
203, and SePUkTRdh ?S%&dalﬁglk%?%‘%f{lﬁgﬁaiﬁe @@géhﬁﬁﬁ%}eg ;a_ﬁmeiciﬁqﬂaﬁr?e
0. Tho RAREH bhe BEfleHeBha b dE e biritas e iRinc onichbe Tensibof upon

- the clqc ignal. CLK and the start pulse SP, and supplies the timng
3 kthgvg?r}?é?ljgﬂf’)‘?her to downstreamcircuits through a circuit such as

a buffer (not .5 Q inthe figures). The timng signals fromthe-shift
" -‘register 602 rﬂ?egﬂﬂ%ﬁ%ﬁ’mg%& WA ig ErghndimentZin which amapaeitor iThe
- load capagitance (parasiti¢ capacitance) of a wiring to which the. timing
si gnal i sTOSHERIM UHeT © maipigin the valiage apphigd 1 the Bate slestrode oftba EE diiver T6Mnect ed
[ .rig. The buffer is formed in order to prevent bluntness in the
rise and ¥ & tSopossaileto priythecrapaeiiosl Fonmicese dewbichpthe BliedivertTRT has ge | oad
capacitance. Note that it is not always necessary to formthe buffer. The
timng sir}gﬁgﬂ rggionfeEnedsassite pestlapyvitindie gateiclcrade theapgh 4 gale sulatiag fainch ( A)
- 663. The latch (A 603 has a plurality of -latch stages for processing-an
" n-bit @i i PAESIYE eRRACItaRCHERNeralllisefened ko 454) 28O Gparitames is forard imr&_iemegidﬂs._f he
n-bit digital video signal supplied : ' ' o
S gate capacitance may also be actively used as a capacitor for.storing the voltage

applied to the gate electrode of the EL dﬁVer-'TFT.'
The capacitance value of the gate capacitance chanées in accordance with the
: ‘S-;Jrface area at which the gate electrode and fhe LDD region overlap, Iand therefore the
15 éapac’itanée value is determined by the Iengfh of the LDD  region included in the

overlapping region.

: f[Embodjmeﬁ_t- 3]
Detailed structures of the source signal Tine driver circuit and the gate signal liné
20  driver circuit used in order to drive the pixel pﬁrtion 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 dri-ver circuit 601 having a shift register

602,.a latch (A) 603, and a latch (B) 604.
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15 fromthe outside of the source signal line driver circuit 601 when the
timng signal is input. Note that the digital video signal may al so be
input in order to the plurality of latch stages of the latch (A) 603 when
witing in the digital video signal to thelatch (A) 603. However, the

present inventj Se Rl Arigit ed a&)ﬁ fdlda ' : khY : atch
20 stages of t)ﬁ%‘?ngs&%& ?gughé(?rgrgy elﬁécﬁs %/?glfggﬁ #ﬁ{tg ﬂ%%%gﬁg‘l?%l%%g ,Bb‘érlllgfﬂ%éne
digital vj i | ‘ i he ar at_t t .
paral el - i S e der sReb BT, g YR 4EBHR B2 ashi Wik A ime
nunber of 0 t this tj IS referr t o as the_punber of. .divisions.
ror o ammpile? DRsed wrioh B 5liE sihgl GLR fikine Rusf mitns sPufe-coplies evidide
when the |atches are diyvided into groups eyery. four stages. 41 The period
Inti1 t hesignts o5 abtoterdadownsGealt B b arEh iRt 6 3 4 Tt (ohe. -
|l atch stages of the latch (A) 603, is referred to as a line period. In
practi de, SHOYEr B tha JIEWEESy - case where the line period includes the period
in which a horizontal return period is added to the above |ine period. 5 A
I'at ch ‘si gnal i Bheliipps ssgnaloiremdhe Sl Fegistyr GFmanmbuficr-ammiigddni oeireut
conpleted. The digital video signal witten into and stored in the [atch
‘(A) 603 i sucheasta bufferatTherdead eapacitancs (parssitin capasitanee) iofdrokiripB)lo ggrch ahd. i s
witten into all of the latch stages of the latch (B) 604, and stored
Wite in Smingsigedlds supplied siderssibgaaise imanygaicnitper ¢lomeet ard eprgedied totthee t he .
| atch (A) 603 10 that has conpl eted sendi 2’? the digital data signal to the
| at ch ( B) wixiug: Thedwudfenis formed inrdeyto preveptdlluritnesmin the rish and fallafithe emign?2.
The digital video signal witten into and stored in the latch (B) 604 is
“input 1o sigealsyhicte devajops dud tocthe dangerlgad bepaciented Notrethabit sdiot FilgayslOB i s
a bl ock diagram showing a structure. of a gate signal line driver 15
circuit. mnecessaryto 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 digitél video
signal. The latch (A) 603 writes in and maintains the n-bit digital video signal supplied
15 | from the outside of the source signal line driver circuit 601 when the timing signal is”
nput.
Note that the digital video signal may also be input in order to the plurality of latch
stages of the latch (A) 603 when writing in the digital video signal to the latch (A) 603.
However, the present invention is not limitéd to this structure. The plurality of latch
20 stages ofthe latch (A) 603 may be divided into some groups. and the digital video signal
may be input to the groups at the same time inp,aiallel, that is, partitioned driving may be
performed. Note that the number of group at this time is referred to as the number of
divisions. For example, this is referred to as gradation drive with four divisions when the
latches are divided into groups every four stages.
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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 al so have a
| evel shifter; depending upon the circunstances. A timng sighal fromthe:
shift register 606 is supplied to the buffer 607 in t he gate 20 signal

line driver ciThewetiod@til MediLia vid '
correspondi ng ga’tﬁg si gnal |r11gé1 TheéHgég ea? ect ﬂl:}t]%g SW Ef@ﬁ lr‘f‘é‘zhl'FTs

i tohi ng e SrUpLaSh ?A?‘S%ﬁh%‘*gﬁg‘%ﬁﬁﬁgs Bfint ?@t %P?f‘&%%' Wbl BF R case on
be 1 Foi}]%é’é‘ﬁﬁeref%%ﬁ%%lé@& '@%RPEHES’@“ SRl Fefibiadie Sdiedlp °°"

. exanpl e f#ﬁﬂ R9 an EL di spl ay device which uses a driving nethod
of the presen |nv on is explained using Figs. 1 A and 11B, and Figs.
12A to, 12C 5 11A.Ls a t.op. s of a TFT substrate of the
EL di spl ay usth 2] El:Ph@fgn"’l(]iﬁ SHPRYe %ﬁq ﬂlg(}atﬁﬁ (ghgg{)?”%%ﬁ{w lRG BeEobis corppletedhat
the ter FTSa? atelndlﬁgtesa ubstrate on vvhlchaplxel portion is

formed i dedsigndl enintq and staredin dae LA A)£03 dsisese aliageare ki ne

driver cijJ.cuit 400 ate signal line driver circuit 4004a, and a
. second’ géli“é’%si g‘l" %eilﬂtggééfggg and,is writtendniprlbofahe intehostagas of the katehu@R) r at e
- 4001. Notﬁ fﬂﬁt thﬁcnunber of source signal line driver circuits and gate
“signal o |rcuitsinthe present invention.is not linmted to the

- nunber shown Fi.g. .11 A IS, possible for a desi gner to suitable set.
t he ‘nunber - of Vé%tﬁﬂ%f the digital Yndﬁ@smah&agmpenfomd, @t derateshs lageta(A) 603e
dri ver CI I‘Cﬂl ts. Further, the source signal line driver circuit and they
‘gat e p§ spRleted sending the digital detarsignabtp the lattte(B)604shised oatle timing )
Enbodl rrent 4. but the 15 present invention is not limted to thls A source
‘signal | F%@akﬁpméheéhlf‘d@gﬁtqw%at e signal |
The digital video’ 31gnal written into and stored in the latch (B) 604 is mput to the
source signal lmesrdunng the second line period.
Fig. 10B is a block diagram showing a structure of a gate signal line driver
st ¢ircuit.
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 shlfter depending

upon the circumstances.

_—

A timing signal from the shift register 606 is supplied to the buffer 607 in the gaté
20  signal line driver circuit 605, and the timing signal is supplied to the corresponding gate
signal line. The gate electrodes of the switching TFTs for one line of pixels are connected
‘to the gate signal line. The switching TFTs of all of the one line of pixels must be placed

in an on state simultaneously, and the buffer in which a large electric current can be flown

is therefore used.
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line driver circuits fornmed on a substrate separate fromthe TFT substrate
may al so be electrically connected to the pixel portion through nmeans such
as an FPC. Reference nuneral 4005 indicates extraction wirings. The
extraction w rings 4005 are connected through an FPC 4006 to an IC or the
i ke forqggmﬁmhg&@aﬂly to the substrate 20 4001. A blow up diagram of the
extraction wrings 4005 is shown in Fig. 11B. Reference nuneral 4100

i ndi cates an IRy @BcanhEMY ‘ﬁ&l%kﬁiﬂplé&fﬂtWﬁEE|disiﬂ£f]deiv{b@i\§l"i‘i§:ﬁ§1$@s G

extraction wiring, and reference nunera ndi cates”a B extraction

subst 1 at & Sl rehod e @eseht fiteRlioR el iye L TR ol BT gy P T T

acr oss seﬁA&)n Cdi agram of Fig. 12A 43 cut along a line segnent A-A", and
Fig. 12C 1S a cross sectional diagramof Fig. 12A cut along a |line segnent

P2 ol S e PR B o AT LSO A, 5,
20,21 SR BTSNt e b W e
o B By R b R R AR BB o7 e
O 0l 0 3 AR RO b Sl o

driver circuit 4008, and the first and the second gate signal |ine driver
~io ci rcui‘{"é"e&@@&‘é‘t 4h0d @nd 3 sseend pate eregpelinpdrysricagpit J0Q4 arsfopped pa a
-substrate 400 1, the sealant 4009, and the_sealing nmaterial 4008, by neans
of a fioI |Wpstrate 400k Nate they the-pumpey of sogecesignal l%gwfaﬁlr&n@zendt%e sighitk e
signal line driver circuit 40031, and the first and the second gate signal
line drivéediveetiredtsaptiepressat inyoutionris padimied toRke nunbss showe ididgl ! have a
plurality of TFTs. Typically, driver TFTs (note that an n-channel 15 TFT
and a p- dh#inssibipfpr adesigprsiip suitpbleget theyaimaberiod seyrea signaldingtdaivies direwita he
sour ce

and gate signal line dﬁver circuits. Further, the source signal line driver circuit and the
7 gate signal line driver circuits are fonﬁed on the TFT substrate in Embodiment 4 but the
15 present invention is not limited to this. A source signal liné driver circuit and gate signal
line driver circuits formed on a substrate separate from the TFT substrate may aiso be
electrically connected to the pixel portion through means such as an FPC. |
Reference numeral 4005 indicates extraction wirings. ’_Fhe extraction wirings 4005
are connected through an FPC 4006 to an IC or the like formed externally to the substrate
20 4001.
A blow up diagram of the exfraction 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.12Aisatop 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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signal line driver circuit 4003, and EL driver TFTs (TFTs for controlling
electric current to organic EL el enents) 4202 are fornmed on a base film 40
10 as shown in Fig. 12B. P-channel TFTs or n-channel TFTs manufactured by a
known nmethod are used in the driver TFTs 4201 in Enbodi nent 4, and the

p- channetut Bt o fegaient AdAbYandFg. RXT 1RQ0M0ss¥BEMRAMAL Bl2Srats %F'F%g.‘ 158G L
driver TFTs 4202. Further. storage capacitors (not shown in t e.’r'lgures)

connect ealohg adink esgraéntBMB° EINGE thag in Figks 14208 I%Pm@{sﬁrgkg@ﬁrcré@ .PE{?&E%% ayer

insulating film(leveling film 43 04 is forned on river 1 and

the EL déﬂe\tgédfdf}oilﬂ&%,alﬁladyghm%ﬁiy r.e%gﬂt%égnode) 4203 electrically

connected to a drain of the EL driv s formed on the interlayer

1 L1 1 Ay o0dutbehg st i SUALLIR A AR AR g
oxi dor pEacETRAe a0, 35q ofe SIEMERL sERTR R et e G AuiEag0% = "

e R RRRHELLHB  MosF AL O, rhfe OB IR Rl Oy
| LTE9. e L Bkl SHOEVACURER e ARSI B Y 11

(electrq ] 4] layer 4204 is r me he_pi xel _el ectrode 4203 in
e operthgd BEE SIGR o Xfives Shsntsdlar it fibabe “Bhmbie! pedton G10% fee L
layer 4204 _ Further, .there are |.ow polecul ar wei ght (nononer) organic EL
mat er i a%?‘_’é‘f?c?‘%%ﬁ“ﬁ(‘?{‘é{ﬁ&ﬁ it 03 pod ths frpand e yecond gatesigal inedrivat s, and
_.either maybe’ . A evgporation techni que or a known application

t echni’qué %%@g‘b?@ﬁ ﬁggméf?r&eﬁ‘?fﬂfeohﬂmﬁﬂbgsqaiﬁﬁ By theagierstra0400 I gt he? .

the EL Ia%fr haﬁy a sj.ngle laver structure or_a lamnation structure in
which a % aB“lr‘T‘?ﬁg’ ﬁ&ﬂe majerid HRO%. ihyraerns of adiller ayaserialal210ght eni tting
| ayer, an el fg:pﬁ%&‘on transgé)rt.i n% |.layer; and an electron injecting layer 15
“are freely combhAedhe pxgbporson 40023hesetsce signal ding duiver tirowit #003pahd g

l'i ght st}leldin%hproperties‘ . . . o S
: irst 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 sotirce
signal line driver circuit 4003, and ELl driver TFTs (TFTS for controlling electric éurrent
to ofganic EL elements) 4202 are formed on a base film 4010 as shown in f*;ig. 12B.
P-channel TFTs or n-channel TFTs manufactured by a known method are used in
the driver TFTs 4201 in Embodiment 4, and the p-channel TFTs manufacture& by the | )
20 known method are used in the EL driver TFTs 4202. Further, storage capacitors (not
shown in the figures) connected to gates of the EL driver TFTs 4202 are pfovided.
" Aninterlayer insulating film (leveling film) 4304 is formed on the driver TFT 4201
and the EL driver TFT 4202, and a pixel electrode (énod;a) 4203 electrically connected
to a drain of the EL driver TFT 4202 is formed on the interlayer insulating film 4304. A
25 transparent conductive film having a large werk function is used for the pixel electrode
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(typically a conductive film having alum num copper, or silver as its nmain

conponent. or a lamnation filmof such a conductive filmw th anot her

conductive filnm is forned on the EL |ayer 4204. Further, it is preferable

to renpve as nmuch as possible any noisture 20 and oxygen existing in the -

" i nter f aceAMBt washemical campowed admlivp @xidecandtin axide. 4 ohemicak compoundedief or e

necessary to enploy a nmechanismfor formng the EL |ayer 4204 in a nitrogen

or inert Dpdiumaordsphdrc cude, insroxide; iheyidehandoiadiverexide 081 b vsedder Byeposur e
to oxygen or noisture. The above stated filmdeposition is possible in

- Enbodi mentranbphsentisomigctive filnh.nFuidhposthe irenspapgpé cendwstivg fikm tawhich galivibe is

nmet hod (cluster tool nethod). A 25 predeterm ned voltage is then inparted

to_ the caddeddeayld®Sbe ddedAn organic EL el ement 4303 conprising the pixel

el ectrode (anode) 4203, the EL |ayer 4204, and the cathode 4205 is thus

formeds A protgsiisubitihi filn4303id thert foemed on theghixedaletireds 4203| atd anppenimp 4302

so as to cover the organic EL elenent 430" ). The protective film4303 is

ef fecti vepdiioRNi6 YoM | ﬂﬁﬁhﬁﬂhﬂ%ﬁ&nmb @&r they gixel crottodDi303Ir uf Ebm 5

entering }t)he ‘organi c EL el enent 03. Reference nuneral 4005a indicates an

- extract I of Mo iBineEABE) 185kri4208 P BWRed GIOME Gixet eRRRindE UDE3 irPfhd dplfing
extraction wiring 4005a‘is“electrically connécted to a source, region of

the EL drj T Y o QR Dk RP 3004, Nihehe
4%%@% gihtoﬁgpﬂégaﬂibﬂ%ﬁfeﬁats @R bk b FROBE 1428 3864 RIS Nthieh

seal ant bstrate 400 1, and 1s electrically connected to an
FPC wiring A ' { BrefiRisSAUARh tndiundaiGhéigae f 11 m
4300. 4 a%g‘iﬁgzgngﬂjeg?@% ﬂﬁé@%{f ?gé%ag?e&rrgéa[ﬁgg%lgpiecalsl y st glil'nl ess st eel? '

mat er i ﬁjl S{F“@)@ﬁ%ﬁ?g@gﬁ%ﬁ% s, &ﬂ%iﬁlef"ﬁlﬁirﬁc grials (including plastic

films) ca e seali’'ng material 4008. An FRP (fi bergl ass

‘reinforced pl aﬂg%hggg# d&ggsrﬁm Rifgh ot X@% %@%&%w@chﬁiqhgmg bgm@as_fi I'm

a polyester fi acrylic reesin be used as th lastic
e ALy L PR PP et e o1
B structure or a lamination structure in which a hole injécting layer, a hole i:rahéportin;“ o
layer, a light emitting lélyer, an electron transporting layer, and an electron 'mjeéting layef
15 are freely combined.
A éaﬂlo_de 4205 made from a conductive film having light shielding properties
(typically a coudu;:tive film having aluminum, copper, or silver as its main.cofnponent.
or a lamination film of such a conductive film with another cond_ucti\./e film) is formed on
the EL layer 4204. Further, it is preferable to remove as much as possible any moisture
20 and oxygen existing in the interface between the cathode 42035 and the EL layer 4204. 1t
is therefore necessary to employ a mechanism for forming the EL layer 4204 in anitrogen
" or inert gas atmosphere, and then forming the cathode 4205 without exposure to oxygen
or moisture. The above stated film de’positioh 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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However, a cover material nust be transparent if the direction of |ight
emtted from the organic EL elenents is toward the cover material. In this
case, a transparent substance such as a glass plate, a plastic plate, a

pol yester fil %or an acrylic filmis used. 20 Further, in addition to an

i nert .gas such AST§ANG Bhelenant 43¢beompmsing theaikal lebtctrode (ateded 205s ithee BL. an
infrared hardened resin can be used as a filler material 4210. PVC

* (pol'yvi nylayenfd¢; aed thegathnde 420 é8 thvafetoyede poryotediverfilmsd3(3de therefirthedPVB
~(polyvinyl butyryl) and EVA (ethylene. vinyl acetate) can be used. :

Ni trogen’ P&thedadlating Alm A3 6o as tratower te orgaivFidtlement 45034 6T He proteifivet O
place the filler- material 4210 in a noisture absorbing substance

(pr ef er abfilm B33 dsreffretite) iroprememtitpstananinehisCduch ai h Rn@ S8Rt Frol
concave portion 4007 is fornmed on the substrate 4001 si'de surface o? t he
seali ng- nentenngihe 40fhic Blidelemenmi3®Bur e absor bing substrate or a substance
~which can adsorb. oxygen 4207 is. arranged 5 in the concave portion 4007.

The noi st ure dbferehtd gusithat4DOSE RdiciBe a8 WREhANGE WIS Gomfe%&daféﬁ?g)k%u%yge“
n

4207 is maintained in the concave portion 4007 by a concave porti cover

materi al /O saeplyiaie, khe tHD:Giadfi6n W3EE BbOKK 3 ;&&%@%@t«;ﬁg{.&é@% aHbss@nee -

whi ch can adsorb oxygen 4207. does not fly o e concave-’
‘portion ceven dfahesialiy Thamoa - [ }Qa h e e, .and

F hat air a%%hrmi st trﬁléhglgﬁpggss tﬁ?oﬁ%ﬂ?%ﬁ%&t% ﬁé?%%grgg%gg%%?n €
subst ance OS4Ha I C ) 7 d net. . - ‘ :
t lﬁr ough. Sgrga?gt}g)t io nSﬂ(%fél Q\?[%‘séfﬁgﬁ r‘gdz;br% f %&EE%Z%B? n%azl?)ég%%é%gﬁ? %‘ﬁ%_ﬁ’d‘?ﬁ% g gﬁf by
form-ng cmﬁeP?C%OGB%&%_B%B%E&%E@@%&HS@% .hg $ipst ance which can a orb

oxygen 4207. A conductive film als rormne ’as to contact the
Xtracti Mg [ _ : ti he, pi xel; el ectrqode 42Q3 i
Formed, a8 shoue aerts, el in BT (BRaRY Siificl: FGp) Eoliililceromie | m
4300 h (790 N - 14 - - I fitting, of the,
ubst r at Co0n g PR Bl ey R R B B b et e sog maretia
substrat QIO@Q.OMﬁﬁt(ﬁ%efﬁgsweﬂf&%eég%ﬁgﬁ ptlaQee, aFl%’:Fl%ggl?N?r{y? ﬂ%lc')gfi}e)r hﬁgj élly '

- miylar film, a polyester film, and an acrylic resin film can be nsed 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 fnu'st be transparent ifthe direction of light ;emitted from

the organic EL elements istoward the_cover material, Inthis case,a transparént substanée

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

20 Further, in addition to an inert gas such as nitrogen or argon, an ultraviolet

hardened resin or an infrared hardened resin can be used as a filler material 4210. PVC

(polyvinyl chloride), acrylic, polyimide, epoxy resin, silicon resin. PVB (polyvinyi

butyryDand EVA (ethylene vinyl acetate) can be used.. Nitrogen is used as the filler

material m Embodiment 4.

46




connected by the conductive filler 4300a. Note that it is possible to

i npl emrent Enbodi nent 4 by freely conbining it with any 20 of Enbodi nents |
to 3. [Enbodinent 5], In the EL display device of the present invention, a
met hod of sinultaneously formng, on the sane substrate, a pixel portion.
and TFTs (n- chianersler T¢ plagedthe- Ghernmeteriall 47FM)in of neoisiniey @bsothing wsubsthneared i n
t he periphery of the pixel portion, is described in detail using Figs. 13
to 16 in (fekrabippbatiume wiidelFor s sybstance Wihschenah adsorbruty gen b stncive pdatbd s
used which is nade fromglass. such as barium borosilicate glass or

~al um num #8678 formad @n the pubsieund 400 Ibside vatfacesofGhe Bedling Mmattri@bO0CR, and And
#1737. Note that, as the substrate 300, a quartz substrate, or a silicon
subst r at emoisturetabborbitizsdubsirete 0Pk sabstiugdenkitiol cani BadoiR bRy g 207ii§ brrafiged
insulating filmis formed, may be used as the replace. A plastic substrate

havi ng:shegf the @5heave POt P4 GO TG Sisturé SHIEHIAE Yhst&ticeldtithe QIRRALERMAEcHTRY
al so be used. Then, "a base film 301 fornmed froman insulating filmsuch as

a si i concaxdddertf daty@en 4207 & rihildaGia il dodeavd poRish 480 P b b eORcaXYBiidd de
film-In this enbodinent, a two-1ayer structure 1s used as the base film

301 Hovev&fer nfatcta19b68 SOUBE theihSibife @qsbﬁﬁﬂrg;ﬁ%keﬁcé%{&i%gw&mﬁema{ Lo of
two or nore |layers of ‘the insulating filmmaybe used. a tirst layer' of
the b . L Pt gd | il . ;. ,

thi cknoss o L0 BTS 38h R ISATE, Rbfnthi ERAGRE pilch e P g

N, Oa . . b . , i ‘
oxyn?t;ieggééfl i'm g@ggn %:/aorrpos?%l'oni r,{%{?gmgﬁ:_ = ﬁ:}f%q 8(1'%{{?%-%% hﬂg iii?/ohgeﬁg H =
179 havi nd: 2 f i : i mi

of ¥ ot g AN E WIS RRCELr B8 bl St R s TP Byl 4TI Hof V"

. usi naP e o RB A R ey LS Bp P IR B R el o

‘the silicgn moisture absorbing substance or the substance which can adsorb oxygen 4207.

—5

A 7(h:loﬁd;uctive ﬁkn":42"03a is formed so as to contact the extraction wiiing 4005¢

 at the same time as the pixel electrode 4203 is formed, as shown in Fig. 12C.

15 -Further, the anisotropic conductive ﬁ]m 4300 has a conductive filler 43005. By
thermal press fitting of the substrate 4001 and the FPC 4006, the conductive film 4203a
on the substrate 4001 and the FPC wiring 4301 on the -FPC 4006 are electrically
connected by the conductive filler 4300a.

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

20 of Embodiments 1 to 3.

[Embodiment 57 .
. 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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20 oxynitride film 301b (conposition ratio Si = 32% 0 =59% N = 7%and H
= 29 having a filmthickness of 100 run is formed. Subsequently,

sem conductor |ayers 302 to 305 are fornmed on the base film The

seni conductor layers 302 to 305 are forned froma seni conductor film having

“an  anor AR of 3 drived waﬁitlﬂsrmed@qnepemswofﬁm%-gas&idagism%&élgﬁ%%ﬁlaeﬂaﬁWD

met hod. or a 25 plasnma CVD nethod), and 1s subjected to- a

crystal | i@ﬁgifqgg_ggngggn@ﬁs bﬁgggiﬁ%tprys_t all'i zation nethod, a thernal
crystallization nethod, or a thermal crystallization nethod using a

AL St ki 0 MRSl G

Is patterned 1nto desire pés to obtain € 'sem con

To 80 it peayn RERfene B oF Bt KSRl Bl VSRR B P

Form the 70 rneesd AR &1 P RBlEbE of tnelbsfik 00, £ flptcbsppsin, S22 blgon 1o

0.02)) alloy,.or the like. In this enhodinent, 55 rimthick_anprphous
o D e b o plifRfretegh il sinkots, O SeliTesE e tiarhs of MCh 47 R RS AL DB,
solution-is held on {he aporphou silicon film A dehydrogenating process
of the aM¥pifoliEds?y ]E}Fo‘?'?l’ GFm*§§slﬁ%$%°f‘ ibEate rydng beat redistenefetcharpeessnd
-~ ther eaf tﬁ%ﬁla theqr:?r}rarb, crystallization process is perforned (550 C for four
 hours) t HERREYUr nbqdymeptynay alsphe usedist al 1inity thereof |aser anneal
- treatnment is_perfqrmegd tg -f?rm_the_cry§tal line silicon film Then, this
crystal line stP§tb@paps film pQl Igmwddeqra an insulatingtfilsr siich @s psidicer oxideifidm. a
. . photolit h.(a)ﬁgl{iaphy_ met hod, to obtain the semi conductor layers 302 to 305) 15
Fur t hi¥ , 2a¥Eem Rivdds dilmepern afilaron; eaynitide clmaudnghis) eipbedinroR & tvedsyera.
~mnute anount of inpuri tg el ement (boron or phosphorus) nay be doped to -
control &reeipieshoisad 2 Angbasst filon d0TFHoBewirde singlerlayiee fdmse ateminatibe
crystalline sem conductor filmis manufactured by the laser crystal
met hod, BrEANESCopsisiing af vanor yipee leyers of theninsulsting fibmtygmebenseid! s 4 fisser ;
' Tayer of the base film 301, a silicon oxyhitride film 301a 1s 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 (comp'ositioﬁ ratio Si
=32%, O = 27%, N = 24% and H= 17%) having a film thickness of 50 nm is formed.
Then, as-a second layer of the base film 301, a silicon oxynitride film 301b is formed so
as to laminate thereon into a thickness of 50 to 200 nm (preferably 100to 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, semjconductor'}ayers 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 sputiering method. an LPCVD method. or a

25 plasma CVD method), and is subjected te-a known crystallization process (a laser
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20 YAG laser, or YV |aser may be used. In the case where those |lasers are
used. it is appropriate to use a nethod in which laser |light radiated from
a laser oscillator is condensed by an optical systeminto a |linear beam

~and is irradiated to the anorphous sem conductor film Although the

condi t i onerysthllizhéor methed, |4 thetineh cyltaliizitioe metbpdirdrya tiseimt cedtdilizaion

operator, in the case where the exciter |aser is used, a pulse oscillation
25 frequemethod sisingtz camly30ichas nakedl)aTheswstaline septicdadsdibyfilnsthas ob@thddo 400
ml/cm (typically 49 200 to 300 mycn~). In the case where the YAG | aser 'is

used, it ispatipped it desirddsbapést obs£ia Aelsdsitsidtctor 18yebs €thd enfiebndudiell se
oscillation frequency as 30 to 300 kHz, and a | aser ~ energy density is set

~as 300 tolap&e 30816 BES brte\Bithéed in¥o theBickResd OF R 234080 fﬂlggﬁefé A515130 thigght

r
condensed Into a linear shape with a width of 100 to 10 ~un, “for exanple,

400 pms5 juf).i THAh@EEPof e tRAMRQ! @niibslReRr ﬁhti@ﬁ?éﬁqlghﬂmﬁ&i Wit

overlapping ratio (overlap ratio) of the |linear t at this tine

may be sefs RsfeRlid @ RRHmATUA RIS, ia@ﬂiéoh'#ﬁﬁ‘ﬁuﬁls(sitiﬁ%_fg@;mﬁ '

covering.the sem conductor layers 302 to 305. “The gat.e ting fil'm 306

Jis Tor medobyamigg, bl "t il BBORAIR SnmShlACANoo GHIE, BYR 1

sputtering | fiI'mthickness of from40 to

Gyt RPE Sy PREE OO0, B Mo, R0l iog 3ol 1 BRAGRnchE efphons,

rimi s R ith A 8Dt st e ombby Mgl SRR OU My
e
m’ xgg, wy{OﬁI g&%}g)a@éf%é{ E‘fuleﬁsl]egu g oY '{b%zf'rys?%{{%% efeéf’?t;faﬁ%rr?BJé‘F t ngIi't from
densi vy of PorTRY o Gy ekl slichh ot AT b endibi bPRIREE ng

£ Ubobquanbfastel B 2°Pattdini pdotds ling"s PhololiuiBetaphy BTG 0 Chifin the

semiconductor layers 302 to 305.

15 Further, after the formation of the semiconductor layers 302 to 305, a rninute_ '
amount of lmpunty element (boron or phosphorus) may bé doped to coﬁu'ol 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‘:/Od 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 osciliation

25 frequency is set as 300 Hz, and a laser energy density is as 100 to 400 mJ/cm? (typically

49




20 annealing at 400 to 500 *C. Then, as shown in Fig. 13A, on the gate
insulating film 306, a first conductive film 307 and a second conductive
film308 are formed into lam nation to have a filmthickness of 20 to 100

rimand t Q0,rum, respectively. In this enbodiment, the first
~conduct | \]/%)% ‘Pﬁ%‘%{’ﬁ?‘ﬂnﬂ@éﬁg Fa3h whergthe YAG lgsenisaised itistapproprings thot 180 nm
and the second conductive 25 film 308 made froma Wfilmwith a film
t hi cknes$™ 6™ Pif 18 Heecktgisaeapylig escillationdtaquancyss 3fte 30AMH7, hmd & faskor med
by sputtering with a Ta target under an at nosphere containing nitrogen.
Besi des, 0f OIS S5t a9 &0 600 ndemsltypicallin @ Sheo 1566 mi/thY)a TWenalget . The
Wfilmmy be forned by thermal CVD using tungsten hexafluoride (W®6):
Whi cheverlighfeendsasedsintpsetinear shaps with e ssdthyofti 00 nek@00 g, forleRarmple, 560 anl ow
resi stance for use as the gate 5 electrode, and it is preferred that the
resi st § vils jragiatedieo the iwhiokn susfase vf the shiestmitd, ad ap bva&ipping fabo 26ve? Fati&y
maki ng the crystal grains large, it is possible to nake the Wfilm have
| ower - r esif$hd bneay faskblighteat this ninteheay BS eetwb S0ao Wamy,. i npurity el ements such
“as oxygen are contained within the Wfilm crystallization is inhibited

and ‘the. resi sthagate inmatimgSilnhBEH 1B therd RQHRIAOME coldtidd the sERRABLTEDE 1ay2¥e
formng the Wfilmhaving high purity by to sputtering-using a target -
having a30aito 805 0TH2 %R0 REMatiag dilinBORH fbiciey bk LIDBGRY ik Elining
consideration to prevent inpurities within the gas phase Trom m Xxi ng

t her ei n dilidon®ytpl@smd CVID bOspideHiAR intd alfBf ﬂé]?ikésyoi(ﬁ-o&l r@q\gq 5090 P?&%m can

be realized. Note that, in this enbodinent, the first conductive 307

IS o efbbabherdWie ehitanSAEGALRRTMY H fokich oM 30kt oIRASIA il gl L he

material is not particularly limted 1s thereto _

formed offiakneat SITU nuf By @edshth EVOMdApotion Faich = P, O 5ot 130G NG o an

‘alloy material or a conmpound mater contal ning the a S its

pol yor yot Al 11 ne S rEan e R guacat fib ¥ aof Bt el nmiige ol

phosphor 4§ igeMafse Yasd xﬁ?ﬁh?oe ...conbi nat -on be enpl ayed such as a
conbi nation in g\%hgglch the Trrst %glgggﬁéctoﬁve%# :'Lle otthed o5 single tayer O_Pa |
lamination structure. , o
15 Beside, when the silicon oxide. film is used, it can be formed by plasmé CVD'in

which TEOS (tetraethyl orthosilicate) and O, are mixed, with a reaction pressure of 40 Pa.
a substrate temperature of from 300 to0 400 °C, and discharged at a high freqﬁéncy (13.56

MHZ) power density of 0.5 to 0.8 W/cm2 Good characteristics as the gate insulating film

can be obtained in the silicon oxide film thus manufactured by subsequent thermaji
20 'anneaﬁr_;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
0f2010 100 nm and 100 to 400 nm, respectively. In this embodiment, the first conductive
film 307 made from a TaN film with a film thickness of 30 nm and the second conductive
25 film 308 made from a W film with a film thickness of 370 nm are formed into lamination.
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20 is fornmed of tantalum (Ta) and the second conductive filmis fornmed of
W a conbination in which the first conductive filmis forned of titanium
nitride (TiN) and the second conductive filmis formed of W a conbi nation
in which the first .caonductive filmis forned of tantalumnitride_ (TaN) and
the secondiCch bR et Ay Sufternewibe a targgt vpdercash#TingPResA CORtAlKngh t he
first conductive filmis formed of tantalumnitride (TaN) and 25 the
second cav@Eessn; \Residesnthe WV fidmmip forsredchy, the spyitsring mathed wibg Woage?. iide of
resist are fornmed using a photolithography nethod, and a first etching
process % farmay heformeddydhermad GNP msiok dengsteadexaftuprider (Wigd. Vsickévasn i n

. Fig. 13B. This first etching process is performed with the first and second
et ching cesibod isamed, itinndteassare troneketba tateral hivee himredistehodfongseca ik tatens, an
|CP s (inductively coupled plasm) etching nmethod is used, a gas m xture of
CF4, G, clgutrole, and it isgeefeasd aimt ehetusistvigpef thelW® fjasisfskow leatthan 6r s@balt 0

25/ 25/ 10 scom. . and plasma is generated by applying a 500 WRF (13.56

MRl Z)  pove R0 t§an.c Byl malling theadrostalr grdias large,rit & fdasibld td myakedth€ W fitlndewice
with | CP (Mdel E645-01CP) produced by Matsushita Electric Industrial Co.
Ltd. is UswerbsislvityA H&ﬂeﬁ&,ﬂﬁﬂ(&c&s@ﬁh&ﬂdﬁéngﬁﬁiﬁﬁﬁtﬁ&eméﬁﬁQucﬁ@@'o; d et he
substrate to side (test piece stage) to effectively apply a negative -

sef f - bi azounlitedgrithiththeVWif iilfl) tS/stadliahied Wikibideatd Ued rQistdichbheeondit i ons,
and the end portion of the second conductive |layer is formed into a tapered

shape. | migtte fihesdfoR! eRNY eSBOBIHRSy firifne i WaIh qata%infg%f;}é ?t{‘?‘?}’f 0. 39

nmmn, the etching rate for TANis 80.32 nnimn, and the se ty of W

to. Tahpi %E@t@@ﬁigt%ir%a thkpict hing ﬁrﬁm&%@@m@@%?a&fm W&iﬁoﬁ%&iﬁ%%u Icidhet he

first etching 1s conditions. ereafter, the first etching ¢ Itions are

changed icBhfidéhos &P@Q@eﬁtiﬂi}hﬂﬂes ﬁrﬂﬁﬁi %l;%ﬁiﬁ%és% @‘%}gﬁ i EQ‘ffaé}gintdiﬁiﬂ?tﬁEfs 309

to 312 nmade of resis a mxed gas o I'S uSed as an €&t ching

PRI &= S e o T

- 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 thé -mateﬁal is not particularly limited

15 thereto, and either filn may be formed of an element selected from Ta, W, Ti, Mo. Al, -
Cu, Cr and Nd or an alloy material or a compound material containing the abové element
as its main ingredient. Besides, a semiconductor film typified by a polycrystailine silicon
film doped with an impurity element such as phosp’horus may be used. Besides, any
combination may be employed such as a combination in which the first conductive film

20  is formed of tantalum (Ta) and the second conductive film is formed of W a combination |
in which the first conductive film is formed of titanium nitride (TiN) and the second
conductive film is formed of W, a combination in which the first conductive film is
formed of tantalum nitride (TaN) and the second conductive film is formed of Al, or a
combination in which the first conductive film is formed of tantalum nitride (TaN) and

25 the second conductive film is formed of Cu.—
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25 t hat™eR

20 , | Pa to thereby performetching for about 30 seconds. A 20 WRF (13.5
6 NMZ) power is also applied to the substrate side (test piece stage) to
effectively a negative self bi as voltage. The Wfilmand the TaN film are
bot h etched,on the sa tdﬁ h the second etching conditions in which
CF4 and O, ‘& maﬁlé% & Wade of resishpsegiosmsdiusing s photpdithegrening rat e
- for Wis r?: 97 nip/mn and the_etching rate for TaNis 66.43 nnimn. Note
sy etching RrR5Ase 15 prefermeddn oydes ip fom elaeterdes 20d varingss i n
order to perform52 etching without any residue on the gate insulating
film 13§ ShRwnAR Fig. léﬁch%%b‘ﬁfcﬁi@@@gmmsemd)qnﬁnmﬁdmtbﬁleﬁhﬁ dridrsetomdd
second conductive l|ayers are forned to have a tapered shape due to the
ef f ect a¢hingecopditionsol imgdhisspitiodiment, ashthesfitss terehing sdonditioys adaptdmg nmasks
of resist with a suitable shape. The angle of the 5 tapered portions may be

set. $0 (isluctivel§ cotlipled plabine} tichimpprethod el vegdsayimere SEER, CBadd 0,(§ i r st
conductive layers 314a to 317a and second conductive |layers 314b fo 317b)

const i tuseéds af etchingfoasghe ganflowtrateds saYSLS5/28N0 scba, serglashs pnsbuetdive | ayers
are formed by the first etching process. Reference-nuneral 319 denotes a

gat e i risudpplyinga 500 W REd3.5600H) podler tch@caag lpb Rfdetralit el iilpR Whhgh are
not covered by the first shape conductive ayers 314. to 31.7 dare nade

t hi nneretéhingiprioxviBIEP MRl EG@E]IGP?&(%J@@H BPMalfiRRita BlebircSha9RhNY

process is perfornmed to add an inpurity elenent for |rrpart|ng an n-type

conductdy,iTit. ik AsédRers €N ESMPPREO 3 AYAMIAY JhUtis S8HT EE’tﬁlf]r de of
resist (Fig. 1313). Doping maybe carried oét byS alnl o] lgfgipt%%ene or an

tosage T (PITRIRE) 1 MOV hR et SR e AR AU g2 :
60 % n2

t het gc?:eg‘lgl eﬁrhgé'{lﬁtl)rklﬁbv%ll@tt %cz@és)g%ﬁﬁ%‘%? taﬁgtﬂ(ﬁéﬁtﬂﬁpuroit(}ftﬁ'[e)éeéo%ﬁ O?lkacr@érrgar t agg
the n- (YRS iSRRI TN i Pex%ﬂ sﬁmtm%%@%age&ﬁﬁ%h%%cﬁﬁg o etfg

periodic table, typical phosphorus seni C i S use

phosphaogys 20639 $6Fmi %@etchﬁgﬁ esfogif?ﬁ m%ﬁ%ZMﬁt An\ﬁethegé(lg t%w%/l rp 317

beccn e nmasks to t urtt ‘
- to.TaN is about 2.5 .. Further, the taper angle of W is about 26° with the first etching

15 -conditions.
'Thereaftcrl,_' the first etching conditions are changed into the second etching -
cenditions without removing the mesks 309 t0 312 made of resis_t. amixed gae of CF, and
Cl, is used as an etching gas, the gas flow rate is set to 30/30 scem, andlplasma is
. .generated by applying a 560 W RF (13.56 MHZ) power to a coil shape electrode under )
20 . 1 Pa to thereby perform etchidg for about 30 seconds. A 20 W RF (13.56 MHZ) power
ie also applied to the substrate side (test piece stage) to effectively a negative self-bias
t}oltag'e. The W {ilm and the TaN film are both etched on the same order with the second
etching conditions in which CF, and Cl, are mixed. In the second etching conditions. the
- etching rate for W is 58.97 nm/min, and the etching rate for TaN is 66.43 nm/min. Note
25 that, the etching time may be increased by approximately 10 to 20% in order to perform
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20 for inparting the n-type conductivity, and high concentration inpurity
regions 320 to 323 are forned in a self-aligning manner. The inpurity

el enent for inparting the n-type conductivity is added to the high
concentration inpurity regions 320 to 323 in the concentration range of 1
x 1020 t cetthing SGhdussmnmsidot on Thegaatdsatatinglfinsecond et ching process is
"performed wi thout renoving the masks 25 nade of resist as shown in Fig.

13C. -Here, -alnmitkeflrgaschiig probtsCthe aidlpbitiohs of BRIFAS a3l s&dnblcofindi@as,
the gas flowrate is set to 20/20/20 sccm and plasma i s generated by

appl yi ng laperdefd fiiREd (olBavet thbéiéd @@w 1@ tife SfBck oS HRNAaSIdMakE applidder |
Pa to thezrizegy perform etchitﬁg ASZ WUISF (13.56 (i)\,l\/p power%i Sﬂglllésﬂ(”')féa

‘applied tfe kuSHPSEE %d%bﬁ'ﬁf% e8RS oPHRES withl @g&)abﬁ@s@a@te.eqﬁ{etvagﬂgy%aig@gy a

" negative self-bias, voltage. Tn the second etching process, hi ng
the. 581 dpercd porishey et ol 137 S 2™ Tl BF i SO R 3 L 83T ane
Second cobtcpREtyg BBHERRE %30 Mg Hdodnd SBpbib @R ES DAL B g
Parary orEReligt o hFetakite [ bR oS RRE N EondhBTE ey Eomsta bro” ' °
3270 ar o et PeE SR ARy RERE e RERRS acie gl YBe M i such
taper ed_ BEFORORG RS B anE TG H sbrG S0 SOBFes OY fie AL B Gantire
port onfedat 4 fut e gRedsripngP Yy sepraRisrne D ot Y Schtensi 1y of
PRHGEIE A T MO S Ol R R R )
phosphor 48 TBPe R, io¢h SURE PR ANy Fagr BRePe RISk st s |
acoor dandesittie- Do ine b bscasi Sk Ry bi s Bt sk s 2Brot fuscine

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

15 atoms/cm’ and an acceleration voltage is 60 to 100 keV. In this embodiment, the dosage
is 1.5 x 10" atoms/cm® and the acceleration voltage is 80 keV. As the impurity element

. for imparting the n-type conductivity, an element which bélongs_ to_::g:rou‘p 15 of the
- périodic table, typically phosphorus (P) or arsenic (As) is used, and phosphorus is used
here. In this case, the c_onductive layers 314 to 317 becerize masks to the impurity element

20 for imparting the n-type conductivity, and high concentration impurity regions 320-t0 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 raxllgc:of 1.x 10 to 1 x 10%' atoms/em’.

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

25 ma_de of resist as shown in Fig. 13C. Here,a mixed gas of CF,, Cl, and O, is used as an
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20 first conductive layers. Note that, in the sem conductor |ayer that
overlaps with the tapered portions of the first conductive |ayers, the
concentration of the inpurity element s - lightly falls fromthe end
portions of the tapered portions of the first conductive |lavers toward the
| nner poretél:ﬁﬁ% Tihe a0 NBRThiedd s 2419 - Level.
Furt her, the %%SF: cgﬁgent ration i mur?@ggé%%ﬁ%ﬁgﬁwgéﬁggﬁggﬁpvﬁg hi gh
density a2§)0|wf3/5§ IS . frer S Sﬁ% in Fig. 14B,
(ESEMITE Dot B2%EH ek ASHR Al L P31 et

f h k de of

ge?fez)rﬁreat ey ZAnahgeg,tlgi;i(ifgg-St iy rgrmg_ The -té:l er ed orgeio s, of _the
first cond‘t%é]ve@{eayers are ]pai r%ygﬁﬁg 1SR &RPE g’st 8“-‘%&?? %H%Q@%IPIGC@ |
over | appis eﬂ%eeﬁ'e ﬁg@,ﬂq ﬁlongjuct Lve ll ers int Verthi,rd_et 2hi ng process.

I nci d ! PR ATy 2 Versel Wizt Sqliapes T tipserandeiding Pracess trared
tﬂgl rggit %P%)./\mgfest tq r ngtc i.N rocess is ngrt conduct ed. The etchi nlgn
condi t1 ong&ﬁg ﬁﬁ%ﬁtrmla Eﬁgﬁﬂﬁlﬁﬁ}‘g‘é&@g}&f%&r AbHS 2064 re/mig. ardthe,

simlar to.the fi nd the second_etching processes,. and G, and -SF6 are
used- as 8-?‘8%“{1@’ O{g‘glstggg,&‘ﬁn t43- d’a%COF‘FIB&}Yf'&Fg’Eﬁémi&&ﬁlﬁCtzaﬁl}S@@hﬁd- rBwtepti vel y.
Not e that the etchi .speed of to TaN under the third etching process is
111. 2 nmPREY ofWdis(#05dn tthe seqoad sighing e Secarid; eondustie layer 324 tad27b are .
i nsul at i filmis. 12.8 nmimn. A500 WRF (13.56MHz) electric power is
appl i ed %T’Ba“-ddﬁ’l © 8¢rapd clohinanreerssudadhe otherdand she GrsstondiBtiPe jayekedivm i s
generated, _and etching i's perforned. A 10 WRF (13.56 M1Z) electric power
i's appli 8316 1rdardly stohgd cndSamprandyetivlpyers 384a 6 320 are ébymabpl yi ng 15 a
. negative self-hias voltage. First conductive layers 340a to 342a are thys
formelf I mpuPeKs arS@g@nﬁwgoR Pbrocsgs isrsyfoadsdt Sedatd odridubtiviolayets 394ex doay
with the first conductive layers 340a to 342a are formed in accordance
wi th t he327h e wsed s iaasks de a8 Smputityt elembut; and dbpingris pyrforgedsuchGBaiheegi on)
346 remains overlapping with the first conductive |ayer 324a. '
impurity element is added to the semiconductor layer below the tapered portions of the

first cfondﬁcﬁjrg layers. In this embodiment, phosphorus (P) is used as the impurity -

- element, and pias'maldoping 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 con;:entration
impurity regions 329 to 332, which overlap with the first conductive layers, are formed
in a.sclf~a1igniﬁg manner. The concentration of phosphorus (P) in the low c;)ncentration

impurity regions 329 to 332 is 1 x 10" to 5 x 10'® atoms/em’, and has a geﬁtle,, -

. A
S

concentration gradient in accordance with the film thickness of the tapered portions of the .~
20 first conductive-'laycrs. Note that, in the semiconductor layer that overlaps with the
tapered portions of the first conductive layers, the concentration of the impurity element
“slightly fails from the end portions of the tapered portions of the first conductive layers
toward the inner portions. The concentration, howeﬁer, keeps almost ﬁhe same level.-
Further, the high concentration impurity regions 333 to 336 where the high density

25 impurity element is added. - ,
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20 Further, an electrode fornmed by the first conductive | ayer 324a and the
second conductive layer 324b finally becones a gate el ectrode of an
n-channel TFT of a driver circuit. An electrode forned by the first
conductive |layer 340a and the second conductive | ayer 340b finally becones
.a gat e el ect r dderaaftcn ap showm e FigrA¥Boafietibe anaske made of oésist arsSremowad. g, an
el ectrode forned by the first conductive |layer 341 a and the second 25
conduct i wkird etigbingPptadess is patibymdsorsmgephatgithegreplgonethde. Die tapered phatioms! TFT

- of a pixel 55 portion. An electrode fornmed by the first conductive |ayer
342a and dftike Siest @odduanrdaydrs uee patielly 8@Red §0 antd faveeshapesoverpbingethect r ode
-of a p-channel TFT of the pixel portion. The inpurity regions (LDD

regi ons) saédhdcnddstivetlayss tahe diirdstetithg provess) [hdidenthily, a8 sieendiickigvidB ayer s
340a to 342a, and the inpurity region %GO_D regi on) 346 which overl aps W th
the fi§stmaRdschadecofirayarardftmet a telYegions wherd e tdid &Biing PBcelss Mhdin
Enbodi ment 5, and it becomes possible to make the regions Th response to
“the TFT hasaederistics. The gate insulating film319 is etched next. CHF3
is used as an etching gas. and 10 reactive ion e'tch'i ng (RIE) is perforned
for this etchi feRfAGERSONdlTOINETP AR tHRA erchin cess ate &%Pi@P"&«:HﬁM?%&d S

performed with the chanber pressure set to a, electfic power of

800 W angyA.Gofile BA% ahd QN sebifl a@am%sr&%sség%a c%&psﬁlag@ {4 A@ciingh

concentration inmpurity regions 333 t0 336 IS thus  expose nsufati ng
films 35 f Me g

resist, %&ﬁagag%gigsgn fef glgggo O%%gﬁﬁ@ﬁﬁrggﬁhﬁggt% I!F%'dg)qpl ng
procesg | I t [ 3 ity

el erre?n? I]%N)%éég tHﬁat [ rrpar1 ﬁoiﬁgéﬁggly ?@%@%ﬁtﬁ%ﬁ%%@@g ?getypggl from

the singk, finf Ormed to the sem conduct or
| ayers, \Aﬁslpgﬁ%t){fei(&: }r‘rfgtléscu?l V%é%fgﬁ?ﬁ% lI]hannel TFTs, by the third dopi ng

process.. (See fi A $5o @v"i&" el 3T5%%/JHZ) elecmc power is applied to a coil shape electrode under

a p_ressure 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.
Impuﬁty regioné (LDD regions) 343 to 345 which do not overlap with the ﬁr.ﬁ
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 sécond
25 conductive layer 341b finally becomes a gate electrode of an n-channel TFT of a pixel
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20 first conductive |ayers 340a and 342a are used as nasks agai nst the
inpurity elenment. the inpurity elenent inparting p-type conductivity is
added, and the inpurity regions are fornmed in a self-aligning manner. The
inmpurity regions 350 to 153 are fornmed in Enbodi ment 5 by ion doping using

~di bor ane ppBidd6) ArNeleetrbiiatfofhed $eMiHeOfH HoptubBxe (el fHar fAenscagne!
TFTs are 25 covered by the resist masks 348 and 349-formed fromresi st

“duri ng -t leenditive IalepBaZh Bfally Behtes RS BIREAOUSOf 5 pafidalelt Qﬁg ugGi ty
regions 350 to 353 in di ffel;l)'iir ng concéegr%itrati onsc,) rgg'glg%{t;?l\}g?;, %%éel first
dopi ngpr pegism. and by the second dopi ng process. However, doping is
performed such that the concentration of the inpurity el enment which

inparts p-type]']gé)ﬁ% 1 Yedi¥nd & i . becones frrom 2 02‘Dto
2x102" 5 atoms/cm , ar%Y%%g?ste%]rggqﬁ%g %?)E)%ﬁe{r(r}s%vﬁ mﬁe‘f?eﬁr‘%pwﬁl?%wt“ﬁé‘h?egi ons
functioni S 1S e : rai n_redi ons of .p-channel, _.TETS..

| mpur ifylﬁ?%gia%%%ﬁgégﬁfe 6%%@3%?4? %e n(raetg‘!f)’é%?l v r%%é@ﬁ&a@f?ﬁqq)ﬁgr"%hlﬁb t he
process . i i . res|i, st ks, 348 and 349 are remved
next, angyéaﬂ’%‘??%tgp FIrlet%eﬁf g%&ﬁ“ﬁ&%&??ﬁéa n%?‘l"sl‘ Bt agmmed at e sagre tHpe m

i nsul ting filldmcand al ni. ilicon i.s formed having a.thickness of 100 to
200 nm gsﬁﬂr?éimb%‘g? r’ra%g\}gggr %%%P?Sé}lﬁﬁé? ‘%’g(etttf]f% rfpgggﬁ 1 FepPrseyterthenkil at i ng.
fi l'm-357chm'§btgxi\i/{tjcﬁon oxynitride filmis fornmed with a filmthickness of 150
nm by pl asma n  Enbodinent 5. The first interlayer insulating film 357

nsul ot ng 1 11 bR S R1e3h i ot Sulf i Seed asicheincged or a
the | Rpufbelveite thiios Bitfods PreSaaettostie b mosmaudndimbatjaeet S.ohe )
Phe. act | CREPPOSS G BCrIomurl i hcin ChemRer REe spbkr 61 ARE e ogen
at nos‘phe{)gwgr_ac\)/tjrgra% V%,nan%ggfe—ﬂfs %ggl%gwr;?et;eggo é)g_sécngpm or less. preferably 0.1
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 compﬁsingiresist, 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 fype (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 pr'océss. (Seé Fig. 14C) The‘ ‘

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

The impurity regions 350 to 353 are formed in Embodiment 5 by ion doping using
diborane (B,H,). Note that the semiconductor layers which form‘n-chahnel TFTs are

25 covered by the resist masks 348 and 349 formed from resist during the third doping’
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20 ppmor less, at 400 to 700C, typically between 500 and 550C. The
activation process is perforned in Enbodi nent 5 by heat treatnent at 550C
for four hours. Note that, in addition to thermal annealing, |aser
annealing and rapid thernmal annealing (RTA) can also be applied. Note also
that, i npErestdi nfwisphorons dkedddedetd the Empaitpl segiond u3ithdgo G59simldiffaaid on 25
is gettered into the inpurity regions 334 to 336,. 350, and 351 contai ni ng
phosphor eusceatratidhsarespeptivebnisetht fiadt dopingprddess Ry the seeombddplirgr jproosss.
_activation process is performed. The nickel concentration within the

sem cond®vasvet, dyping i patorfRidrLyh thacheRosdbatagbn 6Oheimgurity @Hntos whecH hus
reduced. The value of the off current is reduced for Ts havi ng channel
formng h@gheNs-tipSohd@iciRily @néhchaofMb@hregtddsttidcsmbs ghdin el gCtion®bidRity is
obt ai ned because 5 : of the good crystallinity. Thus, good -properties can

be achi evgphns/di, Eﬁl?&;eréf&? rRPrbbladns A/l BERIGS | %H%ﬁ@@%ﬁs hchsiih@ry&Arhef or e

formng the first interlayer insulating fil. wever, when using a wiring

mat eri al b e datiriRakeivhi B pRhA&RPEEt 0 heat, it is preferable to perform
the activation process after formng the interlayer.insulating film

(insulating fi[Hcarlﬁgggﬁcf}les%ﬁ%k&&%@&s%é&iv@?éﬁcﬁﬁ&?&&%lﬁ%&?lzgrn%lek:hcgc%?sl ke as

nitride film ) 1n order to protect the wr

i n Enbodi EF&EB.“ - dopi ng process may be performed, and the first
interl ayg [ ngéltﬁa‘\sip-r%ﬁfi | mmay be forned after performng the activation

Eh’ LZEESE‘ | L%ﬁﬂ%ﬁ%@%@%ﬁé3ﬁ?%§?{@ﬁ%? e R o', %’w&'&s%}ﬁﬂ%@fé ﬁ‘ingoo
| ﬁ%gr ﬁgui‘ﬁa%%ﬁzggcjf%%g?%'ﬂiﬁ%gﬁﬁﬁ hﬁ%ﬁsﬁ%ﬁéﬁ%sig'éﬁfésﬁhﬁﬁ%é E%’Sé%é.ﬁl&éﬁ{eﬁ%@& >
. : T _ ¥ : e g
bonds o i RS SRRl GRSt O E e bR AR g 2ERYs T
A silicrq_i}_ oxymtndeﬁlmls formed wﬁha film thickneSg of 150 nm by plasma CVD in

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

Next, as-shown in Fig. 15A, a process for activating the impurity elements added
to each of the semiconductor 1ayers is performed. Thermal annealing using an annealing
furnace is performed for the activation process. Thermal annealing may Be performed in
a nitrogen atmospheré 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 pfoc_ess
is performed in Embodiment 5 by heat treatment at 550°C for four hours. Note that. in
addition to thermal annealing, laser annealing and rapid thermal annealing (RTA) can also
be applied. | |

Note also that, in Embodiment 3, nickel used as a catalyst during crystallization

25 1is gettered iﬁtd the impurity regions 334 to 336, 350, and 351 containing phosphorous at
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interlayer insulating film Plasma hydrogenati on (using hydrogen excited by
pl asma) may 20 be performed as another nmeans of hydrogenation. Further,
when using a | aser annealing nmethod as the activation process, it is
preferable.to irradiate ]aser |ight such as that froman exciner |aser or a
YAG | ase r"‘ehajg3 8?““;’5%@?‘8? i# ﬁﬁ SERE t%kﬁﬂﬁéhﬁ phppstizatiarnprocersdsperfornsel ok
interlayer  insulatjng film 358 is forned next on the first interlayer 25
“insul at | AACKS F?H%“&#af?%?ﬁ tht spaicendustariasersthatmedinlyibetomeshanholiormimFi g.
15B. An acrylig¢ 58 resin filmhaving a filmthi.ckness of 1.6 mis formed in
Enbodi merdf88ns sthvetednersl. i khe yadue ofithe dffiremtent is reduded f6roTETs laehenol es
for reaching the inpurity regions 333; 335, 350, and 351. A filmnmade from
an i nsul deTmhigeregions dus famed, mdwhighlelactric field @ ffectgabilisy i 0biahddhecTudised as
the second interlayer insulating film358. Silicon oxide, silicon nitride,
~and = st | idde graderystelinityaThbs geedprogertibecdnteldchlcveg materi al cont ai ni ng
stlicon, and materials such as polyimde, polyamde, acrylic, and BCB
(benzocycl obut Bwshercthe dotivasenripapetsiay aBodr Pesfoiel befde Toidin@ Ol t 1i de
filmis formed by plasma CVD in Enbodinent 5. Note that io it7is . .

- pref er ablintetliyer inhaatirig filnh.h Heoknewsss vitfentudtheSa Wik m@erRl WhideistvLiR Rgnf rom 1
to 5jim (nore preferably between 2. and 4 um.” The silicon. oxynitride
filmis edspectiovhedtnit Bupefesstne slosradae A%ivakion B £ sk, 2l epent
because there is littl e%i sture ‘contai ﬁigd&l?lr‘l@%]ﬂ%rb?? r%giad?egfe;lf&m’lgar?n’%er,
dry et chiimerlgyfer Wtilatihe HlMg; i tafhid PEILNG t hol es, but

15 consi deri?g t he prgbl e%Hfgfﬁmg?%i#g%i‘inagg%ﬁ%%“é?@ﬁfﬁo&%ﬁﬂmﬁgﬁmm

pr ef ercabhitrile fikseforkameles i k e Dirined Gnd St d. 0L erfayer. o
insulating film and HoamBle) I Dffer hcg%@%g&pﬁg&pgﬁ 'Fnhgesmﬁ’ A b8 imen )
the samestinme when forming the contact holes. It is therefore preferable

The doping process may be performed, and the first interlayer insulating film may '
- be f(_)rméd after performing the activation process. - | |
In addition, heat treatment is performed for 1 to 'I'2,hqurs at 300 to 550°C in a;n
15 ;tmogphere coﬁtaining hydrogén of 3 to 100%, f)erfonning hydrogenatién of the
~ semiconductor layers. _Heat treatment is performed-for one hour at 410°C in a nitrogen
atmosphere containing approxhnatg—ly 3% hydrogen in Embodiment 5. This ﬁrocess,is one
for tgnninating dangling bonds of the .semiconductor layers by hydrogen contained in tﬁe
 interlayer insulating film. Plasma hydroggenation {using hydroéen excited by plasma) maf | )
20 be performed as another means of hydrogenation.
Further, when using a laser annealing method as the activation process, it is
Ppreferable to irradiate laser light such as that from an excimer laser or a YAG laser a_fter
performing the above hydrogénation process.
A second interlayer insulating film 358 is formed next on the first interla-yer
25 insulating film 357 from an organic insulating material, as shown in Fig. 15B. An acrytic
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to use a material for formng the second interlayer insulating filmwhich
has a faster 20 etching speed than that used to formthe first interlayer
insulating film considering the shape of the contact hole. Wrings 359 to
366 for electrically connecting to the inpurity regions 333, 335, 350, and
351, respwsnifilal Javing e fimahickaesseof 1.6 e isi formey imEmbbdimet ShyPapettiag i ng a
lam nation filmof a 50 nmthick Ti film and a 500 nmthick alloy film
(an- Al anperfirmet] neyt in 25ddritd fiyrm @ittt hales fhrataching the impumiy regisns b3,836d. . 59
A transparent conductive filmhaving. a thickness of 80 to 120 nmis then
formed t¥dhenh35hnd a transparent el ectrode 367 is forned. by patterning.
(See Fig. 15B.) Note that an indiumtin oxide (ITO film or a transparent

conduct i ve fil A fifm miadeifrom ax irelating Mankyi RoRatren PAHedh BlarPHlodic(&Ais | S
m xed, is used as the transparent 5 electrode in Enbodi nent “5. Furt her,

t he transpedentthesecdndomeerBodr iBuRkiagtilhcasd.y SanpRestigd §1H’c@h ditAlde, afHi on
of a current control TFT by being formed contacting and overl apping, a a drain

S wiring  3@fconNByhitrias calBEseds MhinsdiGinSMateRa b @ciRGio éﬂlld@ncglﬂ:! faftr A

silicon (a silicon oxide to filmin Enbodiment 5) isforned aving a film

t hi cknessseh a§?91y'i}ﬁldea Qlya&lwaa;yn% af rogqsg@c&%&gﬁt@n@%ﬂ b%qr% l'20%he

correspondi ng the ransparen Fntert ayer
i nsul at i ngohiiil pasRP8 which functions as a bank is fornmed. Side walls having
a tapered shape can easily be for rred by using wet etching when formng the

e 10, 0 AL WA il MDA e o,
2??‘82313ha%f*;&?.ﬁ%%‘%go‘fﬁ;%tﬁﬁgﬁlﬁ%@%%é s OGO RS R B B 15 B o
i1 368 (ibrETROMRP befirect S8 ! °The shidoll S4AAE A% ¥ Belftve in
' _§uppressmg degradation of the organic EL element because there is little moisture _
- contained in the film itself.
- Further, dry etching or wet etching can be used in forming the'contaét holes, but
15' considering the problem of static damage during étéhing, it is preferable to use wet
etching.
In addition, the first interlayer insulating film and the second 'mterlay.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 than that used to form the first interlayer insulating film, considering the
shape of the contact hole.
Wirings 359 to 366 for electrically connecting 1o the impurity regions 333, 335,
350, and 351, respectively, are then formed. . The wirings are formed by patteming a
lamination film of a 50 nm thick Ti film, and a 500 nm thick alloy film (an.Al and Ti alloy
25 film). Other conductive films may also be used.
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or BCB (benzocycl obutene) can al so be used, dependi ng upon the
circunstances. 20 An EL layer 369 is formed next as shown by Fig. 16. In
addition, a cathode (MAg eI ectrode) 370 and a protective el ectrode 371
are formed by oration eferableto perform heat treatnent on
t he tran'spar erﬁ 3‘&%’@{%88’1 VBZ’F]’E‘r 30l 3010|120 @m Babemfodmiede

cat hode onpl etely renpving all noisture. Note that. although an MAg
el ect rod e}'esonugtggga Yanspaeent & el‘fB"Bge 367 isformed hyipetteming. offenFig.d SBrpodi ment 5.
25 other known _materials may also be used. - 60 Note al so that -known
material s can Ne fhatpngind %% tim| oxidg (FTQ@pHimfont awtrahsparent whductve film of
corrprlsurIE a hol e transporti n% | ayer and a light emtting |ayer is used as
the EL {ram oxide intoorhich Atto 20%zinc tobxixtes(Zmd) ibmired; dsesadhe the &aheaten:
injecting layer, an electron injecting |layer, or an electron transporting
| ayer Si se ﬂ@mﬂ@dﬂﬂndmdmm@I es of the 5:conbinations have al ready been
reported upon, and any of the reported structures maybe used.

. Pol yphenyl ene Furthgt, ﬂmwpmﬂmcwdem@reﬁdumm&ohheab@k@ah&ﬁﬂ%@ﬂ@ﬁ' ng
layer. in Enbodiment 5. Further, a material in which from30 to 40% of

1, 3, 4- oxgith auntet dintlt TET by PRRd forflied tdohietiBSl ahf di@h&ﬁf;ﬂg'a GALDIAALE 1S
forrred by evaporation as the Ilght io emtting |ayer approxi mately 1%

cumarin ¥S.s added as a center of green color |light emssion. Further,
al though it is possible to protect the EL |ayer 369 from noisture and

oxygen .by .t he Nuk@lag chbwa i8IFRE 16088 imGiatin tﬁMCd}ﬁﬁgﬁ{ﬁiﬂ&? sfﬂ%og?rc%gge as the

passivation film372. A 300 nmthlck SI |con nitri

- passiatfilenid EhiPod#Rertrs)E58GHOPRAVIAS aDRinT §bi"§P %?r%.oi&xd ”§‘1¥ WSO “pe

formed in succession after form ng the prot ec ¥ haut

1P gk B S USROS B,
met ?' i qnfeklh?%rhﬁéﬁﬂﬁﬂngaﬁﬂﬂhﬁg '%lﬁéh FilrtiBRY 55 a2 bank is formed. Side walls having 2
‘tapered shape can easily be formed by using wet etching' when forming the opening
portion. If the side walls of the opening poﬁion- are not sﬁfﬁciently gentle, then a
15 ‘degradaﬁon of the EL layer due to a step becomes a conspicuous problem. Care’is

therefore ﬁecessary.

Note that, although a silicon oxide film is used as the third inte‘rlay-er insulating
film 368 in Embodiment 5, an organic resin film such as polyimide, polyamide, acrylic,

or BCB (benzocyclobutene) can also be used, depending upon the circamstances. -
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 pe'rform heat treatment on the transparent electrode 367 before forming the
EL layer 369 and the cathode 370, completely removing all moisture. N.ote that. although
an MgAg electrode is used as the cathode of the organic EL element in Embodiment 3.

25 other known materials may also be used. -~
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constituent. O her materials may al so be used, of course. Further, the EL

| ayer 369 and 20 the cathode 370 are extrenely weak with respect to

noi sture, and therefore it is preferable to protect the EL layer fromthe
out si de at nosphere by performng filmformation up through the protective
el ectrode 371 dgtealseithas kpownimitonials expbes wsed eotheHEL dayen Spherde rwdlddyert hat
the filmthickness of the EL | ayer 369 may be from 10 to 400 run

(typi cal Isguperaemnpritnanbole SOmspirting tayet drel £ lighnetiiitnkiages isoiset e tieaEbode
370 may be 25 from80 to 200 nm (typically between 100 and 150 rim. 61 An
EL di spl dgyedévEnbolaném§, Butsherechay e acass hdiere 4 RolEigectlf lagert insleeash! et ed.
Note that, in the process of manufacturing the EL display device in

Enbodi menijebtin ad?khoatgﬁ thetrsn urmepsitia dhydr 0 ormée R NpiEa il W the
material s whic ormthe gate electrodes, and although'the gate signal

lines ar @ohingRnd Havd a]rehdli'ﬁbéﬁnrrﬁ éﬁf{%]p%hj Ad 2y WP e e OBt SOMEE e 2Nd
(0} e

drain electrodes, with relation . . clircuit structure and protess,
ot her matggd.al s may al so be used. Further, a driver circuit 706 having an
n- channel TFT 701- and a p-channel TFT 702, and a pixel portion. 707 having

| iﬁil“;ﬁ :;?L.”glﬂ%l @%’ifﬁsf"%’&ﬁ%ﬁ?ﬂdﬁiﬂé@?ﬁ@ﬂﬁ i
. 10 The® channel TFT 701" ver crreurt TA0T S che -
ogi on) unCRRRE 72Tl BeAN PRIl KOR, LTRY A0 of T3 RBRIRIE

533 whi i FHREE ?%%?S?éf%%%%?%%@?ﬂa? et i AR R bR el ) "
TFT 7 ‘ : 1 [ 37 N ' [ 343 .15
i chihose AR G Rl [AR R Fin b dfA Rl br s eI i g o

portion %;nigs%zn gate el ectrode, and the inpurity regions 350 and 352 which
function as™source regions or drain regions. The switching TFT 703 of the

pi xel portion IZ‘QIZhé},a'gltﬁorl]l%h%p 1asnpno%lsibIeo onlijrg%c{ g-n%l}:of 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 fofmed in succession after forming the protective
electrode 371, withoﬁt exposure to the atmosphere.

The protective electrode 371 is formed in order to prevent deg_raciation of the
cathode 370, and is iypically 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 ﬁﬁckness of the EL layer 369 may be from 10 to 400 nm
(typically between 60 and 150 nm), and the film thickness of the cathode 370 may be

25 from 80 to 200 nim (typically between 100 aad 150 nm).
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374, the low concentration inpurity region 344 (LDD region) which is forned
on the 20 outside of the gate el ectrode and which does not overlap with
the first conductive |ayer 341a formng the gate el ectrode, and the high
concentration i ity .region 335 which functions as a source region or a
drain region. display deviqrtaving a strugthes s showvnpiorRipots Bafuheanpleed.
channel ggrning teg&;n 375, and the high concentration inpurity regions
351 and 353\t D it procsss f rsamfaaurigb threeL odisplay déwiverinrBgbedimend3, Not e
that it is possible to inplenent Enbodi nmeitt 5 by freely conbining it with
any of Enfwughfhesaureosignallimad firmed Gy Fa A0 B, i SatedialsOoRNic Sof@ tiEd by

i npl enenting the present invention has superior visibility in bright

| ocat i onsgatheleonsies] awhalthough ihaghte sighyidils a6é by Wﬂ,%@ﬁﬁﬁ‘&ﬁgtehﬁl is a
sel f-eni ssion type device, and noreover its field of "'vision is W de.

Accor disngihich iforneathe soerdes@mll G3irdelebsdleay witlIreiafign t8the/ g{rb&'ﬂ%tr&‘é LD ¢
devi ces. For exanple, it is appropriate to use the EL display device of
the presembedss\eindritgatedsls anal A5 ByufRr tion of an EL -di splay 10 (an electro
optical device incorporated an EL display to the frane) having a di agonal

equal to 30 i nphRBerOs dﬁ&&aéi%uit(‘ﬁomia‘%zﬁ{gé 3h £IHAnd %ﬁ?qg%r{beaz?%#ﬁm,) for

appreciation of TV broadcasts by large screen.

- di spl ayi g2 Afd pRE] HiSHT07 Mg RYRARe PRTRYS Sha Sh38! Aver T TNPLLOICAS!

reception display, or an advertiSenment di"splay are in 15

di splay. %%ﬁﬂ@f@nmaﬁeﬁib%&gy device of the present invention can be
used as a display portion of the other various electronic devices. The

L oo "9, b e oS T AP O Ui AR R e il
g I(a\s; IDL Zy ( Sggﬁlﬂg Sﬂ@g E%;Z(%ng‘ég?fg lirgléléffitg%e &%1\1/ 13§§t(éﬁiﬁ Yésgtignr? wﬁ{t‘:h %lxjfgril'fps rvsi% 81%“ cing
- first .conductive layer. -324§1 forming a portion of the gate electrode, and the high
coi;centration i_rh_pmity region 333 which functions,asra source‘regien or a draih-regr.ion.- -
The p-channel TFT\?OZ- has the channel forming region 373, the impurity fegion 343
15 which does not overlap w1th the first conductive layer 340a'structuring a péﬁ_ion 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

R

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 laver
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. R
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20 an audi o conpo system; a notebook personal conputer; a game equi pnent;
a portable information term nal (such as a nobile conputer, a nobile
t el ephone. a nobile game equi pment or an el ectronic book); and an inmge
pl ayback device provided with a recording nmedium (specifically, a device
whi ch per f or msNtetHaas k KGN TN ' ' Wizt b
di spl ay which can diSpI%g&?E%ie i%gggg# suéﬁﬂ%§ﬁ2§3*§??§?¥vi eocg%EEHZS
(DVD)) . bgygggﬂﬂgaghﬁ&uquggyse portable information termnals are often
viewed froma 63 diagonal direction, the wi deness ofthe field of visionis
regarded as very inportant. Thus, it is preferable that the EL display
device is enployed. Exanples of these electronic devices are shown in
Figs. 17 Hﬂ’&gﬂﬁgkg' 17A is EL display device, containing a casing 2001, a
support and , - 5 and a display portion 2003. The EL device of the
present inventior. Can hbe used.in e. djspl ortion .2003. Since the EL
di spl aé ora sOPELARIE 8%‘”?%%‘”8@3?88&&“{)%?‘%%&'&@éﬁenwv?%’ SPURGHIOT it s
“di spl ay port.i.on _can.b de thinner. than a liquid crystal display. . device.
R o e Rt foraRam b dnmaRroR A asHO o SieplEY evise PRRAE Hort 1 on

2102, 10 aj. audi.o inpg{ Fortion 2103, operation swtches 2104, a_ battery
2105, andSEH-SIREYEn PRedeyichpnsgrpieakeitdacid phisian igwdds. /cepsdingly. Bcak he
present invention_ can be used in_ the_ display -portion 2102. Fig: 17Cis a
portion &FUse %dﬁﬁaﬁPeHIWB%V@%@}e@ﬁegﬁ%axceaéﬁr@éa@pi@ﬁﬂs apgeyriate
containing a main body 2201, a_ signal .cable 2202, a head fixing band 2203,
a scr een 03¢ the El; displapdericesf thppiesent inxestionps e dsplay pertipniapiEdydisplay i on
- 2206. The EL,  display device of the present invention can be used in the

di spl 49 st elesiro opdisal dgvice mpmosatag ap flg displayytp ek fame) daving sedipgonad| |y, a
DVD pl ayback device) provided with a,recordLh%lnediunl containing a nain
body 230rqual tp 30dpelies gt erattantiypically iequsal tg 40\Vmshes R0 greatgyp fos epprecialion ofies
2303, a display portion (a). 2304, and a-displ ay

TV broadcasts by large screen.

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

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 és a display
portion of the other various electronic devices.

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

20 an andio compo system); a notebook personal computer; a game equipment; a porfable
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
regording medium (specifically, a device which performs playback ofarecording 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 oftén viewed from a
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20 portion (b) 2305. The display portion (a) 2304 is mainly used for

di splaying 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
.di'spl ay giagérnadtirédrion? B25idbadse oF iR RS C. equi pment i s ipncluded as
the i mage pl ayback device pr'osvPdggtﬁvag?ﬁél?gg%rg%ﬁ%‘%mp%nﬁ WSI7E s
a goggl eit iy prefahsR! Byt SRVELCE; nt lg spl ay ontaining a 64 main
body 2401, g&di splay porti onlgigf "g‘géc;ﬁae&ﬁ? g?‘?i EX‘)”?H%&“%F@@ ezt ay
devi ce @fvided @rd] lfigé’el”]tén%"lé:a” be used in the display portion 2402.
Fig. 17F is a personal cénputer, containing a nain body 2501, a casing

2502, a displ ' nd a keyboard 2504, The EL di splay device of
t he present ?y% ﬁ%*&% %gsgjiayb‘ge‘ﬁ%ee 80?%mﬂ%a grsing 4005 arsuppert 3804 2008t e t hat

if th HSSh: 1hang f~EL erial s _becones higher.in the future. it
Wi ll e%é?giid.“%ﬂ%* poriaade: EE? Egg‘iﬁvéﬁ‘f Adbs present invientioncoss e Usad émthicon in a

front ty a T e projector hy projecting light including

out putt e |1%%%‘E‘,%R\A’1§|ﬁ§hts)c{'—§% ‘BE%én‘i%éP]@Eéﬁ‘a BSi-emvigsean ype ttct iith. ndlfecthe
above el gctroni g devi ces are becom ng nore often used to display

i nf or mat %%%%@&&S-tﬁ%%ﬁoawnewc- ¢ Jade thiner thamm liqaidi aystal disptaych as
the Inteynet or CATV (cable television), and in particular, opportunities
for di sg ng animation information are increasing. The response speed of
organi c EL erials is extrenely high- and therefore the EL di splay device
is favorable T%r 1%ﬂ?‘%VﬂFﬂQa%mn@maapbja)bodjtﬂlﬁl,raaﬁs;ﬂi}epdrﬁgﬂg1627,1 tting
. portion of the EL display device consumes power. it is preferable to.

" di spfby 3 : b ROSEPA14% epevasionhovietties 2106, pdattti9TR 0S¢ @A ASintigal | )as
possi bl e. Therefore, when using the EL display device in a display portion
© whi ch n&FSEFYe perdionay §6 cBhe BEidisplisndevicentfithrpresant tnvaation B BAREEin the
informatjon termnal, in particular. a portable tel ephone and an audi o

r epr odu8iSREYdROTiiem2102. i s preferable to drive it by setting |

Fig. 17C is a portion qu' a-head mounted type electro opticél device (right side).

cox_ltaining 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 ﬁortion 2206. The EL display device
of the present invention can be used in the diSpIay pottion 2206.

Fig. 17D is an image playback device (specifically, a DVD playl;ack device)

provided with a recording medium, containing a main body 2301, a recording medium

-

(such as a DVD) 2302, operation switches 23 03, a display portion (a) 2304, and a displayf
20 portion (b) 2305. ' The display portion (a) 2304 is mainly used for displaying image
iﬁfonnation, 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) 2:% 05. Note that domestic game equipment
is included as the image playback device provided with a recording medium.
Fig. 17E is a goggle type display device (head mounted display), containing a
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20 non-emtting portions as background and form ng character information in
emtting portions. Fig. 18A is a portable telephone, containing a main
body 2601, an audi o output portion 2602, an audio input portion 2603, a

di splay portion 2604, operation switches 2605, and an antenna 2606. The EL
di spl ay shait bRlyd401 he dppbsyeurtidome408, and anapohion2sied. T B disptayddespdeay

~ portion 2604. Note that by displaying white characters in a black 65

backgr ougglhi présbat wivedtictycaadietised iR @R 4ispldiepdptigep4@nnsunpt i on of the
portabl e tel ephone can be reduced. Fig. 18B is an audi o reproduci ng

devi ce, speci fajgal 1Fisa pepdondlebipi¥s bo&hinifzC hn@in bty Z50TRA @aaﬂgys@zm, a
~display portion 2702, and operation switches 2703 and 5 2704. The EL .

di spl ay éﬁ%ﬂa??oo?fioﬁ h80R! £8E A kdyBYRA 2503, CThe 1. URPlhy! devible of itBP ppdseROr ti ON
2702. Furthefnore, an audi o reproducing device for a cards shown in :

Enbodi e ; d selBY 118 $oniRe sl 585 a portable type and a donestic
type osf ‘ g{]’gﬁ%m{r)%%r%dus& ng 'ev%z:éQfP Note that by displaying white

 Consunpti an AR K bt AR i & 10
ype audhQifepr SHOG HEHOFr oGy AURE Piac RBIERLARG, Bl OB BEESEN

i nventiohi 1's ThUS Ext rensl 0SSl present

invention to. electrqni,c devigces.i.n.: g : e igent 6

can be i%ﬁa’éﬁ@ﬁfnéodeﬁqﬂrb &@eﬁé’?‘%%‘ﬁﬂé‘?& l'gdﬂ%/‘é §¢tﬁ§%?{1§{éf§@%%v ﬁ%heca@rﬁorgg?ﬂrr%n s Ito
S. 15 Ths & Iicggl gscope of the present invention is thus extrenely w de,
and it i 9 %'ggss?r &KE use the present invention in el ectronic-equi pment in

g P N e el Eos Soupresly B ETRITID § TR o uee
information provided through an electronic telecommunication line such as the Ihtefnet -
or ClATV (cable television), and in particular, opportunities for displaying animation
information are inéreas ing. 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.r itis
préferable to display information so as to have the emitting portion become as small as
possible. Therefore, when using the EL display device in a display portion v;rhich mainly
displays character inforx_nation, such as a portable information terminal, in particular, a

- portable telephone and an audio reproducing device, itis preferable to drive it by setting

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

portions. |
Fig. 184 is a portable telephone, containing a main body 2601, an audio output
portion 2602, an audio input portion 2603, a display pértion 2604, operation switches
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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20 In the present invention, turn on periods and turn off periods are

di vided and appear alternately within one frame period. Therefore, even if
the visual point of an observer noves slightly left and right, up and
down, 'theﬁ-alyli( kel i hood that the visual point of the observer is

cont i nuoudkskgrowmtinaipodisplay pofloned 694 e SHwef @ nsinBaH; ersely is
continuously fixed upon only pixels whi gh are tur Qegngﬁ&eggﬁa@g?%ﬁge\i?@é
Obstruct i emsbéednoedli spl ay such as pseudo contours, which are conspi cuous
intinme division drive by a binary code nethod, can therefore be prevented
from bei ng vi silige 1887 isMAat aiidso GhatolBGnb S of drivi.ng an EL

di spl ay device including a pl uralﬂoy g?épqeggeéépg?ggﬁgﬁ% h 50 AYHS st TFT,

a second Ebdiairgnd Hi: ' .8l ement . t.he method

porrgri si ng:% di -;ﬂll %i ngdﬁéEl‘Eg%l%e?@%ea?@g@E?ﬁp}gﬁ’H%ﬂo% _?1‘?@?{’??“3%??363‘3_5\/&7& agdand
in being napr e : r re. wherein.the n .+ in display

peri ods _eaphtpcor_ér%gpo q}tsgaé%é;&‘beﬁhtgpg .%tmﬂ? ﬁnaqan\hedgﬁgﬂa}?ﬂsréﬁb]a@wnbi ts
i nai spf o oft, B BaioRelbll g by fobp e Sobun it Ebadimandgobet
signal, a : i ri.ods corresponding to other bits of the

di gi tal wﬂ ot %%b%eaﬁgﬁgﬁg%agﬁﬁ@emwa ‘i?’%‘iﬂ“&)m;‘fe@f%? repppriupingédevieen the

pl uralityyaf. & periods, for each of then + in display periods,

Prput t 1 ngpiee bRy BB FhisecTrcimins glacki backpruBdnghakapiyepais

el ectrod-erH he second TFT.by turning on_the first TFT and beginning 15
the respeatii PR SHISHRPURT ¢34 hegrduced- dhis is particularly afferrivaina potralsle each
of the,,n+tm di spla ri,od begi ns conpleting the respective display periqd
by turlli ngPBA™ lﬂégﬁrﬁﬁwﬂnglﬁﬂ’mﬁher ein the organic EL element emts |i gﬁt8
~when t he. secong:ih;e[FT is turned on, and does not emt |ight when the second
TET is turned range of applications of the present invention is thus extremely wide, and-it '

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

Eglbodiment 6 can be implemented in combination of any structures of the Exﬁbodirn’ents

11to 5.

15

The applicable scope of the present invention is this extremely wide, and it is
possible to use the present invention in electronic equipment in all fields. ‘Further.- the
electronic equipment in Embodiment 6 may also use the EL displays having any of the

N
structures shown in Embodiments 1 to 5. -

20 In the pre.sent invention, tum 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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20 wherein the first TFT conprises a crystalline sem conductor film a gate
insulating filmover the crystalline sem conductor film first and second
gate el ectrodes forned over the crystalline sem conductor filmwth the
gate insulating filminterposed therebetween, and first and second channel
form ng tedisplag such thpsady Soatours) eviselnmeormhspicoous inl timb @rosvon lieivieiysd  and
‘second gate el ectrodes, respectively, and a pair of first inpurity regions
i n the cbimtytddenrethbd xanitbarafive be prdvehed frimbeing tvidblki r st and second
channel formng regions and a third inpurity region between the pair of
first inmpurity regions. 2. A nethod according to claim1, wherein the first
TFT and the second TFT have the sane polarity. 30 3. A nmethod according to
claiml, wherein Trl, Tr2, Tr3, ..., Tr"_ 1 =2212z 2'-2 2-1 where the

| engt hs of the display periods, anong then + in display periods, 68
corresponding to respective bits of the digital video signal are taken as
Trl, Tr2, Tr3, ..., Tr"_1, Tr,,. 4. A nmethod according to claim1, wherein
“the first TFT functions as a switching 5 TFT, the second TFT functions as
an EL driver TFT, and the third TFT functions as an erasing TFT. 5. A
met hod 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 10 conprising: dividing a frane period inton + in

di splay periods with n and in being natural nunbers of.one or nore,
wherein the n + in display periods each correspond to one bit of a digital
video signal anbng n bits of the digital video signal, a plurality of
~display periods, anong then + in display period correspond to the nost
sighificant bit of the digital video 15 signal, and other display periods
corresponding to other bits of the digital video signal, '

67




anong then + in display periods, appear between the plurality of display
periods; for each of then + in display periods, inputting the correspondi ng
bit of the digital video sighal 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 20 after each of the n + in display periods
begi ns, conpleting the respective display period by turning on the third
TFT, whergiifcthhs.gok0ani c EL el enment emts |ight when the second TFT is
turned on, and does not emt |ight when the second TFT is turned off,
wherein the first TFT conprises a crystalline sem conductor film a gate
insulating 25 filmover the crystalline sem conductor film first and
second gat e lel ecticthidfdavingdn@Ledisplhedeisd/intiating e le@litycdpitetd, edchf i I m wi th
the gate jnsulating filminterposed therebetween, and first and second
charneha¥8e i tHgt Tl’eigiaoﬁ%oqdnﬂﬁhéi thirg dF4) andan arepnie Bhelraacnt. the methedl ow t he
first Qﬁqlrﬁg%pnd gate el ectrodes, respectively, and a pair of first
impurity Pégl ns in the crystalline 'sem conductor film between the first
and second clradimgla famepergpdriewirohm dgglappérivds dviBin andomrbeing maeghlon bet ween

L1 oL Roldt S kTR L LR NE G ELS gesording Lo Sl
T8 94 G101 5 MO Bty N Al St iinadl, 2
di I8l aypnpagiteris + m doplyptadi cogrespndds rdmﬁa'i}wé)ittﬂftthe digitslnedai ggrtahlandi deo
2ccor ci BT bR oS CoiRePura haer P ofee it tidbhsiene amehg PeR g TET
the secpthyliefiollinppé®BStvasn @it fRbrallyl Mespldyperiddg the third TFT functions
as an eras Ifglg ea-glli-(l;f the n + m display periods, inpuiting the corresponding bit of the digital
video signal to a gate electrode of the second TFT by turning on the first TFT and beginning
15  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 TI'T is turned off,
20 wherein the first TF'T 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

25 semiconductor film between the first and second channel forming regions and a third

impurity region between the pair of first impurity regions.

2. A method according to claim 1, wherein the first TFT and the second TFT have
the same polarity. |
30
3. A method according to claim 1, wherein Try, Tra, Tr, ..., Ty = 20, 21, 2% .,

22 2™ where the lengths of the display periods, among the n + m display periods,
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10 9. A method of driving an EL display device including a plurality of

pi xel s, each having a first TFT, a second TFT, a third TFT, and an organic
EL el ement, the nethod conprising: dividing a frame period into n + in

di splay periods with n and in being natural nunbers of one or nore,
wherein the n _+ in disp] peri ods ch correspogg to one_bit of 15

di gi t al COVFRIG @@dﬁaqsp%ﬁ%ﬁéﬂﬁogihfél% Yideo gighaliasg talerieolsi Yaal s -upplet bi t s
of the gigital video signal correspond to a plurality of dlsplay peri ods
anong thé n + in di spl ay periods, and other display periods correspondi ng
to other bits of the digital V|deo signal, anong the n + in display

peri ods, appear, between the pl . di spl a iods; for each of then
+ in display"pédtm5ge: EFWHH?%ﬁ% aFﬁé %%?F%E%Bﬁaﬁﬁgqﬂﬁ%ﬂﬁwsP%%SWF &l 20

vi dgo sTignake deofi TRT urkigRd Js%moar&émqew@dﬂd DY T RbAGaOM the first
TFT and beglnnlng the respective display period by turning off the third

TFT; arfties#iig BfT.each of the n + in display periods begins, conpleting the
respective display period by turning on the third TFT;, wherein the organic
EL elenment emts |ight when the second TFT is turned on, and 25 does not

em t |ight whem hleehodegdreinkfah E§d1%plﬁjﬂ3@l/1@sf iﬁlclumra%lﬁ\rahﬂ%ffmieﬁ eddnl
conprises, a crystalline sem conductor film a gate insulating filmover

the crﬁ@mgﬁ fit BehiasspendctIor, arthirgnF; msiwaarge@bmﬂew,eth@n@ﬁmodes f or med

oveh them %%talllne sem conductor filmw th the gate insulating film
|nterpose£ thérebetween, and first and second channel formng regions in

t he cryst al |dividingenfraanpeitiddntold + m &elbl éllsfittsh agheh B3thesesand gate
el ectrodes, @§pect|vely, and a pair irst inmpurity regions_in the
cryst aI”r”i"’ﬁjé Ob Rt Vgiergin Fh%lb%frv\@éﬂar Rerigds ea¢h esrsspadon@ne humhal

o 1010 60 e IR0 50 ORISRl T
TFT andmdng tkee o dEEIEyfmned ctrinspsadhe thohwmei dighificant bit of the digital video
15 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, inpuiting 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
20 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
25 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

30  impurity region between the pair of first impurity regions.

6. A method according to claim 5, wherein the first TFT and the second TFT have

the same polarity.
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11. A method according to claim9, wherein Tr1, Tr2, Tr3, ..., Tr"-1 = 20,

21, 22 5 2n-2 , 2" ~, where the lengths of the display periods, anong then
+ in display periods, corresponding to respective bits of the digital video
signal are taken as Trl1l, Tr2, Tr3, ..., Tr"-1, Tr". 12. A nethod according
to claim9, efein the first T

FT functio swi tching., 10 .JFT, the
second TFT funct Oda?gc%fﬂmﬁlfoﬁ’rafr{}ér‘”%?rfl%’ rﬁgﬁ?’hi“r c%r‘ﬂTFTzf’ néti-ons as an
er asi n@"FREF | dBereAhdRhAE oPthe AisdpldyR@riads, Eﬁl@%%ﬁﬁ'ﬂﬂﬂ@iﬁﬁlﬁﬁ_g&ﬁlﬁsyd' ng a
plurality of pixels, each having a first TFI, a second TFT and an organic
EL el erfSHESPAIHEIg IR rospectve s 0§ thegtigith vidieo sighalgratakemar TneFiobsi nt drm, + i n
di spl ayrl}geri ods with n and in being natural nunbers of one or nore,
wherein the n + in display periods each correspond to one bit of a digital
vi déo signal anmong n bits of the digital video signal, a plurality of

di spl ay periods anong the n + in display periods, correspond to the sane
bit of the digitmethadgeerrdingria claim fgwhereRiche drs JiFdyfupeiang @8 a switehisgondi ng
to oth i IO V| i ; + | di spl ay
peri odgFgglgeZ%er%%&e?%g%&;tlhgg ?osl dﬁ%‘?flﬁ/&o Td?@%ﬁggh‘%‘ie]??%%‘?&l or gSgaanch of the n
+ in dispimyTHEri ods, inputting the corresponding bit of the digital video
signal to a gate electrode of the second TFT by turning on the first TFT,;
and after each of the n + in display periods begins conpleting the

respect | ve d.SpA dendaiiantidRen 0N doANOh Rk SRLAKKPSIHRMS 2y wher ein

the organic EL elenent emts |ight when the seco Ps turned on, and
does ndtvigiafinsi GRE, adeeond HET,sebiod dFTFand an drgame BLaddmentfthe eiethddhe fir st
TFT cor’g());ni Ses a crystalline sem conductor film a gate insulating film
over the é}ygﬁalline sem conductor film first and second gate el ectrodes

formed over diliging® f&h@bérid¥enfai GOSAMEY gériéds|m%51mﬁn%i19£ﬁa%uﬂaﬁsu! ating
filminterposed therebetween, and first” 30 and second channel form ng
r egi onSUMPerH aie s mere.iwhereje teovh gudisplay piriodsisettortdyporfd tvsne Aitdf asecond

9213, o) bkl ORED wighfiPRRSLY ¥ Bitor AP igRafldo Hhel bl billothd fighiUhiel> ' N
signal correspond to a plurality of display periods among the n + m display periods, 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
20 video signal to a gaie 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
25 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 semiconducter 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
30 - second gate electrodes, respectively, and a pair of ﬁrét 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.
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sem conductor film between the first and second channel form ng regions and
athird inpurity region between the pair of first inpurity regions. 71 14. -
A nmet hod according to claim 13, wherein the first TFT and the second TFT
have the sane polarity. 15. A nethod according to claim 13, wherein Trl,

Tr2, Tr3, .. T = 20, .21, 2z. 2 -2 e ere the le of the
G apl ayper  Whs A ERONG ErantiE o Fleim Dpiproipal Bat THIGH dibrumher T B
respecﬁbygmbéggwm@_the digital video signal are taken as Trl, Tr2, Tr3,

| r,,. 16. A method according to claim 13, wherein the first
TFT functions as a switching 10 TFT and the second TFT functions as an EL
driver TFT. 7. od of. drivi ng,an, EL. di.sp}.ay-devi ¢ce in di,ng a
plurality ofé%iiﬁpgﬁkgégﬁndﬁg&?ﬁ%uggf??gFu& ?h&TQ@CUn =l n&’aﬁ’organic
EL & emerit 2™ heermhdRdotio 6PiteSiispiy iivild iaﬂﬁm%1 tHe e en @i@ﬁlia?geﬂicﬂﬁsp n+in
di splay periods with n and in being natural 15 nunbers of one or nore,
wher ei rFOrEPGRding t reRpegivaybits of thsaligital vislce siamake iden as BreThi Trof.-dTn-di gi t al
vi deo sfﬂnal anong n bits of the digital video signal, a plurality of
di splay periods, anong the n + in display periods, correspond to the nost
significant bit of the digital video signal, and other display periods
corresponding to, other bits of the digital video_signal, anong.the n + in
di spl ay peritids,® %ﬂ@&ﬁcwaméﬂ CQHE pPhersin the gyt THiTdypeipns aF f s7EChIDY f or
eacyy of j i é&@? i ' fe]alel bit of the
diS@%afTFG?ggﬁig%gggFgg%ﬁ%nggie e gggﬁgQZF%?H?h@ﬁgﬁ@%%ﬁﬁ@@%ﬂ%&%ﬁurning on
the firegesiffTfTand after each of the n + in display periods begins,
conpleting the respective display period by beginning of another display
period; wherein the organic EL elenent emts |ight when the second TFT is

turned on angy. 26nReRE JTAtve¥dn BIi &Bﬁlaﬁ,"/ﬂﬁigé feluareoNduhbily dSitdls Red of f,

wherein the first TFT conprises a crystalline semconductor film a gate
i nsul athayipg a first TFT, a second TFT and an organic EL element, the method comprising;

15 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
digital video signal among n bits of the digital video signal, a plurality of display periods,
among the n + m display periods, correspond to the same bit of the digital video signal, and
other display periods corresponding to other bits of the digital video signal, among the n + m

20  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

after each of the n + m display periods begins completing the respective display
period by beginning another display period;

25 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

30 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.
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filmover the crystalline sem conductor film first and second gate

el ectrodes forned over the <crystalline sem conductor filmwth the gate
insulating filminterposed therebetween, and first and second channel
formng regions in the crystalline sem conductor filmbelowthe first and

regions in iHe cb jetiancrsetEIRERndgcY e g ABE kah Sl E b ccond

channelthégmp@aﬁ@gl ons and a third inpurity region between the pair of
first inpurity regions. 72 18. A nethod according to claim17, wherein the
first TFT and the second TFT have the sane polarity. 19. A nethod

accordl ng t o; €l T 1 2l; 22 5
3w oo o] okiSs & el BEAET, Lol 141 o T ey By TheR i

di srﬂ ayz“ﬁeﬂ oddiereahe reﬁgm@nﬁthegilstpaayr@slaagtaMg Idthel 15+ @ disglay gb@ubdsal vi deo
signal are taken as Trl, Tr2 ,Trn. met hod accordi ng

to cl ai SATEFPONGIE R resPEHEerhits Of thﬁﬁmliahﬁ&ep@r@ala@e tekenes Eni B> Two--FAT-and t he
second fFT functions as an EL driver TFT. 21. A nethod of driving an EL

di spl ay device including a plurality of pixels, each having a first TFT, a
second TFT, and an organlc EL el ement, the nmethod conprising: dividing a
frame period I i n di.spl ay perlods wth n and in being natural 15

nt
nunbers of olrée cﬁ‘ “W'H}Oél acggrdingitp claa 13, wherginghe Brsh | Fl dpncsigas ane avisdinge s pond
to gne @FTa&iﬂ@sthﬁHﬁﬁHhﬁhﬂﬁﬁﬁiPﬂ@i (RAPRETN bits of the digital video

signal, upper bits of the digi signal correspond to a plurality
of dlsplay periods anong the n + in dlsplay perlods and ot her display

peri ods corrgespondi t o .ot her f the digj vi_de nal , anong then
T di spl a pet Msid oA ggu s Tdisoy Aevigs @gf%‘}wwaﬁrysﬁgw &R ds; 20
for eackuvidg 4 HEATFT] Nsedb&PTRY, aqlarahQﬁ'@md Epeie!‘rﬂeﬂa thd B eBl tEHPAAH 1g ng bit of

the digital _video S|gnal to a gate el ectrode of the second TFT by turning

on the firstdividing afigmeperad intoih+af dishlam peripds witls plang nperinpusutabgi ns
conpy etﬂ&%e&?@f dne?h %;oré, ecriéusll%he Y+ m display periods each correspond to one bit of a

digital video signal among n bits of the digital video signal, a plurality of display periods,
among the n + m display periods, correspond to the most significant bit of the digital video
signal, 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;
20 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
after each of the n + m display periods begins, completing the respective display
period by beginning of another display period;
.wherein the organic EL element emits light when the second TFT is turned on and
25 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 Wiﬂl the gate insulating film interposed therebetween, and first
and second channel forming regions in the crystalline semiconductor film below the first and
30 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.
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period by begi nni ng anot her display period; wherein the organic EL el enent
emts light when the second TFT is turned on and 25 does not emt |ight
when the second TFT is turned off, wherein the first TFT conprises a
crystalline sem conductor film a gate insulating filmover the
crystalline sem conductor film fjr and secopnd gate el ectrodes forned
over the crl}st Eq) meﬂ@gé‘éﬁ’ﬁré@ﬁ&‘hﬁlﬁﬁ? ?%a Whergindee fl%%ﬁgtaagrh?sge?% d kavem

i nt er pageshmdssiehet ween, and first and second channel formng regions in
‘the crystalline sém conductor filmbelow the first and 30 second gate

el ectrodes, respectively, and a pair of first inpurity regions in the
crystalline emj copdyctor .fil mbetween the first and secondchapnel

form ng regilogris ‘%W&Hgﬁtaﬁforrﬁmgit%ﬁlﬁ}ni’ﬁ ‘?%6(5?18 fbéf‘m&%h “th “ﬁa"ld%’%lf Bf’i"r’st

| Mpur i tF 1 B ahsre tic3ledhs ¢ R dRPhy3LASI hRBnt theGl AbiHiddia ®in the first
TFT and the second TFT have the Same polarity. 23. A method according to
cl ai m Zprregppadiigrio Tespective bits P ¢g digital videe signalar@ke®ds TRz 520~ 2 T 1
where the | engths of the display periods, anong then + in display periods,
correspofiding to respective bits of the digital video signal are taken as
Trt, Tr2, Tr3, ..., Trn_1, Tr". 24. A nethod according to claim 21,

wherein the first TET functions as a switching 10 TFT and the second TFT
functions asVan AEmethofagsordipg o olgim A7, whareis dhealitsb THT fignctiont#sed switchingher ei n
af tigr ege.0f ik R&R/nd TFT £l t ok ins, the respective display -
periods are conp%g?eaibfﬂ?ﬁghgé%%ﬁﬁFgg®8%?§%other di splay period. 15 26. A
nmet hod according to claim1l, wherein after each of then + in display

peri ods begj,ns,, the respective display periods are conpleted by the third
TFT turni ng 9n. sz.eﬁ’ﬂdﬁiﬁﬁwgée@iriﬁma deyiea igrlpflme amwpbipiapieds eedlich of

then + HaRindiSRSEYE P deB8R1 TFT, and an organic EL element, the method comprising:
dividing a frame period into n + m display periods with n and m being natural
15 numbers of one or more, wherein the n + m display periods each correspond to one bit of a
digital video signal among n bits of the digital video signal, upper bits of the digital video
signal correspond to a plurality of display periods among the n + m display periods, 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;
20 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
after each of the n + m display periods begins completing the respective display
period by beginning another display period;
wherein the organic EL element emits light when the second TFT is turned on and
25  does not emit light when the sécond 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
30 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.
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20 begins, the respective display periods are conpleted by the begi nning of
anot her display period. 28. A nethod according to claimb5, wherein after
each of the n + in display periods begins, the respective display periods
are conpleted by the third TFT turning on. 25 29. A nethod according to
claim9, wherein after, each of the n + in display_periods begins, the
Fespect | ve di%spielOfiaseRdiaado chip P werTe thBrshEGT ARt His SSForard: eve
displawhegﬁﬁég arig? 30. A method according to claim?9, wherein after each
of then + I n displfay periods begins, the respective display periods are
conpleted by the third TFT turning on. 74 31. A nethod according to claim
13, wherein after each of then + in_display _perjo begi ns, _,t he_yespective
di spl ay peri dsjﬁpﬁﬁfgﬁﬁgga@ﬁuﬁyayﬁg?b rﬁﬁﬂﬂgjgﬁqghoth 45ﬂghpa9"period.
5 33 Arieitodnacard Rhi8s beme!dpByhériodd) Shithg il £ @igglay périécﬁ,e n+in
di splay periods begins, the respéctive dispray perio are conpl eted by
t he begiomesprpdof tamespbesivediits pf the digital vldo s@Bal abe takemad Tactoy Bisng., flo.. ¢l ai m
21, wh Fin after each of then + in display periods 10 begins, the
respectiVe display periods are conpl eted by the beginning of another
di splay period. 34. A nethod according to claim1, wherein the first
display period is a divided display period in said frame period, and
wher ei n t he 3dast? gictsdageqsdingdelclaim 31 dvkgbiayfhelrst SHTifanctivds swd svithéng r ane
perinod. rdin aj.m erein the first display period
IS %ﬁe E@ﬁ?ﬁghgg%ﬁﬁgﬂﬁﬁ?QB&“’?ééﬁéghég%?%ﬁg¥¢n said frane period, and
wherein the |ast display period is one of the other display periods in
said frame peri od. , _ ) ) )
25. A method according to claim 1, wherein after each of the n + m display periods

begins, the respective display periods are completed by the beginning of another display
period.
15
26. A method according to claim 1, wherein after each of the n + m display periods

begins, the respective display periods are completed by the third TFT turning on.

27. A method according to claim 5, wherein after each of the n + m display periods
20 begins, the respective display periods are completed by the beginning of another display

period.

28. A method according to claim 5, wherein after each of the n + m display periods

begins, the respective display periods are completed by the third TFT turning on.

25
29. A method according to claim 9, wherein after each of the n + m display periods
begins, the respective display periods are completed by the beginning of another display
period.
30 30. A method according to claim 9, wherein after each of the n + m display periods

begins, the respective display periods are completed by the third TFT turning on.
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20 36. A nethod according to claimb5, wherein the first display period is a
di vided display period in said franme period, and wherein the | ast display
period is a display period in said one frame period. 25 37. A nethod
according to claim5, wherein the first display period is one of the

plurality of, display periods in said_frame period, and wherein the | ast

di spl ay peridd i‘ig msHhedgecording toehagn 1di whersip abisr eashofthe wamdisplayaetindsi od.
38. A AGH; ' ' i-rst di j0od is a

i vi ded S0 A e R Ry hAt g RO She HRRIRLT ! U8 bbb B SR AOMY G

di spl aypgperdi od is a display period in said one frame period. 75 39. A

met hod according to claim9, wherein the first display period is one of the
plurality of display periods in said frane period, and wherein the | ast

di sl ay perizd isnRiRdUccoift tOLREH 16! whtBH REF ERADH $ R alsp@P el 0d. 5
40. A method according to claimi13, wherein the first display pefiodis a
di vi dedregissibe agsppaivestisplay pegiods fncaomppied ydthe baginwng oé mthdralispdest  di spl ay
period_&gm? di splay period in said one frame period. 41. A nethod
accordi‘ng To claim 13, wherein the first display period is one of the 10
plurality of display periods in said frame period, and wherein the | ast
display period is one of the other display periods in said frame period.
42. A et hod3acbrgiing aceprdingiterclpim 2\J\h‘€€@i%m afteeedchrof thedi $pi digplge petdetlsi s a
di vipde S i I J r [jd nd _wherein the.last display
perllogdq?egg.lg’ @%2%?3@"83%"' cl)% I? egfogiéeggﬁl & Peg%deb}% the bestpanE 85 anofher AP hod
accordipegiolo claim 17, wherein the first display period is one of the
plurality of display periods in said frane period, and wherein the | ast

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

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

15 said one frame period.

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

the other display periods in said frame period.

20
36. A method according to claim 5, wherein the first display period is a divided
display period in said frame period, and wherein the last display period is a display period in
said one frame period.
25 37. A method according to claim 5, wherein the first display period is one of the

plurality of display periods in said frame period, and wherein the last display period is one of

the other display periods in said frame period.

38. A method according to claim 9, wherein the first display period is a divided
30  display period in said frame period, and wherein the last display period is a display period in

said one frame period.
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20 44. A nethod according to claim21, wherein the first display period is
a divided display period in said frane period, and wherein the | ast

di splay period is a display period in said one frane period. 25 45. A

met hod according to claim21, wherein the first display period is one of

t he plurali%y of display periods in said frane period, and wherein the

| ast di spl ay pert Bgthod ageradipg to elain §¢ wherew; thp fiesy diseley pariod is oggedther ame

peri od. : i VI EL.. ¢ \/ | ee i |G

D1 ur al Ry A dhpfERAaCln Qd MrROpARdm AR BB B kNN of i
EL el enbatthendieplbyp penbdls in edid fiaategriiaeéd in that n + in display periods (Tr)
with n and in being natural nunbers of one or nore 5 appear in one frane
period; the n + in display periods each correspond to one bit of a digital
vi dgo si gnalsg. anRGddkestdidk 16 BRindlh 9] \kﬁéreiﬁ'tﬂ&ﬁrs,?ﬂigg&a& pedBiEis GRIViEEE ratio

of the lengths of the display periods Trl to Tr" ICR corresponds to the
same bidispdy paniodii dad fiwigmariod sand3therda tiRAast diphay pbfiod g4 displhy psriafindi spl ay
peri ods . A the n.+ in display periods, correspond to the same bit of

t he did@farmaﬁﬁg%p%¥)nal; ot her display periods corresponding to other bits
of the digital video signal, anmong the n + in display periods, appear
between the plurality of display periods; for each of then + in display
peri ods, t he’ﬂeorﬁf espwddicengdigeto olpim A2, wheykinghe fist displep psiieshislong of theput to a

e ARG oty 1 BIER A borl pad Bl LB BRioGagRe P ™"

egl ns; trv
conpl etthe othiyr dibelap pgriciRiin gaidfiradeqfetied. di spl ay period; and

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

15 said one frame period.

43. A method according to claim 17, wherein the first display period is one of the
plurality of display periods in said frame period, and wherein the last display period is one of

the other display periods in said frame period.

20
44, A method according to claim 21, wherein the first display period is a divided
display period in said frame period, and wherein the last display period is a display period in
said one frame period.
25 45. A method according to claim 21, wherein the first display period is one of the

plurality of display periods in said frame period, and wherein the last display period is one of

the other display periods in said frame period.
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the organic EL elenent emts |ight when the second TFT is turned on, and

20 does not emt light when the second TFT is turned off. 47. A nethod
according to claim46, wherein the first TFT and the second TFT have the
sane polarity. 25 48. A nethod according to claim46, wherein Trl, Tr2,

Tr3, .. Tr"-1 = 20, 21, 22, 2n-2 2-1 where the lengths of the display
peri 0ds?6-anoh ?thggr?fﬁr’i"hn%?’é}glla@sﬁlé‘ﬁ’i%éc,e oV Rl sopldrHEY 1 DigdBecti ve bits
of the dicfia3ing/h #29 BEPNRLe G T1RKE ic ELf : "L T,
30 49. A mstahoI1 accordi ng t% éll alfm 4@(,1%%%%%}1%%Ihéepﬁﬁgtar%égr?%%cti ons as a
swi t chi dguraEarizesdin thet second TFT functions as a EL driver TFT. 77 50. A

met hod according to.any on clainms 46 to,49, wherein the_plurality of

di spl ay perioddh dé%%}gﬁﬂ%g%&f) Hids &&Pﬁgﬂ%@}%&%@r ®AEORS OFf AP Fost

si gni figaehr iPbke gﬁn{et}%rm@i tal video signal. 5 51. A nethod according to
any one of clainms 46 to 50, wherein upper bits of the digital video signal

correspond ttete npdispday pgriads aich phagspard tdenabivng atdigital wdeo stimspl ay

peri ods Jretheod accqrding to any one of cl.ai 46 to, 51, .wherein the
G ol ay B iR B8 SR LH000 iR et e Rl S RnS TRethn B G oy
period displagmetietedrbyo tite whedi datrédoalis e ed@mabiRIraNe RRIdoCTgndfis by the
third TRT turning on. 53. A nethod of driving an EL display device in which

a pluratity2of-2pi xel s, each having a first TFT, a second TFT and an
orggnic EL g] i 5 racterized i;n that .n + mdisp|ay
pe?Ll ods (Tr) gnm?ﬂ tﬁ (gf;\cgsér%%%gﬁ% ﬁSd%fa%nE?‘% ﬁlr?u%el}lsfﬁ %%Ia%ﬁgr18gs’r?8FI§Sp%%£{eoar in
one fr aie spewritddof theedigiial middbspiay; peri ods each correspond to one bit of a
digital video,si ,nal . ) ) .. , .
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 cach of the n + m display periods, the corresponding bit of the digital
15 video signal is input to a gate electrode of the second TFT by the first TFT turning
on; '
after each of the n + m display periods begins, the respective display periods
are completed by the beginning of another display period; and
the organic EL element emits light when the second TFT is turned on, and

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

47. A method according to claim 46, wherein the first TFT and the second TFT

have the same polarity.

25 48. A method according to claim 46, wherein Try, Tra, Tra, .... Tt = 20, 21, 22,
o 272, 2™ where the lengths of the display periods, among the n + m display
periods, corresponding to respective bits of the digital video signal are taken as Tri,
Tra, Trs, ... Tryq, Try.

30 49. A method according to claim 46, wherein the first TFT functions as a
switching TFT and the second TFT functions as a EL driver TFT.
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anong n bits of the digital video signal; whereby the ratio of the |engths
of the 20 display periods Trl to Trn which corresponds to the sane bit of
the video signal is 2021:22: 2" whereby the I engths of each of the
plurality of the display periods which correspond to the sane bit of the
digital video signal may not be all the same, a plurality of display
periods, anong the n + mdisplay periods, correspond to the sane bit of

the di gital Ainttghodhgrating?f atyhete of Spimy 40es Yodsheasin espphdalig dfo ot her
bits of . the di%jtal vi deq signal, _anong the n + mdisplay periods, appear

bet weerfiEMaY BeUiPAf-i agong thei R pImylisdey Berdeds, cerrespens tor therost signiigratpl ay

periodqﬁtBpgmgﬂ%ﬁgppggggﬂ%u@it of the digital video signal is input to a
gate el ectrode 6f the second TFT by the first TFT turning on; 30 after

each of the n + mdisplay periods begins, the respective display periods
are .conpl eted by, the beginning of another display period;, and 78_the

or gani ¢ EL o anetnpd B 10§ (AN B0 HETRE A6 40 STEIELSIE WPREEDBHOT Hfd  does
not emidiofthiofte¥RfMal 06865 0 TR plisralityf BEGisRldy pertbdsAnii@d LEGOrding to
clain153? mherging¥ﬁé f?rst TFT andl tﬁéﬁéecoﬁgzﬁﬂ% SShaveE¥ﬁE sane

pol ar i tdispi8s periodwt hod according to claim53, wherein Trl, Tr2, Tra3i

Tr" 1 = 20, 21, 2z 2n"22n-1 where the lengths of the display periods,
anong then + in display periods, corresponding to respective bits of the

di gi t al52vi dew nsdthbd@hcedrdidgdeethyasnelbflclairt® 4818 51T hderein the dlsplayi pebids 56. A
net hod according to claim5b53, wherein the first TFT functionghégpa

swillchitrginsey ameird A& Tseoing ofifTarrd hetdiomley asriad B complesed PFThe 15 57. A
etod s 09 0ugPY AOR, BLE T 5 Ba Ty ST b plurel 1Ly of
si gni ficant
53. A method of driving an EL display device in which a plurality of pixels, cach
having a first TFT, a second TFT and an organic EL element, are formed,
15  characterized in that
n + m display periods (Tr) with n and m being natural numbers of one or more
appear in one frame period;
the n + m display periods each correspond to one bit of a digital video signal
among n bits of the digital video signal; whereby the ratio of the lengths of the
20  display periods Trl to Tr, which corresponds to the same bit of the video signal is
202402 2m, whereby the lengths of each of the plurality of the display periods
which correspond to the same bit of the digital video signal may not be all the same,
a plurality of display periods, among the n + m display periods, correspond to
the same bit of the digital video signal;
25 other display periods corresponding to other bits of the digital video signal,
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;
30 after each of the n + m display periods begins, the respective display periods

are completed by the beginning of another display period; and

78




bit of the digital video signal. 58. A nethod according to any one of
claims 53 to 57, wherein upper bits of the 20 digital video signal
correspond to the plurality of display periods anmong then + in display
periods. 59. A nethod according to any one of clainms 53 to 58, wherein the
di splay period begins by a third TFT turning off; and the display period

I's conpl eted, by the eqgi nni n f .anqgt her di spl eriod, .or by the third
TET tur ni ngq(})lﬁ orgyuic %‘i &e%enpemgtsqlght when the secgnﬁF'? 1s turned on, aﬁ/d
does not emit light when the second TFT is turned off.

54. A method according to claim 53, wherein the first TFT and the second TFT

5 have the same polarity.

55. A method according to claim 53, wherein Try, Tra, Trs, .... Tryg = 28, 21, 22,
. 2%2 2™ where the lengths of the display periods, among the n + m display
periods, corresponding to respective bits of the digital video signal are taken as Try,

10 Try, Trs, ... Try.q, Try.

56. A method according to claim 53, wherein the first TFT functions as a

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

I5 57 A method according to any one of claims 53 to 56, wherein the plurality of
display periods, among the n + m display periods, correspond to the most significant

bit of the digital video signal.

58. A method according to any one of claims 53 to 57, wherein upper bits of the
20 digital video'signal correspond to the plurality of display periods among the n + m

display periods.
59. A method according to any one of claims 53 to 58, wherein the display period

begins by a third TFT turning off; and the display period is completed by the
25 beginning of another display period, or by the third TFT turning on.
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