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;e3e \ 6 T As SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTION 5 10 1.
F| eld of the Invention The present invention relates to the \\m \‘m a
sem conductor device. In particular, the present invention remw
structure of an active matrix sem conductor device having a thin fgdhom
transistor (hereinafter referred to as TFT) manufactured on an insul ator

such as glass or plastic. Further, the present invention relates to
el ectroni c equi pnent using this type of sem conductor device as a di spl ay

portion. 2. Description of the Related Art The devel opnent of ﬂww
emtting display devices suc [ 1 ce 15 (EL) di

devices and FEDs (field em sgpﬁﬁcﬁﬁpg&mmom active in ”,r”m
years. The advantages of the self-light emtting display devices ifé4tle
their high visibility, their ability to be nade thinner because a back

l'i ght which is necessary for |IUId cr stal dlsla devices (LCDs) and the
like is not needed, and tBACKGROUND OFTHEINVENTION t ati ons on their angle
of view The term EL el enent i ndl cates an el ement havi ng a light emtting

| ayer i nl.ufieldlof 8@ Ihvemtinescence generated by the application of an electric
field can be obtained. There are light em ssion when returning to a base

st at e5 f r om a Rieipgdseit imveniibmtalaes ottt @rucfureiof exoscmd)ictondayidei gt pativids] on
when returning to a base state froma triplet excitation state

( phosphothe ge@BMaNventioh Retatkd Bhthe effidhire 0 ah aytdie, ma@rigd semienduewi decico havdgyi ce

of the present invention may use either of the aforementioned types of

l'ight  en $i5h 9im tElasRic? TRAEifafRQ TeRIed t@@é/Q‘FQ‘) L ReiufedSéd UE InsaRtdrudhbeh a
light emtting |ayer is sandw ched between a pair of el ectrodes (anode and

cat hode) gliaé dr?ﬂsﬂ@t eFu?tthE{J e"jﬁ@scﬁ@ﬁ‘l\/ iontelates A e1GARAR, eqﬁxﬂﬂfé'n?usﬁﬁ@%ﬁé 'ng

| ayer, emtting an electron transporting | ayer,

cat hode” - r ong &me% ‘I;gragagis ﬁ& mq}‘o East man Kodak Conpany, can be gl ven as
of SR BV R ‘gh effi i

a typic rocture. Thrs acr ére “has extrenely high efficiency |light

em Sfd On%;(!?.j?rép oéa}et%et}?ete é{tel enments “currently being researched enpl oy

this str ructures having the follow ng layers |am nated

in order between, an anode cat hode XI st : hoI ecting |ayer,
2 hol e t ransphi i of ac?ﬁ e eruine i s sufy A8 eerdlbifisifsee
transporting. |l ayer;  and injecting layer, a hol e transporting | ayer,

a light @h)tcvﬁp#?g Jexices an(bﬁEQﬁé@elﬂ&ﬁum{h%%m) hgs Pespate, ackiig) i Frogiteaison
injectin Ia Any of the above-stated structures nmay be enpl oyed as the
EL el ene Vram@g@;r@f ths selfilight pitting display dlaviges mclude yhaiphigh visikiliph dheint
invention. Furthernore, fluorescent pignents and the |ike nay al so be doped
i nt o t heablilityHo bemadpithigmtrat;ceausem bHack dight whichrisreebessaryEfor diquideerystalotisplaen t he
anode and the cathode are referred to generically as "EL layers” in this
specl¥ i cdvices (LADY akiahe hikats notedtedw, end rhat Gteragre| adapest nohighitationgos plagit i ng

| ayer, light emitting |ayer, electron transporting |ayer, and el ectron

i nj ecti nghgleboflvagwer are all included in the category of EL |ayers, and |ight
emtting elenents structured by an anode, an EL | ayer, and a cathode are
referred to apheRlenf| ERRIfent indicates an element having a light emitting layer in which

luminescence generated by the application of an electric field can be obtained. There are

light emission when returning to a base state from a singlet excitation stati(ﬂuorescence),

20 and light emission when returning to a base state from a triplet excitation state

(phosphorescence) in the light emitting layer, and a semiconductor device of the present
invention may use either of the aforementioned types of light emission.

EL elements normally have a laminate structure in which a light emitting layer is

sandwiched between a pair of electrodes (anode and cathode). A laminate structure having
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The structure of a pixel in a general sem conductor device is shown in Fig.
5. Note that an EL display device is used as an exanple of a typical

sem conduct or device. The pixel shown in Fig. 5 has a source signal line
501, a gate signal line 502, a switching TFT 503, 20 a driver TFT 504, a
storage capacitor 505, an EL el enent S06, and el ectric power sources 507
and 508. The connective rel ationship between each portion is explained. The
TFTs have three termnals, a gate, a source, and a drain, but it is
difficult to clearly differentiate the source and the drain here due to the
TFT strugture. The explanation regardi ng connectivity between the -2

el ement s a0 Aol BaRgPORIE JRYeh agrgé't é‘l“gﬂ'ﬂ& Baer, 27 AlECERFASPYHNG Fyed@ag 1,
referred to as a first electrode, and the other electrode referred to as a
second eh eathpdaieproppeedtbyr Rangse -cof EagimginrKodgk (Camppany; ¢ea bergivensasda typicsbver |
when gi vi ng expl anati ons about on and off states of the TFTs, the electric
pot ent i abtruztureachhis etrwmitmal has artlertély highkeffictsney Lighteenussiat, modienasf of the EL
switching TFT 503 is connected to the gate signal line 502, and a first

el ect r odelembnts berrentlytbehigngsedfichedédplos thiostneaired to the source signal |ine
501. A second electrode of the switching TFT 503 is connected to a gate

el ecty ode of Fitehedlrdtrveturebmbvig4he folfowisd 1§tRAbhmAARIGH ordie bdtveéaran Tdndd®04 1S
connected to the electric power source 507, and a second el ectrode of the

driver Tl DO4hdds akBRARE A1 &j&ﬂﬁ%%g@r% hoR 8raffpot e 16ered BERRMidiAg P6r, The

ot her el ectrode of the EL el enent s connected to the electric power
source 5 T 0 |t k : .

ol et r odereen A YRR ARG, S e hite i ARIGEL hol RIS RS i

vol t age e t .SO|rce j TET 504, ,1

el ectri cp'g%&&[lyél{’]%g% ?‘?CE%ES%{‘ gép%&%gépgrr ?fr?lée a@%ﬁ“@ﬁ%ﬁ@é@ nla;c?heAg\{/’viO#Bﬁ? ng
TFT 503 15 tu o] t hen_an j mage,signal ,jnput to the source signal. line
501 1o i bR, Rbuces mRL by Gy e the ok Sl SoRRNE Cuspy PR e
between the gate -and .t he source of the drjpver TFT 504, and the anoyni of

el ectti cSemrenduetor H%Wenaf e RIEER PHentop, r Eurhgmoren BugreseeR! RiEmen 8¢ her TFT
504 (hereinafter referred to as drain current), are determned in

accor dan'de BpY #sq bredeped dntpithe light emitting lager. t he i nput i mage signal . The

el ectric current is supplied to the EL el ement 506, 20 which emts |ight.
TFTs formed bidldasiersgfopoed & ELctamentschetiveraf the anedef andrthel catbodesarprdeirehive a
hi gher electric field nobility and a larger on current than TFTs fornmed by
usi ng angemphically =i ‘{Hlc tay¢tsBriritimiafspenificatider r'Be tforeawnfiosid) holamgedthngrleyar e are
suitable as transistors used in sem conductor devices. -3 Conversel vy,
TFTs f orin@eltrmspping dayler,dipht baitenglapérpbiearoneangporting tafat astl dlpara igjecting t hei r
el ectrical characteristics occurs easily due to defects in their crystal

gr ai 15 bodyetaié 8i$ inchided gt da&gdfﬁtﬂﬂﬂs i4yerspadd Rght @iting @leadeat! efucitddosy such
as the TFT threshold val ue an

an anode, an EL layer, and a cathode are referred to as EL elements.
The structure of a pixel in a general semiconductor device is shown in Fig. 5. Note
that an EL display device is used as an example of a typical semiconductor device. The
pixel shown in Fig. 5 hag a source signal line 501, a gate signal line 502, a switching TFT 503,
20  adriver TFT 504, a storage capacitor 505, an EL element 506, and electric power sources 507
and 508.
The connective relationship between each portion is explained. The TFTs have three
terminals, a gate, a source, and a drain, but it is difficult to clearly differentiate the source and

the drain here due to the TFT structure. The explanation regarding connectivity between the
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the on current when the TFTs structure pixels Iike the one shown in Fig. 5,
then there is a 5 large difference in the anount of the drain current in
the TFT in response to the input inage signal, even for cases in which the
sane imge signal is input, and thus there is dispersion in the brightness
of the EL elenents 506. In order to solve this type of problem a desired
anmount of electric current may be supplied to the EL el enents, w thout
dependence upon the TFT characteristics. Therefore, 10 various types of

el ectric current wite-in pixels that can control the size of the electric
current flowmng in the EL el ements, w thout being influenced by the TFT
char act eflegenisds thessferergiven With Qne elspdes thersource & ithe frain, rr?ferrech?i)r g first
wite-in denotes a nmethod in which an inage signal input to pixels using
sour ce sklgatedel pngkibe other plgcirodgyefgired tar 3sca segendegiectpde.o pphsstering urdgedmiy mal

i nput by 15 analog or digital voltage information. The value of the

el ect ri c andithedikt atecusbdy lowppér whert givingexplangionsebow onand eff stijesof thegRETs,

el ectric current on the outside, and an equivalent electric current thereto
i s made the ddctriv pateritinkbofiragletesmindl)iasd thadikehe advantage that there is no

i nfluence due to dispersion in the TFT characteristics. Several exanples of
typi cal el ect Al gatecdlécti®Bé ofht b®ittHin@TFEI503 & RnAdttstto bigd Qité sigiddl1id©502, and

expl anations are given regarding their structure, operation, and

char act ekl Qsotro® ofXRBVRCHH g TFT J03tis Tohactdd! B the selie¥Righf Ifieds0B. AThe
pi xel of Fig. 6 has a source signal line 601, first to third gate signa

lines 60gdRq ggéltrodg%(g?ﬁeeﬁigl_]&gcw > ig%gmgﬁagltg 9 agt%gﬁctr-éﬁg 5 @29l & "ﬁglgt a

st orage capacitor an | ene ectric curren

i nput cu 564N tA ?1?83 regelgtd(gc;ﬁzoﬁ tih%' gri%égz',ﬁ?lt g?l? lsecg)‘nrniocqe% tgftgée ng?tI{:F ﬁg&%&ﬁdugﬁgﬁ%n ected

to the first ga a fTirst electro 0 (S
ted t h i [ 1] L, d | ect.rod the TFT
o L R e LR R e g

the TJET , and a first electrode of the TFT 609. A gate el ectrode of the
Thr b7 $0 o et diornal Seddc Bedenta & gmretia RefgeRolismavr southg

el ectrode of the TFT 607 is connected to a gate el ectrode of the TFT 60%. A
second eP&t riigestores rapagiter GO8 is sconpsrindc bettyeen thegats| degtiode andr thenfirssyppl y
line 605. A gate electrode of the TFT 609 is connected to the third gate

si gnal | ¢leeirogoof therddivar TEE 804 aaH storessbie velfage hetwaon thegateoanddhe saireecofdhe anode
of the EL elenent 6l 1. The storage capacitor 610 is connected between the
gat e el edtiveod®Tad0d. an i nput el ectrode of 10 the TFT 608, and stores the
vol t age between a gate and a source of the TFT 608. Predeterm ned electric
potenti al s ark thengledtrid poteiitéal of thetgatecsignal limn502Sehapges dntl miee Sdkchigdl'EAT SG8 hode
of the EL elenent 611, and the two have a nutual electric potenti al

di f f B enmens doptheAtn dfader sighalMniplietoi the furde sigr@hHhe SO1EM6 linipu€ tocthié gatdleldecodd ght

em ssion is explained using
of the driver TFT 504. The voltage between the gate and the source of the driver TFT 504,
and the amount of electric current flowing between the source and the drain of the driver TFT
504 (hereinafter referred to as drain current), are determined in accordance with the electric
potential of the input image signal. The electric current is supplied to the EL element 506,
20  which emits light.

TFTs formed by using polysilicon (hereinafter referred to as P-Si) have a higher

electric field mobility and a larger on current than TFTs formed by using amorphous

silicon(hereinafter referred to as A-Si), and therefore are suitable as transistors used in

semiconductor devices. 3



Figs. 7TAto 7E. Reference nunerals used within the figures denoting each
portion are based 15 on those of Fig. 6. Figs. 7Ato 7C show el ectric
current flow schematically. Fig. 7D shows the rel ationship between the
electric currents flowing in each pathway during wite-in of the signal

el ectric current, and Fig. 7E shows the voltage accunulating in the storage
capacitor 610 during the sane wite-in of the signal electric current,
nanely the voltage between the gate and the source of the TFT 608. 20
First, pulses are input to the first gate signal |ine 602 and the second
gate signal |ine 603, and the TFTs 606 and 607 turn on. The electric,
current flow fenversebnd Fds fperedshypalysilicorehaye & probleghpeint inythakispartian d gnal
electric current, is taken as ldata. The electric current ldata flows in

t he sour theirsiegtrichl ¢harpsterigties achurs edsdly due tedefeateinrtheir erystalegieinbavirdagies- hi n t he
pixel is divided into 1~ and 1Z, as showm in Fig. 7A. The relationship -5
bet ween t he tlfohére isdisparsiom péii gjxel AD.chidatteridticasudhdmtthe TFTithresiold vilheatd i c
charge is not yet stored in the storage capacitor 610 at the instant when
the TFT fRQ6ont ¢urieat when erRATFTEstRknte pixbBR 1iKe thé08e slkovaf fn. Figofstep@ivid §5,a | z =
0, and ldata = li. That is, electric current only flows due to the

accunyll afar@difitrefteEmtthé GmeRRIFehd drainh@inehOmabe TETGR Papbisoto GhkOinputrimage t hi s
period. Electric charge then accunul ates gradually in the storage capacitor

610, a”dsigﬁhl,eé\/%ﬁ 5 s WHidtAthe FArhd ﬁﬁé‘g[%%‘?gxﬁi Rlihgut! MddRYEhOR iDaikY&E&Hn Pt N
el ectrodesS (see Fig. 7E). The TFT 608 turns on when the electric potenti al

differen t s reaches Vth (point Ain Fig. 7E), and |z
devel opsﬁl%lbal t\ggsg%ﬁﬂ%%%%gﬁ%?g@ussed above, and therefore I1 is 10
gradual ly reduced. Electric current still .flg and d ition, electric
charge accumu "a?rg%r for*o ‘Wetlhlssttgp%ﬁgp{:oggegé’iat gesi reéﬁgﬂ: I?‘l %t’ %ﬁcggggiguré%nntr?aﬁu%s to
accunul ate j.n th orage capacitqr 610 until t | ectric potential

Tt or envoplit s HlonArenS PRk Seneadnet Nopn ey B shbeeliBE: o Meredive y ¢ ne
vol t age between th ate and the source of the TFT, 608, cones.a desjred
vol t Hje, VaTios types oif@gfdﬂ‘éguraenisv%m%‘as thgbegn contrghthe iz ﬂgﬁ*ﬂﬁecaefsc%atses as
much as possible for the electric current Ida,a to flow Wen the

accunul aﬁvwwgdn thy Ebtelqneengsy avitheut being, influgnsed | byt the ([5d) Gharagteriptiqs; pavedhys ¢ pe
electric current 12 stops flowing, and in addition, an electric current

cor r espobatnmpepposedVGS flows in the TFT 608 at this point, and Ida~a = |z
(see Fig. 7B). Signal wite-in operations are thus conplete. Selection of

t he first gatEhestegmalectricrverré@t3viitadn titvotsecmatiodat whshgnainage signad @HuP® i s
finally conpleted, and the TFTs 606 and 607 turn off. Light em ssion

oper at i opigelaifing ometesigiud ines i ifjpilt B¢ eletricfient 4 dppesedho tik wamal mpatyl | i ne
604, and the TFT 609 turns on. The previously witten in VGSis stored in

t he B or aghgtoiagital 061tfd GafoanslionheTré 0ilge bhhe BlettrtQfhiriefit 0Mbe sappliddne the
electric current ldata flows fromthe electric current supply line 605.

Thereby gheidshen® RIRAby6al dighaN disctlié Grent! dn tHRCouldide, 68 dnSequbvale®RBIcRiced in
the saturated region aty thi's point, then Idata can continue to fl ow w t hout

¢ ggnng%égxﬁ bhetdto li Enat! h2BSw DRI B Fixdif1€ TRV HEE 1RNSvalagd iR ek Shp TFT

influence due to dispersion in the TFT characteristics.
Several examples of typic;al electric current write-in pixels are shown below, and
20 explanations are given regarding their structure, operation, and characteristics.
An example of a first structure is shown in Fig. 6. The pixel of Fig. 6 has a source
signal line 601, first to third gate signal lines 602 to 604, an electric current supply line 605,

I'FTs 606 to 609, a storage capacitor 610, an EL element 611, and a signal electric current

input current source 612.
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Fig. 17 shows a second structure exanple. A pixel of Fig. 17 has a source
signal line 1701, first to third gate signal lines 1702 to 1704, an

el ectric current supply line 1705, TFTs 5 1706 to 1709, a storage capacitor
1710, an EL elenment 1711, and a current source for inputting signal
electric current 1712. A gate electrode of the TFT 1706 is connected to the
first gate signal line 1702, a first electrode of the TFT 1706 is connected
to the source signal |ine 1701, and a second el ectrode of the TFT 1706 is
connected to a first electrode of the TFT 1708 and a first electrode of the
10 TFT 1709. A gate electrode of the TFT 1708 is connected to the second
gat e signal | Argatedledrods of the TEE GRE ivranaestedito e firplesatgsiznal dive i092canfibct ed
to the electric current supply line 1705. A gate el ectrode of the TFT 1707
i s conneekeettbdef theelT ¥ hpOGisganreckidga thie sopre sigpaldinez60; ansk a seicend ¢leetrwdodof t he
TFT 1707 is connected to a gate electrode of the TFT 1709, and a second

el ect r odehe I FTt 606 id Ednnkted to: & firstreiseabddofithe AFT SO0 dfinst eedtrodd of tife THIE6ORET
1709 and one 15 electrode of the EL elenment 1711. The storage capacitor
1710 i s amnieied @ibchbdd\Beihe [T 63U, € Ah@elelcetiodastha THT 607 Bl ®@ahdcsdetoahe t he
TFT 1709, and stores a voltage between a gate and a source of the TFT 17009.

Predes er gcBR4 oftk Qfdnhl AndBOE L Scaielb@tRIde dfQhd METEA0FCHE lcbindetéd 8 gaidIPP! Y
line 1705 and to the ot her el ectrode of the EL el ement 1711, which %hus

have a ”HEP?ddeQJfQHéW ot emee&mdflé&ﬁ;d@%me %Pr%@r@tzbrmaateé QN dit gt n of

a signal ectric current through em ssion i s explalned using Figs.

port i Snlﬁenﬁ%gf i fRodet Z’%‘?‘ﬁ**%%gf\?‘“f?””f b0 5o ?ch@égq Rt R
clectri cRURHERE a#r%ﬁﬁte‘éfrﬂf e BER ?fv&?f?fzﬁ g opE0F b RAER s

electric current, angd F 18E shgms t he vol tagf aqf Iatjnﬁ in tp
storage CApSIETaECappeier Qffkis cqnneqisd Dstweeithe gate Hlegrodaandsngnpit electrogs pE
current, nanmely the voltage-between the gate and the source of the TFT
170910 Fj thet TFR 08 s2nd goreh fhe ‘toétagqq@ewqegta daice 289 ghaturrs f the oBFR P8t he
third gate signal line 1704, and the TFTs 1706 and 1707 turn on. The

el ect ri cPredetesined bl@ergpthttalﬁearsomp@tetoSthgn%lﬁctsc |cuprent] upplyating 08 apdi at |,
nanely the signal electric current, is taken as |daca. The electric current
| dac~ f | catlsoderf thedElsddement (il ganallthd iwnehawemutmidlemiv;mwtiel differemdeectri c
current path within the pixel is divided into h and 12, as shown in Fig.
18A. The r el aDpamidn fporh etriteanoft dgialeletttic smoem to HgiiegissidBDs eylbieed Wsidg | daca
= h +12. Electric charge is not yet stored in the storage capacitor 1710

at the ipgt.a todEN Reliaeﬂ& nbimEraly’ ded tvidthins thefigussd dichStiigedadki Portios afeFbhsdd/09 i s
of f. Consequently, 12 = 0, and Idaca = h. That is, electric current only

fl owss dugn thesd mﬁgiczscumagsam@mgfsh@& @RbhicCuabRTIV $dﬂcﬁlbl‘ibaﬂ90r e70aRagd t or
1710 during this perio El ectric charge then accunul ates gradually in the

storage GaRastidnRhipbéhibendndel@ftric currents flowing in each pathway during write-in of the

signal electric current, and Fig. 7E shows the voltage accumulating in the storage capacitor
610 during the same write-in of the signal electric current, namely the voltage between the
gate and the source of the TFT 608.

20 First, pulses are input to the first gate signal line 602 and the second gate signal line
603, and the TFTs 606 and 607 turn on. The electric current flowing in the source signal
line at this point, namely the signal electric current, is taken as Igaa.

The electric current lj,, flows in the source signal line, and therefore the electric

current path within the pixel is divided into I; and I, as shown in Fig. 7A. The relationship
-5-



electric potential difference starts to devel op between both el ectrodes
(see Fig. 18E). The 15 TFT 1709 turns on when the electric potenti al

di fference between both el ectrodes reaches Vth (point Ain Fig. 18E), and

| Z devel ops. laaca = h + 12, as discussed above, and therefore his
gradual ly reduced. Electric current still flows, and in addition, electric
charge accunulates in the storage capacitor. Electric charge continues to
accurrul ate in the storage capacitor 1710 until the electric 20 potenti al

di fference between both el ectrodes in the storage capacitor 1710, nanely
the vol tage between the gate and the source of the TFT 1709, becones a

desi red beWeengbe twhistshpwn ibBigoles Noteghatdge=(Iv6&®) at which the TFT 1709
causes as nuch as possible for the electric current |~aca to flow. Wen the
accunul ati on Blecteic ehhrgeds abiayaystoral inhthe swoagel capitop6ithat Beiinstdritgvheh8hy , t he
electric current |1 stops flowng, and in addition, an electric current

COr I eSPOTHET 506 t@ms ®n, and/fherdfbreVhe MFTL4DB 1§ Foff. 1 CAs@jueiithy, I, pA, nind IgRd- ldata =
|z (see Fig. 18B). Signhal wite-in operations are thus conplete. Selection

of the firpftis PHISEIRAL ohlyTRowk/ER 18k ARBmubikibl 0B 8lebtriei HRBE ih REsteralé 1 S
finally conpleted, and the TFTs 1706 and 1707 turn off. A pulse is then

i nputzto : itgmal line 1703, and the TFT 1708 turns on. 5 The
pr_eviSousTa?gg\i/trQ???gEgﬁlﬁr%@%}‘lg@étoreq in the storage capacitor 1710 at this
point, and t hﬁ%gtfigrcffla}%ethyl: -I;lc<1: 7rgl?laée§ l%lquuaﬁgqﬂgtgg.sﬁ#ﬁéet E_p%g}ﬁ%ﬁéf‘rﬂ}taflﬁlg fa

flows fromthe elsctric curren supp I'n t hus
its light. if t TET 1709 i t i t t t i t..fhi
poi i, FERYE @aien AR R e i BRSRr L HBER POAGTRGe: Cobns PnerE | o
h in th | t bet I he. dth [ f the TFT
3505, ST Bok L YReL PRS0k B R b5 il dhotf il 1o

has a source signal _line 1901, a first gate signal line 1902, a second gate
si gnal | (pait foiaFigafE)e pad frdeyelops-r dat %gﬁplzyaﬂ %F@‘S@@QPVCF p1d thegefgrer Iy iy 908,
a storage capacitor 1909, an EL el enent 1910, and a current source for

i nput@ | nga@iasmatdl@b‘éctlilbcﬁie @nrrentstil Slows, Andyiat additjoae elegieie charge ecunpufatgnOs i s
connected to the first gate signal line 1902, a first 15 el ectrode of the
TFT 1905inithe stomgecdpacitaro t he source signal |ine 1901, and a second

el ectrode of the TFT 1906 is connected to a first electrode of the TFT 1906
and a first efleatic ohgetortin@eslitolactsitlateAn g storape capaciche 1D unkibthEFelech®06 i s
connected to the second gate signal line 1903, and a second el ectrode of

the TFT ial GiffeRNBEBEGEert Bot clRIr8dBif el RelagEaphtitor BT, dadbly BiedoRagat €
el ectrode of the TFT 1908. A second el ectrode of the TFT 1907 and a first

20 el ectyepgdé@nQhe f€addthe 18U8. 8¢ Be BPITIE08 MUEREELHddsRed O&tagh,%ﬁtrié,%c%éseam
supply line 1904, and a second el ectrode of the TFT 1908 is connected to an

ano of g i: 1tS; e
T L e e

el ect rodg,0f gy E%ga&égrgglaﬂ&g of Eﬂgct;i-b %ﬁ&arég li%ﬁﬁ:ﬁ %Qﬁpgicg@%t Tf;zg, #ig0%e), fhe

st or age cap'aC| tor ores t vol't et ween te and a~source of
the TFT e}gc?r?c glpr(rjenE lilze stﬂgs—ﬂowing, and in addition, an electric current corresponding to VGS

flows in the TFT 608 at this point, and 4., = I (see Fig. 7B). Signal write-in operations are
thus complete.  Selection of the first gate signal line 602 and the second gate signal line 603

20 s finally completed, and the TFTs 606 and 607 turn off.
Light emission operations are covered next. A pulse is input to the third gate signal
line 604, and the TFT 609 turns on. The previously written in VGS is stored in the storage
capacitor 610, and therefore the TFT 608 is on, and the electric current Iy, flows from the

electric current supply line 605. Thereby the EL element 611 emits light. If the TFT 608 is
-6-



vol t age between a gate and a source of the TFT 1908. Predeterm ned electric
potentials are input to the electric current supply line 1904 and a cat hode
of the EL el enment 1910, which thus have a mutual electric potenti al
difference. Operation fromwite-in of a signal electric current through
light em ssion is explained 5 using Figs. 20A to 20E. Reference nunerals
used within the figures denoting each portion are based on those of Fig.

19. Figs. 20A to 20C show electric current flow schematically. Fig. 20D
shows the relationship between the electric currents flowing in each

pat hway during wite-in of the signal electric current, and Fig. 20E shows
the volt exg‘éatagama safprated Tegion plthistneini e hipa@dnicoptinugdo ﬂamwwug plangmge
wite-in of the signal electric current, nanely the 10 vol tage between the
gat e andevendf tho upltage betwelan tHERDYrcg 904 therddain 0O the TIFI6HB changeses are i nput to
the first gate signal |ine 1902 and the second gate signal |ine 1903, and

t he TFTs 1905Figntl7 s8OS atseicondaructieexemplet r iAcpigel rof €ipt 17 hasm sumreersigniablisour ce
signal line 1901 at this point, nanely the signal electric current, is
taken asitodafisst tolthirdglaRCsigral lifey 170010 1004, anfeic@wi dufrehh@ipplUieel D5 JTESs | | ne
1901, and therefore the electric 15 current path within the pixel is

di vi ded i 7160toh170% 4 &ora%@ APRYOr 17161 & E20Aemdite1 718! ahd Qnabidat Rekaeep, t he
two is shown in Fig. 20D te that Idata = h + 12. Electric charge is not

yet storgdiifle BRaSiRERAGcAPRGRE OF 1909 at the instant when the TFT 1905
turns on, and therefore the TFTs 1907 and 1908 are off. Consequently, |Z =

0, and ldata g ﬁh&'el&pgac bfstltllg qﬁcl:ﬁgb ?%(%ﬂé%&%{ t0QRd Hrs! gﬁg\@ﬁggzﬂqm%gggﬂga f

: irst
accunul ation of° electric charge orage capacrtor uring

this period. Electrli r.ge then,accunul ates gr.ad KN the . storage
capach ¢ ofieetisgs of s FARE Bonb SR REE R Bt Pl BRI B0 P P bR SRS

bet ween bot h ectrodes (see Fig. 20E)., The TE Q7 turps on when_the

el ectri o ?%ﬁil&bﬁeﬁ ‘fq”éécé‘?ﬂ:@ Ebfgﬁs(/\éé?{f%l&ﬂg thy ?3%1[’ i draegréh%l§°t§ﬂdﬁ of s nt A
in Fig. 20E), and |2 develops. ldata = h + h, as discussed above, and

t her ¥F or BFR17Q9.. 1y satecglestiods 0f thee HHE 4708 i3 eennerted ¢Q theesseonsk gate signghine and
in addition, electric charge accunulates in the storage capacitor. The TFT
1907 i s bi¥3handea segorl ¢lpetropppl AlBGBFT 708 is gounected he) thel edestriq eureent supply linegi ns
to flow. However, this electric current flows in an i ndependent path as
shown i n1705g. A2gue elaettbds afitbe dFdr 07 e comicoted ¢d thedthird gdisedgnabline Adlye, and
there is also no influence on h and 12. Electric charge continues to
accunul afist électiolie ofthe M&TEl 70 pacinhestedL@QOzatdledtrodb of the 8ET 1709 pavidersecaid

di fference between both el ectrodes in the storage capacitor 1909, nanely

t he vol tagerobeoter: TFIre1 WAt 8 Scoaéttdd® & Qedone cléttrolidof Tiel TFTO7092dnd diR08,
becones a desired voltage, that is, becones a voltage (VGS) at which the

TFT 1590 %16ea€6f 8 FIéndit 1796 S I TeQtdrile daP&ithP 1 RI0AE Lorinected bERREN daaR 1O
flow. Wen the accunul ation of electric charge is then conplete (point Bin

Fi 9. 20B)ectoh€ afid §%irbt dectidit @0 thd TR qg]@?,feln@‘@td}gs a @Bﬁzll__éllqrbe@\gégnti ghte 2t a

electric current corresponding to VGS flows in the T 1907 at "this point,

and | dat@, zel [ 2 Felorel SR N=PAN rati :

conpl et e@ugglogé}ﬁg}ﬁrg? g?'heﬁ?%tesr?hgat eleé'/sﬁlfl%hgﬁeh ' |l§g§f %‘gqgﬁﬁéﬁ ﬁ%thg Le&ggﬁlg gate
signal Ijneg. 3 i i .nal | 0 e Q6 n off.
15 An elslélgfly 3’393%%5?3@ tpgll'cs%[tg‘?reegp clkrﬁﬁ? ﬁ%thgﬁg‘ reg%gcnlgzgld 3’?‘2‘?’ tﬁg%bajvgta r?'l"]tlﬂél poi nt
such tha hﬂg fl o) the electric current Ilda~a in the TFT 1907 wil}

i mpart & c‘??t?f‘gﬁ %‘b&rca%e'possi bl e between the gate and the source. The
TFTs, 1907 and, 1908 forma current mrror, and therefore this voltage s
al s@% npar t ePREBUORLOTEY TGNt 4 7ipnal ety curEahf PhaphehiigbtemisHop Feerpleedoog.
This electric current is denoted by reference synmbol 1EL in Figs. 20A to
20E. 20 Using Figs. 4844008Bvi Refsranse nuinpalsquped V‘il@ﬂﬂg%ﬁ fignEes tdBOtHG 3R POTKIOBt h of
the TFT 1907 and the TFT 1908 are equal. That is, the rel ationship between
t he si gisg basedenthese @fifignt7. | FigsalShdo tLBe shpwElaciric ewirepbfew|sehemgtigallng i n
the EL el enent can be determ ned by the nethod of determ ning the size of
t he TFTFid. 98P shnws 1g08lagonshipt batwerp thb electmiccementnflowing.in Aachepathwayf during
electric current wite-in shown in the above exanple is that a voltage -11
bet ween virite-iigaf eheagighal REcGRUCUERNT) @6 5@ WH siowsaké noltigeeacalmalating incther ent
laa,a flowis stored in the storage capacitor 610, even for cases in which
there is dispersion in the characteristics of the TFT 608 and the like. A
desired electric current can therefore be accurately supplied to the EL

el emrent, and consequently it becones possible to control dispersions in
bri ghtness 5 caused by dispersion in the TFT characteristics.




Characteristics of each structure are shown in Table 1. [Table 1] First,
consider the relationship between the signal electric current lIda,a and the
electric 10 current IEL flowing in the EL elenent. Gay scales are
expressed by the value of the electric current in sem conductor devices

usi ng an anal og gray scale nethod, and therefore a |arge current flows for
a high gray scale, and a small anount of current flows for a | ow gray
scale. That is, the size of the wite-in signal electric current differs by
gray scale. In this case, a |longer anount of tine is thus needed for
witing |low gray scale signals into the pixels than for 15 witing high
gray scabteragg gapacyos A7) dwéngotheefame yitetineaf the ignalule@dre cpgerynpamely ghe | ow
gray scale signals, and therefore they are very easily influenced by noise.
Next, comeltagebetwieen the|gatei and i outystofthenl Tl t10¥% ent - vol t age converter TFT,
and a driver TFT. The current-voltage converter TFT is a TFT used for
converting t hBirsj prisds aed épbr tocthe dirstegate sipyaltlint r1G02 tik theabird eai signal lihe ne
into a voltage signal, and the driver TFT is a TFT for 20 naking current

flow in apeQasipiRe TFTs 11704 Al VOZit@@@nsSt The dlettiicichferd fRWAYLInGAPSsirdedignali gur e
nunbers for the current-voltage converter TFT (denoted as converter TFT)

and téie gnd ¥R af s ;&ﬁﬁt ﬁﬁﬁaya{ers&gﬁauaeaaeeuﬁmvi@taka, dapl.e 1. The fact that
the converter TFT and fhe driver TFT are conmon means that common TFTs are

used for ur i £rd edRS el CBOS e QRREALEAMne TR, L IURRGE itifedit, TFT

-12 di spersion I's therefofe sm cases I n which

Lne oV p il PR iNaTap hf 1 S05R SIS0 Al ¢

structuré uence gr'sion 1n chara eri's

Wi thint sider_th ctric, gurrent pathways next. The
si gnal Feg‘é’g t@ E‘ﬁ??éﬁ?w’?f’b% §81f gﬁ&?ﬁ@t F"%clhrlic:,2 current source to the
electric current su ine, or fromthe electrjc rent .su eto
the electric @G? Péﬁﬁgg%ﬂﬁ% yet sfogef dn m°r§?ra§‘f FQP@‘E‘{H‘el(%%Bt ?‘ﬁé“ﬁtﬁf r‘%‘e"t ©

structure. On the other hand, the signal electric current flows fromthe

el ecl@| CTEErW%Eur%SoQR,@@dttW‘#G@Hh? HFTEUOQI'%Hgnt Copsauantly, kighanddiect hi c
current is witten in when using the second structure. The EL el enent

i tsel f bEkabislegtricoamrept omly tflows dug de thef accumulation ef elogtrie gharge iim thersteragea hi gh
gray 10 scale signal is witten in after the wite-in of a low gray scal e
si gnal , ecapdcifood7 thhdwingithisphiiach t he opposite operations are perforned, and
therefore it becones necessary to Il engthen the wite-in tinme. Furthernore,
pi xel contr ol Elearipathbu@e nteh ussunonldtéy gadgaliye ims tignstbrape resaciter 1710y aafl g xel s
for the first and the second structures, and therefore the aperture ratio

i s great ¢lyctiie goenihl irferondeatf6 toQefelop Métiieh Wot els@roded (Wb HQr 1883V Tl
SUWARY OF THE | NVENTI ON An object of the present invention is to provide a

sem pPNAPEt er0Lkanisen wikiRakd 8c@fic potential difference between both electrodes reaches Vth

(point A in Fig. 18E), and I, develops. ljaa = Ii + Iy, as discussed above, and therefore 1, is
gradually reduced. Electric current still flows, and in addition, electric charge accumulates

in the storage capacitor.
Electric charge continues to accumulate in the storage capacitor 1710 until the electric
20  potential difference between both electrodes in the storage capacitor 1710, namely the voltage
between the gate and the source of the TFT 1709, becomes a desired voltage, that is, becomes
a voltage (VGS) at which the TFT 1709 causes as much as possible for the electric current
lyaa to flow. When the accumulation of electric charge is then complete (point B in Fig.

18E), the electric current 1; stops flowing, and in addition, an electric current corresponding to
-8-



solving the various problem points di scussed above, w thout increasing the
nunmber of signal 20 lines. One of the problens due to conventional electric
current wite-in type is that electric current flow for wite-in of signa
and the electric current flowin EL elenents during light em ssion are the
sane size. That is, to solve the problem the electric current flow for
wite-in signal can be nmade larger at all tinme than the electric current
flowin EL element -13 during light em ssion. To make a difference
between el ectric currents, a difference is given to the size of electric

current UC%’VEOW§ in ttﬁeaﬁisfe’@gt% t 1s(ﬂmn§ ?rr;g)?dl Ten (Seegiﬂ" gﬁ? él% ef‘ntnt n to a

gate | engt heQMe Wﬁ

Chor cor PR o S Somfkden” SReQlop i B 8 esi?stvglﬂﬁv%w(%%em ‘?*?ém&ﬂﬁ%%m

that is supplied_to EL elenments flqw n durlng t em ssion. Thus,
write-jnSighal MF#%@@ ing yFn%{Wlﬁ‘Qd’é‘“Flé'i“’g SeUQétaPﬁi& WP £1 ow than the
electric current flow in conventional EL elenments. Therefore, it can solve
the probl em t Adwlsg i hegdnpuinieithe sesond gate signahliseidd03, And thecT IoF 1708 yugsaap.
scale, and further, it can prevent the influence of a noise to a 10 signal.
I'n addli t The praviqustynwrittemsn MGS és siomduimetdic fstrage erpacitasf 1410 aat sthist point, dod i ng
wite-in and |ight em ssion so that the dispersion of transistor

char act ethesffore shé TFTar)9ti® annhhdidrceedtdc lcunemdngeflows frompihe iek@imriortirtenusi ng
a structure in which different transistors are used during wite-in and

| i ght endpplyoline 1H05Thahe BYagkRadti 1901 Ghust digitdNgs eNlf tha\ TEWL 1700 i$ Spedasd fin bed
as follows. A sem conductor device of the present invention is

char act ejhez@fhrdtéd kdp@in attthisyaMNti Eh%ﬁ TgaR chih b8 tmdTRAB S0P "wu(h@ﬁkV@fah%lﬂg, &Rniipput
signal electric current into a voltage, and supplying an electric current

cor r espofidingsde Eﬂﬁ‘ﬁ%&QHYl(;fe:\Io@tg%é/ﬁi:‘t&ré’&ﬁh@ E&&@dhd%@@ﬂafd ¢t tROYPT 15@ir ce to a

| oad; 20 a second ne ring the converted voltage;, a thlrd means

for ﬁ?l ect | ngAttﬁ)irégtRfc rggﬁtng)ci?sl N nIi pf%p‘f?' t&g)?xe Bt f’lgel§ﬁ§soz{1§1) al and

-14 a fourth neans |ng ect e curren n1the

ol cot 11 cRGI, BH ﬁ%ﬂtié’ﬁh%kiw G0 AR 1 ”Peé%oﬁ% Legﬁtcsélﬁ‘wa

COm e el uBl Lol B RuhoBh BOUE s T o 2, DS PR 2
charact ecrulrrze(lalfI solupcetfgra 1tnp1|xtttmg (sjlgggllelsc%tsrxc current 1911.
A gate electrode of the TFT 1905 is connected to the first gate signal line 1902, a first
15  electrode of the TFT 1905 is connected to the source signal line 1901, and a second electrode
of the TFT 1906 is connected to a first electrode of the TFT 1906 and a first electrode of the
TFT 1907. A gate electrode of the TFT 1906 is connected to the second gate signal line
1903, and a second electrode of the TFT 1906 is connected to a gate electrode of the TFT
1907 and a gate electrode of the TFT 1908. A second electrode of the TFT 1907 and a first
20 electrode of the TFT 1908 are both connected to the electric current supply line 1904, and a
second electrode of the TFT 1908 is connected to an anode of the EL element 1910. The
storage capacitor 1909 is connected between the gate electrodes of the TFTs 1907 and 1908,

and the second electrode of the TFT 1907 and the first electrode of the TFT 1908. The

storage capacitor 1909 stores the voltage between a gate and a source of the TFT 1907 and the
-9_



a first neans for converting an input signal electric current into a

vol tage, and supplying an electric current corresponding to the converted
voltage froman el ectric power source to a toad; a second nmeans for storing
the converted voltage; 10 a third neans for selecting to store or to

rel ease the voltage in the second neans; a fourth neans for bl ocking the
supply of electric current fromthe electric power source to the load in a
period for inputting the signal electric current, and supplying electric
current corresponding to the converted voltage fromthe el ectric power
source to the 1S load in a period for driving the load; and a fifth neans
of cont r 3Pitagsdetwrreniargatn anska soavecestfdheTFE|1808.1 | Rredatiermainpd alestriqypotentials arprpanss .
A sem conduct or device of the present invention is characterized in that it
conpr i sesmputitd the slectrisaaigrend suppinlies 190dgamha catherde ofithe &L dementri940cwuhicknt
into a voltage, 20 and supplying an electric current corresponding to the
conver t ethus hhvegmufuabetectric pbtential diffepever source to a | oad; a second neans
for storing the converted voltage; -15 a third neans for selecting to

store or to repedtén fibM Walelingfa signdltfechRCAQRENNBANSH lightdmiksbdn fs\explaink@ur t h
means, connected in parallel, for: blocking the supply of electric current

from ghe,ghewidsi S0RPNODE.S OREERNECHTNGalks AREL Wwithi tRE FioOfds HeRotingRMER pb¥Gioh he
signal 5 electric current, and supplying electric current corresponding to

d
the conver.t lg;rgel;ct’/ |9+’1 %lﬁ)tgﬁ 8f F%’;&,bh gF%L.fe%%ﬂ[ {200 Urdw %Qe{rﬁecuf'r?ntt iy |sOithatiBal Ry

period for means for controlling the input "of the

?%)?”i'e! ZEF%‘-’%%%PW%%E?E%%@“% %@L%ieéﬁ%%@ﬁ%‘%ro SRHER b iR B g7
Toad. A ST Bl s ey atl Pl 2P VA GRMEE LRUBIRR A |

that it conprises. a urality of first means, connected in parallel, for
Conver t i HGBh e L0haring thersame' WlrBrt i o JHTAGUTC R AT R ng
an electric current corresponding to the 15 converted voltage froman -~

el ecl?i cvoliage betsisan the gate and|thpaspurcs of Eieofilsni?Q%h and 52085t ori ng t he convert ed

voltage; a third neans for selecting to store or to release the voltage in
t he second mnekinss; pulses are input to the first gate signal line 1902 and the second gate signal line

1903, and the TFTs 1905 and 1906 turn on. The electric current flowing in the source signal
line 1901 at this point, namely the signal electric current, is taken as Igata.
The electric current Iy, flows in the source signal line 1901, and therefore the electric
15  current path within the pixel is divided into I; and I, as shown in Fig. 20A. The relationship
between the two is shown in Fig. 20D. Note that Ly, = 1) + L.
Electric charge is not yet stored in the storage capacitor 1909 at the instant when the
TFT 1905 turns on, and therefore the TFTs 1907 and 1908 are off. Consequently, I, =0, and
Liaa = I1. That is, electric current only flows due to the accumulati(_)n of electric charge in the
20  storage capacitor 1909 during this period.
Electric charge then accumulates gradually in the storage capacitor 1909, and an
electric potential difference starts to develop between both electrodes (see Fig. 20E). The
TFT 1907 turns on when the electric potential difference between both electrodes reaches Vth

(point A in Fig. 20E), and I, develops. liaa = 11 + Iy, as discussed above, and therefore I is
-10-



a fourth means for bl ocking the supply of electric current fromthe

electric 20 power source to the load in a period for

el ectric current, and supplying electric current corresponding to the

converted voltage fromthe electric power source to the load in a period
for driving the |oad; -16 a fifth neans for controlling the input of the

signal electric current to the plurality of the first neans; and a

plurality for sixth neans of selecting at
first neans,

for converting an input signal electric current into a voltage and

suppl yi nip theistefage capagiterur r ent corresponding to the converted vol tage from

an electric power source to a |load; 10 a storage capacitive nmeans for

storing
capaci ti

and supp urrent correspon € cbnver

froman glectric power, source to. .a ¥ S gg. capaci.ti.v ans,,f or
Ctor g FREhE eRPLE R YGES Lol iR deo7 ] BIBD RS bSnkf G o
capaci ti

vol t age;

t he cOivEFT 480 Gl dralgeee, and SheoTED 4908 mradsosinpand eletthie catram dggins to

ve nmeans, for selecting whether to store or to rel ease the voltage;
and a drflywr Hoaesdrsthidreldcttic Qireakflovds inheh iSdgpphdenopatk hestonnCindig. 2OAL akdr m
the electric power source to the load in a period during which the signal

el ecty i Cthertkdre e vabuel JTANL dockDoRBithngsl RRY HeRlis &ls6 @b inffuchicd siERNand B r espondi ng
to the converted voltage fromthe electric power source to the load in a

period for drE%&Bgchg.e

invention is c

Lrans! St Qfo Bl gAML bl0ge R DMk R H1A SLAELLDEGHISE ko) oot 20°

BuedtoSLBIEAMIYE IRt GFabr 1P &ﬁﬁgﬁemc

aracterized 1n that 1t conprises: a converter a

tobtrrrare vlaSTVES) of et biekreh SRt Catspng PR dlefible Birvont

formthe electric power source to the load in a period during which the

si gnHl  eflestie icprrenirhanie flaw. nihen thenaccumylption of cdackits shagsec iy them complete

correspondin
the | oadppint

controll

15

20

ing the input of the signal electric current
corresponding to VGS flows in the TFT 1907 at this point, and Iy, = 12 (see Fig. 20B).

Signal write-in operations are thus complete. Selection of the first gate signal line 1902 and
the second gate signal line 1903 is finally completed, and the TFTs 1905 and 1906 turn off.

An electric charge is stored in the storage capacitor 1909 at this point such that the
flow of the electric current lj,, in the TFT 1907 will impart as much voltage as possible
between the gate and the source. The TFTs 1907 and 1908 form a current mirror, and
therefore this voltage is also imparted to the TFT 1908 and electric current flows in the TFT
1908. This electric current is denoted by reference symbol Igy, in Figs. 20A to 20E.

gL = lgara provided that the gate length and the channel width of the TFT 1907 and the
TFT 1908 are equal. That is, the relationship between the signal electric current Iga. and the
electric current lg. flowing in the EL element can be determined by the method of
determining the size of the TFTs 1907 and 1908 structuring the current mirror.

A merit of the electric current write-in shown in the above example is that a voltage
-11-

i nputting the signal

| east one of the plurality of the
to formelectric current supply pathways fromthe electric

power source to the 5 | oad. A sem conductor device of the present invention
i s char agtagdwallyagdygeds hElectric copapr stidleflowsy apd iy additéan, sleetrigrohgige aceumuates or

rrver

age 20

to the converted voltage fromthe electric power 5 source to
ipdiig. GOE).ahe elestvic surremidy stopsafloveing, anddnaddiiom gnicteghid awisnt f or



to the converter and driver transistor. A sem conductor device of the
present invention is characterized in that it conprises: a converter and
driver transistor for converting an input signal electric 10 current into a
vol tage and supplying an electric current corresponding to the converted
voltage froman electric power source to a | oad; a storage capacitive neans
for storing the converted voltage; a storage transistor in the storage
capacitive nmeans, for selecting whether to store or to rel ease the voltage;
15 a plurality of driver transistors, connected in parallel, for blocking
the supply of electric current formthe lechric power source to the | oad
in a per Perycefuthe r&@te\ﬂﬂﬂg}?sf’wé’e SPCERELY far ined %F}F?‘Eﬁf‘"i“g“i%p pw is,siored in
supplying electric current corresponding to the converted voltage fromthe
el ectri cgqgcméagesqanaqz@r Ht0,tewen fazgases in avhishrtherd i dispadsipy imiic charagteragics af
switching transistor for controlling the input of the signal electric
current e TR 608cancighe bk¢.erA desiredrelectic ¢urgentcant therefome pd agcarately seyfplied éxt ri ¢
current selection transistors that select at |east one of the plurality of
driver ttharBl sleateat, and donsigeemnlyeit becamasupossible ®upplryl gispdnsionssinf brigitrcke
electric -18 power source to the | oad. A sem conductor device of the
present 4@ty disparsioah@TFechagderistick.hat it conprises: a plurality of
converter and driver transistors, connected in parallel, for converting an
input signal ehfsdiEdsticEsl dabinbinichire af heWh &P€add. suppl ying an el ectric
current 5 corresponding to the converted voltage froman electric power
source tﬂh@ml ad; a storage capacitive neans for storing the converted
voltage; a storage transistor in the storage capacitive neans, for

sel ecting whether to store or to release the voltage; a driver transistor
for blocking the supply of electric current formthe 10 electric power

source to the.l oad I. eri.od duri ich t si.gnal l.ectr current is
Copue . and oubimronytehE e ngl belen B etsh Risf e <Pl e ahd el

voltage fromjihe electrjc_power source to the load |h eriod for drivin
Ve s iriemL bt ok mitbe E L Plemisnt s ooy stesvs Frcesrbby el o eciectiig,n)
electric current to the plurality of the converter and driver transistors;

and 15 aCyredt i samicduglpp devices usig whanaleg gy see tpethnd apd therefprgra lggeact at
| east one of the Egurality of the converter and driver transistors, and

make el eawrrentilows fosathighugrpy yeabaendaymatlagpunhef eirset foves 9o adew gmyrsealet o t he
| oad. A sem conductor device of the present invention is characterized in
t hat: a Phatislthe sizeodf theevritedur sighal dentrie ourrentidiffeys prighayesgslef r bnthishasalaect ri c
bonet longer amount of time is thus needed for writing low gray scale signals into the pixels than for
15  writing high gray scale signals into the pixels. Further, the current is small for low gray
scale signals, and therefore they are very easily influenced by noise.
Next, consider the relationship between a current-voltage converter TFT, and a driver
TFT. The current-voltage converter TFT is a TFT used for converting the signal electric
current input from the source signal line into a voltage signal, and the driver TFT is a TFT for
20  making current flow in accordance with the voltage stored in the storage capacitor. Figure
numbers for the current-voltage converter TFT (denoted as converter TFT) and the driver
TFT for each structure are shown in Table 1.

The fact that the converter TFT and the driver TFT are common means that common

TFTs are used for write-in and light emission operations. The influence due to TFT
-12-



20 source to the load are arranged in parallel; and electric current is
supplied to the load using at |east one of the plurality of the electric
current supply pathways. -19 A sem conduct or device of the present
invention is characterized in that: electric current supply to |ight
emtting el enents occurs along pathways that differ according to tine by
chronol ogically switching between the plurality of the electric current
supply paths. 5 A sem conductor device of the present invention is
characterized in that: the storage capacitive neans stores voltage between
a gate and a source of the converter and driver transistor; and the storage
transi st SISPHFIGRi R therederqdmatli vPpythe giherpande f5 gates iy Mhych Be copvsren Th A ead

el ectrode and a drain el ectrode of the converter and driver transistor by
turni ng 81 drver1bFbare dufeserti avshenn dn thevhied seactuge thare deanflycaceedue do i s
characterized in that: the converter and driver transistor has the sane
pol ari t y dispersios inithewharactergtics withinsthe pixskeni conduct or devi ce of the present
invention is characterized in that: 15 the converter and driver transistor
and the dri veCohsidsrshstigia ekericcivspnisgathways siextt e The nighlleel@tde turrent faws ent
supply pathways fromthe electric power source to the load, and their gate
el ect § odgsmathe eRceRtduire@ sbiirce enNRGlRetic clitntRpplgafd et fosm diy/éledri©Eurtdhe
present invention is characterized in that: the signal electric current

pat hways gipplyiife @ithé Bidstic bi@erk kbitte, TR BRTirsBMctal dldan&ing@lstrlubiufUr OANhe
pat hways for” supplying the load fromthe electric power source when the

|l oad is 1N Gk ol i - j t s. -20
8@3{ !?%ﬂrd, gneevsl‘igcn‘eé! glfe@t{nﬁ ecﬁgéﬁt Aid¥s frbfhShe PRARKE ARt %ﬁreﬁ:%‘ﬁoﬁ%}. ﬁ%%at :

A sem con resent i.nvention Is characteril ze

the signgleheghéd t%a%%fﬁl\elégércn@%m s Jvﬁttégln \t@‘lﬁ]eél' @ﬁ%&tp@sé&% %Eu&p%b o gain

of the converter an transi stor; rrc curren way s

for supplying the load fromthe electric wer. 5 source .when .driving the

| ond"| o Bl pinl s Bisputed G baEwitndbis e FENCwre R SES AV afber * hit et ver

trangistor, and a squrce gnd a drai,n of the driver .transi:stor. A .

serm L ndthelcoHERRL & WETGY i i Hhecktiferin ohpdAwiE5tY 1eelecyignahand dpLeies 1 Yhigh - ¢ he

rel ati onship between the signal electric current, denoted by lda,a, and the
the opposite operations are performed, and therefore it becomes necessary to lengthen the

write-in time.
Furthermore, pixel control is performed using three gate signal lines per row of pixels
for the first and the second structures, and therefore the aperture ratio is greatly reduced

15  compared to a conventional semiconductor device.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a semiconductor device capable of
solving the various problem points discussed above, without increasing the number of signal

20  lines.
One of the problems due to conventional electric current write-in type is that electric
current flow for write-in of signal and the electric current flow in EL elements during light
emission are the same size. That is, to solve the problem, the electric current flow for

write-in signal can be made larger at all time than the electric current flow in EL element
-13-



el ectric current supplied to the load fromthe electric power source,
denoted by 1EL, is lda~a z | OIEL A sem conductor device of the present
invention is characterized in that: the load is a light emtting el ement
contai ning an el ectrol um nescence el enent. BRI EF DESCRI PTI ON OF THE

DRAW NGS 15 In the acconpanying drawi ngs: Figs. | A and 1B are di agrans
show ng enbodi nent nodes of the present invention; Figs. 2A to 2E are

di agranms for explaining operation and electric current pathways c~~~T-ng
signal wite-in and |ight em ssion for the pixels shown in--Flgs. | A and
1B; Figs, . . di agranms showi ng an exanple of an anal og i mage

si gnal iﬁﬁééééngéﬁﬁgﬁhductor devi ce of an enbodi nent node of the present

i nvention; Figs. 4A and 4B are diagrans showi ng an exanple of a digital

i mage signal i Tpuiaks eandifferedecbawechesicadc elirrans, andiffdierenis givaetoahe size of
present invention; Fig. 5 is a diagramshow ng the structure of a pixel in
a gener aklesteiticagost Uiwoin deMsieor. - Bilthis dnitbdirfent Sgiving iad @ttertionnowiga@ 1Edeh
structure of a pixel in a typical electric current wite-in sem conductor
device; El gfe galPldn@th’E dRlaCtraHsRT AR Wh @H:c@iéet_ru%hloﬂo@m% RIrRg tWrite-if e r ent
pat hways during signal wite-in and |light em ssion for the piXxels shown in
Fig. & SiehhiGeckid an&nmsqggq%@héna%mnﬁre};aeexleﬁg}hqz & a Irmié&riwmi}peleém@
source signal line driver circuit 1nt sem ctonduct or device shown I n
Figs. 3ACISI’9€H§ at FIE QUp ieh%an]g!eﬁ:gﬁc Eg ﬁ@&"l‘{' ncﬂlri%% 1?%,?2&1@0%“. L[}ﬂgs S\Mlﬁ‘g% y§ € of
a source signal ltnedriver circurt 1n the Se nduct or "deviCe shown in
Figs. 4A and 4B;. Fi,g.. 10 is a diagram show.n n exanpl e .of the ructure
of % sanBrEed: P URYinENy et RS EREN PP elon CHRVEFRES SEBL M 1P e
sem conduct or ,devjce shown in Figs. 3Ato 3C, Fig. 11 is a diagram show ng
an exanpf@vswlq%Eﬁﬂemﬁr o Thrrebee. itz soive B mre i el tovef BT o Fmeis

sem conduct or _device shown in Figs. 4A and 4B; Fig. 12 is a diagram show ng
an exanpheeded in gesef lawtgraw seple, and furthe, ¥ C@mrewepﬁéledmﬂvwe ©f rachgise o t he
sem conduct or device shown in Figs. 4A and 4B; 15 Fig. 13 is a diagram
showlthg signaxanpl e of the structure of an electric current setting circuit
corresponding to 3-bit digital gray scales; Figs 14A to 14D are di agrans

showi ng bl X! SRR, GrShonEAESort UAtustl Ol Sed G EORAM AL HOSE oy

their operation, el'ectric current pat are an

external oG A g GLORS ASELHADAE naRR Ta ERRRE YR 10 Ffhefe,

sem cond evi ce; I'agrans show ng exa
el ectronj c .equi pnment capabl e of . s . .
lufnina ce Pn comparison Wltﬁ using a structure in which different transistors are used during

write-in and light emission.
15 The organization of the present invention is described as follows.
A semiconductor device of the present invention is characterized in that it comprises:

a first means for converting an input signal electric current into a voltage,
and supplying an electric current corresponding to the converted voltage from an electric

power source to a load;
20 a second means for storing the converted voltage;

a third means for selecting to store or to release the voltage in the second

means; and
-14-



applying the present invention; Fig. 17 is a diagram show ng the structure
of a pixel of a typical electric current wite-in sem conductor device;, -22
Figs. 18A to 18E are diagranms showi ng operation and electric current

pat hways during signal wite-in and |light em ssion for the pixel shown in
Fig. 17; Fig. 19 is a diagram show ng the structure of a pixel of a typica
electric current wite-in sem conductor device; 5 Figs. 20A to 20E are

di agranms showi ng operation and el ectric current pathways during signal
wite-in and light em ssion for the pixel shown in Fig. 19; Figs. 21A to
21C are diagrans for explaining a process of manufacturing a sem conductor
devi ce; Figs. 22A ta f2ath ameansfadrankingftbe seppdy of elegirc chmeny fwoe e adctric
manuf acturing a 10 sem conductor device; Figs. 23A and 23B are di agranms for
expl ai ni pgwérheusee ag eigsload inarpstiad forr inpgting genigmhdectriorcutem] aed supphdng 24A
and 24B are di agrans show ng exanpl es having structures in which display

i rregul agledttie Sude chRedpoRdiBp %6 MR DR ARAN oREAREN thel Eld@ria pEwaVRuA@ad thel S
Fig. 25 is a diagramfor brrefly explaining a nethod of driving the pixels

shown inlogjjg]sapg%fgp&h‘gg%hem. explaining the structure of a driver
circuit; Figs. 26A and 2 are di agrans show ng exanpl es having structures

in which display irregularities due to dispersion between adjacent TFTs are
aver aged; Fi gsA S‘ETFJAO%(%J@WZ Apviae ef the prgrentinvenéw in ghassieriacd & thal/it pmeRiSesict ur es
in which display 20 irregularities due to dispersion between adjacent TFTs

are averaged; Figs. ,284& a@gls%ﬁﬁ&mnmgg%@g&zsg%a%ﬁarm%@ﬁrmwggﬁ nt

node of the present invention; Figs. are diagrans for expl aining

o s oroPRSAL A Clegkit bty BRRPSUNENS YSeoib B vtk Tl sf e BT,

di agrans_show n opazlr a(&i on and electric current pathways during signal
wite-i npogY‘F(’jS?‘frtho f%sion for a pixel having a structure that differs
fromthat of Enbodi nent Mode 2; Figs. 31A to 31D are diagrans show ng

operation and el ect nisecondmicans fop dichinayie dndkttedvglisdegnal wite-in and |ight
em ssion for a pixel having a structure that differs fromthat of

Enbogdi ment Mode 2; . . .
ICH a third means for selecting to store or to release the voltage in the second

means;

a fourth means for blocking the supply of electric current from the electric
power source to the load in a period for inputting the signal electric current, and supplying
electric current corresponding to the converted voltage from the electric power source to the

15  load in a period for driving the load; and

a fifth means of controlling the input of the signal electric current to the first

means.
A semiconductor device of the present invention is characterized in that it comprises:

a first means for converting an input signal electric current into a voltage,
20  and supplying an electric current corresponding to the converted voltage from an electric

power source to a load;

a second means for storing the converted voltage;
~15-



Figs. 32A to 32D are diagranms show ng operation and electric current

pat hways during signal wite-in and Iight em ssion for a pixel having a
structure that differs fromthat of Enbodi ment Mode 2; 10 Figs. 33A to 33D
are di agranms show ng operation and electric current pathways during signal
wite-in and |ight emssion for a pixel having a structure that differs
fromthat of Enbodi nent Mbde 2; Figs. 34A and 34B are di agranms showi ng an
exanpl e el ement layout and its equivalent circuit diagram respectively; 15
Fig. 35 is a diagram show ng an exanple having a structure in which display
irregularities due to dispersions between adjacent TFTs is averaged; Figs.
36A to 36C are di agrdhid sicapsiaseleptinghioctiorg 454 telgase dhe vYollaepik dic Sepnset ur e
shown in Figs. 1A and 1B is changed; Figs. 37A to 37C are di agrans of cases
i n whi chmaansprtion of the pixel structure shown 20 in Figs. 28A and 28B is
changed; Figs. 38A to 38C are diagrans of cases in which a portion of the

structure and the elegibiyg S4Bl AAl MRl phidfiPioralioalie LiboFf g5 14A

to 14D i s changed; ﬁlgs. an are ﬁlagr ms showi ng el%ectric current

pat hways_for. the pixel,.shown. in Figs. 33A 1 3D, and. 24 =1 gs. 40A to
20C ar & clrafie SRS g B iuPule Bores it e ool Pl BROO TS nn el Pl v
sho in Figs. 28A and 28B. is changed. DETAILED DESCRI PTI ON OF THE
PREFBRREHFATGERF HENTS PRSIt CRGHE CRTARPETHE 10,16 BRvertfd slaesfem
invention is shown in Fiq. | A A pixel of Fig. | A has a source signal line
101, fi ri8¢ clepigicPaVERPUEFST theilgathin anefad for@sivingdhalysd; an electric current
supply line 104, a first switching el enent 105, a second sw tching el enent

106, a driver TFT 1Q%iftiPmeRRVRF c6hitrdlifl el Bt offific $28al AedliOt@ed CRRRCI t OF
109, an EL elenent 110, and a 10 current source for inputting signal

el ectri chQuhLEERlnhll. Note that the storage capacitor 109 may be forned as
a capacitive element by using wirings, active |layers, gate materials, and
the like, with an insulating |layer in between, and may al so be elim nated
by using a transi st erplyality dzsxtbimeans ifersickeging Thigastione ot pieadity phthei t has
the capability to store the voltage between a gate and a source of the
conviér t eiourin chedus, weforthelethic G@tent eupply pabwaysefcbp ¢lrd eektnd powerspumnayo the
structure may be used. The first switching elenment 105 is controlled by the
first gabsd.signal line 102. Afirst electrode of the first sw tching

el ement 105 is connected to the source signal line |01, a

A semiconductor device of the present invention is characterized in that it comprises:

a plurality of first means, connected in parallel, for converting an input
signal electric current into a voltage, and supplying an electric current corresponding to the

15  converted voltage from an electric power source to a load;
a second means for storing the converted voltage;

a third means for selecting to store or to release the voltage in the second

means;

a fourth means for blocking the supply of electric current from the electric
20  power source to the load in a period for inputting the signal electric current, and supplying
electric current corresponding to the converted voltage from the electric power source to the

load in a period for driving the load;
~16-



second el ectrode of the first switching elenent 205 is connected to a first
el ectrode of the driver TFT 107 and a first electrode of the converter and
driver TFT 108. The second 20 switching elenent 106 is controlled by the
second gate signal line 103. A first electrode of the second swtching

el ement 106 is connected to a gate el ectrode of the driver TFT 107 and a
gate el ectrode of the converter and driver TFT 108, and a second el ectrode
of the second switching elenent 106 is connected to the source signal line
101. A second el ectrode of the driver TFT 107 is connected to an anode of
the EL el enent 110, and a second el ectrode of the -25 converter and
driver TFT 108 is cohfillbimaeans dor ¢patrellimgithe énputipf Hit sighah slegirici yarentole. thahe
storage capacitor 109 is connected between the gate el ectrode and the
second elpbualitp@bthefiirstmcassauért er and driver TFT 108, and stores the

vol tage between a gate and a source of the converter and driver TFT 108.

Predeterm ned el ectrj g, p ?{g‘ggcﬁeﬂ %*tﬁtrﬁ{eeﬁls:_o?@ Ectfn ' ;l%?hr\?ﬁi H]%t ur%H{;(roet%e

supply line 104 and a ca ave

mut ual electric potenti di fference referable th

Stor age. CpaReDu0 168 pRuu chEEbCHbR r?'titwaytsﬂ‘i mytfeot B BREEHFeebdbe | ne
conveé‘t er and driver TFT 108. The first and the second swi tchl ng el errents
may b d using TFTs having 10 structures simlar to those of other
TFTs. An exanple in which the first switching el ement 105 and the second
swi tchi ng el emaRtmkBAd@t® dedicBBtlthgyradehdenlibin® chithcitBedanthatiteb@pags: TFT
156, respectively, is shown in Fig. 1B. The switching TFT 155 and the
storage TFT 156 only work as switches for selecting conductivity or

non- conductivity by & GPHiCHE R srjeloftrnsiItergfaranxeihipg aRoinphpigadli elplrigr e
pl aced on their polarities. 15 Wthout being limted to Enbodi nent Mde 1,
there ar euent itorh veltage nad prrpdying emelretnic perent coyesppraing i theycopryredpltage
switching elenments. In addition, although transistors, in particular TFTs,
ar e usedfhsran eleotragpivesr sowce wratoad;on si ngl e crystal silicon or -SO may al so
be used. Operation fromsignal electric current wite-in to Iight em ssion

is explai ned using ngﬁ gnoting each
portli(@n wi thin the f%l gurgescaggétlf)ea%leij‘s fgiesf'&&En?]ﬁfi\ an Ecﬁ_@tagl ‘gs. 2A to 2C
show el ectric current flow schematically durr ng signal input, conpletion of
si gnal input, and | iagidragmirgwsistn,in thesspaagd maphgitivd:mganszmrdegtWiether to
relati onship between the electric currents flowng in each pathway during
Wi t e- i nstofe drivereddagthk veltsget aidc current, and Fig. 2E shows the voltage
accurnul ating in the storage capacitor -26 during the sane wite-in of the
ate anqothe sour ce

signal electric cur ren namel y t ol t bet

of the TFT 108. Flrsat %‘Hr Gasistr 1%? r% they suppS; 9f © I&}&F SYTERRL Form {he 102
and the secaond gate si I e 103, apd. th Wi tchl ng TET 155 and the

ot or age SFSG BRYR ASO Derond s pead éﬁvc he SERRAHEeSHE EHEL B
signal line at this point is taken as Idat~ The el ectric current ldata

f1 owd i nathwpRlyinecdectiqmaTent FoTEsPonipg tRdhesonvertgdholiage from the elgetris RPWERL hunay
within the pixel is divided into h and 12, as shown in Fig. 2A. The
rel at i onshirgs tpdedeachintaperipdéoridsivinigdhmload. Fig. 2D. Note that ldata = h + 2.
Further, the electric potential of the gate electrode of the dri ver TFT 107
becones equal l
driver TFT 107Aggt]“eﬁ?&lc%g?%‘tlg%%@h?g}egﬁleh@\%\ﬂ“ﬁ: gehér%%ﬁzfgéﬁahg?t e storage
TFT 156 both being on. That is, the-voltage between the gate and the source
is zero, and ther ef oreonvhierdard, driverFTans3tort fior regnyertieg fan ghput signal trdectiia ver
TFT 107 is assuned to turn on in this state, then electric current flows in
t he EL edwreshintoldvqltagmand swppbinecanrdlectriacurent cdrapendimyto thie doaverted voltage
accurately. 15 Electric charge is not yet stored in the storage capacitor
109 2t tfemiansleanic pohvensduie tswildeli ng TFT 155 turns on, and therefore the
converter and driver TFT 108 is off. Consequently, 1Z = 0, and laata = h.
That is, electric curr ent onl ws due to the accu tion of electric
charge in the storadé Oéa@ﬁﬁaf@f’zt%r"efﬁ@"ﬁ St?&“sﬁff“"ﬂé‘f cSld’o B¥%ctric charge
then accunul ates gradually in the storage capacitor 109, and an

a storage transistor in the storage capacitive means, for selecting whether to

-17-



20 electric potential difference starts to devel op between both el ectrodes
(see Fig. 2D). The converter and driver TFT 108 turns on when the electric
potential difference between both el ectrodes exceeds Vth (point Ain Fig.
2E), and |Z develops. laata = h + Iz, as discussed above, and therefore h
is gradually reduced. Electric current still flows, and in addition,

el ectric charge accunulates in the storage capacitor. -27 El ectric charge
continues to accunmulate in the storage capacitor 109 until the electric
potential difference between both electrodes in the storage capacitor 109,
nanely the voltage Vﬁg bet ween the gate and the source of the converter and
driver Tﬁ?“TUSO“gﬁﬁﬁ §m§aﬁésired voltage, that is, becones a voltage (VGS)
at which the converter and driver TFT 108 causes 5 as nuch as possible for

the electric currentas UageratrhRistdromsr Bb&ingd R SufplyMok Adcait Qhrr&it eolhi the
charge is then conplete (point Bin Flg 2E) the electric current Il st ops

f1ow ng, @B Bw@idgiu}deqe th@‘[lbaﬁ 61?9?&1‘1 evm,cmre S BPElQétﬂQc Her%( WS in

t he converter and river TF 0| nt, an see

2B) . Sel ate s nI | .0 n ted the

28) e Sk BByl SRR PP ok AR B0 e %?r%s b BRIk a” 10
Li ght.em ssion . o0 tions. over The switching TFT 155 turns off
when el S35 tﬂﬁb@o?cﬁ@ ¥R f afb‘"%%‘g éﬂagi e 102 is conplete. An electric
current path fromthe electric current supply line to the switching TFT 105
and to the el ectric aciwitchitlg t8msise forscontiuling Whoofnput éhntle kipasledlautc aurp@tt i on
of the electric charge stored in the storage capacitor 109 in order for the
el ectri cioaHé e6vertédmd @river dngidtorn t he converter and driver TFT 108 up to
this point 15 is transferred to the gate electrode of the driver TFT 107.
The driver TFT 107 thus automatically turns_on, Consequently, an electric
current path ff8smicprdustasdeyicgofthe P@ﬁ?m HNysplign qs|chga§t5rlqeﬁén HHHU SPMBHSesnd
driver TFT 108 to the driver TFT 107 and to the EL el enent 110 devel ops as

shown in Fig. 2C andcddieréd %ﬁ)t 'Elh@erchlﬁﬁs?smr foElcohverlRE@nt @pht Ghal T
el ement 110 thus emts |ight. The gate el ectrode of the converter and

and her S GA e BT hboh] %%’ﬁr%ﬁéﬂ%@* SHETROS g orfedgeE" =
functi on f TFT this point. Generally, if the gate length
Lin a ﬁgggeﬁemséﬁgﬁggé&cettﬁél g‘&déll n current becones smaller. In this case,
t he el ectrl c current is Ilda,a finally made to flow only in the converter

and driver TFT 108 dustaragy cpapitiate means éoristoring8he cowentat vodtiagg; whi l e t he
electric current is EL made to flow in the converter and driver TFT 108

and in the driver TET 107 du | L,aht _em ss on, of gat.e

el ectrodes therefore Sf)or%%an%asnﬂs%?éleplggsﬂf?%?gcaf’? tﬁ‘fe m?ﬁngséér ﬁce "ﬁ’g “g’a‘#}éﬁ‘ foengt h
L becorre§ Longpg 1 ‘f“ relsult and the rel ati onshl p between the electric

cur rent SIYEOpEleAe e valtaes) © 5 Note that the channel width Wof the driver
TFT 107 and the channel width Wof the converter and driver TFT 108 may
havelst he sane size, aapldraiity of|dRveditfahgistors, Benieeledt inopahildd, Bet bioeking hee gat e
lengths L is also simlar.

supply of electric current form the electric power source to the load in a period during which

the signal electric current is input, and supplying electric current corresponding to the

converted voltage from the electric power source 1o the load in a period for driving the load;

a switching transistor for controlling the input of the signal electric current

20  to the converter and driver transistor;

a plurality of electric current selection transistors that select at least one of

the plurality of driver transistors, and make electric current supply pathways from the electric
-18-



Signal wite-in through light em ssion are perforned in accordance with the
af orenenti oned procedures. In accordance with the present invention,
wite-in can also be 10 perforned using the electric current |data~ which
is greater than the electric current IEL flowing in the EL el enent, during
wite-in for cases in which light is emtted by the EL elenent at a | ow
gray scale. Trouble such as noi se enbedded in the signal electric current
can therefore be avoided, and quick wite-in operation beconmes possible.
Further, the driver TFT 107 and the converter and driver TFT 108 operate as
a 15 nufti-gate TFT during light em ssion, and therefore it is desirable

t hat t heWWEFTIr¢edpdhalgad.sane polarity. In addition, it is desirable that
the polarity is p-channel for cases in which electric current flows in the
direction of Fi : : ; bl nged
for cases in v\,hAlg%e ltg(ﬁ‘ghgimrzg%vt]%?%éfﬁ} t egi @?g@{o&?ﬁ&%&aﬁ%ﬁ%ﬂ ?‘?g%]%%&&rﬁg?ﬁe EL
el ement 110 is opposite to that of Figs. 2A to 2E. This 20 structure is
shown in Figs. 36A ta @edityTelecpueden and dfivarhigansisioys raoanectaddind pargldel, T#T and
the driver TFT is the reverse of the polarity used in Figs. 2A to 2E. The
el ectri c couvargnd apatgmwaignalelectrig cafrgmaintoed @oltagecandusupplyingwan tleetrin carrent! i ght
em ssion are as shown in Figs. 36B and 36C. In addition, the converter and
drivers TkbrdfBndisg tsthe cOiweriad voltgedonin électtio panet sduice iga od®;, | i ght

em ssion. That is, dispersion in the TFT characteristics can be nade to

i nfluence signal wite-in operations apd |i.,ght em ssiqgn Q%fs by using a
portion of common TFTétO(ﬂ&Fng@ngiVﬁﬁ?ﬁa“ F@f‘ﬁ%thﬁr‘ﬁﬂn‘fqr@af’o fssion. Furt her,
a portion of the electric charge that has accunulated in the storage

capaci tor 5 109 is 15 gnedgefaadstboin' the sofige cepaeRive aitang forl RRctig WhEthdfté 107
at the instant when |ight em ssion operations begin when noving fromthe
state of sir@er dBelbclilevsilagt,e of Fig. 2C. The vol tage between the gate and
the source of the TFT 108 Stored in the storage capacitor 108 therefore
beconmes slightly smaller during Iight em ssion than the desired val ue -
during wite-in. ConaeHiyehtiapsistondoryblockine thesuprn afhegire cugpet fova Beur ce
of the TFT noves very 10 slightly in a direction nmaking it nore difficult

f or dOr r ekctricgpotepapuranith the déud ie@issipd duig which dhesigmal eldatricreyrrbitas knpdt, spl ay
due to a TFT off leak current can also be prevented for cases in which

t her e i s add syygpilyEngelectnicichaetivarrespording to the cofivdrtied vakaps fiddy therudech@Spovidot e
that, in Enbodi nent Mode 1, the switching TFT 155 and the storage TFT 156
are cont rsohic€th the ldadrima periédfdr afifinyhetlbfl; f i rst gate signal line 102 and the
second gate signal 15 line 103, respectively. On and off control may be

per f or ned sinultaneouslﬁ f.or cases in mhi?h t he EL e} ment ngts Igght

i medi ately after cofPVEEHES rassisier oy Forfrolling the, inpp ot g sgoal gectge curetgng)

| ines can therefore he reduced by, connecting the gate el ectrodes of the

swi t chi nd® theplurally of theyoqavattey pa@riverfransigorsiandhe same gate signal |ine and
perform ng control for cases in which the switching TFT 155 and the storage

TFT 156 have the SanEFRxgalﬁ?bﬁEie&t)ﬁc chiatf stRefion RardsREI#G hat e 4Plcagtank@p 1S
presented here under the assunption that the EL

the plurality of the converter and driver transistors, and make electric current supply pathways

from the electric power source to the load.

A semiconductor device of the present invention is characterized in that:

a plurality of the electric current supply pathways from the electric power

20  source to the load are arranged in parallel; and

electric current is supplied to the load using at least one of the plurality of

the electric current supply pathways.
-19-



el ement 110 is used as the load driven by the driver TFT 107 and the
converter and driver TFT 108, and that this is applied to the pixel of a
light emtting device, the present invention is not limted to this use.
That is, it is also possible to drive a |oad such as a diode, a -30

transi stor, a capacitor, a resistor, or a circuit in which these |oads are
conbined. This is simlar to the other enbodi nent nodes and enbodi nents.
Enbodi mrent Mode 2 5 Enbodi nent Mode 2 of the present invention is shown in
Fig. 28A. A pixel of Fig. 28A has a source signal line 2801, first and
second gate signal lines 2802 and 2803, an electric current supply line
2804, a first g\ﬁpm@ﬁnwtqérdemmf thgpBsery invepbonis shiraeiprized iethatient 2806, a
driver TFT 2807, a converter and driver TFT 2808, a storage capaci tor 2809,

d EL el 2 '
T ST HE SO g A St
2809 :
gat e x%/ eitr?réra lagé’o%g%?tf tf%xecaﬁgﬁﬂoholkégxcgﬁ em;]fs?%l‘ng% Pcﬁg}e 4 §/ng ﬁlhﬁg@eofaﬁlte' e\fcect @yer S,

al so be el natF ?y using a transistor gate capacitor instead. That |s
provrded‘FW SYPPIHRAS he capability to store the vol tage between a gate and
a source of the converter and driver 15 TFT 2808 for a required period of
time,5any strudkemzondictdddeuis€ol thd pesént ibiensSo ik Chirdgerided ifetit: 2805 i s
controlled by the first gate signal line 2802. A first electrode of the
first switching elenﬁnt 2805 i s, connected to hhe source srg %£ i ne 2&01 a
second el ectrode of Wh¥OREF SEPASIIVE CMiRAY SIBTeS YRHREeREH¥Cn A SR ARE  SRPIFEHO

first electrode of the converter and driver TFT 2808 and a first el ectrode
of the diieyapvertemansialsiver transisttcdd 20 switching el ement 2806 is controlled
by the second gate signal line 2803. A first electrode of the second

switching el ement 28Q6sth 899&@&6@;510%9& &ﬁld&gﬂfﬁt CorShdt@hdidtRy Kdeenand a
second el ectrode of the second swi'tching el ement 2806 is connected to a

-gate ele \/ 7 de of
the dri v%té Sl %, SRRl BE v Gfer BT P e B GE SERKE LS,
to t ctric current supply line 2804, and a -31 second el ectrode of

t he converter and driver TFT 2808 is connected to one el ectrode of the EL
el ement 2810. The storage capacitor 2809 is connected between the gate

el ectrode and A kenisewtucthr dbvdcd oftblepwent hyentoomie chaactaized dr theer TFT 2808,
and stores the voltage between a gate and a source of the converter and
driver TFT 2808. Pr%geternlnedgg ctrt goteﬁ s are glL utt%o th
electric current suppi JOTiCHE 3BbATYRY MEREAS: eel &5 8 3" g S g p—
2810, which.thus have a mutual electric potential difference. Note that it
i's prefe?ﬂﬁt ™f'hat the storage capacitor 2809 be connected between the gate
and the source of the converter and driver TFT 2808. The first and the
second swi t chiAgemgbatrblos déHYe dfahd presentinyshtitg iJ ElBadiaiced th thék: St ruct ures
simlar to those of other TFTs. An exanple in which the first sw tching

el e t 2805 and the second smntchln el ement 2806 are forne a ..

o TEni ng TET 2855 Sifcbcavatss At drverTHasssr ahe U5atey ERpISHTS S BRRrorhine g
28B. The switching TFT 2855 and the storage TFT 2856 only work as smntches
for sel e€tiFht o RlEECicYTest sapplwﬁthevarrﬂtrem e Ftﬁcw HOM’FhF%’QCCo‘H taniPagsand angd
therefore no limtations are Placed on their polarities. 15 Operation from
si gnal eheie gatf glegliedes ate algcirically goangcielght eni ssion is expl ai ned using Fi gs.
29A to 29E. Reference nuneral s denoting each pertion within the figures are
Dased on P\ 95 TheAnRORNER dcfibOSs e BRolid ibIGTRhELAGH /it BHET Ot f1 O
schematical |y during signal Input onpl etion signal 1 nput, and |ight

em ssion, respectively. Fig. 29D shows the rel ati onshi p between the

el ectric currents fthewigng! ¢lectiactrropapatvagysdeviargloaptithetiishmednst #nel 20 si gnal
electric current, and Fig. 29E shows the voltage accunulating in the

st or;pge capacitor dg.relen&trgéﬁ [rg%t}éwgtsg—o} ﬂ_‘ggsynt g]eséafglrm%] éi&.rth@ Jent,

nanely the vol tage t ween t e TFT 280 F|rst,

Cignar 1 JBpS el gk hranaé?ﬁr%?ﬁags%m%a%' B BRI 02 e,

on. A signal electric -32 current i $40rput to the source signal line 2801
at this point, and is taken as ldata. The electric current lIdata flows in
t he source signal line 2801. There is an electric current pathway wi thin

the pi xel as shown in Fig. 29A, and ld~ca follows this pathway, separated
intol1 and 2. Note that Ildata = h + |z. Further, the electric potenti al
of the gate 5 electrode of the driver TFT 2807 becones equal to the

el ectric potential of the second el ectrode of the driver TF'T 2807 at this
pornt due to the smntchlng TFT 2855 and the storage TFT 2856 both bei ng on.

— M I T o T T o, I T - . - N 1



10 laata cannot be set accurately. Electric charge is not yet accunul ates
in the storage capacitor 2809 at the instant when the switching TFT 2855
turns on, and therefore the converter and driver TFT 2808 is off.
Consequently, 12 = 0, and ldata = h. That is, electric charge accunul at es
in the capacitor 2809 here, and a corresponding electric current is
generated. 15 Electric charge then accunul ates gradually in the storage
capacitor 2809, and an electric potential difference starts to devel op

bet ween both el ectrodes. The converter and driver TFT 2808 turns on when
the electric potential difference between both el ectrodes reaches Vth that
i's, a threshol & s¢Eigeadestordeyice ghthe Preentdpvenéien ireharppterizglgg thatoi nt A in Fig.
29E), and |Z develops. Idaca = h + 12, as discussed above, and therefore I

is gradually 20 r edt‘tﬁgglégng%ecﬂ%e&m@mI%aglﬁ%déﬁﬁgt Wt also A6 aRE & bl @fithon of

el ectric charge in t orage capaci I's conplete, and the electric
current | L w, qEl ectric charge continues to accunulate in
t he storgégéggbgg??%grgﬂgghﬁﬁ?yl the electric potential difference between
both el ectrodes of the storage capacitor 2809, nanely the voltage between
t he gate and the souheeleottrictcheemgathevaye foramngplgimg\vky 10adFTrogBIh8 clebricquesr a
desired -33 vol tage, that is, becones a voltage (VGS) at which the
convest esorrtiwhbién deblinglfhe 162308via atkas tlassoitte anad sheplvsia obthe choverfehenddrdet ri c
current Ida,a to flow Wen the accunul ation of electric charge is then
conpl et e trap@itdrt ardt 4 $bukdethind AURn of he dev&atankigtogurrent 11 stops flow ng, and
in addition, an electric current corresponding to VGS flows in the
converter and driver TFT 5 2808 at this point, and ldatag .= li (see Fig.
29B). Sel ecti oft SHPHIPREIUdsHEe ghthe PE‘iS@‘Hé‘PVCPPWé‘SﬁQfSCtF’éZ"gH’éH“a&'onrpl eted, and
the storage TFT 2856 turns off. Selection of the first gate signal |ine

2802 is then conpl etife rdisiRnsHip betkieB thEFslgndBelecttib chgef deno®B Sy Ih, QN4 the
wite-in is conplete. Light em ssion operations are covered next. The

switchin f e i ir i | Jine
2802 is glgar;tglgecg ééﬁ&%b@ e(:ttgrtlliﬂcwcc'}:(ﬁ?r r0 g‘n{hggegcﬁr&fé%wr# ? ﬁlg&%’iéﬁ g%tgﬁ:)zls %E'aﬁine
2801,40 ?he switching TFT 2855 to the converter and driver TFT 2808 and to
t he el™ment 2810 is thus cutoff, and therefore a portion of the electric
charge stored in the storage capacitor 2809 in order for the electric
current |data Acehicomhictorideece ofithe ptesent madndon isehard¢tdriZ28@8thap to t his paint
is transferred to the gate el ectrode of the driver TFT 2807. The driver TFT

151 rom the ol ect g et AR <Biung SRRERHSBleitog AT HE A inbschil SRl (T

converter and driver TFT 2808 and to the EL el enent 28/ 0 devel ops as shown
in Fig. 29C, and the light emtting electric current IEL is made to fl ow.
The EL elenent 2810 thu ] F'B e gat e ode of the driver TFT
2807 and the gate el ect DESGRAPLION Qb FHE DRAWINGS TFT 2808 are
connected, and therefore the two TFTs function as a nulti-gate TFT at 20

t hi s1doint. GBS sgcpyppanying ¢rawigse | ength L in a TFT becones | onger, the

drain current_ ) ) i
Figs. 1A and 1B are diagrams showing embodiment modes of the present invention;

Figs. 2A to 2E are diagrams for explaining operation and electric current pathways
during signal write-in and light emission for the pixels shown in-Figs. 1A and 1B;
Figs. 3A to 3C are diagrams showing an example of an analog image signal input
20  semiconductor device of an embodiment mode of the present invention;
Figs. 4A and 4B are diagrams showing an example of a digital image signal input
semiconductor device of an embodiment mode of the present invention;

Fig. 5 is a diagram showing the structure of a pixel in a general semiconductor device;
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beconmes smaller. In this case, the signal electric current is finally nade
to flowonly in the converter and driver TFT 2808 during signal electric
current wite-in operations, while the light emtting electric current is
made to flow in the driver TFT 2807 and in the converter and driver TFT
2808 during light em ssion. The nunber of gate el ectrodes therefore becones
-34 | arger during light em ssion, the gate | ength L becones | onger as a
result, and the relationship between the electric currents becones lIdata >
IsL Note that the channel width Wof the driver TFT 2807 and the channel

w dth Wof the converter and driver TFT 2808 may have the same size, and
may al so di f f Big. 6 Srediggrpm|shevimgdha prosurgelchpixeldn g sxpical elsglrigsurrentyvrite-dn
simlar. Signal electric current wite-in through light em ssion are

per f or neskmipomloctor deicee Wit h t he af orenenti oned procedures. In accordance
with the present invention, wite-in can also be performed using the signal
el ectric currEBigs. TAl& Z2E avhdiagrams shovemp @petatiom atdhelettrigletirrenti pathways ebdog ri ¢
current IEL, during wite-in for cases in which light is to be emtted by
the EL esighaRiritd-th &id 1ight omissiba Yorshapikels bilovadiaiRig.@9, it becomes possible to
shorten the anmount of wite-in tinme by performing wite-in at a

suffigiently Figrges @hﬁ%ﬁafﬂ ShoWhllg ANExanBYESE th str@uElof 8ls60RE kigAgI¥RFiver | 0ad.
Further, the driver TFT 2807 and the converter and driver TFT 2808 operate

as a mul L : ' ' 1 85 QN therefore it is desirable
t hat the‘gs'}ec"%%{%g“e;;g%;é&?ﬂ%&‘%sdeg%ﬁ%h%% %ﬁI%?Aﬁﬁggiﬂdi tion, it is desirable
that the pol agity.be.n- el for cases | i i rent, flows in
the directi oﬁﬁléfyll—s'lbzbg]? gr%B:iﬁp 0 "o exl‘—aﬁ.'rpgJ %tlrtﬁ%\ré\@?&{}ﬁg)lfg% ?%ﬂggal‘%ﬁglclgl{r% deri;‘{g{ ly be
changed f.or.cases in which the direction of t el ectric current flowng in
Cho Bt crEiif Meaeiotictol deve SR § PREBE,oF anat i on rmde i n

Enbodi nent Mode . Thi,s structure i s sho in Fig. 37A. The polarity of the
20" conver t er il AREra PhHHE AR S URPER Besuplis it SERAngE TSR pacen
polarity used in Figs. 29A to 29E: The electric current _ pathways during

si gndl  etleqtic puTeat ponygFtengincpis in the sempicpadpgtor dayicsshowndp Elgés%ﬁ%aﬁ: in Figs.
37B and 37B. Siml|ar changes are al so possible for subsequent enbodi nents
in this speciFigcht isondiagrae showrieg en exdmple of ghepstanstire ohs fixed elngiria @urent n
addition, the converter and driver TFT 2808 is used during signal wite-in
and - 35 ciraditnn thyg semiohdwetirsievioashoimain Higs, 44iaggpdBsi on in the TFT
characteristics can be nade to influence signal wite-in operations and

| i ght em ssi dfigl ESiS aléjagush Skpvaing aii examiplobf the strciurtfoTa sduice Bignsli Igralriver
wite-in and |ight em ssion. Further, a portion of the electric charge that
has accuwitehietheisBmichrdittdidagice SpaGh tFdds. 5SA2809Bj s transferred to the gate
el ectrode of the driver TFT 2807 at the instant when |ight em ssion

opergt i ons begh N 3Ne amidpRath @Ebvfrih%ﬁh tkanMt BF theQtrubtug of29R1dchrid S rent §iengOf
Fig. 29C. The voltage between the gate and the source of the TFT 280

stored idchit@odspbiifs w%hﬁgglﬁgp&a;@pr ef ore becones slightly smaller
during i1 ght emsSsion than the desired value during wite-in. Consequently,

the voltage BelyeeR b NAnORk Siidtnl WodRUHRIOha/ifl CihcIRY A5 ¥Bfefs HOm
slightly in adirection making it nore difticult Tor current to ow, and
i ght erﬁrﬁﬁdﬁxﬁelﬁfM})cﬂ:el, their operation, and electric current pathways;
Figs. 15A to 15C are an external diagram and cross sectional diagrams, respectively,
20  of a semiconductor device;
Figs. 16A to 16H are diagrams showing examples of electronic equipment capable of
applying the present invention;

Fig. 17 is a diagram showing the structure of a pixel of a typical electric current

write-in semiconductor device;
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el ement during black display due to a TFT off |eak current can al so be
prevented for cases in which there is dispersion in the characteristics of
the TFTs 2807 and 2808. Note that, in Enbodi ment Mdde 2, the switching TFT
2855 and the storage TFT 2856 are controlled to turn on and off by the
first gate signal line 2802 and the second gate signal 15 |ine 2803,
respectively. On and off control nay be perfornmed sinultaneously for cases
in which the EL elenment emits light imediately after conpletion of signal
wite-in. The nunber of gate signal lines can therefore be reduced by
connecting the gate el ectrodes of the sw tching TFT 2855 and the storage
TFT 2856 to t HigssHietogkiEears liggmims|shoringogerption admlengricentenbpathwayschigiog i n
whi ch the switching TFT 2855 and the storage TFT 2856 have the same 20

pol ari ty sigAaloxmitpam asbiight emidsioatfor the pixel shotvurie §igol 7;Enbodi nent Mode 1 and
Enbodi ment Mode 2 of the present invention have been added to those of
Table 1 is shen 19nis Baliagrarh sl{oFAb%]uthmcaﬁe of RupikElest, a ttfisicdredigttio iren®f t he
present invention is to receive the signal electric current input, perform
storage Qkitd-heseqli@mnbinétor &¥fdeent at an arbitrary timng, and to use the TFTs
that becone an electric current pat hway as a mufti-gate TFT during out put

sanpl ¢ and ho%‘% 5. 2020 e 42 3 E%Q%wﬁgfog arfd%edﬁﬁ&&)&npﬁatma}ls'cﬁhhg

enlttlng devi using EL e nENt'S can |y be given in th

speci ficg };h&i C}E"ﬁ% aﬁﬂ?%lfeﬁ%‘iﬁ. fbﬂK? 'ePéhokvﬁ uﬁ‘?{ghhém ted to these uses in

particul a SO efrtectl V e present inventi on to

anal og circui S litude con erter circuits

Enbodi nent s OF ggﬁrg ezﬁgp ?%ﬁgfad‘}f‘ e cﬁ?l?@ §sedpr88?58W°tEI§"n%mta u"ng 3 The
structure of a sem . cqnductor device for perform ng display using an anal og
i mage si ARFORBFOLAeYiSige signal is explained in Enbodi nent 1. An exanpl e

of the structure of the 15 sem conductor device is shown |n Fi 3A. 'There
is a pixel poFiEsoR2A0® 22G 4ipi dipgramp) foF sxplaiping thy pracess) of IpanyfaGEEingna o
matri x shape, on a substrate 301. A source signal line driver circuit 303,

and ﬂ@rsﬁmaﬁmﬂb@@bﬁﬁﬂg%te signal line driver circuits 304 and 305 are in
the periphery of the pixel portion 302. Although two gate signal |ine
driver circui Figs.aPBPAumdd23B aF giagdiys o1l gxplaiming Hbe godcepeofl hanutasbuingor
cases in which it is not necessary to select a plurality of gate 20 signal
| i nes f osenpitomeluctdr desvdce; as expl ai ned in the enbodi nent nodes. Further, a
structure in which the gate signal line driver circuits are disposed

symet ri cal | yFigs. Ja0t shdeaathsaro tliagah® shb@ihglexhmples havifgstivtturgpinavigcidisplay i nes
are drlven fromboth ends may al so be used. Signals input to the source

si gnal rﬂ:%uﬁflhé/sedueQb tspérion Beowebh 8djhénB TFUAAE aSdrggrdl | i ne driver circuit
304, and e second gate signal line driver circuit 305 are supplied from

the pytside -Bg 25ty Au@tand b SR &pRidifd 8In&hdF b dridiif@le Fi%8s shown in

Figs. 24A and 24B, and explaining the structure of a driver circuit;

Figs. 26A and 26B are diagrams showing examples having structures in which display
irregularities due to dispersion between adjacent TFTs are averaged;

Figs. 27A and 27B are diagrams showing exampies having structures in which display

20  irregularities due to dispersion between adjacent TFTs are averaged;

Figs. 28A and 28B are diagrams showing another embodiment mode of the present
invention;

Figs. 29A to 29E are diagrams for explaining operation and electric current pathways

during signal write-in and light emission for a pixel shown in Figs. 28A ad 28B;
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An exanpl e of the structure of the source signal line driver circuit is
shown in Fig. 3B. The source signal line driver circuit is for performng
di splay using an anal og i nage signal as an image signal, and has a shift
regi ster 311, a buffer 312, a sanpling circuit 313, and an 5 electric
current converter circuit 314. Level shifters and the |like not shown in
particular in the figure may al so be added when necessary. Operation of the
source signal line driver circuit is explained next. A detailed structure
is shown in Fig. 8 which will be referred to. A shift register 801 is nade
by using a plurality of stages of flip flop circuits (FF) or 10 the |ike,
and inputs a EBHciOAIYREAD @S- diagpms sshowingk opargtion: el slegffig| cyrsnCppthyaynd a
start pulse (S-SP). Sanpling pul ses are output one after another in

accor dandwingisignal Wetetin mnd digltfentissémefos a gixgl avilgrestswmind thatdiffatsSeen that plut
fromthe shift register 801 are input to the sanpling circuit after being
anpl i fi eBmbddimagtMadd2tf f er 802 and the like. A sanpling circuit 803 is nade
15 using a plurality of stages of sanpling switches (SW, and perforns
sanpling of aFigerdi to @abuaR @hghfe shoBef: Spanin adll aleaeicdament Phthvayhe
timng of the input sanpling pu%ses. Specifically, the sanpling sw tches
turn on whes sidael wARBhiaRg li?M' DASsiGH ©r h PRI hdvingd N@rusRRPIh NG feM o Bt ofand
the electric potential of the imge signal at that point is input to an

el ectri cpppsdifht Miggqwerter circuit 804 through the sanpling swtches. 20
The electric current converter circuit 804 is made using a plurality of
st ages of el £ CUr rept  setting Chrcuit d .

pr edet er m negﬁé“l{ eé(;2 r?(gl 3gfl}r ?rgnélgé%ggog&?vggl gs?%enéfzml %’r@eglg%{g?%k\?\rﬁﬁtr Batkwgysi s n)
in accordance. with.the s | ed .i mage signal . .Cperatjon, of .the electri
curront - SEPESIEH R 88 BB it BtRn 7 nE bl BN RS s Lo |
di agram show.ng the structure of the sanpling circuit and the electric -38
current l%%ﬁ%??‘étﬂ\qﬁﬁ'er%uit. Qperation of a sanpling circuit 1001 is as

di scussed above. Althrough a sanmpling switch 1002 here uses one TFT, anal og
swi tihes and Hige 33 ée SePure diagiamy sheving ensrHiognadnedpcteeugset BAthYa¥sannel
TFT may al so be used. An electric current converter circuit 1003 has an

el ect ri cduging signal wiitepn end light emissimofor & pixabhayingasstuctyre hat diffen Gom hatof
converts a sanpled voltage signal into an electric current signal. The

i mage sikmbddimentiMpdet2;t o the el ectric current output circuit 1004, and a
predeterm ned signal electric current (ldata) is output in accordance with
t he el ectric Rigst 3#A aind 034B hee idiqims rshgeing gmalkxampleeelementt tayoulc dnd dst
output circuit is structured using an op-anmp and a TFT in Fig. 10, but
there areguivalehi ditcduitidiagnsn,irespeativielygul ar with this structure. Q her
structures may 10 al so be used, provided that they are capabl e of

out pist ti ng a Fig.e8etie ARG NS isBMAng CAE Gkarhle CRAVIENE sStilclR€L & AT didpldy t he
el ectric potential of an input signal. The signal electric current out put

f'rom t hgneh@sitles Quey di§hetsistRiech ifabist THPOA averabdiput to the reset circuit
1005. The teset circuit 1005 has anal og swi tches 1006 and 1007, an inverter

1008 a0 SRR TSI S A0 o AP B 83087
in Figs. 1A and 1B is changed;
Figs. 37A to 37C are diagrams of cases in which a portion of the pixel structure shown
20  in Figs. 28A and 28B is changed;
Figs. 38A to 38C are diagrams of cases in which a portion of the structure and the
electric current pathways of the pixel shown in Figs. 14A to 14D is changed;

Figs. 39A and 39B are diagrams showing electric current pathways for the pixel

shown in Figs. 33A to 33D; and ”



and a reset signal inverted by an inverter 1008, and operate such that one
is off when the other one is on. A reset signal is not input during normal
wite-in, and therefore the analog switch 1006 is on, while the anal og
switch 1007 is off. The signal electric current output fromthe 20 electric
current output circuit 1004 is output to the source signal line at this
point. On the other hand, the analog switch 1006 turns off if a reset
signal is input, and the analog switch 1007 turns on. An electric potential
inparted by the electric power source 1009 is applied as the electric
potential of the source signal |line, and the source signal |line is reset.
Not e that theFigss8fAdpe0&t arelizgape sheying $Xpmplss i mWhidnt fertiost ofr the el od or
the like. Note also that it is -39 preferable that the electric potenti al
i npar t ed sfructure shevieinddgs. 28Apod2BBsochangedl 009 be nearly equal to that of the
electric current supply line in the pixel portion. That is, it is
preferable that the amount of electric current flowng in the source signal
line be able to be set to zero when the source signal line is reset. 5 An
exanpl e of the PEDANBIEDESCRIETION OFIHEPREFERREDIEMBODIMENIS i s shown in
Fig. 3C. The gate signal line driver circuit has a shift register 321 and a
buf feg 3Z&bodimi&¥Modeneration is simlar to that of the source signal line
driver circuit, and the shift register 321 outputs pul ses one after another
i n accordance aw et : | $8. | pput
to the gate siA\g,;\ér@:emﬁ ﬁ%mgﬁrisk%ibﬁgﬁg&gfﬁ%gl %;g ?ﬁe ;é[}? %(Q;Hfgg ',ﬁgﬁglé %ne
row at a_t] ] p|AC i e . Shat e, S gmal. el j rrent
sédr@sngﬁﬂéfnef ircglm??% a’ﬁd%er@ed gelhgg@lu fifes 100 am%lt ﬁje?; aneelff‘cﬁﬁcéo {:%H.-%P

is witten In e sou l'i'ne into pI xe

trolled .th l.ect t i line. Note .th h LTt
ConC | S 55 B Sl e RSl 0805,
Cha! S o B L LS el 0. B T S 21 e

Enbodi ment 2 The structure of a sem conductor device for perform ng display
usi n§¥a GRERNE sPuresiep ipuiting signplslecttic curgbll gnal is expl ai ned i n Enbodi ment
2. An exanple of the structure of the sem conductor device is shown in Fig.
4A. There is Noisithet the storage capmitor 100 way b farnpduasa capgcitige glementiay ysing
arranged in a matrix shape, on a substrate 401. A source signal line driver
circui t 4idgsaadiveilasts, gad mecialy agditke Ekgreth & msuldting tayecin batween, 468t and
405 are in the periphery of the pixel portion 402. Al though two gate signal
| i ne dri way atsorbewlibnasddebyussiitl & trafksigor ghée capatitor dusecatiheThafis, pe@ddddethatsed f or
cases in which it is not necessary to select a plurality of gate signal

Li nes f Ohaspth& €dpaBility @, stés tixlapdBéweén i Bate @D O bUTENbS 1D dESvertbdridnBiver @
structure in -40 which the gate signal line driver circuits are disposed
symes r i ¢erhYS 8dr 4 Jire@@)@ﬁod%ftﬂﬁé,%n%k@ﬁ@ﬁre'rﬂag%‘é,us&ﬂd_the gate signal lines
are driven fromboth ends may also be used. Signals input to the source
signal line drhyffst &lifchitgleldicn 10598 donfrsllcdIBy e $irdRale sksgnlaﬁnwmaer AChifsEui t
404, and the second gate signal line driver circuit 405 are supplied from
the out s} goae!di i Ghs it Rt 189 (EhAdH! 1o BE Durtd igndlifix 36R1 £ Of
the structure of the source Signal l'ine driver circuit is shown |n_ﬁ|g. 4B.
The sour geos] aRBlodel A1l ShiGhing Wdmds? 108 PEREALAIOY ALCALSOLTIEE 2
digital 1Tmage srgnal as an i'nage |gnéi, an as a shitt regrster , a
first latch cj it 412, .a second latch circuit 413- ixed eleciric
cur rent S and 2,68 SREREE, of lRednEe, doa “Fiter SHFudof S P Lol ar
inthe figure al sq_he added, when necessary. le gate signal Iine

ari vl ciitne et e Sesvese Bh e e e bt e HitEhseaiaghe 1
and therefore they are not shown in the figures here, and an exglanation

t her eof e serend swichimpelpmentd0 aF cannectedioragatesslefizade pf the daven BT 07 andia i s

expl ai ned next. A detailed
gate electrode of the converter and driver TFT 108, and a second electrode of the second

switching element 106 is connected to the source signal line 101. A second electrode of the

driver TFT 107 is connected to an anode of the EL element 110, and a second electrode of the
-25-



15 structure is showmn in Fig. 9, which will be referred to. A shift
register 901 is made by using a plurality of stages of flip flop circuits
(FF) or the like, and inputs a clock signal (S-CLK), a clock inverted
signal (S-CLKb) and a start pulse (S-SP). Sanpling pul ses are output one
after another in accordance with the timng of these signals. 20 The
sanpling pul ses output fromthe shift register 901 are input to a first
latch circuit 902. The digital imge signal is input to the first latch
circuit 902, and the digital imge signal is stored in each stage in
accordance with the timng at which the sanpling pul ses are input. \Wen

st orage GPNVEHET Andyidfiner Tﬁgd&f*slﬁ gampected topthe relectc pureng supply Jjne Kigp (The
conpl eted -41 through the final stage, a latch pulse is input to a second
| atch ci lotge capRitait(Shig canrsotcil boimcan theegatn sleqitodp gud thgsacandeslagirgde of the nage
signal stored in the first latch circuit 902 is transferred all at once to
t he seconohveatcind drivari TFOQGS, dDdestoresvtipovdliage befweehea ghtegiahdila somageofsthgnal
stored in the second latch circuit 903 is then input to a fixed electric
current eodvertt aDdrivéy FFBaA0R! | Prgdqethfifed eleagiaipotentihlp uire input e tisehelbétric

regi ster 901 while the digital imge signal stored in the second | atch
circust B@dent SupplpUinet W4t HiRl 4 icxBEdELOL /el EC efenidn€N0,CwhieH thudRde PaR@R$Si Ng
of one frane portion of the inmage signal can be perforned by repeating
these opgraticPBentiflidferddcel S @ di agram showing the structure of the fixed
electric current circuit. The 10 fixed electric current circuit has a

plural ity of RGAYER il sLEGHE! faiGhE §6Ak: SHRLAIOACRIE GGk MwechIRe ElieCt 1 i ¢

current setting circuits orne stage out put a predeterm ned

signal electric current Igat%? Lo ArePYEe signal line in accordance with
1 or 0 iﬁF@%ﬁﬁ‘Vg%oéﬁef%éw 't glvﬁhageﬂgfgnal i nput fromthe second | atch

circuit. The eciric current setting cjrcujt 11Q1 has fixe | ect.ric
current sour ciLel%ésé gy the seg Wit‘f{@’?& ﬁlﬁnkef‘ nZfY ee&’W‘F@ uélﬁllgr'gﬁfs, g%\‘ﬂ% og
"switches 1103 tq 1106; inverters 1107 and 1108, -and an el ectric power

sour £& 1§sturegeimdlas othesecrirqther Thilsr efin eXgmpiedn Mhieh the Tyt siydiching ¢lagenhin
op-anp and a TFT in Fig. 11, but there are no particular Iimtations placed
on this &1 and the sccomfswitehing glemant Kldease forpred by arsyitshing TFIohty #1d) aHomee t ur n
on and off by the digital 20 imge signal output fromthe second | atch
circuit 9038.156heespactivdy, iswhowhds Figl 0B. adde syviighingdiFdt ¥55 andathengtogage| TFT

excl usi ve manner, and when one is on, the other is off. Simlarly, the
anal og s¥$d ollgsvdrk @S switchet ¥o6seidcting opetuatieity or sonedndadtiwty ehyctutrsng/ en aedhner .
When the digital inmge signal stored in the second latch circuit 903 is 1,

that is wiedmditherefordhd Eniitdtionk BR pated of tiei goldiies. 1103 and 1105 turn on, and
the anal og switches 1104 and 1106 -42 turn off. The predeterm ned signal

el ectyi c currweithohd Wik 16hited 15 BRsiRihént Mauy 1f, Eiere i @ofllimiedion Sledddida T I ent
source 1102, and is output to the source signal |ine through the anal og
polarity when using TFTs as switching elements. In addition, although transistors, in
particular TFTs, are used here, transistors formed on single crystal silicon or SOI may also be
used.
Operation from signal electric current write-in to light emission is explained using
20  Figs. 2A to 2E. Reference numerals denoting each portion within the figures are based on
Figs. 1A and 1B. Figs. 2A to 2C show electric current flow schematically during signal
input, completion of signal input, and light emission, respectively. Fig. 2D shows the

relationship between the electric currents flowing in each pathway during write-in of the

signal electric current, and Fig. 2E shows the voltage accumulating in the storage capacitor
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swi tches 1103 and 1105. On the other hand, if the digital imge signal
stored in the second latch circuit 903 is O, 5 that is when it is L |evel,
t he anal og switches 1104 and 1106 turn on, and the anal og switches 1103 and
1105 turn off. The signal electric current output fromthe fixed electric

current source 1102 is not output to the source signal line, and falls to
ground | evel through the analog swtch 1104. The electric potential of the
el ectric power source 1109, however, is inparted to the source signal line

t hrough the analog switch 1106. Note that it is preferable 10 that the
electric potential of the electric power source 1109 be nearly equal to
that of OHEngthecmecvitgrp of thessignil glecirigecuranty Ramely the voltageibstiveeribg eate ¢
is preferable that the electric current flowing in the source signal |ine
can be sand thg spercoofghe AFTHO8dI gi tal i nmage signal is L level. The

af orenenti oned operations are perforned simlarly over all stages with one
hori zont al 15Fjpst; palses af énpuatouthe dirsttgae Sgmphdihe é02 ennd the secondegate signablinet o
all of the source signal lines is thus determ ned. Note that, although
anal og swi3,cdidstharswvitebimg BT 15% asMthe Bomge MARTh@S@ haatdn. ¢ Therelentic s@kdnt ng
circuit, other types of switches may al so be used, such as transm ssion

gat ess FabidiRy ifehEsourB RIS linkla Hiid puikt is BRaPhEI,Qf sel ecting the signal |ines
by using a decoder or the like as a 20 substitute for the shift register,

as discussed irfe iRl SRR 1. B dfhWﬁ@rsoﬁccps%%laﬂne?eaﬁggﬁépfowtl_ﬂ:r a¥ciieal es,

white and bl ack, 1n the sem conductor device using the digital image signa
shown in frBeqi, ”aé, @ithin fﬂ%;ﬁégél £ gD ihBM 1, Snd 12,3% Bég&br? Hhap’ig.”QAt 43he
mul ti pl e gray ‘'scal €s usi ng igital Tmage signal” i's described in

Enbodi nen an_.exa ur e ;of i gnal

el Hgibestip Serden i o BuiAE! Ber2n; oRol tlichy S a0k B PRUfEE &0

source signal line driyer circuit operation,i imlar to th - bi.t source
STonal | PiangaolsBfial s B eae.diciiods AP BotieRary 7 bechinet Spual o tigrpperis
register 1201, a first latch circuit 1202, a second latch circuit 1203, and
a fiXdd eeterialiof ag iRnut slectpdecqfithe dpiver THIA0F atiBis RaRduite tha swilshinecTHE ui t
1204 uses_a plurality of electric current setting circuits 1210, simlar to
Enbodi meh?S5 2nd thestaspge BFGild@bothrheing en. gridit isstherypliaghbatwpgn thetgatecingi they|

data 1 to 3). The first latch circuit 1202 and the second latch circuit
1203 ar esaureeaisgaeth, iand plaarefiotecthe wiriver TRE 107 tams lits¢]1§ offandf the dvivef §FM167ds age
operations of a three bit portion of the digital inmge signal

si mul t anassuakd té uraoadn dieincratepilicdn decsrdapiriang flpwk S tleUEp Wleniano il t,hmdshe f t
register. The 3-bit digital inage signal stored in the second latch circuit
1203 i s tlB@tit cliderit Mg, Ednvetbeeesdchiatelurrent circuit 1204. Fig. 13 shows an
exanpl e of the structure of the electric current setting circuit structures
the fsxed el eBletiric bWt @ hotCyet Gloréd M thERIeLbc Bapicitdr 1091 aeiheGhdta wiehrtB !t
setting 15 circuit 1356 has TFTs 1301 to 1303, anal og switches 1304 and

1305, i n¥gitdn@ies TFI005N6nd 37 and MNeR&k Mhbli dontdRS, ardNdri®dreTHT I L8P RVBIE,
sources 1309 and 1310. The 3-bits of the digital imge signal are input to

gate el egbiRfenugf 1f €0 TGRS 11301 KO That is, electric current only flows due to the

accumulation of electric charge in the storage capacitor 109 during this period.
Electric charge then accumulates gradually in the storage capacifor 109, and an
20 electric potential difference starts to develop between both electrodes (see Fig. 2D). The
converter and driver TFT 108 turns on when the electric potential difference between both
electrodes exceeds Vth (point A in Fig. 2E), and I, develops. I = I + I, as discussed
above, and therefore I, is gradually reduced. Electric current still flows, and in addition,

electric charge accumulates in the storage capacitor.
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1303, respectively, and to the NOR circuit 1308. The TFTs each have
different channel widths W and their on electric current are set to have a
ratio of 4 : 2 : 1. 20 When the digital image signal input to the gate

el ectrodes of the TFTs 1301 to 1303 is 1, that is when it is Hlevel, the
TFTs turn on and a predeterm ned electric current is supplied to a source
signal line. The electric current supplied to the source signal line is the
sum of the electric currents supplied through the TFTs 1301 to |303, and
the on electric current of each TFT have a ratio of 4 : 2 : 1, as stated
above, and therefore the size of the electric current -44 can be

control | ed i nElgtrigtchaes copdmss yo acoymapiain the storage gpprcitan 10%vngid tha gfemitic i nput
to the gate el ectrodes of the TFTs 1301 to 1303 has all zeros, that is if

it is L petontial diffesenca betvaken bhth ciecTmdesinithe storage 8apagitor K9 narmHy theevaitaber
hand, H level is output fromthe NOR the analog swtch 1305 turns on, and
t he el ecVidSchypweenrths gate ard theabaet bf thepohwntetr ald drivet WET D& dHecornegrodesired our ce
310 is inparted to the source signal line. Further, if a reset signal
(Res.) i SoltdgpUthatiis, BicBmas b QbitZnNVaES) ae tmhidh (HE Eorvdster 4MANIrivBE TRTI A0 Gaissed t Ch
1304 turns on, and the electric power source electric potential of the

el ect$i CadRBN aSHULEBR AR diSctlidBRFdned,. [ B fidVe SAUES theSicORAMlatid6E elddirid S
preferable that the electric potential of the electric power sources 1309

and 1310, ee?scmep%oﬁpretet (hofil 18'i£ $44 1 25 P I cibdiht 1PGob b, Ghd bi1e

electric cu%rent supp | I'ne t he” pi xel portlon so t at t he unt of

el ectri o, giifsen, efekwcnacﬁt ol B oRHE 58 VEIOAR dn tn@c&%gng o GhigkPrELTsy When
the el ecf¥i¢ pomer SOUT C& el ecthlc $¢h he source

si gnal y al e di s rfor th t hough
an exarrpf'tgﬁgfp(’é{'{il’c‘ﬁ‘éil aagf= 13 ( tPa % zaﬁt a Q&‘?{’:ﬂ? 05 Sggm} éﬁ VE’HS fipe Eh%ggb?ﬁant 3,
there are n i cul ar nltatlon pl.aced 15 an the nunber ay scal es,
and it i%or‘b‘g%&ﬁf“’e“f’@g? Wéﬁéﬁ‘tm oldsiERal vrigyn QPptigns gre ‘f?é‘i%?fg‘ifor cases
in which a higher nunber of- gray scal es are di splayed: Enbodinent 4 In the
Strutd ur e ShoRIBH SRR OpeTAaiGe Epversienssbo i Breking S bP terls off Bheme TFT
20 156 is connected to the source signal line 101. The storage TFT 156 may
al so be tedastiee o dhe Hrsdrgatsusipnal liect2r ischompletyy A eleriniggcunemt pagh fromylee an

i nput el ectrode of a driver TFT 1403 as shown in Fig. 14A. Signal wite-in
and | i ghtlegrit ssiren segpdy Liné rtbe awitclingWAT 105 Endyto. thd 4kectrio cadyt sburce stthey  t han
the fact that an electric current pathway |Z is slightly different from

t hat of &itoff, antithemetbre 45ortidn Bf tHeheleanpie tindrgeostoredria the stotage capavitonh09 in
explanation is therefore omtted here. Further, by using a connection to a
st orage drddr fbftthe edéctrih@itfent 1), SE00REY FEIAE cdnvetteSATd dIRRETETANS &P \td @fs féinven by
a time gray scale nethod using a digital inmge signal can use a storage TFT

140213 B GigsRkred b thihguy/ Qldca8& BEtHEARver TRTe1@Nd TheS@Weserrf 10hangy i ver
5 TFT 1403 can be set to zero, turning the driver TFT 1403 off, by turning
the storagémdtfchily turns on. Consequently, an electric current path from the electric current
supply line to the converter and driver TFT 108 to the driver TFT 107 and to the EL element
110 develops as shown in Fig. 2C, and the electric current Igr is made to flow. The EL

element 110 thus emits light.
20 The gate electrode of the converter and driver TFT 108 and the gate electrode of the
driver TFT 107 are connected, and therefore the converter and driver TFT 108 and the driver
TFT 107 function as one multi-gate TFT at this point. Generally, if the gate length L in a

TFT becomes longer, the drain current becomes smaller. In this case, the electric current is

Iyaa finally made to flow only in the converter and driver TFT 108 during signal write-in
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1402 on after conpleting a light em ssion period. Light em ssion froman EL
el ement stops as a result. Note that although a detail ed expl anation
regarding the time gray scale nmethod is omtted here, the nethods discl osed
in JP 2001-5426 B and JP 2000- 86968A may be 10 referenced. An exanple in
which this structure is applied to an active matrix di splay device is shown
in Figs. 34A and 34B. Fig. 34B is an exanple of actual elenent and wring

| ayout, and Fig. 34A is an equivalent circuit diagramreflecting the
positional relationship between each el enent. Reference nunerals within the
figures are based upon Figs. 14A to 14D. 15 Note that simlar operation is
al so pos9opblatonsswhije therelestrir @srenhistleidinfidecto fiavomm thigenvsfteRingdrived AFT 308 4D.

In short, a pathway like that of Fig. 38A may be established when the

si gnal elaediin tte dviver FRT 109 dumjpg tlighaedissiop.at Thwayurhbde eof tgatet eledtrofesgthe@8dse may
be established during Iight em ssion. The switching elenments and the |ike
may ther gtenfestergehl GRMEELHS emikssionfthelda®) len@hdl beécdhifes AbpenNed a rddGRNAIdSHENt

wi th the aforenentioned pat hways, and connections such 20 as those of Fig.

38C ar e a3orAp Shlcen UM EfonS tkfbrhdi1s,, 8podi ment, a manuf act uri ng

met hod of a sem conductor device is descri ypi cal ly, n-channel TFT and

p- channel TFT DPRS Gl } L: 13-5 }5@;1 R IS 1
provi ged in t#g&gitnitce\tp por 1?.i F]o‘ﬂl(ag{rjgv %‘g‘g‘é?f’%‘gg’f than;ﬁets%%@h%loélgthggr?f tgf TFT
conposing.a piLxel s Lhdustrated in rticulac, Jt,.can for .n
sccordi ngoRieRetia dgDTTAbs IahRLCRe SnEREL ol b ! BRe IARR S 00,
f ormed o}’ an ip\sul atli r}g@gfi | mlsuch.las a silicon oxide film a silicon
nitride PPWEFBICEAGIPENST B4R P ¥e filmis formed on a substrate 5 5001
formed of glass such as barium baorosi]icate glass or alum no borosilicate
gl ass repr ese%’cgéﬁll W‘t%f’i'bégmdg’és]é&‘énﬁnﬂ‘?%ﬁrﬁl B\‘?g"r’é‘?d dSnF'?ﬁS“%BF?)d’V‘H% i8h. For
exanple, a silicon oxynitride film 5002a formed from Si H4, NH3 and N20 by

t he pl as@forenetigpechprgCedyeeshaln argordanes with dhesprgsent inyieptiqn, pito-gpcamalso be
(preferably 50 to 100 nm is fornmed. Simlarly, a hydrogenerated silicon
oxynil@r i gexfarmiedhusing theceléataerewsidat Lian avhihOis gredten thanitbe eleettic clament &.diowiag f r om
10 to 200 nm (preferably 50 to 100 nn) is |layered thereon. In this

enbodi ment thetBlecelbaeme, during vodi@An Hiarscasest inoviiclyBght 3¢ emoted by, thdBL ebmyentbsd be
formed as a single layer filmof one of the above insulating filns, or a

| am nat eldw prayseale.ndlrowbie stidhaas ioMe dneeddeal imfthé kignalledaceid cusichBéannyertforérs .

| sl and-1i ke sem conductor |ayers 5003 to 5006 are forned froma crystalline

15 sem chaguhded! afd quiekobiiRiin @getaorBitomes pagibleaser crystal lization nmethod
or a known thermal crystallization nmethod on a sem conductor film having an

amor phous st r perdidt ethe THRSE TFY 20 ahil kfe 26/VFRNARE (PHvel Y€ F08OHR3att Q5206
each has a thickness of from25 to 80 nm (preferably 30 to 60 nm. No
limigati b O : f : By he QMRS fgd ~r~,
but %%e g"rﬁ%%ﬂ i ne éitg ﬁlggﬁE u%i.siglr]’ ﬁdl &r}?lfég&%?tzlgg%g ﬁ@% ‘?’gﬂ:ﬂr}}g%ﬂ om lgdlrvleid(lzéon, 20
a silico e Al u & O)..:. 85 C L 1. ctor
%ggebé&?flgtk n]n( Cﬁt?(%i’l, Etlyils td)ré%lrzﬁ)tle thaW}l 3)0?%?}' I% é%mr{lelrm&?h%%g] iff %qcl:h ;

filmis ufacture aser Ccrys zat1 o . an exci ner
| aser, aclgc':bt‘g’c lcx?r%eei\lrt flg»r\]r(sjinat eg}{gcﬂioln%§%1rgsp iA &% ﬂ:".l €

Note that the structure can easily be changed for cases in which the direction of the

electric current flowing in the EL element 110 is opposite to that of Figs. 2A to 2E. This

20  structure is shown in Figs. 36A to 36C. The polarity of the converter and driver TFT and the
driver TFT is the reverse of the polarity used in Figs. 2A to 2E. The electric current
pathways during signal electric current write-in and light emission are as shown in Figs. 36B
and 36C.

In addition, the converter and driver TFT 108 is used during signal write-in and during
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oscillation type or continuous light emtting type are used. Wen these

| asers are used, it is -47 preferable to use a nethod in which a |aser
beamradiated froma |aser oscillator is converged into a |linear shape by
an optical systemand then is irradiated to the sem conductor film A
crystallization condition is suitably selected by an operator. Wen the
excimer | aser is used, pulse oscillation frequency is set to 300 Hz, and

| aser energy density is set to from100 to 400 5 ml/cne (typically 200 to
300 mJ/cnR). When the YAG |l aser is used, pulse oscillation frequency is
preferably set, to from30 to 300 kHz by using.its second harnpnic, and

| aser endPBy &N}t aglsp%l?eé%l%rvh%@ﬁ cBarpeigristsp ean b mas P qtigilcal Iy
350 to 500, mJ/cnR), The | aser beam converged into a |linear_shape and having
a wi dt h 3frite-ipererations and/bgly cpngsian lgss yowingn portion pf eemmer d s duting depalr o
substrate surface. At this time, overlapping ratio of the 10 |linear |aser
beam i s seite-inand/light 0ission.00 % Note that, a gas laser or solid state |aser
of continuous oscillation type or pulse oscillation type can be used. The
gas | aser sucRudieranpation ok thel centniq chrgd thaichas akcurhdated imthd stdrages@paditost at e

| aser such as YAG | aser, YVO04 |aser, YLF |aser, YA103 |aser, glass |aser,
ruby base09 ist@ndeaskd toetheagse cletirode shgRhirieer| BHERN0T ain the inssae vetentlight | aser
beam Also, crystals such 15 as YAG | aser, YVO4laser) YLF |aser, YA103

| aser whem@sion @perabidns Fégin Mhen Govikgfromthi therstaldTof Fig ope@ Mendde ofl ¥R 2€5 t he
solid state laser. A basic wave of the lasers is different depending on the

mat eri al frhé’fvoﬁ'é%gilﬁgyeehhﬁé 85t0RRd fhel AR JISRITRRVIOBGtGRePRSIE SWRYR @bacitor
approxi mately ~mis obtained. A harnonic corresponding to the basic wave

can be 0969%&?&%&&%@&&@3&3 ARk Az 0 ig?rﬂ%slicfml Bk médﬁﬁQd V%ﬁ@ dring

crystallization of an ano us sem co mis conducte _
heves | s Hih o SoBSPRETRG e VBHER R L R B SBF il o BICTRER gy A ©

ti ) illati in order to,.gQbtai tal i [ i jze.
A L e S e e L O e

of 532 n or the third harnpnic (with a thickness of 355 nm of an Nd :
YV04 | asg%m(« 2 sk disp el Pr)(TFiTSOfQ}?ﬁl‘ FRrgent SpRise pe ATavented s &psep i ms
emtted fromthe continuous oscillation type YVO4 |aser with 10 Woutput is
conver t eWhichitkergishspstsinndn ghe ¢harastgristics of Hie-THsdA aBpdP%al el enents. Al so, a
nmet hod of emtting a harnonic by applying 5 crystal of YV04 and the

non- | i near oprf@eﬂ?ateineH@h@(ﬁmenft Mode d ethersaitehing AN 15Mandethp storage sy 156 he

| aser beans are formed so as to have a rectangul ar shape or an elliptica
shape byararconiptliedab tempsineand affiby el fiist gatelisipnalnigneal (udstt the second ghte signaht ed.
At this tinme, the energy density of approximately 0.01 to 100 MW cm

( pr et%r alihey 108 .redpectis@lMNV@NENd bEf doattoli maey be THeefomsned siandtandonslyffot tases inmoved
at approximately 10 to 2000 cnm's rate relatively corresponding 10 to the

| aser beahithsthe B tlmiehi adlitallight itmsdiale B0 ftkiCéodiplétidnndf NeKdl, whtedal €The
insulating film5007 covering the island-1like sem conductor |ayers 5003 to

??P?ﬂ IS mahbeRGf gdtb Sigaall Ithek REn Ihdtdfole bbirtdicadBy conet@ig e ghieRcABddsFUhAt | NY
switching TFT 155 and the storage TFT 156 to the same gate signal line and performing
control for cases in which the switching TFT 155 and the storage TFT 156 have the same

20  polarity.
Note that, although the explanation is presented here under the assumption that the EL
element 110 is used as the load driven by the driver TFT 107 and the converter and driver

TFT 108, and that this is applied to the pixel of a light emitting device, the present invention

is not limited to this use. That is, it is also possible to drive a load such as a diode, a
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containing silicon and having a thickness of from40 to |50 nm by using the
pl asma CVD nethod or a sputtering nethod. In this enbodi nent, the gate
insulating film5007 is forned 15 froma silicon oxynitride filmwith a

t hi ckness of 120 nm However, the gate insulating filmis not limted to
such a silicon oxynitride film but it may be an insulating filmcontaining
other silicon and having a single layer or a |lam nated | ayer structure. For
exanple, when a silicon oxide filmis used, TECS (Tetraethyl Othosilicate)
and 02 are m xed by the plasma CVD nethod, the reaction prPCCure is set to
40 Pa, the substrate tenperature is set to from 300 20 to 400 C, _and the
hi gh fr eHBRSIEOT, @ICIPHBIONHY JES|stRePT dEHSTIE in Whichdhesegopgsogre sombingdg, ghigyi np
for electric discharge. Thus, the silicon oxide filmcan be forned by

di schar geimilBnto th¢ pthenemiodintentfmddes amcherlslimentsl in this way can then obtain
preferable characteristics as the gate insulating filmby thermal annealing
at from400 to 500 C. -49 A first conductive film5008 and a second
conductive film5009 for formng a gate el ectrode are fornmed on the gate

i nsul at i BgnbbdintenbMdde 21 N t hi s enbodi nent, the first conductive film 5008
havi ng a thickness of from50 to 100 nmis fornmed from Ta, and the second

condugtive fi ERfbe@@Rn18064Ea ot thdpredeiemSemionf ik QRAWD Fig. 260 nApigel b Figed
fromW 5 The Ta filmis forned by a sputtering nethod, and the target of

Ta is spgghafed Qurdy si%ﬂzﬂ‘ i1 $30F 25ifst 2 RBcoRll éa@@ki‘?nﬁnﬂégtﬁoganzf@&@@galw are
added to Ar, internal Stress of the Ta fiIlmis relleased, and pealing off
this fil i St Wi fi f i s, about
20 p, Szei R guE QLT IhF 28003 TS ulchihe Rerh it 28, o sl o Rferk
resistivi of, th i m of phase | 180 nS2 .andod.s _not

i t abl o200 SAROETEE 24,8 Doy Re B et T e AR R AR RUP T 4N o
structureg, close h f the a ase of Ta and having a. thickness of

about  10EtFSermabid " Tochsairns@aldedane ¢ Refiaut o Rpfubg s arase ( or m
the Ta filmof the a phase, the Ta fil mof a phase can be easily obtai ned.
The W1 fuHs8281dr med by the sputtering nethod with Was a target. Further,
the Wfilmcan be also forned by a thermal CVD nethod using tungsten

hexaf | uori de NoEahat thestomge agpagiere280p imayderforaedaf 4/ cangcitive alemepkhy utirgice to
use this filmas the gate electrode. It is desirable to set resistivity of
the Wi irings, dntivedayats, gate onatenindd, laad thenhke, 20thparGihewhatingh layercinybetwtengpad ns  of
the Wfilmare increased in size, resistivity of the Wfilm can be reduced.
However , majpelso bhetimiratesl bpaumyng arpamsistyr gateccapadi®r snstdad asTiost yg engvidddahatvit t hi n
the Wfilm crystallization is prevented anu iesistivity is increased.

Accor di nigdsythe tdpabiliey ©asae tHe dolage?betepett 4 gite BeH Mreduieof the Yorvartegiedndafrived. 9999
% or 99.99 %in purity is used, and the Wfilmis forned by taking a

suf fixi enkT 0808f0Rh rétpiredpridibofitiRY bhy étRituré MY Be gseous phase into the W
filmtinme when the filmis to be forned. Thus, a resistivity of from9 to

20 pSZcm can pg ﬁx@?—g\bmgréléxqent 1805 i EshtRMPO 8) TR first khte sf%-nﬁﬁfiné:mucw ve

film5b5008 is forned fromTa, and the second conductive film5009 is forned

: W : . c SELY o . h of
rom Oﬁ%l"@X&Fodeto?%e%?tss‘%mclh!sn%vegée?ﬁé 9@80535 RBhndcledth Bt %Qr&ﬁg%gcﬁnge?soﬁac 0

t hese ¢ uctrve filnms may a ormed froman elenent s from Ta,

W T, Mot é‘lgﬁro%’off?ﬁe fifdy ?\L'il(t:éan Elﬁ%d;st%%ﬁgu):ist ﬁoéxﬁé’é?@d)w‘adfiﬁ?hg%& e J?%(% ng

t hese el enments as principa nen r, a sem conductor film
repr esenl 89y B RBE TET SR8l T ABPEHd brRe B T 28b7 M. 245k S
20  switching element 2806 is controlled by the second gate signal line 2803. A first electrode
of the second switching element 2806 is connected to the source signal line 2801, and a
second electrode of the second switching element 2806 is connected to a gate electrode of the

converter and driver TFT 2807 and a gate electrode of the driver TFT 2807. A second

electrode of the driver TFT 2807 is connected to the electric current supply line 2804, and a
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conbi nati ons ot her than those shown in this enbodi nent include: a
conbination in which the first conductive film5008 is formed fromtantal um
nitride (TaN), and the second conductive film5009 is forned fromW a
conbination in which the first conductive film5008 is fornmed 10 from
tantalumnitride (TaN), and the second conductive film5009 is fornmed from
Al; and a conbination in which the first conductive film5008 is forned
fromtantalumnitride (TaN), and the second conductive film 5009 is forned
fromCu. Next, a mask 5010 is fornmed froma resist, and first etching
processing for formng an electrode and wiring is performed. In this

enbodi mefgcond plegtrgpe Of Hrp rony ¢rtdr pnddinysir ddf T1280Pjissepmagciest teiomne gleatiqdssd thesElsed,
and CF4 and Cl2 are mxed with a gas for etching. RF (13.56 MHz) power of
500 Wi sclmehi 2810t o Théetoedgesiapasiter 880%igiconneged betweenphe gate elecpdelandathe o
that plasma is generated. RF (13.56 MHz) of 100 Wpower is also applied to
a subst r séoend cldetrddeafpheccaivete)and aniderdl BLIB8A8aatd stbiey theagithgo/ectwednf a gatas
voltage is applied. When CF4 and Cl2 are nmixed, the Wfilmand the Ta film

ar P Pt chegld h Gotifee of AL caveRRt and28ritdad®T 2808, alpaadeteihinbd BRceiRNsbténtian, arend
portions of a first conductive |ayer and a second conductive | ayer are

formed i nfQ: & the@PRESE cORBRSuPYyBint 28048 a tht btheP LRErOR! JFARCEBRR A28 1@, T he
substrat e side by nmaking the s%ape of the mask formed fromthe resist into

an appr pWhicﬁttﬁu(as?;aﬁg gmu-mi gl%@tgilcﬁ)oféﬁmtiﬁ diffR€hcePortion i~ set to fromls to

45. It is pre to - increase an etching time by a ratio of about

10 20 % . i i [ I h
to S.()Ngt%ftfuﬁ rlntnlg rgte%r%lg t?l?at %ecs?(}rg% érﬁg{séﬁtgi‘g@@&"&g%&&%&%&%@ {0 the

gate insulatin Ince a selec a silrcon oxynitride film

to the Wfjilmran from2 to .4 (tyni 3), an exposed face of the
silicon %%V#FP?F&%gﬁP?ﬁPPE%EFEHé%&Eifgﬁgﬁ#yzo to 50 nm by over-etching
processing. Thus,. condugtive |ayers.5 5011 to 5016 of a, first ape .(first
conductive |a ?%@%aﬁ‘?oseﬁ?ﬁggwﬁ g SEHKAS BAY tf%e‘f é’?’é‘gsnégglgﬁwé‘%
5016b3 formed of the first and second conductive |l ayers are formed by the
firstl et sHIcHECHYIBEas!S; these of qthesi Tdi st han axamplstin sdey g figtiswitchise clmsntt i ve
| ayers 5011 to 5016 of the first shape is etched by about 20 to 50 nmin

t he gat e2809sandathe rsgednd| swishoE, elsment 206 sare fiormed dbyr e gvehing THEdr 265§ e 4.
21B). 10 Then, an inpurity elenment for giving an n-type conductivity is
added bystpegé A 2RP6f irespectivelyi igsipmocimsEBigng8B.A topswigchaeg WBH 288§ and thé t her
an ion doping nethod or an ion inplantation nethod. The ion doping nethod

i S carri sdragelTFONZBS6 dote wask ds switches fat sedectiog @onducteity bondn-oondiictivityOiy3 t o 5
x 1014 atons/cn2, and an acceleration voltage is set to from60 to 100 keV.
An el enefiinihgb®Riill 618 and tigrefdfe nbIimitatidne adelpYaced b BRIk GoUSities) or arsenic (As)
is 15 used as the inpurity elenment for giving the n-type conductivity.

Howeyer, phospp&htith frbh digndl sftritebrfirent WritélinS to° BEIR, erhibkort @NEkpIdihddeudify er S
5011 to 5014 serve as masks with respect to the rnmpurity elenent for giving

the n-typgs COAAYPOEY! Réferdidf nlimbiis delBtiHg éax?rg&%emathﬁ%zf BreAbaSbEord OF Med
in a self-aligning manner. The i npurity elenent for giving the n-type
ducti wi : t . . Do . .
concent r e oRaCRCAR ks 5 b S oEHELY glyfih BB sohl oy Bihy o
S d i i ng. i t f ] it . ' h | St
ok as. RAuAOmRIeRSE ST bal o ind B ilall IR IFC oD SRk SRS 1
26 to .5031.0f a.second -

and Z as, t.he.etchin s.. The conductive l.ayers 5
Shape.(TPLPRIGH GrREER R BErE Gemal Hoyins 35 6adh sTlvan fRUBE I AG I | ve
| ayers 5Q26 o 5031b) are forped b he second etchin rocessi ng. .A
regi %’n o%‘g‘tai Bfeﬁ%éufrﬁé‘u P%ffmg 2% F‘i‘ﬁ‘éo‘&i? v Oﬁﬁ'ﬁeé’r‘fc‘i“g“lﬁ%?g g‘o‘B% F'QEPgWCF%Cf‘H’e
conductive | ayers 5026 to 503l of the second shape, is further etched by
about 20dwringshe pames Writgriy ofathe signaldleqtug Pement.snamsYghe, voltage, between Hig gatsact i on
in the etching of the Wfilmor the Ta filmusing the m xed gas of CF4 and
Cl12 can and thesspurasdf theohlr ¥ B808,apor pressure of a radical or ion species
generated and a reaction product. \Wen the vapor pressures of a fluoride
and a chl ori dirsgfpuldtsaad iffjputae ehecliimipzatesignal hise 28Q2 andothe seaoné gate sl hne a
fluoride of Wis extrenely high, and vapor pressures of other WO S, TaFs
and TaCl230a) endafher sichiigeTHT @865 andl ehe stotagotTHAT 2856 turn on. A signal electric
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10 Accordingly, both the Wfilmand the Ta filmare etched using the m xed
gas of CF4 and Cl2. However, when a suitable anount of OZ is added to this
m xed gas, CF4 and OZ react and beconme CO and F so that a |arge anmount of
F-radicals or F-ions is generated. As a result, the etching speed of the W
fil mwhose fluoride has a high vapor pressure is increased. In contrast to
this, the increase in etching speed is relatively small for the Ta film
when F is 15 increased. Since Ta is easily oxidized in conparison with W
the surface of the Ta filmis oxidized by adding OZ. Since no oxide of Ta
reacts with fluorine or chloride, the etching speed of the Ta filmis
further reugeRtdsinpucedhariontsiesignaklines289b akthisi peintoanddk taken & lisher ence in
etching speed between the Wfilmand the Ta filmso that the etching speed
of the Wfil mTbarldsgicsatrrent e flnivg hireithet sramcet $igal dine t2861.Tallfeird m ar Blegtsic shown
in Fig. 22A, second doping processing is then perfornmed. In this case, an

i mpuri ty cetrenteputhwayr wathin tig pivel as thgven doiigIc29A1 dnd 1;g. €djoed this patbwa,| er
dose than in the first doping processing and at a high accel eration voltage
by reducisegaratedinge I}l mdels. tNaw thdidg,, =N, the. f Fidier, 40 eREtrippotassli 6tdhe EAE
exanpl e, the acceleration voltage is set to from70 to 120 keV, -53 and
the dgse elceud®e of ehel drivekOTIT 80T RS Res dqUAS to @hd)@WciridPpbtértidl o€ Th®Bedofid
formed inside the first inpurity region forned in the island-1like

sem condufdcbad GARE afifer PrEr 28055 tlifpbifPallon ifswitchng O PRFIYESS ¥ kB, 5020
to 5029 of the second shape are useb as masks W th espect to the inpurity
el enent, L IS rfarmed. s h t i i I t 1s 5

al so adde t§&5§8ﬁ§%¥1 ﬁﬁegggbgﬂp gﬁﬁggg?“%gﬁHﬁégﬁvggﬁg&%%émgﬁggggfgng029a.
Thus, third inpurity.regi 2t for third i rity
feqi ons  SbsyrelBshlor G T 2anp Hims Gl bty olt e RV EPLER2RE b St B
gradient that .confornms with the thi ckness adient .in the tapered portions
of the fiPRdH t@ﬁﬁ'ﬂlfef}fe\?epwcgﬁ?‘g"e@f)g@&s i t@o%ﬁg“}eﬂt g%@, 55%1"?0%%&5%? M9y er s
that overlap the tapered portions of the first conductive |ayers 5026a°to
502930 tﬁ@aTﬂmPH%U$F¥V“@5ﬂbentration is slightly |ower around the center
than at the edges of the tapered portions of the first conductive |ayers
5026a to 5029EleciHsaborge is ntgedictironlatise én the sipeasp cepaciiprn 280A @t tiermstant when sane
inmpurity concentration is kept throughout the sem conductor |ayers. Third
et chi ng theeswitobimg TET 285N twas pn,exhdathtrefge sieooamvemerfing. drR2BTFCHDSIis offsed as
etching gas, and reactive ion etching (RIE) is enployed. Through the third
et chi ng Qoesdquanty, 1,15 @ hadtigper Bd it isOélsctat chivge faceumiulaten thuthei capaditay er s
5026a to 5029a are partially etched to reduce the regions where the first
conduct i 2809 € had a\¢efréspPndihecls@rit comehi of gohedater s. Thus forned are third
shape conductive | ayers 5037 to 5042 (first conductive |ayers 5037a to

5042g5and secppetricOdtdbet iR dedvRilated EPadallP i W Btoraght cabitiitor R8O and' &YI ONS
of the gate insulating film 5007 that are not covered wth the third shape

conduct i Xl%ctki@}?%[e%ti?l@@i?fefeﬂce’s%ﬁs 8 Bl HalveaP noh &iGtodd ik RESGEAYY aRPOUL
20 to 50 nm Third inmpurity regions 5032 to 5035 are fornmed through the

third et ﬁﬂiéé??pﬁ; ?ﬁ%%"ﬁ%s o};k@h%ngihrédelécggg%gk%ﬂg&g%t{g%ﬁcéggt%eﬁ %oén?é?&éotggé‘t

overlap t _ ( ctive layers respectively,
second i RS t\)'/th 0= Iisc,) rallsthrSeQI?o%E) v%l?le % ﬁ)%bco%ggr?erfa%{i %?igerbflt:'%g& &)ognlt N En F‘15g4

29E), and I; develops. lga = I + I, as discussed above, and therefore I; is gradually

20  reduced, but does not reach zero until the accumulation of electric charge in the storage
capacitor 2809 is complete, and the electric current is still made to flow.

Electric charge continues to accumulate in the storage capacitor 2809 until the electric

potential difference between both electrodes of the storage capacitor 2809, namely the voltage

between the gate and the source of the converter and driver TFT 2808, becomes a desired
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inmpurity region and a third inpurity region. As shown in Fig. 22C, fourth
inpurity regions 5043 to 5054 having the opposite conductivity type to the
first conductivity type are fornmed in the island-like sem conductor |ayers
5004 and 5006 for form ng p-channel type TFTs. The third shape conductive

| ayers 5 5038b and 5040b are used as nmasks against the inpurity el enent and
inpurity regions are fornmed in a self-aligning manner. At this point, the

i sland-1i ke sem conductor |ayers 5003 and 5005 for form ng n-channel type
TFTs and the wiring portions 5041 and S042 are entirely covered with a
resi st mask 5200. The inpurity regions 5043 to 5054 have al ready been doped
wi t h phoyphiageuthal i, kticomhes & moltage (¥ 65) ntavhioln the cDheeriempud diiver Flddi 2808 cBE4S t o
5054 are doped 10 with di borane (B2H6) through ion doping and its inpurity
concent r at noBk a;pessibid for ohd e curréh® By, ® Rowt. 1WMhén aieoarsirani@tiomof dlectric
respective inpurity regions. Through the steps above, the inpurity regions
are for n@pargé id then c6MPRE (pomt B IR} ROKE tHC QA RUEERT, ls@)pe FOwing)@nd ik r d
shape conductive |ayers 5037 to 5040 overl apping the island-Iike

sem condygdifbn,| YQE&riE BBt Qardspoddihg t61VAGS TRURSIn (ReTBRRACE add aRWTETRF 5042
functions as island-like first scanning line. Reference nunmeral 5041
functkon Al htch_Go i sl =1 i 1.3G; L and
the th r aoehamhi oG b G -TERREFie, 380 AsPRPiing Mok BECRRHIGne 28 207
step of activati he ,i it s _adde o.the.Lsland-1ike

sem condt{ijlsct ot (#"éé/lg're é’ al"g d;;)gésg rgg%/r%‘g'kt%gg @g’ﬁ?sr%ﬁ t etéecé’grﬁga%:}}%itg}lgt%?kets;}%néi.l thi s 20
process | erformed a t her mal lin t hod using .a.furnace for
Purnace 2RI gomelsse ok wihing T SRS st ol il Bleot AR S s
anneal i ng et ho RTA net hod) can be applied, In the thermal annealing

met hod, this bEGEEBIEsiPR Ob%ﬁtr%-ﬁ ErCoypred np¥tnp d e pyyitehing T P g et olt Yoo
typically from500 to 600 Cwthin a nitrogen atnosphere in which oxygen
-55  coplegtion ofith firss gatgusignal bing 2802 cammplethanAR gigsthicapiTans pptheffan atéq y
equal to or smaller than 0.1 ppm In this enboditent, heat treatnent is -
per f &0 mespuresr signad Hinh@8(Hstoghe switahigeTEE 8% tof thg oonvertenindrdriyendl FT 2§08rancer i al
used in the third shape conductive |ayers 5037 to 5042 is weak agai nst

heat, it ta the fledlenait|2810 ¢ they fuofif) andtthareforcom partibe of the dlevtria thaygerstorad id at i ng
film(having 5 silicon as a principal conponent) is fornmed in order to

prot ect therstorgge @ipacitoyV2809 tiherdeAfd thasleasak icagentdl had fiosv Bnght eyeetrtet bed | aser
used in the crystallization can be used. \Wen activation is perforned, the

novi ng s@erd TRT 2808 upStoWsks [pods id fishsEdia tt@kid gadd Elodtrddle O @SS driMgtr TATRd0e
energy density of about 0.01 to 100 MWcnR (preferably 0.01 to 10 MV cnR)

i's requi TRAdrifed TFTSR07 tHYS ai@fHatitIEAMTE Bh. | SoRLEEEVER dQkriclcdrRnigathOM St gt

a tenperature of from10 300 to 450 C within an atinobsphere including 3

L B e b bl b B I S L e
TFT 2808 and to the EL element 2810 develops as shown in Fig. 29C, and the light emitting
electric current Ig;, is made to flow. The EL element 2810 thus emits light.

The gate electrode of the driver TFT 2807 and the gate electrode of the converter and

driver TFT 2808 are connected, and therefore the two TFTs function as a multi-gate TFT at

20  this point. Generally, if the gate length L in a TFT becomes longer, the drain current
becomes smaller. In this case, the signal electric current is finally made to flow only in the
converter and driver TFT 2808 during signal electric current write-in operations, while the

light emitting electric current is made to flow in the driver TFT 2807 and in the converter and

driver TFT 2808 during light emission. The number of gate electrodes therefore becomes
-34-



sem conductor |ayer by hydrogen thermally excited. Plasma hydrogenation
(using hydrogen excited by plasm) may al so be perforned as anot her nmeasure
for hydrogenation. Next, as shown in Fig. 23A, a first interlayer
insulating film5055 is formed froma 15 silicon oxynitride filmwith a

t hi ckness of 100 to 200 nm The second interlayer insulating film50S6 from
an organic insulating material is formed on the first interlayer insulating
film Thereafter, contact holes are forned through the first interlayer
insulating fil mb5055, the second interlayer insulating film5056 and the
gate insulating film5007. A wiring 5057, an electric-current supply line
5058, andergercluring bightrrgnissions IBORG: langth behecompelongeras  sestlicandthe iationslfiper , a
pi xel el ectrode S064 coming in contact with the connecting wiring 5062 is
pat t er netictaween fhorchmetiic urfents e¢randsdgn adeior ganic resin as a material is used
as the second interlayer insulating film5056. Polyimde, polyam de,
acrylic, BCB Noenhatalie tiginuglenidbh, Waifche driver WET-2807 andithe dhamiel Widsh W gfthe C
resin. In particular, since the second interlayer insulating film5056 is
provi ded comieftty ah@rdrieAMEFT 2808 Gilay AaVeY theC s@€ &lidepnaind | May el difgert haghéi | m
is preferable. In this enbodinent, an acrylic filmhaving a thickness that

can SS‘”'rélhtﬁﬁEthbl:@Oé@ﬁ the éa?e"l@ﬁgtﬁ@]‘:fsearl&%ﬁﬂﬁaused by the TFT is formed. The
filmthickness thereof is preferably set to froml to 5 p,m5 (is further

preferably se | es,
contact hol esgrg(;a'ac%ll&%gE %thr&t‘lw: tIerﬂt’Jrulntb{xg‘g']'& i(;ghtons g{é g%floyﬂ@%%g%k ‘gf’"ggzz or
p-type i gﬂg\fk ofietnRs d5%§ dured O 200 A by it el R An noLi& heagh! ng
W|r|n95 Y IR NGIE  €5dh ric &l rent
supply i illustrated nd conta hol.es reac te .el ect.rodes
(ot V11 Pépa&mﬁﬁg %?’méﬂai% i e b U aﬂga{%rﬂﬁpgf?e S RPEERE oy or
structure is, patterned i.n a desired sha d.is u ed as |nclud|ng
a connecﬂeﬁ'@“’\ﬂ"fr?‘ﬁdﬂaﬂﬂmbﬁ rlerin fpraesgn hichy g 20 B it Drtthy gi«qﬁ
structure, a Ti filmwth a thickness of 1000 nm an alumnumfilm

cont &9 ni AR W gray Keale-t Hincadrision, ibPecomss pagsibipp shorten the ameynt RE Writhindiess of
150 nm are continuously fornmed by the sputtering nmethod. OF course, another
conduct i b pérformimgyrite-wat beufiisiaily kbgd eleattic cureambsuiemifithe Ebglempat bicomesf 110
nmin thickness is forned as a pi xel electrode 5064, and is patterned.

Cont act a¥adade by arrangi ng the pixel electrode 5064 such that this pixel
el ectrode 5064 cones in contact with the connecting el ectrode 5062 and is

over | apped w FixtHeRi the alvivee TFTIZB0W antl e 2002rteftfid dever BFT 2808 jppétit as a
conductive filmprovided by mxing 2 to 20 % of zinc oxide (ZnO) with

i ndi um o¥uttegArR T Fal &Rinpaight e6lissid, aldl theRforelit i6ldesitabRtBatb@et DETONRS thd)
anode of the light emtting elenment (Fig. 23A). As shown in Fig. 23B, an

i nsujati Mnéﬂ 18Ritya B hddidh, Qcis @Rsifablehbttht ofar@yTBO dichBitel f6rRAka i witich
silicon and havi hg a thi ckness of 500 nmis next formed. Athird interl ayer

| nsul at i ot LR Bows HEIABSIADL Riglfa ioadier med 0 whi ch an opening i s

f or med a position -
Furthermore, the structure can easily be changed for cases in which the direction of

the electric current flowing in the EL element becomes opposite, similar to the explanation
made in Emb_oﬁment Mode 1. This structure is shown in Fig. 37A. The polarity of the
20  converter and driver TFT and the driver TFT is the reverse of the polarity used in Figs. 29A to
29E. The electric current pathways during signal electric current write-in and light emission
are as shown in Figs. 37B and 37B. Similar changes are also possible for subsequent

embodiments in this specification, and therefore later explanations are omitted.

In addition, the converter and driver TFT 2808 is used during signal write-in and
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corresponding to the pixel electrode 5064. Wen the opening is fornmed, a
side wall of the opening can easily be tapered by using the wet etching

nmet hod. When the side wall of the opening is not gentle enough,
deterioration of an organic light emtting |ayer caused by a |evel

di fference becones a notable problem 5 Next, an organic light emtting

| ayer 5066 and a cathode (MJAg el ectrode) 5067 are continuously fornmed by
usi ng the vacuum evaporati on net hod wi thout exposing to the atnosphere. The
organic light emtting | ayer 5066 has a thickness of from80 to 200 nm
(typically from 100 to 120 nm., and the cathode 5067 has a thi ckness of

f r om 180 g dBhh FYIESION: c alhay, is,  dispersion tip the Ol ijcharagienistics (a8 bgy gradesto t he
organic h&?ht emtting layer is sequentially formed with respect to a pixel
cor r espomefluegca signal dwritg-ipiopelationsr ansislight imigpianolesy bemsiagd porppx of common
corresponding to blue. In this case, since the organic light emtting |ayer
has an i AU dudegesignal egitsirancdighgeamissibna sol uti on, the organic |ight
emtting |layer nust be fornmed separately for each color instead of using a
phot ol i t hogr ajpbithdres poitigu @f thehelefio tlargd that Baspacedriulatet én tie gags capapieort | on
except for 15 desired pixels using a netal mask so that the organic |ight
em tt 5ng 280y & trifsfdrd B the @hRCdlédRUY o Mhe/ diiveral FEQB0T adtheahith@nwhdNaglty, a
mask for covering all portions except for the pixel corresponding to red is
first setmiRM JpefatiBhdBepis whis !ﬂ{ovﬁ{g‘ fréh B LBt Fi@r208ot the B@td &rily| g, are
selectively formed by using this mask. Next, a mask for covering al
portions f Lxel r i i 1 he

o gani ¢ 1TSRe sy KA TpEpAE ap e SAREAF MOTEE 280k IRRET b e Al
formed byghs }h%%f&@'b%c&%es ksnéhﬁgts%fl@eé%ﬁkgi%g{l% ERjssion 4 n%gé gQ?%g'vgr 2 gt

for the prxel "correspondih y sel, ah ugear!illncl:lgl i ght
itti I f itti bl i ght | ectively f b ' t hi

sk, TEPERA ¢ (Babenbe R sy buden B Rraats it o FCTELAE e
Kk ed r, tedly. Here, a. for-f i X Ki.nd f

TN T 3RS GRS Eokiadton il Rer ot s 3%, ARS8,

which an light emtting element for emtting white |ight and a color filter
are conbflsawnt duringdlacly displayduerio i off lnak shirenticap alsp bppraventsd ferrgasesiing
blue 5 or blue green light is combined with a fluorescent substance (a

f | uor escathichghreis dispevsion inrthe ehagictemisticejthe BFE 2802 and 880%ver | appi ng t he
light emtting elenents respectively corresponding to R G and Bwth the
cat hodes ( oppDistetthateindémbatinent Myda,ithe svitapirg THFR28eandribe stbmgt TOA 2856t C.
may be used. A known material can be used as the organic light emtting

| ayer 5066@.coAtoliddyani ckiOandedfeby e firSt gutebighaling 2802 dndithetsBeonkinawdsigmil er i al
in consideration of a driving voltage. For exanple, a four-layer structure
consisti fge 0803 réxpk&iviely). €T &l bfEY6Giitrol anfObe pérf@ARP Glirhdltaneduslyafee cased ih i ght
emtting layer and an electron injection |layer is preferably used for the
organi ¢ lyh@ht the B teicRtknt 3 - lidhe XhmeliRAR1F aftboeen S bf sigRhINRAitdM. UThEY
metal mask. This enbodi nent uses 15 MgAg for the cathode 5067 but it is not

limted hiRP&IAR gafetsiial KRR BREGDIcAeSreiR%d BG cBRRting the gate electrodes of the
switching TFT 2855 and the storage TFT 2856 to the same gate signal line and performing
control for cases in which the switching TFT 2855 and the storage TFT 2856 have the same
20  polarity.
A comparison in which the structures of Embodiment Mode 1 and Embodiment Mode

2 of the present invention have been added to those of Table 1 is shown in Table 2.

[Table 2]} ~36-



for the cathode 5067. Finally, a passivation film5068 formed of silicon
nitride filmand having a thickness of 300 nmis fornmed. By formng the
passivation film 5068, the passivation film 5068 plays a role of protecting
the organic light emtting |ayer 5066 fromnnoisture or the |like. Thus, 20
reliability of the light emtting el enent can be further inproved.
Accordingly, the light emtting device having a structure shown in Fig. 23B
is conpleted. The light emtting device in this enbodi ment has very high
reliability and inproved -59 operating characteristics by arranging the
TFTs of the optimal structures in a driving circuit portion in addition to
the pixel portion. Further, in a crystallization process, crystallinity can
be al so inproved by adding a netal catalyst such as Ni. Thus, a driving
frequency of Fhrthes,thealain peint afithe pregent inventian is smresgeive the signaligeairie carrentior e.

5 First, the TFT having a structure for reducing hot carrier injection so
as not t inpug pedfernastotgpe rodithengjectpe edran atrere Arbitsarp Gsdng) land tsusestbel TES's drat
n-channel type TFT of a CMOS circuit formng the driving circuit portion.
Here, theedbiievim@leeiricCtlirient Pathwdeasaa sfulfifgate €PFE defing aufpuf k@niple candevad
shifter, a latch in line sequential driving, a transm ssion gate in dot

sequest i 8perlidné] NBmbEditeniModdd thNEix83sLaPlight Rinsttia 8Ot By, EBBleafehis\én | ayer
of the n-channel type TFT includes a source region (source), a drain region

(drain), tﬁ:‘x‘baﬁ}lﬁé gmmmgmtsﬁa@ lhegioqmbl{tlm@yrege%gmeauotnh@hml m@&% PGSt th
the gate ‘el ectrode throu he gate insulating film an offset LDD region

(L.o~re t he
gate i ns rg'?% l?m’tg Qﬁ& Il{mg ag%de C g&%ﬁgﬁﬁ V\r%éh g‘%@ﬁl‘g‘ﬁ&‘ﬁi‘g It(f)e]ru{l@éj glrr %‘F{Sgsﬁglgyg t he
hot carrlerhmg%gﬁRk QJJE he p- channel type TFT of the CMOS circuit is

al nost neg gl et efGre, it is not necessary to particularly formthe
LDD region in this p-channel type TFT. However, simlar to the n-channel
type TFT, the LDD region can be forned in the p-channel type TFT as a hot
carrier counterneasure. Further, when the CMOS circuit for bi-directionally
fl owdhg Embedigiepisi ¢ current 20 through a channel forming region, i.e., the
CMOS circuit in which roles of the source and drain regions are exchanged
is used in thEmbpdipiepty of thecaagsent inyentign precdisousgsi delowr t he n-channel type TFT
that constitutes the CMOS circuit to form LDD regions such that the channe
f or mi ng Emgpdimens! sandwi ched between the LDD regions. As an exanpl e of

this, a -60 transm ssion gate used in the dot sequential driving is

gi ven. Wien aTkeMiScuire ofld senriempductodddvicer fod parformingh$plat wling ouamakogtimagd ue as
much as possible is used in the driving circuit, the n-channel type TFT
form ng sipeal @dab imapesiphal iy &fptdinddl iy EadtHdindnt 0V Aa@kamiple bh ehetstrattard cf3heon
gate used in the dot sequential driving can be given also as an exanpl e as
suchis 5 $emiforGétoLevide s shlami ﬁﬂﬁF s2¢hiTird RQ gitadpertidh 362.0n whidh 4 plupdigkaged
(enclosed) using a protective filmthat is highly airtight and allows

little g@fsplias IsrafaRgadtin GShAx Sfap e dredRubdir&e B01. M RBShr& &@ﬁaﬁuﬁ@@ﬂnﬁer e&&nn
film or | i ght-transm ssive sea ing material, so as to further avoid

exposur e3d30 ahd EirsPYh sondishte s §pﬁ15%edﬂ1 cﬂﬁm{s%4|3a§a'30$% e fﬁethg rqglf?:ggﬂf i nert

at rosphere’ or a hygroscopi'c s stance arlun1ox or exa

pl aced téﬂgﬁﬁei &{rhgﬁ’%&’ € Alm%uég tw ME‘Q £1t1¥ne°Jr1vEP8rcth9§% u§eH ftnt#xgg_%/@ 'o‘%

After securing e alrti rou packaging or other protessin

connect Of,e thereof need be used for cases in which it is not necessary to select a plurality of gate
20  signal lines for pixel drive, as explained in the embodiment modes. Further, a structure in
which the gate signal line driver circuits are disposed symmetrically at both ends of gate

signal lines, and the gate signal lines are driven from both ends may also be used.

Signals input to the source signal line driver circuit 303, the first gate signal line driver

circuit 304, and the second gate signal line driver circuit 305 are supplied from the outside
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(flexible printed circuit: FPC) is attached for connecting an external
signal termnal with a termnal led out fromthe elenents or circuits
formed on the substrate. The device in a state that can be shipped is
called display device in this specification. 15 Furthernore, in accordance
with the processes shown in this enbodi nent, the nunber of photomasks can
be reduced that is need for manufacturing the light emtting device. As a
result, the processes can be reduced, and this contributes to a reduction
in the manufacturing_costs and an increase in throughput. 20 Enbodi nent 6
Thi s enbodi nment _deals with the fabrication of the light emtting device
accor di ndghepeh hHexiblg printed sirghit FPC3PB¢-ence to Figs. 15A to 15C. -61 Fig.
15A is a top view of the light emtting device that is fabricated by

seal i ng a el ederexamplef the strueturawiithtsqureernignat lingdnives aisguit is shaven indigradB.
thereof by a sealing material. Fig. 15B is a sectional view of taking al ong
a | i ne ATAe sourcdsignal liné\drivérgircdib @ fos paf@ming displhy viieg\amdnalagkinmage sigoalgs a
line B-B" in Fig. 15A. 5 The sealing nenber 4009 is so provided as to

sur round af ipagekighdl] inddR432y skftgagibter BNE albuffer ] 2¢ b samplingd Sioit 3u30 ahd apt and
second scanning line driving circuits 4004a, 4004b fornmed on the substrate

4001. 5Fureled@ic, cureftectnk éreer BREREB14100GvESshpft Y bAke theOiketnde siiweein phtiidulAGR2, on
the signal line driving circuit 4003 and on the first and second scanni ng

line dri yidped mayhiss bé fta witlAdtssagcordingly, the pixel unit 4002,
signal line driving circuit 4003, and first 10 and second scanning |ine

drivi ng i ouihs 4048 1 3Hs AP 13b kot el il LB RRSL ol A4 N9

surrounded by e substra seal i ng nenber seal i ng nenber

4008. Pluyral TETS ar 0ssess. th ixel unit 4002, by the source
signal | gtrrllgct‘éffilsvslshﬁgng? rB]é:u ’twiggg%glr’\%lr eyrpetdﬁg‘ first and gate signal line
deriving circyits,4004a, .4Q04b .fornmed on.the substrate. 4Q01. .Fig. B

Fepr esent at | v eI S FaEN A0 dSmas Bk Poive Sy & Sse /R By TR Oy
and a_p-channel type TFET). 4201 forned on the base film and included in
the 180 die Tikeopnd ytsa clag siera) (SR ¢ cl&e’egl,ve’a?@%fw!'r@c%gavcﬂﬁta'aQHIS? n the
pi xel unit 4002. An interlayer insulating film(flattened film 4301 is
formed oS-SRk Tampling pulseswarc avippt ongradtep Anathsr dm agcordagegywith shepfimig ofthese r ode
(anode) 4203 electrically connected to the TFT 4202. As the pixel electrode
4203, theigeals.s used a transparent conductive filmhaving a 20 | arge work
function. As the transparent conductive film there can be used a conpound
of i ndi um oxi Tke sancpling pulses aleput dronotip chificregiftet 8@l areningui hethasamplingeirowit de,
zinc oxide, tin oxide or indiumoxide. It is also allowable to add gallium

to the tafdrShinge ahplifisddithedugtian buffein 803nandnihelllike) NG dahdpling 3Q2uit 803 Ay made on
the pixel electrode 4203. An opening is -62

15 using a plurality of stages of sampling switches (SW), and performs sampling of a certain
column of the image signal in accordance with the timing of the input sampling pulses.
Specifically, the sampling switches turn on when the sampling pulses are input to the
sampling switches, and the electric potential of the image signal at that point is input to an
electric current converter circuit 804 through the sampling switches.

20 The electric current converter circuit 804 is made using a plurality of stages of electric
current setting circuits 810, and outputs a predetermined electric current to source signal lines
(Si, where 1 < i < n) in accordance with the sampled image signal. Operation of the electric
current setting circuits 810 is explained below using Fig. 10.

Fig. 10 is a diagram showing the structure of the sampling circuit and the electric
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formed in the insulating film4302 on the pixel electrode 4203. An organic
light emtting |ayer 4204 is formed in the opening on the pixel electrode
4203. The organic light emtting |layer 4204 may be made of a known organic
light emtting material or an inorganic light emtting material. Further,
the organic light emtting material may be either a | ow nol ecular 5
(nononeric) material or a high nolecular (polyneric) material. The organic
light emtting |ayer 4204 nay be formed by a known deposition technol ogy or
a coating technology. Further, the organic light emtting |ayer may have a
| am nat ed-1 ayer structure of a hole-injectjon |ayer, a_ hole-transporting

| ayer, aCPITgft coBNERar Gigcuitay Speratinn ofrp srmBlng. Aretin AL it phJlitcagrsd apvan

el ectron injection layer, or may have a 10 single-layer structure. On the
or gani ¢ IAlthneughri samphine bwijely 1002(srej uses oneBldl, analag Bwtiehes 20d thedikestru¢tngd a
conductive film (typically, a conductive filmconprising chiefly alum num
copper obysisingan n-chanel TaTiand t ebhhmeb TFTinhay aldocheaséd.wi t h ot her conducti ve
films) having light-shielding property. It is desired that water and oxygen
are renoved agnnelediri@Sudait somlettef Eigdvitt 10031 iak anfetaicléurkat vepot tikaitca@bhode
4205 and the organic light emtting |ayer 4204. It is therefore necessary

to make aHER réseCatuiti NBRCAdIcDR erisReampBANORagd GiHal &iTd hik Eléetrﬂc%ﬁﬂﬁnt‘kg@%l.i S
formed in a nitrogen or a rare gas atnosphere, and the cathode 4205 is

formed wWhihk gmhgd E‘i%ni‘leiﬁtinﬁ}‘é@b{ the QIRLEPK YQERneHHpadiRLt 1004 MBS %_'Félfé@inﬂﬁl@&’ the
filmis fornmed as described above by using a filmformng device of the

mul ti-ch g(rj %gcﬁgég{-uqe?hggdg})ﬁg IOP{?}&E acc@y@%ﬁ%ﬁ\%ft?glﬁg E‘l@&ri)f?):onegﬂgll Pk ﬁn@' ggn

to the ca or ne emt ement

conpri sing.the pix el,ectrode (anode) 4203, light emtting |ayer 04 and
cat hode. 19s el e Gie et B389 ShelFar b8 i drolfmp AR A 4502
so as to_cover the |light em.tting. el enent 4303. The protection -63 film
39001 s &l dbt Pdhers % a0 SOOI R i Db s STELRF-orldBF SPFHELTEhe
light emtting el enent 4303. Reference nuneral 4005a is a detour wring
connd@t ealsp dettred,prigiided fha thesapte; Gagable 9f outpultingca predstermyingd sigaak elacttie t he
i nput el ectrode of the TFT 4202. The detour wiring 5 4005a is electrically
connect e@uirent fraccpdancg withihe glegtricpeteatialaf @n igput signatpC 4006 passi ng t hr ough
bet ween the sealing nenber 4009 and the substrate 4001 and via an

ani sot ropi ¢ céhelsignal\etectrid qurgB0Mtpusdromh thesdegiriogyriepinddput £008 100eis énpin  be
used a gl ass nenber, a netal nenber (representatively, a stainless steel
menber) , taatheeresaridrcnie 085, oFhearepdtadicuic 1POHws afalog lswitches MWD60indal (07ast i C
film. As the plastic nenber, there can be used an FRP

( Fi ber gl assrt&eiond cmded eRlcaitpotker fuadect008. PVF (pol yvinyl fluoride) film a
Mylar film a polyester film or an acrylic resin film It is also

al | opgbl e to TECamish&Rtched 16065dndUODTaR: bth Bhitfdlled By abiaBTaNvds8t kignhl (Res.)
sandwi ched by the PVF filns or the Mylar filnms. When light emtted fromthe

l'ight endd 4 RGetRiRARRAVertcd b nafveEr 1GVBRARH SPReat€ Q)68 that BnERBILWheRWRURE . t he
cover menber must be transparent. In this case, use is nade of a
transpargpdisigpt eri al such as glass plate, a plastic plate, a polyester film
or an acrylic film As the filler material 4210, there can be used an

ultraviolet-r ﬁyregeqrs LB &' ifpR dufink *}ﬁamn@f»gkieifi Qaﬂcﬁﬁxieﬂef%r@ tﬂgqhéléé’ g%& the

i nert gas sucn as nitrogen or- argon: ere can be use

(pol yvin chl ori an acrylic in. a-polyimde, .an epoxy resin,. a

SPP Lonelons o8 whid medRaBE iRt 1T e ¢ 2B5 e eS8t R ShehEphe
acetagte). In this enbodi nent itrogen is used as the filler material. In
o G ¢ peIREe PN L e M BTt s oBise Rl Bt dbBgE. nBbdre a
(preferably, bariumoxide) or a materjial capabl e of adsorbi ng oxygen,

furt her , Other handsthg gnalgg switgh, 19G6omeqty if; arepdd stgngl isinpeandethe iapyodawiiet 4008
on the side of the substrate 4001, and the hygroscopic material or the

mat er i al 1709ms apabia ckrtrigdonbplimpastgdyienthe slegirispowetisauresr KIOA is applied as

the electric potential of the source signal line, and the source signal line is reset. Note that

the reset operation is performed in a horizontal return period or the like. Note also that it is
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The hygroscopic material or the material 4207 capabl e of adsorbing oxygen
is held in the recessed portion 4007 by a recessed portion-covering nenber
4208, so that the hygroscopic 5 naterial or the material 4207 capabl e of
adsor bi ng oxygen will not scatter. The recessed portion-covering nenber
4208 is of the formof a fine nesh which permts the air or water to pass

t hrough but does not permt the passage of the hygroscopic naterial or the
mat eri al 4207 that adsorbs oxygen. Provision of the hygroscopic material or
the material 4207 capabl e of adsorbing oxygen suppresses the deterioration
of the light emtting el enent 4303. 10 Referring to Fig. 15C the

conduct i peeférablentlp Oi8aclpeiri¢ poteridpl impatadefrom thoeleeitic powebsauee HEORerneaily i ng
4005a sinultaneously with the formation of the pixel electrode 4203. The
ani sot r opqual to that df3(6 cleaticarureonsipply hire ihithd pixel4BOlen. Udahist itas peifdryble
adhering the substrate 4001 and the FPC 4006 together, the conductive film
4203a ontHahehesdmisiint of eleflO turérd flod@ngvin 1he Govkd® dighalrlineRE abile fohis: febP( AHRO6 are
el ectrically connected together 15 through the conductive filler 4300a.
Enbodi meQther tHeRobRE sighalUfmb W @se¢hown _in Fig. 28B, the first electrode of a
storage TFT 2856 is connected to the source signal |ine 2801. an exanple in
whi chst he sto tJ S 4 R Fi 30A.
ATirot ol oot FageBPt o s Ao IS s el on B S ch® (S IBE T 08 - ode
of a SW tl“ﬁg'%ﬂg s%ﬂi ll?i}g%ivglncgrcgitfh!ag %%hiﬁlr égtElO% a?nlzi aaouﬁjfe} X583 1&:1;'_ u%\%)%Zrati%__gnal
electric cuPrent wite-in and lI'ig emssion operations are §ho I'n Figs.
30B to -65.. .30 but . ot her t han el.ectri.c current hway |.1,.bei.n

ol gt 1 y ey it b, B ek il Paf aRShrfeuf. T B e 21 S
28D, and therefore an explanation is omtted here, Further, staorage TFT
3006 canPHESS e ISE ApUhcs di, peoprdnge, with 3 GoRk Uanal pache SRVAYSE! S BHEE/TS i o
gray scale nethod using a digital inmge signal hy making connections to the
5 st or ag@P¥Hp thegate sigual lingafter BF’nEﬁB’@gflﬁ%hY the, b"‘fé@%@pgg@e BJY fbe HmS iyat e
and a source of a driver TFT 3007 becones zero, and the driver TFT 3007

t ur n$0 of placaslint yseleeted state. s {lbe aignalTelvctgomsmon aMmrtenciargrden from the [spyype

em ssion period. An electric current pathway to an EL el enent 3010 is

cut of f asigealllips into thefixd helnumnaontedliedtbyithe shetegegatersagnahlise.accunul ated in a
storage capacitor 3009 is released through a pathway fromthe storage
capaci t or 3008ofeathhthaltidhghtostdfyaedibitr BONng tacplaratiynefeflipeflopsnid sthiowwdn théT
3008. As a result, the light em ssion period ends. Note that although a

det ai | edfigurpd a9t dxampleagakeldhifd rdgister] $tiRn@EAN wihic i€isipokdibid td Seleutitiel sighaher e,

t he net hods di sclosed in JP 2001-5426 A and JP 2000- 86968 may be

r ef er encgbs ubingNfe€odeh 8t the ke hﬁ? aRB®catdeon is al so possible using
structures that differ fromthat of Figs. 30A to 30D. In short, a pathway

| i kejg hat of Fig. 39A may be established when the signal electric current
is input, and a pathway |like that of Fig. 39B may be established during

l'i ght e”ﬁ§®5ﬁﬂw {e switching elenents and the like may therefore be

di sposed suc that their positions are not inconsistent with the

af orement | Onef'heosq}u}&mél 3fa gepmiconductor device for performing display using a digital image
signal for an image signal is explained in Embodiment 2. An example of the structure of the
semiconductor device is shown in Fig. 4A. There is a pixel portion 402, in which a plurality

20  of pixels is arranged in a matrix shape, on a substrate 401. A source signal line driver circuit

403, and first and second gate signal line driver circuits 404 and 405 are in the periphery of

the pixel portion 402. Although two gate signal line driver circuits are used in Fig. 4A, only

one thereof need be used for cases in which it is not necessary to select a plurality of gate

signal lines for pixel drive, as explained in the embodiment modes. Further, a structure in
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Enbodi ment 8 First, consider the pixel disclosed by Enbodi nent Mode 2. The
switching TFT 2855 and the storage TFT 2856 are on when the signal electric
current is witten in, and therefore the gate el ectrode and the second

el ectrode of the driver TFT 2807 have the sane electric -66 potenti al .
That is, the voltage between the gate and the source becones zero, and the
TFT turns off. However, there are cases in which a drain current wll flow
(normally on) even if the voltage between the gate and the source of a TFT
is zero due to processing defects and the 5 like. The driver TFT 2807 will
thus be on during wite-in of the signal electric current in this case.

Nor mal  opdick: ﬁhBrEafesS‘&Eiﬂs‘Plﬁl ‘H“‘Fbrc"P‘H@ g digpossdgsymmretigally al bpth Kadssphgalge TFT
2856, even for cases in which it is assuned that they are normally on, by
changi ngsighd lines @nd the gate dgnal linesare divendeane bathgady mpy #eo besgdyver , t he

vol t age between the gate and the source of the 10 driver TFT 2807 (S
partial | y depS8igielstnpuptonthe haromsignal difé devetciacuf 403, thedfirstrgatpesignapting driver 2856,
and the normally on problem cannot be resolved even if the electric

pot ent i akirafit 404 asd gieasecbadgate sSigahlaligpedtiver leirsuipa@bhre rsuppliedbieos ahes eutsidy

di sposing a light emtting TFT 3112 between an electric current supply line
3105 &nd tiowhhi afdxiblE prigdd Bircas(FPIyw06.i n Fig. 31A. Note that, although the
light emtting TFT 3112 is connected in series with the driver 15 TFT 3108,

it may al so banicRsRplk o tHektRENRS of tRE Rk QN TRl B HRAr Eib@lt it idwWaRad.aps are
such that electric current leaking fromthe driver TFT 3108 can be cutoff.

Further, ﬁbgodr gna@mtdho& JFL&H& ﬁﬁﬁmﬂ ?ﬁs geusﬁlyn gmqms%eegrgﬂm as and

t her ef or e nay any polarit t| on 31D.

the i gh%n mét 1&%1 F:Jj- h%}%@shitf g'ljsrté}eﬂlol; ff)rg%tﬁl?glrwxi EPZ 'ar}.egrﬁitlgﬁagz rgml

electric curr sturne duri

operatio na L m | ar totho the e
Pur t her i, f%ﬁgﬁt Ty “ip e A ﬂ@“@t B e TR B RhsFBET i e
ontr 'l ed bl thel'ls me ﬂﬁte S|g g i ne, as di scussed above The-nunber of
gat el ghdficylarind ¥ alsa bf afdrdamhenisaess#y: aperture ratio can be
i ncreased. Further, the connections_of the switching TET 3106 and the
storage TFT 31teresaignglline drives gecuith 4A%@ad 495 dpaycbrs sigmilar fo thase ghowsmin 7.
Simlar changles correspondi ng to Enbodi nent Mbde 1 and Enbodi nent 4 are
al so posEmbpdimephioandriercioresthay ares nott shgenbiat the digurdsehegmtaad ardexpirnaiour ce
of the driver TF T 2807 is zero during wite-in of the signal electric
current thetebf isloeitied.uct ure shown by Figs. 28A and 28B, and

Operation of the source signal line driver circuit is explained next. A detailed

15  structure is shown in Fig. 9, which will be referred to.
A shift register 901 is made by using a plurality of stages of flip flop circuits (FF) or
the like, and inputs a clock signal (S-CLK), a clock inverted signal (S-CLKDb) and a start pulse

(S-SP). Sampling pulses are output one after another in accordance with the timing of these

signals. L

20 The sampling pulses output from the shift register 901 are input to a first latch circuit
902. The digital image signal is input to the first latch circuit 902, and the digital image
signal is stored in each stage in accordance with the timing at which the sampling pulses are

input.

When storage of the digital image signal in the first latch circuit 902 is completed
-41-



therefore the driver TFT 2807 is turned off. The driver TFT 2807 then turns
on, and light is emtted, when the switching TFT 2855 turns off due to a
portion of the electric charge that has accumul ated in the storage
capacitor 2809 is transferred to the gate el ectrode of the driver 10 TFT
2807. For cases of considering parasitic capacitance of the gate el ectrode
of the driver TFT 2807 here, electric charge does not accunulate in the
gate el ectrode of the driver TFT 2807 during wite-in of the signal

el ectric current, and electric charge noves to the gate el ectrode of the
driver TFT 2807 during light em ssion. The su I{ source of the electric
char ge i throwgh the figalgtaggea lseds IO a %ﬂqqnc{) lEltc cris §63 dwawm) 2 horigontalist  be
originally stored by the storage capacitor 2809 becones smaller by the
anount ofettinepepad,apil thecdigita) dmageavigral stbredhie ther firgelatch €irc@i8 002 Bumnsforrehal
novenent of electric charge. The driver TFT 2807 may be turned on in
advance afome dethetsecondllmeh tikduit 9080bDaBTOWApSition Of thealifioll imageasghabstored in
performng this type of operation is shown in Enbodi ment 9. 20 The

St ruct ur gnelseconldQi¥eh tifcuftl O3 ishbn inplt RUKitdd@RecirR dufentsdidciitbgd.e shown in Figs.
28A and 28B, a third gate signal |ine 3204, a light emtting TFT 3210, and

a compensat or ; : 1t ol ; %gejsg)_
contpglled byA¥§§P§ﬁ%%§§§§?§H§?gﬁgﬁgﬁﬁﬁﬁmggﬁ%#agﬁé%?thggﬁggﬁggtor #%g 3211

Is contrgl, eﬂg'n?}ﬁeasé::jgrlyd; %atc%ﬁ#ﬁgéﬁ%@?‘és &@g 18 %Bg fixgh Bl e %Qné}]t?fcggm&g TFT

3206. The +| emt osed between a secon

el ectrod f the swtehin FT 6.and a first .electrode. of the driver TFT
5208, - angrereior e hiay Sorph o348 iRgke, Pe 3 BRTROE RE e GrE B ¢ oe
of the driver TFT 3208 and one el ectrode of an EL el enent 3213. note that
sinpl e sRT¥HMMy el ements are used for the TFTs added here, and therefore
they nmay have an¥ polarity. 5 Wite-in of a signal electric current_js

expl ai ned fi rEig: 1ke2 fjagem shopdng thgsiuciureef e dixed glgctic upgpicitgtite Thgnal
line 3203 are selected, the switching TFT 3206, a storage TFT 3207, and the
conpthsafized atecriggurrent girepithas apltiralifieokstages of eleetgic cpgert petimgicincuits Hi®dt from
a source signal line 3201. A single electric current Ida,a is divided into
h and h THhe electHt eutrentsetting ciyeuitsald Oh dormedtin tachagagenmitput @cbredetamgted rsigpel
capacitor 3212 imediately after wite-in begins, and therefore the driver
TFT 3208eclegtdc ugem\(@sd)eto aswhrelr sigedl lifle Tin 320G darce vidt h wf@ jnferndhtibd i the at
this point. Therefore lIdata = h, electric current only develops in this
period bgigitildmape sip®alinpaf fremakd secondlavh@aciibat occurs with the accumul ation
of electric charge in the storage capacitor. Electric charge then gradually

bui | ds up in TRecIs&AE 26Rerf APMA] lcRtuiB21& hansl figbd elegitdufredDsoR R eNDR Fbr
di fference begins to devel op between both el ectrodes of the storage

capagy t ofypafiie thd BenARIESd Sfrcfi]) Qn{ﬂ{)% V& ltchEE 118791 106! R9ertds MiENadd 08

el ectric potential difference bétween the el ectrodes reaches the threshold

val ue of ,d4hg 89(8?(% g?’\%arn%ﬂ&ﬁ qu-bg.e r Tl;l-f{: Ez'irx%ggigctri@ 9911%11% |Sgl$r¥€ ho@Pis fdthfady *

|z, as stated a erefore CONes shnm ut does not reach

zero unt] .Qﬁ?agn%u E’E‘fﬁt LPBPT1 G L FDR6 Gartidhidr i i RNE PFacFRACHCT
3212 is conplete, an
structure.
The analog switches 1103 to 1106 are controlled to turn on and off by the digital
20  image signal output from the second latch circuit 903. The analog switches 1103 and 1104
operate in a mutually exclusive manner, and when one is on, the other is off. Similarly, the
analog switches 1105 and 1106 also operate in a mutually exclusive manner.

When the digital image signal stored in the second latch circuit 903 is 1, that is when it

is H level, the analog switches 1103 and 1105 turn on, and the analog switches 1104 and 1106
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20 an electric current still develops. On the other hand, although the

vol tage between a gate and a source of the driver TF'T 3208 becane zero
during wite-in of the signal electric current in the enbodi nent nodes, the
light emtting TFT 3210 is disposed in Enbodinment 9 and is turned off, and
therefore an electric potential difference devel ops between the gate and
the source of the driver TFT 3208, -69 whi ch turns on. Further, the
conpensator TFT 3211 is on, and therefore an electric current pathway from
the electric current supply line 3205 to the driver TFT 3208 to the
conmpensator TFT 3211 and to the EL el enment 3213 devel ops, and an electric
current [temdél e|Thp predstesnivas signal RlegtricaaBentNbereforhigtmads t¢ Sowdramthe fixndent

el ectric current, and is not influenced by Ida,e, Il, 5 or IZ Electric
char ge aclwtrid atrest sonrct A€02; and sgmtpd patbe saurc3d gl ling throughdherabig i ¢
potential difference between both electrodes in the storage capacitor 3212,
nanel y t Beitelkdstlag@abti@Sen t he gate and the source of the converter and
driver TFT 3209, becones a desired voltage, that is becones a voltage (VGS)

at whi ch the ofmedth@hand)Gf GE idietal ilfabe S3A st BitheSeddhd huit@scikit o3 ()| e of
the electric current Ida,a to fl ow. en the accunul ati on of electric

chargs i shdi REPhGATRIISkel, thESn oSG itdhEs EMIA /B 106 Bk PBS, aht WY g 3R
additiron, an electric current corresponding to VGS fl'ows in thée converter

and driv JET, t 4 hi .ot ; = el - El gy el ection
of the seeig%Bngndgglt% gq‘é@g? IflitéJ TlilcE%hgfécfﬁ?gcuk%ﬁ{ﬁg?uééhﬁ(e@t% ,?lxtg glegt?l ngé grgr%n$TFT 3207
turns off, an i.gnal iLtesin oper.ations ar | et 15, Li em ssi on
oper at | ofEs SRFBR oyttt S BEBla U5 o BB AT RS d et g e, 3205
is conplet angd .t SW.I chi TET 3206,.and the conpens TFT 3211 turn
of < on anonPRler Hda. Thededtle portuif af uR BlealitoRe 0% | DO MMRFEE and
the light emtting TFT 321Q turns qn. The volt etween the gate and the
sour ce ofmpHisd¢ HFspvics Sianel lag iﬂvevgc}*r*hfra@ai‘eﬂasw%&gk%ﬁed PiG thatdt 1g 3@?%@6
capacitor at this point, -and the gate el ectrode of the driver TFT 3208 is
20 i A0a &hahthe elestrigpatential efthe electep apyer saurce A10Lbgmearly sara to that efife t her ef or e
an electric current pathway fromthe electric current supply line to the
driver TEEcBR@E8rens sup@y linghnt the pixel partjont FThapis it isprefhrabledhatdhe dectaqd dri ver
TFT 3209 and to the EL el enent develops. Alight emtting electric current

| EL devekuapent fIdivingHh tled sonmatsigdalllhetdae be bant@zaomthen thegligital thagegiégnel isllect r ode
of the driver TFT 3208 and the gate el ectrode of the converter and -70
driver TE¥VeB209 are connected, and therefore the two TFTs function as a
multi-gate TFT at this point. Generally, if the gate length L in a TFT

becones TNgRFemdnfiEnddl Gicfations hRNperkRMmOIBENINB! b -alll dladeBivsitiC a&EChoriAdatasi gnal
electric current finally flows only in the converter and driver TFT 3209

during spgidal Thé {Aond br AP SRl dBric WehEoltP@ tsiaquheedo%&rersip@apﬁwe@@dﬁmu;l ows
5 in the converter and driver TFT 3209 and in the driver TFT 3208 during

light enjs&in®ikd, The nunber of gate el ectrodes therefore becomes Iarger
during I1ght emssion, the gate length L becones |onger as a result, and

the rel altlbtg r}ﬁ;{! Qltﬁ%)%&wedﬁﬂoé Q@itgllle%.cagé iugccf: W {h%%ﬁtch&cfh”ﬁ)% Jl&?r?cacfrrent setting

circuit, other types of switches may also be used, such as transmission gates. Furthermore,
another structure capable of selectiﬂg the signal lines by using a decoder or the like as a

20 substitute for the shift register, as discussed in Embodiment 1.

Embodiment 3
Display becomes two gray scales, white and black, in the semiconductor device using

the digital image signal shown in Embodiment 2. A driver circuit for similarly displaying
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| E~,. In accordance with Enbodi nent 9, the driver TFT 3208 is al so on
during wite-in of 10 the signal electric current, and therefore electric
charge flows into the gate el ectrode of the driver TFT 3208 and el ectric
charge does not nove fromthe storage capacitor 3212 during |ight em ssion
The parasitic capacitance of the gate of the driver TFT 3208 thus does not

i nfluence the gray scale. Further, the switching TFT 3206 and the storage
TFT 3207 may both be controlled by 15 the sanme gate signal |ine, as

di scussed above. The nunber of gate signal |ines can thus be reduced, and
the aperture ration can_be increased. FurthernDre connectlons to the

swi t chi n@"“ﬁtplie 80 SCH PSR @g@la@égeﬁtgnagrgglpsq@g i Embegimepthiged as

di scussed in Enbodinent 7. It is also possible to nmake simlar changes

cor r espondi ng Fis 12rithews rea rexampleeofithe stiuetmsoddi avsowrcessigmad Imsisbsiyerrehieunit) for A
structure that uses p-channel TFTs for a converter and driver TFT and a
driver Tipdtfordhihg 3+bitrdjgital grytseale stisplayt uThe sduréentigmiil himedrivdsdircdit opgatiompis ai ned
i n Enbodi nent 10. Note that sinple switching elenments are used for all TFTs
ot her t haimitaneo theriviet semrceasighatiline divef Eifcui7showndn dEntHodinaknit 2eandTiERas astdft
therefore the other TFTs may have any polarity. A structure is shown in

Fi g. 33Aregfstériroel, OfirsHia@h ciodit 202, @s&ohd bchsdigtith 203, ard 3 8Rdd elbétkis curréntt hird
gate signal lines 3302 to 3304, an electric current supply line 3305, a

swi t chi ngirdifil 13806 TR S 8&rid FchrdmOdircudt 04V &es WFplu of BI&HY ehidr&lt and
driver TFT 3309, a light 5 emtting TFT 3310, a con roI FT 3311, a storage

capaC|togdéé%ag?gngﬂpsﬁﬁmﬁk g&m§éﬁ§3fThe a gate el ectrode of the

switchin I'S connec to t irst gate signal line 3302 a first

ol ectrode of e R G 5ot 3050l oo BNCL Al B39 GBe Ty e

3301, and a secon ect smntc I's connec to a

first electro he cony ver TFT.3309 first Iec r ode
of " the'| FEHC ER oA I SFﬁﬂ“ds‘g% RN A he e A8 and
driv é TFT_3309 is connecteg “to a first ele}p\;ﬁg of the r TFT 3308, )
and 3 t e PUFUEY H/a8% ORAr2H s of 3 Hres bit portien of ita}frpage Signa ﬁ‘H‘ tAReoyslydRr TFT
3308 are connected to each other. A second el ectrode of the driver TFT 3308
i s conned¢eElapes Witk apaBRlinggRulsss oytpw from dhe ghifh registes.  Phegdihit digdaltimsge of
the storage TFT 3307 is connected to the second gate signal |ine 3303, a
first el signdlsipsedoin thesecendlaeheirAT1 203 igput toghabixadadectir ewrenheirayitl@d04.
el ectrode of the converter and driver TFT 3309 and the gate el ectrode of
the driver TFHig. 330Sowanth axaegond tht estictonteobihet blectsic onuanget $¢iing 30¢uit s
connected to the second el ectrode of the converter and driver TFT 3309 and
t he firsstneheed rhedixedf elbdidc duirpdrcilthil cd3EBbodimgat 2 eAretacoibeciafent hetihg ght
emtting TFT 3310 is connected to the

15  circuit 1300 has TFTs 1301 to 1303, analog switches 1304 and 1305, inverters 1306 and 1307,

a NOR circuit 1308, and electric power sources 1309 and 1310.
The 3-bits of the digital image signal are input to gate electrodes of the TFTs 1301 to
1303, respectively, and to the NOR circuit 1308. The TFTs each have different channel
w;'dths W, and their on electric current are set to have a ratio o& 2:1.
20 When the digital image signal input to the gate electrodes of the TFTs 1301 to 1303 is
1, that is when it is H level, the TFTs turn on and a predetermined electric current is supplied
to a source signal line. The electric current supplied to the source signal line is the sum of

the electric currents supplied through the TFTs 1301 to 1303, and the on electric current of

each TFT have a ratio of 4 : 2 : 1, as stated above, and therefore the size of the electric current
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third gate signal Iine 3304, and a second el ectrode of the light emtting
TFT 3310 is connected 20 to the electric current supply line 3305. A gate
el ectrode of the control TFT 3311 is connected to the first gate signal
line 3302, and a first electrode of the control TFT 3311 is connected to

t he second el ectrode of the converter and driver TFT 3309, the first

el ectrode of the driver TFT 3308, and the second el ectrode of the storage
TFT 3307. Predetermned electric potentials are input to the electric
current supply line 3305 and the second el ectrode of -72 the EL el enent
3313, and they thys havye a nutual electric potential difference. Further, a
certain E¥hRE Eapfrolediogs slagssopapely 81513885 nput to the second el ectrode of the
control TFT 3311. There are no particular limtations placed on the val ue
of this el ect Hithe digitalimags sigpa dupud éithe igate clectrpdes of myﬁgﬂséégl thb3P3thee all

el ectric potential of the source signal line 3301. Further, although 5 the
second ekeros,ithatds iffit is hdewsl,chemal diHite 3307 130 tod303 ture dfft oOnibe ftherdtand, H

el ectrode of the driver TFT 3308 and the second el ectrode of the converter
and dri véavellisbufpR0fomi the NOR,ahes analey sairhddDE turhoon, hed siecaadriep@edrisogiee of

the control TFT 331l, nanely, connected to the certain constant electric

pot ensi aklecte@orhtislivf teiRottid p&vérBodrce 33 F ig @parRH 86 theisburetlkighdllinko | i ght
em ssion is explained using 10 Figs. 33B to 33D. The first and the second

gate signal | ri@feraffe ?c@étequ%%@ éfzieg%)sss, inpewMint £ RbMBnit Tetd30Periddh ehen QRE I O!
TFT 3311, and the storage T 3307 turn on, and the signal electric current

|'s i nput a%«?%b?i@%v\sf@érﬁﬁlssdnggﬂﬁ the afcitﬁgﬁgwléﬁﬁﬁrdéi acctﬁ?égatcmﬁl?hmaheﬁhéﬁ ric

current | eparated into Z here. Electric arge has not

yet accu t I . i.tor 3312 imediately after wite-in
begi ns, %é}tsﬁgrrcg?%é%gi@bﬁ%qgrﬂ%\a}g)r% ﬁ%“é@é%- and the converter and driver
TFT 3309 are Qoth off nd.l2.= 0 at this.point..The valtage t gate
and a source gfls Piy erglp? @gfthfﬁfe%r%gotsxg%% cfi‘i‘ G, SRUIE el@§€$§§§1 FT
3307_js on, and therefore the driyer TFT 3308 turns itself off. X

Cons éé]ueﬁ’iclhﬂe Mot "ECWF PoFfetial simqlps to thay P?ﬁlﬁtelesﬁ10fuas@teﬁuae}§ ?‘GE Pf thg PiNst s
period due to the novenent of electric charge acconpanying the accunul ation
of el ect PPIéior 5@ that thepampepmt of glegic ourephilawing dn .thea%tqerﬁlgpag Heg ean Bf Sedit@l |y
builds up in the storage capacitor 3312, and an electric potenti al

di f f er eneo pagh e clestricpoaves goures eleetric polehtial issitparieibio the squines signal hepe
capacitor 3312. The converter and driver TFT 3309 turns on, and | Z

devel ops, whe€@rayrsealeldésplayican plntsehet peaformed. f é¥ate that, aéhowghrnant dxempleofal @st r odes
reaches the threshold value of the converter and driver -73  TFT 3309. As
st at ed abidrbit digikal graysdaless giRen aBmbdimeiitd, ehelelargma paichlgr limitateohs pided ut
does not reach zero until the accunul ation of electric charge in the

stor aye edpachimiier 33 k2ay scaleg)miditds pbbsitslé té émplemestNEmbodiment 3 lbly adsivalaops.

method for cases in which a higher number of gray scales are displayed.

Embodiment 4
In the structure shown in Figs. 1A and 1B, the second electr_oslc of the storage TFT
20 156 is connected to the source signal line 101. The storage TFT 156 may also be connected
to an output electrode of a switching TFT 1401, and an input electrode of a driver TFT 1403
as shown in Fig. 14A.

Signal write-in and light emission operations are shown in Figs. 14B to 14D, but other

than the fact that an electric current pathway I, is slightly different from that of Figs. 1A and
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Further, the voltage between the gate and the source of the driver TFT 3308
becones 5 zero due to the storage TFT 3307 being on, and therefore the
driver TFT 3308 turns off. The signal electric current |Idata consequently
flows through the control TFT 3311, and does not flow in the EL el ement
3313. Electric charge accunul ates in the storage capacitor 3312 until the
electric potential between both electrodes in the storage capacitor 3312,
nanely the voltage between the gate 10 and the source of the converter and
driver TFT 3309, becones a desired voltage, that is becones a voltage (VGS)
at which the converter and driver TFT 3309 causes as nuch as possi bl e of

t he el ectlB; theopenations arasimalat, and hioexplanation isikereforaomitiad heom. of el ectric
charge is then conplete, the electric current h stops flowing, and in

addi ti on, an &helxdrybyrusing ahenbnecton espstodiga THIO1402Sisfshows in Enfbodinccmnvges t er
and driver TFT 3309 at this point, and Idata = 1z 15 (see Fig. 330C).

Sel ect i ogemicohdirtos dedoddiddntbysd e kralyistdte S3fhddiusing @riigiel flagetidnal éaeise
storage TFT 3307 turns off. Selection of the first gate signal |ine 3302

fini shedangrige THE 1508 Aschidder T 3BR6oNage bdi®e&PNighteland i koddd bf tHer dtivef f .
and signal wite-in operations are conplete. Light em ssion operations are

cover 6d AeAt 1409GR vERet & L4476 tuﬁJil?%fh'éid}ivEP‘TF?rlMOWOiﬁt, &yl imAReheiodbe PEE

conplete, an electric current pathway fromthe sourcé signal |line 3301 to

the 20 sw i t . r Liver

control W%%r%ﬁ%p&%ﬂ? ﬁél%léf %@[S%?@g%g&\ﬁgr Ls ur glégs?ﬁgl f(r:o-tgltEg ﬁ eientﬂ)%rt Hagsh of
the electric charge that has accunulated in the storage capacitor 3312 due
to Idataa??gﬁfmg in the converter and driver TFT 3309 up to this point then
noves to the te electrode of the driver TFT 3308. The driver TFT 3308
thus aut omat i £t {2 et Jaupiledaplanrian raewng Ridime iy icelesmpbed &t and
the light emtting TFT -74 3310 turns_on,_ then an electric current

pat hway PPHHRd hgeethscmetheds disclosed dndB| 30014038 03nd; & 2REB0-BPYTA @yt Ps ng
TFT 3310 to the converter and driver TFT 3309 to the driver TFT 3308 and to
the E) ereferenged3313 devel ops as shown in Fig. 33D, and a light emitting
electric current IEL flows. The EL el enent 3313 thus emts light. 5 The

gat e el ect r oddngikampls idrwhiel thiF$tr@308 inmpplicdeogat #tizt eminixvdisplf delige is
converter and driver TFT 3309 are connected, and therefore the two TFTs

f unct i onslasvrainmRigd. 344aind 3ABT &Fig. 3UBSs poierimplEofiactahll elemdért ahdeviged Rybwengt h L
in a TFT becones |onger, the drain current becones snmaller. In this case,

t he si gnadd Blge8aAIi€ af Hﬁl!ii%l&ntfdiﬁait|d§’agiz{rﬂ\t\§ﬂ&ﬂi\;\% tHeNpdshngloelaEbhship Batdreél | Ver
TFT 3309 during signal wite-in operations, ile the signal electric
current §dc\Whendedt. | rRJf&@n&Qﬁ\&ﬁHl%itﬁiﬂdh@ﬁ% &J ard bdsed 3P6n Bipsl 14A bhapdri ver TFT
3308 during light em ssion. The nunber of gate el ectrodes therefore becones

l'argeg duri ngNbicGhit ERIISSHRRatioh!tE 188! fosdiBRUsthelstRRAREEHal HRGLFroRSthA besSul T,
and the rel ationship between the electric currents beconmes |Idata > | EL Note

that o ppiougys |d Kyt DALangh, Cion A0 Al o8 1O OV 0biGed Wi U e

signal 157electric current, hat o may be
formed during.lj i.s8i0n. The sw tehi t L0 K t hus
be di spoés*léllaa] glgcgggn]g?ﬂq% ﬁ)lphl anda 8&\/"\"53%' EIE% ﬂ%t SxL Elrgre K35 m%gjq)e cgtgbhshec? dlrlﬁlﬁ/g

light emission. The switching elements and the like may therefore be disposed such that

their positions are not inconsistent with the aforementioned pathways, and connections such

20  as those of Fig. 38C are also possible.

Embodiment 5

In this embodiment, a manufacturing method of a semiconductor device is described.

Typically, n-channel TFT and p-channel TFT that compose the driver circuit and TFT that is
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pat hways. I n accordance with Enbodi ment 10, the signal electric current

| dea does not flowinto the EL el enent 3313 during wite in of the signal
el ectric current. Consequently, there is no 20 influence due to the EL

el ement 3313 acting as a |load, and therefore wite-in of the signal

el ectric current can be perforned at very high speed. Furthernore, the
switching TFT 3306 and the storage TFT 3307 may be controlled by the sane
gate signal |ine as discussed above. The nunber of gate signal |ines can

t hus be reduced, and the aperture ratio can be increased. -75 Furt her,
the converter and driver TFT and the driver TFT can al so_have p-channel

st r uct ur PEoYifed RdhepBIPORRareBRreEbath d Vithespeshisoipareft S hgonapssingiakixel
Enbodi ment 10. It is also possible to use a structure in which the

conver t eris potdllhtratedin farticularditichebelformed infkTording tp thihiembediment. t he structure
shown in Figs. 28A and 28B. An exanple of a 5 structure for this case is
shown in Fig. e rt drlver
TFT, the TFTs %g@daﬁ%og’\?‘m T ckénztﬂ& @gr%nfl %O |£§y%slgd'|: i oca‘fthch A %such

h hwa bli d
current " HEED o . Batieta g g 7ﬁa'fl%Hﬁgiaaym@*ff%%@”%'sf?"i’bﬁ%' Sy

Iight em hat t na eIeCtrlc urrent | aat dos not fl ow
nto She bl e{ﬁ@webkn)f)?-&i%iosusﬂb@dhgw bgpsijcaley g5 o8 lpmios BerpRcne &lesh
Idaavveretoflo into the EL elenent, then the anmpunt of tine unt|I t he
EL el enedtPrpwaEAdy #702¢ élaag/ar@t*aﬂ@ \&Iarss obgonipg £arnostione  Fpmexample, dsilicPRg i n
electric charge to the storage capacitor, that is, the amount of tinme for
ori gi nal o&ywitride fé‘“tﬁ@‘??énﬁons@!fq fiomy Sikhn dVHasand Ne@ iyt the tplasereoED mededsady t o
| engt hen the signal wite-in period. A structure |like that of Figs. 40A to
40C may Iheving edhitkness afSfemi 10 totP00mm (prefsratiysit edl 005no)ois Sorarede n Sinhigarhnwunt
of time for signal wite-in with the circuits given as enbodinents up to
t hi s poi hydrogateraedsiliton dxygirideiin fithed $BnaSiH,Fand N,B4W lawwthg30WBickinesswii ch
the signal electric current ldaca flows-in the EL element. Fig. 40A is an
exampbe @fond PP ey 2OW ninh@reiérablg BN W06 0k AHRELd BerebR. tIAEhBI dntbddimet, thi JS.

28A and 28B. A terminal not connected to a conmon el ectrode of the EL

el ement 'bﬁsezfﬂnFSU@Q%% @@Lvé-payar ﬂﬁx‘éﬁlré‘%\it ﬁ'lgy als6 Bk tf&hféd\é@htsa@& lapirefiaraaibhe an
el ectric povver line or the'like) through®a TFT. The TFT i's on during

write-ingptpd figye 'HQﬂﬁlmg lf*ﬁgg rdr% ﬁHﬁﬁa‘?@Fﬂm 39¢nh Sndtt inAlUod V\}'érb 9P the zfﬂo%é' on.

El ectric current pat uring signal electric current Ite-in and |ight
eni ssi on ﬂ%gnhg shpvvn in Figs. 40B and 40C, respectively. The electric
potentla 'A is quickly fixed to the electric potential of point B
-76 when the TFT turns on during signal electric current wite-in. A

st eady state chhntfike efearieonductor layers 5003 to 5006 are formed from a crystalline

15  semiconductor film obtained by conducting laser crystallization method or a known thermal
crystallization method on a semiconductor film having an amorphous structure. These
island-like semiconductor layers 5003 to 5006 each has a thickness of from 25 to 80 nm
(preferably 30 to 60 nm). No Ilimitation is put on the material of the crystalline
semiconductor {nui, but the crystalline semiconductor film is preferably formed from silicon,

20  asilicon germanium (SiGe) alloy, etc.

When the crystalline semiconductor film is to be manufactured by the laser
crystallization method, an excimer laser, a YAG laser and an YVO, laser of a pulse

oscillation type or continuous light emitting type are used. When these lasers are used, it is
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be qui ckly achieved, and the signal electric current wite-in can be
conpleted in a short anmount of tinme. The electric potential of the point B
is arbitrary, but it is preferable that the electric 5 potential be one
such that the EL el enent does not emt |ight so as not to inpart influence
to the display. Furthernore, if the electric potential of a point Cis nade
| ess than the electric potential of one electrode of the EL elenent (a
cathode for the case of Figs. 40A and 40B}, then it is possible to apply a
reverse bias to the EL element during wite-in of the signal electric
current. 10 Enbodi ment 11 Di spersion between el enents is gne problemfaced
for casedrdsrable/e ysea wethod iy waichaager heagn tadipted frgyp adpsey osqlfadords sonseesedn i n
the characteristics of adjacently disposed elenents can be nmade relatively
smal |, birtofadinear hapeby An Wblieah syskan andthen & igradisted;tp dhecjeaneandugter film. A
characteristics in a pixel portion are considered, for exanple if the

di sper si erystallization cotdgiongs suitibtjeselEctsp dyletopemtoradWaen tie gxicinedrdaset isaned,
display irregularities will be able to be recognized, even if the

di sper si @alst 8sclldtiphtfreqientp tidised td 300, @hd ld3er ehiergy densitysie sarte friowd 100hedioevery
certain period of tine is used as a nethod of inproving upon display

i rregyl amydnds(tgabARd200 td 360 dhaahsi Wheh ah¥eeAG2@serdl ased)t puddce 8RiMagion The
di spersion in the TFT characteristics can thus be averaged over tinme, and

di splay igfehGiel 3¢ plebsolf 3 BerdR® Badait By LR WRisé&nd HaEmdlid Sardd@ler
beconme swi tching objects are those that are ‘capable of inparting influence

to displ b e itd T i ' [ T obiball to
(0t P! Brkf HERHY A 1o T {00 DUANERT (gl 3o ARPESRAFY L0
ol T S ekl SR P PR A A o B ol 20 83,
Char act o2PQ g BT o GRRPRTOSR Bfhe 51 FELVTS Y ERGPINE g ¢f the
differ enL,, then there is }rge ossi bl e of display irregularities devel oping.

The &9 vapeariasenbppmgs set to GodDrct ure in which a plurality of TFTs are
di sposed in parallel as denoted by reference nuneral 2407 in Fig. 24A

(three are shonBteaghadd SRR $0lill Neatd 1ALY 69 coito®d B6iINAtiOn AYipd BN pulst OWS
in each of the TFTs. In addition, control of the conductivity and cutoff of

each pat By&iyatios t%}ﬁ:rcfaﬂrb%ged?y Tk Led a9 sEEEIER ek FasePNNQadeRatr O and
swtching elenent 2413 is not limted to the position of Figs. 24A and 24B,

chi ng ‘el erent™ 2413 'S ¢ . .
Curront - psr Uy R ROOR Y AGHR: CPIOeRer Y1 R YAIOL Pl PR R b o1

Basi c po ats%rg) %xa%fdri[%l lgge;[fﬁxn%a tr@?&%c aéa([?l bséiutrs%cl gsrthlg fas%r%%%l%. S?g%{ﬁj ﬁéfrs]tearsl Aeh | A

and 1B, bu arrng 11g emssion a east one o he swi enent s

24101 nr BuYATE e E5Eh o YEE TR QPRR Fherp G JUORL el e PeR rg ™

it Ry e BRSO e )

pat hmysdepending on the materials of doping, therefore a laser beam having a basic wave of
approximately 1 um is obtained. A harmonic corresponding to the basic wave can be

obtained by the using non-linear optical elements. -

20 When a crystallization of an amorphous semiconductor film is conducted, it is
preferable that the second harmonic through the fourth harmonic of basic waves is applied by
using the solid state laser which is capable of continuous oscillation in order to obtain a

crystal in large grain size. Typically, it is preferable that the second harmonic (with a
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For exanple, the electric current pathway is changed by the sw tching

el ements 2413 each single frame period or each single subframe period. Even
if there is dispersion between 20 adj acent TFTs, there is swi tching between
the TFTs possessing the different characteristics tenporally, and therefore
display irregularities are averaged over tine. An effect in which it
becones difficult to recognize display irregularities can thus be obtai ned.
Fig. 24B is an exanple in which there is only one driver TFT 2407, but a
plurality of converter and driver TFTs 2408 are disposed in parallel (three
are used as an exanple in the _78 figure). Switch over between electric
current peickngsyef $¥ pa) Pbrh?éﬂlfﬁﬁlawl%(/w*ﬂchlthgkf@ﬁ%ﬁ%%i%“@h%an Ne: ¥VQaui t
structure differs fromthat of Fig. 24A, but the effect in which display

i rregul alisei geasisawatre of\id64 gen) éﬂ/epplteﬂrresbgciﬁmily,c kasergbésmswemiitedi frémor tnt

el ectric current pathways is simlar. The switching el enments 2413 are all
conduct i eentthuousgsciilatioh rtyme ¥vVurlasentvithr 10 8 ontpheiseconaerttdaintd e datmarie by s
conductive during light enmission. Note that only a portion of the sw tching
el ement s ugiy SheROh-BftarBpiEcat @lReieatsl VAl bim@gh®l eCémittingCal hi@ivinioby bsplying
However, it is possible to performthe wite-in operations in a very short

periog otrystalrsf YV O, Bfd B8R SoRdinkAopaikACldmchtsGHio 8 onhfdk. NVBheh, fdFd piefeydbly, €- i N
by maki ng ‘'all of the switching elenents 2413 conducti ve, and this is

ther ef or ﬁtcpfagérq{eﬁllﬂg Gre #HdOLE dsNBthade Ql Hct%gutlz% s‘HIi d BEar® WifpahiI NGaR! 6yTRAT S

241 3 rrayaso be on at the sane tinme during |gt em ssi o t hus suppl yi ng

electric, E?;}He ‘éru aﬂﬂ nﬁE"s%ha@g? & &W?é&% ed?hY tl{)@ ﬁg%c %&Lgp H,y of

pat hvvays e SW chin Ween t

current t hways n Ahe ti ut t.o an
electric @aPl?fﬁ,?%t‘“aZ «QC@. &’n?(ﬁg(gﬁngelnb n(}ﬁf“’f‘fr?wqull%ﬁ 18“1{@@?5’3 )pﬁl 1gguired, o The
generate a, Wi ate signal e dri circuit. as shown in Fig
25, for déwtoahﬁﬂtlrre o @%&HP“FB’ &%ﬁéfwawreagclaﬁeﬂwar@ag. n a
-Iatchrng crrcurt 2501. A timng pulse is input to an electric current

si gnd? | fide Jaserbepms 89 phie lﬁa‘tléﬁed& segHepndbHer M-t he switching el enents are
made conductive at a desired timng. Conversely, operation may al so be

perforned by smeiChpse nttﬁtartﬁ%mhtseo’m\teahgmlatlﬁ'drﬁraé Serfiédmilubior BlybrsBiong! s at
the sane 20 tinme. Further e switching elenents 2413 fornmed hére do not

control EJ‘%O délé"?Ol‘?fI ed! h%@ n§a td Ghs%ra?ﬁ{grﬁrﬂ 5@6#’9% |6 fndd0 P ah lﬂmatﬁ? Fildh N9
el ement s, only function"as swtc sel ecting one electri € current
pat hway f of e

et ey LA B eSS ST F SR
d d

5 TSl IR I e AR B, B S0 B

proppsed, st rugc

from a sﬂticon oxyIntnde film with a thickness of 120 nm. However, the gate insulating film

is not limited to such a silicon oxynitride film, but it may be an insulating film containing
other silicon and having a single layer or a laminated layer structure. For example, when a
silicon oxide film is used, TEOS (Tetracthyl Orthosilicate) and O, are mixed by the plasma
CVD method, the reaction pressure is set to 40 Pa, the substrate temperaturc is set to from 300-
20  to 400 °C, and the high frequency (13.56 MHz) power density is set to from 0.5 to 0.8 W/cm®
for electric discharge. Thus, the silicon oxide film can be formed by discharge. The silicon
oxide film manufactured in this way can then obtain preferable characteristics as the gate

insulating film by thermal annealing at from 400 to 500 °C.
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Enbodi nent 11 is applied to the structure shown in Fig. 5. An electric
current pathway is selected by switching el enents 2606, and electric
current is supplied to a light emtting 5 el enent 2608 via at | east one of
a plurality of driver TFTs 2605 disposed in parallel (three are used as an
exanple in the figure). Fig. 26B is a diagramof the structure proposed by
Enbodi nent 11 applied to the structure shown in Fig. 6. The TFT 608 has a
plurality of converter TFTs 2617 di sposed in parallel (three are used as an
exanple in the figure), and switching elenents 2618. An 10 electric current
pathway is selected by the swtching el enents 2618, and electric current is
supplied to a IA §imt cepductive §lre|580% and 26econdicanductive filn S60R fas oweing arga®FT
2617. Note that the signal electric current for wite-in operations can be
made ver yeltarode dny fomkddngn atht odateofinsihating viilinc 5007  elnethéinemb@dif®n othel Uikt ve
during electric current wite-in, and making very few of the sw tching

el ement s epasireifild SDOSI Hagingi agmcmmsaﬁ‘lffum 5UVtb 160 infh kFof&d RbONS afidfhd hus
be perforned in a very short period of tinme. Fig. 27A is a diagram of the
Struct ur esepsRPREEIRY FiFAB000 ARMg 4 thikR&sio? GrohP10016 360 hinGs Frfed ROWIW. N Fi g.
17. The TFT 1709 has a pIuraIrty of converter TFTs 2708 di sposed in
parall el (three are used as an exanple in the fl%ure and swit chi ng

el emert s 2709. TAS Taifdeyis farmed by esputipaingmpaghqds 28k et obya ispudsied Bhdng

el ements 2709, and electric current is 20 supplied to a light emtting

el ement 2inthis\ase, athen suigablopmowtts ph&e oA erare pddadTty Ar7 drgermplottesss pathe (The
signal electric current for wite-in operations can be nmade very | arge by
maki ng a filot isatleaded, mndi gealinggff ehie fidntcan e PeeveoteducResigivityof thg Ed &b of o
current wite-in, and making very few of the switching el enents conductive
during | ipate Brabeai 20 pQbhi, tadi thisOREfibh icam e aBed fdtuhie Ratepdeduoteae ddowevar,ver y
short period of tine. -80 Fig. 27B is a diagramof the structure proposed

by Enmbodi @g@fitvitylofaie Taefint @ftmT@m%é i Ghoak @86 NAWAN,| hdFisthot bRitabld €or Tthd gAR08
has a plurality of converter Ts 2728 di sposed in-parallel (three are used

as anEexaiRlgdd.n Whén FahQan’?)llirl&”cr}gvﬁ] t&wtﬂgtrﬁétﬁm% 1 thafof AN« PhEG! TG

current pathway is selected by th wtthing elenents 2729, and electric

current 'ad%aarTrga'thfgﬁmng toluf mﬁrﬁtﬂﬂ)ﬁk&w%agﬁ thd Basl Jtﬁ@% ffe of

t he converter te t ough swtching 1s app ied to the

driver TFI§§U} t'lzleg'a mo’fthe a?ﬁ%ﬁa&g?rg apglphgs% ctagbg eﬁllycéng\é%éﬁer and driver

TFT. Fi a ramo ur € *propos rent 11
applied to the structure shown in Fig. 30. The TFT 3007 has a plurality of
driver TFTs 3508e & siosetbrinad b tipaspattbrdg fitthod evithrW asadergets &lorthorathel ¥ i n
the figure), and third switching el ements 3509. An electric current pathway
i's sel ectfilth day Hehwdsd forheld wiat thériag CHMIE AREHod Bh{pStungsngh ledxefhicride (WH).emh i S
supplied to a light emtting el enent 3511 via at | east one of the driver

TFTs 1350&ny Aadd) UB MmeetsirySOViRtwe RMfaRCD @ tRisXElm 8¢ FHeCidld SRc@éR. SMoWN i n
Enbodi ment 11, it is
desirable to set resistivity of the W film to be equal to or smaller than 20 nQcm. When
crystal grains of the W film are increased in size, resistivity of the W film can be reduced.
However, when there are many impurity elements such as oxygen, etc. within the W film,
crystallization is prevented and resistivity is increased. Accordingly, in the case of the ™ —
20  sputtering method, a W-target of 99.9999 % or 99.99 % in purity is used, and the W film is
formed by taking a sufficient care of not mixing impurities from a gaseous phase into the W

film time when the film is to be formed. Thus, a resistivity of from 9 to 20 nQcm can be

realized.
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al so possible to easily apply the nethod of averaging dispersion in
characteristics by using 15 TFTs arranged in parallel, and that are

swi tched between over tinme, to other circuits. Enbodinent 12 In this

enbodi ment, an external light emtting quantum efficiency can be remarkably
i nproved by using an organic light emtting material by which
phosphorescence froma triplet 20 exciton can be enployed for emtting a
light. As a result, the power consunption of the light emtting el enent can
be reduced, the lifetime of the light emtting el enment can be el ongated and
t he wei ght of the light emtting elenent can_be |ightened. The follomnng IS

a report wher eIt Hés @Rfadiment. the gt C@Pﬁ“f"t“f*’rf@'“hmt‘ﬁlfﬁ’@ﬂ? f’@F’e?ﬂz?“‘i‘ the sgepnd

i nproved by using the triplet exciton (T. Tsutsui, C. Adachi, S. Saito,
Phot ocherfoadictine kBSO8R is Formed fiomy B NveRyar, dhe Bxpsens igvention iskot flispite, to

(El sevier Sci. Pub., Tokyo, 1991) p. 437). The nolecular fornula of an

or gani ¢ Ithigleasee nEach ofghgsaicenduative Glmsmaay alspbagioemed fromranptement] sddgctedfzorabove
article is represented as follows. (Chemcal formula 1) (M A Bal do,

D. F. O BrTagW, TY, M¥0Al andl. CiSloo ais hlidyonateiFal oBialebmpourld rhaterTd hiapiag thesSelements
Forrest, Nature 395 (1998) p.151) 10 The nol ecul ar fornmula of an organic

| i ght semia toringi phAeédigoatnt§. Pt Fus R | ssemié sianetbe dilh feprbRnRB Miea @blgbmlc@q Fifm
represented as folloms (Chenlcal formula 2) 15 (M A Baldo Lanansky,

P. E. BUr r@p&s whhEan Th OfementRsuch O4s" heiBP mayPhi¥s -bel §lek: » EXAmpIOR
p.4.) (T. ng{SUI,an gﬂﬁgng?mhfpﬁghlﬁoﬁ§%p Nakgﬁgfa Tematanabe Tsuli,

Y. Fukud ombi aM‘ dmatr?hanSh @91'1J ﬁhﬂms e}r%d rﬁ%? fl_ltclll:c)fa)@ Comgﬁﬁat anlﬁ)w}f.élp [%9 )

L1502) The nD ecul ar ornu an organic emtting materia

compl x) f.6ghA e v§¥11ri§0%)2250” o ik rﬁtr{gi%g*rgﬁofqmmas%c@n%' 1.Q46 nve82

(Chem cal "Tormu ove, If escence Trom a pl et

exciton racgt,i cal he e

oitt ng?ﬁﬂ:ﬁ@ﬁ% R brp L RRQY § Rt fionib ik EBrL b TEnES O *qwca‘* {lhe

case S|n or escern froma singlet eXCI n_i The

strud ur roab%a}a&fﬁgﬂf@ . WEFRORE ceRdyehEe F l%ééP@f’ I ntjﬁ fn@ PRl And 2

conmbi nation of any structures of the first to el eventh enbodi nents.
combination in which the first conductive film 5008 is formed from tantalum nitride (TaN),

and the second conductive film 5009 is formed from Cu.

Next, a mask 5010 is formed from a resist, and first etching processing for forming

an electrode and wiring is performed. In this embodiment, an ICP (Inductively Coupled

15 Plasma) etching method is used, and CF,; and Cl, are mixed with a gas for etching. RF
(13.56 MHz) power of 500 W is applied to the electrode of coil type at a pressure of 1 Pa so

that plasma is generated. RF (13.56 MHz) of 100 W power is also applied to a substrate side
(sample stage), and a substantially negative self bias voltage is applied. When CF, and Cl,

are mixed, the W film and the Ta film are etched to the same extent. _

20 Under the above etching condition, end portions of a first conductive layer and a
second conductive layer are formed into a tapered shape by effects of the bias voltage applied
to the substrate side by making the shape of the mask formed from the resist into an

appropriate shape. The angle of a taper portion ic set to from 15° to 45°. It is preferable to
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Enbodi ment 13 10 The sem conductor device is of the self em ssion type, and

thus exhibits nore excellent recogni zability of the displayed image in a

| ight place as conpared to the liquid crystal display device. Furthernore,

the light emtting device has a wider view ng angle. Accordingly, the

sem conductor device can be applied to a display portion in various

el ectroni c devices. Such electronic devices using a sem conductor device of

the present invention include a 15 video canera, a digital canera, a

goggl es-type display (head nount display), a navigation system a sound

reproduction device (a car audi o equi pnent and an audi o set), note-size

per sonal inopgseiaecichinggime bymahiinef atwuptd taa) & $ondsopmatfoom theegtehiimg witheut

nobi |l e conputer, a portable tel ephone, a portable ganme nachi ne, an

el ect r onileaviipotle residut loa the ferd insalatingfilpe rSipcecseddction raippdasilicon iorgdittiieng a

recordi ng nmedium (nore specifically, an apparatus which can reproduce a 20

recor di ngilAegithéTWs HER rﬂ%cﬁfxﬂiﬂgi to2d (th]ﬂsidﬁ@ 3 &€ exgavEd fadtdf e sflitoh Pxyrfille

i ncludes a display for displaying the reproduced image), or the Ii1ke. In

parti cul gfim_isRtdnB& byabBu020 1160 RAY Bﬁbb&-eta{n@g]ﬁﬁbés@mg.t eThis) 2bndudBife Rlyelshe

light emtting deviCe is preferable, since the portable information

termgal sofifilto bd1e kP URpRRiNt ENRHcdVRAm s Shihdl sBIELE QBodPcdiibae
de 8% e. Fig. \

required to have a w VI eWm ng ang respectively shows

various ﬂzﬁﬁ %(H{iqu)( %B?Jilﬁ;foﬁ}t-esd; {Slf; {1}]16 }rﬁpatnﬁ %\?\%o%ddc%\rllhl?ﬁ?ﬁfg é{)jegs’ argf S@rtﬁéd&%ﬁ{f? a;es

an organi emttl evi ce rchinc a casing

support table 3002, a displa ortion 3003, a.s er rt.ion 300 vi deo
i nput  t erHAFIRH BECESEY o A ?%B’n tSf‘f\tels _2§8¥ﬁreq \}tg’ﬁ‘fklf 8RE$%E]§%&YF@a53Fé%O t he
di spl ay rgion 3003, The 5 |jght emtting device is of the self em ssion
type and%ﬁﬂméPE%iéstrs i eishegkPyahort 40 90 nmy i e gﬁ*ﬁéﬂ%ﬁﬂélﬁ&i\}mé@P?,ise)ﬁhat

t hereof can have a thickness thinner than that of the liquid crystal

di spl ay d@dbinped regiga ivfogaed FigiZdM- emitting di splay device is including the
entire display device for displaying information, such as a personal _
conpyper, a reqghideh if urthy ei’e_rnlﬁ’elfﬁ@'g% 'Giﬂ@aﬁﬂq%ﬁko’ﬁQH&fvﬁt&% %ed'b%?g%mi%% F:ag-

16B illustrated a digital “sti ra which includes”a nmain y 310

di spl ay t an i . i Vi ey t] key
3104, an ook spig; rOGseiR, | ARG B By R e o S dort: ARRICE 4R K

i ght em.tting.deyi I naccordance with.the.present invention n be used
2t he repRRSEREAGY STRSRRRMETndhod s afieR BT Shbor R SHM B GR% Fe <

i ncl udes.a mai p bad 0l . a gasi ng, 3202,. 15 a . display portion 320 a
keyboar d 356 H%‘H legllélrgﬁ%r' *¥h n‘é‘ﬁ’f’?/ﬁﬁ ’rfﬁfita“?ﬁ%e,m'é&"pﬁﬁﬁg? Wgsehﬂé‘é‘“%?d%, or
the like. The light emtting device in accaordance with the present .

i nvent i oHOQ§ﬁVbe%ﬂs“éﬂn%{‘é beloazing 4p 12881 Ppby ttYRIFR 2 BRosPRoRYs (H)se3 PG (4ASdtied a
nmobi | e conmputer which includes a main body 3301, a display portion 3302, a
swit ¢h 33878 asihe igwritt ¢lementdgr gving thegntyipacprdustvighr tHoyayss, PB‘PSP!‘%}S (FXMe. The
light 20 emtting device in accordance with the present invention can be
used as uprd htirg p|layhip gpse die @pdRtiviilayersiPH 1itp 5944 serve gs masksywijle respect to
reproduction apparatus including a recordi ng nmedium (nore specifically, a
DVD r epr deuiotpucty elpmentafor gjvingvtheahtyipa cbudistvidy, mad firbloidypusityd tegicns G847 ey

3402, a display portion A 3403, another display portion B 3404, a recording
medi um ( B2 are foBded in a self-aligning manner. The impurity element for giving the n-type

N conductivity is added to the first impurity regions 5017 to 5024 in a concentration range from

20 1x10%to 1 x 10* atoms/cm® (Fig. 21B).

Second etching processing is next performed without removing the resist mask as
shown in Fig. 21C. A W film is etched selectively by using CF; Cl, and O;as the etching

gas. The conductive layers 5026 to 5031 of a second shape (first conductive layers 5026a to
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the |like) reading portion 3405, an operation key 3406, a speaker portion
3407 or the like. The display portion A 3403 is used mainly for displaying
i mge information, while the display portion B 3404 is used nainly for

di spl ayi ng character information. The light emtting device in accordance
with the presentinvention can be used as these display portions A and B.
The 5 image reproduction apparatus including a recording nmedi um further

i ncludes a ganme nachine or the like. Fig. 16F illustrates a goggle type

di spl ay (head nounted di splay) which includes a main body 3501, a display
portion 3502, an arm portion 3503. The light emtting device in accordance
wi th t heS@¥lasandt second gondngtivaataybrs 30268 t@sSQ3Ab) diesformed pyrthe sacgogching Fi g.
16Gillustrates a video canera which includes a nmain body 3601, a display
porti on pRO&sing. casiregoB3603he gateeintwdating fibm 071 wiichpisr not3&B¥4redawith bt e
control receiving portion 3605, an inage receiving portion 3606, a battery
3607, a sendnctiverlpytrs FOT6 o303 BoEe sedond pleipal is durthee yicBals, abant 2 RB0aae so
portion 3610 or the like. The light emtting device in accordance with the
present paveMindd rédéh ReosRd as the display portion 3602. 15 Fig. 16H
illustrates a nobile phone which includes a main body 3701, a casing 3702,
a disglay portion 3703, a sound input portion 3704, a sound output portion
3705,5 an oper af\l §i¢hiagyreartign in s esshing ofathe Y9 AkerithigTHElm using the mixedgeenna
3708, or the like. The light emtting device in accordance with the present
i nvent i oaf €BnangeClaser bagssumed diogpthay apesraressurePL @I adingdtas igrhgpecich gcetiraipd ay
portion 3703 can reduce power consunption of the portable tel ephone by

di spl ayi amyl 2€eaviivint proddt.or Behen teer wpvepressoresf bl fawkide anda ehlofide kfjMoamtiTa When
the brighter [um nance of light emtted fromthe organic light emtting

mat er i al aleanapeedatiai vapbl pressurd b WHit asr £ fludride off Whis extoetnielynigighlearidceapon
accordance with the present invention will be applicable to a front-type or
rear - t ypgrefsugds€ef Odthér WilisC hrdFs 9idd ITyei U dird) Gapptixidmately82qual i fRGACK Ndthérat i on
is enlarged by neans of |lenses or the like to be projected. The :

af o QeNALARES! Kth IRNMCHBIPHICRS TREAmHRL Erchdd@ling the bR B8 G, afll BBl 3Y

information di3fributed through a tel econmuni cation path such as |nternet,

a CATV (5g0bse! @L&VL%L%@X&L}@D @{‘g ddle P IHiE MR dak KEEY aldPodirskt 3Yd |
moving picture infornation. e(g sel'f 'em ssion type sem conductor device
S Ul AR Gledio dha! @Y PN AR G L EiGAL 9P PribilCis QLAANLE. | ARl {11 N

mat eri al “can eXx onse spee ion Sel f-em'ssion

t ] t ' t hat i it1i | i.ght it
a6 v 2ol e g St WY AR ahoreritch s ALy EBR R TRe N 1o I i ng
ti th [ I L], i ble. di ngl he 10
Carm condtRSER Bdbive B tcrap iR EiPG S0o6d Sptoy BT oR ke SPFDGr Sl ays

character information, e.g., a_ _display portion of a portable information

t er nthal incsagdropdcp dads easilyoxidized dp camparison| wih $hahosurfece gfi the Feflwduct i on
device, it is desirable to drive the light emtting device so that the

char act e9xidiggbpyradding Q2s Sincenaed oxidezof| Tayteacts nyith flypgins rtghinidghiheeetehing
non- em ssi on portion corresponds to the background. 15 As set forth above,

t he presspaed phthefiai @lm isdnrther ragyskd.e dAccardiogls] i is posaible tdanakgraydiffgfence in

el ectronic devices in all fields. The electronic device in this enbodi nent
can be otichangsatedbetueen theiWdilm amd thecBnfilne sothatithe ietcbingaspeadopfithe W film can
configuration in which the structures in Enbodinents 1 through 12 are
freely cimrdet tochd.higher W¥ah tlext bfithe IMadilman be nmade faster in accordance with the
present invention by -86 performng wite-in operations using a |large

electric current even for %gm/ ray. scales. Further, converter TFTs are used
ur A <i gnal ARSHOURIN Fi Ao s e opm e R ssbeis Bispp FRAVEL. | Th S Eske i
impurity element for giving the n-type conductivity is doped in a smaller dose than in the first

doping processing and at a high acceleration voltage by reducing a dose lower than that in the

first doping processing. For example, the acceleration voltage is set to from 70 to 120 keV,
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addition to driver TF Ts during |light em ssion for supplying electric
current to light emtting elenents, and therefore the influence of

di spersion in the characteristics of the TFTs during 5 wite-in and during
| i ght em ssion can be reduced. In addition, either one or two gate signal
lines are required for driving one row of pixels, and therefore a high
aperture rati o can be achieved conpared to typical conventional electric
current wite-in pixels. 87 WHAT IS CLAIMED I S: 1. A sem conductor
device conprising: a first nmeans for converting an input signal electric
current into a voltage, and_supplying an electric current corresponding to
t he convend thd desd isagetoflroid) Anptosiséan s | Thpewerewsimpuritycrgion iafdrgad insideshe ond
means for storing the converted voltage; a third nmeans for selecting to

st ore or fitsp imphegysegioneforatd ageahé isldrddileesmicdondeetos layandn &ig.o2B. h Imaheis f or
bl ocki ng the supply of electric current fromthe electric 10 power source
to the | deging,ntha cprdictide ifers HIRG fo HERK bEtiki Goald sHapetafd aseduis’ Matks VRl
supplying electric current corresponding to the converted voltage fromthe
el ectri cre@?ymo e ihpgity @lehlRat, lafdthel dopgRe pérRfime® Sudh thiitRdinifigity Safentds A
sem conductor device conprising: 15 a Flrst means for converting an input

si gnak ehgstaahéa FdJLJg%E IR me'fhag@onfda&ﬂbeslgpeaf %096k R5E2GCt Thits, Ghitd €Nt

corresponding to t converted voltage froman el ectric power source to a
| oad; a n ri h nv : i for
setect  niTpang ERatSsPlo MRLUORE TR E Sliphitk k8Gys Babih SuSTRANS,
fourth neans, for . hl agcking . the supply of ..electric.curr fromthe electric
bover " sonaangras (anfin itk BnPRih SbgiSh Tt bRof R e hRFhes? EretieR
current, . and supplying electric current. corr ondj tq the canverted
S0l T aoe i e B ociths ot T st cSBlFE 5o RO P8 oSk & Spels SH IR vi ng
the |l oad; and 88 a fifth neans of controlling the input of the signal
el ect ri clayers thftovEran the fpsred PRetigns of she firy éﬁi"é‘{?ﬁéﬂ%&)@?" g(g@?é% 593?‘?@rq‘%_i ng:
10  impurity concentration is slightly ldwer around the center than at the edges of the tapered

portions of the first conductive layers 5026a to 5029a. However, the difference is very slight

and almost the same impurity concentration is kept throughout the semiconductor layers.

Third etching treatment is then carried out as shown in Fig. 22B. CHFs is used as

etching gas, and reactive ion etching (RIE) is employed. Through the third etching treatment,

15  the tapered portions of the first conductive layers 5026a to 5029a are partially etched to
reduce the regions where the first conductive layers overlap the semiconductor layers. Thus
formed are third shape conductive layers 5037 to 5042 (first conductive layers 5037a to 5042a

and second conductive layers 5037b to 5042b). At this point, regions of the gate insulating

__ film 5007 that are not covered with the third shape conductive layers 5037 to 5042 are further

20  etched and thinned by about 20 to 50 nm.

Third impurity regions 5032 to 5035 are formed through the third etching treatment.
The third impurity regions 5032a to 5035a that overlap the first conductive layers 5037a to

5040a, respectively, and second impurity regions 5032b to 5036b each formed between a first
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5 a first neans for converting an input signal electric current into a

vol tage, and supplying an electric current corresponding to the converted
voltage froman electric power source to a | oad; a second nmeans for storing
the converted voltage; a third nmeans for selecting to store or to rel ease
the voltage in the second 10 neans; a plurality of fourth nmeans, connected
in parallel, for: blocking the supply of electric current fromthe electric
power source to the load in a period for inputting the signal electric
current, and supplying electric current corresponding to the converted
voltage fromthe electric power source to the load in a period for driving
t he | oad;impbrity régibn ndethivd ifapurityoegiool | i ng t he i nput of the signal electric
current to the first neans; and a plurality of sixth nmeans for selecting at

| east one of the pluralit. the fourth nmeans fo | ectric current
suppl y 8at hwayd 178 t'Ae 'él g&rtj‘f}'émbéﬂl’z\%‘frﬂ%&ﬁ’%‘éi ?éfgt Wegqyga Y "’fo“‘ﬁ."PROS"; _
e a1 | ol CORGHEIRER b (P AR Y eRREDEREF 21 Beped io i BRGSO go.,
and supplying_an electric current corresponding to the converted voltage

froman dBe&t20% 398\w9P6 deyuforming p-ehappe] dypeal K B o riche (Haikth shape condustiy s [pyems e

converted voltage;, -89 a third neans for selecting to store or to rel ease
t he vél t 2§38k and pR40bcase mweedhasamasks aghipstrthh imewnity elemend and knpiyity egisufppey of
electric current fromthe electric power source to the load in a period for
i nput t i ndomned igiaggeiftalighimgtmanmerx urAtethis, poimdths Uigpihdylikmsemiednsoctor tayexsr5008it
corresponding to the converted voltage fromthe electric power source to

t he | oad and 5805 fer farthirigow-chimingli tpge THEs dndahle wiridg dortionsesaas addf04Camnd emirdly ng
the input of the signal electric current to the plurality of the first

means; argveredwith alrésis niagk 5300¢ tThe MRpUIRy 2dgiGiR] 3048 kd1§05Athave alséad9 BeerPdopei e
plurality of the first 10 neans, to formelectric current supply pathways

from t he yalnegHoshHorROMESiFiSeR CRcdiratiti®s. | GRE impurith r8EFALSVABUG 15054 dRVidRd
conprising: a converter and driver transistor for converting an input

signal ehog! dibrafdfe B} f ién g@;}iﬁgg@ gggnﬂnp oY daftrHonE fRCet VP forhir S €N

corresponding to the conve 57an electric power source to

a | 0ad; 593405 3q0mCARAGEL} HShIRANS SinSHAY gt ne converted vol tage; a

storage transistor e storadge capacitive neans, for sel ecting whether

to
Through the steps above, the impurity regions are formed in the respective

island-like semiconductor layers. The third shape conductive layers 5037 to 5040
overlapping the island-like semiconductor layers function as gate electrodes. Reference
15  numeral 5042 functions as island-like first scanning line. Reference numeral 5041 functions
as wirings witch connect an island-like third scanning line and the third shape conductive

layer 5040.

After resist mask 5200 is removed, a step of activating the impurity elements added

to the island-like semiconductor layers is performed to control the conductivity type. This

20  process is performed by a thermal annealing method using a furnace for furnace annealing.
Further, a laser annealing method or a rapid thermal annealing method (RTA method) can be
applied. In the thermal annealing method, this process is performed at a temperature of from

400 to 700 °C, typically from 500 to 600 °C within a nitrogen atmosphere in which oxygen
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store or to release the voltage; and a driver transistor for blocking the
supply of electric current formthe electric 20 power source to the load in
a period during which the signal electric current is input, and supplying
el ectric current corresponding to the converted voltage fromthe electric
power source to the load in a period for driving the |oad. 6. A

sem conduct or device conprising: -90 a converter and driver transistor
for converting an input signal electric current into a voltage and
supplying an electric current corresponding to the converted voltage from
an electric power source to a | oad; a storage capacitive neans for storing
t he convEPrceptrationtis gqual & of ssrablendan d PpRsang is proferably €qual dp o emaliss shantQ.l e
nmeans, for selecting whether to store or to release the voltage; a driver

t ransi st ppmf ofn thisgeriodinantchegtitpgatment fis perfoemed for denrhents af o tempenaurglof 800 | ¢
power source to the load in a period during which the signal electric
current PG. i When a varidg suappial/used i thedhird shape cosdvctivolayers OB tnF042ds weak
converted voltage fromthe electric power 10 source to the load in a period
for drivagnst heat] hdslprefdisbia te pérfcihi Rgivhtianstes a@rinkAiyes disulahn} ifihg (hivdéng nput
of the signal electric current to the converter and driver transistor. 7. A
sem CONALGER aflf pif@pA QTRIpbAnMDis fdnc i VA& b Prot@d viflhg, \e#d. TWAAS thetiVer T Or
converting an input signal electric current into a voltage and supplying an

el ect i ¢ GuLhent, ggﬁjsagﬂg%&g the 14582 u%”ﬁ?mceggérfltgllli%ﬁﬂﬁ EAOBL 4Re®! WhES 1 C

power source to a orage capacitive ne for storing the
converte . : . ISt I . it S,
For sel oht N ASA RierBrie RaRolhE Bl bkl Ss SEUAMEARRCHLARIIAT, o1
driver tpansistars,. cenne i | el Lb i uppl vy . of

el eotri cURaRrEK ARy BRRGTOR 1 FolPlsblon erstePiou ™ F 4 IOV e R B i o
during which the signal electric current is input, and supplying electric

current corr espotigi,rhe heat tizatnean isepet fodned drage T2 loourg ftea elngetature of duwar
source to the load in a period for driving the load; -91 a swtching

trang st 800 for50CQWithihlah AEmbIpRert MhidiRg 3 td) @0G Hosrtydedgen fsh itifat €Herisland-like t he
converter and driver transistor; a plurality of electric current selection

transi st ghScditiod ®lyeFis Bfdrbgasiac@NeThs P isPloUeahinkté PliardPling Mond of the
transi stors, and nake el ectric current supply pathways fromithe electric
semiconductor layer by hydrogen thermally excited. Plasma hydrogenation (using hydrogen

excited by plasma) may also be performed as another measure for hydrogenation.

Next, as shown in Fig. 23A, a first interlayer insulating film 5055 is formed from a

15  silicon oxynitride film with a thickness of 100 to 200 nm. The second interlayer insulating
film 5056 from an organic insulating material is formed on the first interlayer insulating film.
Thereafter, contact holes are formed through the first interlayer insulating film 5055, the
second interlayer insulating film 5056 and the gate insulating film 5007. A wiring 5057, an
electric—current supply line 5058, and a connecting line 5059 are patterned and formed.

20  Thereafter, a pixel electrode 5064 coming in contact with the connecting wiring 5062 is

patterned and formed.

A film having an organic resin as a material is used as the second interlayer

insulating film 5056. Polyimide, polyamide, acrylic, BCB (benzocyclobutene), etc. can be
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5 power source to the load. 8. A sem conductor device conprising: a
plurality of converter and driver transistors, connected in parallel, for
converting an input signal electric current into a voltage and supplying an
el ectric current 10 corresponding to the converted voltage froman electric
power source to a |oad; a storage capacitive neans for storing the
converted voltage; a storage transistor in the storage capacitive neans,
for selecting whether to store or to release the voltage; a driver

transi stor for bl ocking the supply of electric current formthe electric 15
power source to the |load in a period during which the signal electric
current jused aspit)is, organdc saspm| i particklen tsirice teausecent intslayersipeiHatinggfilm 5@3feis
converted voltage fromthe electric power source to the load in a period
for dri vipmyidedendiolydpr plasasizatidn, agrytic axsileiton ldvelingtbafimli$ preferetile | Inphbis of
the signal electric current to the plurality of the converter and driver

t ransi st embpdiatent] agGiceylipl filmahdving ©fhicknesst thatCcaq wuffiidntly dévet tailevel differsicst or s
that select at |east one of the plurality of the converter and driver

transi st @afsed BtheTAKEisSbBAEd. | OThe Wil aRick$ddd MebeoP & frvraiadlyf Je0 1 £61f 1eboeC)ihi C
power source to the load. 9. A sem conductor device according to claim3

wher e5Nn: (js @dther PreBlrabIfléiied £8fn 4 381 @hgctric current supply pathways fromthe
el ectric power source’ to the load are arranged in parallel; and electric

current is supﬁlied to the | oad using at |east one of the plurality of the
el ectric currehtthsformajiopaf theeopatactsholes, contacs Apled Fracking p-taes,/ inpuridy eegfadsng t o
claim4, wherein: a plurality of the electric current supply pathways from
t he el ect01% 5pb8ueH028 and 66822 or p-hype limpuritarregians HHJe 50480 SPAH aid H154, anchtact
electric current is supplied to the |oad using at |east one of the

pl ur al i t Jolefreachingb@irial 042 (1ot diustratad), aeppthyt hoht leachyisg arl dlectfic senemanpplgt or
devi ce according to claim7, wherein: a plurality of the electric current

suppl y péhdpy Hlubtraed)] i)l @heet Kdles Paokidg gatddledtrodes (nbeillustaded) fafe fafedged in
parallel; and 15 electric current is supplied to the | oad using at |east

one the plupality of .the_elegtric current suppl at hways. 12. A

coni Snauct or - Bier 2 Britraiifiof b eredatritoge Birateod i drred Shae ang
electric_ current supply pathways fromthe electric power 20 source to the
| oad ar elsaysed f§auirings Hiaelyding|a Coppgeting wiring and signal line) 5057 to 5062. In this

three-layer structure, a Ti film with a thickness of 100 nm, an aluminum film containing Ti
with a thickness of 300 nm, and a Ti film with a thickness of 150 nm are continuously formed

by the sputtering method.  Of course, another conductive film may also be used.

15 In this embodiment, an ITO film of 110 nm in thickness is formed as a pixel
electrode 5064, and is patterned. Contact is made by arranging the pixel electrode 5064 such
that this pixel electrode 5064 comes in contact with the connecting electrode 5062 and is
overlapped with this connecting wiring 5062. Further, a transparent conductive film
provided by—mixing 2 to 20 % of zinc oxide (ZnO) with indium oxide may also be used.

20  This pixel electrode 5064 becomes an anode of the light emitting element (Fig. 23A).

As shown in Fig. 23B, an insulating film (a silicon oxide film in this embodiment)
containing silicon and having a thickness of 500 nm is next formed. A third interlayer

insulating film 5065 functions as a bank is formed in which an opening is formed in a position
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electric current is supplied to the |oad using at | east one of the
plurality of the electric current supply pathways. 13. A sem conductor
devi ce according to claim 3, wherein: -93 el ectric current supply to
light emtting el enents occurs along pathways that differ according to tine
by chronologically switching between the plurality of the electric current
supply paths. 5 14. A sem conductor device according to claim4, wherein:
el ectric current supply to light emtting el enents occurs al ong pat hways
that differ according to time by chronologically switching between the
plurality of the electric current supply paths. 10 15. A sem conduct or
devi ce aceBesPrgng & HeAixal Flecypda 2064 Yot the epening isformgdy gisjder wall plgthe
emtting el enents occurs along pathways that differ according to tine by
chr onol o@pemihg yarsedsily e tapetest byewsing the vt gtchinigt petbéd.t RWhert thetsedecwdliof dint
supply paths. 15 16. A sem conductor device according to claim8, wherein:
el ectri c opexifigistnos genole\endrph| dgéiioration 6fi angrgdnicniighit smitting tayeadaosed hyatlovaly s
that differ according to time by chronologically swtching between the

pl ural i t ijfedrericl ®e@InttarnotabldproBiein. suppl y paths. 20 17. A sem conduct or
device according to claimb5, wherein: the storage capacitive neans stores

vol t age between a gate and. a sour.ce, of converter and drive sistor;
and t o st or ag&ett 3%{%9'63%3%Witﬂ%'awr%lggtar@?f@{ o OREA Eliier SOFT e
between a gate el ectrode and a drain el ectrode of the converter and driver
t ransi st 6Pntgyorsly fpHeedohy dising- te vacypm, evagorapion; ansthosh, ke, expogingdo the
according to claim®6, wherein: the storage capacitive nmeans stores voltage
bet ween atmespherandTke exganicdighf emiiting layony@et bas atickaessvedy from didstosd09rnm and
the storage transi stor provides conductivity, or non-conductivity, between
a gate el(lypicaltydfomnidOdo d2@inm)cndche catbodefS067 dac o thigknessrofdrmon d80 10300 nm
transistor by turning on and off. 10 19. A sem conductor device according

to cl ai m(tfpiculefrem200td25%imYy.age capacitive means stores vol tage between a
gate and a source of the converter and driver transistor; and the storage

SRR A S TR TCRRR S T
turning gr;])ix%?gorresponding to red, a pixel corresponding to green and a pixel corresponding to blue.
In this case, since the organic light emitting layer has an insufficient resistance against a
solution, the organic light emitting layer must be formed separately for each color instead of
using a photolithography technique. Therefore, it is preferable to cover a portion except for

15  desired pixels using a metal mask so that the organic light emitting layer is formed selectively

only in a required portion.

Namely, a mask for covering all portions except for the pixel corresponding to red is

. first set, and the organic light emitting layer for emitting red light are selectively formed by
using this mask. Next, a mask for covering all portions except for the pixel corresponding to

20  green is set, and the organic light emitting layer for emitting green light are selectively formed
by using this mask. Next, a mask for covering all portions except for the pixel
corresponding to blue is similarly set, and the organic light emitting layer for emitting blue

light are selectively formed by using this mask. Here, different masks are used, but instead
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15 off. 20. A sem conductor device according to claim8, wherein: the
storage capacitive neans stores voltage between a gate and a source of the
converter and driver transistor; and 20 the storage transistor provides
conductivity, or non-conductivity, between a gate el ectrode and a drain

el ectrode of the converter and driver transistor by turning on and off. 21.
A sem conductor device according to claimb5, wherein: -95 the converter
and driver transistor has the sane polarity as the driver transistors. 22.
A sem conduct or device according to claim®6, wherein: 5 the converter and
driver transistqor has the sane polarity as the driver transistors. 23. A
seni conduBt smytivgle mage may B¢ pepdirepcaiedlyim 7, wherein: the converter and
driver transistor has the sane polarity as the driver 10 transistors. 24. A

sem conduct or qeyi GEsRferP idH BEnihg thiedikidS of MBI Binfliing BRmERNNG s FonddHko
driver transistor has the sane polarity as the driver transistors. I5 25. A

semi conduggs ey CReALHAr Hliyltial 8 \ohieh M Rahe UAGHRE Bierherof SARL ite figh

driver transistor an e driver transistors are disposed in series Fn the
electric rrent suppl h from.t.h I ri r .

Cond. | and sl (PR RIS h T blich e SR ARG H Ghitfa R
sem cqnduct or devi accordi ng to claim6, erein:. fhe converter and
orTven s e SEen o 3 REPBICT 2t £ Rt SOGhEeln st KoL FinEMing | e
electric current sgﬁyly pat hways fromt he elipkric,ﬁpmer source to the

| oad, and®¢Hienr GeMe & s¥tsBqky gralappig: fhec dishy eoyitingcelsmentsggespecsiyelyp
sem conduct or device according to claim7, wherein: the converter and
driver trgrssPopgingated Ry He and Brwith dhesicathedes (apposites plsetersles by ewtilizing g t he

el ectric current supply pathways fromthe electric power source to the
| oad, andra@spaneit elegiads, etbavay bressdare el ectrically connected. 28. A
sem conduct or device according to claim8, wherein: the converter and

driver transi stth%%/Jgﬁa]d{%L‘{)@ﬁ;s%J &Qﬁ% ﬁltégféi? 1i EFexgiittg-%(}gfeq sbB6.S €A gxsgtahig t he

electric current su pat hways from ectric source t
BTN LA e e I I N
example, a four-layer structure consisting of a hole injection layer, a hole transportation layer,

a light emitting layer and an electron injection layer is preferably used for the organic light

emitting layer.

Next, the cathode 5067 is formed by using metal mask. This embodiment uses
15  MgAg for the cathode 5067 but it is not limited thereto. Other known materials may be used

for the cathode 5067.

Finally, a passivation film 5068 formed of silicon nitride film and having a thickness
of 300 nm is formed. By forming the passivation film 5068, the passivation film 5068 plays

a role of protecting the organic light emitting layer 5066 from moisture or the like.  Thus,

20  reliability of the light emitting element can be further improved.

Accordingly, the light emitting device having a structure shown in Fig. 23B is

completed.

The light emitting device in this embodiment has very high reliability and improved
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the signal electric current pathways is via at |east the first neans; and
the electric current pathways for supplying the load fromthe electric
power 15 source when the load is operating is via at |east the first neans
and the fourth neans. 30. The sem conductor device according to claim 2,
wherein: the signal electric current pathways is via at |least the first
nmeans; and the electric current pathways for supplying the load fromthe

el ectric power 20 source when the load is operating is via at |east the
first neans and the fourth nmeans. 31. The sem conduct or device according to

I 3, V\:h . th | el ect | t th
Fi st e SHEAIGH sty PEsnedie O TS oty S ORI ik e S om

the electric source when the load is operating is via at |east
the fir s@omadgmg%mt fodhe pirek Rortiom nFurther, ingherylalhizalignRiegest: causipliindty can
accordln% to claim4, wherein: the signal electric curre athways is via
at | east be hisofimpsavedbarpddingraimstal gatalytesueh iag Neur Tuss a mgaggqupmy ofutbpl yi ng
the load fromthe el ectric power source when the Ioad is operating is via
at | east sighal linerdsitvingeednauit gancbet deetof UMl onemns. 33. A seni conduct or devi ce
according to clain15 wherein: the signal electric current pathways is via

at | egst a souf, 0in (Wrub i1 (b0 SOOUE RO diflilofSh oL hARShRL: and

the electric current pat or supp y|ng romt
power source

h he. d
e o OBt iR st i r@s@ A plsiBiects ned & i o BRRH APETER D GBS i ﬁ&er an

driver translstor 15 34. A sem copductor device according to_clajm®6

wher ei n: fQTFENE thendiiviag SHEYiE PORIOPT o HiETey Abch dHYRE | eyt Anclpdesom SR Tegisiirob ~d a
drain of the converter and driver transistor; and the electric current

pat hways brider, 3 gysl shifier, & kaich waliner seawsntinbdriving @ transmission eatsundet sgeaentisl i vi ng
the load is via at | east the source and the drain of the converter and

dri ver 20rivingrgt¢.stor, and a source and a drain of the driver transistor

35. A-sem conductor device according to claim7, wherein: the signal

el ecigic curr epl Pl AR Yis Elﬁbé{dlﬁleﬁ‘tt 8$ Qggr% 18yeP BEHE 5-AAnd 1t er flons

converter and driver transistor, the electric current pat mays

for supplylg, big Agadh i it hewﬁgﬁ { L BRSLSAESHheR Ir L ubng e | 0ad

IS Via a eas e SO rce an COHVEF

overlapped with the gate electrode through the gate insulating film, an offset LDD region
(Lorr region) that is not overlapped with the gate electrode through the gate insulating film,

and channel forming region.

15 Deterioration by the hot carrier injection in the p-channel type TFT of the CMOS
circuit is almost negligible. Therefore, it is not necessary to particularly form the LDD
region in this p-channel type TFT. However, similar to the n-channel type TFT, the LDD

region can be formed in the p-channel type TFT as a hot carrier countermeasure.

Further, when the CMOS circuit for bi-directionally flowing an electric current

20  through a channel forming region, i.e., the CMOS circuit in which roles of the source and
drain regions are exchanged is used in the driving circuit, it is preferable for the n-channel

type TFT that constitutes the CMOS circuit to form LDD regions such that the channel

forming region is sandwiched between the LDD regions. As an example of this, a
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transistor, and a source and a drain of the driver transistor. 5 36. A

sem conduct or device according to claim@8, wherein: the signal electric
current pathways is via at |east a source and a drain of the converter and
driver transistor; and the electric current pathways for supplying the | oad
fromthe electric power source when driving the load is via at |east the
source and the drain of the converter and driver 10 transistor, and a
source and a drain of the driver transistor. 37. A sem conductor device
according to claim1, wherein: the relationship between the signal electric
current, denoted by lda,a, and the electric current supplied to the |oad

f r om t hetransedssionegalronged ins g deksequentiol &dvipg/is|giien. thaatcgwﬁ)sloscm&qqugsd A
sem conduct or device according to claim2, wherein: the relationship

bet ween tchedsiegamOFEistte cureent walueras mubtbrastposkilily iy deedan thndriving cebwttthe c
current supplied to the load fromthe electric power source, denoted by

| EL, is hdhamel t@fk ITHL fGhind thenCMOB wixcoit glefetably dasor digyg rédghorc| aThe 3,
wherein: the relationship between the signal electric current, denoted by

I da, a, apshshigic Qe dskd ifthe U6 ¥eqSdniRl drRSng Qnte ivea atholak aiekdifple hesichi €
power source, denoted by IEL, is ldata z _99_ | EL 40. A sem conduct or

devi ce according to claim4, wherein: the relationship between the signal

el ect¥ic curr Pragispdhedeyse reaching thesipts pllis. 23R mcgaged (enciasedising &d to
the load fromthe electric power source, denoted by |[EL, is lda~a z | EL 41.
A semi copi@trstive fillethat is highly pitighy and allows Hitls gasieetrasismit (Surd asa) laminafesfilinp
between the signal electric current, denoted by Ida,a, and the 10 electric
current subplUledurale trésén fibm)lof a dight-transmiissive sealingowaderid osr aeto Bethert awidy

|EL, is lda,a s IEL 42. A sem conductor device according to claim§6,

wher ei n: extposure ed #tei autside gir.beA spar itdide thegoalm®] et it@ a irerteninpsphervosred by
Ida,a, and the 15 electric current supplied to the load fromthe electric
power _SOthgfr‘&co?e nabashddy(bbfbm ¢:3dd, a0 axamplEl mAg. belplaedil therdur idprodevhee
according-to claim?7, wherein: the relationship between t-he signal electric
cur rgnt, refigtiRtyast thVlight 8mftingPdmeiye 20 el ectric current supplied to the |oad
fromthe electric power source, denoted by IEL, is Idaca z IEL 44. A

sem conduct or device according to claima8, wherein: i
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

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

15 Furthermore, in accordance with the processes shown in this embodiment, the
number of photomasks can be reduced that is need for manufacturing the light emitting device.
As a result, the processes can be reduced, and this contributes to a reduction in the

manufacturing_costs and an increase in throughput.

20  Embodiment 6

This embodiment deals with the fabrication of the light emitting device according to

the invention with reference to Figs. 15A to 15C.
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the rel ati onship between the signal electric current, denoted by Ida,a, and
the -100 electric current supplied to the load fromthe electric power
source, denoted by IEL, is ldata z I EL 45. A sem conductor device accordi ng
to claim1, wherein: 5 the load is a light emtting el enent containing an
el ectrol um nescence el ement. 46. A sem conductor device according to claim
2, wherein: the load is a light emtting el enment containing an

el ectrol um nescence el enent. 10 47. A sem conductor device according to
claim3, wherein: the load is a light emtting el enent containing an

el ectrol um nescence el enment. 48. A sem conductor device according to claim
4, wherein: thEig dad ip@ tap|vighof ke tightrrgnitingrdenice dbattiaifahiritgted by sealing a

el ectrol um nescence el enent. 15 49. A sem conductor device according to

cl ai m 5, elghmentsubstratéren iteldl a ithin filmitghsistenistfeimeg théreofdiyta ssakingunaterigl. alrig.

el ectrol um nescence el ement. 50. A sem conductor device according to claim
6, wher eilfB i28sdcliend] oireh oftaking hiphy adimke tA-Anin Epelfent KgritS4l isiasectanal view

el ectrol um nescence el enent. 51. A sem conductor device according to claim
7, wher ebpfakingaldngadinesB-B’ ki Bigi 13w tting el enent containing an

el ectrol um nescence el enent. -101 52. A sem conduct or device according to
claim8, wherein: the load is a light emtting el epenf containing an

ol ect P ol umi nesEbsalis wewher 4068 s 30 Boideb Aviipengouriby Pl WREAIH: Hgnal dne | ai m
1, wherein the sem conductor device 5 is applied to an el ectroni c equi pnent
sel ect ed dfiyigemcirput 4905 prc Brss prad $q<fgn<b$caawng>5)lgaﬁr%mg CHeRits B0, 40g4k fosmedy
device, a digital still canera, a |aptop conputer, a nobile conputer, an

i mage r epn deuvobstate 410 ar Hentler, mschling mgméerrdé)@ngriwrﬂgid%m theypixe! goiy 4002, oy pe

di splay, a video canera and a nobile phone. 10 54. A sem conductor device
accor di nthetsigmal Hnerd@yingiezcwt #003hmdsenthe dinst ,rod secodd scamingslirgpiyivirggicitanitain

el ectroni c equi pnent selected fromthe group consisting of an organic |ight
em t ti ng40i4aphepsbdeviceardinglydlitigy piatl it 4002¢ sighaldineadrivany cipcudto4000) ednd fist

nobi | e conputer, an inmage reproduction apparatus including a recording

medi Yo andRLEhEsdaiiag thé Bliding ciclitsdfD46, 40008 art ¥daled KEiRI 4 Bl1¢1R4eral 42165, A
sem conduct or device according to claim3, wherein the sem conductor device
is appli Séin% Surfhn@LE6y he Bt R@U0D IR Sh&REL d0HI %&H@n@h@xﬁ@er%@ﬁ' sting of
an organic Tight emtting display device, a digital still canera, a |laptop
conputer, a nobile conputer, an inmage reproduction apparatus including a
recordi ng redi Pinfal I¥ds g posssped by Hisi myql it 4098,0by the source signal line driving

circuit 4003 and by the first and gate signal line deriving circuits 4004a, 4004b formed on the
substrate 4001. Fig. 15B representatively illustrates driver TFTs (here, an n-channel type

15 TFT and a p-channel type TFT) 4201 formed on the base film 4010 and included in the source

signal line driving circuit 4003, and a TFT 4202 included in the pixel unit 4002.

An interlayer insulating film (flattened film) 4301 is formed on the TFTs 4201 and

4202, and on which is formed a pixel electrode (anode) 4203 electrically connected to the

TFT 4202. As the pixel electrode 4203, there is used a transparent conductive film having a
20 large work function. As the transparent conductive film, there can be used a compound of
indium oxide and tin oxide, a compound of indium oxide and zinc oxide, zinc oxide, tin oxide

or indium oxide. It is also allowable to add gallium to the transparent conductive film.

An insulating film 4302 is formed on the pixel electrode 4203. An opening is
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20 camera and a nobil e phone. 56. A sem conductor device according to claim
4, wherein the sem conductor device is applied to an el ectroni c equi pnent
selected fromthe group consisting of an organic light emtting display
device, a digital still canera, a |aptop conputer, a nobile conputer, an
-102 i mge reproduction apparatus including a recording nedium a goggle
type display, a video canera and a nobile phone. 57. A sem conductor device
according to claim5, wherein the sem conductor device 5 is applied to an
el ectroni c equi pnent selected fromthe group consisting of an organic |ight
emtting display device, a digital still canera, a |aptop conputer, a

nmobi | e cdenmetian theaimsilating:filne 3302 0o ttho pixahgestrida $20hc | deliorggnic light emilting

medi um a goggle type display, a video canera and a nobile phone. 10 58. A
sem condlayieod20es faremed do dredipeging ®@nchapixelleatode d208.t Hhe Degandlighti etndttinglevi ce
is applied to an el ectronic equi pment selected fromthe group consisting of
an or ganilgyet 404 nR§itet ik 6 5Rhayn deyiniclighdt emmigingahatstiall dr MaiRfgAnicAighapt op
conputer, a nobile conputer, an inmage reproduction apparatus including a

recor di ngnfigidh Hifterial, 9aQethe:, Méﬁﬁgﬂlii@lgélﬁ)émitﬁng’ hiRGaCRARPbAcitfRd a fowladidcBlaPhone.
15 59. A sem conductor device according to claim?7, wherein the

serm Condysh iRy i PorAAbh Sibdkflaf hololes AP QUi prrent. sel ected from

the group consisting of an gani c tting display device, a digital
still canera, a |aptop conputer, a nobile conputer, an inage reproduction
appar at us i ncl b¢ mggaaia Hglir diningrdaienrd204 may deeformpd byi agdingyn deppsiien 20
canera and a nobil e phone. 60. A sem conductor device according to claim8,
wher ei n tdvbnalegy ooaduoatingr tedenolagy. | Furlpgp) thecorgmiatightl evittinghlageremay panena
selected fromthe group consisting of an organic light emtting display
devi ce, fansinged-flyessthictur€ affemale-iajccAgi DPers ampld-wansparting yer aclighp einétting an
-103 i mage reproduction apparatus including a recording nmedium a goggle

type di splydy.amd ¥d Q!%@tr&@-ﬁ’ﬁﬁs%oﬁﬁ% By80Bt laf HEARA- injebBén layer, or may have a
A AU . Ah.A'Ah9. AL. A . A9. A{ . Ah. A r. A{. A{. AU. A. AY. Ah_. Ah.'A3A9. A. A{~. A{. Ah_. A,

AL fo_. SaoliayciltnditeAL. A_. AUL. A{_. Ah_. AAE. A{_. AhL. AU. Ah_. Ah. A{L. Ahr . AU. A
hr. AL AUD. BA. A A A3 . Ah. A
A2. Al . A{2. AU. A{. Ah% Ah. AU A{. A A{r. A{. A A;.,AH% Af h. AU9. A{. AL9. Ah_. A . AUL. A9
.A{L. Ah . A . A{ OnAhe grgapic lighh emitting Iayer 20AHs fogmed g cathedepd2(S gganprising a

conductive film (typically, a conductive film comprising chiefly aluminum, copper or silver,
or a laminated-layer film thereof with other conductive films) having light-shielding property.
It is desired that water and oxygen are removed as much as possible from the interface
15  between the cathode 4205 and the organic light emitting layer 4204. 1t is therefore necessary
to make such a contrivance that the organic light emitting layer 4204 is formed in a nitrogen
or a rare gas atmosphere, and the cathode 4205 is formed while being kept away from oxygen
and water. In this en}bodiment, the film is formed as described above by using a
film-forming device of the multi-chamber type (cluster tool type). A predetermined voltage

20  is given to the cathode 4205.

There is thus formed an light emitting element 4303 comprising the pixel electrode
(anode) 4203, light emitting layer 4204 and cathode 4205. A protection film 4209 is formed

on the insulating film 4302 so as to cover the light emitting element 4303. The protection
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10 u u! a&s$10%& () -s10%& ()-s"10%& ()-"10%& ()-"10%& ()- 10 u u 10 u
uEW dEH7 pegion 4907 1s1fouped {n)thesealing member 4008 on the side of the substrate 4001, and the

$10%& ()-my"10%& ()-  "10%& ()-sY"'10%& ()-s@ 10%& ()-f-dEH7 10 u
hygroscopic material or the material 4207 capable of adsorbing oxygen is disposed therein.

The hygroscopic material or the material 4207 capable of adsorbing oxygen is held in the

recessed portion 4007 by a recessed portion-covering member 4208, so that the hygroscopic

5  material or the material 4207 capable of adsorbing oxygen will not scatter. The recessed
portion-covering member 4208 is of the form of a fine mesh which permits the air or water to

pass through but does not permit the passage of the hygroscopic material or the material 4207

that adsorbs oxygen. Provision of the hygroscopic material or the material 4207 capable of

adsorbing oxygen suppresses the deterioration of the light emitting element 4303.

10 Referring to Fig. 15C, the conductive film 4203a is formed to come in contact onto

the detour wiring 4005a simultaneously with the formation of the pixel electrode 4203.

The anisotropic film 4300 has an conductive filler 4300a. Upon thermally adhering
the substrate 4001 and the FPC 4006 together, the conductive film 4203a on the substrate
4001 and the wiring 4301 for FPC on the FPC 4006 are electrically connected together

15  through the conductive filler 4300a.

Embodiment 7
In the structure shown .in Fig. 28B, the first electrode of a storage TFT 2856 is
connected to the source signal line 2801. an —ex‘ample in which the storage TFT 2856
20  connections are changed is shown in Fig. 30A. A first electrode of a storage TFT 3006 is
connected to a second electrode of a switching TFT 3005 and a first electrode of a driver TFT
3007.

Signal electric current write-in and light emission operations are shown in Figs. 30B to
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<! 11 V' uVv30R; bul @is&th@an-an elapideuriont patheobh & Yejngesliphgig difjerentothp operations are
similar to those of Figs. 28B to 28D, and therefore an explanation is omitted here.

Further, a storage TFT 3006 can be used as a reset TFT in a light emitting device
driven by a time gray scale method using a digital image signal by making connections to the

5  storage TFT 3006 like those of Embodiment 7. The voltage between a gate and a source of a

driver TFT 3007 becomes zero, and the driver TFT 3007 turns off, by turning the storage TFT

3006 on after completing a light emission period. An electric current pathway to an EL

element 3010 is cutoff as a result. Further, an clectric charge that has accumulated in a

storage capacitor 3009 is released through a pathway from the storage capacitor 3009 to the

10  storage TFT 3006 to a converter and driver TFT 3008. As a result, the light emission period
ends.

Note that although a detailed explanation regarding the time gray scale method is
omitted here, the methods disclosed in JP 2001-5426 A and JP 2000-86968 may be
referenced.

15 Note that similar operation is also possible using structures that differ from that of
Figs. 30A to 30D. In short, a pathway like that of Fig. 39A may be established when the
signal electric current is input, and a pathway like that of Fig. 39B may be established during
light emission. The switching elements and the like may therefore be disposed such that
their positions are not inconsistent with the aforementioned pathways.

20
Embodiment 8

First, consider the pixel disclosed by Embodiment Mode 2. The switching TFT 2855

and the storage TFT 2856 are on when the signal electric current is written in, and therefore

the gate electrode and the second electrode of the driver TFT 2807 have the same electric
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However, there are cases in which a drain current will flow (normally on) even if the

voltage between the gate and the source of a TFT is zero due to processing defects and the
5 like. The driver TFT 2807 will thus be on during write-in of the signal electric current in
this case.

Normal operation is possible for the switching TFT 2855 and the storage TFT 2856,
even for cases in which it is assumed that they are normally on, by changing the electric
potential of the gate signal line, However, the voltage between the gate and the source of the

10  driver TFT 2807 is partially c—iependcnt upon the on or off state of the storage capacitor 2856,
and the normally on problem cannot be resolved even if the electric potential of the signal line
is changed. This problem may be solved by disposing a light emitting TFT 3112 between an
electric current supply line 3105 and a driver TFT 3108, as shown in Fig. 31A.

Note that, although the light emitting TFT 3112 is connected in series with the driver

15 TFT 3108, it may also be inserted in other locations provided that the locations are such that
electric current leaking from the driver TFT 3108 can be cutoff. Further, the light emitting
TFT 3112 uses a simple switching element, and therefore may have any polarity.

Operation is shown in Figs. 31B to 31D. the light emitting TFT 3112 is turned off
during w'rite-in of the signal electric current, and is turned on ¢ during light emission. Other

20  operations may be made similar to those shown in the embodiment modes.

Furthermore, the switching TFT 3106 and the storage TFT 3107 may both be
controlled by the same gate signal line, as discussed above. The number of gate signal lines
can thus be reduced, and the aperture ratio can be increased.

Further, the connections of the switching TFT 3106 and the storage TFT 3107 may
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5 The voltage between the gate and the source of the driver TFT 2807 is zero during
write-in of the signal electric current with the structure shown by Figs. 28A and 28B, and
therefore the driver TFT 2807 is turned off. The driver TFT 2807 then turns on, and light is
emitted, when the switching TFT 2855 turns off due to a portion of the electric charge that has

accumulated in the storage capacitor 2809 is transferred to the gate electrode of the driver
i0  TFT 2807. )
For cases of considering parasitic capacitance of the gate electrode of the driver TFT
2807 here, electric charge does not accumulate in the gate electrode of the driver TFT 2807
during write-in of the signal electric current, and electric charge moves to the gate electrode
of the driver TFT 2807 during light emission. The supply source of the electric charge is the
15  storage capacitor 2809, and the voltage (VGS) that must be originally stored by the storage
capacitor 2809 becomes smaller by the amount of the parasitic capacitance of the driver TFT
2807 due to the movement of electric charge.
The driver TFT 2807 may be turned on in advance in order to solve this problem. A
structure for a case of performing this type of operation is shown in Embodiment 9.
20 The structure is shown in Fig. 32A. In addition to the structure shown in Figs. 28A
and 28B, a third gate signal line 3204, a light emitting TFT 3210, and a compensator TFT
3211 have been added. The light emitting TFT 3210 is controlled by the third gate signal

line 3204, and the compensator TFT 3211 is controlled by a first gate signal line 3202, similar

to a switching TFT 3206. The light emitting TFT 3210 is disposed between a second
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QQQQQaSEElergode eDthe@witchmg TIAU3Z06 and a first clectrode of the driver TFT 3208, and the

compensator TFT 3211 is disposed between the first electrode of the driver TFT 3208 and one
electrode of an EL element 3213. note that simple switching elements are used for the TFTs
added here, and therefore they may have any polarity.

5 Write-in of a signal electric current is explained first. The first gate signal line 3202
and a second gate signal line 3203 are selected, the switching TFT 3206, a storage TFT 3207,
and the compensator TFT 3211 turn on, and the signal electric current is input from a source
signal line 3201.

A single electric current ly,, is divided into I, and I, here.  Electric charge has not yet
10  accumulated in a storage capacitor 32i2 immediately after write-in begins, and therefore the
driver TFT 3208 and a converter and driver TFT 3209 are both off, and I, = 0 at this point.
Therefore Iy, = 11, electric current only develops in this period by the movement of electric
charge that occurs with the accumulation of electric charge in the storage capacitor.
Electric charge then gradually builds up in the storage capacitor 3212, and an electric
15  potential difference begins to develop between both electrodes of the storage capacitor 3212.
The converter and driver TFT 3209 turns on when the electric potential difference between
the electrodes reaches the threshold value of the converter and driver TFT 3209, and I,
develops. Igaa = I + I, as stated above, and therefore I, becomes smaller but does not reach
zero until the accumulation of electric charge in the storage capacitor 3212 is complete, and
20  an electric current still develops.
On the other hand, although the voltage between a gate and a source of the driver TFT
3208 became zero during write-in of the signal electric current in the embodiment modes, the
light emitting TFT 3210 is disposed in Embodiment 9 and is turned off, and therefore an

electric potential difference develops between the gate and the source of the driver TFT 3208,
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the gate and the source of the converter and driver TFT 3209, becomes a desired voltage, that

is becomes a voltage (VGS) at which the converter and driver TFT 3209 causes as much as

10 p(;ssible of the electric current Iy, to flow.- When the accumulation of electric charge is then
complete, the electric current I; stops flowing, and in addition, an electric current
corresponding to VGS flows in the converter and driver TFT 3209 at this point, and g, = I2
(see Fig. 32B). Selection of the second gate signal line 3203 is completed next, the storage
TFT 3207 turns off, and signal write-in operations are complete.

15 Light emission operations are covered next. Selection of the first gate signal line
3202 is complete, and the switching TFT 3206 and the compensator TFT 3211 turn off. On
the other hand, the third gate signal line 3204 is selected, and the light emitting TFT 3210
turns on. The voltage between the gate and the source of the converter and driver TFT 3209
is stored in tl{e storage capacitor at this point, and the gﬁte electrode of the driver TFT 3208 is

20 in a state in which electric charge has already flowed in, and therefore an electric current
pathway from the electric current supply line to the driver TFT 3208 to the light emitting TFT
3210 to the converter and driver TFT 3209 and to the EL element develops. A light emitting

electric current Iy develops. The EL element 3213 therefore emits light.

The gate electrode of the driver TFT 3208 and the gate electrode of the converter and
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number of gate electrodes therefore becomes larger during light emission, the gate length L
becomes longer as a result, and the relationship between the electric currents becomes Iga, >
IEg1.
In accordance with Embodiment 9, the driver TFT 3208 is also on during write-in of
10 the signéll electric current, and therefore electri(-: charge flows into the gate electrode of the
driver TFT 3208 and electric charge does not move from the storage capacitor 3212 during
light emission. The parasitic capacitance of the gate of the driver TFT 3208 thus does not
influence the gray scale.

Further, the switching TFT 3206 and the storage TFT 3207 may both be controlled by

15 the same gate signal line, as discussed above. The number of gate signal lines can thus be
reduced, and the aperture ration can be increased.

Furthermore, connections to the switching TFT 3206 and the storage TFT 3207 may
also be changed as discussed in Embodiment 7. It is also possible to make similar changes
corresponding to Embodiment Mode 1 and Embodiment 4.

20
Embodiment 10

A structure that uses p-channel TFTs for a converter and driver TFT and a driver TFT,

differing from the structure of Embodiment Mode 1, is explained in Embodiment 10. Note

that simple switching elements are used for all TFTs other than the converter and driver TFT
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10% u&' () - L@LA%tm&tufd is3hown irkFig) 33096 A§ixXel oOFiy BERL has a source signal line 3301,
first to third gate signal lines 3302 to 3304, an electric current supply line 3305, a switching
TFT 3306, a storage TFT 3307, a driver TFT 3308, a converter and driver TFT 3309, a light
5  emitting TFT 3310, a control TFT 3311, a storage capacitor 3312, and an EL element 3313.
The a gate electrode of the switching TFT 3306 is connected to the first gate signal
line 3302, a first electrode of the switching TFT 3306 is connected to the source signal line
3301, and a second electrode of the switching TFT 3306 is connected to a first electrode of
the converter and driver TFT 3309 and a first electrode of the light emitting TFT 3310. A
10  second electrode of the converter and driver TFT 3309 is connected to a first electrode of the
driver TFT 3308, and gate electrodes of the converter and driver TFT 3309 and the driver
TFT 3308 are connected to each other. A second electrode of the driver TFT 3308 is
connected to one electrode of the EL element 3313. A gate electrode of the storage TFT
3307 is connected to the second gate signal line 3303, a first electrode of the storage TFT
15 3307 is connected to the gate electrode of the converter and driver TFT 3309 and the gate
electrode of the driver TFT 3308, and a second electrode of the storage TFT 3307 is
connected to the second electrode of the converter and driver TFT 3309 and the first electrode
of the driver TFT 3308. A gate electrode of the light emitting TFT 3310 is connected to the
third gate signal line 3304, and a second electrode of the light emitting TFT 3310 is connected
20  to the electric current supply line 3305. A gate electrode of the control TFT 3311 is
connected to the first gate signal line 3302, and a first electrode of the control TFT 3311 is
connected to the second electrode of the converter and driver TFT 3309, the first electrode of

the driver TFT 3308, and the second electrode of the storage TFT 3307. Predetermined

electric potentials are input to the electric current supply line 3305 and the second electrode of
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the EL element 3313, and they thus have a mutual electric potential difference. Further, a
certain constant electric potential is input to the second electrode of the control TFT 3311.
There are no particular limitations placed on the value of this electric potential, provided that
it is always less than the electric potential of the source signal line 3301. Further, although
5  the second electrode of the storage TFT 3307 is connected to the first electrode of the driver
TFT 3308 and the second electrode of the converter and driver TFT 3309, it may also be
connected to the second electrode of the contr_ol TFT 3311, namely, connected to the certain
constant electric potential.
Operation from write-in of a signal electric current to light emission is explained using
10  Figs. 33B t;) 33D. The first and the second gate signal lines are sel;acted first, the switching
TFT 3306, the control TFT 3311, and the storage TFT 3307 turn on, and the signal electric
current is input from the source signal line 3301 (see Fig. 33B).
A signal electric current Iy, flows separated into I; and I, here. Electric charge has not
yet accumulated in the storage capacitor 3312 immediately after write-in begins, and therefore
15  the driver TFT 3308 and the converter and driver TFT 3309 are both off, and I; = O at this
point. The voltage between a gate and a source of the driver TFT 3308 becomes zero
because the storage TFT 3307 is on, and therefore the driver TFT 3308 turns itself off.
Consequently, ly = Ii, and electric current only develops during this period due to the
movement of electric charge accompanying the accumulation of electric charge in the storage
20  capacitor.
Electric charge gradually builds up in the storage capacitor 3312, and an electric
potential difference begins to develop between both electrodes of the storage capacitor 3312.
The converter and driver TFT 3309 turns on, and I, develops, when the electric potential

difference between the two electrodes reaches the threshold value of the converter and driver
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Further, the voltage between the gate and the source of the driver TFT 3308 becomes
5  zero due to the storage TFT 3307 being on, and therefore the driver TFT 3308 turns off. The
signal electric current Iy, consequently flows through the control TFT 3311, and does not
flow in the EL element 3313.
Electric charge accumulates in the storage capacitor 3312 until the electric potential
between both electrodes in the storage capacitor 3312, namely the voltage between the gate
10  and the source of the converter and driver TFT 3309, becomes a desired voltage, that is
becomes a voltage (VGS) at which the converter and driver TFT 3309 causes as much as
possible of the electric current Iy, to flow.  When the accumulation of electric charge is then
complete, the electric current I; stops flowing, and in addition, an electric current
corresponding to VGS flows in the converter and driver TFT 3309 at this point, and Ly, = I
15  (see Fig. 33C). Selection of the second gate signal line 3303 is completed next, the storage
TFT 3307 turns off. Selection of the first gate signal line 3302 finished next, the switching
TFT 3306 and the control TFT 3311 turn off, and signal write-in operations are complete.
Light emission operations are covered next. When the signal electric current write-in
operations are complete, an electric current pathway from the source signal line 3301 to the
20  switching TFT 3306 to the converter and driver TFT 3309 to the control TFT 3311 and to the
electric power source is cutoff. A portion of the electric charge that has accumulated in the
storage capacitor 3312 due to Iy, flowing in the converter and driver TFT 3309 up to this
point then moves to the gate electrode of the driver TFT 3308. The driver TFT 3308 thus

automatically turns on. If the third gate signal line is selected and the light emitting TFT
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Igr flows. The EL element 3313 thus emits light.

5 The gate electrode of the driver TFT 3308 and the gate electrode of the converter and
driver TFT 3309 are connected, and therefore the two TFTs function as a multi-gate TFT at
this point. Generally, if the gate length L in a TFT becomes longer, the drain current
becomes smaller. In this case, the signal electric current finally flows only in the converter
and driver TFT 3309 during signal write-in operations, while the signal electric current flows

10  in the converter anci driver TFT 3309 and in the driver TFT 3308 during light emission. The
number of gate electrodes therefore becomes larger during light emission, the gate length L
becomes longer as a result, and the relationship between the electric currents becomes lgar >
Igr.

Note that a pathway like that of Fig. 39A may be formed during the input of the signal

15  electric current, and that a pathway like that of Fig. 39B may be formed during light emission.
The switching elements and the like may thus be disposed so as not to interfere with the
pathways.

In accordance with Embodiment 10, the signal electric current Iy, does not flow into
the EL element 3313 during write in of the signal electric current. Consequently, there is no

20  influence due to the EL element 3313 acting as a load, and therefore write-in of the signal
electric current can be performed at very high speed.

Furthermore, the switching TFT 3306 and the storage TFT 3307 may be controlled by

the same gate signal line as discussed above. The number of gate signal lines can thus be

reduced, and the aperture ratio can be increased.
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10bb 10bb It is also possible to use a structure in which the converter and driver TFT and the
driver TFT are p-channel in the structure shown in Figs. 28A and 28B. An example of a
5  structure for this case is shown in Fig. 37A. Aside from the converter and driver TFT and
the driver TFT, the TFTs used as switching elements may be disposed in locations such that a
pathway like that of Fig. 37B is established during signal electric current input, and a pathway
like that of Fig. 37C is established during light emission.
Note that the signal electric current Iy, does not flow into the EL element in
10 Embodiment 10. If the signal electric current I, Were to flow into the EL element, then the
amount of time until the EL element reaches a steady state will be added to the time for
writing in electric charge to the storage capacitor, that is, the amount of time for original
electric current setting, and as a result it becomes necessary to lengthen the signal write-in
period. A structure like that of Figs. 40A to 40C may be used for cases in which it is desired
15  to shorten the amount of time for signal write-in with the circuits given as embodiments up to
this point, for example Figs. 28A and 28B and Figs. 30A and 30B, in which the signal electric
current Iya, flows in the EL element.
Fig. 40A is an example of applying the aforementioned procedures to the circuit of
Figs. 28A and 28B. A terminal not connected to a common electrode of the EL element is
20  connected to a node having a certain voltage (preferable an electric power line or the like)
through a TFT. The TFT is on during write-in of the signal electric current, and is off during
light emission. Electric current pathways during signal electric current write-in and light

emission are those shown in Figs. 40B and 40C, respectively.

The electric potential of point A is quickly fixed to the electric potential of point B
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The electric potential of the point B is arbitrary, but it is preferable that the electric
5 potential be one such that the EL element does not emit light so as not to impart influence to
the display. Furthermore, if the electric potential of a point C is made less than the electric
potential of one electrode of the EL element (a cathode for the case of Figs. 40A and 40B),
then it is possible to apply a reverse bias to the EL element during write-in of the signal

electric current.
10
Embodiment 11
Dispersion between elements is one problem faced for cases of circuit structures that
use TFTs. Normally, the dispersion in the characteristics of adjacently disposed elements
can be made relatively small, but for a case in which the dispersion of the element
15  characteristics in a pixel portion are considered, for example if the dispersion in
characteristics develops between adjacent pixels, then display irregularities will be able to be
recognized, even if the dispersion is slight.
A method in which the TFTs in use are switched every certain period of time is used
as a method of improving upon display irregularities caused by the dispersion between
20  adjacent elements. The dispersion in the TFT characteristics can thus be averaged over time,
and display irregularities can be made harder to recognize. The TFTs that become switching
objects are those that are capable of imparting influence to display irregularities. That is, in
particular, it is not necessary to change the TFTs in use for TFTs that are used as simple

switching elements.
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current flows in each of the TFTs. In addition, control of the conductivity and cutoff of each
pathway is performed by switching elements 2413. Note that the switching element 2413 is
not limited to the position of Figs. 24A and 24B, provided that its position is one capable of
10  selecting an electric current pat-h-way for the TFTs connected in parallel, and perform;ng
control.
Basic portions of a driving method are similar to those shown in Figs. 1A and 1B, but
during light emission at least one of the switching elements 2413 is on, and electric current is
supplied to a light emitting element 2410 through that pathway.
15 Note that a plurality of the switching elements 2413 may be on at the same time, and
electric current may be supplied to the light emitting element 2410 through a plurality of
pathways.
For example, the electric current pathway is changed by the switching elements 2413
each single frame period or each single subframe period. Even if there is dispersion between
20  adjacent TFTs, there is switching between the TFTs possessing the different characteristics
temporally, and therefore display irregularities are averaged over time. An effect in which it
becomes difficult to recognize display irregularities can thus be obtained.

Fig. 24B is an example in which there is only one driver TFT 2407, but a plurality of

converter and driver TFTs 2408 are disposed in parallel (three are used as an example in the
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display irregularities can be averaged over time by switching between different electric

current pathways is similar. The switching elements 2413 are all conductive during electric

5  current write-in here, and at least one is conductive during light emission.
Note that only a portion of the switching elements 2413 may be made conductive

during electric current write-in. However, it is possible to perform the write-in operations in

a very short period of time by increasing the electric current pathways during write-in by

making all of the switching elements 2413 conductive, and this is therefore preferable.

10 Note that a plurality of the switching elements 2413 may also be on at the same time
during light emission, thus supplying electric current to the light emitting element 2410
through a plurality of pathways.

The switching elements 2413 for switching between the electric current pathways are
controlled by the timing of pulses input to an electric current selection gate signal line 2412.

15  The pulses are generated by a write-in gate signal line driver circuit as shown in Fig. 25, for
example, and the gate signal line selection pulses are stored in a latching circuit 2501. A
timing pulse is input to an electric current signal line 2502 from the outside, and some of the
switching elements are made conductive at a desired timing. Conversely, operation may

__also be performed by switching between the switching elements 2413 in all pixels at the same

20 time.

Further, the switching elements 2413 formed here do not control the value of the
electric current supplied to the light emitting elements, and only function as switches for

selecting one electric current pathway from a plurality of electric current pathways. They

switching elements 2413 may therefore have any polarity.
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selected by switching elements 2606, and electric current is supplied to a light emitting

5 element 2608 via at least one of a plurality of driver TFTs 2605 disposed in parallel (three are

used as an example in the figure).

Fig. 26B is a diagram of the structure proposed by Embodiment 11 applied to the
structure shown in Fig. 6. The TFT 608 has a plurality of converter TFTs 2617 disposed in
parallel (three are used as an example in the figure), and switching elements 2618. An

10  electric current pathway is selected by the switching elements 2618, and electric current is
supplied to a light emitting element 2621 via at least one converter TFT 2617.

Note that the signal electric current for write-in operations can be made very large by
making a lot of the switching elements 2618 conductive during electric current write-in, and
making very few of the switching elements conductive during light emission. Write-in

15  operations can thus be performed in a very short period of time.

Fig. 27A is a diagram of the structure proposed by Embodiment 11 applied to the
structure shown in Fig. 17. The TFT 1709 has a plurality of converter TFTs 2708 disposed
in parallel (three are used as an example in the figure), and switching elements 2709. An
electric current pathway is selected by the switching elements 2709, and electric current is

20  supplied to a light emitting element 2712 via at least one of the converter TFTs 2708.

Note that the signal electric current for write-in operations can be made very large by

making a lot of the switching elements 2709 conductive during electric current write-in, and

making very few of the switching elements conductive during light emission. Write-in

operations can thus be performed in a very short period of time.
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0& 3! 10% &' () Fregl &3 BOFIRiagra@ A0 MHe&tiuptu&Oprbpded’ Hy) ESbodiment 11 applied to the
+"10%& ()-9)"10%& ()-4(555555E66uV7 ! mMO%& ()-!10%& ()- 10* b* b 10* b*
b 10* b* skth&urkQ¥Swn in Fig. 19. The TFT 1908 has a plurality of converter TFTs 2728 disposed
in parallel (three are used as an example in the figure), and switching elements 2729. An
electric current pathway is selected by the switching elements 2729, and electric current is
5 suppliedtoa light emitting element 2731 via at least one of the converter TFTs 2728.
Note that, although switching is applied to the driver TFT in Fig. 27B, it may also be
applied to the converter and driver TFT.
Fig. 35 is a diagram of the structure proposed by Embodiment 11 applied to the
structure shown in Fig. 30. The TFT 3007 has a plurality of driver TFTs 3508 disposed in
10  parallel (three are used as an example in the figure), and third switching elements 3509. An
electric current pathway is selected by the third switching elements 3509, and electric current
is supplied to a light emitting element 3511 via at least one of the driver TFTs 3508.
Although only several examples of pixel structures are shown in Embodiment 11, it is

also possible to easily apply the method of averaging dispersion in characteristics by using

15 TFTs arranged in parallel, and that are switched between over time, to other circuits.

Embodiment 12

In this embodiment, an external light emitting quantum efficiency can be remarkably

improved by using an organic light emitting material by which phosphorescence from a triplet

20  exciton can be employed for emitting a light. As a result, the power consumption of the
light emitting element can be reduced, the lifetime of the light emitting element can be

elongated and the weight of the light emitting element can be lightened.

The following is a report where the external light emitting quantum efficiency is
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The molecular formula of an organic light emitting material (coumarin pigment)

5 reported by the above article is represented as follows.

(Chemical formula 1)

(M. A. Baldo, D.F.O’ Brien, Y. You, A. Shoustikov, S. Sibley, M.E. Thompson, S.R. Forrest,

Nature 395 (1998) p.151)

10 The molecular formula of an organic light emitting material (Pt complex) reported by

the above article is represented as follows.
(Chemical formula 2)

15 (M.A. Baldo, S. Lamansky, P.E. Burrows, M.E. Thompson, S.R. Forrest, Appl. Phys. Lett.,

75 (1999) p.4.)

(T.Tsutsui, M.-J.Yang, M. Yahiro, K. Nakamura, T.Watanabe, T. Tsuji, Y. Fukuda, T.
Wakimoto, S. Mayaguchi, Jpn, Appl. Phys., 38 (12B) (1999) L1502)
The molecular formula of an organic light emitting material (Ir complex) reported by

20  the above article is represented as follows.
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As described above, if phosphorescence from a triplet exciton can be put to practical

use, it can realize the external light emitting quantum efficiency three to four times as high as

5 that in the case of using fluorescence from a singlet exciton in principle. The structure
according to this embodiment can be freely implemented in combination of any structures of

the first to eleventh embodiments.

Embodiment 13

10 The semiconductor device is of the self-emission type, and thus exhibits more excellent
recognizability of the displayed image in a light place as compared to the liquid crystal display
device. Furthermore, the light emitting device has a wider viewing angle. Accordingly, the

semiconductor device can be applied to a display portion in various electronic devices.

Such electronic devices using a semiconductor device of the present invention include a

15  video camera, a digital camera, a goggles-type display (head mount display), a navigation system,
a sound reproduction device (a car audio equipment and an audio set), note-size personal
computer, a game machine, a portable information terminal (a mobile computer, a portable
telephone, a portable game machine, an electronic book, or the like), an image reproduction
apparatus including a recording medium (more specifically, an apparatus which can reproduce a

20  recording medium such as a digital video disc (DVD) and so forth, and includes a display for
displaying the reproduced image), or the like. In particular, in the case of the portable
information terminal, use of the light emitting device is preferable, since the portable information

terminal that is likely to be viewed from a tilted direction is often required to have a wide
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information, such as a personal computer, a receiver of TV broadcasting and an advertising

display.

10 Fig. 16B illustrated a digital still camera which includes a main body 3101, a display
portion 3102, an image receiving portion 3103, an operation key 3104, an external connection
port 3105, a shutter 3106, or the like. The light emitting device in accordance with the present

invention can be used as the display portion 3102.

Fig. 16C illustrates a laptop computer which includes a main body 3201, a casing 3202,
15  a display portion 3203, a keyboard 3204, an external connection port 3205, a pointing mouse
3206, or the like. The light emitting device in accordance with the present invention can be

used as the display portion 3203.

Fig. 16D illustrated a mobile computer which includes a main body 3301, a display

portion 3302, a switch 3303, an operation key 3304, an infrared port 3305, or the like. The light

20  emitting device in accordance with the present invention can be used as the display portion 3302.

Fig. 16E illustrates an image reproduction apparatus including a recording medium
(more specifically, a DVD reproduction apparatus), which includes a main body 3401, a casing

3402, a display portion A 3403, another display portion B 3404, a recording medium (DVD or
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the like.

Fig. 16F illustrates a goggle type display (head mounted display) which includes a main
body 3501, a display portion 3502, an arm portion 3503. The light emitting device in

accordance with the present invention can be used as the display portion 3502.

10 Fig. 16G illustrates a video camera which includes a main body 3601, a display portion
3602, a casing 3603, an external connecting port 3604, a remote control receiving portion 3605,
an image receiving portion 3606, a battery 3607, a sound input portion 3608, an operation key
3609, an eyepiece portion 3610 or the like. The light emitting device in accordance with the

present invention can be used as the display portion 3602.

15 Fig. 16H illustrates a mobile phone which includes a main body 3701, a casing 3702, a
display portion 3703, a sound input portion 3704, a sound output portion 3705, an operation key
3706, an external connecting port 3707, an antenna 3708, or the like. The light emitting device
in accordance with the present invention can be used as the display portion 3703. Note that the
display portion 3703 can rcEce power consumption of the portable telephone by displaying

20  white-colored characters on a black-colored background.

When the brighter luminance of light emitted from the organic light emitting material
becomes available in the future, the light emitting device in accordance with the present

invention will be applicable to a front-type or rear-type projector in which light including output
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information distributed through a telecommunication path such as Internet, a CATV (cable
television system), and in particular likely to display moving picture information. The

5 self-emission type semiconductor device is suitable for displaying moving pictures since the

organic light emitting material can exhibit high response speed.

A portion of the self-emission type semiconductor device that is emitting light
consumes power, so it is desirable to display information in such a manner that the light
emitting portion therein becomes as small as possible.  Accordingly, when the

10  semiconductor device is applied to a display portion which mainly displays character
information, ¢.g., a display portion of a portable information terminal, and more particular, a
portable telephone or a sound reproduction device, it is desirable to drive the light emitting
device so that the character information is formed by a light emitting portion while a

non-emission portion corresponds to the background.

15 As set forth above, the present invention can be applied variously to a wide range of
electronic devices in all fields. The electronic device in this embodiment can be obtained by
utilizing a semiconductor device having the configuration in which the structures in

Embodiments 1 through 12 are freely combined.

20

Write-in time can be made faster in accordance with the present invention by
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achieved compared to typical conventional electric current write-in pixels.
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5  source to a load;
a second means for storing the converted voltage;
a third means for selecting to store or to release the voltage in the second
means; and
a fourth means for blocking the supply of electric current from the electric
10  power source to the: load in a period for inputting the signal electric current, and supplying-

electric current corresponding to the converted voltage from the electric power source to the

load in a period for driving the load.

2. A semiconductor device comprising;:

15 a first means for converting an input signal electric current into a voltage, and
supplying an electric current corresponding to the converted voltage from an electric power
source to a load;

a second means for storing the converted voltage;
a third means for selecting to store or to release the voltage in the second

20 means;

a fourth means for blocking the supply of electric current from the electric
power source to the load in a period for inputting the signal electric current, and supplying
electric current corresponding to the converted voltage from the electric power source to the

load in a period for driving the load; and
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3. A semiconductor device comprising:

5 a first means for converting an input signal electric current into a voltage, and
supplying an electric current corresponding to the converted voltage from an electric power
source to a load;

a second means for storing the converted voltage;

a third means for selecting to store or to release the voltage in the second
10  means; ‘

a plurality of fourth means, connected in parallel, for: blocking the supply of
electric current from the electric power source to the load in a period for inputting the signal
electric current, and supplying electric current corresponding to the converted voltage from
the electric power source to the load in a period for driving the load;

15 a fifth means for controlling the input of the signal electric current to the first
means; and

a plurality of sixth means for selecting at least one of the plurality of the fourth

means, to form electric current supply pathways from the electric power source to the load.

20 4. A semiconductor device comprising:
a plurality of first means, connected in parallel, for converting an input signal
electric current into a voltage, and supplying an electric current corresponding to the
converted voltage from an electric power source to a load;

a second means for storing the converted voltage;
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a fourth means for blocking the supply of electric current from the electric
power source to the load in a period for inputting the signal electric current, and supplying
5  electric current corresponding to the converted voltage from the electric power source to the
load in a period for driving the load;
a fifth means for controlling the input of the signal electric current to the
plurality of the first means; and
a plurality for sixth means of selecting at least one of the plurality of the first

10  means, to form electric current supply pathways from the electric power source to the load.

5. A semiconductor device comprising;:
a converter and driver transistor for converting an input signal electric current
into a voltage and supplying an electric current corresponding to the converted voltage from
15  an electric power source to a load;
a storage capacitive means for storing the converted voltage;
a storage transistor in the storage capacitive means, for selecting whether to
store or to release the voltage; and
a driver transistor for blocking the supply of electric current form the electric
20  power source to the load in a period during which the signal electric current is input, and
supplying electric current corresponding to the converted voltage from the electric power

source to the load in a period for driving the load.

6. A semiconductor device comprising:
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store or to release the voltage;

a driver transistor for blocking the supply of electric current form the electric
power source to the load in a period during which the signal electric current is input, and
supplying electric current corresponding to the converted voltage from the electric power

10  source to the load in a period for dl;iving the load; and )

a switching transistor for controlling the input of the signal electric current to

the converter and driver transistor.

7. A semiconductor device comprising:

15 a converter and driver transistor for converting an input signal electric current
into a voltage and supplying an electric current corresponding to the converted voltage from
an electric power source to a load;

a storage capacitive means for storing the converted voltage;
a storage transistor in the storage capacitive means, for selecting whether to

20  store or to release the voltage;

a plurality of driver transistors, connected in parallel, for blocking the supply
of electric current form the electric power source to the load in a period during which the
signal electric current is input, and supplying electric current corresponding to the converted

voltage from the electric power source to the load in a period for driving the load;
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plurality of driver transistors, and make electric current supply pathways from the electric

5  power source to the load.

8. A semiconductor device comprising:
a plurality of converter and driver transistors, connected in parallel, for
converting an input signal electric current into a voltage and supplying an electric current
10  corresponding to the converted voltage fr(;m an electric power source to a lo-ad;
a storage capacitive means for storing the converted voltage;
a storage transistor in the storage capacitive means, for selecting whether to
store or to release the voltage;
a driver transistor for blocking the supply of electric current form the electric
15 power source to the load in a period during which the signal electric current is input, and
supplying electric current corresponding to the converted voltage from the electric power
source to the load in a period for driving the load;
a switching transistor for controlling the input of the signal electric current to
the plurality of the converter and driver transistors; and
20 a plurality of electric current selection transistors that select at least one of the
plurality of the converter and driver transistors, and make electric current supply pathways

from the electric power source to the load.

9. A semiconductor device according to claim 3, wherein:
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10. A semiconductor device according to claim 4, wherein:
a plurality of the electric current supply pathways from the electric power
source to the load are arranged in parallel; and
electric current is supplied to the load using at least one of the plurality of the

10  electric current supply pathways.

11. A semiconductor device according to claim 7, wherein:
a plurality of the electric current supply pathways from the electric power
source to the load are arranged in parallel; and
15 electric current is supplied to the load using at least one of the plurality of the

electric current supply pathways.

12. A semiconductor device according to claim 8, wherein:
a plurality of the electric current supply pathways from the electric power
20  source to the load are arranged in parallel; and
electric current is supplied to the load using at least one of the plurality of the

electric current supply pathways.

13. A semiconductor device according to claim 3, wherein:
-93-



9" 3Z10%0&' () - F1$10%08 ()-9@ " 10%0& () - & 10%0& ()-L +10%0& ()-b////// GOOOUV?
1L, 109%0% ()-!10%0% ()-L 109%% ()- 10ss 10ss

10ss! F&91096s& () - &7" 10%0% () - OF111" 222dEuV7

1L, &10%08' () - s10%08& ()-s" 10%0& ()-sy" 10%0& ()- " $10%0& () - F" 10%0& () - 20334e
4485dEUVT 1L, & $1090& ()- % 10%0& () - #" 10908 () -

"10%08 () -s" 10%08 () - 3$10%08 () - &5555U667dEUV7

1L, 93" 10%0% () -1 1$10%0% ()-LS/ "109%0& () - L- 10%0% () - L3+m

10%08 ()-L,)"10%08 ()-7p77 888 8i 88uV7 1L"10% u& ()-L"10% u& ()- 1000 1000
1000 910%00& () - 9710%08 () - 95" 10%08 () - 88. 999K: : dEUVT

1L 9" 10% u& () - L" 1QPati’ dutrehd su % B td8ligh) omitBild) ekt Jockur® Uidag falirkayd Mt u& ()
: ;z;;dEUV7 11" &96 10% u& ()-9""10% ué& (

10% u& ()d’lﬂéroa@cb'l‘&n(g) rol@ie B &}on%ic%/@all& s(v)tchlo Setweem Ik ¥ rallt of the electric
1L" Y1$10% u&' ()-S/"10% u& 9-10% u& -&3+ 0% u& ()-& "10% u& ()-'$10% u&

"() - =>>>32B2 0%u&' () - "'10%u&' ()-10% u& ()- 10 u 10-u
10- u: 10%%&' ')@@y %‘3}“ u& ()- @ @aLBBBBIELC 1L

10% u& ()-910% u& ()-$10% u& ()-Lf"10% u& () -

Ls$10% u& ()-L3"10% u& () - BMCCC@JDDIELC

ILL10% U8 () 63130% 4 (): ) 00 UE () S99 5, ) @0% ue ()-9"10% ug

electric current supply to light emitting elements occurs along pathways that
differ according to time by chronologically switching between the plurality of the electric

current supply paths.

10 15. A semiconductor device according to claim 7, wherein:
electric current supply to light emitting elements occurs along pathways that
differ according to time by chronologically switching between the plurality of the electric

current supply paths.

15 16. A semiconductor device according to claim 8, wherein:
electric current supply to light emitting elements occurs along pathways that
differ according to time by chronologically switching between the plurality of the electric

current supply paths.

20 17. A semiconductor device according to claim 5, wherein:
the storage capacitive means stores voltage between a gate and a source of the
converter and driver transistor; and
the storage transistor provides conductivity, or non-conductivity, between a

gate electrode and a drain electrode of the converter and driver transistor by turning on and
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the storage capacitive means stores voltage between a gate and a source of the

5 converter and driver transistor; and
the storage transistor provides conductivity, or non-conductivity, between a
gate electrode and a drain electrode of the converter and driver transistor by turning on and

off.

10 _ 19. A semiconductor device according to claim 7,‘ wherein:
the storage capacitive means stores voltage between a gate and a source of the
converter and driver transistor; and
the storage transistor provides conductivity, or non-conductivity, between a
gate electrode and a drain electrode of the converter and driver transistor by turning on and

15  off.

20. A semiconductor device according to claim 8, wherein:
the storage capacitive means stores voltage between a gate and a source of the
converter and driver transistor; and
20 the storage transistor provides conductivity, or non-conductivity, between a
gate electrode and a drain electrode of the converter and driver transistor by turning on and

off.

21. A semiconductor device according to claim 5, wherein:
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22. A semiconductor device according to claim 6, wherein:

5 the converter and driver transistor has the same polarity as the driver

transistors.

23. A semiconductor device according to claim 7, wherein:
the converter and driver transistor has the same polarity as the driver

10  transistors.

24. A semiconductor device according to claim 8, wherein:

the converter and driver transistor has the same polarity as the driver

transistors.
15
25. A semiconductor device according to claim 5, wherein:
the converter and driver transistor and the driver transistors are disposed in
series in the electric current supply pathways from the electric power source to the load, and
their gate electrodes are electrically connected.
20

26. A semiconductor device according to claim 6, wherein:
the converter and driver transistor and the driver transistors are disposed in
series in the electric current supply pathways from the electric power source to the load, and

their gate electrodes are electrically connected.
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Y§$10%C)&' ()- %A0%& ()- #"109%% () - 0%0& ()-s"109% () - |B}p}s€}}}} ~r dV7
109 (Qries hPHP electric current supply pathways from the electric power source to the load, and

5 their gate electrodes are electrically connected.

28. A semiconductor device according to claim 8, wherein:
the converter and driver transistor and the driver transistors are disposed in
series in the electric current supply pathways from the electric power source to the load, and

10  their gate electrodes are electrically connected.

29. The semiconductor device according to claim 1, wherein:
the signal electric current pathways is via at least the first means; and
the electric current pathways for supplying the load from the electric power

15  source when the load is operating is via at least the first means and the fourth means.

30. The semiconductor device according to claim 2, wherein:
the signal electric current pathways is via at least the first means; and
the electric current pathways for supplying the load from the electric power

20  source when the load is operating is via at least the first means and the fourth means.

31. The semiconductor device according to claim 3, wherein:
the signal electric current pathways is via at least the first means; and

the electric current pathways for supplying the load from the electric power
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10vbvb!\ 9: 10%aby bhd semicdndbétdrdevide according to claim 4, wherein:

Y#109%&' ()-Z10%& () - 10%& ()- 10%& ()-sy3 10%& ()- s$10%& ()-K \ dEuV7

" % ' 0
'13 (';bg"' (15-) \ g‘d (BZW @ 3f]hQ %%al( Qleéiléaxmt ﬁ)e)th\b;@s]lp\/ilg&t fe)ast#ﬂﬁot(mfgméf)ns, and

" 10081 (w%slé‘?/i‘é-o?;’ﬁ*ﬁ(%ﬁﬁ SR i (4 GO 148 A
zdBH7 source when the load is operating is via at least the first means and the fourth means.

33. A semiconductor device according to claim 5, wherein:
the signal electric current pathways is via at least a source and a drain of the
10  converter and ariver transistor; and
the electric current pathways for supplying the load from the electric power
source when driving the load is via at least the source and the drain of the converter and driver

transistor, and a source and a drain of the driver transistor.

15 34. A semiconductor device according to claim 6, wherein:
the signal electric current pathways is via at least a source and a drain of the
converter and driver transistor; and
the electric current pathways for supplying the load from the electric power
source when driving the load is via at least the source and the drain of the converter and driver

20  transistor, and a source and a drain of the driver transistor.

35. A semiconductor device according to claim 7, wherein:

the signal electric current pathways is via at least a source and 2 drain of the

converter and driver transistor; and
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transistor, and a source and a drain of the driver transistor.

5 36. A semiconductor device according to claim 8, wherein:
the signal electric current pathways is via at least a source and a drain of the
converter and driver transistor; and
the electric current pathways for supplying the load from the electric power
source when driving the load is via at least the source and the drain of the converter and driver

10 transistor, and a source and a drain of the driver transistor.

37. A semiconductor device according to claim 1, wherein:
the relationship between the signal electric current, denoted by Iga, and the
electric current supplied to the load from the electric power source, denoted by Iy, is lgaa =

15 Ig.

38. A semiconductor device according to claim 2, wherein:
the relationship between the signal electric current, denoted by lgaa, and the
electric current supplied to the load from the electric power source, denoted by Igr, iS Ijaa =

20  IgL.

39. A semiconductor device according to claim 3, wherein:
the relationship between the signal electric current, denoted by lgam, and the

electric current supplied to the load from the electric power source, denoted by Igy, iS lgata 2
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40. A semiconductor device according to claim 4, wherein:
the relationship between the signal electric current, denoted by lga, and the
5 electric current supplied to the load from the electric power source, denoted by Iy, iS Iga =

IEL.

41. A semiconductor device according to claim 5, wherein:
the relationship between the signal electric current, denoted by Iyu., and the
10  electric current supplied to the load from the electric power source, denoted by Igy, iS lgaa =

Iy,

42. A semiconductor device according to claim 6, wherein:
the relationship between the signal electric current, denoted by lgae, and the
15  electric current supplied to the load from the electric power source, denoted by Iy, iS lgata =

g1

43. A semiconductor device according to claim 7, wherein:
the relationship between the signal electric current, denoted by lyua, and the
20  electric current supplied to the load from the electric power source, denoted by Igy, iS Idata 2

Igr.

44. A semiconductor device according to claim 8, wherein:

the relationship between the signal electric current, denoted by Iyu, and the
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45. A semiconductor device according to claim 1, wherein:

5 the load is a light emitting element containing an electroluminescence element.

46. A semiconductor device according to claim 2, wherein:

the load is a light emitting element containing an electroluminescence element.

10 47. A semiconductor device according to claim 3, wherein:

the load is a light emitting element containing an electroluminescence element.

48. A semiconductor device according to claim 4, wherein:

the load is a light emitting element containing an electroluminescence element.

15
49. A semiconductor device according to claim 5, wherein:
the load is a light emitting element containing an electroluminescence element.
50. A semiconductor device according to claim 6, wherein:
20 the load is a light emitting element containing an electroluminescence element.

51. A semiconductor device according to claim 7, wherein:

the load is a light emitting element containing an electroluminescence element.
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& ()-cV dEeF b2.1 A semiconductor device according to claim 8, wherein:
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5 is applied to an electronic equipment selected from the group consisting of an organic light

emitting display device, a digital still camera, a laptop computer, a mobile computer, an

image reproduction apparatus including a recording medium, a goggle type display, a video

camera and a mobile phone.

10 54. A semiconductor devi_cc-: according to claim 2, wherein the semiconductor dcvic;a
is applied to an electronic equipment selected from the group consisting of an organic light
emitting display device, a digital still camera, a laptop computer, a mobile computer, an
image reproduction apparatus including a recording medium, a goggle type display, a video
camera and a mobile phone.

15

55. A semiconductor device according to claim 3, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of an organic light
emitting display device, a digital still camera, a laptop computer, a mobile computer, an
image reproduction apparatus including a recording medium, a goggle type display, a video

20  camera and a mobile phone.

56. A semiconductor device according to claim 4, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of an organic light

emitting display device, a digital still camera, a laptop computer, a mobile computer, an
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1000 8&9imamaesrofyctio 7app@eDs, ifdluditd @ ¥ERrding medivm, la goggly typogisplay,' a video

camera and a mobile phone.

57. A semiconductor device according to claim 5, wherein the semiconductor device

5 is applied to an clectronic equipment selected from the group consisting of an organic light
emitting display device, a digital still camera, a laptop computer, a mobile computer, an
image reproduction apparatus including a recording medium, a goggle type display, a video

camera and a mobile phone.

10 58. A semiconductor device acc_:ording to claim 6, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of an organic light
emitting display device, a digital still camera, a laptop computer, a mobile computer, an
image reproduction apparatus including a recording medium, a goggle type display, a video
camera and a mobile phone.

15
59. A semiconductor device according to claim 7, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of an organic light
emitting display device, a digital still camera, a laptop computer, a mobile computer, an
_image reproduction apparatus including a recording medium, a goggle type display, a video

20  camera and a mobile phone.

60. A semiconductor device according to claim 8, wherein the semiconductor device
is applied to an electronic equipment selected from the group consisting of an organic light

emitting display device, a digital still camera, a laptop computer, a mobile computer, an
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