;~e3e{ {"6PTNy+LI GHT EM TTI NG DEVI CE BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5 The present invention relates to a light emtting
device. In particular, the present invention relates to a structure of an
active matrix light emtting device having thin filmtransistors (hereafter
referred to as TFTs) manufactured on an insulator such as glass or plastic.
The present invention also relates to an el ectronic equi pnment using the
light emtting device in its display portion. 10 2. Description of the

Rel ated Art The devel opnent of display devices in which self light emtting
el enents such as electro | un MdGHEEMIEINGDEMGE are used, has been
active recently. The term EL el enent includes either of an el enent that
utilizes lum nescence froma singlet exciton (fluorescence), and an el enent
that utilizes lum nescence froma triplet exciton (phosphorescence). An EL
15 di splay device is gi ven BACRGROGND!GF PHEANVENTEIONT tting device here,
but di splay devices using other self Tight emtting elenents are al so
included § it rat §oQnCf the light emtting device. EL el enments are
conposed of a li1ght emtting | ayer sandwi ched between a pair of el ectrodes
(anode. and cat e r.oal |. \ T l.nat ture
20 prgposed by T bresft it BLBER FEnEbhitihe URoq, JIF paRELRE] G phésk
transporting |laye alight emtting Layer,. and an.electron transporting
AR R e T W e S TR A SR e
efficiency, and this strycture i plied to st EL el enents that have
been reseé’i“lﬂf’é‘ﬁs herenfter pfgrred to as ?ﬂj%m@w?a% n insylator such as glass prplastic. 5
light emtting |layer, and an electron transporting |ayer are |amnated in
sequence bhe prgsenhinyentiemalsaisatesio ah pleptrenie equipmet dsing ths lishy emitting deyiee in
transporting layer, a light emtting |layer, an electron transporting |ayer,
and an el #cdisplay poitiest i ng | ayer are | am nated in sequence on an anode. Any
of these structures may be adopted as an EL 5 el enent structure in the
preserd i AvBdstiiption dbalé Relarell Art uor escent pignents or the like to the |ight
emtting |ayer may al so be perfornmed. Al |ayers fornmed between an anode
and a cathode arige geRRIpneat by displagrdeeided th dichlseifajpdt Smieing elehits such as

af orenenti oned hole injecting |ayer, hole transporting |ayer, |ight

em t1ing L8%RS lunfhREdce ga%y ABRBAS hicRGed, BYEhoen DY TG ONTh AR HI Wehamer
are therefore all included in EL 10 layers. Alight emtting el enent

structur e&c@éﬁsaat ngfj%} elgﬁeﬁl'th%ta%f‘ﬁi??s ]ﬂ:%e@céﬁ@é ﬁ'ggl?e%/i?%laeé&f%ﬁgﬂv&q&?%éﬁg’_ EL

el enent . ena agram o g.emttln els s
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side. However, considering factors such as reliability and efficiency of
circuit ofi%tion, it is preferable to dispose the gate signal line driver
circuits 303 on both the sides. 20 Signals such as a clock signal, a start
pul se, and an ibagnmsngnat camposedpefta tighttdmittinguayses sgindighed betweelr apair of

circuit 302 and the gate signal line driver circuits 303 through a flexible
printed céleatndes (6@ and tdtkode),keorm@figralininatefstiubmradr | The lemimatd stsudtere
explained. In the gate signal line driver circuit, pulses for selecting the

gat e ® gngbpddededs Bing ebul. fEasRnddRk Gulahtdaviby adothirddspotigp 34yeE, S3Rdhti N 2

accordance with the clock signal and the start pulse. Then, the voltage

anpl i t udeeRfitiddRyer, and an electron transporting layer can be typically given. This structure has
extremely high luminous efficiency, and this structure is applied to most EL elements that

have been researched at present.

Further, other structures also exist, such as one in which a hole injecting layer, a hole
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signals are transformed by a level shifter 322, and are output to the gate
signal lines via a buffer 323, and a certain one row of the gate signal
lines is placed in a selected state. In the source signal line driver
circuit, sanpling pulses are output one after another by a shift register
311 in accordance with the clock signal and the start pulses. In a first
latch circuit 312, storage of a digital inmage signal is perfornmed in
accordance with the timng of the sanpling pul se. Wen operation for one
horizontal period portion is conpleted, a latch pulse is input during a
return pekpesgortimgdaydiea dighfi enittingrayer, smcbarablsctmn GaSPeIting payer arenlagtimatestlin n
the first latch circuit 312 are transferred all at once to a second | atch
ci rcuit 34Buendeeordaganede, ad bnadrewdiohrmhale afjecting layen pbolei tomsporting fegyer, a
witten simultaneously to pixels of the rowto which the pulse for

sel ecti ngligiteeittisg Jaypnakn | dleveronStranspgrting 1Ay, phdkein gecttonoinjedihgi Ryer are
expl ai ned next. A portion shown by reference nuneral 310 in the pixel

portion 3QhifAEd &5 REGERCE OnORCaiidse! Anpitd théle Gutkirdst mBy beCidépRdods dMEL
pi xel is shown in Fig. 3B. Reference nuneral 351 in Fig. 3B denotes a TFT

t hat fé”‘%l' e téﬁ,camlm }&Qﬁtngv&hsmnb%gl §6Fﬁﬁ<fr€§cefiﬁ]grhél xef heQkedo the

swi tching T during wi |ng of the i mage 3signa

havi ng e| nit channel polarity may be used as the
swi t chi ng Qﬁf“ﬁ%@ %%Q? g%cgtﬁ ﬂgéT&%SZ denotes a TFT (hereafter referred
to as a driver nctlons as, an or cant oI i n eIe ric
Corrent. suppt1 iy dihed BEfisR 55 ahas %ndt%%a"*'éo?%evaé% bentpgulyErstertgd 1f S B

n- channel TFT, then_one electro 5. of t EL el enment 354 is taken as
A cat hodelayaideres g @F@&n@@egﬁl geu&n lings |35 PolsdragFooTeE l&wrvesﬁtﬂmﬂtgez
The other el ectrode 356 of the EL elenent.354 t herefore beconmes an anode.
On t he ot hwer, plgatdon franspoitingHayenend piFtps injecting dayer pee therefpse athcluied in Elen
the one el ectrode 355 of the EL elenent 354 is taken as an anode, and is
connet edlayerst hA bgitpenittiige clemeotestofctiurbd bgirdnvanodgFan 34 2laydhendtaheathode is

el ectrode 3S6 of the EL el enment 354 therefore becones a 3 cat hode.

Ref er encerefietegirtalas 3o BLAddmdneSs a st orage capacitor (Cs) forned in order to
store the electric potential applied to a gate el ectrode of the driver TFT
352. Although tAeschb@hEag AiagePROftOlightComitiisg dbvve) i licviasn Fig.i 3ule pangigert
capacitive means, a capacitance that occurs between the gate el ectrode and

a source paELRMBONf Hﬁﬁoééawearce]iFIg%ﬁ%n &a QubRRRBB0D.ANAG oL s apﬁﬁé'ﬁﬁver
between the gate el ectrode and a drain region of the driver may

E‘Eaf Neen ¢ MRS £ Bl e SRR W BolE Al IR, %E“as‘??ﬁcﬁ"regt%?fﬁm for

354
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inthis s eclflcatlon The term " TFT t rns on" |nd|ca es that the a Qlute
val ue of thell/Big: d0e PBEPIROR themymay benpfaced Qs Prly oge ST Hloageere deny i

absol ute value of the TFT threshold voltage, and a source region and a

drain regfasi9rosuchias rrhablhﬁyeaqdmfﬁmpn%@ﬁjamltapmmuctt|1s/ére§@ralflé tqshwmfbtbgh a
channel formng region. The term"TFT turns off" indicates that the

absol ut e gei¢ signalflint Haveraditcage3@eomkeath theflsidegat e and t he source of the TFT is
- l.ower than the absolute value of the TFFthreshold voltage, and the source
regi 020 and t he Sigails snahgasom chifcktsignall FaTstant @ulsh, andnanimagedcigital aee fipat & then
addition, the terns "gate el ectrode, input electrode, output electrode" and
gate 20 edomeder ightal Imeudrber eiregit BoZland dicpite signgl lindarivar drcute 303 ap@igh al y
when expl ai ning TFT connections. This is because the vol tage between the

gate and fihgbls Hhﬁﬁcﬁ@u@flﬁa(ﬁ@ﬂﬂhdﬁred when expl ai ni ng TFT operation, but
it is difficult to clearly differentiate between the source region and the

drain region Ofoﬁéi@n% dr e d"i‘w%{ Eitkit¥ éé‘lex lﬁ}{ Il R Ezft%rgnélh%etéﬁ?v %%895

are referred to as the input electro the out put electrode

expl ai nin , f e, and
the out put SRRl Bt e SHEPHL o RIFRRORE bR A Pl ?%@%%%9%*

is referred to as the drain region, when? expl ai ni ng the rel ati onship
between the electric potentials of the TFT el ectrodes. First, consider a
case in which reference nuneral 505 denotes an anode, and 5 reference
nunmeral 506 denotes a cathode in the EL elenent 504. If the electric
potential of the electrode 505 is taken as V505 and the electric potenti al
of the electrode 506 is taken as Vso~, then it is necessary to inpart a
forward bi as between the anode and the cathode in order




that the EL elenent 504 emts |light. Therefore V505 > V506 is satisfied. In
order to turn on the driver TFT 502 with certainty if it is an n-channel
TFT, and nornmally apply voltage 10 between the el ectrodes of the EL el ement
504, it is necessary that the electric potential applied to the gate

el ectrode of the driver TFT 502 be greater than V505 by at |east the anount
of the threshold value of the TFT 502. That is, it is necessary to expand
the anplitude of a signal witten in froma source signal line. On the
other hand, it is necessary for the electric potential applied to the gate
el ect r odeagsprdanee withvibe B@n! land |thss startt parise\/5 Berh tha vokltage samplftedel 6f theount
of the threshold value of the TFT 502 in order to turn on the driver TFT
502 wit h signdlapret tyansforimed iby alepelcsinftere322T kild aredoutput rtalthey gatp gignal hihdsagje a

bet ween the el ectrodes of the EL elenent 504. It is therefore not necessary
t o expandbiifhe 3aB8dndtaudtainfont hew St Heglatewidrial Biesiigiplhccdih bRelesiod kar. si gnal

line large anbunt. It is thus preferable to use a p-channel TFT for the

driver TFT 502 fnOte 33568 sighalMHeCdiivieh ir&li€ SAmpisy MR iafe Mrﬁutadi%%m mhérhe
el ectrode 506 is the 20 cathode in the EL el ement 504 Fur t her,

e e
gate elecligoudlyhies O Yhallohef Sy oy aairﬂaecc%%%gce iRy SERe

due to defecs in. the aracteristics L el ement

Ce, Cor IR Mty MERGH ARrgriRialer e origneh b BoT P ThoPRREIGh iy
source el ectrode of the driver TFT 502 increases. There is a possibility
that the RWsaisdRpubdpuRETetye pgHeS 2n thedigital impgesignlsaf @ng Fow pPTtippstogesbinyj | |
cause di spersion to devel op between pixels due to dispersion in EL elenents
504. |t iéedinglattheiscyt 2¥eara transfersed @lbatzpnge thaspeend Ipch cirsuit Bé3.5 Hig digital TET
502 here. In order to make the EL el enment 504 emt |ight when reference
nunmer Hl 5iegd sipntls ©f bierosapdrooe areaheh wefter @moBanzonsty & pi%S€ls ofithe oove $0 whizh
anode in the EL elenent 504, it is necessary to inpart an electric

pot ent i al thdiplifse f@rseRctig thve gaeBidnbl lifkds ebtpat. r odes. I n this case, V505 < V506
is satisfied. In order to turn on the driver TFT 502 with certainty if it

i's an 10 n- chanmgd piddt port@mB019¢ BRlAiNePRRt.Y A?bitﬁ;ﬁ%h&\@ﬁ ¥R edfereh@ ingeilrndes
of the EL el enent 504 the electric potential applied to the gate el ectrode

of the drivge plfel petfod 308 BbkdspbRidt boYorkd 1@%16511& BRNcidR Sk of BRSpixENR
amount of the thréshold value of the TFT 502 is therefore not necessary

to expand hltot)z?n anpl,i ggdeRg?r;[nEE nﬁbﬁ, %s‘ir"r htﬁlgt”ﬂs Thehot@M LR ﬁ?lwf&fchﬁhgﬁ ectr i c

l'ine be a arge amo IS necessary

pot en lle to t ctrode.o 0]

ese thar BB B 8 R P Bk S, TSR f*rrelfaﬁgr 502
in order t on, t he er TET 502 with ainty i nne
TET and A Sl AL i sidieh nrdbemnel eekPbuelp otk paete hE

504. That is, the anplitude of the signal witten in fromthe source signal
i ne nustYsse aglissmdiching LFT 351 h Refesenceanmeral 3p¢ depotes T il thersafier refermedtgy
the driver TFT 502 for cases in which the electrode 20 505 is the cathode,
and the etsgcdnivvadFIDavhich funetions ggen iclementfazicontrallingelegda cumentishppliedipan
considering the voltage between the gate and the source of the driver TFT
5U2, and Ehelesieat854.c If theedriviealTF3f 352hie ap at-¢hadec] GTFT Hen Bhe eleetrodd 355 of ths
also preferable to use a p-channel TFT for—the driver TFT 502 in this case.
Next ,20t heEL eleatenoAShisptabed uee vathbde, dhd ectomiacted td argbiitpetngleciods of chd téver
polarity of the 6 driver TFT 502 and the EL el enent 504 structure is

di scussedrFFBSR. 8fhe dthé chschBIBESEoCthO FY. d1@6ért 352 khedfo@abd@aés 4gholEr UOhUr €
of the EL el enent 504 when the driver TFT 502 is an n-channel TFT, and Fig.

8B is a sebeMmR} hind: OSp-chffiel PR@lis dicadsame Bfivedr TSNV RHeH e Se 4ib&rdab 355
el enent 504 when the driver TFT 502 is a p-channel TFT. 5 1t is preferable

to use a ympakl &e t84543k tdiddn ta?%n%ﬁ&ﬁhﬁ‘iﬁd of C(Hﬂ@ct t(ﬂh@%g}ut %Qﬂtre%c@é;ﬁg the

ability to 1 nject ectrons |nto t emt tlng ayer desir

el ectrode ran de i |l

anode. The grﬁ;/ %%T ”hhe E roge ?ﬁérogfto?eﬁan n-e%L%gg tﬁgr ; béc%%ugsrent
supply line is connected to the,source r&gi on of the driver TFT 502 and the
cat hode of the EL element 504 is connected to the drain region of the 10
driver TFT 502. Consequently, light generated by the light emtting |ayer
is emtted toward the transparent el ectrode anode side, and therefore the
direction of light em ssion is opposite to a substrate on which the TFT is
formed (hereafter referred to as a TFT substrate), as shown in the figure.
On the ot her hand |n F| g. 8B t he drlver TFT 502 |s a p- channel TFT The

Y o o o ——— —



el ement 504 is connected to the drain region of the driver TFT 502.
Consequently, light generated by the light emtting layer is emtted toward
the transparent el ectrode anode side, and therefore the direction of |ight
emssion is toward the TFT substrate, as shown in the figure. 20 The |ight
em ssion direction showm in Fig. 8Ais referred to as upper surface

em ssion, and the light em ssion direction shown in Fig, 8B is referred to
as | ower surface em ssion here. The region occupied by the el enents
structuring the pixel portion influences the |ight em ssion surface area in
t he | ower csthpfleac Referess mmeralsih3 damoteha shorage capanilor ((3) fdrmed iperdes vio S@ece
em ssion case, light can be extracted with no relation to the region

occupi ed Iphe electrié poteatiR Applicd t6targatd diédtivge bhhe @irived TIDBS2.0MAlttasugh ke storage
useful in increasing the aperture ratio. However, it is necessary to form

the anode chisicli6r (g id SRWAPRGE RS aRliRddpemetat é‘zfﬁa@irtlvglméaﬁé/%rcafp%l%& it Bedubs
process ConSI der atl ons when manuf act uri ng an upper surface em ssion

structure bL:f“%Eg t@k:&& 'eﬁgtrg&bérf&e%s&ﬁces WA dfhE gﬁvef{SIoET BITRIG Lapa&ifibd that

inparted to l'aye I'S pro ess, is typé of process Is
difficult I r r hown
in Fi gg 88 gur?% g‘%g otfﬁl%a ngneZcfcgﬁtoFe Egﬁp g\ég'dré% net ﬁ.‘o ? ? lc—{?? V?%%H—%& udliSS’h?
emtting dﬁél ce i s explained next. An anal og gradation nmethod and a digital
gradati on #bd can be gi ven as exanpl es of nethods of expressing many
gradati ons usi ngca light emtting device. The 10 anal og gradation nethod is
one in which el %‘F‘ipl? ptanation 15| Bvennfgr the rEE‘“@‘PﬁQHbPR‘%’e%‘hEd’H{aF’& pEtheidsiver,
anal og manner, thus controlling brightness, and gradati ons are obtai ned.
However  FHUSE anddhe sencimme df i Hb cloreanh b with redercege FTes. Sé tnd 304 nGEa

pi xel port| on have a large influence on dispersions in EL brightness.

Nanel y, i DAtdhews thesstdicgpeota pixel portibe of iraEh ctearens tand Figy {5 B showd ischesratiTHy
102, then the anpunt of electric current flowi ng between a 15 source and a
drai n1of did doaneotionslfimusy a Silching TFT d01,faalriveeVEN 502, andan Fdrstemére S04.i C
potential is inparted to gate electrodes of the driver TFTs. In other

wor ds, dispersi e@rthd?, TFTIBpEEGSN & \RdcaRRd dWRert @xplaRinl kirewie WpeANBAMh s
electric current fl ow ng in the EL elenents. The digital gradation nethod

is a met hogdifaibh.ChTrl RRGT SFEN wirks bH@ n?tﬁ@artécihﬁf bRt AssS1ued leh@ cﬁ'tﬁé@&lége
structuring the pixels does not easily influence image quality. The

el ement s gt . Il‘fl : %ﬁt'e\éﬁa aQ¥urds bgga‘gg‘léﬁcé th%taﬁ §te v@ﬂxe%? lﬁtﬁfth%%hélh%ﬁ

whi ch t he ess IS near ano state eln WhIC

bri ghtness_is near n sal the di

gradati on ?I%tahsé)&r ‘%ﬁloﬂrﬁ"\?l 3‘%{?{%‘&” of % Q @ Aesd llnna € Iéé"'%rl gﬁ&aness
of the EL ele ifficult to edlst |shed ev here

di spef&i of¥oy f‘ a%&?ﬂml% region.¢ r’ﬁl" ey *“I"E)?/\Pﬁg ‘b(g‘f %’éﬁll”ff‘e
and the drain of the driver TFTs. Hovvever onlﬁ_ radatl ons can be
di spl ayedVale Rf thieveltage batwegp élarasateﬁnﬁ#é‘tanquerpftthf Edy 1at1% ergifan thegabselats ¢ y
of techniques for achieving many gradations by conbining the digital

gr adat i onvalse RbtheviTiThthzasheld woltage; Arrdithe s0erce eagtonyangghe degin region of the TFT are

in a non-conductive state.
In addition, the terms "gate electrode, input electrode, output electrode" and gate
26 electrode, source electrode, drain electrode" are u;; separately when explaining TFT
connections. This is because the voltage between the gate and the source is often considered
when explaining TFT operation, but it is difficult to clearly differentiate between the source

region and the drain region of the TFT on a structural level. Therefore the two regions are

referred to as the input electrode and the output electrode when explaining signal input and
4



One nmethod that can be given for achieving multiple gradations is a
conbination of 5 the digital gradation nethod with a tinme gradation nethod.
The termtinme gradation nmethod denotes a nethod in which gradation
expression is performed by controlling the amount of time during which the
EL elenments emt light. Specifically, one frame period is divided into a
plurality of subfrane periods of different |engths. G adations are
expressed by selecting whether or not the EL elenents emt |ight during
each subfranme period, thus using the 10 difference in length of tinme for

| i ght em ssipoh andtdnerpfahe ifpuariecipeded o thE lvatput eleotlodt sakfesred to s Ibpsmese
Pat ent Application Laid-open No. 2001-5426 is discussed here as one net hod
of conbi nirdpgord, Wehith Getdhergk ackairedfo aetHeodtain felgionhe/htn BRplainiathe aolatiedshipd. A
case of 3-bit gradation expression is explained here as an exanple. Refer

to Figs. Bé&ween te clddifc potaithlsd STERU/EFT ¥lebi®iksi n di spl ay devices such as 15
liquid crystal displays and EL displays is nornally on the order of 60 Hz.

That is, scr eenpﬂgtavaoﬂgdersap&gé @ rwﬂcmefc%c@rﬂﬁ{erﬁfs@ d&m&s apeinoa@CQ,{}ﬂ
as shomn in Fig I's thus possible to performdisplay such that

hurmran gye rqux%ﬁc frxlpﬁfd (?éﬁ%?cfs Ziccraﬁlgaff' H fh% @E eleﬁeﬁeffd@d IE L %%{r{co Og?@ig% Ofa e

screeg dramﬁn bf riod .
0" et hod ée%e%gﬁ%ﬁs n g6 ot easg{c?”‘zﬂ?at fﬁ@miesggae X ok w50

The nunber of divisions at this pojnt u to the nu 0 radatlon
bits. Namelsys; R if nSGrssaEe(q kRparte ferwxrrez q’ﬁi"%?"ff‘ﬁ‘?"eaé‘oéﬁs‘?:f §w§a {hefls Burder
to SF3 here because a 3-bit gradation is used. |In addition, each subfrane
peri od hashahthedéld elemeny 34 emiiglighter Thractpee Yool > waissalishied) | Brerdemip dumagm
period Ts. The address (witing) periods are periods for witing a digital
9 i magethsi duieir TIAE SORiwigh sertaamtyl i€aicts aubfohanmnsl J&ii end magnallyuapply entagde.
The sustain periods are periods during which the EL elenents emt |ight
basedi@n béeveeh dicteddctriodesgs thd Bhalemeni 504e it is mdoosshiyethatithetlsctdo potegtidl hpplied
address (witing) periods. Sustain (light em ssion) periods Tsl to Ts3 have

a | ength gnihe@atehddéctoat os tietdivEB TFT 503 Be prehte? thardVisys By at Ikast Thodmént of @e
n-bit gradation 5 expression, n sustain f | i ght em ssion) periods have a

l'ength rati&neld V?alue]-of thg THE 502. - That2;§~ it isitbcesti th @RBHNA RS aﬁlBﬁtuB@ bf 9g1g§19lr

each pixel to emt [ight during one frame period is deternlned by t

fi ed t
Tont . o el of fé‘iﬂa?%é%".‘?%@‘gﬁ?% AR R R ﬁ%ﬁ‘r?g a
A ght em E)E[)tle nt:gal Bp ed t%rt{l% g%!t%%lelctrg thg g‘i'llvan dﬁigbf bfe Pss Ehﬂa% ?ﬁ% atrie{ I%ht

em ssi on) perlo atriizi eng

the t t emssi V|n br i ess %. 14@6
285 Sovop “B99R of b esiold, el aeg%%cf;ﬂla 52 35 gt Lo m?ﬂgp%ﬁflwf’fréé’go? 70,
if there is |ight en155|on during Tsl and no |jght em ssjon during Ts2_ and
Ts3, and GRIIRY ihie 15 P “ghanmesEEY §nd7110r%a“¥ PRY vakgeedetitees die flectendes oighe &l and
Ts3 but not during Ts2. To obtain a 71 % brightness by an anal og gradation
met hod, celemel 504 Jeisitbereiate Byt Respssaryaiovaxpenthte popligidecof shmsigng) widtteming,
brightness, and the 71 % brightness is maintai ned over the entire one frame
period. Wrp théeourcasigupl didelargmamentrtodlt itbueprsferatlhto use aw-ghaankd (FFdnfor the
expressed by emtting |ight at 100% bri ghtness for only 71 % of the entire
| i ght em dsvayTHIEF020fbr cadee iratvhivh theselectpldaiSO2d the anteleaard th€ekettirodecS06ds thef er
to Figs. 9Ato 9C, as well as Fig. 3B. First, the-swtching TFT 351 turns
on whem acakddedhitiEpuleaRnt 504.nput to a gate signal 20 line. Adigita

i mge signal is input next froma source signal line, and control for
whet her the dri pgkhel Rf ti3X#iveH TRT 50D iPh-cRirinel & (BRI, MRE al VHIRES VidaReRedl t h
the electric potentlal of the digital inmage signal. In addition, electric

charge COFHe%[%%Q' thOsdcd 5@39 B AFT SPIRcSheNRE vbﬁagt%tb%{\@éin the %&ﬂ@ el%&t%d%ge

capacitor 3 Even I'f the driver TFT 352 turns on hi s p0| vol t age

is not ap “h@%{%@f’f?ﬁ%ﬂ?%d%oﬁ%dg%ﬁ}% QP AR)EE BRaRAFSOL B AL AR A19E04R 356

and there ore I'S not emt € suc

electric potenti of. the catho node

potent i al 1h FsisPins sty ferste) esstie Mahise rak prerisfatsly ¥ ek frmentor
current supply line (current). The cat hoble (anode) 356 is nornally comon
across all pixels, and therefore this operation is performed sinmultaneously
for all pixels. 5 At the point where witing operations are finished froma
first rowuntil a final row, the address (witing) period is conplete, and
all of the pixels nove sinultaneously into the



sustain (light em ssion) period. Voltage is applied between the anode

(cat hode) 355 and the cathode (anode) 356 of the EL el enent 354, and

el ectric current flows, causing light to be emtted. 10 One frane period is
structured by perform ng the aforenentioned operations over all of the
subfranme periods. To increase the nunber of display gradations with this
nmet hod, the nunber of subfranme periods nay be increased. Further, it is not
al ways necessary for the subframe periods to appear in order fromthe
uppernost bit to the lowernost bit as shown in Figs. 9B and 9C, and the
subframe p62iabdeis e, by duer mnkpegd terandegrhgations Hien théelecirignpotpatial ®f .2 d@ir¢en
addition, the order may al so be changed within each frane period. This type
of dri vi ngleneddeoaf the diivedrdiTes02tincrassesli SPHeayis pgobsibiligethatrthé eoltade ibeiwegn (HIPS
driving). A lowered duty ratio (the period for perform ng gradation

di splay, e\l et dodfeif ¥R &ivePTETISDRREL caRE dfsf)ékﬁi@n@@ﬂé\léﬁ)é) BelWeddSitily @it as
one problemw th DPS driving. The address (witing) period and the sustain

(I'i ght emsaispitiioRgh| lmﬁe@ﬁl@n@%@ar af; 96l theddtoret fREE AR 1B 40 4 S@Ehaﬁlél BT % the
within one frame period during which light i's not emtted under any
condi t § oNg iy ASTEr §@Biet, an overall drop in brightness can be perceived. In
a certain subfrane perlod for plxels connected to a nunber n1rom/gate

sional 1! v oo % B e EL Berh RO SRR e BBl Sl ol sBRBERAE

Fig. 9D, I tted in n ( ht . em r|od
504, An a %@%P?ﬁﬁ%‘;eﬂﬁ%ﬂuwa Fistofis dhe droasoh ?Msgﬂ Simen §5 %
reference nuneral s 901, 902, and 903 here. Reference nuneral 901 denotes a
period f oReGSERIY IV Anielschis Retensialidiffetenre betwern tothytheielecrodere dmHRFsE, t o
the nunber (m1) row, while reference nuneral 903 denotes a period for

per f or m niysears f saglscwtlﬁfh?é dimgprdgr 10 tgensthe daiver BFT 92 rwithp eertanty i if) isramw t o
the final row In other words, for the pixels connected to the nunber mrow
gate 30 gna4chhﬁmmfmdpmrmd¢bsappé)nmlmgc bytweet theetectodesiof tia EL 8RineaniDHER i n
the address (witing) period becone periods during which both witing and
l'i ght em elsttoio ptentiabhpplied fto niee gate RREROJE of thai driveg TFPI0206 SuffAithlg Sieater
(witing) periods are forned in each of the subframe periods, and therefore

10 the adghagsd ¥y bi leAdIthd 8hb@ArAhS hrésAEIOARR off theaY WA isQRertRYEhSt ar e
sought. There Is also an increase in the aforenentioned "waiting" periods,

and this h&\éggagst@e{ pro%‘flglﬁrils 88 bPhe! & &E%ﬂe&hx%rft%m fhe, 0 fE:étsh%ﬂl {if€ be a

sol ving these types o IS glve ere is netho s one 1 n which

there is ﬁ?%ehzﬁ-x?%?t ' Sh tl?ee(; n& kﬁ? 1561%958@5’& f&ry\(hk %16@91)0 ﬂ?)ge@lglgﬁ)&)ﬁﬁﬁj éi{ﬂg gate

sustain (I em ssi on erlod

o xel 15 Coft coliet Shfl PP AL @E‘bgiv%%é @?aa‘\épsa*ry bt AR & e <
a1 S0 dur i F5% RERETORE srdegof sk A Al vt TR 557 SeiRCeeB Ry Kt peehaeielna

to the pixels connected to qate signal lines other than the _nunber mrow
gate si gn&fT i2pd@omaallysapplve ﬁgFP@twsg!Fthcmtr9¢rércw£ﬁlaﬁ EL zlymenk S04 o pihehisothet he
reduction in the duty ratio can be solved with this nethod. However, other
probl ens #eplithdy ofithersignsl vritten i dromnthe sewies isigaal ling mhet Yerpxparded. i K if s
nunber of gradations. Figs. 10A and 10B are exanples of dividing one frane
period f opreferaie ¢o vse axprchamichdFE-fbi thegirivdaTFE 392 Hgr cdses mbwlich teneledrmld DPS
driving. The-address (witing) 12 peri ods increase acconpanied with the

i ncreztse 50D isliee cathddey andfthelelectside 386 if the hwods ub thedifeclpmentdd®d, and t he
sustain periods are shorter conpared to the 3-bit gradation case. It thus

can be under st opdtHefjavheén@nsibénng @t voltage Deomedn tBOEMaraad thedsdub® of-thé tiriver
gradation case. On the other hand, as shown in Fig. 10C, cases in which the

duty ratipptedpciddome 'e?ecﬂfceﬁb%ﬁtﬁgop%e Qaah»suélgf ih8 FL @i@ﬁl@ﬁtdﬁrlg %w;ﬁ&eébrg%hod
in which the address (witing) periods and the sustain (light em ssion)

peri ods aj gwﬁﬁgp#@%ﬁ%ﬂ%gg“gp@pfggﬁﬁﬁtrﬁggzIength rati o between sustain

periods Ts pective s ane periods is Tsl : Ts2 : Ts3

Ts4 @ Ts5 = 24 gle rF%ltlor}isﬁlpngethcn € ? d2 rcct#% ﬁehgenrt e}n?ss%ngto t?ie poﬁplgy oPfgs on

ref erence synbol & YEEh FThat



10 sustain (light em ssion) period is |onger than the address (witing)
period in SFS. Periods in which the address (witing) periods of different
subframe periods overlap therefore develop for cases of driving in
accordance with a driving nethod in which there is no separation between
the address (writing) period and the sustain (light em ssion) period.
Before witing to the final rowis conplete in SF5 in Fig. 10C, the sustain
(l'ight em ssion) period of the 15 nunber 1 row has finished, and the next
witing has started. In other words, the gate signal lines of two different
rows are d&bleetTFEG0atand e Ehrelentcntrf04 stnettuno isndiscusiegnaFignBAtis agcleamtiotcrdse
performed. A display device shown in Figs. 4A and 4B has been proposed in
Japanese addmal dAgrim ofthe Btrddture 2700e FIO6I8mem S040@heit thesdlivee THT S02 Mg an of
probl em The display device 20 shown in Fig. 4Ais nearly the sane as the

di splay devisngelSTOMAnd FRY I8BUS laschéndtickros3Aectiohgl dlhfrhf NRE stBRkNe P tHeher t Wo
is that the display device of Fig. 4A has a witing gate signal |line driver

circuit i ' pver circuit 404 on the left
and ri ghtAéQéoPé}gqg?ggI@ﬁ g%ﬁ‘ﬁgﬁ 4 f.%% gllkdrnggllﬁt ructure of one pixel,
denoted by refgfe r.al 0_J [ 1 evd f _Fi IS
shomn%in Fig. 3E%p§ﬁ%§%§FﬁﬁgF§%g"f?ﬁ?ﬂ??g#ég%f?ﬁgéﬁﬁﬁgﬁﬁéﬁgdﬁdFﬁhﬁPbgﬁﬁg in
that it has an erasur at ignal. line,and. an erasure.TET 4S7.. Th

af or erentGHEA U OREN FocE REpalrpe ARt SRR By PRl DR sleeiogs it ap
is solved by using this té£$,of dj spl ay ﬁevice. 5 An expl anation_jis _given

r egar di ng'sf & tigpenarant slectrags is thergfops pormedy dbgjagader; dhe dayes LET molier 8A ishe
explanation. First, a witing gate signal line is selected, and a switching
TFT 4S1 ttheraforoan nachanegl BT, janeuyeent sepply ling i penmectehia ther wiwree weigncad the gnal
line, a driver TFT 4S2 is controlled to turn on or off by the electric

pot ent i aldriver TRE 502 pnd thei gtwide obithd Elnclanidntt 50dris cammeetee & the draim segien of the
corresponding to the input signal is stored in a storage capacitor 4S3. 10
Rows 100 vdivehTRTiS0RNngCoriselylintly] glit @kenédriaad &y sheglight ehsitting tgeeiseentitted tovwowe
imediately to the sustain (light em ssion) period. As shown in Figs. 10C

and 10D, (gou8hspatéheelb@iddethnbds S, and tRdromet @b tdectioandt 1fdht emisefontifBpsddat ai n
(l'ight em ssion) period for subfrane periods having shorter sustain (light

em ssi on), RRLHRLR: &h@glcg%f’ﬁf i 0frthéd (MBeaREM eRARd 1o/ ] STFP sG], Qs shGhn t he

next address 15 period does not begin imediately after the sustain (I1ght
em ssi on). H%ﬂﬁqge An EL el enent 4S4 does not emt |ight during the erasure
peri od. The™er®stre TFT 4S7 turns on by the selection of the erasure gate

signal line, releasi he, el ect rj.c,.char din the age, capaci t or
3s9 i the' er SUUIE ol maEs Ch P g BREETTT 0204 BrbAReD TR o FRER
driver TET 4S2 thus sto nd the EL el enent, 4 S 1tti i 20
The. eng PR Tioha® Saredipd o B vairos semon of 6 Ay oo oo e il dbe anegf At Hidee
after the address (witing) period for. the nunber 1 row is_conplete until
the addr sdanqnhS0¢ipgonpsstedog the draimgegiom of theodiiyes TdnpPet donsequenthy, dight
gradations are thus achieved by formng the erasure period to increase the
duty rat igsneraigd byythe dighleemitting fgmrous reguttedstpwarch hegransppsend gtpctrgde gRgditsideg)

periods. In contrast 14
and therefore the direction of light emission is toward the TFT substrate, as shown in the

figure.

20 Theulight emission direction shown in Fig. 8A is referred ;as upper surface
emission, and the light emission direction shown in Fig. 8B is referred to as lower surface
emission here. The region occupied by the elements structuring the pixel portion influences

the light emission surface area in the lower surface emission case. On the other hand, in the

upper surface emission case, light can be extracted with no relation to the region occupied by

7



to the DPS driving, this type of driving nethod is referred to as

si mul t aneous erasing scan driving (SES driving). Strictly speaking, the SES
driving includes the neaning that witing and erasure are performed in
parallel. In contrast to the DPS driving in which the address (writing)
period 5 and the sustain (light em ssion) period are separated, driving

nmet hods havi ng no such separation are referred to as SES driving. Cases in
which there is no specific erasure period are thus also included in the SES
driving nethods, as shown in Figs. 9E and 9R The fact that manufacturing

pr ocessestharedenpantpitenctirong e ppiehportion; aeisthivais wkefol i iadrebsing tdrerdpegurtRago.on
an insulator invites a reduction in throughput and an increase in cost. 10
The mai n Hbeklenieisineceseatyab rgma alid ancilet Wstrigefher ieankspatnt plat@ds aftsr ELMayérf | ed
as much as possible. Structuring a pixel portion and peripheral driver
circuits formafloSvith $R6deSE cohGiethtidns "Whél I MBfuffetdring! hn Alpped sOALR@ ShiHRh
line driver circuit) by using only TFTs having a single polarity is thus
consi der egrchfie ngme&ﬂmiﬁggdéwéet, 3085w irl Pig. BAXeDanARd éagicljp ishiffed Sb i ELS
are once again considered. 15 Refer again to Figs. SA and SB. Fig. 5A shows

t he styuc . e tohl t:] . [ G EX ,Qn of
connect i ontbobihie ProEbssy L 1Bl EbuckRl's B0 & GHESERHEnC ARG TR

el enent S04.is shown |n Fi 5B. Lf e driver TFT h02 is p- channel TFT,
Chen as aneEse RIS sllcbiebnp R Eie. BT Bl efielib Bmfuds 508 of the £L
el ement is the anode, and that the el ectrqde 506 js the cathode. 20 The

pol arity of theﬁéwt*(‘%‘?frfg“qﬂgﬁ%@iefnétt‘li%ﬂ%‘flﬁee‘rséﬂplﬁinf’%“?’%spect to the
polarity of the driver TFT 502 here. First, for cases in which the driver
TFT 502 is a p-dhaanalag pryatiomaeghnddpnd @ndizifal gradatien yeathod-vasde giyer asn on
is that the absolute value of the gate-source voltage V~s2 of the driver
TFT 502 i sxagrpdest eff miethmds tofi expiesh g reny sgradatiohs mbisg tah Hglghahittingoitvdepe  dihet he
driver TFT 502. That is, the L level of the digital image signal input from
t he sour canatogoggradationmeetiidal is ofit irewhich eleetrizniurriest fosingidEL@lemmints ik icgittolleen
the electric potential of the digital image signal is L level here) is

| ower thaj ihenfd€etdnhér, Paisedntrallingfbrighthess) ind gyridibnd aef oithiged!r i N@wever T
S02 by nore than the threshold value. If the swtching TFT SO1 and the

driver TH}ingd? dRB¥4Siohd 8n IRTBhRRUG LY oRITHIBIsSruBatifg a ,ﬂxaaﬁmhun inhvd RaMrgar €
bot h p-channel type, then the condition for the switching TFT 501 to turn

is th : - I -V~ {
ovi t ohi ngpfeeg 8T PUbe R IR BL bRENGRKS PRURES, 1P hEPC IS Siimeflor IF yhe
vol tage Oéha}arg: eriém:stg :hQ %ri-\lr-eFrTTPSP }02 -EF@I;[ %h'eS m(%urﬂf 0%‘6(1'{:??1\4 lCUliOrI:ntq]OQVl'{llég %?&v%%% a

pl aces thé gate signal ['I'né 1'’n a Sel'ected state e gateée sign ine i's
taken,as being i,n sel ected state n .evel is.input to the t lgnha
| e Fecat g bt B ieg® SRt A SR vl 1 G PefE SR T
the electric tential of the_source regjon of the switching TET,S01 b

mor e t hari HHEES K6 EaaHIEFPAFLEt T Criver (175 of JRcothlcudilsy ipeson i bUBRPERe

anplitude of the gate signal line side to be expanded with respect to the
vol t age affyeiops dee torthe diffeeeyt pmauntiof plgrtricicyaent flowdngiadhe ELglamantfe oper ati ng
vol tage of the gate signal line driver circuit is made higher. 15 Sim | ar

ci rcumst ances alheoligital gradation methodist amethgd TIFwhish ispergiontin thir dharacteTiFics362
are both n-channel TFTs. It therefore becones preferable to use both
n- channel thankmeashsanceting Bepitas ddek @opéasdy inflmetcedmagé-qualith erledls eldmentag
el ectric power consunption. —

20  are driven by using only two states, an on state (a state in which the brightness is near 100%),

and an off state (a state in which the brightness is nearly 0%). That is, it can be said that the
digital gradation method is a driving method in which dispersion in the brightness of the EL
elements is difficult to be distinguished even if there are dispersions in the amount of electric

current flowing between the source and the drain of the driver TFTs.

8



From t he above di scussion, although structuring the pixel portion and the
driver circuits by TFTs having a single polarity in accordance with a
conventional nethod achieves a 20 reduction in the nunber of processes, it
also invites an increase in electric power consunption. SUMVARY OF THE

I NVENTION I n view of the aforenentioned problens, an object of the present
invention is to 16 provide a light emtting device in which the nunber of
processes is reduced by structuring a pixel portion and driver circuits by
TFTs having a single polarity, and in which a reduction in electric power
consunption i s Hemexueanlyywagradgtianseepde displayad ity the digitabgragdsiion method in

conventionally structured pixel, it is necessary that signals input to a
gate 5 el dus stathe anfl a phuality rof rtgclinigues demeadhjevangymahy gragdationd by tdompiring) sliee
signal line, have a |l arger voltage anplitude than signals input to a source

regi on of digial graditivhi meghddith aastRérymeah@hisdve beett roposed. a source signal |1 ne.
A case in which the voltage anplitude of the signal output to the source

signal line is eadahethdd thitcan Vet ey RIBEHiEIE mRitifidSraBatinslis 4 6mbRbESHT Y
the gate signal line is considered. 10 Refer again to Figs. SA and 5B. If

si gnal § pagsgsiedl %%cﬁti&?ﬁafeﬁioﬂ vRateL tift GraaatiGinbdbd 2T thd RRH kinde" %}Q&ainﬁﬁ et ©
signal |ine en the voltage anplitude of signals output to the source

gato si gnar i EMePlod B pey KR AE ARS8 oo by clng By Bifbiof 12

dri TFL 502 will, .6i th | ect gl In.which.t [ I
O ver TRt PR AT LR PR P B0 S T
f th | ectri ent i al t i | i f th [ |
FEAIETE RN AN RS MY TR R T X

wi Il therefore becone an electric potential that is |ower than the voltage
anpl i t udewéethener ingp e Elgplamenty ank light during eachhaubframespiod, Wisuesing thene
switching TFT. In the present invention, a voltage conpensation circuit is
f or med0 betikiseance freleogthf timedorlight emésgionoyithimensfipme néniggl. TFT and t he gate
el ectrode of the driver TFT. The voltage conpensation circuit corresponds
to a bootstrap The oetlod distdosedrin tlapansset Paterd tApphicativen Laittopge Noa2D01-0426 of
t he signal, danmped by passing through the switching TFT, to its normnal
anpl i t udedistiisséds hefeuss pas shdihadl b combiming ¥el dighalogadaion Mmethod! with te/ §ifel N
cases in which the voltage anplitude of the signals output fromthe source
si gnal |i pRdhforMetBo@dUA lcadebri36: %Zdatio‘tﬁ%kf)@%orﬁmékblbiﬁ@@ héxk ak b e;@angna.l s for
selecting the gate signal line. It therefore becones possible to decrease
the driver voltpge: of g ?%atcf9é! 98¢ flahfdCrrbled & uSdd" ﬁxuéii%plaﬂr?ﬂ\é'&gg ch as
contributes to reducing"the el ectric power consunption of the display
devi c The . : I S i t j X

Cf5 P&%lﬁtezl?%/s?a-sl ﬁ%@&g aﬁﬁcﬁ & gﬁs{] fs I%%Xﬁg oﬁ¥he &fd%é;fhf‘éb ggatpfs, &reen

portion o evi ce g pl xe aving the volta

conpensation.circuit of th rese i pvention. and by strugtuging,.t.h
dri ver oi Dttt s koo, fishe gt od RS borcrtenBh b oL I Flerhhe KA g ¢ ne
same pol ALl L1 saform displsy sueh that th Qutis ofd 38s B0 expedfince screen flicker. A

period for performing screen drawing one time is referred to as one frame period here.
One frame period is divided into a plurality of subframe periods in a time gradation
20  method disclosed innJ;panese Patent Application Laid-open No. 2001-5426. Thalmber of
divisions at this point is equal to the number of gradation bits. Namely, one frame period is
divided into three subframe periods SF1 to SF3 here because a 3-bit gradation is used.

In addition, each subframe period has an address (writing) period Ta and a sustain

(light emission) period Ts. The address (writing) periods are periods for writing a digital
9



BRI EF DESCRI PTI ON OF THE DRAWNGS 10 In the acconpanyi ng draw ngs: Figs. 1A
and 1B are di agrans showi ng an enbodi nent node of the present invention;
Figs. 2A and 2B are di agrans showi ng an enbodi nent of the present

invention; Figs. 3A and 3B are diagrans showing a structure of a
conventional light emtting 15 device; Figs. 4A and 4B are diagrans show ng
a structure of a conventional light emtting device; Figs. SA and 5B are

di agranms for explaining pixel portion TFTs and the operation of a |ight
emtting el enent, respectively; 20 Figs. 6A to 6D are diagrans showi ng a
met hod of imegedigicd imto pixels, ondyuch subftamengridd hacayuaf lehgth. pThs austain parélsiacn;
Figs. 7Ato 7C are diagrams show ng the method of manufacturing a |ight

emtting geNodsaluging Wﬁcmemfﬁlemé}ﬂﬁﬂhim?ht Yabeison Bé\dipid] idfagakipnall vigitémto
showi ng pi xel portion cross section of [ight emtting 18  devices for

cases of WRDSkels WikiAg thd il CiiBREYRrBRT SRR (hf difsibhOBErioRETSE 10

respectively, Figs are di'agrams show ng timng charts relating to

At e biig iR S Y| ﬂg'ﬁ?érﬂ 082 1933;—0 5 16D gr eﬂ?ﬂt"*‘% fm-‘ﬂ" Rl

timng char S em tting device dr|V|ng,

di h tr h e t
AR SRR {afrbﬂtghﬁ‘ﬁﬁﬂiﬁ'sﬁﬁ BB e A 1ol BBl et o R gs.
12A t 12 | t ent | f h d t th
om0t ol qn\gqhéq S Pl REERS fifad elgﬁﬁlgh dising e Ergmﬁf%eflﬁ ? delamiped by

invention; Fig. 13 is a structural diagramof a source_signal line driver
circuit sf%éﬁ%ifi%éu%ﬂalpl Gight émlﬁsﬂqlﬂgped’@dl duringr whith PreeEbnelemgvie sEritsnlighti gs.
14A and 14B are circuit structure di a%rams of a shift register; Fig. 15 is
a di agr amGs#dation gxpression is ghusipgrformed. atln ather wordsi by takingiadhight enitfing plgte grs
Figs. 16A to 16C are circuit structure diagrans of a buffer; Figs. 17A to
17D are chowlight ahittigg stne for dgr sustain{light leanssion} pediddsr Ts1Rbdls31i8 Rig. 29B.candcui t
structure diagramof a latch circuit; Fig. 19 is a structural diagramof a
gat e $0 gnalilizih®€heleh@frofehd foidltlight brelsbio iti, 8 dradifibnehavidg bggtipsbeofaiot he

present invention; 20 Figs. 20A and 20B are schematic diagrans of an entire
light em tln%nqs%sewa%@ 59%, t711%, 18693 @R 100%Skhi teNexpressed. The brightness is 57% if
there is light emission during Ts1 and no light emission during Ts2 and Ts3, and while the
brightness is 71%, light emission occurs during Ts1 and Ts3 but not during Ts2. To obtain a
71% brightness by an analog gradation method, control is performed by using a voltage
15  corresponding to 71% brightness, and the 71% brightness is maintained over the entire one
frame period. With the time gradation method, however, the same gradation is expressed by
emitting light at 100% brightness for only 71% of the entire light emission period.
Operation is explained in detail. Continue to refer to Figs. 9A to 9C, as well as Fig.
3B. First, the switching TFT 351 turns on when a selection pulse is input to a gate signal
20  line. A digital image sig;;al is input next from a source signal line, and control for vﬁther
the driver TFT 352 turns on or off is performed in accordance with the electric potential of the
digital image signal. In addition, electric charge corresponding to the digital image signal is

stored in the storage capacitor 353. Even if the driver TFT 352 turns on at this point, voltage

is not applied between the anode (cathode) 355 and the cathode (anode) 356, and therefore
10



Figs. 21A to 21 C are diagranms show ng exanples of general latch circuit
structures; Figs. 22A to 22C are di agrans show ng an exanple of a nethod of
manuf acturing a light emtting device of the present invention; 19 Fi gs.
23A to 23G are di agranms showi ng exanpl es of electronic equi pnent to which
the present invention can be applied; Figs. 24A to 24C are di agrans show ng
cross sections of a dual gate TFT, and a nethod of manufacturing thereof; 5
Figs. 25A and 25B are di agranms showi ng an enbodi nent node of the present
invention; and Figs. 26A to 26C are di agrans show ng an enbodi nent node of
t he presemight isvnentmdred. 10nPisid mefhoDESORIePTHe@ibdbic fdtentARBF HeRGRodYBEINIVENTS
Enbodi nent Mbde 1 The structure of a pixel of a voltage conpensation
circuit ofBstbguadtearrdlectiv/soténtRNof the 2RO (chthodid) 355, Hathetth thBelebticoediial N
Fig. A, conponents simlar to conventional conponents are used for a

swi t chi ng of B tudbds s_uﬁpl‘j’llrl-h%é%urﬂézng. lefgmﬁdcaﬂ,oﬁé (#BEEIHG i AbrmAlySQAMHGH dctoss A2l

line (S), a gate sigha i he a current” supply line (current). The
pi xel of p i i on. LHoR:. Gi.rcuit 110

bet ween ah&g}ff{ %ﬁ&gﬁ% gdg?‘rtﬁggéﬁeg?u{?ﬁgp%ﬁ@gh?ﬁ%l%ﬁ%@?@%ﬁg& é(gllaat e el ectrode
of the.driver TET,102. Fig 1B.is a ci.rcuit .di m i ngl udi ng the.structure
of the®vol t age BoMSeRua Ve rited oPoflibs anb3H Bit Lhibiart Sptiohogt v ¢
110 has a first TFT 151, a second TFT 152 20 third TFT 153, a first
capac ¢ or MesHiresn VBB 08 AEpIEts 2181 of i PSP sk ST BNEHeQROINS G
denotes a gate signal |ipe scanned in a nunber mrow, and reference synbol
G(m 1) defstan (lghysmissign petiod.j noltagaisrealig bedwermibe anede, (¢3theds) 35T9ad the st
capacitor 154 and the second capacitor 155 are arranged in series. A first
el ect r odecahoden@noda) I56cefphe iBloslemsnt 35¢, enth plsetriecCuiront flews wapting bikictorsde
of the switching TFT 20 | 01, and a second el ectrode of the first
capaci tor ethfitedi s connected to a first el ectrode of the second capacitor
155. A second el ectrode of the second capacitor 155 is connected to the
curremp supply Onh@eramd pgabe issstRefurartey pdrfdrtgf the sforehiehtidbbdd operativapecéredl t o
the gate signal line m1l), an 5 input electrode of the first TFT 151 is

connect edof thelsiSir&iAé ferfdddNairo ﬁﬂcﬂﬁsﬁh@num%eﬂoﬁdlsﬂ%i £edatRhe GithQeR ndthdd) ehe
first TFT 151 is connected to the output electrode of the sw tching TFET

101. A gahgms&e&ﬁsrusﬂ_smef ehbgse@t%g%@%&E&Ee&.&mr&mﬁqm%%M;e Jebé‘ss%'ztt%r glegnal

line m1), and an inpdt e ode of the second TFT 15Z°i's connécted to
the gate gignale ;Le'n%ﬂs %mp'ealpirﬂ order from the uppermost bit to the lowermost bit as shown in

Figs. 9B and 9C, and the subframe periods may be arranged randomly within the frame period.
15 In addition, the order may also be changed within each frame period. This type of driving
method is referred to as display period separated driving (DPS driving).

A lowered duty ratio (the period for performing gradation display, in which the
pixels emit light, per frame period) can be given as one problem with DPS driving. The
address (writing) period and the sustain (light emission) period are separated, and therefore

20  periods exist within one fral;lf—:‘ period during which light is not emitted under any conditi(;
As a result, an overall drop in brightness can be perceived.
In a certain subframe period for pixels connected to a number m row gate signal line,

writing of a digital image signal to the pixels is performed in a period 902 during which a gate

signal line is selected, as shown in Fig. 9D, and light is emitted in a sustain (light emission)
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out put el ectrode of the second TFf 152 is connected to the second el ectrode
of the first 10 capacitor 154, and to the first electrode of the second
capacitor 155. A gate electrode of the third TFT 153 is connected to the
out put el ectrode of the switching TFT 101, and an input el ectrode of the
third TFT 153 is connected to the electric power source |ine. An out put

el ectrode of the third TFT 153 is connected to the second el ectrode of the
first capacitor 154, and to the first el ectrode of the second capacitor
1S5. 15 Note that TFTs all having the sanme polarity are used here for the
TFTs 10l , pekdd, 99hd Abladdeesd §8rBing)@etiod rig thdieotpl weIperiddre dpadied ibyyrefayndee
n-channel or p-channel type. Crcuit operation is explained next. An
exanpl e i fuéraBo0 NS0 Fahe 98B e URefgeriddtutiex!90aIden@tksd a Pefib@ iglerfbimm ls
used here. The anplitude of input signals is set to VDD (H level) - VS

llevel ) fogrighg %P'asdlglfb‘?%aécr §8hdl h@ tl'?é)blfrﬁl?ersl' @@t nbinBer @Nd) fr(g,(, ﬁhn&“ﬁk&eﬁd&at
sel ect 20 the gate Signal”linRe. dition, as an initia state

3& " tﬂé' Saﬁ"m@?@%@l i Btef "pesict a€°§3%ﬁ*e'%m%¥”‘fft“§§ vé@" e [‘ﬁ%ﬁf@%ﬁ i e %‘%P@éﬁi : gl
Vol 1 agbs. B D BTeY Bt “PLRERF kol ARme Pyt Somicdel S oy Bodr TRy

charts for expla |ngtheoerat|o he circuits of t esen
ot o siara] AngSthe ferigls dgjoteh 4y sterice, mpERIS ﬁﬁa@"?h%&%%m pddress
potential of the nunmber (m 1) row gate 5|€Vnal line ( mlgAé . 11B shows
the el ectGwrelqeétnsﬁlpﬂalrecemetmoﬁwﬁerlgrwlals @aftévrgirtgner it em@@m arepgy.
11C shows the electric potentl al of a source signal line (S(n)), and Fig.
11D showsparfeemed.gwmely; "Wwaitiogt pegiodsf t he gate el ectrode of the driver TFT
102. Further, a period 5 1101 fromafter the nunber mrow gate signal |ine
(Gm) is sel ecAddlessumtriting) pexiads ateeformed oveaghto€ tiel gphfrhme ipasods(samg dhetrefore
sel ected agai n corresponds to a subfrane period shown in Fig. 9F A period
denot gd bihe hedREsMGRInG) pRIcHs alkd Oreréfe MRaYOfrhda0i0h dveeié Sshghfi JhereliéaRbd
1B, and Figs. 11A to 11D are used in the explanation of the operation. The
nunber (nﬁnlﬂlcﬂ:ﬂéeeinSthégff@}erﬂénﬂéncfd%mit@g) peSo&ehRFthAdnRd dr8ARIREdbR YiEIhe and
10 witing of a digital image signal to the nunber (m1) row pixel is
performedy,Miadhi s point in the nunber mrow of pixels, Hlevel is input to
the gate e lfectrodes of the first TFT 151 and the second TFT 152, which then
turn on. Both the e i | 4 t he
el ectric potent‘fnerﬁl e%l' (ﬁ{ 8&% %esw efs oligf'ﬁbge%gsﬁg ‘{%Ihl%’%e qﬁgsn@F thS@/éSA neﬁl\ﬁ t he
sanme tine, eelectrlc a of th eletrod hed FT
102 al so Wieh ne 1 '\98'§PEFPh :?&WEFSP A0 G Gined erigia A Moo Plain g | s
t hen unsel ected, its electric potential becomes L | evel, and t he f| rst TFT
151 albd tFRISHeRReEOde s dmyviind'iy %x afl light sission begigp ammeppiately phsa e
gate signal line (Gm) is sel ect ed and becones H |l evel, and the sw tching
TFT | 01 tafigialomagysignal tepixalecopaeded (03 costain v g@aﬁtsealslmgrfapompme ( Shg))
at this 20 point, nanely the digital inmage signal, is input to the gate
el ect r odepisels chrnegterl ye themrmbeo ; raxh el sigoak linecad bsrmadeie ediiglightalsordgiag
signal is sinultaneously input to the gate el ectrode of

the periods for performing writing of the digital image signal to the pixels connected to gate

signal lines other than the number m row gate signal line, as shown in Fig.-9F, and therefore
20  the problem of the reduction in tl;e-c—iuty ratio can be solved with this method. o
However, other problems develop with this method when considering the increase in
the number of gradations.

Figs. 10A and 10B are examples of dividing one frame period for a case of

expressing 5-bit gradations by the above-mentioned DPS driving. The address (writing)
12



the third TFT 153, which turns on. At the point where the electric
potentials of the gate electrodes of the driver TFT 102 and the third TFT
153 beconme (VDD - VthN), the voltage between the gate and the source of 22
the switching TFT 101 becones equal to the threshold voltage VthN, and the
switching TFT 101 is placed in an off state as a result. The gate el ectrode
of the driver TFT 102 and the gate electrode of the third TFT 153 are
therefore tenporarily placed in a floating state. On the other hand, the

el ectric potential of the output electrode side of the third TFT 5 153

ri ses wheReHads in¢pasg aprompanied: with sheoipcreaseciaghe inpmber elodiyisiong of thes subfrgme hj s
poi nt between the output electrode of the third TFT 153 and the gate

el ect r odeperfodsanddhe vestaill pariads areishertencanpardd toghe 3-dpmradagion tasg. Tiibugyeane

el ectrode of the driver TFT 102 is in a floating state, and therefore the
el ectric potmdustadd that thbduyahio llewer aagpacdd to tiee 3bit gerdaliéiTcabe2 Ondle athai n
rises from (VDD - Vthl~, along with the rising electric potential of the
out put el B&id; aslsholth iafFig. O, baseslinfwilich B, duanthtibeeduttion &rpreventddrbycdrpaigeit i al
hi gher than VDD. _ As a result, the digital inmage signal attenuated once by

Vt hN 1 gcehngtdanbd Wil d Sn&tAaP ¢R St thed ¥ddrbe miti@?ﬁpcﬁ@dﬁ)ﬁﬁtﬁaﬁé QustAih r(ﬁgmt,
t hrough the switching TFT 101, and is applied to the gate el ectrode of the

driver TFI_10: Y IeSndk f : a
desired dgrggsgl%gba%}g)ﬁtgj B}Cearﬁ)rt B%Bg t%ﬁ%ﬁggvé%géf}hgrhglle Eﬂguﬁ?:’h%%%??a‘ﬁg% ied to
the gate ect f dri FT 102 g4t eaft. Lot ajaned. by, sihe
capaci tor ?%@4@202 tlf%%%&gggéé%u\ég{ap;ggzgé&sﬁgn 1 f lli?mise,?g3d§%4'?ﬁlg§ Eij éI%e fng?yn’ti 104
emts lighs. %n t_ge_ ngxt subframe period, the first TFT 151 and the second
TFT 152 a e‘E) a8ed Pnlan on state when the nunber (m1) gate signal line
(Gm1)) is selected. The electric potential of 't ate el ectrode of the
driver’ TFT 102 Befebrediaqtih ape foque oo ederprce %’@‘bﬁggxgﬁt' Ty Sa9r b3 feenniabte m
row gate signal line (Gm), namely L level. A discussion of the first,
capacl® or susdn dight emissioal pertbdcia fanget ban tsmdieesyaiing @erdod ipheFs i Pstiods in
capacitor 154 is placed between the output el ectrode and the gate el ectrode
of the thwhithThd addi8ss (Wriinf) petiodsayf aliff¢romt subfraing pariedspercriap thaaefoteadeviepused
for increasing the electric potential of the gate el ectrode of the driver
TFT 102 bforwabdsi ofi driving i @acdordmice @i & [giving3methdd én Sedein theen pansd separdtioh i S
arranged in series wwth the first capacitor 154, and capacitive coupling is
formed betspes thBadeleSs writtng) BéricidndQe Eeeais URME ¥miission) pérevd. NBeford twahing

el ectric potential, and the driver TFT 102. The second capacitor 155 is

used for gf @i kR i€ k@nﬁ?feiecinpﬁﬁﬂ# i:?glh 10€, méesug@ﬁ)e(l%?ﬁﬁﬁsgifég) Bridder tel ver

TFT 102. 5 An additional function o e second capacitor Is that it is
used as f : . LON i i

funct ?’ona%l#rg%égrll IS/’(V l:i%kﬁ[r%g Ii1ha§1(§11dt H% }sléﬁg\{rﬁp esgﬁ%%?tb?h elfrr\ll ({ti‘"léél Vseqrgég?lﬁs%{ttggigrelﬁt i al
of the oufput el od f the thir E ! ' ' t he
capaci ti vltélpeé 6’53%8%1%‘? nqtrﬁ‘gs %'ieesgte?tleg %tpt-cl);te g?\%’?gifn%b%dﬁbﬁ%&ngg% ghaglt“grw’rgg%gn%% “t he
third TFT_ 153 rises due to the input of the digital inage signal fromthe
source siYAE™Ffne. If 10 this operation occurs, then the aforenentioned
bootstrap may not, work properly. The electyic potential rise of the_output
el actrode of b disAedévice shawh st g ‘&éﬁa%%ﬁwoe%suv rigpanpss Patent
therefore delayed with respect to the rise in the electric Eotential of the
gate el ecfpplifation NcheZODﬂi%gﬁsrm oydsg t)ypolve dhis| type RE protbemy HEhe disglay device
capacitor 155. The electric potenti-al rise of the third TFT out put —
el ect3deshohasin g difeis neanhntheday as Hig dispdayrdeyisesbewn peviduskyiin igaBA: hdhei me
when the third TFT 1S3 itself is in an on state, and the bootstrap can work
nor mal | y. difegatebaivgeratheltwnds thet the tdisplryplevise oh &rgrdAl has meguitingegata sigaaldme

vol tage anplitude than the voltage anplitude of the digital inage signal

i nput to dier situic 205 hghal elabure galersigmat iheldrice ciichin 404 @n alolet- fidaighd of a

nmet hod, it becones possible to make the voltage anplitude 20 of the gate

si gnal |iggeigRk@stdan pul se equal to, or less than, that of the digital

i mage signal. It therefore beconmes possible to reduce the electric power

consunption on $ReciARtERLARALE bl GixEl b¥ficdby ftbbn&@! lfineral 410 in the display
13




Further, the electric potential of the gate electrode of the driver TFT
102, which rises due to the capacitive coupling, becones higher than VDD in

accordance with he present 24 invention. This electric potential rises at
| east to VDD, and therefore it is possible to nake the voltage anplitude of
the gate signal line selection pulse even snaller by optim zing the val ues

of the capacitors 154 and 155. Note that it is preferable that the electric
potential of the current supply line be kept 5 high due to operating
considerations for the case shown here, and therefore it is preferable that
el ect r odekviak dftiég.HA, ek shewt il Big. BB. sThis strhattirer differs drome theyrieelashow05n Fenot es
an anode, and that reference nuneral 106 denotes a cathode. This case is

t he rever®inothatinRascorieantd gnesige drphel &l éready THT asTssed. Lower surface
light emi ssion is provided for cases in which the structure uses n-channel
TFTs, and upperTheustbR@tentibdst pRBIHS P fhak HifbérOmi LhRaeksS gcvrih_ﬁg)ca&ﬁﬁi bverkpiigh
the structure uses p-channel %FTS. [ Enbodi ment Mode 2] Figs. 25A and 25B

show a stsrowéﬁg,qu{jn@&sﬁ\fgistﬁjogm(gd [agcﬁ{?icg.i ffers fromthe structure of

Enbodi nent M [ ig. 25A, conponents simlar to conventi onal

ol onent 2504, eﬁiéﬁ&?ﬁigé‘é? b el di# i, al}%%,f’leéig%j’iﬁra@éq% FIRAIO, e
o, 2se P 0R ol M ERpIane B orfihei g es ot Pe R BB 4 DRGET T

conpensatjon circuit, 2510, The vol fage conpensation circuit 2510 has_a
first TETSIgums on. sdy diedalrimenssigral i ey HPuE HRmc? Equree Tigul dingsa grivern G R
second capaci tive neans 2554. The vol tage 20 conpensation circuit is.

st r uct ur €926y cemradled to-tmn gp @r piidydhpelestiie patential PiHwdnpi signab @ed n adslition;, n
Enbodi ment Mode 2 the voltage conpensation circuit 2510 is structured by
two TFTs aanele¢tvio ahaygaciaresgandfagr tohthe , input fignpl i SBradeinea estrages yapaoitorGEIH)
denotes the gate signal line scanned in the nunmber mrow, and reference
synbalo GRowls) todelioh &gitingefgkd dighalgnage bignsl is canpletd than fnbee (mMinddiatebwto RS
The first capacitive nmeans 2553 and the second capacitive nmeans 2554 are
arr anged shftamlip®emiésibt)petio€! ectrode of the first capacitive neans 2553 is
connected to the output el ectrode of the switching TFT 2501, and a second

el ectrode of thg dHohalinFRAGHEIMNE 10D2RF RS Elaﬁoc?@ﬂ?ﬁ)eﬁtf&%etd%fér tbihpletion
el ectrode of the second capacitive neans 2554. A second 5 el ectrode of the

Gat o ol oot finl FEAF cha) pegBl 1EF LG, pOR ARAE SSHRE Ll Pighf

O
gate el ectrode o IS connected t I ne

S L 0, Bt AR, TS0 AR DR 48
to a 1 O\A%rerigg Hggsenolt ibggih iérrlne%%la}t ;J taftgrI tﬁg tsn'js(t)zglr? (lcl)gfht terrlll?ssion) period. An EL element
454 does not emit light during the erasure period. The erasure TFT 457 turns on by the
selection of the erasure gate signal line, releasing the electric charge stored in the storage
capacitor 453, in the erasure period (Tr5). The electric current flowing in the driver TFT 452
thus stops, and the EL element 454 stops emitting light.
20 The length of the erasure perio«i at this point becomes the length from after the
address (writing) period for the number 1 row is complete until the address (writing) period
for the final row is complete.

Multiple gradations are thus achieved by forming the erasure period to increase the

duty ratio, and by preventing incorrect overlap of the address (writing) periods. In contrast
14



first TFT 2551 is connected to the output electrode of the switching TFT
2501. 10 A gate electrode of the second TFT 2552 is connected to the output
el ectrode of the switching TFT 2501 and to the first electrode of the first
capacitive nmeans. An input electrode of the second TFT 2552 is connected to
a signal line that supplies a second power source electric potential (V2),
or to a power source line, and an output electrode of the second TFT 2552
is connected to the second el ectrode of the first capacitive nmeans and to
the first 15 electrode of the second capacitive neans. Regarding the two
TFTs of vel thadsPs drip@psaiid e Of deividg, methed fid resdrredHd ad Shhultfmebey @adihg can
referred to as a refresh TFT, and the second TFT 2552 is hereafter referred
to as a conuRgeSHs @fving)l. Note-that TFT's all having the same polarity are
used here for the TFTs 2501, 2502, 20 2551, and 2552 structuring the pixel.
The polarity mayipy3éR %@nﬁlle S?E;Sn@nﬁﬁgﬂﬁﬁideé Rt wrifi}Padd éribur Q"

source el ectric pote second power source electric
tenti al f | f
Cr uct ur i Pt 3 B ﬁ“& eﬁ‘% O BRER RS i W LRE Y pddteed gy bl o
TFTs, th V. f the TFT t th h |
TFTs. hg%f\/?h%w\%m et piiGiond. RSt (4t SEpee 8B Rpals” BRVIGE oSty 1

an el ectric potential sufficiently.lower than the threshold voltage of

n- channel SCPrepiion greretepred 4o at pED driyingen{psgs ipvhigh there dpno spscific cpsugg psriod
potential sufficientl gher than the threshold volta%e of the n-channel
TFTs. Forarexkusplse, mclnéedeméhq $E% diving meothods,gp shown i Hes. 96and9F. or der of the
L level of the signal line, and the 5 electric potential of VZ is set on

t he order of t hEhe-factethat mmfufadmimg' pynedssdsianecoriplex fir alispladyalepisee mianufacturedy be
reversed for cases in which VI > V2. Crcuit operation is explained next.
An exanpl ey formidg TETS be ahFfsulatdr ihwites b ngductien i #edughpet ald aminchasnal cosETs
is used here. Input signals, either digital image signals output to the

sour cl Si ghdnatnl dhﬁll&ffe $h fHaating bout iSBLREIE Bt pRResd ¥ AmPlifiddhs tiétfas ;ﬁfsﬁbﬁze'[
to VDD for H | evel 0O and are set to VSS for L level. Further, WV VSS

and VZ = § 'RQ rgeeRt)igl bh 2B 8e{1)51*?erzﬁ|cﬁﬁfsf LiFcuRQ(§itha8la s%rc"e Q?gn%llhﬁéﬁﬁver

suppl y Ilne set Drive tlnln iIs nostly simlar to that

‘ﬁids'hgws % gﬁ% a%"s@&xa? in 1&r%ﬂ?&1ﬁfb3r '{%}Ps%a%%&],\z}]ﬂ%la@é ﬁolldﬁﬁpif tlFJsg

(Gm1)), S 1B shoms the electric potentlal of the nunber n1rom/gate 15
si gnal || 8 @ET , Fig. 11 C shows the electrlc potential of a source

signal line (S and Iectrlc potential, of t, ate

ol octrode of Lh @Q&He%wgfﬁﬂagfgsﬁﬂqﬂ@mﬂﬁvs o0 O RS G B RPRI TR
nunber mrow gate signal |ine % 06) IS sel ected until_the nunber m.row
gate ¥i gniR¢fer 3588 od(igy PA andsy- e dii A haws thostruciise pfian Eb clpmanh pxahROTHMi od
(SF#) shown in Fig. 9B. A period denoted by reference nuneral 1102 is one
hor i zont a#ndpescherdatioexprossion 26 comegiiansimong thanivritchingg FIR0 L2 40 driver T5&t508| | ed
by the gate signal line selected in the nunber mrow i s explai ned using
Fi gs. 1A amddhd BL ckmaknEb@kis shidwn iroFigl$B. First, during a period in which the
nunber (m1) row gate signal line (Gm1l)) is selected, nanely a period
during whi ch wiE thendrivdr THT b0thiyea pichmalel THTS then msidiseuss¢dratigver ovis ipgeferable
performed, the nunber (m1l) row gate signal |ine becones Hlevel, and the
nunber m @atige @léctrodki WSV the FIE cloMeniNe $helarbo@y, @hd thhbeeeiderodd H@s 8\Whd edtticdg. TFT

—2501 turns off, and the refresh

20  The polarity of the switching TFT 501 is considered with respect to the polarity of the driver

TFT 502 here. First, for cases in which the driver TFT 502 is a p-channel TFT, the condition
for the driver TFT 502 to turn on is that the absolute value of the gate-source voltage Vgsz of
the driver TFT 502 is greater than the absolute value of the threshold voltage of the driver

TFT 502. That is, the L level of the digital image signal input from the source signal line
15



TFT 2S51 turns on. At this point V1 =VSSis input to the gate el ectrode
of the driver TFT 2502, which turns off. A nunber (m 1) horizontal period
is conpleted, and the gate signal line (Gm1l)) 5 becones L |evel. The
refresh TFT 2551 accordingly turns off. A nunber m horizontal period
begins, the gate signal line (G m) becones Hlevel, and the switching TFT
2501 thus turns on. The digital image signal output to the source signal
line is witten into the pixel at this point. The switching TF T turns on
when the digital inmage signal is Hlevel, and therefore the electric

pot enti al (1a¢ Bl erget 6 Sb@aéd @deniofight Mehed the/@éctriidpoteft P of the digitall ndgewinar ,
the gate signal line (GmM) is Hlevel, its electric potential is VDD, the

digital i ipgeve] B18) isiléwét thay fle.cladist pdténi%l 8CthE k6urbOt@ il otlthd 8rivdr TTIASR
VDD. The electric potential appearing at the output electrode of the

swi t chi ngpTEL ghah Bid HERESE the threshold value. Therefore the sw tching
TFT turns }-ﬁ rwﬁmn the e ectvfg?ﬁg potential beconmes (VDD WVthN), and the

' Vor 15 TrT 2805, SPRBIRLCEE SbTthd B w0 B SO O TR R e oI,
ip' o tvoBrayih ey am@Efp &@%ﬁii@ﬁ%@ﬂ@iﬁ@%ﬁ@%ﬁ Wﬁ%@%'c@ﬂs?ﬁ ﬁﬁotarféﬁf he

electrlc potential of the output electrode rlses appr oachi ng

capaci ti v8n dbtht ithegalseluds yalye Otf t{he EpfBisAYrcs oliagenVen ot dhe |§mtcl§%éFFToé‘é1 ind
the gate el ectrode of the conpensation 20 TFT 2552 due to the first

capaci ti vereasatianbe absoliie velue of iectbrasheld voltagenef thomyitehing TG SPAT Thedsi s
inafloating state with its electric potential being at (VDD - VthN), and
t her ef or etheHelestleafta pulsepibbiepladealthe gatesighaltline imasglatted btatet(thedrteodfigah tine is
conpensation TFT 2552 causes a further rise. The electric potential of the
gat e el ectakenlas btinglie aceiqoesdsaite avheh AT lev2b B2inpetctonths ghtegli@ral linebeddbd thel
As a result, the digital inage signal attenuated once by VthN receives

anmpl i wdeswm%srwsm iDY-dhagnel @Y Jelitee)Cie IPOAIBAN e diédiid!potedBl Of the¥omugh
the sw tching T 2501, and is ?*lput t)gl the gate el ectrogle of the driver

TET 2502, i TR s \Qﬁ%rﬁndée 4 r§§1 %?'xﬁ&g%ha‘ﬁatﬂe tREhEId el © 1t {SRRIIBR deRedshS

driver TFT 2502, and ain current can flow 5 The electric
tent |
o el b\ Ak, 6 SR AU G100 BB, Bk o

selection t he te nal I|ne i,s _copplete ngd.addi ti.ona fter an
address (unheb AgpiRiFe ikj%.sguresa*&r’altlgw B S OE SR B ! e his™ he
EL el enent, éﬁ(l) gmts |Ig Cinlpréhe next subfrane period, the refresh TFT
2551 t ur n¥ 0 IRASHVEr At iyBrde row gate signal line (Gm1)) is 10

sel ected and becones H | evel, and the electric ;%otentl al of the

ol cot Fode of t RS Grumanchs; 50 GRGHS STAFEDS T PG 08 [ verTS BSORAEur ns
off. I'mage display on a screen is perforned by repeating the above

oper at i onbotp nd¢heane) SFEHS. oft therefore b@qon@amfpttab% to 53 bathdr-ehpanel wd ychannel
capacitor 2554 is added here. The first capacitive neans 2553 is placed

bet ween t WETofor phetpixd] pottiondd Tavchen lsensidering tecarlcpomen densamptibre conpensat i on
TFT 2552. The first capacitive neans 2553 is a capacitive neans for
perform ng operBohotie shove discabsder, ralthopgit emictwringothet girel gauirore had tikeo ddvdry
capacitive coupling, utilizing the electric potential rise of the output

el ect r odecirclite b aFIH Havi AP A Sinkle\fR141RRA i5acébrddndeSvifll & ast@estional methb@ Schikvel at he
fi+rst capacitive neans 2553, and capacitive coupling is forned between the

el ectsd C RULERAL iPURP! YurhbdrCof BRYdeREs, aitf h8dinRlt8Ctahl tcRAtENh! AbetridNBowdte

consumption.

SUMMARY OF THE INVENTION

In view of the aforementioned problems, an object of the present invention is to
16



20 driver TFT 2502. 'The second capacitive nmeans 2554 is used for storing
the electric potential of the gate electrode of the driver TFT 2502. The
second capacitive nmeans 2554 has one further role of a load for performng
boot strap operation of the voltage conpensation circuit 2510 with
certainty. If this load is not present, then the electric potential of the
gate el ectrode of the conpensation TFT 2552 29 will beginto clinb due to
the input of the digital imge signal fromthe source signal line. If the
el ectric potential becones greater than the threshold val ue, then the

el ectri c poivaista Bghteiitting devicp it wiichahe oadebafoftphecesseaperdataddry SEREU2IME2
will imediately clinb. The bootstrap nmay not work properly if the electric
pot ent i al pixkl portiod addérivey choditstlyeTETsGA@inigS digfle palstity, SndGarvaden e Réduytiod e

el ectric potential clinb of the output electrode of the conpensation TFT

2552 is d@lkz&Yi@‘Bo@L‘r éb?isﬁ‘zﬁpﬁcﬁlﬁis_%@lﬁ@&’é@ byaRAE ddove] dRrReNstrdaed. as a | oad, and
the gate electrode is placed in a floating state before the rise in the

el ectric potent inah & v%d??)ﬁﬂye RitictSied Cﬂi{é?,dﬁ ﬁt&z@&sarph aP Qi%BﬁF ;ig@;totgeﬁ Rely

can thus be pertorne rtainty.” A gate signal |line-se Ion pul se

nor mal tjz y El%{glgc}d’e%:f ag S\!vﬁl&gr%l’l‘lé?#béﬁ?eq}r g[&ﬂlﬁlis tfgxd ?eléé?f?igiaé aét% Q]%In%lce’lllrg ?%gveamzllr érUde

of the digl image sig e ‘source n accordance
ith th - st at thod, it b ible to.mpk |
Al 1 t ude O AEPULE BRunte PRy S BBt gRE phL Desr g F o ppgy el

that of the digital inage signal. It therefore becones possible to reduce

t he el ect PHtputIBAsPurce sigdldiieon of the gate signal line driver circuit. 15
Further, for cases in which the structure shown in Figs. 25A and 25B is
used in an act uAlcass inowhich theivglagexmrplitedexdthe signal sutputtothe soures signabline isng
desired electric potentials to each of the nodes. The connection |ocation
of the inputal 6 detvabides amplitude of ¢er cgiml THiTseksbitg dlrdgaté oignalnensatonsideréd:T
2552 differs anobng the structures, which are otherwi se simlar. Enbodi nents
20 Enbpdi Refet agat td Figs.pAeaIBB.i nvention are di scussed bel ow. (Enbodi ment 1J
An exanpl e of perform ng SES drive containing an erasure period using a

pi xel having anifagaR RERSHUREa FBEARBiesiMici fotsxial At Mgrht iFdmEIKL Q8hrdE Bigndl. lifel 9S-
2A and 2B show structures of a pixel having an erasure nechani sm of 30

Enbodi meng,d, m%wt@%eﬁ&gg,muﬁé 8¢ si%xgals g&gut%wé seR& ﬁgxlﬁwli}elg Em‘stgtglai fo'thd Qditage

driver TFT 202, an enent 2 ource signal "lin , a gate signal

line (G, I uppl L.ne r , i i L.ar
convent ofaP 8 SEVERE Stfffcting Wi HERE ik, ol ' BERCTEIRNE of e e
simlar tg the valtage c atiaon circuit .of di nen 1 1
it on e WG eOREERER PR ot it & b elehap B Gn AR e EPsigoaatiyte
signal_Ilin ) .in Enbodi pent. 1. at, with respect tqo the erasuyre
gate- 5 gndl o irkshplkyatoe aiae oy iibingo B S01 Brsuptictotefes Mrcpled e potpul 3F the
witing gate. .s[iggnal line in Enbodinment 1. Fig. 2B.is a circuit diagram
cont ai ni nYj2Rakdnmyt fTrm theesayfeer ignal, hing.o gEhectlpEG satential ofithe ghte elertroderpbthe
vol tage conpensation circuit 210 has a first TFT 251, a second TFT 252, a
10 third duver 283 582 twillshercfose beease 25 4lechicdpetentiat dhrl is dpwer ther thesoltage
Further, reference synbol G m denotes a witing gate signal |ine scanned
i N a nunbanplitudoey thehghut sl by de syounodf the threshold value of the switching TFT.
In the present invention, a voltage compensation circuit is formed between the output
20  electrode of the switching TFT and the gate electrode of the driver TFT. The voltage
compensation circuit corresponds to a bootstrap circuit, and functions to return the voltage
amplitude of the signal, damped by passing through the switching TFT, to its normal

amplitude. It is thus possible for the pixel to operate normally, even in cases in which the

voltage amplitude of the signals output from the source signal line is made equal to the

17



Gm 1) denotes a gate signal line scanned in a nunber (m1) row. Reference
synbol Ge(nm) denotes an erasure gate signal |line scanned in the nunber m
row. The first capacitor 254 and the second capacitor 255 are arranged in
series. Afirst 15 electrode of the first capacitor 254 is connected to the
out put el ectrode of the switching TFT 201, and a second el ectrode of the
first capacitor 254 is connected to a first electrode of the second
capacitor 255. A second el ectrode of the second capacitor 255 is connected
to the current supply line. ate el ectrode of the first TFT 251 is
connect edvelirge ranplitude ag tlt}a%lenfgﬂi doraselacting t0 g@¢ raignpl line. | hpherefore bteapaks of
the first TFT 251 is connected to the witing gate signal line Qn), and an
out put el pessibbado afectehse ther dtiveiFVolRigt ofs theopate cligml tlinet tives utipouit, @hé cthisode
of the switching TFT 20l. A gate el ectrode of the second TFT 252 is

connect edcdrribilies torreduicitg to@tiectdic poatr ¢onBempHon o khe disslapdeviceput el ectrode of
the second TFT 252 is connected to the witing gate signal 31 line Gm.

An out put el ect tRASLRE-stdQI SBBRAM ald dolveddy SrueRNng ¢leixtiopdrtish mem&tplay

el ectrode of the first capacitor 254, and'to the first electrode of

second; capag et&rmgzglﬁelsﬁi gﬁg%cel'(ﬂ&%é QM a‘fsaltlckhecxwﬁﬁt d(g tHd g reSent nllv%nﬁ&p gﬁtb dto

t he out put e ectro swtc FT 201, nput el ectro

t he thi rd r (
output el SheRufEtn} S SRR oS M B0 S s B
of the first.ca and.to.t . rst electrode of the second
capaci t orP é%%t a%gkf ﬁ?‘f‘a‘i"nﬁtﬁﬂngatﬁpﬁ‘ﬁ{;ﬁ’?{bo?'he same polarity are used here
for the TFTs 201, 202, and 2S 1 to 2S3 structuring the pixel. The polarity

may be n-channel or p-channel type. CGrcuit operation is explained next. An
exanpl e in V\:hl ch the TFTs structurl ng the 10 pi xel are all n-channel TFTs

BRE ES CRIY W THE DEAWINGgnal s is set to VDD (H level) - VSS
(L level) for Si gnal s |nput fromthe source si gnal line, for signals that
sel ect0 t he wri tlnrthe gerompsnyngtirawings; and for signals that select the
erasure gate signal line. In addition, as an initial state, the electric
potential of thegsolAcandilBnate diagen{sSyhoawing tdneembeditnenic mualeeol il pakerithe
gate signal line (G are both set to VSS, and the electric potential of the
current supgdionld line (current) and the electric potential of the erasure
gate signal line are both set to VDD. Further, the threshold voltages of

the TFTS are al kg AemdAR YeltbbordihSshowlfart dnbbanéH: Of e PrédnGhidkisn Or

expl ai ni ng t he operatl on of the circuits of the present invention shown in

ow gate o gnal B e P AP g 5?‘%%%%%%”%@21%@%‘?%“@%& i

nunbe5 Q eertlng gat e signal 20 line (GmM), Fig. 12C shows the
electric potential of a source signal line (S(n)), Fig. 12D shows the

el ectric oten f t electrode of th dri.ver nd .Fi
T2E shovs t he. diigt: A i SpaR: s Ruts & shGrgar s onentions Het Bl
a period 1201 fromafter the nunber mrow witing gate signal line (G m)

is select®f®until the nunber mrow witing gate signal line (GmM) is

sel ected again corresponds to a subfrane period shown in Flg 9F 32
Figs. 5A and 5B are diagrams for explaining pixel portion TFTs and the operation of

a light emitting element, respectively;
20_\ Figs. 6A to 6D are diagrams showing a method of manufacturing a light emitting
device of the present invention;
Figs. 7A to 7C are diagrams showing the method of manufacturing a light emitting

device of the present invention;

Figs. 8A and 8B are diagrams showing pixel portion cross section of light emitting
18



A period denoted by reference nunmeral 1202 is one horizontal period. Figs.
2A and 2B, and Figs. 12A to 12E are used in the explanation of the
operation. The nunmber (m1l) row gate signal line (Gm1l)) is selected and
becones H level, and witing of a digital inmage signal to the nunber (m1l)
row pi xel is performed. At this 5 point in the nunber mrow of pixels, H

l evel is input to the gate electrodes of the first TFT 251 and the second
TFT 252, which turn on. Both el ectrodes of the first capacitor 254 becone
equal to the electric potential of the nunber mrow gate signal |ine,

namel y VS8eviéds Fdre casrboft iupper bliface! B&Htr bibissioh ed Mwaf sirfiRe UBEIR ehAsiohode
of the driver TFT 202 al so becones VSS. 10 The nunber (m 1) row gate signal
line (¢ ”}e%géctﬁlglly,e(:ti on period then is conplete, its electric potenti al
beconmes L level, "and the first TFT 2S 1 and the second TFT 252 are pl aced

in an off stateg Th er r . S L, hi m,) 14 .and
becones H | evel Flgg'n%A? ﬁg@ SW L6 |ﬁﬁﬁ%b‘?l%%ﬂﬁérchéﬂsgﬁeﬁa%ﬁe&éﬁggkgrrgilt@g%g%én i al
of the soyr.ce signal line (S(n)) at this point, nanely the digital inmge
signal, iS™put to the gate el ectrode of the driver 15 TFT 202, which is
turned_on. The dj gi i signal is sinultaneously input to.the gate
lectrbde of thEePni0h BHUIS e Dt HOPIE URMECH et e o e e
el ectric potentials of the gate el ectrodes of the driver TFT 202 and the
third TFTIoEE gisdege (VDD - VthN), the voltage between the gate and the
source of the switching TFT 201 becones equal to the threshold voltage

Vt hN, and t he skigs.cHidng HPTare diagemns shopingdheleleetria potohtial of aach npde at the simet .
The gate el ectrode of the driver TFT 202 and the gate el ectrode of the
third TFToR&dviag e pixebofd kight etndtipg dewicd of the pressht investidn; oat i ng state. On the
ot her hand, the electric potential of the output electrode side of the
third TFT 253 rFigesi2ahen 2B e Hiakfaths khdwitig3hd eledific potentisl 08 pachi dody at ®etild Ng
exists at this point between the output electrode of the third TFT 253 and

the gaj e of @in®8 gixef off st binitlhg d&vicedst the légent fehtiont he first capacitor
254. The gate electrode of the driver TFT 202 is in a floating state, and

therefore the Cci{4 i [ i: TET
202 once agali nei;ig'sie% isﬁ%ﬁcﬁﬂ\%ﬁﬁ@r@/{l ﬁwsog%ﬁéﬂ\}fﬁh d?ﬂ% ér?ﬁlccg%t Eguéelf"lg({:%e% }l-%rlll:t
potenti al _of... t lectr .0f the third TFT 253, and becones an

el ectric %@{tgﬁ]ﬁegﬁg%ﬁgﬁﬁregﬁ?;h& .>Strictly speaking, 5 it beconmes an

el ectric potentjial higher than (VDD + VthN). As result, the digital imge
si gnal attenuatffs‘ﬁs'olgéé‘ea“’tﬁly1 HRE %Bbﬁt%%‘fﬁa‘ﬁ%%f??’aagaé*aﬁﬁ%%%i on by the

vol t age conpensation circuit, through the switching TFT 201, and is
applied to the laat§@|aéh%gf6raéhwngﬁgmaﬁze'&rt rpfating dpshift preisier FingrFT 202 i s
therefore normal |y turned on, and a desired drain current can be obtai ned.
10 Th¥ el ect ri cFigdtlék odI6Capp Frirant fryctureediagrams ef abeffedde of the driver TFT
202 is thereafter nmintained by the capacitors 254 and 255, an electric
current flows, Ege /Actod/Dedre muewit atugndingraing gha levekshiftesubf r ame peri od
havi ng an erasure period, the electric potential of the nunber mrow
erasure gate silgal8 isiarvircqibstfrudtyre dingommesof 4 latahwodcyit,and t he el ectric
potential on the input 15 electrode side of the third TFT 253 drops. The

el ectric potentFigl 19is 4 Beug@hediagramt ¢forgatokighlielier drisef ciféult fERtaingta Hsps
at the sane tine due to capacitive coupling by the first capacitor 254. As

a result, erhitghLdRiderdf Shet @At indbntRh; t he gate el ectrode of the driver TFT
202 falls—below the threshold voltage, the driver TFT 202 turns off, and

el ectgg ¢ currengjgd OoAhgd 2o hR B mARAibSamY b0 hA pnt-frlaeﬁ%l— eﬁitﬁﬁ% Qbvitd6f gRf ter
does not emt light. 20 In the next subfranme period, the first TFT 251 and

t he secon e;_e'ﬁ?_n%z?%n urn on when the nunber (m1) row gate signal line
(m1)) i1s sel'8ct e ., and the electric potential of the gate el ectrode of

the driver TFT 202 CQ equal tao the electric poteni, of the nunher m
ow gat o si gnalBE AAATERRE R iRkl sboing Rt kEoBREA tfth shoul MRuERS! 1o
nunber mrow erasur at e si | Iin once ain becones_H | evel,
t he nunber m roﬁﬂbé@g@iéﬁ:a‘frg ,gaggrams S?IO %eg(ar;rl)gxampfc ofa agmethog ofmanufacturinga
light emitting device of the present invention;
19



line is selected, and witing of the digital inmage signal is perforned.
mage display is perfornmed by subsequently repeating these procedures.

[ Enbodi nent 2) An exanple of manufacturing a light emtting device having

t he pixel shown in 5 Enbodi nrent Modes 1 and 2 is discussed in Enbodi nent 2.
A schematic diagramof a light emtting device is shown in Fig. 20A. A

pi xel portion 2001 is placed in a center portion of a substrate 2000.

Al t hough not shown in particular in Fig. 20A, the structure of one pixel is

the same as that shown in Figs. | A and 1B. A source signal |ine driver
circuit 2002 f dfige 3Ar wl 23 arestiagramas shayiag ekdnnges ofadiebtigaiceequipgreat td whizh10
driver circuits 2007 for controlling gate signal lines are forned in the

peri pher ythebrdsbig ifveontibn B bd plie®0Ll. One of the gate signal |ine driver
circuits 2007 may al so be forned on only one side of the pixel portion 2001

as descri bed amg§-24§1 &4E ard) BiAardnt OISy Biobs bllBiohLbr & idui %? i, aRyRCe

signal line driv circurt 2002 and the gate signal line dri circuits

2007 are | I 010. Signals input 15 fromthe FPC 2010 have
smal | vo|?§§§&8§%?§@ﬁ§8§?g§§§°’herefore undergo the transformati on of the

vol tage anplitudes | e hifters 2006, .and then.,..they are input to the
sour c€ si gnal Iuliglﬁsé %\%yej&g% fi 148 %’r?’c‘f’ 15 &" geé?ebé)’ déq“aﬁarpociel ﬂé?lger Piragnt
circuits 2007.in odinment 2. Fig. 13 is a diagramshowi ng the structure
of the soﬂV@E“@f@EgF line driver circuit. The source signal line driver
circuit has shift registers 1303, buffers 1304, first latch circuits 20
1305, and secorkig} a#&h tei 20Guiars dagmns Shewingsam embadiment sugdle; of Hhegpresenia
and 20B, but buffers may be forned, as shown in Fig. 13, for cases in which
t he | oad @weni®onr eam of the shift registers is large, for exanple. A source
side clock signal (SCLK), a source side clock inverted signal (SCLKb), a
source side start pulse (SSP), a scanning direction switching signal (LR
a scanning direction 35 switching inverted signal (LRb), and digital
i magelosi IDBTAIERDESTCRIBTRIN OFTHREPRERBRRER EMBODEMENTSal |ine driver
circuit. Among these signals, the clock signal and the start pulse are
i nput af tehbsdigeradbag1 anpl i tude transformation by the level shifters 1301
and 1302. The structure of the shift registers is shown in Figs. 14A and
14B. A bl ock deptedemrdyr 4 F&erwm&gér%ﬁben%ﬁ% diftuft PYRGHethatvemmidy isFi 9.
14A is a pulse output circult for outputting one stage portion of sanpling
pul ses. bbb HCRES! A% 151 Ins MAVRTE LT VAL UESHoRHA0ES chIARLE | S
< ﬁ3 0 put 'tsT Fig.

a natural nunber pul'se ou ircl I's a diagram
showi ng the strycture t he.pul s ut .circuit. q.,n detail. T 1407
708, | SacS MRS it for spi R T FEA. § afvd ol 025 B Rlesaf TUF ashiree
scanning 10 direction. Switch over- aof left and rjght scaqni di rections
is pelfr orﬁﬁ%@? bye ?ﬂa&mw@ ligp (Gbrandre SHirent FHRRY lg?fg@rreret@m Tk pixehdl the
scanning direction_switching inverted, signal SLRb . For forward direction
scanni ng, Preseat BNAHIANARRS SUYABES GeIpRENSAtion-CIFGUtskl0 belypen ag opfnug slecapdsgef the

a nunber (n-1) s&gge, and a nunber n stage in order. For reverse direction
switching TFT 101 and a gate electrode of the driver TFT 102.

Fig. 1B is a circuit diagram including the structure of the voltage compensation

circuit 110. The voltage compensation circuit 110 has a first TFT 151, a second TFT 152, a

20 third T?I‘- 153, a first capacitor 154, and a second capacitor 155. Further, reference symbol

G(m) denotes a gate signal line scanned in a number m row, and reference symbol G(m-1)
denotes a gate signal line scanned by a number (m-1) row.

The first capacitor 154 and the second capacitor 155 are arranged in series. A first

electrode of the first capacitor 154 is connected to the output electrode of the switching TFT
20



scanni ng, the sanpling pul se output is the nunber n stage, the nunber (n-1)
stage, ..., the 15 second stage, and the first stage, in order. The pul se
output circuit body is conposed of TFTs 2401 to 1406, and a capacitor 141I.
In the pulse output circuit for a certain nunber k stage (where k is a
natural nunber, 1 < k < n), output pulses fromthe nunber (k-1) stage pul se
output circuit or output pulses fromthe nunber (k+1) stage pul se output
circuit are input to gate electrodes of the TFTs 1401 and 20 1404, and gate
el ectrodes of the TFTs 1402 and 1403, respectively. Note that start pul ses

(SP) are igWuhd bGetdid gesu@debetier desapaditor 184 TEdenntded @A dird 404 irobe o e l,
nanmely in the initial stage pul se output circuit, and that start pul ses

(SP) are {apht cdpacidier Bat & §lcBrd ERERSIedS thheea&ﬁz[sca 3r 255l isldeMBE D Hien.

nanmely in the final stage pulse output circuit. evel is input to the

scanni ng tching signal (LR), and L IeveI |s i nput 36 to the
scanni ng %Hegg%dlpglr}'% tch over inverted signal (LRb) in scanning in the

forvard directign, w&@%@ﬁgs B HELR SRRLFLODShd B8 s, RGO h.

pul ses fromthe e pu geout cl

gate el ectrodes Ts 0 1404 the oth ul ses
7 r om the HERHarCtOHs of %bTﬁ@é D ETCL A B e Han o e%tﬂﬁ]em@&

el ectrodes of the TETs 1402 and 1403. A case of forward scanning is used as
an exanpl @c¢ieode of Bie fERoV Il e lnig caeteatemt@humw tleghpde of theswitshiwgsld T Wler to
the timng chart shown in Fig. In a certain nunber k stage pul se out put
circuit, outputApgatesdectiodenf t eemdﬁlél?r 132 B)conmestpd tpihes gate sigpalthingi G@rl), ar e
i nput to the gate el ectrodes of the TFTs 1401 and 1404, which 10 becone H

| evel (standtanpupwedectnode dbhhetsecond TET 152 inameiegtetido tttdgatd signal dine i(mde) AnThe
TFTs Z401 and 1404 turn on (refer to Fig. 15, reference nunmeral 1501). The
el ectri c qopendlédtoddfofah@atnal BT n162ds @bnricbrd b Tthd 46wnid Selgutdolie df upe figstt he
VDD side (refer to Fig. 15, reference nuneral 1502), and the TFT 1401 turns

of f and | @i 394, o (HoaRli dhrod@éanatech R citllty 1827 e Lhe el ectri ¢
potenti al gecorres VDD - VthN. The vol tage bet ween a gate and a source of

the 15 TFT 1405, :étegélgéf]%[a deNAd I'L rl% e lcOn¥eRledGoahe tompﬁt RRLASde Gfflet NE

TFT 1405 turns o e ot her ses are not yet I'nput to the gate
el ectrodes llﬁsl—ln t I
t her ef orewl{rzcgbrghg?flfgfaﬁné an‘l‘ﬁ% eﬁ]reé:g? ‘ri? @PE‘%{} lé{rﬁ?l al 1 ISICOL é’?"é‘ﬁ@g? gmgf

the TFT 1406|sth refore v S [t of f. The .elegctric
botent 1 ai PO3Yer SHUISRAIG: e HERHS el af i, Pﬂ%ﬁﬁséés satfﬁatedépefﬁmcovg

t hus puIIed up to the VDD si ordance wi_ith the cl ock signal (SCLK
or SCLKb)el§t9de o @eéﬁst.%eﬂﬂt%t%tﬂt%@éﬁ%ﬁr% Rlectiqele of Aessecopd BRIGIGT 1PY-evel
(refer to Fig. 15, reference nuneral 1503). In this state, however, the

el ect}®i ¢ pot entNeif thet TERpalbhepng thespme palaritygre yerd hess forihe BTl 40P end
circuit drops further by the threshold value with respect to the electric
pot ent i al INDD193 hirnasiringthe ek dihepplasiéemay be hehaipel eupshanapldyphl y an
increase to VDD - 2(VthN) is obtained. 37 The capacitor 1411 is forned
bet ween t he gatGirasliteupieratide isexpldinel mwaxs.pudn exauple adwhich thé @FTEStrictivingthe e,
and in addition, the gate electrode of the TFT 1405 is in a floating state.
The el ectpikel apotie Atchahned TFING @ed derl e The amplitide ofignplitdighdlO s des td WRIDR(Hr €
further pulled up fromVDD - VthN by the capacitor 1411 along with the rise

in the elieedlyi Vssquetdnﬁtor@fgnalbenmmm the sb@ichkipahl {nBRndUb) siphalé bRt Pikdie
output circuit, nanely the rise in the electric potential of the out put

el ectgpodgnPbatk I@anIﬁTnel4Q§ addﬂoﬁ% Qh GARgEstb, Lhe El'ébt%c%?e'hﬁ&l' &t'the sdiBcd él%x?zh
electric potential of the gate el ectrode of the TFT 1405 becones hi ghe

than VDD (tsblgng 6l gfeclt,,;a E&Jt&naﬂﬁ g{se% ?&ﬁ@ ﬂﬁ”&@aﬁtre%ﬂ%et eSS Ll ©

pot enti al he out put rm na se output circuit Ts

not influ q%{r}tgrgttthgrgg%h lﬁee Cg{’_relgtlglss Et \;ﬁ 5, and to increases

normal | y 1503) PuI ses are

S|mlarly outp e nber e p out CUI r to
Fig. 15, refer g‘lr%% H%‘F’épréls @@g}}agg: é&’ﬁmgflre Eili#f ens*ts 1%&%@6‘
return to the nunber k stage and are .input to the %ate eI ectrodes of the
TFTs 1402rqHeinggnrts forexplaging the operation Pfathg chpuitsif theapreseat HyentiRieshoyn iphe
TFTs 1402 and 1403 becone H level, and the TFTs 15 1402 and 1403 turn on.
The electric potential of the gate el ectrode of the TFT 140S is pulled down
to the VSS side, and the TFT 1405 turns off. Sinultaneously, the electric
potential of the gate electrode of the TFT 1406 becones H | evel, and the
TFT 1406 turns on. The electric potential of the output term nal (SR out)
of the nunmber k stage pul se output circuit



beconmes L level. 20 Pul ses having anplitudes between VDD - VSS are then

out put one after another by simlar operations up through the final stage.
Circuit operation is also simlar for reverse direction scanning. In the
final stage, a return pulse is not input fromthe next stage, and therefore
the cl ock signal continues to be output through the TFT 1405 (refer to Fig.
15, reference nuneral 38 1507). The output pul ses of the final stage
pul se output circuit therefore cannot be used as sanpling pul ses.

Simlarly, the initial stage output pulses are final output pulses for
cases of FiyersandilBECFigdN1AGANS 1@ elahit pAiaitRf of @e aambet () e datd Signal
sanpling pulses. In the circuit shown in Enbodinent 2, the shift register

i's theref ghe (Gtrhug), ¥ie 18 sevshB eileRic fteitidl BE the AMABY m GbiwCahid SighslUdde t O
t he necessary nunber of stages, plus two. The pul se output circuits at both

ends are z,eﬁig?‘ilé LHBYs %}‘ieagl%;étrié ﬁilﬁgg%ﬁil%'ﬁ PYburEé %%Ll: (ﬁ;ne: ﬁse(}é‘ghﬁﬁh i’&? 11D

buffers 1 re~-not connecte n 3 correspo nmy ages).

. he fi - b had bef h
et nor i YR EEERRGP oy 3t 08 A0€ iskitls &R RYLFP TR ok e bR o

t he poj nt ere the start pulse for the next,horizonta ,od is input 10
by ubihg. ¢ N edinREr G ButoBm iy e lns ik 5 (Gl s SRt B! herusber @by

i nputs. Figs., 16A.and 16B show the structure of the buffers 1304 used in
the |ight gfgﬁns»cgelalnlgned@xm)elwlm@aalﬁéﬁfreanonsé%tos%mam Rerigd shown i Kigs OFs a
structure having four stages 1601 to 1604. Only the first stage is a single
i nput, si Agtesiod gepeted by prferemerenurasalnld 03 irdoneiosizontalperiod a gBigs ak and\bBj andut |
two output types. 15 The circuit structure of the initial stage unit 1601

i s shown FigsFild\ tollAB arSuspibin sheoexplanagiort ofttbe gradtiosl ect r odes of TFTs 1652 and
1654. A gate electrode of a TFT 1651 is connected to an input electrode. If
H level is inpulhé Guhbe @aIF gtk eiinaDRs (Gfm-1))eis Feltoted GhE bacinckOi4eved) Al Ng
the TFTs in an on state, then the electric potential of a gate el ectrode of

a TFT1l653ib8g @Madidital B esigm_t@ﬁl_eammytrha%%wwemstperrmcmalm(mmaoim
becomes L level. If L 20 Tevel is input to the gate electrodes of the TFTs

1652 and ﬁgﬁ?é gﬂﬁ]t}@r mrdw df ?Eﬂeégf?ﬁ{lﬁvel RENBEALS 1 %ﬁé él@&lf‘old??Gfof'l’x@ firﬁ?‘lfrhgrlgihr ode

of the TFI are conne e TFT 1651 i nor ma n, an ore

e e TR Rl

to the above-'s éd case € reqgi ster, ac
coupling gue to a .capacitor

30" Not cbitame e BRAT iR L LB ThE P S8 PR T BT Vb2 Ae as
Fol I ows: t?le 1saome time, the electric potential of the gate electrode of the driver TFT 102 also becomes
15 VSS.

The number (m-1) row gate signal line (G(m-1)) is then unselected, its electric
potential becomes L level, and the first TFT 151 and the second TFT 152 are placed in an off
state. The number m row gate signal line (G(m)) is selected and becomes H level, and the
switching TFT 101 turns on. The electric potential of the source signal line (S(n)) at this

20  point, namely th_etiigital image signal, is input to the gate electrode of the driver TFT 102,
which is turned on. The digital image signal is simultaneously input to the gate electrode of
the third TFT 153, which turns on.

At the point where the electric potentials of the gate electrodes of the driver TFT 102

and the third TFT 153 become (VDD - VthN), the voltage between the gate and the source of
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the gate el ectrode and the input electrode of the TFT 1651 are connect ed,
and therefore both the TFT 1651 and the TFT 1652 are in an on state Wen
the TFT 1652 turns on. It is necessary for the electric potential of the
gate el ectrode of the TFT 1653 to becone L level in this state, and
therefore it is necessary to design the channel width of the TFT 1651 to be
smal l er than that of the TFT 1652. It is sufficient if only one gate

el ectrode of the TFT 1653 has the capability of being charged, and
therefore the channel width of the TFT 1651 nmay be set to a m ni num val ue.
Fur t her nothe, swiitehing a5 10Nbedoaes Equeal cithe elireshotd seltage iVahN Oatrl the sivhiehing TFT
penetration path anong VDD, the TFT 1651, the TFT 1652, and VSS in a period

during whi@hist fleceliih 2h65R siate £ Bl benfeegiwaectfdmea;frmmmaﬂm 10X ki@ tHeh e
TFT 1651 smaller. Fig. 16C shows the structure of the unit circuit used in

the Secongat@erécdr@&eedf tRd ﬁa%srﬂlﬁ3|aﬁ‘9ﬂkretf&etté?§p(ﬂ§rﬂ§ RlcEF ' LG AE stalte TFT 1652

is simlar to that of the initial stage, an |nad|t|on t he previ ous

stage input is {?égqe gt?]uéﬁ%g}th‘ﬁ@r Cg?]ﬁ: poRen 1at&tﬁé‘8\ftg&te‘?ec‘?ﬂo§%?gg?th%fthﬁﬁ'%ﬁ': T

1651. The TFTs are exc usi ve respectively,

and the p tratl th.b V t he FT 1651, the. TFT. 65 V/SS
can beb el P ARedTER 1, éhlgf LT?T?EE% e ey Ajggitinge, cbitfing 0578 76 gt
structures of a clock si vel shifter (A), and a star | se. Level

Shi frer By vEsRiel g st oElebing kP cmtdhe e et Dbite drirep T5TC
structure has four stages, a level shifter for an initial stage, and

buf fers f &2 deetosthe &gy camﬂpbl%wTrbg gateglecirode of e driver TED 19%@ mn a floating

af orenenti oned buffer circuits. A signal having an anplitude of VDD~ - VSS
i s input, stamdardh therafpuet the iefpetric prieitialy ofi theagqht icteaidedeodt WpRIriver/TETI H2obnczi ned
(where ~VDD~~ < ~VDD~ here). Regarding the clock signal level shifter, the
initial saigaferises feono (EDDNPVhN)crlengowitlp the risjpeslectic ﬂ)c&eﬂthboﬁme@mi)uae‘ldctrode
subsequent stages are two input, one output types. The clock 40 si gnal

| evel 1ghi b @E hirI BFD'$53] 2h@ bedbikes Rf cleb@icpatentl Higheuthan VDD, i nverted inputs.
The start pul se |evel shifter has a structure sinilar to that of the

af orementioned Rufyf QLG b %@Hﬁl EmEger é}g'ﬁafl aﬁEﬂdAFer%&e qﬁthHm rddefel 'lh{;}hﬁide
stage of the level shifter 15 shown iR while the unit Circuit

structure.Jfentifon %dV(ﬁﬁge %Hllﬂ SRLGIH c1féuﬁgﬂﬁoﬁ%0ﬁg%‘9ﬁtchﬂgl:hgf 16? Dind 6%

circuit structure d opera 1 on re Ssimlar tot se shown™in Fig

16C, resp Y, of, .di f e f
the si gna?ppﬁlﬁ%ﬁt e, e B REP el r T EA0ET iR e BEDNS tuh%ﬁ%or%n
when the si t to electroeof t T 1752 is H 10 | evel
(for case%orﬂﬁﬁé% g&l?%éngﬁgg?’{fsngBFWée %b‘l“bq%} = of the arrplitude of t he
i nput_signal is _certainly greater than the absal u% val ue ~Vt8gl—— g

t hreshbl d val ueltrelegie IT‘FI‘F“tia?BEBIICdTﬂéheeﬂaé"c‘i ?‘it@dEB tdF‘é(Fr BFT 40215 therea e’

el ectrode of a TFT 1753 is pulled down to the VSS side, and therefore L

| evel app@aingingad tynthe wapasitorselSdiand 15§ .oum glectam cyrprat fowerandhe ELj dlemens 184 gnal
input to the gate el ectrode of the TFT 1752 is L level, then the TFT 1752
turns of femighbghts dméheehexd tspbizame peniad, dhe &fst (T 3 ancthecsecounth TET 137eareFT
1753 is pulled up to the VDD side, through the TFT 1751. Subsequent

oper at i onglacdeinsambh &tatd ovhiehabe nohbdrh@n-4) gate nsigiial tine G(m-1)) is selected. The

electric potential of the gate electrode of the driver TFT 102 becomes equal to the electric
20  potential of the num;);m row gate signal line (G(m)), namely L level.
A discussion of the first capacitor 154 and the second capacitor 155 is added here.
The first capacitor 154 is placed between the output electrode and the gate electrode

of the third TFT 153. The first capacitor 154 is a capacitance that is used for increasing the

electric potential of the gate electrode of the driver TFT 102 by utilizing capacitive coupling.
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buffer. This level shifter structure has a characteristic that the input
signal is not directly input to the gate electrode in controlling the TFT
1751 connected to the high electric potential 20 side (VDD side).
Consequently, the electric potential of the gate electrode of the TFT 1753
can be pulled up, no matter what the threshold value of the TFT 1751 is,
even if the anplitude of the input signal is small. A high anplitude
transformation gain is therefore obtained. Fig. 18 shows the structure of
the first latch circuit and the second latch circuit used in the |ight

em tting gayisesndfcapidiodilfen adangdd iahemes with the firs? bApacRoss 1 54)Gindr@psdiosed
41 of a storage portion in which two inverters are connected in a | oop
shape, andowiingiit ¢hrnfed beb@Edn’ Bk lelRESERFRAD Sodrtd supply 1ife, haURB e fhbls leldéfidir €
as an exanple of a conventional CMOS latch circuit.” In addition, the
structure g i F [ah oG HEE LU i as
an oxanpl BOCRTg g bR dRLTRR A2 A e T 15T & bocl 0 o B R e

are 5 str ﬁﬁ%ﬁ{iﬁ%%%& él&\ﬁ%rdagfth%?ﬁiv@rffl?f’ jtor. The electric potential of

a signal Inverters of a st Tatch circuit (LATI) and a

second_latch circuit. (LAT2) i.s stqred by the .capaci.tors.. The sinples
structlre in Fi " aélf@(opgl 6%18‘60‘} ﬂ% %‘r?b%ﬁ?%?ﬁpa?&”%ﬁg 1p ilﬂaz Ht i ‘}Ssﬁiaﬁé lé’ﬁ%\f\?f in
Fig. 18 are structured such that one n-channel TET repl aces an anal og

swi t ch of MeK@g the yoltags) campeasekon et BeotsimppBaetion,propeily. f dhiardped 1sLootTETs
and a capacitor replaces a CMOS inverter. If a digital inmage signal is

i nput ( dapes¢nty thiepothe saleatrip woteatialc of diveowputgelygtiodegsfothe athird aTERMIBI ¢limpsul se
is input (pulse in) to a gate electrode, turning the TFT 18S0 on, then the
di gi tal i magedisietyndile tbhd capacitiveocauplingifghe electeio ppisséal of theTgaTscl¢@Ble tof the854
and a capacitor 1855, the polarity is inverted, and the signal is output.
Furt her, tHre THO133Adises dag e the fupat of the dipiial intagd sigaalfpnatheapace tighal 1B86. IfThe
digital image signal is also witten into, and stored in, the second | atch
Circuig byhisioferafibn QREUS! tHRASthE NafBRARMAGIRACHYSttRpambRtdol WorkSpropéryl) THPUL
timng. Fig. 19 is a diagramshowing the circuit structure of a gate signal
line drivepegic r;S‘dﬂénttialbiri?@ 08 3 odtpB BlectrddCotlink Rird GIFTC ¥53, dM@Stoang Rhabdcitive

regi ster 1903 and a buffer 1904. 20 A gate side clock signal (GCLK), a gate
si de cl ock. | r ! | , te..sid : ( e
i nput to F%dgﬂég,t fgetgfxg%(gg%le}a&g'@% re@]ﬂ:@t %o G ﬁseﬁg'l ﬁ‘lcseg&tﬁrtlcs Pb’t]eﬁt‘[?al o(ﬁgé .g%{e

e driver circult. e 1 npu gnal s are ihput
ft d i it f ti b | shift. 90 902.
ot ot hat SPREERES it TEL5383 4R PRk Bl A hE¥Bine st Brae pipE sietiic
caed T R ol RS B LR Bl bt RnfieR S B o™

expl anatign of their structure and operation is omtted here. In Fig. 19, a
gat e &% gnHpPwingrmb thertime phgn theribrd dFE\154 iiself 118 38 @nsipthy and theibgotsiapgan Warky
dummy stage because a first row of pixels can not obtain gate signal |ine
sel ecti onn¢yHadly. i nput for the previous row. 5 The display device introduced
here and nmanufactured by using driver circuits and

A gate signal line selection pulse normally requires a larger voltage amplitude than

the voltage amplitude of the digital image signal input to the source signal line. In
accordance with the above-stated method, it becomes possible to make the voltage amplitude

20  of the gate signal line s;tion pulse equal to, or less than, that of the digital image signal.
It therefore becomes possible to reduce the electric power consumption on the gate signal line
driver circuit side.

Further, the electric potential of the gate electrode of the driver TFT 102, which rises

due to the capacitive coupling, becomes higher than VDD in accordance with he present
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pi xel s shown i n Enbodi nrent Mbdes 1 and 2 is structured by using only single
polarity TFTs, and therefore a portion of a doping process during

manuf acturing can be elimnated. In addition, it becones possible to reduce
t he nunber of photonmasks. It is also possible to resolve the problem of an
i ncrease in consunption current due to an expanded signal 10 anplitude by
using circuits that apply the bootstrap nethod, as di scussed above.

[ Enbodi nent 3] Pixels having erasure gate signal lines are explained in
Enbodi ment 1, but with this type of pixel, selection timng for witing

gate si gnalvehiities Hiid Elgétsic fpomtisiaises hi leakt td WDIY, dndrth@EREt§s PasBlsSiodRate
lines. In addition, the pulse shape also differs. Therefore, one of the 15

gate signgle Mlagee dpKRide OF thd 4t8 sBAAhe! d1dction Paﬁﬁemi ShalRE %Kgipﬁﬂﬂﬁﬁ 1R

both sides of t pi xel portion may be structured as a witi gate Signal

l'ine driveg, '5ﬁHéE?a?l{§%F?§$69&{%r may be structured as an erasure gate

signal line driver rcuirt structures may be simlar to those

explained in E i ent .2 ng.therefore a detailed,explanatign.thereof is
o tred ner o. o8SfEGkises e B G dlisisth folinfal FEE Sl duprliuing e e,

met hod_ of nufacturing TFTs for drjving circuit provided in a pixe

por ti oft N et RPSEAR RS desplions Jor 1K oSt QWY ey S REFsTaTR & 1 Aigforable
substrate. 43 First, as shown in Fig. 6A a base film5002 is forned from
an i nsul athahgleeirodes ofi¢he BE elemant 184 he syghdbatirefesgncg nymerat dAS dengtesoan anodey

and a silicon oxynitride filmon a glass substrate 5001. The substrate 5001
is fornmedand thair rafereesr ovineiat k06 dénotes & \gsihede. eXaisplaseols e tdveiss @othe ng
# 7059 glass or Corning #1737 gl ass (product of Corning |Incorporated), or
of 5 al uncowkotiaml Exagile alytalysilisciitsed.b ab@vdri surfa&light emjssfonris proaidet dor danest
shown) a lam nate of a silicon oxynitride filmthat is formed from Si H4,
NH3, and h2@hfey thd asirEvEstPclanhéli TIRIE S @fpel Surfaee 2138t Exiséiph &f proadded f&O t o
100 nm and a silicon oxynitride hydride filmfornmed from Si H4 and N20 by
pl asmpy CVRAkQirAwhibh fleRGS SR usePplcRard@OTIS, (preferably 100 to 150 nm. A
sem conductor film having an anorphous structure is crystallized by |aser
10 crystaLﬂlg(%)@ng&@{)déaz known thermal crystallization nethod to forma
crystal lihe sem conduct o]r film The crystalline sem conductor film nakes

i sland-1ike sen cto o . 1.8 =l

sem conduct or ﬁ@g'%%&zé%%%’g% %gggtﬁlteﬁgs’g] q%l ¢ &?gwhedslfgé}gff Jolidgﬁ]teos trgﬁtuﬁen? t
(preferab 30.to nm.. limtati i ut_on the choice of material of
the cryst Efxﬂbf)&’éne%gﬁeg%d]uc{\grs FHOMR Hht?ﬁg‘t 3?5 p(iD&pQP%fET Sipan, &g qé’fl]'?r@’é?ﬂglor a
silicon germanium (Site) alloy. 15 Wien the crystalline senm conductor film
i s for medeyypngaisrare psegh for pisyalchigs THL Sifllsa dgiges TFE 25 8-anbe clsmenb aph4s dous
wave excinmer |aser, YAG |aser, or YV0O4 |aser is used. Laser light emtted
from ¥ | axelfaggsompensation Giegyiti 2910 esosprs\signaklinpeG(RMH gatewgnad tipe (G(mp.cng a

| i near beam by an optical system before irradiating the sem conductor film
Condi t i onsurednt suppdyt kibd (camentpbn are set suitably by an operator. However, if
an exciner |laser is used, the pulse oscillation 20 frequency is set to 30
Hz and t he | aseFigeAEBdy adaraitt diagrsmsietluding b€ stractd®Cofntlié cRaget goonpeakation200
to 300 mi/cnR). If a YAG | aser is used, second harnonic thereof is enployed

and the poikagt 2801 | Tag ivehade esvrnsationscirgeit 2600 had o fie§t KIFR 2861, esezond THT t he
| aser energy density to 300 to 600 mJ/cnR (typically 350 to 500 mJ/cnR).

The | aser2339ht titst Gpadied BRand12S5R dnhnﬁaéc&aawﬁh@mwgmany\ﬁzssh Phe 1B8ffade0
1000 a m for exanple, 400 ,u.m to irradiate the entire substrate.
20  compensation circuit is structured by three TFTs and two capacitors in Embodiment Mode 1,
but in Embodiment Mode 2 the voltage compensation circuit 2510 is structured by two TFTs
and two capacitors. Further, in Fig. 25B reference symbol G(m) denotes the gate signal line

scanned in the number m row, and reference symbol G(m-1) denotes the gate signal line

scanned by the (m-1) row.
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44  The substrate is irradiated with the linear laser light with the beans
over | appi ng each other at an overlap ratio of 80 to 98% Next, a gate
insulating film5006 is forned so as to cover the island-Iike sem conduct or-
| ayers 5003 to 5005. The gate insulating film5006 is formed froman 5
insulating filmcontaining silicon by plasma CVD or sputtering to a

t hi ckness of 40 to 150 nm In this enbodinent, a silicon oxynitride film
having a thickness of 120 nmis used. Needl ess to say, the gate insulating
filmis not limted to a silicon oxynitride filmbut may be a single |ayer
or a lam nate ofhofifetapadiivt ddafg2353 41l thO BcBhd cal@cRivt infelfls 259F aresaeiged, | f
a silicon oxide filmis used for the gate insulating film the filmis

formed byjspleaeg AMRsi Ble¥bidhoflifle FEbdphativasiedd 2993 Rosinht@ad & tHesoﬁﬂ)ﬁ‘ted

with OZ and the reaction pressure is set to 40 Pa, the substrate

tenper at ugiecd e 34nt QwhlRde 1 2561e HEASKcort SAedirdde Bt the s
g 120 g A el ¢ em

the power density is set or electrlc

silicon o e.film f ot rovid a |ns t fi vvlth
excel | entﬁc lrsac(tné’F‘t'tgél%% Y elﬁ'c B?és? 0sut ] gcc{ gg %Bgcm X Ienqu ;29%1 Aarpfcond
anneal j ng at 400 _.to 500C 15 On t i nsul ating film5006, a first
onduct | SIS Ao APEITEES A DR B Puropa Aty ot e
el ectrodes are fornmed. In this enbodinent, the first conductive film 5007
is a Ta film wideele elactedsed shefirss TFI25PA s ApRnsrigd e dhesgate pigneldinsuemld
film5009 is a Wfilmwith a thickness of 100 to 300 nm (Fig.A). The Ta
filmis fandasdinpyt deeiradeof thy fimt WAT 2ASTris cpsnerteddogetignal hgpthatt svrpdiesyatfhstAr .
In 20 this case, an appropriate anount of Xe or Kr is added to Ar to ease
t he int erpmversst)m@ssel@trict pateiizl {V{)noateda pover sonesedinge. t Aa otidputiclestrbdenf the ‘
peeling off. The resistivity of a Ta filmin cx phase is about 20 ~.c S2 cm
and i s usfiit €FT @65 hisg@heectddao theasigput Clectrbde afttheswitchigg TED250%esi stivity of a
Ta filmin a phase is about 180 ~-c SZ cmand is not suitable for a gate

el ectyppde. A TaafdateBlédirode BN Bz SccHd TERRAS4Yiskenmitedi to ekt YRt AedidB€ ofieh a
t hi ckness of about 1Oto 50 nmis 45 formed fromtantalumnitride (TaN)

that has &ihy @E) ?gsﬁ ycl'n’rlf %o f?iﬁ)ao"ﬁ%'eﬁ&fn%d& bettﬂé‘tﬁr&f %p'ﬂ&tl@é‘ n%}a%evlfi ihpdtm

The Wfilmis sputtering wth Was a targe Al ternati the W

film may Q@et%‘&%é&‘?%@é’e@{ﬂﬁﬁ @’Pﬁ]&%%{e t&"‘%gﬁﬂ l[h%)iﬁr{t sH‘?I%ﬁe@% dﬁfe%%) Opovl'é}

ei ther case ave a | ow resi's use the

Wfilmas_ a eeectro irable resistivit

S om or 0B St EYr S grropite Sl ek i it fpu sl ot {f?ﬁétceogga o
the cryst n size but, if there ar urit ele uch as
oxygen in 1a1't‘t}§55}éfs FretFd 5 el SR Srrinde PR AR LEAPRg LY et i 10 the Tt
resistivi ty Accordingly, when the Wfilmis formed by sputtering, a W

tar get® wi gfctep seﬁwe@ﬁnd@gp@ymwmsed and a great 10 care is taken not
to allowinpurities inthe air to mx in the Wfilmbeing forned. As a
result, the W fRegarding theatweo dFlestfsvaltage wompenpation zgcuit, 187 firat TRt Hdidgis t he
first conductl ve film5007 is a Ta filmand the second conductive film 5008
i s a Wfihemeafter tdfersederwbadd refmesh TFheansl the seaong Al 250245 beieaft¢raiefeored tdlag a
conductive filnms may be forned of any el enent selected fromthe group

consi st i n@nfendadionWFIVMb, Al, and Cu, 15 or of an alloy material or conpound
material mainly containing the elenments |isted above. A sem conductor film

typically a polNe yadt atHTs 8 Haling QB sdnd p@ld@tﬁeﬁe wéddhegdfor MRUTFTY 25016 2508,
such as phosphorus, may be used—i-nstead. O her desirable conbinations of

MRt erdeal S295! add B shistrabuARgnE GHeNd TR ¥Ry bk hDEhahiA0r bRRaMREyAOWN i N
this enbodi me?tt i ncl SJdeu ftl]%int E’I umnitride %Ta fnor at he %?I’S? cor%’guctl ve

film 5007 and gLl NRe ﬁ%@g&@ep&%w&% Ve &a@itmaﬁgog,anﬁ%é &abad HEw ds%(dc.ge

(TaN) for the first c’onduct ve film e second conducti ve

AR S A
wring imgd TfEgs éfr%stﬁtiﬁ%h%gm%%%?% bt Fans Bt e & O ra e i ng

46
structuring the pixel are p-channel TFTs, then V> V.
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is enployed in which CF4 and Cl2 are m xed as etching gas and an RF (13. S6
WMHZ) power of 500 Wis given to a coiled electrode at a pressure of 1 Pa to
generate plasma. The substrate side (sanple stage) al so receives an RF
(13.56 MHZ) power of 100 Wso that a substantially negative self-bias
voltage is applied. When the m xture of CF4 and Cl2 is used, the Wfilm and
the Ta filmare etched to the sane degree. Under the above etching
conditions, if the resist mask is properly shaped, the first conductive
filmand the second conductive filmare tapered around the edges by the
effect of the birag ~vl tRo8eaRPpbRAtidQf W es v RS AL&ris péiBntial BetridRallf 18 ert he
tapered portions is 15 to 45 . In order to etch the conductive filns
wi t hout | [ ' 10 4 Is s the:e i
@&y D iAol e R el pr;e%@&ﬁ@ ofehtidlof ‘?%les {51 ad

time is prolonged by about 10 to 20% e selective ratio o mto
the silic 51 1 [ tp 4 ' , d t a & egi on
wnere t et YHEhGUNecaly Mgt B sl AKBUER! Loahl o W0 LRELE] 587 FBE 0T
by the over-etchin reatnment. .ln.this first shape.conductive | ayers
510"t o SoRS e e B PR of Yninsel e Brast bE B IR B BERRET UtCandHE G
conductive |l ayers 5010b to 5013b are, for.ned fromthe first cgonductive
£l dna o SEBAT Ot 39 e Frdr ot H ek o e Nanah ey + PReatlRgb . A
this point, regions of the &gte insulating filmb5006 that are not covered
wi th t he Hotensialsspayple reyergedfor gesep iywhish g2V 0 5013 are etched and thinned
by about 20 to 50 nm (Fig. 6B) First doping treatnent is conducted next
for dopi ng of &rir¢uitpeperatipnds explained hext. gAunexample tilehi¢ht the dFds stauatwring thy
(Fig. 6B). lon doping or ion inplanting is enployed. In ion doping, the
dose i s gmkeltace dll B-chatind] TBTSIs usédtefe. atlopm/sipnils saithet digital dmegesigtalooutpatitbage
is set to C-0 to 100 keV The inpurity elenent that gives the N-type

conduct i Vthé Yoirge signll 1B sighals Io04en@tih® tHergatepsidial 1ihe, Pk edt ky VDI e &sveg (P)
or arsenic (As). Here, phosphorus (P) is used. In this case, the conductive

layerg) S501Q 4r0 sa0d3vSS tHeL asvelMB S thag At NS lyskhmdi VPUIVIY 1efe.  18la88%iBh, thbat
gives the N-type conductivity, and first inpurity regions 5014 to 5016 are

d
formed i - akt hqanj . i -J ity regions 5014 to 5016
each con[bell?crtlﬁ(feh@e@%gfﬁl{é%um%géwEﬂggéug{e\ﬁ/ éggtéﬁfeb ‘KE'type conductivity in a
concentration .

1 102. to X .1071 ons/ ¢nB. Xt s, sho n Eig.
60 5 second eddh e isaBesty SipfT o haLR e TR Frdbabia 3o Lo fopretond
simlarly used,in ich CF4) Cl12. and OZ are m xed as t etchin ses,
and an RFGoA BrilBharewsrd) 51 1l Shasind pletie) DR e dubtrin 1050w
pressure of 1 Pa to generate plasma. An RF power of 50 Wis applied to the
side of t&w#e ggpdtling G(shhplie: 1B §hyws teelertnepeteaial ofjthe nympberagarogs gate
conpared with the first etching process is applied thereto. In accordance
10 wildh tsignabbirei{GGronFigtIAE shews thaclestriopotentiabe{d soared sienphine (§(md), apd Fig.
ani sotropically etched, and the Ta filmas the first conductive | ayer is
ani sot r oplil&ashopwsethe redattrat petantiad ofithay gatatetectrodeeof theadrivehd FIV 2502m Forthesy an
second shape conductive layers S017 to 5020 (first conductive |ayers 5017a
t o 5020a peridd 4 #@¢bfrdmcafited thetnuvebet ayewsgafddsigital tioe BB@OY js. selefed) it ehemunmreal
5006 designates a gate insulating film and regions which are not covered
W th t he s e60pgteSMBEIHS GIAN Y Gtlested h@ecsirespinds tda bib2RAnIRricd (S84 showe a
filmthickness of about 20 to 50 nm to for thin regions. The reaction of
the Wfililmpadn. hes Paridd déhoted B @htrdide BMmeRE 110244 Wh€ heBson@dl pefidd.andl pixe? can
be deduced fromthe vapor pressure of. radical or ion species generated and
of regctijp @vmétpﬁi,e§wchl ARAT 29 i REnGIRA by RAE gAY glgnam@%eﬂ‘ewerm ffeSmAilr
chlorides of Wand Ta, 6 20 that 1s a fyuor de of Whas an extrenely high

vapor pr%?%Esoﬁ@qirﬁedtﬂﬁlﬁgﬁiggﬁan'aaiﬁé%drEi,@%ﬁ{;gtgﬁﬁﬁ’- and Tad S have a vapor

pressure o e sa gree. e Wfilmand the Ta film

are both etched.w th .the m xture s, of CE4 and . .C 2. However n .
appropri ate arrg:ﬁ'i\% dg]fmg)f ﬁ’°§‘°§d8e‘ﬂ‘%€‘b thepumbes g’f’g]r)emga%a,te ﬂgﬂﬁéﬁr&m@n}'zﬁdf to
each other to be changed jnto CQ .and F, nerating a | arge anoynt of FE

¢ adi cal s Shecteds mely ABerod SistneWhiehwriipa B a0 tmagh HESE the TR APRALOY 1 gh
vapor pressure is etched at an increased etching rate) On the other hand,

t he et chipsgforngd tf nyreran-1) raw Baje signal kinerkegemes Rulerelwnshtbe nugybsr gy gate
increased in nunber. Since Ta is nore eagyly oxidized than W the addition
of 02 results in oxidization of the surface of the Ta film The oxide of Ta
does not react with fluorine or chlorine and 5 therefore the etching rate
of the Ta filmis reduced further. Thus a difference in etching rate is

i ntroduced between the Wfilmand the Ta film so that the etching rate of
the Wfilmis set



faster than the etching rate of the Ta film Then second dopi ng treatnent
is conducted (Fig. 6D). In the second doping to 15 treatnent, the filmis
doped with an inpurity elenment that gives the N-type conductivity in a dose
smaller than in the first doping treatnment and at a high accel eration

vol tage. For exanple, the acceleration voltage is set to 70 to 120 keV and
the dose is set to 1 x 1013 atons/cnR to formnew i npurity regions inside
the first inpurity regions that are forned in the island-1ike sem conductor
| ayers in Fig. 6B. Wile the second conductive |ayers 5017b to 5020b are
used as nBhsl RgAbEDmes e ldvep urTihkiefcrt eREsWitchiggTBTR50N derns oS ahd tist refresh
conductive |l ayers 5017a to 5020a are al so doped with the inpurity el enent.

Thus for mggrrersy1S86R0. | ARWE bYint $91=008S R0Rput 18 tROgae BidRRIT the atikg THT St
conductive layer. Next, as shown in Fig. 7A, a third etching process iIs

per f or med. J %ggégfii ment, an I CP etching device is enployed and 2 is
used as etzgg?lr%mglgtsll. tching is conducted for 70 seconds, setting the flow

rate of CI1Z to Q0 . RE 2 0 f .3 [ [ il
type el ectrode %‘nalser?lsé r%g ggrrl%rﬁg)ail pfg%%%t %%gpel%gri’a%@ tlé\% §§tr?a%?g ,&I}l%g&t@gﬁblﬁfi S
al so applied to the si of .the ate (sanple stage) so that a .

Subst anti SFryRekdrde B et R oRtHohEp LR it SBY A b B el
etching process, .the first conductive |ayer is etch to .reduce the region,
t her eby ¢ ered Leaipe theogiritien élnP&§@P§ bs@féaest%?@eéﬂl ﬂwssew%wam g%?h th¥er s
5024a to 5027a and second conductive |ayers 5024b to 5027b) are forned. 49
The secondunspuyr i The dighjaldmegseignal oytpeb wathe seurcrieigedl ding éicwriden mputhe pyxel at
regi ons 5028a to 5030a overlapping the first conductive layer and the third
i mpurity tEgippmt502Bb switchifg OBFT hans amewhat theodigiteldimagehsigded i iH devel, and
conductive layer. Through the steps above, the inpurity regions are forned
in the respeabicvie blettsicpotbntialket tiscgatecloctodt of tHealyiweSTFITRS0X dives.d shape
conductive |layers 5024 to 5026 overlapping the island-1ike sem conduct or

| ayer gof unct i onrRwed@t theehRE LigAslEnO(GHNY & HTIB¢L! i EciSibgRENEANFEUCDDY ¢he
| ayer 5027 function as island-1ike source signal lines. "The inpurity

el ements uxped) Ergaaég;?flgrix&l he H $R1%nlitsCel @At GORANALS I kL SVHD. OfifieTeldctic

control the con ty types are activated. The activation step is

carri od. bR SR o heARRRLIEABA B AANICRN RhdHEARAS pOUSGola

activatio op s’ nc |'aser anneal’ing an er ma
i RTA) . The t | ' i t J it
ot moaphor & HTEOS, U8 TR S el B o P P S B i Gty e, (YPB. 1
I at 400 to 700" C  typjcally.50 600" C. | hi di ment,
Phe. subst iy rud gt alpotipos Ahe Sy ihiment botamsboe gaf AegipafBURE diver

However, if the wiring |line material used for the 15 third shape conductive
| ayer 45 50F5 11230505 plagecingeligating sialst heat, the activation i s desirably nade
after an interlayer insulating film (minly containing silicon) is forned
in order to profadhe ether hind; thg elechissposentiabefitbe sutppirdediiode hbte switchingddil i s
conducted in an atnosphere containing 3 to 100% hydrogen at 300 to 450 for
one to twehbleriseswpsto (VP ebythN)dr Shereterd thy compensstiam dHT X8220rms emi, endithect or
| ayers. The hydrogenation steps are to term nate dangling bonds in the

sem conduekotticl pyaniml ofithegotther eladttodeenises,t gpphrdughlingdeDD. AL edpaaitive e€bypling

pl asma hydrogenati on (using hydrogen that is excited by plasma) nay be

enpl oyed. eéists anehig point betgeeer the Gurpuitreddcetiond eiid i¢afatd €ls¢ttodt ioi ghd toripdmeaion S

- formed next froma silicon oxynitride f4lmw th a thickness of 100 to 200

nm Aggecqpt 3580 Qfukay ehe fiftt bhkitve mns 2553. The gate electrode of the compensation
TFT 2552 is in a floating state with its electric potential being at (VDD - VthN), and therefore
the electric potential rise of the output electrode of the compensation TFT 2552 causes a
further rise. The electric potential of the gate electrode of the compensation TFT 2552

becomes higher than VDD.
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filmb5032 is formed thereon froman organic insulating material.

Thereafter, contact holes are fornmed corresponding to the first interlayer
insulating filmb5031, the second interlayer insulating film5032, and the
gate insulating film5006. Afilmnmade of wiring lines material is forned,
wher eby connection wiring |lines 5033 to 5037 and a connection el ectrode
5038 are 5 forned by patterning. Then, a pixel electrode 5039 is forned by
patterning so as to contact with the connection el ectrode 5038. A substrate
conprising the wiring lines 5033 to 5037 and the connection el ectrode 5038
denote an activ i rate 1 ngthis i t | yer
insulating fil mgg(r)%lée%{iﬂg’ %HF? %‘%@t%’g‘é%@%’f%%natgggﬁﬁf (E:IE ér}'el?l! ??ﬁ\i%@@%%pzinggﬁ% cat he

usabl e or i i, 4 I.m.de. i ryld c. resl n CB
(benzocycranbushigH BiRToHRT 0B ab Grodt LB itien B Wilchi¥ ot i’
of the second interlayer insulating fil 0] agrylic,resin that can |evel
Che sur f adeinal fo e G prociinds, oty g ot TER o250p,, A dostlh Bilisfuie volfi can
acrylic filmis thick epough to elimnate the |evel differences caused by
the TFTs. th&rﬁfarﬁmedwpﬁré%mttgﬁ divee d ET P02 padpideirgddraincyrrentcanflow. (or ef er abl y
2 to 4,um. The contact holes are forned by dry etching or wet etching,
and i nzl ude conThetclaghice gotentinl happlied He thapaata elpckredsi ohdhadiixer dFF03¥2h&vi ng
the N-type conductivity, the source signal |ines 5027, the gate signal

| i nes ( nomaghaned by thepfrsieandsthp péopndl icamacitivetmeaho 2553 arslrizb 5S¢ after sdlentipn of éx
5024 to 5026 (not shown) respectively. 20 Further, a lamnation filmof a

t hree | aygite SigndCling &, conipleh, and alditidaldyn dfter ak address (writing) pBGod 1% doniptdte Al
filmcontaining Ti, and a 150 nmthick Ti filmare forned in succession by

sput t eri ngh@ dvdif icient RSB 116Ns,5hd8he TL slementc2503t digits BERAUET héaheki subtrafiy be
used. In the present enbodi nent, the pixel electrode (a reflecting

| d . ; ; .
el ectro e%er%?’%e% eshOF S5 T MuMe 08 wifen tiEndnides 6ﬁ441t) Bov? g%t?ﬁ%ﬁgﬁ?{%c(g&?i@?ls&n} H

and then patterned. The pixel 51 el ectrode 503971 s

the connechl o SlLELLRAS f??e%ﬁt, a'ﬁlg)ﬂt\e ﬁ@&riégb%m]ﬁhl”oﬁhg: %?Facelegfbd% %ztlt,@hh{?&
filmcontaining organi ¢ materral such as acrylic resih 1S torne 0 a

t hi ckness 3.,u an ert i ened ip the.filmat a .

posi 11 on S6F250h Srchnis Tl Ehe ThsREPOAFEAsTn BRAT R, ' Brisd tiontey b aftest isni 1 o
interlayer 5 insulation film5040 is thus fornmed. When the aperture is
formed, i Perfymse by senealing the 3boverRPerdtigs- wal | i s etched so as to becone a
tapered shape. |If the side walls of the aperture is not snooth enough, t he
| evel differencd dissussigike thefirsherparitn 2693 and the s¢eppd capagiter 2954 dy 3ddad here.
problem An EL | ayer 5041 and an opposite el ectrode (transparent el ectrode)
5042 are for mﬁh@fimycmei@umaqnai&is@iacgdnbetwsﬁl the| gutpuTietectrpdecinsetbs gate t he
EL layer is set to 80 to 200 nm (typically 100 to 120 nm. The thickness of
t he plixel elettesierafdbe Compertsatiomns PRET 2302.e| €he fict e}paS0n2 means @653 ds 4 Tapacitivel n
this step, the EL layer and the pixel electrode (transparent el ectrode) are
for med i nmeans for performing operations on the electric potential of the gate electrode by capacitive

coupling, utilizing the electric potential rise of the output electrode. The second capacitive
means 2554 is arranged in series with the first capacitive means 2553, and capacitive coupling
) is formed between the electric current supply line, having a fixed electric potential, and the
20  driver TFT 2502. The second capacitive means 2554 is used for storing the electric potential
of the gate electrode of the driver TFT 2502.
The second capacitive means 2554 has one further role of a load for performing

bootstrap operation of the voltage compensation circuit 2510 with certainty. If this load is

not present, then the electric potential of the gate electrode of the compensation TFT 2552
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a pixel for red light, then in a pixel for green light, and then in a pixel
for blue light. The EL 15 | ayers have low resistivity to sol utions,

i nhibiting the use of photholithography. Therefore an EL | ayer and the

pi xel electrode (transparent el ectrode) of one col or cannot be forned
together with an EL |ayer and the pixel electrode (transparent el ectrode)
of another color. Then EL | ayers and the pixel electrode (the transparent
el ectrode) are selectively forned in pixels of one color while covering

pi xel s of the other two colors with a netal mask. 20 Fornmed here are three
types of Kl eLSARAELEmMb AuefE@E GE Bf the Wil infage 31pdalBrorh Mt Rafbe sBnwhlidee 1F ght

emtting EL el ement conblned with color filters, a blue light or bluish

green |i gl&;e 8BLtit ipB 1 Qx‘%@ﬂe dﬁﬁn‘%é ﬂxr{]shHﬁr@@fkoﬁ&n(tﬁé %&E&ﬁcﬁ‘d?ént pPheT

conversi on ayers use Not e that a known naterla can be used
for the E 041 refera e a) ni

mat eri al , (E‘X%m Ctmg? Pgﬁlﬁgco\r}l&e?saﬁonl nt o %ér%lfll der adllagcr%y gﬁg% %tsg?pep
above, the cat hode made Ag.and the a EL |

e par oty aueRs ovey if el 1?%%@9% cHlfnt 3 daytaps efAFerE 90 tBptre
froma silicon nitride film as protective film S043 with a thlckness of
SO to 300 Q‘Pﬁ?eqﬁ*ﬁ%&E they 'E)‘F‘Eé&‘? .potffn%l?h th@oa thﬁr%‘ﬁ%ﬁt‘%ﬁqrﬁg" pf thegpapepsagign TFT

moi sture and the like. In practice, the device reaching the state of Fig.
7C i s pacRaykis delayed by veing theisaepnd cppasitivetmeaas £5ihastigad,jagd Hieggats elegtrade dtht
and allows little gas to transmt (such as a lamnate filmand a UV-curable
resin fil paced ima floghtg- state befiokesthe vise sethe elestricapotenial of thhentpav clecirademtopsr e
to the outside air. A space inside the seal may be set to an inert

at nospher &he bodtstiatOspesatiopican s be peiferied Withadertaimyxi de, for exanple) may be
pl aced there to inprove the reliability of the EL elenent. After securing

the airtightnesa dgd%é GigHlAl IRRCHERBIiIpElEe AbIRILY REQLRS i 1Bger PolGRBRARPIIRIde than
(flexible printed circuit: FPC) is attached for connecti ng an external

si gnalot efyy Dalagh Sflplulierdr Ml aibied n%btgef§1 guteioem%”&o'in&r sfgnACHhES In
formed on the su strate The device in"a s that can be “shipped is

called dig n% anQ@Wﬂ‘ﬁq éE‘oJJé!&ate?Pxﬁ&'hE& Ci%éc% es §Xssftg Oéﬁh@théhﬁlt% i fudd 0w

inthis e nent e nunber nee In nmanu uring an
active rrat X bstr t.e ca duced

Zer condubl B # wsn%;iwf %@ﬁﬁ ?os%alw ot R e e af i dielh s e
gate wiri an isla I|k rce wring line, and acit i

T es. coMasselon berdee pamite (4 Hau ol et Rt sryrinEo o PEeistRap L g

t he connectl on_ el ectrode). As a result, the process is cut short to reduce
t he manuf SBY§ICECBibst and i nprove the yiel d. [ Enbodi ment S] An exanple of a

case in which the pixels and the driver circuits in the periphery are 53
15 Further, for cases in which the structure shown in Figs. 25A and 25B is used in an

actual circuit, Figs. 26A to 26C show structures for imparting desired electric potentials to
each of the nodes. The connection location of the input electrodes of the refresh TFT 2551
and the compensation TFT 2552 differs among the structures, which are otherwise similar.
Embodiments
20 Embodiments of the present invention are discussed below.
{Embodiment 1]
An example of performing SES drive containing an erasure period using a pixel

having an added erasure mechanism is explained in Embodiment 1.

Figs. 2A and 2B show structures of a pixel having an erasure mechanism of
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structured using n-channel TFTs is explained in Enbodinent 4, but it is

al so possible to inplenent the present invention by using p-channel TFTs.
For the case of n-channel TFTs Inpurity regions referred to as overlap
regions are formed in regions overlapping with gate electrodes in order to
control hot carrier degradation 5 and the like. In contrast, there is
little influence due to hot carrier degradation for the case of p-channel
TFTs, and therefore it is not particularly necessary to formoverl ap
regions. It is therefore possible to perform manufacturing by sinpler
process SE@PSIimnDASeA$ showba(dg,i 2 ftRd piRel 1B aawitchisy THFT 209, §dAGEE26X)01
made froma material such as glass, island shape sem conductor |ayers 6003

to 6005, & HRlfmdnt9bRtd Qfirdd difRaP AR (S)LQ pBRSiSANEMELG)Y End 2¥Giren: SOSHy 36
6008 are then formed as shown in Fig. 22R in accordance w th Embodi hrent 4.
The condugt.] I . . r ] ure,
put o o ropay 2R ded S8 BRUGERE SRSl faT VO yphtatth
probl ems. .Next shown..in Fig. 22B, a mask 6009 .is.{fo d f resist,
o at riteug R R Biesol ¥ ol cowensaip st EBbERmeg! Mgt Jhred
in Embodinent 4 by utilizing, 15 selectivit ue to the material . pr rties
of the | e oot el PR e D Ve Pixglertlo B e sy Seqdtine () in
parti cul arlg n_ecessarlé to formregions that becone overl a& regi ons here,
and t her éPaPdipspthl Retsrhaigwithyespect pe tegarus gate pigpaldine(lHal, throrasmak sate
thinner by an anount on the order of 20 to 50 nmdue to etching at this

poi nt i s fignakbide isreferred tmase writing gate. signdl ilinpnirsBobodimentAl.f i r st dopi ng process
for adding an inpurity elenent that inparts p-type conductivity to the

i sl and shape sefig.c2Bds atd@rcuitadiegrami confainifig theesiruceant of Gondoltige wenlpaystion 6010
to 6012 are used as nmasks against the inpurity elenent, and the inpurity
regi ons afiRuft@10BAThélvéltape lcbmpeisgiior\@rdiR M6 has Beik® ITRIE)S5 138 6edohe TFTKES2a5 €
typically used as the inpurity elenent that inparts p-type conductivity.

The iypurihiry TEA9A)S (RECapATBEI5HYanl Qe ElR dﬁ?ac%r 2531Sigthel, RAERAG dydol 6)
here, and the inpurity concentration within the sem conductor |ayers is set

from 2x1 0, ' : T LS } he
Stare of T B RE R e I SERnRt R ks B, e e
with the teps fr.omFig. 7B onward i di 4, it
is pref er(g‘rb"?g? ? %né)t? 4 é%t? ﬁlg?ad rl 139\;5\%%118%&’#}13 {"ﬂréﬁe? é’\?’éﬁgg&bf H?%}eenﬁisﬁ?%oﬁre%e?%
structure, shown in Enbodi ment‘lri4 be fﬁr.rr&i%l inbEnbodi ment 5 because the TFTs
form ng t95EOIGF 9 PEsUff gatesiengbhinesieanngt Iy e PUmOE M0Vt s are p- channel TFTs.
That is, the pixel electrode_. 5032 of Fig. 7B ugéd in Enbodi nrent 4 is
formed by a tran$giplesapadiosddt aad thermacqndedpaaion i Fire ArrapgEehiB seriet o dblirsf n
addition, after formng an EL layer, a reflecting electrode is formed from
a matlér i leciigde of theNifalocapagiter 8¢ ds epnngctedtonibe uipht elpeirode of thangritching HRE
generated in the EL elenment is therefore emtted toward the substrate on
whi ch t he20OTFad apsecohd retastiodd ofhthe Hirsy capacitor 254 is connected to a first electrode of the

second capacitor 255. A second electrode of the second capacitor 255 is connected to the
current supply line.

A gate electrode of the first TFT 251 is connected to the writing gate signal line

20  G(m-1), an input electrode of the first TFT 251 is conn;ed to the writing gate signal line

G(m), and an output electrode of the first TFT 251 is connected to the output electrode of the
switching TFT 201.

A gate electrode of the second TFT 252 is connected to the writing gate signal line

G(m-1), and an input electrode of the second TFT 252 is connected to the writing gate signal
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structure. 15 [Enbodi nent 6] The TFTs structuring the driver circuits and
the pixels are TFTs having a nornal single gate structure in the processes
shown in Enbodi nment 4, but the present invention nay al so be inplenented
using TFTs with structures having a plurality of gate el ectrodes

sandw ching active layers, as showmn in Fig. 24C. An expl anation of a
process of 20 manufacture is explained below A conductive filmis forned
froma conductive material on a substrate 7001 rmade from bari um
borosilicate glass, alum no borosilicate glass, or the like, typically

Cor ni ng CRPG(rHY 0%8n BLiRESe10drdid 68 theWes® TIN5 Ris| @WEdctdtbehELeRbhd PIdErddR02
is formed by patterning as shown in Fig. 24A. There are no particul ar

limtati oggup k‘?ﬁggpci’%[lﬂ 3% Eﬁ&{aﬁhé‘hmv%@&r&d&% of ﬁ{e%é&glc;f}ﬂ%t?}%r gate

el ectrode, provi %t rt 1s a conductive naterl erials such as Ta
and Ware typicall ed. ,Afirst. i ing film,7003 is, for nex The
first insul ;lto i n‘g gai¥e[ ﬁfé?té?flf ?tl;fhfzéfnﬁéﬁ ﬁ? gq‘toﬁp%cltﬁ%let stﬁgfou%l?tega%gﬁd% ﬂ’sei ng
silicon oxynitri The, surface at the tine g first jnsulatin

Tl 2005 tnkdg RER D10onsh o i dectinde & gt e B 23 5 donheited s S

| ower gate el ectrode 7002. Considering |ater manufacturing processes, it is
pr ef erfabl gate sigpalingrGe(mdy e AR Pyt cleptEods ob therthind SFICVP 1§ comsrisd o thesrepwdc al

polishing) is used as a |l eveling neans here. CMP is one nethod for

obt ai ni ngelectrhsie ©f thesfirstotapagiior 256 and jo the fitss eleichiedecd{dhd seaondeapecitnsi2dd of t he
surface of an 10 object to be polished, making the surface in an easy to
poli sh state, aNotetths THIsaildaningghaeotegolany apaisedheérador the TFIS 20k 202, abd
filmor a silicon oxynitride filmis formed as a leveling film 7004 having
a thi cknezsl ©f259 struétridg therpixeld. tTiRe golarity niah S nadhiamgel bi p-ehaifdeBtypd mi xture in
whi ch fumed silica particles obtained by thermal deconposition of silicon ’

chloride gas arejréiicpRisifm i&éxﬁl@in@@n@ﬂuew%xweswmmeTqu*és@ﬁémﬁgethermy
be used as a CWP polishing agent (slurry) to the leveling film 704. An

anount, o i?{%learg gg}t%r%n& TFTs Qs dsdd; lﬁ‘]é é\}gﬁ %{?ﬂ.‘dfer& 'ﬂlph{g Sighhls i86R (OVDHEH |

| evel I ng m y polishing w eling t urface. A state in

whi ch the isééli 363 OiLflﬁl/%X ?Ares%liafs iﬁé\\#,?ho?t‘g%}%i)sgﬁge sfg?lﬂl,sl \g?or{]' S%Eisqmtgsé%cg {E%TS

may t hen ltg or e cordance I men peri
circuits and 20 pixels. The TFTs uga tured here Eave te el egtr.odes and
oner  gat B 58 linsetyOE HERH)E BLERIRE [ cFot el YSRPB 15y P AORPhABs oe
in which a quick response is demanded, such ,as with switching circuits,
si gnal s ndyingE! statsa the eeqire Roteptial o sy sayEeesignabling Gtl@nd delseiec paisntalid
el ectrode 7006. By inputting the sanme signal into both the gat e el ectrodes,
56 the gate signal line (G) are both set to VSS, and the electric potential of the current supply
15  line (current) and the electric potential of the erasure gate signal line are both set to VDD,
Further, the threshold voltages of the TFTs are all taken as VthN. Figs. 12A to 12E
are timing charts for explaining the operation of the circuits of the present invention shown in
Figs. 2A and 2B. Fig. 12A shows the electric potential of the number (m-1) row gate signal
line (G(m-1)), Fig. 12B shows the electric potential of the number m row writing gate signal
20  line (G(m)), Fig. 12C shows the electric potential of a source signal line (S(n)), Fig. 12D
shows the electric potential of the gate electrode of the driver TFT 102, and Fig. 12E shows
the electric potential of the erasure gate signal line. Further, a period 1201 from after the

number m row writing gate signal line (G(m)) is selected, until the number m row writing

gate signal line (G(m)) is selected again corresponds to a subframe period shown in Fig. 9F.
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depl etion of the channel region in the active |ayer advances quickly, the
electric field effect nobility increases, and the electric current capacity
can be raised. The quick response characteristics can thus be expected. On
the other hand, for cases in which uniformty of characteristics or a | ow
off leak 5 current is demanded, as wth pixel portion driver TFTs, signals
may be input to the gate electrode while the | ower gate el ectrode is held
at a certain fixed electric potential. The termcertain fixed electric
potential denotes an electric potential such that the TFT is reliably kept

in an of f aspeiol deh&iBd B‘?_‘?ete}eﬁgé hirerBCI 28Rt he hotizoRR] pfbdl OFidde288h&2B, and
el ectrode of the TFT. Typically, the lower gate electrode i's connected to a

| ow el oot ks PR Btk MARIROVBIIBRHF 6 A0poultuas VSS 1f the TFT 15 an

n- channel nd 1s connected to a ctric potential power source

such as VDD if e TET | - channel T, t.hi s case, di [Si Ln,the
val ue of the thj}'g%ﬂ?)]inac @?‘?&5%“’&3 B alg‘ Eégﬁni/@eﬁ S(Q,ge gragg%ggo lﬁ‘é‘%’i ng
structures that, do_not. possess a lower gate el ectrode, |n addition, this is
o f oct | vo b pauEE of & UaRaomaRs SEUTHE by fopBadrbgt ionpiebf Broped Al i
anticipated. 15 [Enbodi nent 7] A sem conductor device of the present

i nvent ? onPeiEhimie Aypiberm 1y ehpixplsaklileysl & inguigtodhe ggte glsgiredes 2 dhe figt TFT
various el ectroni c equi pnent. Such el ectronic equi prent includes a portable
i nfornati 8pl wad thdagcopd | TdTE 2odi whicbhttemoork, Bathiclestredaspeft the firploeapaeitas 254

tel ephone, etc.), 20 a video canera, a digital camera, a personal conputer,
a tel evi shenomezqpairtd alid dedtst ppthtied of thedwuiniber inirkw . gafei sggnal B¥AnaWeIFISS hov
exanpl es of those. Fig. 23A shows an COLED di splay which is constituted by a
housi ng 3(eIsame timt) piey ¢ledidc potemmihl IO @k, gate electipldeyf ferdrivenTBOQB?2 alsdbetdies

| i ke. The sem conductor device of the present invention can be applied to
the fabri¢aki on of the display portion 3003. 57 Fig. 23B shows a video
camera which is constituted by a main body 3011, a display portion 3012, an
audi 044 Nput  por 4y } ; ] . r
inage1¢eceivingfggﬁ??%%%gb%E?Rgg%g%hgg\?%%&ﬁghgﬁiﬁﬁggan u§?3¥ﬂ§§§?§gﬂ§% t he
present i i . i i I i i on
S012. s P bl P Beckile g ef drd St ARG PR oBF ot i Geclhd Yo RE e

a pger sonal conpu consti ed by

a main bo 3021 ousi 302 a_displa [t 023 eyhoard 3024,
2nd the  Pieeetip Beies ik roroeat ri 28 S e Bl Roaded SRR
applied to the fabrication of the display portion 3023. Egg. 23D.shows a
port abl e lHflopRhifieotivitcing Ral 2hitwms P8 chbsele¢itie @ateplial-rfthr sowerisiend 1mea1,
a stylus 3032, a display portion 3033, an operation button 3034, an

ext ernal (S{nB et hitpduzsamelydhe ¢igitaliipage siaralsie ipub idthe gate ckstrpdeoighe driger
present invention can be applied to the fabrication of the display portion
3033. 1Fi gTFP2B2swbieh is twoerhdn.r epreodigitalrignagy sigadh is sipewliahéauslyl ippaintodghe getei cl e
audi o apparatus, which is constituted by a main body 3041, a display
portion 3@d4@yodepé tietthivd TFS 253) whick surBOa8 and 3044, and the like. The

sem conduct or device of the present invention can be applied to the
fabrication of AtthegoRiowhyrefihe tlecthic pottitialddfliheigaraldcitodal df bigaidriver TET 202
on-vehicl e audio apparatus is illustrated in this exanple, the invention

can al so & s aflrd PFT 25PBEdontd @/I9D - NaKISE i wblapébawaaae ghiéSand thdsoud@fof
shows a digital canera which is constituted by a main body 3051, a display

20 portiofe @&ltcﬁﬂgfppgazhﬁye%&ge& RPId hethrddinRi }(I(ﬁgigle?ﬁﬁﬁf ARNHS Widing9ht 2

di splay portion ( 055, a battery 3056, and e. The sem conductor

di spl ay port 55, ! 3050, e sei

i spi 2y pa R BT o SR R 8 PRl Bladode gt g filver i A fla el
table tel i ch. i tifut b i dy. 3061.. d

ot put ottt SR e 2t M 3 2R sk ShfP Kbl oiB i BpenBRefon Sosa,

an operation 58On the other hand, the electric potential of the output electrode side of the third TFT

253 rises when the third TFT 253 turns on. A capacitive coupling exists at this point

between the output electrode of the third TFT 253 and the gate electrode of the driver TFT
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swi tch 3065, an antenna 3066, and the |ike. The sem conductor device of the
present invention can be applied to the fabrication of the display portion
3064. Note that, the exanples set forth above are nerely exanples, and the
present invention is not limted to these applications. 5 In the |ight
emtting device of the present invention, the pixel portion and the driver
circuits in the periphery are forned as integrated by using single polarity
TFTs. A portion of the doping process can be elimnated, and in addition,

t he nunber of masks can be reduced, which contributes to an increase in

t hroughpuboaage & heHiGidaPititoP 2605 e ghtt d1BctRAE ok RNrivePEFT P tis &M Fbhiil
device of the present invention possesses a novel structure corresponding

to a boot stcagndBidathe AIidE: YOLARODr AP Lt Wikl St AR OFrTo6Y pRG the

pi xel s ca made snal contri but t ion 1n the electric

A TTont oY ?i%%*w&%ﬁ%@ﬁcékﬁ%lsﬁ%é %"*tﬁ%tf?riﬁvn%éeﬁé%?l? gt ot s ity Mg ;ofz'
imer 5oLl st BB S adegemen pnplochuf orpoal Fefer o Ypng SR realhE.

el enment, and a voltage conpensation circuit; the switching transistor, the
dri verd t r BPEFRGsan elgeiriq pricriisl higher thandNRtY®N)circuit are structured
using single polarity transistors; a gate electrode of the sw tching
transistor is efectrepehl thy digitahdmagedsigenl tatienupiedeondeghin VN regeives ammplitedsut
el ectrode of the switching transistor is electrically connected to the
source si grapensativg; byatheovnifage ceinpensatiore ciofuit, herosgh thehswitchingaBET 200y ands is

el ectrically connected to a gate el ectrode of the driver transistor; 15 an
i nput el eappliedetoothet gate @lecitede bf ans davar TFS 22ecThe vy TFANDET tie ther€foiehe
current supply line; and an output electrode of the driver transistor is

el ect i Cahb¥hafgMIR6A 85 an@ a@RErd d¥5ih cORENt @hn bOBbthinglt emi tting el enent. 20
2. Alight emfting device conprising a plurality of pixels, wherein: each

: the. pi xel \ N ) ; '
0 fo Pi xel s hag, ?gﬁfig BSt%m?dl QP@{wd tb'tfe %p‘;f’? Selifodd i og iR drNeP‘?Frf}llog‘rx]g trhgx%ﬁgtcr.

supply line, a sw trans or, a ver transistor, a t emtting
g'r fggpt . %ﬁ&t@ e(‘;d‘r’t% e CapatiBrs 2 ;ain‘a“zsgi £nc&%£t'{ic tcl?r‘%erﬁ"fiotw%h.%n%gth% "RNSAEN 204t NE
, ge ‘cohpensatron circuit
emits light.
In a subframe period having an erasure period, the electric potential of the number m
row erasure gate signal line (Ge(m)) becomes L level, and the electric potential on the input
15  electrode side of the third TFT 253 drops. The electric potential of the gate electrode of the
driver TFT 202 also drops at the same time due to capacitive coupling by the first capacitor
254. As aresult, the electric potential of the gate electrode of the driver TFT 202 falls below
the threshold voltage, the driver TFT 202 turns off, and electric current to the EL element 204
is cutoff. The EL element thereafter does not emit light.
20 In the next subframe period, the first TFT 251 and the second TFT 252 turn on when
the number (m-1) row gate signal line (G(m-1)) is selected, and the electric potential of the
gate electrode of the driver TFT 202 becomes equal to the electric potential of the number m

row gate signal line (G(m)), namely L level. The electric potential of the number m row

erasure gate signal line (Ge(m)) once again becomes H level, the number m row gate signal
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are structured using single polarity transistors; a gate electrode of the

swtching transistor is electrically connected to the gate signal line; an
i nput el ectrode of the switching transistor is electrically connected to
the source 5 signal line; an output electrode of the switching transistor

is electrically connected to a gate el ectrode of the driver transistor; an
i nput el ectrode of the driver transistor is electrically connected to the
current supply line; 10 an output electrode of the driver transistor is

el ectrically connected to one electrode of the light emtting elenent; the
vol tage canpeansaletted, sid Guitingi ¢t @b Qfiital dRlaby sRAMNBCHbrned.t NBnagetdisplay is

el ectrode of the switching transistor and to the gate el ectrode of the
driver traaghsicdby saBébqhéfl vrebéaﬁgguﬁ@érﬂ;@a&mespn circuit anplifies or
transforns the anplltuge og signals 15 input fromthe input el ectrode of
the sw tchiRgodikRRAsHstor, and inparts the anplified or transforned signals
to the gate e?ectroc}e of the driver transistor. 3. Alight emtting device
conprising a plyralj of - pi mher ajn: .1 .h | ], i xels
Wi oh 15 Scannedn ReimAe of Batfl b B Rk 85 Baae It bl lowlh H°)°
m has_a sourge si ine,.a,gate signal line,scanned in the nunber m

r ow, a5ch‘Fg’|9§1 %8@%5&8‘?2&5@gﬁ“ﬁf’ﬁi‘ﬂg"}%f’gm“ing?-or, a driver transistor, a
light emtting elenent, and a vqltage conpensation ¢ircuit; the swtching
transistor, theAdsohgmatic diagsam obra ﬁgﬁoenﬂlﬁé’gv‘iqvﬂcég’é SE‘SWBe‘Hs%‘Bi é¥ci Achirel are
structured upiqﬂxﬁingle polarity transistors; 61 t he vol tage conpensati on
ci rcuit haertignf3003tistplagedi it pcenter pertion fta sybstrate 520009 th@ltg%t peinghiosmoin, a
first capacitor, and a second capacitor; a gate el ectrode of the sw tching
t ransi st opartisulet indfigi 204, lthe stonctuecofcmhetpixed isthe sansd gprthat showe i EganitandlB.he
nunber mrow, 5 an input electrode of the switching transistor is

el ectri calAl punenip®al ket drivek biecdin200Qdos¢opiralling isoerce signal Uinps) tané pate isipaaldinef

the switching transistor is electrically connected to a first el ectrode of

the fig st deedasichiid 200y fof €OMELIBhE EAtE QfbRaI0Tinek e formed i e fetipRéry iof the pixel
electrically connected to the first electrode 10 of the second capacitor; a

second el B5kibRIBOR! ORE o YA SFRATHE ik SciRhRE L0 Ay UISUBRREHof Balyhe

current supply line;
one side of the pixel portion 2001 as described above.

Signals input from the outside for driving the source signal line driver circuit 2002
and the gate signal line driver circuits 2007 are input through an FPC 2010. Signals input
15  from the FPC 2010 have small voltage amplitudes, and therefore undergo the transformation
of the voltage amplitudes by level shifters 2006, and then, they are input to the source signal
line driver circuit 2002 and the gate signal line driver circuits 2007 in Embodiment 2.
Fig. 13 is a diagram showing the structure of the source signal line driver circuit.
The source signal line driver circuit has shift registers 1303, buffers 1304, first latch circuits
20 1305, and second latch circuits 1306. Buffers are not shown in Figs. 20A and 20B, but
buffers may be formed, as shown in Fig. 13, for cases in which the load downstream of the
shift registers is large, for example.
A source side clock signal (SCLK), a source side clock inverted signal (SCLKDb), a

source side start pulse (SSP), a scanning direction switching signal (LR), a scanning direction
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a gate electrode of the first transistor is electrically connected to a
gate signal line scanned in a nunber (m1) row, 15 an input el ectrode of
the first transistor is electrically connected to the gate signal |ine
scanned in the nunber mrow, an output electrode of the first transistor is
electrically connected to the first electrode of the first capacitor; a
gate electrode of the second transistor is electrically connected to the
gate signal 20 line scanned in the nunber (m1) row, an input el ectrode of
the second transistor is electrically connected to the gate signal |ine
scanned i switdhingnineérésd sigrab (E.RB)namlidigiidl imbhgcdigmatie(deta 1t tha) asciapat to tiensusdeor
is electrically connected to the second el ectrode of the first capacitor;
62 a gagignatliiRetdiiveecifitl hAnidhigtHest sinals,Stho tlock sigh#lGing itkedthry pelR@BRChpSL t O
the output electrode of the switching transistor; an input electrode of the
third tr amér%haérgbi%g%ﬁﬁhfde‘h%h&fﬁrrﬁéﬂm%ttﬁ@le%@ shif@rsCI301 @Rd 150mpPl Yy line; 5 an
out put electrode of the third transistor is electrically connected to the
second el ectro i j ' t hggt of At . Mer
ransistor i criotkliy bt 6 EnfaRaRiert shubRl gl AR b ERT AletiER
transistor and to the gat l.ect f the thir r.ansi stor:. an in

Do fitprth e 1308 RS BROF digranori lky PuA GBI Choell bRt ey on

el ect rode of e dri t ectric y con

10 supply line; an output .electrode of the drjver tr istaor is

ol ect 11 ooy ERe Al e Rastiah S e Buistor SPILIeBIssH Stiie: 1A 1 STustuisd bYand
t he vol tage conpensatjon circuit anplifies or transfornms the anplitude of
si gnal s i mpagesi(vhgreris aingpisel nombet 1) o pulsp guiglf ¢ikcHithg t r ansi stor, and
inparts the anplified or 15 transforned signals to the gate el ectrode of
the driver tranSigsi4$B.is 4. dipgraingshowdng thei sigpcies, PE ehecpipn Petpalgcizcuy pr detpil.y of
pi xel s, wherein: each of the plurality of pixels which is scanned in a
nunber m TBIk 1407et40814@9, and 410 ade switching TFas fbrihed for)switeh osersafithe scanhipgal
line, a gate signal |ine scanned in the nunber 20 mrow, a current supply

line, 108 SdikdcEibh.NOSWité6vert ¢¥rleft aand Iright ScadnhibigSdifecGdns i@ petfofthede by tthid S@nning
el ement, and a voltage conpensation circuit; the switching transistor, the

driver tr@pgetish Svitctangsipha (m% LRDBe SQNRRAP Iabitn switckinp invaFt8d Sighal{LRbEd
using single polarity transistors; the voltage conpensation circuit has a

first transistofyr Brwk AdchdrPRahsihg the SarhPlingufs? output is a first stage, a second
stage, ..., a number (n-1) stage, and a number n stage in order. For reverse direction
scanning, the sampling pulse output is the number n stage, the number (n-1) stage, ..., the
15  second stage, and the first stage, in order.

The pulse output circuit body is composed of TFTs 1401 to 1406, and a capacitor
1411. In the pulse output circuit for a certain number k stage (where k is a natural number, 1
< k < n), output pulses from the number (k-1) stage pulse output circuit or output pulses from
the number (k+1) stage pulse output circuit are input to gate electrodes of the TFTs 1401 and
20 1404, and gate electrodes of the TFTs 1402 and 1403, respectively. Note that start pulses
(SP) are input to the gate electrodes of the TFTs 1401 and 1404 when k=1, namely in the
initial stage pulse output circuit, and that start pulses (SP) are input to the gate electrodes of

the TFTs 1402 and 1403 when k=n, namely in the final stage pulse output circuit.

H level is input to the scanning direction switching signal (LR), and L level is input
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transistor, a first capacitor, and a second capacitor; a gate el ectrode of
the switching transistor is electrically connected to a witing gate signal
| ine scanned in the nunber mrow, an input electrode of the swtching
transistor is electrically connected to the source 5 signal line; an output
el ectrode of the switching transistor is electrically connected to a first
el ectrode of the first capacitor; a gate electrode of the first transistor
is electrically connected to a witing gate signal |ine scanned in a nunber
(m1) row, 10 an input electrode of the first transistor is electrically
connect edtd ehet B@nfiagedifdcHom |swhtch &veE dVRadd isiznhD ELIRBNTRE lscAininpMin 81 FFvRrdt

el ectrode of the first transistor is electrically connected to the first

el ectrodegpictiie The TFTEARGF bh®141(P1H8A%Ge LRCST, A& offpul PRs&CEOInd haRBEST OF
is electrically connected to the witing gate 15 Slgﬁ%| ' ne scanned in the

nurber ( 21‘%%,) %9%% sk 'gﬁ'tpgtt ciﬁéuﬁcatré A gﬁ@téa‘é&ﬂﬁeé Bﬁﬂr’ékﬁfﬁrliﬁ d 1404.

electric onnect e the gate’sign I ne scanned | e nunber mrow,
an out put ~el.ectro f the sec transistor is.electrically connected to a
second of OB FE O Ford bt AES Rl 58 BaBlfis t e Sk bl i Bt <
transi stor, is electric n ted.to the output electrode of the

switch? ngtqergéqulgﬁ‘@P?s‘gﬂ*Lgﬁﬁﬁi P‘& i rlég% of the third transistor is
electrically connected to an erasure gate signal |ine scanned in_the nunber
m row, an out puft c@peeffopwrd geannig is Hsadpstapgnample derei for eplaining datajled circuit
connected to the second 64 el ectrode of the first capacitor; a gate

el ect r odeoprfratidue dldasereferrta thei tiniog chart ghovarinikigll5y connected to the out put
el ectrode of the first transistor and to the gate electrode of the third
transi stor; an Ingpcdrtaél mobbendestage pulse odtput eircuit; antpitspulses fromethe mimben(kt1)

connected to the current 5 supply line; an output electrode of the driver

transi st OStageSplﬂbGEQﬁtF)ﬁtC(ﬁfdli{ aEOThpacicetie ipte Bl trol&CH N the TFTE 1401eard P04, @ilicht | ng
el enent; and the voltage conpensation circuit anplifies or transforns the

anpl i jpdepQbni [ NREB(stddpllisck aRMnpiar kRO thafleRCtof Bdanihl dthR) S WIACTINI1401

transistor, and inparts the anplified or 10 transforned signals to the gate

0 oty Q0% Bl PR i AyhaALs ! iR P10 10
electrode of the TFT 1405 is pulled up to the VDD side (refer to Fig. 15, reference numeral
1502), and the TFT 1401 turns off and is placed in a floating state at the point where the
electric potential becomes VDD - VthN. The voltage between a gate and a source of the

15  TFT 1405 is greater than the threshold value at this point, and the TFT 1405 turns on. On
the other hand, pulses are not yet input to the gate electrodes of the TFTs 1402 and 1403,
which remain at L level and are therefore in an off state. The electric potential of a gate
electrode of the TFT 1406 is therefore L level, and it is turned off. The electric potential of
an output terminal (SR out) of the pulse output circuit is thus pulled up to the VDD side in

20  accordance with the clock signal (SCLK or SCLKDb) input to an input electrode of the TFT
1405, becoming H level (refer to Fig. 15, reference numeral 1503). In this state, however,
the electric potential of the output terminal (SR out) of the pulse output circuit drops further

by the threshold value with respect to the electric potential VDD-VthN of the gate electrode

of the TFT 1405, and only an increase to VDD - 2(VthN) is obtained.
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capaci tance between the gate electrode of the third transistor, and the

i nput el ectrode or the output electrode of the third transistor. 15 6. A
light emtting device according to claim4, wherein the first capacitor is
a capacitance between the gate el ectrode of the third transistor, and the
i nput el ectrode or the output electrode of the third transistor. 20 7. A
light emtting device according to claim3, wherein the first capacitor is
a capacitance constituted of: two naterials selected fromthe group
consisting of an active layer material, a gate electrode material, and a
Wi ring materi al Theagupadtorilaslisafotmhel Bath/BerDbb WRRMEIScHOdE WRl uﬁtoafpuale&ctr&ﬁ of 8.
A light emtting device according to claim4, wherein the first capacitor

IS a capagkaACA0EORES, aht s dadifion tm@gﬁ@t;@ur@desof&ﬁé §¥redos LOMm 4 h@atglr Q.
consi sti ng of an active l'ayer material, a gate el ectrode materi al

Wi ring ?é’ él%taegggnﬁ‘ﬂ o'f% a?etél rofd}a L)th@f‘ 55?&:&%@ 3@1’?1&5’821'1%& fr u de

l'ight emtting I ce accor aiml reln t

of signal p e in rode 0 n nSi

the sourc D?] K@TI&%P' r%g ‘r'aspagjg(ﬁallq‘llf% BF vYltehs{:,hetr ecqgo“?g&ggtéﬁ ?hfe %Pep‘bf
signal s |n te el ectrode .of.the driver. transi

i one S Ebngt Gt pea SRt pfn Bl fewcaftnvazngméﬂrmen"& g <ffs a%%ergﬂgﬁ sge
of signals i nput to the input electrode of the swtching, tran5| st or from
t he sour c@tBwigplgstradened the 4080 Joy agegedanea, siith this oparatige thendinal gleetrigs
signals input to the gate electrode of the driver transistor. 15 11. A
light enipatemipl o€ tecgateaclegsraticrnf tho TET a4 decamrsrhigher thas VB #d8hMsferttade
of signals input to the input electrode of the switching transistor from
t he sour cEigsi §jnaferéricamuimsrat662). t The elecerspatdmamal ohtke\ontpua tpemamad (SR wde off
signals input to the gate electrode of the driver transistor. 20 12. A

l'i ght em thtipigsedembae ciseiio fsdhdtdinflaededi by e shiisheldnvaline of ahd AP a40Q8, idndde
of signals input to the input electrode of the switching transistor from

the sour CgcrhedAbrhdlliao VDB @éddr td Pigdl5, i8R fenkdAfinédP1503).t age anpl it ude of
signals input to the 'gate electrode of the driver transistor. 66
Pulses are similarly output from the number (k+1) stage pulse output circuit (refer to
Fig. 15, reference numeral 1504). The number (k+1) stage output pulses return to the
number k stage and are input to the gate electrodes of the TFTs 1402 and 1403. The electric
potentials of the gate electrodes of the TFTs 1402 and 1403 become H level, and the TFTs
15 1402 and 1403 turn on. The electric potential of the gate electrode of the TFT 1405 is pulled
down to the VSS side, and the TFT 1405 turns off. Simultaneously, the electric potential of
the gate electrode of the TFT 1406 becomes H level, and the TFT 1406 turns on. The
electric potential of the output terminal (SR out) of the number k stage pulse output circuit
becomes L level.
20 Pulses having amplitudes between VDD - VSS are then output one after another by
similar operations up through the final stage. Circuit operation is also similar for reverse
direction scanning.

In the final stage, a return pulse is not input from the next stage, and therefore the

clock signal continues to be output through the TFT 1405 (refer to Fig. 15, reference numeral
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13. Alight emtting device according to claim1, wherein: each of the
plurality of single polarity transistors structuring a source signal |ine
driver circuit, a gate signal line driver circuit, and the plurality of

pi xels has: 5 a |lower gate electrode; a first insulating filmforned
contacting the lower gate el ectrode; an active |ayer forned contacting the
first insulating film a second insulating filmformed contacting the
active layer; and a gate electrode fornmed contacting the second insulating
film 10 the active layer has a channel form ng region; and the gate

el ectrode1sow. tige b %Lgs?as%f@m@ﬁﬁm QeiBe PuRe BLUGHHEEIrduRt tAOSEJrE Aot BE Bsddnat
t hey overl ap, through the channel formng region. 14. Alight emtting

devi ce acé‘é?ﬁﬁisnlﬁg)uis@s.d ﬁhmaaa,rtﬂ@ﬁﬁﬁail @iag&gutﬁﬂﬁﬁ'hl&% afé‘ﬁna@hh'(pﬁ!e é&lé’cs(ﬁ)r éisg@(gfe

polarity tr tors structlring a solrce signa Ine drrv circult,

gate signal I river cifcui.t Lty 0of .pi xel s has:. a .l ower
Gate of coryese Migdidn Sonfink e neBfe falRpbbh b4 bRl Bt "I el

el ectrode;, an activye,layer for contactjng.the first insulating fil 20
2 second S5 &t FRESHIEN Polttetiit STRaE s HRPTRE SEITES SR DUReH -l e

el ectrode forned contacting the secon% iqéylating film_the_ active |ayer
has a TthafHBYt GEseHs Agpal &ythsmecessly MHIMOELRISRACSRITDI: arldeiiise| R cHgdits

el ectrode are placed in positions such that they overlap, through the
channel f #rhetthepdsagt kandlggas dummny siages gpulsecqutputiciguitseq ivdichatbe butiersd 30barel ai m
3, wherein: each of the plurality of single polarity transistors

st ruct ur i my cansestadcia g gliatortaspenddpithedurinycstiges). a Eyen 80,31 ignekessarydo dopver
circuit, and the plurality of pixels has: 5 a |lower gate el ectrode; a first
i nsul at i nheffidahrofitpunieyl sene hietiadrigfdrl ¢hd mst hofzdntal glediod begies, aad thatfovetheayer
formed contacting the first insulating film a second insulating film

formed cofitaGutpagistdiéhpas bt 1he pbay Khereahéistart @alse & tREhe@ UBrizshtATHEri6O R iapitl NY
the second insulating film fO the active [ayer has a channel form ng

regiofy  apfhdifeing alas RIRE bé MiE @tﬁg«% fﬁ?@ts 'aHH"Ehal%ﬁa%@ peligEinpede are placed in

posi tions ‘'such that they overlap, ough the channel tormng region. 16. A

%, T, LR SRR G180 RS Raod RO
device of Embodiment 2. As shown in Fig. 164, this is a structure having four stages 1601
to 1604. Only the first stage is a single input, single output type. The second and
subsequent stages are two input, two output types.

15 The circuit structure of the initial stage unit 1601 is shown in Fig. 16B. Signals are
input to gate electrodes of TFTs 1652 and 1654. A gate electrode of a TFT 1651 is
connected to an input electrode. If H level is input to the gate electrodes of the TFTs 1652
and 1654, placing the TFTs in an on state, then the electric potential of a gate electrode of a
TFT 1653 becomes L level, and as a result, an output terminal (out) becomes L level. If L

20  level is input to the gate electrodes of the TFTs 1652 and 1654, the TFTs turn off. The gate
electrode and an input electrode of the TFT 1651 are connected, the TFT 1651 is normally on,
and therefore the electric potential of the gate electrode of the TFT 1653 rises.  Similar to the

above-stated case of the shift register, there is capacitive coupling due to a capacitor 1655,

and the output therefore becomes H level.
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driver circuit, a gate signal line driver circuit, and the plurality of

pi xel s has: a |lower gate electrode; a first insulating filmformed
contacting the |lower gate el ectrode; an active |ayer forned contacting the
first insulating film 20 a second insulating filmfornmed contacting the
active layer; and a gate electrode fornmed contacting the second insulating
film the active |ayer has a channel form ng region; and the gate el ectrode
and the lower gate electrode are placed in positions such that they
overlap, through the channel form ng region. 17. Alight emtting

devi ce accor di NGt ﬂc%ﬂaﬁonéﬂgﬁt 5 erf (e BRE ‘i Ext? fh%dﬂ"f’”i%i l€ad RiBvsgat e

el ectrode are electrically conn 5 18. A emtting device

accordi ng i t I I

el ectr odet argéi?e?e&krl camﬁéﬁ] ﬁtn'];elgI eog@ O?éh% 'gﬁ ﬁgﬂt ar@%g{'él ng %{hglg%rgggtrhdl ng
to claim1]5, t.h ectrode and he | o | .ectrode

el ectricatl® Tﬁ@ﬁﬁgit"éﬂ tg'igﬂélglgg& PieoRt A AR f{;ﬁ&%&'hﬁ%ia?cﬁ lg%éﬁcfflﬂ’d T éféﬁ m
16, wherein the gate el ectrode t he de are

el ectri carwswh%ééleeeﬂcctgi potgntig] @gfheesﬁq F%’dg eﬁﬁ’ei bR H@cw H%'e}ﬂnls
wherein a fixed electric potential 15 Vo is input to the |ower

el ect rodethipstatepand dhpreferg it s pecesmary (e desigiothgi channeh widthaf they TFWhlaerél te be
fixed electric potential Vo is input to the lower gate electrode. 20 23. A
| i ght emni smaliey thfevthateofdbe TFOi1652.t dt is|saffiviens jf ontyeonsi gateelédtrodd oBthecERT 653
potential Vo is input to the |lower gate electrode. 24. Alight emtting

devi ce achaytile ogpabilitg lofibeing GCharghd; raad thegeféiexhel clenacltwidth ¢fahe TFTaAl65Venadysbe
input to the | ower gate el ectrode. 69 25. Alight emtting device

accor di ngsdt Qo @l Minithdsh, vadee " Fuitheriddee, fihoteeLInedléditi€ clr@dng Rbhsanpton Hiat it6 tHees
an inequality Vo < VthN if the pl ural i ty of single polarity transistors

each has erﬁhﬁp&?haﬁlyﬁﬁor&oVWD tthe &G 169, mc”TP‘F%tS@rﬁﬁhVSg N ?é%ﬂﬁ durfifg the
transistors is VAN, and the fixed electfic potential Vo satisfies an

| nequil i typ) I‘hflﬁ’c TF¥q6! ixs.td?l%aﬂ'bg"r ubéé’to%mﬁﬁxﬂ@g?&g@%ﬁﬂg thy T‘F‘iﬁ'&?}l?ﬁm?l{l]e;r. each

has p-channel type po arity an e maxi mum t voltage o
transistors is Iyltgh li)6C shows the structure of the unit circuit used in the second and later stages.

Input to the gate electrode of the TFT 1652 is similar to that of the initial stage, and in
addition, the previous stage input is used as an inverted input to the gate ¢lectrode of the TFT
1651. The TFTs 1651 and 1652 are thus exclusively on and off, respectively, and the

15  penetration path between VDD, the TFT 1651, the TFT 1652, and VSS can be eliminated in
the structure of Fig. 16B.

Figs. 17A to 17D show structures of a clock signal level shifter (A) and a start pulse
level shifter (B) used in the light emitting device of Embodiment 2. The basic structure has
four stages, a level shifter for an initial stage, and buffers for the second and following stages,

20  similar to the aforementioned buffer circuits. A signal having an amplitude of VDD - VSS
is input, and an output signal having an amplitude of VDD - VSS is obtained (where [VDD g}
< |[VDD| here).

Regarding the clock signal level shifter, the initial stage is a one input, one output

type, while the second and subsequent stages are two input, one output types. The clock
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10 26. A light emtting device according to claim22, wherein: the fixed
electric potential Vo satisfies an inequality Vo < VthNif the plurality of
single polarity transistors each has n-channel type polarity and the

m ni mrum t hreshol d voltage of the transistors is VthN, and the fixed
electric potential Vo satisfies an inequality VthP < Vo if the plurality of
15 single polarity transistors each has p-channel type polarity and the
maxi nrum t hreshol d vol tage of the transistors is VthP 27. Alight emtting
devi ce according to claim 23, wherein: the fixed el ectric potential Vo

sati sfies gﬂalll C‘i‘HﬂhEIISX!I' Vl?SCé f\{IrFMHéé thetnnﬁu l E(%DQJHC%QD tglgl € pOl ar | ty

t ransi st or anne poI arl m't hr eshol d

vol tage of the an5|st fixe tri otentia
satiofies an i niBARr: Bt frsEl 5\;@“ sty 'erfaﬁlmﬂv oyt pf e Bremetigned
transi stors_each has p- channel type pol arlty and the maxi num t hreshol d
vol t age obuffefe transistors is VthP. 70 28. Alight emtting device
according to claim24, wherein: the fixed electric potential Vo satisfies
an inequal ity Vaheunjt pieuif strusirg pseddn theyinisial stpgryplethp kvl shifjertis shewynsindfie.
each has n-channel type polarity and the minimumthreshold voltage 5 of the
transi st od3Ci while Hig, uniheireuifestruciueel fagl the tse¢and pod snbieghenystages issthows iarFig.
inequality VthP < Vo if the plurality of single polarity transistors each
has p-chanfR! Theeir@dl strictuyre andl opdretiomnare mimildrhto elsdse lshoww it Bige. 16B afk 16C,
transistors is VthP. 10 29. A light emtting device according to claiml1,

wher ei n t hgpdctighly. €Mhé bhiyIpslevbCEiffefentd &dthhOtheaiinit@de! 6OiME Gig@ ifpie M the
sel ected from the group consisting of an el ectroni c notebook, a nobile

conput er,lrgﬂaqg{g@glwb%_epggne a video canera, a digital canera, a
personal conputer and a television. 15 30. Alight emtting device

according to clglﬁr-]ltz %ﬁﬁfs gngm. th ﬁ%ﬁalq l%ttJ)Q atg, ¥écﬁ§dé tﬂ§%‘ﬂ‘Tfﬁ?2§§1H

el ectronic equl pma rom constisting of an el roni c

g e o gxg”ﬁgr' ga%ssé?rg%q r@mﬁ%@éfﬁav% WA Rey PEsb it ot ‘“fa%e?ﬁgwm |
Dsed for SEMLIBERTORY e sﬁ%aémaé Pl Biof l@@?a@h&%&ﬁo@%w@ ué‘%ﬁfrsﬁev 3FTan’
el ectronlc not ebook, a nobile conmputer, a portable tel ephone,

canera, al®i%it Bhe elapter é’Ote&“ﬁé?fs"o&%‘F elesirorlet fra BRE 1253 & maied |d8Wn “? ihc vSs

side, and therefore L level appears at an output terminal (out). On the other hand, if the
signal input to the gate electrode of the TFT 1752 is L level, then the TFT 1752 turns off, and
15  the electric potential of the gate electrode of the TFT 1753 is pulled up to the VDD side,
through the TFT 1751. Subsequent operations are similar to those of the aforementioned
buffer.
This level shifter structure has a characteristic that the input signal is not directly
input to the gate electrode in controlling the TFT 1751 connected to the high electric potential
20 side (VDD side). Consequently, the electric potential of the gate electrode of the TFT 1753
can be pulled up, no matter what the threshold value of the TFT 1751 is, even if the amplitude
of the input signal is small. A high amplitude transformation gain is therefore obtained.
Fig. 18 shows the structure of the first latch circuit and the second latch circuit used

in the light emitting device of Embodiment 2.  As shown in Fig. 21A, a structure composed
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32. Alight emtting device according to claim4, wherein the |ight
emtting device is used for an el ectronic equi pnent selected fromthe group
consi sting of an el ectronic notebook, a nobile conputer, a portable

t el ephone, a video canera, a digital canera, a personal computer and a
television. 5 72

JALCACA AL A A AFL. AT L. An. AL. An&L. AY . Al . A3r. An&L. A9. A . AY. Al & . A . Al 9. Al 9.
Al& A9r. A9r. A& AYL_ Al & A % AnL. AY& AL. AL% ALr. ALL. Al . A9 . Al &9. Al 9 . AsL. As
9% AFL% A9. A . Aln" . A Al 9r. Ans. An99. As% A ALr. AY99. A An . An. AnL CA(s% A& As%
An. AYs_. A1% 468 ge PIrtidN%n Avhidd fwo MvAiSts o &’orﬁ%ct?d—hi\@'l&ﬁ)( shaPd, and a switch for

{vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cRa] ca] ca] ca] ca] ca]ca] ca]ca]ca]calc
a] ca] ca] %Lﬁ@llﬁig]sfb%%‘ﬂggﬂ/% 0@11%& r&i&tructure as an example of a conventional CMOS latc

w<(6WgyGQ LI "= xsnid_Z]]ca]ca]ca]ca]ca]calcalcalca]c l]ca]c

‘('J‘] ‘(3‘('3‘]( gf‘% @kGR] CRl S, o Stﬁ]c‘ﬁﬁl CRIESRI A 68hg A5 IC@US: ﬁhﬁf‘l&&]i CéinShlso be

jca S e ey LG e b R S el B e

; C<<<Z>>?k ?? @IOBAAAAABBB. CCC@DD> Z
a] ca] @a] ég}le'aﬁsla]’bcardaye&;} @aji@af‘ﬁ’&fl&i] cs]%aee%&éét ]ﬁﬁ&] %@a}@g&@?&]ﬁaﬁg}é
: FFF?GGGEHHHTI | JJK: QRRSz SS%~TT 7 UUUUNVVW WAX| wr mhc” Y] ‘_L bgca cajc éca] cal ca]
ca] ca] cajiewdriess efp dyiclalch arenit ShAEL) and p Gagond) lateh chriis (LAT Daisiqredpyaheal ca
I XUXX
]YE?/YY ZZ capdgtitorse ¢ Iihd dimaest otiriiqteyrg diy Pigh B1E islussindEmEbddimahica] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca
Frr DsssDttu} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]jcalcalca
] ca] ca] C&%@@&e@%%b 03] saich alf g, CAC; ah@ ah QAUOR MG ety “0oMpaseaVbIXioME AZhanel } P} }
) ~T~~RXe~2} xsni cMY] ] ca] ca] c"a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
120d?c% M >°
}Ci]s(riﬁgg?(]%]gggfca a{?@kg?lc%%]cg cal cegﬂ:g]aca] ca]Cca] ca) cal ca]cal]ca]caJca]c

ﬂ ig]S(é%]C]iﬁkgle\i/} ﬁf;‘%}:&%}t%gl f?]]? ]i@a] @a K m fro ca]n(]:pu]t tlio‘]lecoaf]acﬂ]vlca? a]aca] ca]
R s e
ca] ca] ca] a@i‘]“ééﬂ é‘]aiaﬂ B’Q}"c ’c“a]“(‘f ]‘Efaﬂ%ﬁ’]’%‘%’} ﬂﬁc‘% 158}}168] ‘}@a‘} éé’}aﬁ%ﬂl‘ R\ { VH

Pj $~<FL}xsni d_Z]]] ca] ca] ca] ca] ca].ca) ca] ca] ca] calca] ca] ca] ca] ca] ca].ca] ca] ca
Ch] oa] ch]\Ba} Bt GBI Banes<SaPea | AR St FrIksbe Oj5ie iaben VPR ea] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] d&] cajared eunga caphoikgx 1856.

cS}xsni d_Z] V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cdpe digital inzdge sjgpal is also avritig0 Nato, and stored in, the second latch circuit by

at Uaw@s} xsni d_Z] V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] calsinilarapemtions inataadaet edthadhich polaé AR ihHit timing.

h(et}xsni d_Z] V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]l
ca] ca] ca] ca] cajrenl19a4 & Alagedng shdipihg MeCaitduRatadihic HeopudSixad ke drivEcalcual ca] ¢
aJ cal cal ca]ca]cal ca]ca]ca]ca]ca]ca]ca]calca]calcalcalcalJcalcalcalcalcalcalc
a] ca] ca] o@k GaleQighI e MUBF EXam Hls%k}(i]f%};i%} tarakcal Rl ¢adacal cal caj ca] ca] ca

] ca] calca] ca] ca]ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca]ca] ca! $~6>! 0 ~

-G }xgnid_2Z]V] S‘Aa];ﬁé‘]sﬁl%]& ﬁg &@%@g},cﬁz £ 3l aldeadiGal mdtcal Gl R6ERbY, e Ca] C

a)J ca] ca] ca] ca] cafca] ca] ca 2>3B%3FVK:

e D e K A AT LA S ik o
oy oot bbbt st SapuldE e bR b o ool

//050011111222r22%333<444>5555T6667 wr mhe? calcal cal ca calcalc al ca
ca] ca] ca] ca] ca]‘{?é‘] tha) the)shif} eegpsteq) @Q%c‘a‘f (Pélffeﬂrai%]é} ét!f]\ﬂt%‘ PR T@%\’FE]%P@%{] %%71177]2
888809998 \

s <<>f >80 ﬂf@@@mdm}sksfmr d993 ap shpida e Bosapedie fesapeapigaldinechiven] ca]
ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cg%ca] ca] ca] ca] ca] ca! CDeDDDKEEF' FFF"
GsGG H HH7I =l 11 LIbJJLhLwWLL, MMM NNC} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! OO
OOk OCOBPPPEQQRQZRRR] SSTnTT! U] UU;

VWV, X1XBXHXk XqXY} xr ngb] X] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca! Y[ " Kaabbbbcxccdgdde}
eedf f f Hogghghkni popp} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]




10 10! @ F(YUL0% ()-\ w<aBuV7!3

UA0%& ()-"10%&' () - #10%&' () - #10%&' ()-1"10%& ()-! S$S10% [ & () - (6dEUVT! 3
Y(#10%&' ()- @3%0%& ()-&$" 10%& ()-""10% ()-  10%& ()-

10% () - Wief gdZPF! 3

1010109" 10%&' () - 6" 10%&' () - 4" 10%& () - 2" 10%& () - OFY%L0%: () - 99Dy WUIZPF!
MA0%E ()-& 1 MAOYE ()-& : nPd0%&: ()-8 @ rA0%E ()-& 13

MA0% () - & NRAOY ()- &G I1JIKI LI "="rS413 10%m8 ()-"10%& ()-" 10%m8’ () -
10 10 10 ! &OY%A0% & ()-! SOSOYULO%UR: ()-=""" F##$Z$dEr S41 3

10" 10%r8! o] Sedelor 49 HeRtaion O bt S UAYEBElors omitted here

L10%& () - Z$$%4 Y9 &&AETr SAl 3. 10S&3YA0%TE’ ( ) - 93" 10%41&' () - " #10%T& () -
T10%1& () - " 10U ), -1 YA QUK ) ; -
110n10nd" 10%rg’ If%’é‘gi%%é%%(@w%%%&?)%e)’)’%%?f/ﬁépf fengggymbol ais formed as a

109%m&' () - FLL #1905 ( )= ) ) et Doy 90K () F(HLQYR (J =0
Foo/(ig:,g/‘&.( % ) 5&1{1@§%§%&é§ﬁ% ?x p@ rl]% /838}35? ;1:_&19 QJ):t éo?a{ﬁ( ﬁhté )51gﬁ£ﬁ&1(3 s@leéﬂon pulse input
SFY4.0%&' ()-:10mDx111111. 22{\ =10#10%&' () - #10%&' ()- 10 10 109:  10%& ()-!
OF%40%&' (%0-‘ S PTEORDER- () - 223nB4B55dE{\ =10" 109%&" () - |

0/(100/&'%)- | #10%& () - 4S$10%& ().- 910%&’

#109%& ) - 56626677 display 1’@&6%1@‘6)@“6%&(1 gﬁf@%‘@@@@%b%&éﬂe)‘i@ﬁéwits) and

"10%& () - . . : . . .

"109%& () - WXyI3-sheenin Embedigent Mugdey ) angkd posgructprezibyonsing only sioghumodaity TFTs,100&
() -, #109& () - A999999: " :: bCL03 "100& ()-"109& ()-"10%& ()- 10 10

10&: ° 109Rard) tHeteO®a pprtion; ofi 3 dGping Fo@Ees' @4 (anufaQughg xan be eliminated. In
1098 () -1 MLOY&' () - S$10%&' () - LEL0Y& () - <<Z>>?k??dEbCLO0, 109%& () - s* 10%&' () - Y(#
109& () - @ddfidH/&¢ b3comk opssidle4o reduce the number of photomasks. It is also possible to
vd0% () - ?@AABAAAIELCL09Z10%&' () - 6" 109&' () - 4#10%&. () - 2" 10%&' () - Ol 049%40%&' ()

- #10%& (JesMOANABIREL16R CI0 ¥n ShEUIBE {n) consumption current due to an expanded signal
10  amplitude by using circuits that apply the bootstrap method, as discussed above.
[Embodiment 3]

Pixels having erasure gate signal lines are explained in Embodiment 1, but with this
type of pixel, selection timing for writing gate signal lines differs from selection timing for
erasure gate signal lines. In addition, the pulse shape also differs. Therefore, one of the

15  gate signal line driver circuits shown in Fig. 20B which are disposed on both sides of the pixel
portion may be structured as a writing gate signal line driver circuit, and the other may be
structured as an erasure gate signal line driver circuit. Circuit structures may be similar to
those explained in Embodiment 2, and therefore a detailed explanation thereof is omitted
here.

20 -

[Embodiment 4]
This embodiment gives a description on a method of manufacturing TFTS for driving

circuit provided in a pixel portion and in the periphery of the pixel potion formed on the same

substrate.
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10  crystallization or a known thermal crystallization method to form a crystalline semiconductor
film. The crystalline semiconductor film makes island-like semiconductor layers 5003 to
5005. The island-like semiconductor layers 5003 to 5005 each have a thickness of 25 to 80
nm (preferably 30 to 60 nm). No limitation is put on the choice of material of the crystalline
semiconductor film but it is preferable to use silicon or a silicon germanium (SiGe) alloy.

15 When the crystalline semiconductor film is formed by laser crystallization, a pulse
oscillation-type or continuous wave excimer laser, YAG laser, or YVO; laser is used. Laser
light emitted from a laser as those given in the above is desirably collected into a linear beam
by an optical system before irradiating the semiconductor film. Conditions of crystallization
are set suitably by an operator. However, if an excimer laser is used, the pulse oscillation

20 frequency is set to 30 Hz and the laser energy density is set to 100 to 400 ml/cm? (typically
200 to 300 mJ/cm?). If a YAG laser is used, second harmonic thereof is employed and the
pulse oscillation frequency is set to 1 to 10 kHz while setting the laser energy density to 300

to 600 mJ/cm? (typically 350 to 500 mJ/cm®). The laser light is collected into a linear beam

having a width of 100 to 1000 #t m, for example, 400 &t m, to irradiate the entire substrate.
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el T L B
&10% () - O%&I\I«(:}t a" ]gg%&ngs}xlatmg O/f&lng )5006 is formed so as to cover the island-like
semiconductor layers 5003 to 5005. The gate insulating film 5006 is formed from an
5  insulating film containing silicon by plasma CVD or sputtering to a thickness of 40 to 150 nm.
In this embodiment, a silicon oxynitride film having a thickness of 120 nm is used. Needless
to say, the gate insulating film is not limited to a silicon oxynitride film but may be a single
layer or a laminate of other insulating films containing silicon. For example, if a silicon
oxide film is used for the gate insulating film, the film is formed by plasma CVD in which

10  TEOS (tetraethyl orthosilicate) is mixed with Oz and the reaction pressure is set to 40 Pa, the
substrate temperature to 300 to 400°C, the frequency is set high to 13. 56 MHz, and the power
density is set to 0.5 to 0.8 W/cm? for electric discharge. The silicon oxide film thus formed
can provide the gate insulating film with excellent characteristics when it is subjected to
subsequent thermal annealing at 400 to 500°C.

15 On the gate insulating film 5006, a first conductive film 5007 and a second
conductive film 5008 for forming gate electrodes are formed. In this embodiment, the first
conductive film 5007 is a Ta film with a thickness of 50 to 100 nm and the second conductive
film 5009 is a W film with a thickness of 100 to 300 nm (Fig.A).

The Ta film is formed by sputtering in which Ta as a target is sputtered with Ar. In

20  this case, an appropriate amount of Xe or Kr is added to Ar to ease the internal stress of the Ta
film and thus prevent the Ta film from peeling off. The resistivity of a Ta film in & phase
is about 20 £ Qcm and is usable for a gate electrode. On the other hand, the resistivity of a

Ta film in B phase is about 180 & Qcm and is not suitable for a gate electrode. A Ta film

in @ phase can readily be obtained when a base with a thickness of about 10 to 50 nm is
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formed from tantalum nitride (TaN) that has a crystal structure approximate to that of the ¢
phase Ta film.

The W film is formed by sputtering with W as a target. Alternatively, the W film
may be formed by thermal CVD using tungsten hexafluoride (WFs). In either case, the W

film has to have a low resistivity in order to use the W film as a gate electrode. A desirable

W]

resistivity of the W film is 20 £ Qcm or lower. The resistivity of the W film can be reduced
by increasing the crystal grain size but, if there are too many impurity elements such as
oxygen in the W film, crystallization is inhibited to raise the resistivity. Accordingly, when
the W film is formed by sputtering, a W target with a purity of 99.9999% is used and a great
10  care is taken not to allow impurities in the air to mix in the W film being formed. As a result,
the W film can have a resistivity of 9 to 20 /£ Qcm.
Although the first conductive film 5007 is a Ta film and the second conductive film
5008 is a W film in this embodiment, there is no particular limitation. The conductive films
may be formed of any element selected from the group consisting of Ta, W, Mo, Al, and Cu,
15  or of an alloy material or compound material mainly containing the elements listed above. A
semiconductor film, typically a polycrystalline silicon film doped with an impurity element
such as phosphorus, may be used instead. Other desirable combinations of materials for the
first and second conductive films than the one shown in this embodiment include: tantalum
nitride (TaN) for the first conductive film 5007 and W for the second conductive film 5008;
20  tantalum nitride (TaN) for the first conductive film 5007 and Al for the second conductive
film 5008; and tantalum nitride (TaN) for the first conductive film 5007 and Cu for the second
conductive film 5S008.

Next, a resist mask 5009 is formed to carry out first etching treatment for forming

electrodes and wiring lines. In this embodiment, ICP (inductively coupled plasma) etching
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side (sample stage) also receives an RF (13.56 MHz) power of 100 W so that a substantially
negative self-bias voltage is applied. When the mixture of CF4 and Cl; is used, the W film

and the Ta film are etched to the same degree.

v |

Under the above etching conditions, if the resist mask is properly shaped, the first
conductive film and the second conductive film are tapered around the edges by the effect of
the bias voltage applied to the substrate side. The angle of the tapered portions is 15° to
45° . In order to etch the conductive films without leaving any residue on the gate

10  insulating film, the etching time is prolonged by about 10 to 20%. The selective ratio of the
W film to the silicon oxynitride film is 2 to 4 (typically 3), and therefore a region where the
silicon oxynitride film is exposed is etched by about 20 to 50 nm by the over-etching
treatment. In this way, first shape conductive layers 5010 to 5013 comprising first
conductive layers 5010a to 5013a and second conductive layers 5010b to 5013b are formed

15  from the first conductive film and the second conductive film through the first etching
treatment. At this point, regions of the gate insulating film 5006 that are not covered with
the first shape conductive layers 5010 to 5013 are etched and thinned by about 20 to 50 nm.
(Fig. 6B)

First doping treatment is conducted next for doping of an impurity element that gives

20  the N-type conductiva (Fig. 6B). Ion doping or ion implanting is employed. In ion
doping, the dose is set to 1 x 10" to 5 x 10™ atoms/cm? and the acceleration voltage is set to
60 to 100 keV. The impurity element that gives the N-type conductivity is an element
belonging to Group 15, typically, phosphorus (P) or arsenic (As). Here, phosphorus (P) is

used. In this case, the conductive layers 5010 to 5013 serve as masks against the impurity
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Next, as shown in Fig. 6C, a second etching process is performed. The ICP etching
method is similarly used in which CF4, Clz, and O, are mixed as the etching gases, and an RF
power of 500 W is applied to a coil type electrode under a pressure of 1 Pa to generate plasma.
An RF power of 50 W is applied to the side of the substrate (sample stage), and a low self
bias voltage as compared with the first etching process is applied thereto. In accordance
10 with the conditions, the W film as the second conductive layer is anisotropically etched, and

the Ta film as the first conductive layer is anisotropically etched at an etching rate lower than

the W film to form second shape conductive layers 5017 to 5020 (first conductive layers

5017a to 5020a and second conductive layers 5017b to 5020b). Reference numeral 5006

designates a gate insulating film, and regions which are not covered with the second shape

15 conductive layers 5017 to 5020 are etched into a film thickness of about 20 to 50 nm, to for
thin regions.

The reaction of the W film and the Ta film to etching by the mixture gas of CF, and

Cl; can be deduced from the vapor pressure of radical or ion species generated and of reaction

products. Comparing the vapor pressure among fluorides and chlorides of W and Ta, WFg

20  that is a fluoride of W has an extremely high vapor pressure while the others, namely, WCls,

TaFs, and TaCls have a vapor pressure of about the same degree. Accordingly, the W film

and the Ta film are both etched with the mixture gas of CFs and Cl,. However, when an

appropriate amount of O, is added to this mixture gas, CF4and O; react to each other to be

changed into CO and F, generating a large amount of F radicals or F ions. As a result, the W
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210%& () - Piiih Qoesé Frubri@d-Rfs7a high vapor pressure is etched at an increased etching rate. On the
other hand, the etching rate of the Ta film is not increased much when F ions are increased in
number. Since Ta is more easily oxidized than W, the addition of O; results in oxidization of
the surface of the Ta film. The oxide of Ta does not react with fluorine or chlorine and

5  therefore the etching rate of the Ta film is reduced further. Thus a difference in etching rate
is introduced between the W film and the Ta film, so that the etching rate of the W film is set
faster than the etching rate of the Ta film.

Then second doping treatment is conducted (Fig. 6D). In the second doping
treatment, the film is doped with an impurity element that gives the N-type conductivity in a
10  dose smaller than in the first doping treatment and at a high acceleration voltage. For
example, the acceleration voltage is set to 70 to 120 keV and the dose is set to 1 x 10"
atoms/cm’ to form new impurity regions inside the first impurity regions that are formed in
the island-like semiconductor layers in Fig. 6B. While the second conductive layers 5017b
to 5020b are used as masks against the impurity element, regions under the first conductive
15 layers 5017a to 5020a are also doped with the impurity element. Thus formed are second
impurity regions 5021 to 5023 overlapping the first conductive layer.
Next, as shown in Fig. 7A, a third etching process is performed. In this embodiment, an ICP
etching device is employed and Cl, is used as etching gas.
Etching is conducted for 70 seconds, setting the flow rate of Cl; to 60 (sccm), and an RF
20  power of 350 W is applied to a coil type electrode under a pressure of 1 Pa to generate plasma.
An RF power is also applied to the side of the substrate (sample stage) so that a substantially
negative self-bias voltage is applied. Through the third etching process, the first conductive

layer is etched to reduce the region, thereby third shape conductive layers 5024 to 5027(first

conductive layers 5024a to 5027a and second conductive layers 5024b to 5027b) are formed.
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5030a overlapping the first conductive layer and the third impurity region 5028b to 5030b that
are not covered with the first conductive layer.
Through the steps above, the impurity regions are formed in the respective
5 island-like semiconductor layers. The third shape conductive layers 5024 to 5026
overlapping the island-like semiconductor layers function as gate electrodes of TFTs. The
third shape conductive layer 5027 function as island-like source signal lines.
The impurity elements used to dope the island-like semiconductor layers in order to
control the conductivity types are activated. The activation step is carried out by thermal
10 annealing using an annealing furnace. Other activation adoptable methods include laser
annealing and rapid thermal annealing (RTA). The thermal annealing is conducted in a
nitrogen atmosphere with an oxygen concentration of 1 ppm or less, preferably 0.1 ppm or
less, at 400 to 700°C, typically 500 to 600°C. In this embodiment, the substrate is subjected
to heat treatment at S500°C for four hours. However, if the wiring line material used for the
15  third shape conductive layers 5024 to 5027 are weak against heat, the activation is desirably
made after an interlayer insulating film (mainly containing silicon) is formed in order to
protect the wiring lines and others.
Another heat treatment is conducted in an atmosphere containing 3 to 100%
hydrogen at 300 to 450°C for one to twelve hours, tﬂhf':_rcby hydrogenating the island-like
20 semiconductor layers. The hydrogenation steps are to terminate dangling bonds in the
semiconductor layers using thermally excited hydrogen. Alternatively, plasma
hydrogenation (using hydrogen that is excited by plasma) may be employed.
As shown in Fig. 7B, a first interlayer insulating film 5031 is formed next from a

silicon oxynitride film with a thickness of 100 to 200 nm. A second interlayer insulating
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are formed corresponding to the first interlayer insulating film 5031, the second interlayer
insulating film 5032, and the gate insulating film 5006. A film made of wiring lines material
is formed, whereby connection wiring lines 5033 to 5037 and a connection electrode 5038 are

5 formed by patterning. Then, a pixel electrode 5039 is formed by patterning so as to contact
with the connection electrode 5038.

A substrate comprising the wiring lines 5033 to 5037 and the connection electrode
5038 denote an active matrix substrate in this embodiment.

The second interlayer insulating film 5032 is a film made of an organic resin.

10  Examples of the usable organic resin includes polyimide, polyamide, acrylic resin, and BCB
(benzocyclobutene). Since planarization is a significant aspect of the role of the second
interlayer insulating film 5032, acrylic resin that can level the surface well is particularly
preferable. In this embodiment, the acrylic film is thick enough to eliminate the level
differences caused by the TFTs. An appropriate thickness of the film is 1 to S m

15  (preferably 2 to 4 1t m).

The contact holes are formed by dry etching or wet etching, and include contact
holes reaching the impurity regions 5014 to 4016 having the N-type conductivity, the source
signal lines 5027, the gate signal lines (not shown), a power supply line (not shown), and gate
electrodes 5024 to 5026 (not shown) respectively. )

20 Further, a lamination film of a three layer structure, in which a 100 nm thick Ti film,
a 300 nm thick Al film containing Ti, and a 150 nm thick Ti film are formed in succession by
sputtering e wirings 5033 to 5038. Of course, other conductive films may be used.

In the present embodiment, the pixel electrode (a reflecting electrode) 5039 are

formed by MgAg or the like with a thickness of 200 nm, and then patterned. The pixel
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electrode 5039 is formed in contact with the connection electrode 5038.
Next, as shown in Fig. 7C, an insulating film containing organic material such as
acrylic resin is formed to a thickness of 1 to 3 /£ m and an aperture is opened in the film at a
position corresponding to the position of the pixel electrode 5039. A third interlayer
5 insulation film 5040 is thus formed. When the aperture is formed, it is preferable that the
side wall is etched so as to become a tapered shape. If the side walls of the aperture is not
smooth enough, the level difference can make degradation of an EL layer into a serious
problem.
An EL layer 5041 and an opposite electrode (transparent electrode) 5042 are formed
10 by vacuum evaporation successively. The thickness of the EL layer is set to 80 to 200 nm
(typically 100 to 120 nm). The thickness of the pixel electrode (the transparent electrode)
5042 is set to 110 nm.
In this step, the EL layer and the pixel electrode (transparent electrode) are formed in
a pixel for red light, then in a pixel for green light, and then in a pixel for blue light. The EL
15  layers have low resistivity to solutions, inhibiting the use of photholithography. Therefore
an EL layer and the pixel electrode (transparent electrode) of one color cannot be formed
together with an EL layer and the pixel electrode (transparent electrode) of another color.
Then EL layers and the pixel electrode (the transparent electrode) are selectively formed in
pixels of one color while covering pixels of the other two colors with a metal mask.
20  Formed here are three types of EL elements in accordance with R, G, and B. Instead, a
white light emitting EL element combined with color filters, a blue light or bluish green light
emitting element combined with fluorophors (fluorescent color conversion layers: CCM) may

be used.

Note that a known material can be used for the EL layer 5041. A preferable known
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material is an organic material, taking the driving voltage into consideration.

Through the step above, the cathode made of MgAg and the anode made of EL layer
and the transparent conductive film are formed. Then, a passivation film is formed from a
silicon nitride film as a protective film 5043 with a thickness of 50 to 300 nm. The

protective film 5043 protects the EL layer from moisture and the like.

[¥7]

In practice, the device reaching the state of Fig. 7C is packaged (enclosed) using a
protective film that is highly airtight and allows little gas to transmit (such as a laminate film
and a UV-curable resin film) or a light-transmissive seal, so as to further avoid exposure to
the outside air. A space inside the seal may be set to an inert atmosphere or a hygroscopic

10  substance (barium oxide, for example) may be placed there to improve the reliability of the
EL element.

After securing the airtightness through packaging or other processing, a connector
(flexible printed circuit: FPC) is attached for connecting an external signal terminal with a
terminal led out from the elements or circuits formed on the substrate. The device in a state

15  that can be shipped is called display device in this specification.

By following the process shown in this embodiment, the number of photo masks
needed in manufacturing an active matrix substrate can be reduced to four (an island-like
semiconductor layer pattern, the first wiring lines pattern including the gate wiring lines, an
island-like source wiring line, and capacity wiring lines, contact hole patterns, the second

20  wiring line pattern including the connection electrode). As a result, the process is cut short

to reduce the manufacture cost and improve the yield.

[Embodiment 5]

An example of a case in which the pixels and the driver circuits in the periphery are

53



| SO#10% c & ()-- F7T#10% ()- ,510% ()-&310% ()- 1FYA0% () - SXqxVASE7 !\
LOA0%& ()- (! LIAOY& ()-('k L9AOY& ()-(!pQ LIAOYE () - (

LOA0% (& ()-()!yL940%& ()-(! uVv7 !SglO%m& ()-L"10%m& ()- 10K 'K ! 10K !K !
10K 1K 11" 3#109K 'K 1 & () - @#10% ()- @LY0%& ()-(! 0 ~ ZdEuV7

| Sg" 10%& ()-"10%m& ()-F 10%m& ()-, 10%m& ()-F 10%m& ()-1 ' 10%m& ()- h
dEuV7 !Sgs$" 10%m& ()-3 Y'10%1& ()-S 10%& () - 9#10%& () -

0A0%I& ()-"10%1& ()- -dEuV7 ! SJOFYA0%I& () -. #10%& () -3

, 10%m€ () -*10%m& ()- (" 10%m& ()-&3%A0%m& ()-G !"rdv7 !"10% ()- 10F F 10F

structured using n-channel TFTs is explained in Embodiment 4, but it is also possible to
implement the present invention by using p-channel TFTs.

For the case of n-channel TFTs Impurity regions referred to as overlap regions are
formed in regions overlapping with gate electrodes in order to control hot carrier degradation

and the like. In contrast, there is little influence due to hot carrier degradation for the case of

w7

p-channel TFTs, and therefore it is not particularly necessary to form overlap regions. It is
therefore possible to perform manufacturing by simpler process steps.
A base film 6002 is formed on an insulating substrate 6001 made from a material
such as glass, island shape semiconductor layers 6003 to 6005, a gate insulating film 6006,
10  and conductive layers 6007 and 6008 are then formed as shown in Fig. 22A in accordance
with Embodiment 4. The conductive layers 6007 and 6008 are shown here as a laminate
structure, but a single layer structure may also be used without any particular problems.
Next, as shown in Fig. 22B, a mask 6009 is formed from resist, and a first etching
process is performed. Anisotropic etching is performed in Embodiment 4 by utilizing
15  selectivity due to the material properties of the laminate structure conductive layers.
However, it is not particularly necessary to form regions that become overlap regions here,
and therefore normal etching may be performed. A region that becomes thinner by an
amount on the order of 20 to 50 nm due to etching at this point is formed in the gate insulating
film 6006.
20 A first doping process for adding an impurity element that imparts p-type
conductivity to the island shape semiconductor layers is performed next. Conductive layers
6010 to 6012 are used as masks against the impurity element, and the impurity regions are
formed in a self-aligning manner. Boron (B) and the like are typically used as the impurity

element that imparts p-type conductivity. The impurity regions are formed by ion doping
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set from 2x10% to 2x10*! atoms/cm’.

The resist mask is then removed, and the state of Fig. 22C is obtained.

Manufacturing then continues in accordance with the process steps from Fig. 7B onward in
5 Embodiment 4.

Note that it is preferable that a structure which is the reverse of the EL element
structure shown in Embodiment 4 be formed in Embodiment 5 because the TFTs forming the
pixels and the peripheral driver circuits are p-channel TFTs. That is, the pixel electrode
5032 of Fig. 7B used in Embodiment 4 is formed by a transparent electrode and used as an EL

10 element anode. In addition, after forming an EL layer, a reflecting electrode is formed from
a material such as MgAg, and used as a cathode of the EL element. Light generated in the
EL element is therefore emitted toward the substrate on which the TFTs are formed with this

structure.

15 [Embodiment 6]

The TFTs structuring the driver circuits and the pixels are TFTs having a normal
single gate structure in the processes shown in Embodiment 4, but the present invention may
also be implemented using TFTs with structures having a plurality of gate electrodes
sandwiching active layers, as shown in Fig. 24C. An explanation of ~a_process of

20  manufacture is explained below.

A conductive film is formed from a conductive material on a substrate 7001 made
from barium borosilicate glass, alumino borosilicate glass, or the like, typically Corning Corp.
#7059 glass or #1737 glass, and a lower gate electrode 7002 is formed by patterning as shown

in Fig. 24A. There are no particular limitations placed on the material used to form the
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as shown in Fig. 24A, caused by the lower gate electrode 7002. Considering later

manufacturing processes, it is preferable to perform leveling of the unevenness. CMP
(chemical mechanical polishing) is used as a leveling means here. CMP is one method for
obtaining a dense, smooth surface by performing chemical processing of the surface of an

10  object to be polished, making the surface in an easy to polish state, and then performing
mechanical polishing.

A silicon oxide film or a silicon oxynitride film is formed as a leveling film 7004
having a thickness of 0.5 to 1 um on the first insulating film 7003. A mixture in which
fumed silica particles obtained by thermal decomposition of silicon chloride gas are dispersed

15  in an aqueous KOH solution, for example, may be used as a CMP polishing agent (slurry) to
the leveling film 704. An amount on the order of 0.5 to 1 um is removed from the surface of
the leveling film 7004 by polishing with CMP, leveling the surface.

A state in which the surface is leveled is thus obtained, as shown in Fig. 24B. TFTs
may then be formed in accordance with Embodiment 4, forming peripheral circuits and

20  pixels.

The TFTs manufactured here have gate electrodes and lower gate electrodes that
overlap, sandwiching an active layer. For cases in which a quick response is demanded,
such as with switching circuits, signals may be input to both the lower gate electrode 7002

and the gate electrode 7006. By inputting the same signal into both the gate electrodes,
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5  current is demanded, as with pixel portion driver TFTs, signals may be input to the gate
electrode while the lower gate electrode is held at a certain fixed electric potential. The term
certain fixed electric potential denotes an electric potential such that the TFT is reliably kept
in an off state when the electric potential is applied to the gate electrode of the TFT.
Typically, the lower gate electrode is connected to a low electric potential side power source
10  such-as VSS if the TFT is an n-channel TFT, and is connected to a high electric potential
power source such as VDD if the TFT is a p-channel TFT. In this case, dispersion in the
value of the threshold voltage can be reduced when compared to TFTs having structures that
do not possess a lower gate electrode. In addition, this is effective because a reduction in the
off leak current can also be anticipated.
15
[Embodiment 7]
A semiconductor device of the present invention can be applied to fabrication of a
display device used for various electronic equipment. Such electronic equipment includes a
portable information terminal (electronic notebook, mobile computer, portable telephone, etc.),
20  avideo camera, a digital camera, a personal computer, a television, a portable telephone, ;nd
the like. Figs. 23A to 23G show examples of those.
Fig. 23A shows an OLED display which is constituted by a housing 3001, a

supporting stand 3002, a display portion 3003, and the like. The semiconductor device of

the present invention can be applied to the fabrication of the display portion 3003.
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5 Fig. 23C shows a notebook personal computer which is constituted by a main body
3021, a housing 3022, a display portion 3023, a keyboard 3024, and the like. The
semiconductor device of the present invention can be applied to the fabrication of the display
portion 3023,

Fig. 23D shows a portable information terminal which is constituted by a main body
10 3031, a stylus 3032, a display portion 3033, an operation button 3034, an external interface
3035, and the like. The semiconductor device of the present invention can be applied to the

fabrication of the display portion 3033.
Fig. 23E shows a sound reproducing system, specifically an on-vehicle audio
apparatus, which is constituted by a main body 3041, a display portion 3042, operation
15  switches 3043 and 3044, and the like. The semiconductor device of the present invention
can be applied to the fabrication of the display portion 3042. Additionally, although the

on-vehicle audio apparatus is illustrated in this example, the invention can also be used for a

portable or household audio apparatus.

Fig. 23F shows a digital camera which is constituted by a main body 3051, a display

20  portion (A) 3052, an eyepiece portion 3053, an operation switch 3054, a display portion (B)
3055, a battery 3056, and the like. The semiconductor device of the present invention can be
applied to the fabrication of the display portion (A) 3052 and the display portion (B) 3055.

Fig. 23G shows a portable telephone which is constituted by a main body 3061, an

audio output portion 3062, an audio input portion 3063, a display portion 3064, an operation
58
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Note that, the examples set forth above are merely examples, and the present

invention is not limited to these applications.

5
In the light emitting device of the present invention, the pixel portion and the driver
circuits in the periphery are formed as integrated by using single polarity TFTs. A portion of
the doping process can be eliminated, and in addition, the number of masks can be reduced,
which contributes to an increase in throughput and a reduction in costs.
10 In addition, the light emitting device of the present invention possesses a novel

structure corresponding to a bootstrap method, and the voltage amplitude of signals for
driving the pixels can be made smaller. This contributes to a reduction in the electric power

consumption of the light emitting device.
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1. A light emitting device comprising a plurality of pixels, wherein:
each of the pixels has a source signal line, a gate signal line, a current supply line, a

switching transistor, a driver transistor, a light emitting element, and a voltage compensation

[wz]

circuit;
the switching transistor, the driver transistor, and the voltage compensation circuit
are structured using single polarity transistors;
a gate electrode of the switching transistor is electrically connected to the gate signal
10  line;
an input electrode of the switching transistor is electrically connected to the source
signal line;
an output electrode of the switching transistor is electrically connected to a gate
electrode of the driver transistor;
15 an input electrode of the driver transistor is electrically connected to the current
supply line; and
an output electrode of the driver transistor is electrically connected to one electrode

of the light emitting element.

20 2. A light emitting device comprising a plurality of pixels, wherein:
each of the pixels has a source signal line, a gate signal line, a current supply line, a
switching transistor, a driver transistor, a light emitting element, and a voltage compensation
circuit;

the switching transistor, the driver transistor, and the voltage compensation circuit
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an input electrode of the switching transistor is electrically connected to the source
5  signal line;
an output electrode of the switching transistor is electrically connected to a gate
electrode of the driver transistor;
an input electrode of the driver transistor is electrically connected to the current
supply line;
10 an output electrode of the driver transistor is electrically connected to one electrode
of the light emitting element;
the voltage compensation circuit is electrically connected to the output electrode of
the switching transistor and to the gate electrode of the driver transistor; and
the voltage compensation circuit amplifies or transforms the amplitude of signals

15 input from the input electrode of the switching transistor, and imparts the amplified or

transformed signals to the gate electrode of the driver transistor.

3. A light emitting device comprising a plurality of pixels, wherein:
each of the plurality of pixels which is scanned in 2 number m row (where m is a
20  natural number, and 1< m) has a source signal line, a gate signal line scanned in the number
m row, a current supply line, a switching transistor, a driver transistor, a light emitting element,
and a voltage compensation circuit;
the switching transistor, the driver transistor, and the voltage compensation circuit

are structured using single polarity transistors;
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transistor, a first capacitor, and a second capacitor;
a gate electrode of the switching transistor is electrically connected to a gate signal

line scanned in the number m row;

an input electrode of the switching transistor is electrically connected to the source

[wa]

signal line;
an output electrode of the switching transistor is electrically connected to a first
electrode of the first capacitor;
a second electrode of the first capacitor is electrically connected to the first electrode
10  of the second capacitor;
a second electrode of the second capacitor is electrically connected to the current
supply line;
a gate electrode of the first transistor is electrically connected to a gate signal line
scanned in a number (m-1) row;
15 an input electrode of the first transistor is electrically connected to the gate signal
line scanned in the number m row;
an output electrode of the first transistor is electrically connected to the first electrode
of the first capacitor;
a gate electrode of the second transistor is electrically connected to the gate signal
20  line scanned in the number (m-1) row;
an input electrode of the second transistor is electrically connected to the gate signal
line scanned in the number m row;
an output electrode of the second transistor is electrically connected to the second

electrode of the first capacitor;
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an input electrode of the third transistor is electrically connected to the current supply

line;
5 an output electrode of the third transistor is electrically connected to the second

electrode of the first capacitor;

a gate clectrode of the driver transistor is electrically connected to the output
electrode of the first transistor and to the gate electrode of the third transistor;

an input electrode of the driver transistor is electrically connected to the current

10  supply line;

an output electrode of the driver transistor is electrically connected to one electrode
of the light emitting element; and

the voltage compensation circuit amplifies or transforms the amplitude of signals
input from the input electrode of the switching transistor, and imparts the amplified or

15  transformed signals to the gate electrode of the driver transistor.

4. A light emitting device comprising a plurality of pixels, wherein:
each of the plurality of pixels which is scanned in a number m row (where m is a
natural number, and 1< m) has a source signal line, a gate signal line scanned in the number
20 m row, a current supply line, a switching transistor, a driver transistor, a light emitting element,
and a voltage compensation circuit;
the switching transistor, the driver transistor, and the voltage compensation circuit
are structured using single polarity transistors;

the voltage compensation circuit has a first transistor, a second transistor, a third
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a gate electrode of the switching transistor is electrically connected to a writing gate

signal line scanned in the number m row;
an input electrode of the switching transistor is electrically connected to the source
5  signal line;
an output electrode of the switching transistor is electrically connected to a first
electrode of the first capacitor;
a gate electrode of the first transistor is electrically connected to a writing gate signal
line scanned in a number (m-1) row;
10 an input electrode of the first transistor is electrically connected to the gate signal
line scanned in the number m row;
an output electrode of the first transistor is electrically connected to the first electrode
of the first capacitor;
a gate electrode of the second transistor is electrically connected to the writing gate
15  signal line scanned in the number (m-1) row;
an input electrode of the second transistor is electrically connected to the gate signal
line scanned in the number m row;
an output electrode of the second transistor is electrically connected to a second
electrode of the first capacitor;
20 a gate electrode of the third transistor is electrically con;ted to the output electrode
of the switching transistor;
an input electrode of the third transistor is electrically connected to an erasure gate
signal line scanned in the number m row;

an output electrode of the third transistor is electrically connected to the second
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'a gate electrode of the driver transistor is electrically connected to the output

electrode of the first transistor and to the gate electrode of the third transistor;
an input electrode of the driver transistor is electrically connected to the current
5  supply line;
an output electrode of the driver transistor is electrically connected to one electrode
of the light emitting element; and
the voltage compensation circuit amplifies or transforms the amplitude of signals
input from the input electrode of the switching transistor, and imparts the amplified or

10  transformed signals to the gate electrode of the driver transistor.

5. A light emitting device according to claim 3, wherein the first capacitor is a
capacitance between the gate electrode of the third transistor, and the input electrode or the

output electrode of the third transistor.

15
6. A light emitting device according to claim 4, wherein the first capacitor is a
capacitance between the gate electrode of the third transistor, and the input electrode or the
output electrode of the third transistor.
20 7. A light emitting device according to claim 3, wherein the first capacitor is a

capacitance constituted of: two materials selected from the group consisting of an active
layer material, a gate electrode material, and a wiring material; and an insulating film between

the two materials.
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8. A light emitting device according to claim 4, wherein the first capacitor is a
capacitance constituted of: two materials selected from the group consisting of an active
layer material, a gate electrode material, and a wiring material; and an insulating film between

the two materials.

[¥7]

9. A light emitting device according to claim 1, wherein the voltage amplitude of
signals input to the input electrode of the switching transistor from the source signal line is
equal to or less than the voltage amplitude of signals input to the gate electrode of the driver
transistor.

10

10. A light emitting device according to claim 2, wherein the voltage amplitude of
signals input to the input electrode of the switching transistor from the source signal line is
equal to or less than the voltage amplitude of signals input to the gate electrode of the driver
transistor.

15

11. A light emitting device according to claim 3, wherein the voltage amplitude of
signals input to the input electrode of the switching transistor from the source signal line is
equal to or less than the voltage amplitude of signals input to the gate electrode of the driver
transistor.

20

12. A light emitting device according to claim 4, wherein the voltage amplitude of
signals input to the input electrode of the switching transistor from the source signal line is
equal to or less than the voltage amplitude of signals input to the gate electrode of the driver

transistor.
66



L109%& ()-3s109%& ()- 109 ()-1[~9dEH 10 10! & - 109%& () - +#10%& () -

(10%&' ()-' 109& ()-$@O0% ()-"#10% ()-9I\ ~abdYNC 10 10! 10 10

1089109& () - 7109& () - yS5#109& () - 3#109& () - YF1Z94.0%& () - bodEYNC 10 10!

, 109 ()-& 109 ()-10%& ()- "109% ()-"10% ()- 10%: ()-6YdEYNC 10 10!
"100& ()- 109%&' ()-109%& ()-ylO%&' ()-  #10%& ()- F"10%& ()- Y| dEYNC 10 10!

9- #109&' ()- +"109& ()- )109& ()-' 109& ()-$109& ()-""10%& ()- 2dEYNC 10 10!
9109& () - 7T#109%& ()-5"100& ()-s3109%& ()- Y1 1109%& ()- S/ 10%& ()- MoC 10

10! 109& ()-3109& ()- 109 ()- LI109% ()- 10 10 10 ; 109 ()- UHIEbC 10 10!
s109%&' ()- Y10%&' ()-Y @O%& ()-Y

13. A light emitting device according to claim 1, wherein:
each of the plurality of single polarity transistors structuring a source signal line
driver circuit, a gate signal line driver circuit, and the plurality of pixels has:
5 a lower gate electrode;
a first insulating film formed contacting the lower gate electrode;
an active layer formed contacting the first insulating film;
a second insulating film formed contacting the active layer; and
a gate electrode formed contacting the second insulating film;
10 the active layer has a channel forming region; and
the gate electrode and the lower gate electrode are placed in positions such that they

overlap, through the channel forming region.

14. A light emitting device according to claim 2, wherein:
15 each of the plurality of single polarity transistors structuring a source signal line
driver circuit, a gate signal line driver circuit, and the plurality of pixels has:
a lower gate electrode;
a first insulating film formed contacting the lower gate electrode;
an _z}ctive layer formed contacting the first insulating film;
20 a second insulating film formed contacting the active layer; and
a gate electrode formed contacting the second insulating film;
the active layer has a channel forming region; and

the gate electrode and the lower gate electrode are placed in positions such that they

overlap, through the channel forming region.
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15. A light emitting device according to claim 3, wherein:
each of the plurality of single polarity transistors structuring a source signal line
driver circuit, a gate signal line driver circuit, and the plurality of pixels has:
5 a lower gate electrode;
a first insulating film formed contacting the lower gate electrode;
an active layer formed contacting the first insulating film;
a second insulating film formed contacting the active layer; and
a gate electrode formed contacting the second insulating film;
10 the active layer has a channel forming region; and

the gate electrode and the lower gate electrode are placed in positions such that they

overlap, through the channel forming region.

16. A light emitting device according to claim 4, wherein:
15 each of the plurality of single polarity transistors structuring a source signal line
driver circuit, a gate signal line driver circuit, and the plurality of pixels has:
a lower gate electrode;
a first insulating film formed contacting the lower gate electrode;
an active layer formed contacting the first insulating film;
20 a second insulating film formed contacting the active layer; and
a gate electrode formed contacting the second insulating film;
the active layer has a channel forming region; and
the gate electrode and the lower gate electrode are placed in positions such that they

overlap, through the channel forming region.
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17. A light emitting device according to claim 13, wherein the gate electrode and the

lower gate electrode are electrically connected.

5 18. A light emitting device according to claim 14, wherein the gate electrode and the

lower gate electrode are electrically connected.

19. A light emitting device according to claim 15, wherein the gate electrode and the
lower gate electrode are electrically connected.
10
20. A light emitting device according to claim 16, wherein the gate electrode and the

lower gate electrode are electrically connected.

21. A light emitting device according to claim 13, wherein a fixed electric potential

15  Vpis input to the lower gate electrode.

22. A light emitting device according to claim 14, wherein a fixed electric potential

Vo is input to the lower gate electrode.

20 23. A light emitting device according to claim 15, wherein a fixed electric potential

Vo is input to the lower gate electrode.

24. A light emitting device according to claim 16, wherein a fixed electric potential

Vo is input to the lower gate electrode.
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single polarity transistors each has n-channel type polanty and the minimum threshold voltage
5  of the transistors is VthN; and
the fixed electric potential Vj satisfies an inequality VthP < Vj if the plurality of

single polarity transistors each has p-channel type polarity and the maximum threshold

voltage of the transistors is VthP.

10 26. A light emitting device according to claim 22, wherein:
the fixed electric potential Vj satisfies an inequality Vo < VthN if the plurality of
single polarity transistors each has n-channel type polarity and the minimum threshold voltage
of the transistors is VthN; and
the fixed electric potential Vj satisfies an inequality VthP < Vj if the plurality of
15  single polarity transistors each has p-channel type polarity and the maximum threshold

voltage of the transistors is VthP.

27. A light emitting device according to claim 23, wherein:
the fixed electric potential V satisfies an inequality Vo < VthN if the plurality of
20  single polarity transistors each has n:;:hannel type polarity and the minimum threshold voltage
of the transistors is VthN; and
the fixed electric potential Vj satisfies an inequality VthP < Vj if the plurality of
single polarity transistors each has p-channel type polarity and the maximum threshold

voltage of the transistors is VthP.
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28. A light emitting device according to claim 24, wherein:

the fixed electric potential Vj satisfies an inequality Vo < VthN if the plurality of
single polarity transistors each has n-channel type polarity and the minimum threshold voltage
of the transistors is VthN; and

the fixed electric potential Vj satisfies an inequality VthP < Vj if the plurality of
single polarity transistors each has p-channel type polarity and the maximum threshold

voltage of the transistors is VthP.

29. A light emitting device according to claim 1, wherein the light emitting device is
used for an electronic equipment selected from the group consisting of an electronic notebook,
a mobile computer, a portable telephone, a video camera, a digital camera, a personal

computer and a television.

30. A light emitting device according to claim 2, wherein the light emitting device is
used for an electronic equipment selected from the group consisting of an electronic notebook,
a mobile computer, a portable telephone, a video camera, a digital camera, a personal

computer and a television.

31. A light emitting device according to claim 3, wherein the light emitting device is
used for an electronic equipment selected from the group consisting of an electronic notebook,
a mobile computer, a portable telephone, a video camera, a digital camera, a personal
computer and a television.
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32. A light emitting device according to claim 4, wherein the light emitting device is
used for an electronic equipment selected from the group consisting of an electronic notebook,
a mobile computer, a portable telephone, a video camera, a digital camera, a personal

computer and a television.
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