0, LIGHT EM TTI NG DEVI CE BACKGROUND OF THE I NVENTION 1. Field of the :
I nvention 5 The present invention relates to a |ight emtti ﬁg‘j devi 6885 I n
particul ar, the present invention relates to a structure of an active
matrix light emtting device having thin film transistors (hereafter
referred to as TFTs) manufactured on an insulator such as glass or plastic.
The present invention also relates to an el ectronic equi pnment using the
light emtting device in its display portion. 10 2. Description of the
Rel ated Art The devel oprment y pb e EMﬁyﬁﬁg' ‘iﬁfldﬂ‘ which self light emtting
el ements such as electro | umnescence Fel enents are used, has been
active recently. The term EL el enent includes either of an el enent that
utilizes lum nescence froma singlet exciton (fluorescence), and an

el ement that utilizes lumnescence froma triplet exciton

(phosphor escence). An ELBASKGRQUND @EVEHE INVENTJON as an exanpl e of a
light emtting device here, but display devices wusing other self |ight

em tti hgFieldaridhg Bwvantéom| so i ncluded in the category of the light enmitting
device. EL el enents are conposed of a light emtting |ayer sandw ched
betasveen a pafhe pfesent invtntivneslafanodelightcemeiaidgodtice. Ndi FRdticulag theprRade
structures. The lam nate structure 20 proposed by Tang et al. of Eastman
Kodak fa@entidid rditeé B9 adstiRhfe of AIASRDIVE |tk QBN endtting HeVice SWividel 6h Irdver .
and an el ectron transporting |ayer can be typically given. Thi's structure
has eﬁ&ﬁﬁé’!@ﬂsl(hé}bﬂ'fbr|réf@h@@H§asefﬁs?hﬁH§%c uRRGht 4N iﬁsﬁétﬁf”&fcﬂ%@ hlS @rpﬁbgﬁfcd to
nost EL el enents that have been fesearched at present. Gr er, ‘other
StUCt R 258l A liSh aisd YEReER SNedfntchiboftal BliSs Y 1R LM FYSce & NOT ©

its display portion.

10 2. Description of the Related Art
The development of display devices in which self light emitting elements such as
“electro luminescence (EL) elements are used, has been active recently. The term EL element
includes either of an element that utilizes luminescence from a singlet exciton (fluorescence),
_and an element that utilizes luminescence from a triplet exciton (phosphorescence). An EL
15  display device is given as an example of a light emitting device here, but display devices
using other self light emitting elements are also included in the category of the light emitting

device.

EL clements are composed of a light emitting layer sandwiched between a pair of
electrodes (anode and cathode), normally a laminate structures. The laminate structure
20 proposed by Tang et al. of Eastman Kodak Co. and having a hole transporting layer, a light
emitting layer, and an electron transporting layer can be typically given. This structure has
extremely high luminous efficiency, and this structure is applied to most EL elements that

have been researched at present.

Further, other structures also exist, such as one in which a hole injecting layer, a hole
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transporting layer, a light emtting layer, and an electropn transporting

| ayer are lamnated in sequence on an anode, and one in ikl i Holbe
injecting layer, a hole transporting layer, a light emtting |ayer, an

el ectron transporting layer, and an electron injecting |ayer are |am nated
i n sequence on an anode. Any of these structures nmay be adopted as an EL 5
el ement structure in the present invention. Doping of fluorescent pignents
or the like to the Ilight emtting |ayer may al so be performed. Al |ayers

f or med a 2 . h ar ener i err EL

| ayer s‘f%?si’wﬁﬁ%@i’% B P6L AP BORERES o e f%ﬂ%) sl [ EE dplei g

I ayer, ht emttin . electr ntranso and el ectron
0 ect 399y Bt ooy apPBF o HHRH AEPlscibE %F%éﬁagspo,&tﬂra £, a
emtting el epment structured by an anode an EL Iayer and_ a cat hode is
referr Baﬂt gmiting Joyar, ancflesiron MABPREHR 1ayeri Agr amn Qectuon| 1wm§n¥1ﬁrn A
device is shown in Fig. 3A. A pixel portion 301 is disposed in a center
port i olenufiated dwissquence B0 adodsourow ef Hread siriietercdmagebe adpptediias BOELS or
controlling source signal lines, and gate signal line driver circuits 303
f ors 15eldmient ngicgat én thegredent invatidbnar ogimppeistmdrdsoerit pdprpeaits phibe Yikofo tiee

pi xel portion 301. The gate signal line driver circuits 303 are arranged

synmet hgiqa:lﬂmlr@qawmysdigﬁ%@rfﬂgdpi xel portion 301 in Fig. 3A, but one
of them may be pliaced on only one side. However, considering factors such

as reliabili i 8",
di spose the Ay ltgggg?%&r%{éaﬁ P(ry\%enggrnl @g?ggbégg:?t&lééébgn%nh Caluﬁ rQ{]e sf@lgé%]?o
Si gnal h a ck s a. st ul s nd an. nal. are
Chout Pyt s dhecuBEgRlIng nud ubtdink Bre-cfine MbsMing THG Befotunie
line driver_ci rcw ts 303 through a flexible printed circuit PC) or the
li ke. Y&k slerban JrngpReing ygy aref! ¢leciransinjestipg sy #6 dherefare Hbi ddp &g
line driver circuit, pulses for selecting the gate signal |ines are output
oné& af tagersanét Hght Wltang [elehment stynetuend [ anjanode,0arg ELARyogaosl a cathode is

referred to as an EL element.

A schematic diagram of a light emitting device is shown in Fig. 3A. A pixel
portion 301 is disposed in a center portion of a substrate 300. A source signal line driver
‘Circuit 302 for controlling source signal lines, and gate signal line driver circuits 303 for

15  driving gate signal lines are disposed in the periphery of the pixel portion 301. The gate
signal line driver circuits 303 are arranged symmetrically on both sides of the pixel portion
301 in Fig. 3A, but one of them may be placed on only one side. However, considering
factors such as reliability and efficiency of circuit operation, it is preferable to dispose the
gate signal line driver circuits 303 on both the sides.

20 Signals such as a clock signal, a start pulse, and an image signal are input to the
source signal line driver circuit 302 and the gate signal line driver circuits 303 through a
flexible printed circuit (FPC) or the like.

Operation of the driver circuits is explained. In the gate signal line driver circuit,

pulses for selecting the gate signal lines are output one after another by a shift register 321 in
2




accordance with the clock signal and the start pulse. Then, 0[316 aol-age
S0 258

amplitude of the signals are transforned by a level shifter 3 are
output to the gate signal lines via a buffer 323, and a certain one row of
the gate signal lines is placed in a selected state. In the source signal

line driver circuit, sanpling pulses are output one after another 5 by a
shift register 311 in accordance with the clock signal and the start
pul ses. Inafirstlatch circuit 312, storage of a digital inage signal is

perforpmed jin accordance w.th th imng of t sanpl i pul se. . W

oper at ?ilcgﬂrc#jg?e S'WEI 8r%?%cé(nﬁlaﬁ‘alp?§’§ithﬁl%'99‘iﬁ8‘f1 ihlS‘eB’oﬁ]ﬁl %Otlgg? a&‘ﬂ%g‘f‘%?h(’tegﬁl se is
input during a return period, and the digital inmge signals of one _row
por t i oHERAS ARsgtranstored by ¢ devel shiftpr 822, @pdiarg 92%1?% theagnts sigpaldlings|viga once
to a second latch circuit 313. The digital 10 i mage signals of one row
port i opuffer 328 nd agertaineenegpmaf thangseisigpalilimepisspddosd oif a sdlectedsiateo which the
pul se for selecting the gate signal line is output. The pixel portion 301

i s expl ai nedinnibx tsourde Bipnhl e diiveminoyit,r efmplieg pelsesiareraltpud e after tiehgri xel
portion 301 corresponds to one pixel, and the circuit structure of the

pi ¥el bpa skiRGeisicn3F B ac@&daxﬁ;%f\ﬁﬂ?ﬂié%ldwr@%]nﬁi andafe thrt pulies.3Bndemet Rcha TFT
that functions as a 15 switching elenent (hereafter referred to as a

swi t chijngitHTP) «@ '@,ga\g;%{gi {}gagtta;si%.lraﬁigi_ 2 Fmecfiingle rdhfteith ﬂfgéﬁﬁiagéf el

havi ng el t her " n-chrannel ar | annel polarity may ed as the
SW t chj TFI 351, erence..nuneral 352 denotes.a TET (herea r.r rred ‘
fo | ac e Bt SERERBGR S Rale SRt ERa o bdn "R agfifece i c
current sugpl ied to an EL e] ement 33,4., i,f the, driver TFT 3S2 is an_ .
n- chanPigFe FRRPULCHERE 8AEUE) REEICF oM Bg 8igdip! 1iage SIEEP OfPRAENY PABANSOT¢dIen as
a cathode, and is connected to an output electrode of the driver TFT 352.
The ot terfired lateh cirgeit 352 arsrtranpfered al|ag praon to3sucanddaish sitguib dd dnebhadisiplode.
On the other hand, if a p-channel TFT is used as the driver TFT 352, then
t hE0 onenadesigmatsad 086 fow pbrticherdiber waitentsilBB3tanteustyalogrxds obithec aowde whaskd i s
connected to the output electrode of the driver TFT 352. The ot her
el ect r pdguBsBonieldchiag Hle @tedipmi 1i354 ddparief ore becomes a 3 0 3 JAN 208' 3
The pixel portion 301 is explained next. A portion shown by reference numeral 310
in the pixel portion 301 corresponds to one pixel, and the circuit structure of the pixel is
shown in Fig. 3B. Reference numeral 351 in Fig. 3B denotes a TFT that functions as a
15  switching element (hereafter referred to as a switching TFT) during writihg of the image
signal to the pixel. A TFT having either n-channel polarity or p-channel polarity may be
used as the switching TFT 351. Reference numeral 352 denotes a TFT (hereafter referred to
as a driver TFT) which functions as an element for controlling electric current supplied to an
El element 354, If the driver TFT 352 is an n-channel TFT, then one electrode 355 of the
20 EL element 354 is taken as a cathode, and is connected to an output electrode of the driver
TFT 352, The other electrode 356 of the EL element 354 therefore becomes an anode. On
the other hand, if a p-channel TFT is used as the driver TFT 352, then the one electrode 355

of the EL element 354 is taken as an anode, and is connected to the output electrode of the

driver TFT 352. The other electrode 356 of the EL element 354 therefore becomes a
3




cathode. Reference nuneral 353 denotes a storage capacitor (Cs) forned in
order to store the electric potential applied to a gate @I@cﬁ}ﬁgp%@@f t he
driver TFT 352. Although the storage capacitor (Cs) is shown here as an

i ndependent capacitive neans, a capacitance that occurs between the gate
el ectrode and a source region of the driver TFT 352, or a capacitance that
5 occurs between the gate electrode and a drain region of the driver TFT
352 may also be wutilized. A sinple explanation is given for the

rel ati hi t n, the ity . of the driver. TET 352 and the structure
of ¢ he SRPOAF o SREE, hOGRRE TS phaorfk o MiFas dppbics (ERHRReA B grdtF u oG e
the structure of a. ixeiri ortion of apn EL elenent, and Fig. SB shows :
schematicelfitje petoptial aplisbis sie clanieiy of tanaieen Wi F2r gytiough i SeleqrT
502, and an EL el enent 504. Further, TFT operation is discussed when
expl ai GhpRgiter (Calils shyer heicors dmindppendenfrapiditieaticans, atapacitanas tAEDCEWs ns
on" indicates that the absolute value of the voltage between a gate and a
sour ce befwean Thel gax cbetiodt hed alssalcatregivmbofl éheodriten d FIFIS 2, lor exsdaphcitancd tiage,
and a source region and a drain region of the TFT are thus placed in a
conslucobmes Hedteen lthe tahrcotlgbiradleCai@ng &lraih Qe gion G BGideIver TFEF 35 fay Hish belr ns
off" indicates that the absolute value of the voltage between the gate and
the sowfige-f the TFT is | ower than the absolute -value of the TFT
t hreshol d voltage, and the source region and the drain region of the TFT
are in a non- ' . . (e 1 " gat tr ode,
Mput ol ect r gt iRaphE Fivah Porohddhonb o BT gy G 85 RS
el ectr ain.el ectrode’  ar sed _sgepar at.el y when | ai ni ng _TFT_,
connecﬁii;%néjzr %ﬂ#@ﬂisguﬁtgﬁea?fs@etﬁe&\?’@lef‘ta ﬁ%f%ﬁ%ﬁ?%éog‘ﬁgseagaﬁq@f?ﬁ% sbi&ce is.
often considered when explaining TET operation, but it is difficult to
cl ear | yAgshopstbhtrugiee 98 pupkesh PPHEDSH andel clergnb g Aiée. SBeshgvgisahamedfically of
the TFT on a structural level. Therefore the two regions are referred to
as 19 he thasumneesions pmodg a swaching Tdlt YUt a dtieet THHE0taed ap Xl démem$04i gnal
input and 4 0 3 JAN 20006

Further, TFT operation is discussed when explaining circuit operation in this

specification. The term "TFT turns on" indicates that the absolute value of the voltage
between a gate and a source of a TFT exceeds the absolute value of the TFT threshold voltage,
and a source region and a drain region of the TFT are thus placed in a conductive state
15  through a channel forming region. The term "TFT turns off" indicates that the absolute
value of the voltage between the gate and the source of the TFT is lower than the absolute
value of the TFT threshold voltage, and the source region and the drain region of the TFT are

in a non-conductive state. |
In addition, the terms "gate electrode, input electrode, output electrode" and gate
20  electrode, source electrode, drain electrode" are used separately when explaining TFT
connections. This is because the voltage between the gate and the source is often considered
when explaining TFT operation, but it is difficult to clearly differentiate between the source
region and the drain region of the TFT on a structural level. Therefore the two regions are

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



out put, and one of the input electrode and the output electrode is referred
to as the source region, while the other is referred to asﬁﬁhdﬁﬂrggm

regi on, when explaining the relationship between the electric potentials
of the TFT el ectrodes. First, consider a case in which reference nuneral
505 denotes an anode, and 5 reference nuneral 506 denotes a cathode in the
EL elenent 504. If the electric potential of the electrode 505 is taken as
V505 and the electric potential of the electrode 506 is taken as V506,

then it js ne essary, i npart rd bi as between {he_ anode and the

cat hodguleht GRaaRe dhig el Rctere AR En Gﬂtpéwlﬁgtqueg‘ﬁtfetlelfﬁ@F‘é?‘%lﬂé"’ ¥Eee >
V506 is satisfied. In order to turn on the driver TFT 502 with certainty
if it Fegioth Whilhsrherriseteaisd tagsrtae |dyain ppeign.y whem geplaipingethaaelationdip

el ectrodes of the EL elenent 504, it is necessary that the electric

pot ent baﬂweappheieé@btricpotbhtéaigaftécélﬁoﬁlcme@f the driver TFT 502 be greater
than V505 by at | east the anount of the threshold value of the TFT 502.
That is, it Festheoasigar v &6ecexpahitht e inbdel B05adsioisabn aobé,t &l i n
froma source signal line. On the other hand, it is necessary for the

el est I iorcRQ Atheral SAPRLARS 4 CuhdiR HAhe B2 QGhERUBAOT 1tthe eQE!rié%oté‘fEfEl gP2 be
| ess than V505 by at Ieast the 15 anmount of the threshold val ue of the TFT

502 i nyl I

p- channelaﬁéqhgégBﬁgﬁﬁg Iy a%% %fggﬁgéggggéﬁ%léﬁjt égg?gé%r56e§‘gk&%%% EL
el enen . IS ther ore nec to expand th anp |tude t he
i onal Vit ead s mecgspi o RBbalE FeBRErBAS Pipied HEERGHe MEHR R tppe Mok,
prefer t hannel  TFT _for the driver TFT 502 for cases in

whi ch fafr?étef@ ik elegusat S0k emas fight o FhEors ot heY e 8145568 5BEOMST O o
cathode in the EL el enent 504. Further, if the driver TFT 502 is n:channel
in thi thecddeer TREAP0Z wish tcagaintyGEDit e taneesharnnigk THA: ancdhmarmally epnly c@ltage t he
~driver TFT 502 becones the voltage between the gate el ectrode of the

dr il er bdifvEeh (2 dewrodbeoithe . déhemfS0dhie ishlecedseryahit thddectriofpotehtidl aphbed i n

Fig. 5B. If the resistance rises, increasing VEL, due to defects in the
char acteieghatecde@fodet thd dGV@MEM 502 Bd hleat?® tMh Vsos by at least the amount of the

threshold value of the TFT 502. That is, it is necessary to expand the amplitude of a signal
x;vritten in from a source signal line. On the other hand, it is necessary for the electric
potential applied to the gate electrode of the driver TFT 502 be less than Vsgs by at least the
15 amount of the threshold value of the TFT 502 in order to tum on the driver TFT 502 with
certainty if it is a p-channel TFT and normally apply voltage between the electrodes of the EL
element 504. It is therefore not necessary to expand the amplitude of the signal written in
from the source signal line large amount. It is thus preferable to use a p-channel TFT for the
driver TFT 502 for cases in which the electrode 505 is the anode, and the electrode 506 is the

20  cathode in the EL element 504.
Further, if the driver TFT 502 is n-channel in this case, then a voltage Vgs; between
the gate and the source of the driver TFT 502 becomes the voltage between the gate electrode
of the driver TFT 502 and the anode 505 of the EL element 504, not that shown in Fig. 5B.

If the resistance rises, increasing Vi, due to defects in the characteristics of the EL element
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502 at this tinme, or due to long termdegradation, then the electric
potential of a source electrode of the driver TFT 502 mcr&as‘%a ﬁ?ﬁﬁre i's
a possibility that the voltage between the gate and the source of

driver TFT 502 will cause dispersion to devel op between pixels due to

di spersion in EL elenents 504. It is therefore preferable to use a
p-channel TFT as the 5 driver TFT 502 here. In order to nmake the EL

el enent 504 emt |ight when reference nuneral 505 denotes the cat hode, and
refere meral 506 denofes the node in the EL el ement 504, i S
necess§‘57§ af 3 rHI® t OTadiie [ 4918 ErIp g b deeAEETBREERI 6 ehRee
electrodes. In this case, V505 < V506 is satisfied. In order to turn on

t he drplgetroderof thogdriver FFlc 803 mcrragesi £ Thereiisa apssitplity-thaidhmeoltagr petwegd the
normal |y apply vol tage between the el ectrodes of the EL el ement 504, the
el ect r gate pod drtsoatceayiphd duivar TRIh2gaitilecagbedisparsien tf davelpdetwen piEls 8662 i s
sufficiently greater than V505 by at |east the amount of the threshold
val ue af dispésibhTin F12elehienissst4henefsaherefitint praiaablssarige ap-ehqnasidTFhas the
anplitude of the signal witten in fromthe source signal line be a |arge
amopnt g6 tRes@i hgk, hand, it is necessary for the electric potential
applied to the gate 15 electrode of the driver TFT 502 be nmade | ess than

V505 by at ﬁrﬁgtéief ﬁ') ﬁ%@fﬁ@tﬁ}ggleh@ﬁt 563! irt.' ﬂkﬁt w};(é’ﬁl rléf‘ergicetnt]ﬁlegzﬁ Bo% ggn Esl_or der

to turn on t rirver cer IS a

ror el Bl vkt SR O ShS5h! Wl BB Sy HEPE. 604 T

must be expanded. It is thus preferable to use an n-channel TFT for t he
ri ver DESSAEN D el ectiin DRISHEH ditfercRghaty BrIebot hesiartiones. ndn diif Fisde, and
the el ectrode 506 is the anode in the EL el enment 504. Further, when

consi d¥sismg Vshweis\astisfiese Hatordesntot tum gaitthe drivert FET S0drwish eertaipty it isean TFT
502, and the electric potential of the cathode of the EL elenment, it is
al 3o pnehersd TET] and maemally ppplyanitete Hd%iﬁeémthetelmtrdalaguﬂhél‘ELE{)ﬂmnn5&)41|the case.
Next, the relationship between the direction of light emssion to the
pol ar i kc@ic fdiénthl GpFlict N #80Rite electrode of the driver TFT 502 is sufficiently greater
than Vsgs by at least the amount of the threshold value of the TFT 502. It is therefore not
necessary to expand the amplitude of the signal written in from the source signal line be a
large amount. On the other hand, it is necessary for the electric potential applied to the gate
15  electrode of the driver TFT 502 be made less than Vsgs by at least the amount of the threshold
value of the TFT 502 in order to turn on the driver TFT 502 with certainty if it is a p-channel
TFT and normally apply voltage between the electrodes of the EL element 504. That is, the
amplitude of the signal written in from the source signal line must be expanded. It is thus
preferable to use an n-channel TFT for the driver TFT 502 for cases in which the electrode
20 505 is the cathode, and the electrode 506 is the anode in the EL element 504.
Further, when considering the voltage between the gate and the source of the driver
TFT 502, and _thc electric potential of the cathode of the EL element, it is also preferable to

use a p-channel TFT for the driver TFT 502 in this case.

Next, the relationship between the direction of light emission to the polarity of the
6




driver TFT 502 and the EL el ement 504 structure is discussed. Fig. 8Ais a
schematic cross sectional diagramof the structure of the ngeyggﬁg$§504
when the driver TFT 502 is an n-channel TFT, and Fig. 8Bis a s atic
cross sectional diagramof the structure of the EL el enment 504 when the
driver TFT 502 is a p-channel TFT. 5 It is preferable to use a netallic
material in the cathode of the EL el enent 504 because the ability to
inject electrons into a light emtting layer is desired. The el ectrode that
uses a, frap nt electrode is therefore normally_the anode. The driver
TRT i ririieh 1 T A0Pnd g EL{elfreen SOk SEHSHIOP IRPISSed Bl BAES S SHBMANE AR <
connected to the source region of the driver TFT 502 and the cathode of

t he Elseeliansbiagson qfsthe stnelsted! thy Eheclement Sdeyhen thef duives TR P2 veanTFT
502. Consequently, light generated by the light emtting layer is emtted
t owar ch-chdnact TER sppdridgt SR ier schooatianade saitideal dagramirdrtkd sinetirbof ¢ha BEEL | on
of light emssion is opposite to a substrate on which the TFT is forned

( her eafi¢éntr5of efeadhd rias TFITHOD is Wpsthaphed)TFras shown in the figure. On the
other hand, in Fig. 8B the driver TFT 502 is a p-channel TFT. The current

15 5supply |ippgg ip%cf@x%l%eﬁ} 88 hOndMBCcSAMERS Mme@lkRuRide tdTendEIY &lenddnl 542, and
the anode of the EL elenent 504 is connected to the drain region of the

dri Verl:{e;gg%e§9gabi@{}§gﬁ?&%éc¥mng lngg]élllgglﬁﬁgi&gﬁg?g Ns && 61 .i g’gfrl]%agﬁk}dquatl ayer

is em t owar ransparen node si de erefore the
direction of |light emssion.is toward the TFT substrate shawn ,i.n. t he
(1 gur d5o9p Tnpiryenie & BiTodrPaRrialy Dirctedn Ergarg 1T FePl BAdSt o as
upper surface enission, and the light em ssion direction showm in Fig. 8B
is reftBprele 29 mshanopld FEyR faEent RPLsiinhishermacctath o Hisgiayrccorseings @thsy t he .
el ements structuring the pixel portion influences the Iight enmission
sur f achiver @& T Y02t dnd thowshodawfithe ELaiéneit §04 dnemnc@nd ththegirdinregiomdf then t he
upper surface em ssion case, |light can be extracted with no relation to the
r eigi ondroee APiTesiDy Conleqhed 126k Generated by the light emitting layer is emitted toward
the transparent electrode anode side, and therefore the direction of light emission is opposite
to a substrate on which the TFT is formed (hereafter referred to as a TFT substrate), as shown
in the figure.
On the other hand, in Fig. 8B the driver TFT 502 is a p-channel TFT. The current
15  supply line is connected to the source region of the driver TFT 502, and the anode of the EL
element 504 is connected to the drain region of the driver TFT 502. Consequently, light
generated by the light emitting layer is emitted toward the transparent electrode anode side,
and therefore the direction of light emission is toward the TEFT substrate, as shown in the
figure.
20 The light emission direction shown in Fig. 8A is referred to as upper surface
emission, and the light emission direction shown in Fig. 8B is referred to as lower surface
emission here. The region occupied by the elements structuring the pixel portion influences

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

upper surface emission case, light can be extracted with no relation to the region occupied by
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the el enments structuring the pixel portion, and this is useful in
increasing the aperture ratio. However, it is necessary1ﬂxﬁjﬁ%n&m§ anode
usi ng the transparent el ectrode after EL | ayer formation with process
consi derati ons when manufacturing an upper surface em ssion structure
light emtting device, as shown in Fig. 8A. Danage is easily inparted to
the EL 5 layer by this process, and this type of process is difficult to be
done at present. The |lower surface em ssion structure shown in Fig. 8B is
t her ef ener al | oyed., A net of driving.a |i em tting. device
is ex p‘g h‘%‘&“ﬁ%g‘f ‘X‘}:{H{g IPd’Qdd’P&éF&haB& thig i BN 1BCTeRS gﬂa e apPHES AU

‘met hod_can be_given as exanples of nethods of expressing nmany gradations
usi ng HOWPHt itdfineeesigydeviosa. thyragodg gsingdhe gragsrasrat ielasirade aBer EL Jose in
which electric current flowwng in EL elenents is controlled in an anal og
manner formhtien cwith rpbidsh eapsidgations syhean thagnfadatingnan apperosudaare dmisdpmever

m nute dispersions in the characteristics of TFTs structuring a pixel

por t i osirdeawre light amiting idedicelenchonn idilBpe8Asl oDsmage Eleabity ghpdedso thhalel y, if
there is dispersion in the characteristics of the driver TFT 102, then the
amouint 1aQér 1?1 864 pioeesUhAE Mis JJp@VMfQﬂo&@'ﬁ edricultle b%qwn%t Bndem. dnlk Nowés _
dlfferent river TFTs wll differ, even if the sanme electric potential is

| TRar {0 AR RISk e&;@gm%%m% B SIS NEL T T eral) Blpiea0r ds, - di sper si o

in brightness el ops to the d|f erent~anou ectric current
flowing in the nts, e dJ r.adati.on. nethod is a nethod in
whi ch di sper‘élna%h?‘ﬁof é“%ﬁ lﬁ tteéﬂ""it ‘iém%fls e’fﬂifém%qlé nts structuring the
pi xel s does not easily jnfluence_ imge quality. The EL el enents .20 are
di i ven by usf‘Rg2M1g, &afBlier Jpetdod Apdoa @ga%legl(aéa%qnawﬂiqsi WA diy eiven as _
brightness is near 100%?, and an off state (a state in which the brightness
i s neagdampdes) of Meshodssof ¢xpresamgbmanyigtedations véing adiiglitt emhitigngadeicon Thet hod
is a driving method in which dispersion in the brightness of the EL
el Enendmlogsgrdddtidnantthod ¢ dire idivetichnglettsib edrremdtowifig ithBL.elanantdisspeatrsllans in
the amount of electric current flow ng between the source and the drain of
the drinvei addidg md#hn@r, 3hdASomfbifing brightness, and gradations are obtained. However,
minute dispersions in the characteristics of TFTs structuring a pixel portion have a large
influence on dispersions in EI brightness. Namely, if there is dispersion in the
characteristics of the driver TFT 102, then the amount of electric current flowing between a
I5 source and a drain of different driver TFTs will differ, even if the same electric potential is
imparted to gate clectrodes of the driver TFTs.  In other words, dispersion in brightness
develops due to the different amount of electric current flowing in the EL elements.
The digital gradation method is a method in which dispersion in the characteristics of
the elements structuring the pixels does not easily influence image quality. The EL elements
20 are driven by using only two states, an on state (a state in which the brightness is near 100%),
and an off state (a state in which the brightness is nearly 0%). That is, it can be said that the
digital gradation method is a driving method in which dispersion in the brightness of the EL

clements is difficult to be distinguished even if there are dispersions in the amount of electric

current flowing between the source and the drain of the driver TFTs.
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However, only two gradations can be displayed with the digital gradation
nmethod in this state, and a plurality of techniques for a@ﬁeyg?gl%gﬁny
gradations by conmbining the digital gradation nethod w th another~iet hod
have been proposed. One nethod that can be given for achieving multiple
gradations is a conbination of 5 the digital gradation method with a tine
gradati on nethod. The termtine gradation nethod denotes a nethod in which
gradation expression is performed by controlling the anount of time during

whi ch the EL,gel epen mt |light, Specifical ne.frane riod. is,divided
"o & ot or HVEVED by brarndihihs eRREE b aR it b el et P b PO e ¢
expressed by sel ecting. ether. or pot the EL elenents emt |ight during
each sﬁ’d? P a&ér‘? Bh{fg'%tﬁmté} Ei’gﬁ“‘ri@“ecsh I af wﬁiﬂﬁf%?‘é‘hgéadﬁtrﬁoqsghbtcﬁ NIRE ARE f or

light em ssion within one frane period. The nethod disclosed in Japanese
Pat ent digiipl gradatiosrmethpd withanotier method heguoleangropfissdussed here as one net hod
of conbining the digital gradation nethod with the tine gradation nethod.
A case of 3- bint mptbaththabcarebppiwes famchevergphaeltipkderhdationass anomkmapbreof Ref er
to Figs. 9Ato 9C. The frane frequency used in display devices such as 15

|'i gui dererdigital|gratiasiph ayeshandliteh tdhes@hdatini Beth6d. MBI Hefte o tifdepradaion nddthéd Hz.
That is, screen drawing is perfornmed on the order of 60 tines per second,

as Showgndidy Linfbthd¥in WhichSrhdiidn RBRIO) & pQrdglcl VyRdidRimYhe ueluhhat the
human eye does not experience screen flicker. A périod for performng

screen tig{eacﬁr@g d\gﬁa:ll %l'{er@[, Lﬁrfeﬁ{s%{ig H%tit.o S §Eefc?ﬁ'&ll§rr @r{?fragxgé P%Q%J]? .rd?vidéa"fﬁ rane

period s o a plurali rame’perio i me gradation

20 th dj.scl inJ . Pat ent i i Lai d- . 2001-5426.
The  muRgLielB OCRal AR BF St G e o i REs o Shafnes S brit on
bits. Nanely, one franme period is divided into three subfrane periods SFl
to SF3w™hethel 198G dhe éilsﬁfﬁmengﬁ st light dwingseagh qubframgi period, thisc Hsiag ke ane

period has an address (witing) period Ta and a sustain (light em ssion)
petl oddifferenthén agibesfdiniafar tlightgmiseion sddimens fyamé petod or witing a digital
9 0 3 pON NFO
The method disclosed in Japanese Patent Application Laid-open No. 2001-5426 is
discussed here as 4one method of combining the digital gradation method with the timé
gradation method. A case of 3-bit gradation expression is explained here as an example.
Refer to Figs. 9A to 9C. The frame frequency used in display devices such as
- 15 liquid crystal displays and EL displays is normally on the order of 60 Hz. That is, screen
drawing is performed on the order of 60 times per second, as -shown in Fig. 9A. It is thus
possible to perform display such that the human eye does not experience screen flicker. A
period for performing screen drawing one time is referred to as one frame period here.
One frame period is divided into a plurality of subframe periods in a time gradation
20  method disclosed in Japanese Patent Application Laid-open No. 2001-5426. The number of
divisions at this point is equal to the number of gradation bits. Namely, one frame period is
divided into three subframe periods SF1 to SE3 here because a 3-bit gradation is used. 7

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

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



i mage signal into pixels, and each subfranme period has egfgl %@ng% . The
sustain periods are periods during which the EL el enent m'““l ght based
on the digital inmage signal witten into the pixels during the address
(witing) periods. Sustain (light em ssion) periods Tl to Ts3 have a

| ength ratio that satisfies Tsl : T:s2 : T:s3 =4 : 2 : 1. That is, for
n-bit gradation 5 expressi on, n sustain (light em ssion) periods have a
length ratio of 2 n-' , 2n-2: ... : 2" : 20. The length of the period
for each pixel em¢t i ht duri ng one frame riod i,g determ ne

pect 1 adbital i gk et SRt pottnd 16 i) el TG B ILPIER el 1 o
light. Gadation expression is thus performed. |In other words, by taking a
| i ght BeHQdsidyging tch he FL clemgents P’@chgghmspﬂ o tag dighalfimage pignal yertgninia | ght
em ssion) periods Tsl to Ts3 in Fig. 913, and 10 utilizing the | ength of

t he t othal pikélgldtiripgritesideiness i(weifing) pprevdat i &Mainzﬁﬁgtngpntissjigt)tpwséegsbto %

14% 28% 43% 57% 71% 86% and 100% can be expressed. The brightness is
57% i f haveh@nengitls ratlagiat esrissies vl dukR nglsFst 4and :no | Tigntis, €6t abio pradutidmg
T:s2 and W and while the brightness is 71% |ight em ssion occurs during

Tsl 5 anghkpressnd Wt suld@in Aiph '&HuMonT?)eﬂQ&sahﬁeaa lehEtp REbWFtMEssy By an RAnal’og
gradatlon net hod, control is performed by using a voltage 15 correspondlng

to 71%py leﬁig{h“@\ft@% p?rﬂ&h d?%a&mégﬁ(%rtb%ﬂﬁﬂ? 'ug Eﬁﬁ@%ver %9{@&’ f‘srdeﬁé}ﬁm?é?i GB Cone

frame perio ation ane gra

et 1 0UF: gyl s ot am3bessah Ao T E%ﬁaﬁffeﬁ”fnﬁnéé%‘;ﬁ%’ﬁéh

Continue tq refer to Flg 9A to 9C as wel | as Fig. First, .the switching
TET 35%TadaHAR cyprestinisdhuspeatormss ol %ﬂr.v%oridﬁmyttamga light smitfiga stteend ne. A

digital inmage signal is input next froma source signal |line, and control
f or wheemdght ¢rmitdng vlate foFithe s&pain (Hpkt anisppnopdridds Tsértpoksdeid Fig. @Bcamdlance
with the electric potential of the digital imge signal. In addition,

el ect r valinhatigelcagihrafspe nulalnight @ntisséordiige  Slgradadges Isvinpabriglanesstsosfe@ls] n t he
storage capacitor 353. Even if the driver TFT 352 turns on at this point,
vol t age4%| S8%0 U 3eR 3795 d7195 8838, NardNED(3H @l bE Gapfeestd) 38 baiHirehieiscatopatle

(anode) 356, and therefore 10 0 3 JAM 2666

there is light emission during Ts! and no light emission during Ts2 and Ts3, and while the
brightness is 71%, light emission occurs during Ts1 and Ts3 but not during Ts2. To obtain a
71% brightness by an analog gradation method, control is performed by using a voltage
15 corresponding to 71% brightness, and the 71% brightness is maintained over the entire one
frame period. With the fime gradation method, however, the same gradation is expressed by

emitting light at 100% brightness for only 71% of the entire light emission period.
Operation is explained in detail. Continue to refer to Figs. 9A to 9C, as well as Fig.
3B. First, the switching TFT 351 turns on when a selection pulse is input to a gate signal
20  line. A digital image signal is input next from a source signal line, and control for whether
the driver TFT 352 turns on or off is performed in accordance with the electric potential of the
digital image signal. In addition, electric charge corresponding to the digital image signal is

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

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




light is not emtted. One such nethod is to set the electric potentlal of
the cathode (anode) 356 equal to the electric potential ofl§

(cathode) 355, nanely to the electric potential of a current supply l'ine
(current). The cathode (anode) 356 is normally conmon across all pixels,
and therefore this operation is perfornmed sinultaneously for all pixels. 5
At the point where witing operations are finished froma first rowuntil a
final row, the address (witing) period is conplete, and all of the pixels

nove s IIan ous| o th sustain (li h em Ssi on eis
nop | BB LRI Lilert mlts Bett falechie Sleatth ol iingy B ' ¢ e
EL el enent 354, and electric current flows, causing light to be emtted.
10 One 3¢ sawal R fhegdeqtic petenfdal of dhe mpds deathadel Agd-tamelyt By thprsleeirisrpafential
operations over all of the subfrane periods. To increase the nunber of

di spl apf greatant sspplywine(cutrest).netirodgthedee(anoda)i366 i homudblyr comengre pérosksalhmy be
i ncreased. Further, it is not always necessary for the subfranme periods to

appear piselspagtethefefamthib epeipper kyrtfohhéd simultheedusonaibpixbist as shown in
Figs. 9B and 9C, and the subfrane periods nay be arranged randomy within

thesframe peni@gh pdif %Hex@dﬁht‘iﬂg)tﬁber:ﬁthﬁlsQEéjﬁﬁlsﬁ@%Vfrailnsé)ﬁQ?r(ﬁ)hﬁﬂﬁlleﬂflﬂéitrhwn each
frame period. This type of driving nethod is referred to as display perlod

separ artt‘f‘edadéﬁé% Qrgiu(mgia g'? ?é' &‘gr}plc Arf?i\}’]\ﬁ[ Efjtifé:;ﬁﬁfel ?ﬂdv@ sgﬁlpfl?grﬁ?ﬁélggntg QEe

performng gra atlo ay, n s emt er fra :
peri od)ﬁ_ ﬁ ven . @e _
Cor 1 RG] weeﬂgﬁs Pt aﬂselw@?ipf‘z?e&nt}4 © gibdes at&?é‘%réﬁaﬁﬂgﬁa%, and
t heref or 0, periods exist_ wthin g period d whi ch. Li hif is
not enEPEde (ARER) 2 ok Bredik: clarasn 8, s deeti cugﬁnfoﬁ%wqauwwg b be
bri ght ness can be perceived. In a certain subfranme period for pixels
connectwdtado a nunber mrow gate signal line, witing of a digital image
signal to the pixels is perfornmed in a period 902 during which a gate
sighal |ine nedsinecpathd iastredtaned byrpeHogmingDhe afocerhérgioned eperatidrseder sl a
sustain (light emssion) 11 0 3 JAN 28016
of the subframe periods. To increase the number of display gradations with this method, the
number of subframe periods may be increased. Further, it is not always necessary for the
subframe periods to appear in order from the uppermost bit to the lowermost bit as shown in
Figs. 9B and 9C, and the subframe periods may be arranged randomly within the frame period.
15  In addition, the order may also be changed within each frame period. This type of driving
method is referred to as display period separated driving (DPS driving).

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

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

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

signal line is selected, as shown in Fig. 9D, and light is emitted in a sustain (light emission}
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period 904. An address (witing) period is the total of pebgfds denot ed by
reference nunerals 901, 902, and 903 here. Reference nune SOl Joemot es” a
period for performng witing of a digital imge signal to the nunber 1 to
the nunber (m1) row, while reference nuneral 903 denotes a period for
performng witing of the digital image signal to the nunber 5 (mtl) row to
the final row In other words, for the pixels connected to the nunber in
row gate signal line, the periods denoted by reference nunerals 901 and

903 in_t.h ress Writin eri.od beco erjiods durin ich.both

wr vt i g oA oA et ot stiod B et ot ey enighel P R o
Address (writi ngé ﬁeri ods are forned in each_of the subframe periods, and

t her efyErai §0LH20% ad 03 hegs i tRefeensrepumeral 80k denaksraeBaiod for psHYINgdat i on
| evel s are sought. There is also an increase in the aforenmentioned

"wai t iwigtinghef p sligital amage bigaali tavthe aymier U rie e nyrabhudmi-bhrovws wikle glargnoeat i o.
A nethod for solving these types of problens is given here. This nethod is
one i munvdald3tdrackes aperiod feparfatmog vodtingeefitht Qigitalddags sighwrtd tthawg)mipar i ods
and the sustain (light 15 em ssion) periods, as shown in Fig. 9E, and

i ght (@13 sbenohBYFRS 1oWTedh k) Ywalid, gbr Wei gikdlg caifnedtedit@ilicdhurhbarae rowgnal
to pixels connected to a certain row gate signal line is conplete. The

pi xel t t @t he: i i i em t
Pl gt RCSEE fite! o) AROR TR by MCRALE nanal, Sb1 ARIERD, BP YRR, Mage

o o 5Bk SRl foRR PAIE alehe? Yol BoBrny "R PRCEIstER bRCndl TG

of the reduction in,the dptg.c{ﬂati 0 can be solved with this method. However,
ot her H5FGHPE aHB"bﬁélWB”WﬁtH 95s met hod when considering the increase in
t he nunber of gradations. Figs. 10A and 10B are exanpl es _of dividing one
frame peri oquiqg;'ﬁSSa(vwms) @f:nocgﬁxa}:w demnadginsagh of e subiraen penigds; prd therefore
above-nmentioned DPS driving. The address (witing) 12 0 3 JAN 28113

10 the address (writing) periods also increase if many gradation levels are sought. There is also

an increase in the aforemcntionf;d "waiting" periods, and this invites a further reduction in the
duty ratio.
A method for solving these types of problems is given here. This method is one in
which there is no separation between the address (writing) periods and the sustain (light
15  emission) periods, as shown in Fig. 9E, and light emission begins immediately after writing of
a digital image signal to pixels connected to a certain row gate signal line is complete. The
pixels connected to the number m row gate signal line can be made to emit light also during
the periods for performing writing of the digital image signal to the pixels connected to gate
signal lines other than the number m row gate signal line, as shown in Fig. 9F, and therefore
20  the problem of the reduction in the duty ratio can be solved with this method.
However, other problems develop with this method when considering the increase in
the number of gradations.
Figs. 10A and 10B are examples of dividing one frame period for a case of

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

12




periods increase acconpanied with the increase in the nunber of divisions
of the subfranme periods, and the sustain periods are shorte qu aregd.t o
the 3-bit gradation case. It thus can be understood that the duty r 70 is
| ower conpared to the 3-bit gradation case. On the other hand, as shown in
Fig. 10C, cases in which the duty ratio reduction is prevented by driving
in 5 accordance with a nethod in which the address (witing) periods and
the sustain (light em ssion) periods are not separated are considered. The

I th ' t .ai . ' Tsl . he. td bf
9%t uERUSE AR Bl e B yhOnd o S SRR o
Ref to, Fig. .10B and f f |, SF5. |t b t hat
the " TTO iRy PR PERPGSDAIOTSPBALES 1 BRGER: BARIO e aaal 006 tan
(mﬁiting)(geriod in SF5. Periods in which the address (mmiting% peri ods of
di f f erleanendstiwadaiat the dubgatioelomsp compared &y Be ddybpigpationgiase o &% thgfot

othEti vi ng
in accordance with a driving nethod in which there is no separation

bet weelrnidhes sismeindig (G, icasgp ipwhichdhadetytrago mduetiimis prévghted dyidsiyingnin
period. Before witing to the final rowis conplete in SF5 in Fig. 10C,.

t hes susdcardanéd gt aembthed dn) whiehithel adfircsdh éwiiingu ptrdods landovhehastdin rliglted,
and the next witing has started. In other words, the gate signal |I|ines of

two di £hREBRY pdrftiR a?é’ﬁot%gﬂaﬁﬁ&@ﬁreaéon_éiﬂ@re&.amﬁhé IefBth rafisl beroseBR bustdif EéﬂiodM iting
cannot be perfornmed. A display device shown in Figs. 4A and 4B has been

pr opose ARPbRRL EOR MR 2009- §09649 D Re der st oyisol ve
this t?%eﬂoo Sg%??%f%ﬁ?ézﬁkggﬁd?%p aéérg)gvilsggsll\gl(ﬂ)s sﬁlgvm%?n Flsg. 4A is nearly the
same aﬁkgﬂi,gagpba devi ce shown previously in Fig. 3A. The difference
bet weeti T he- is that the display device of Fig. 4A has a witing gate

signal line _driver_circuit 403 and an erasur signal, line driver
ci ?cui t 404 Befer ke Higr 108 mad fogwt OBf"”%re“ﬁ? )?@W%ngi:gonhg@i’. berfeenciiat the

structure of one pixel, denoted by reference nuneral 410 in the display 13
0 B A sustai@light emission) period is longer than the address (writing) period in SF5. Periods in

which the address (writing) periods of different subframe periods overlap therefore develop
for cases of driving in accordance with a driving method in which there is no separation
between the address (writing) period and the susiain (light emission) period. Before writing
to the final row is complete in SF5 in Fig. 10C, the sustain (light emission) period of the
15  number 1 row has finished, and the next writing has started. In other words, the gate signal
lines of two different rows are selected at the same time, and normal signal writing cannot be
performed.
A display device shown in Figs. 4A and 4B has been proposed in Japanese Patent
Application No. 2000-86968 in order to solve this type of problem. The display device
20  shown in Fig. 4A is nearly the same as the display device shown previously in Fig. 3A.  The
difference between the two is that the display device of Fig. 4A has a writing gate signal line
driver circuit 403 and an erasure gate signal line driver circuit 404 on the left and right of a
pixel portion 401.

The circuit structure of one pixel, denoted by reference numeral 410 in the display
13




device of Fig. 4A, is shown in Fig. 4B. This structure di faaréﬁgffgrpxgrt he

pi xel shown in Fig. 3B in that it has an erasure gate signal I'i n&*8nd an
erasure TFT 457. The aforenentioned problemin that different address
(witing) period overlap is solved by using this type of display device. 5
An explanation is given regarding its operation. Refer to Fig. 4B and to
Figs. ITOA to IOD for the explanation. First, a witing gate signal line is
selected, and a switching TFT 4S1 turns on. A digital inmage signal is then

[ t . S l. Ii.ne, | TFT,. 452 i t led.tqQ.t
or o 1A R Bt 4 LOBBUR AR A of T ETSHE LS g CEeo it #i

electric_char%e corresponding to the input signal is stored in a storage
capaci 1Bin taBil haparrgrsure gatgsieanl e andiig cstsurnBEbifyf-t al i mage signal is
conpl ete then nove immediately to the sustain (light em ssion) period. As
shown i n Fi gbhe hfoGmaentioned prefriemr ias e dférém caddiss (wiitingoperiad avertap is
conpletion of the sustain (light em ssion) period for subfrane periods
havi ngsctvartyeusimtibisatype Of dighlhy devitessi on) periods than address (writing)
periods. This is done so that the next address 15 period does not begin

i medi at el y Ahte@plahiieorSH Sivtine fdriiBiblitsedPetfiofn) RERF tPHig. AB dnll 16/IRELN0A 454
does not emt light during the erasure period. The erasure TFF 457 turns on

by they, i gg%@&;ﬂ!mafti@;ﬁ. CERstUl @vrﬂ&?ega?ei gRah 1ihd RescideRlCRAR NowidgneTegtri c

char ge stor I'n the storage capacrtor 453, 1n the erasure period (Tr5).

ol rmerit> s Ehp XSt aR? pighet S Suerinb Sl odlhia Ao RRAT BROPRNEITET o,
e nufal cOnFONGd t Wihph B2 eI cIequS FePOd ST (i FRrug abaPn b B GPT: e
final rowis conplete. Miultiple gradations are thus achieved by formng the
er asur an glecirisdchasgs geirespopdinp do tg@.tiyptrtaaiglta,l IR /PTesy ih p SIIALY KPACHEDAPACt
overlap of the address (witing) periods. In contrast 14 0 3 JAN 2006
10 Rows to which writing of the digital image signal is complete then move immediately to the
sustain (light emission) period.
As shown in Figs. 10C and 10D, an erasure period (115) is formed after completion
of the sustain (light emission) period for subframe periods having shorter sustain (light
emission) periods than address (writing) periods. This is done so that the next address
15 period does not begin immediately after the sustain (light emission) period. An EL element
454 does not emit light during the erasure period. The erasure TFT 457 turns on by the
.selection of the erasure gate signal line, releasing the electric charge stored in the storage
capacitor 453, in the erasure period (Tr5). The electric current flowing in the driver TET 452
thus stops, and the EL element 454 stops emitting light.
20 The length of the erasure period at this point becomes the length from after the
address (writir_lg) period for the number 1 row is complete until the address (writing) period
for the final row is complete.

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

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

14




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

si mul t aneous erasing scan” driving (SES driving). Strictly 8&@@@@@ t he
SES driving includes the neaning that witing and erasure are per g@ned in
parallel. In contrast to the DPS driving in which the address (writing)
period 5 and the sustain (light em ssion) period are separated, driving
nmet hods havi ng no such separation are referred to as SES driving. Cases in
whi ch t Hertke DPShdrivipgcihis yperodsirivingarcihod is acferred us agbistulianeduscaasing sédne
SES driving methods, as shown in Figs. 9E and 9F The fact that

manuf actdivimg(§ESodedsgs are conpl ex for display devices manufactured by
formng TFTs on an insulator invites a reduction in throughput and an

i ncrease in cagt [ ; i cls b S e t hat
rocess i st mup SFARRE, R SRR EIRAR GERERE (RO Sl 4R el 13
peri pher j LHGUItS a r.ce signal, l.ine driver.. circuit
o gadodhb B Rl WEchTHSE B TR HBay Wik nsridps Lefiune) pelod
condycti vijity t .1's,. thus.considered. The operating voltages of the pixels
and Phe %8¢ tésr*@f% fﬂ%‘%‘ %&S’cﬁ’ﬁi POHGY; He c‘t‘?ﬁéﬁa@ér Sgiving) methods haying mot sk gs.
- 5A and 5B. Fig. 5A shows the structure of an EL el enent pixel portion, and
a schendthairedsicapd b acdRPdeivingns CGasiemig witich thaict is Worspedifit esBire penind
driver TFT 502 and the EL elenent 504 is shown in Fig. 513. If the driver
TFT 502 aresthys plse lecheded i BE SEdriviag nibitbalssaastiowhdy Bigsi 9F asd pEef er abl e t hat
the el ectrode 505 of the EL elenent is the anode, and that the el ectrode

506 is the catThedect thiGnab€daein proyesels 4rb@omplck Thi diSpldY Hevilds hinFsicder ed
with respect to the polarity of the driver TFT 502 here. First, for cases

i n whi clbytamilel YETs diin $8%04tSr vite$ R38R ol Rl thxropghéﬁ:??gh ta.('goigcrefi&r inl 08¢

driver TFT 502 to turn on is that the absolute va of th ate-source

I : ' - 3 ' . bsol I f
e Thr axborr e ShieURind b i el Jod BB Rcrtd I b1 Q8 i il e

digital Sltrg@ﬁ?inglaggﬁ%lﬂ ;Inorll'gc% 3;1(5 842%1%}?6?318(8:9‘!6? %irgdi%n(glllchl ésnae SOL{LI’EC (s)iggal‘] inNe c%r?w?eers

circuit and a gate signal driver circuit) by using only TFTs of the same conductivity type is
thus considered.

The bﬁerating voltages of the pixels and the driver circuits are once again considered.
15 Refer again to Figs. 5A and 5B. Fig. 5A shows the structure of an EL element pixél portion,
and a schematic expression of connections among the switching TFT 501, the driver TFT 502
and the EL element 504 is shown iﬁ Fig. 5B.
If the driver TFT 502 is a p-channel TFT, then as discussed above, it is preferable _
that the electrode 505 of the EL element is the anode, and that the electrode 506 is the cathode.
20 The polarity of the switching TFT 501 is considered with respect to the polarity of the driver
TFT 502 here. First, for cases in which the driver TFT 502 is a p-channel TFT, the condition
for thé driver TFT 502 to turn on is that the absolute; value of the gate-source vc;ltagc Vesz of
the driver TPT 502 is greater than the absolute value of the threshold voltage of the driver

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




(the EL elenent is assuned to emit |ight when the electric p@kfﬂtial of the
digital image signal is L level here) is lower than the el e 'éNpBMBntial
of the source region of the driver TFT 502 by nore than the threshold
value. If the switching. TFT 501 and the driver TFT 502 have the sane
polarity at this point, 5 nanely if they are both p-channel type, then the
condi ti r ;L.he swtchi TET 501 to turn on is that the absolute val ue
of "the Sar ELabEn Y bisimicd Yo 1ght vt g clectraptntnl Sbtbe dogiig umagtesignstan

t he absolﬂﬁeéiglue_of the threshold voltage of the switching TFF 501. That
is, th& kigvelbereis lgwsyfhen theelectpic potentiahef thaswires wgitn ofi the diineTEES621t ed
state (the gate signal line is. taken as being in a selected state when L
| evel i 8Ymfsethandhe theeshaldvadiugnal |ine because the 10 switching TFT 501 is
p- channel type here) is lower than the electric potential of the source

region-of thelfaheswittltigg TFT 50 landythe@rieer AT 02/ HavE MaahR! gdI1aRY Yethid H_Soﬂlé .
therefore necessary for the voltage anplitude of the gate signal |1ne side

to ke exnasgadhslte bEGNREharkel ({yB@, th(\!xp%lf[egc%gdi(t)l?{??ﬁﬂ.e&ggtﬁrietgﬂinklﬁmlfgﬁ ﬁogtﬁSi gnal

|l ine. This nmeans that the operafing vo S iver
circuityh gs gpdend Si gyl cir nces al exist if .
cui  chi oo R0 B O hf b e B Eh RO ROPRE Vot T o e I S0 s
t herefo o) preferable to use ho - channel and p-channel TFTs for
the. i xEeEiETTRe ShRUSEABE otor Baestil g o o s hibs TS Al orfhaticom
t he aboye d{scussio , ~al though structuring the pixel portion and the driver
ci rcui t Sedylevpel aopulse, that plagcsibn aatersignal ling inyesalertetsiale dthoqmtodigial dine is.
conventional method zO0 achieves a reduction in the nunber of processes, it
al so i niakereds Apingrisrasdectéhstelcewhen & lpusles inpons uhppite sigrSUMMBRYcAdse ThiE
| NVENTION I n view of the aforenentioned problens, an object of. the present
i nviént i Bvitihing SFT15910is -ANnS6GHe herey isivar kidhhe Mctid plesleN iof ehd Souddd Ch
t he nunber of processes is reduced by structuring a pixel .
region of the switching TFT 501 by more than the threshold value. It is therefore necessary
for the voltage amplitude of the gate signal line side to be expanded with rcspéct to the
voltage amplitude of the source signal line. This means that the operating voltage of the gﬁtc

-signal line driver circuit is made higher.

15 Similar circumstances also exist if the switching TFT 501 and the driver TFT 502 are.
both n-channel TFTs. It therefore becomes preferable to use both n-chanmel and p-channel
TFTs for the pixel portion TFTs when considering elccfric power consumption.

* From the above discussion, although structuring the pixel portion Aand the driver

circuits by TFTs of the same conductivity type in accordance with a conventional method
) - . - . . ) . . » .
20 achieves a reduction in the number of processes, it also invites an increase in electric power

consumption.

SUMMARY OF THE INVENTION

In view of the aforementioned problems, an object of the present invention.is to
le6 |




portion and driver circuits by TFTs of the sane conductidlty type, and in
which a reduction in electric power consunption is achi ‘3ed£aﬁy£@@§i ng a

novel circuit structure. In a conventionally structured pixel, it is
necessary that signals input to a gate 5 electrode of a switching TFT,
nanely signals for selecting a gate signal line, have a larger voltage

anplitude than signals input to a source region of the switching TFT,

namel y $rgidd slightemisting device i snidhaths ngnber of proeessés is aglacddbywhruatriigepixel t age
anplitude of the signal output to the source signal line is equal to the -
vol t age partjpini anddizived citduits iy JiFdk of dic Selcemntingivithéyp@aiil Bivaie a rddubfor @
considered. 0O Refer again to Figs. 5A and 5B. If signals possessing a

certai n eidegiztpomer pakenplicl is agtBeved By usihs @ AT Cir&RLiGES. gnal 1 ine when the .
vol tage anplitude of signals output to the source signal line is equal to

the vol tage TRPEdveAGorRlly SIHaRAISd pPlelSR! 8 Cﬁdéggég?lt}{] ﬁﬁgg g;%%\?}%:' %@T tci5 bgg%e It Ih en

the electric potential of "the gate electro

risge t el konanot [ iN.awhi | ectri,c potential 5 of the

thr oshol s v of RN ulincl"sBRME S0t REenB EiF sBHf B e ot

pot ent | f.th signal input fromthe squrce signal line. The electric .
pot ent #/«Zlkaggtzn{%@ud&al{hgn S1EaTE IS TP SPHISE TEIp thhFlﬁT“%Elng ¥}, napehesisnals
beconme an el ectric potential that is | ower than the voltage anplitude of

t he inﬂ%?m§96ﬁﬁpnﬁfﬁﬁﬁéI%hnunt of the threshold val ue of the sw tching TFT.
In the present invention, a voltage conpensation circuit is fornmed between
the output 4 c@peitwhigh thyf valtage suptitide g tiersigrud dutpoetoght sowtesignaldmeds t he
driver TFT. The voltage conpensation circuit corresponds to a bootstrap )

ci r cui equah il tifeuviitage nmyfliordeasfuhe sigial Yol debgtin@ iy it dinef 1iAO S SdiRted.
danped by passing through the switching TFT, to its normal anplitude. It

i s & huRefepagdibteFigorsA bgd pexel to operate normally, even in cases in which
the voltage anplitude of the signals output fromthe source signal line is

e s e ek AR SR R O Sk
when the voltage amplitude of signals output to the so.urce signal line is equal to the voltage
ampiitudc. of signals for selecting the gate signal line, then the electric potential of the gate
electrode of the driver TFT 502 will rise to the electric potential in which the electric potential

5  of the threshold value of the switching TFT 501 is subtracted from the electric potential of the
signal input from the source signal line. The electric potential of the gate electrode of the
driver TET 502 will therefore become an clectric potential that is lower than the voltage
amplituﬁc of the input signal by the amount of the threshold value of the switching TFT.

In the present invention, a voltage compensation circuit is formed between the output

) electrode of the switching TFT and the gate clectrode of the driver TFT. The voltage
compensation circuit corresponds to a bootstrap circuit, and functions to return the voltage
amplitudé of the signal, damped by passing thfough the switching TFT, to its normal

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

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

17 ’




possi ble to decrease the driver voltage of the gate signalmgnne drlver
circuit, and this contributes to reducing the electric powrv g8 i on
of the display device. The above-stated problens are sol ved by structurlng
the pixel portion of the display 5 device using pixels having the voltage
. conpensation circuit of the present invention, and by structuring the
driver circuits in the periphery of the pixel portion using TFTs having the
same polarity as the TFTs constituting the pixel portion BRI EF

DESCRI PT| t conpan 1A and
1B are % g\l npsl-lt-ucrfovm N glﬁn%lﬁb]tgﬁh gk?ﬁ g’r%eg St&%‘&f]gt‘ Zﬁﬁnttﬂg ﬁ?tr/eelrtf?‘foé?tas Fi gs.
2A and 2B rans, show n enhodi nent of the present i hventi on;

Fi gs. %%S%‘?ﬁf‘d g e& e@Sf‘d.t%@ rdgwsf g‘nﬁs\%n? tg‘%t%%‘“ctstﬂnél ime AR0ER VARt ARE Hisght
emtting 15 device; 4A and 4B are diagranms showing a structure of a
convengdnsmies fogrducing 31@@#@“@% .copyugnptiop AT Hedlisirydayiagi agr ans f or
expl ai ni ng pi xel portion TFTs and the operation of a light emtting

el ement, resPecabovelspgte® Prablaes a6 Aotved 6P sanctudng greapisclgiootivmef the miidpheyd of
manufacturing a light emtting device of the present invention; Figs. 7A
t 0 5/C adviccishiy pixelsSHeMen@e VoRagetdiastnitioibitthRGQT Whd pi@seht |llk@ht101€ Nintithyng
device of the present invention; Figs. 8A and 8B are di agrans shomtng pi xel

port 1 ot ReaiaiRhid ko pefbidl BOthe il p &t&ﬁms%gﬁ@:ﬂmlﬁgﬁhé Qccases

of upper surface |ight em ssion and Tower sur ace t em ssi
res pec{,&}{& yas the TETs constituting the pixel portion.

BRIEF DESCRIPTION OF THE DRAWINGS

10 In the accompanying drawings:
Figs. 1A and 1B are diagrams showing an embodiment mode of the present
invention;
Figs. 2A and 2B are diagrams showing an embodiment of the present invention;
Figs. 3A and 3B are diagrams showing a structure of a conventional light emitting
15 device;
Figs. 4A and 4B are diagrams showing a structure of a conventional light emitting
device;
Figs. 5A and 5B are diagrams for explaining pixel portion TFTs and the operation of
a light emitting element, respectively;
20 Figs. 6A to 6D are diagrams showing a method of manufacturing a light emitting
device of the present invention;
Figs. 7A to 7C are diagrams showing the method of manufacturing a light emitting
device of the present invention;

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




Figs. 9A to 9F are diagrans showing timng charts relating to |ight

“-emtting device driving; 5 Figs. 10A to 10D are di agrans I, idM ng
charts relating to light emtting device driving; Figs. 1?%335?€2@@re

di agrams showing the electric potential of each node at the time of
driving a pixel of a light emtting device of the present invention; Figs.
12A to 12E are diagrans showing the electric potential of each node at the
time 10 of driving a pixel of a light emtting device of the present
invention; Fig. 13 is a structural diagramof a source signal line driver
ci r cui te\dessuEucasey af 1upger sudeger dighy caussione apfl lomer pruataen t lightyerpissign;
Figs. 14A and 14B are circuit structure diagrans of a shift register; Fig.
15 i s wesphcdigelatm showing a tinming chart relating to shift register driving;
15 Figs. 16A to 16C are circuit structure diagrans of a buffer; Figs. 17A
to 17D are cFigsu9A tstoFumt digrahagionisg Ginigg beisl reBting t@light dmidtingl eviice a
circuit structure diagramof a latch circuit; Fig. 19 is a structural

di agr amighga gate signal line driver circuit structuring a light emtting
device of the present invention; 20 Figs. 20A and 20B are schematic

di agrans of eRhAr ' 1 k5 I,C i vent 4.on.
O agrare of PRSI, Mo SEELL IOl LD RIFREND HONCIRARHY
StrUCtH‘%ﬁ&%dﬁxﬁh%Sé 22A to 22C are di agranms showi ng an exanpl e of a nethod

of manufacturin light emtting device of the present invention; 19 0 6
3201 2000 . OB 1 5 o B T DA SAETBA R Sk 2T
of driving a pixel of a light emitting device of the present invention;
Figs. 12A to 12E are diagrams showing the electric potential of each node at the time
10 of driving a pixel of a light emitting device of the present invention;
Fig. 13 is a structural diagram of a source signal line driver circuit étructuring a Iight
emitting device of the present invention;
Figs. 14A and 14B are circuit structure diagrams of a shift register;
Fig. 15 is a diagram showing a timing chart relating to shift register driving;
15 Figs. 16A to 16C are circuit structure diagrams of a buffer;
Figs. 17A to 17D are circuit structure diagrams of a level shifter;
Fig. 18 is a circuit structure diagram of a latch circuit;
Fig. 19 is a structural diagram of a gate signal line driver circuit structuring a light
emitting device of the present invention;
20 Figs. 20A and 20B are schematic diagrams of an entire light emitting device of the
present invention;
Figs. 21A to 21C are diagrams showing examples of general latch circuit structures;
Figs. 22A to 22C are diagrams showing an example of a method of manufacturing a

light emitting device of the present invention;
19




Figs. 24A to 24C are diagrans show ng cross sections of a dﬁ:,:{reﬂate TFT,
and a method of manufacturing thereof; 5 Figs. 25A and 25B Al 8o
showi ng an enbodi mrent node of the present invention; and Figs. 26A to 26C
are di agrans show ng an enbodi nent node of the present invention. 10

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Enbodi nent Mbde 1 The
structure of a pixel of a voltage conpensation circuit of the present
invention is shown in Figs. 1A and 1B. As shown in Fig. 1A, conponents
simlar to conventjonal = conponents are used for,_a switching TFT 101, a
driver TFT 1585 %%A@%@e'%ﬁﬁg&w, showdigg traanples o erionfq GRMHRTRGNE 1 Whighe
signal line (G, and a current supply line (current). The pixel of the

pr esentheipicssnt ingentipascan bpapplige conpensation circuit 110 between an out put
el ectrode of the switching TFT 101 and a gate el ectrode of the driver TFT
102. Fig. 1BFigs. a44itoA4CG acti diggramsi sholvirdi ogsd beetions of b ulvel ghtet HEl, aoltage
conpensation circuit 110. The voltage conpensation circuit 110 has a first
TFT 15ectiddsEepa@fabiukinpSBereaf; 20 third TFT 153, a first capacitor 154, and
a second capacitor 155. Further, reference synbol m denotes a gate

sigpal line FFgl@._”Qgﬂ hikd @Sﬂuﬁi*éeﬂiag?aﬁ@%h ek b8 hRRE ety HBat Bk Iprescenot es
a gate signal 1ine scanned by a nunber (m71l) row The first capacitor 154

and th apacitor 155 are arranged in series. Afirst electrode of
the fi ?“svt%ﬁ@%ggg?t or 154 is connected to the output el ectrode of the

swi tching TFL. 20 AN 2% 101, and second el ectrode of .th I rst

capacit of 15H18Rs 208nHbarbd o Slrefis FOGF R f1b GEEOHTEAE POt h % ARt o

- 155. A _second el ectrode of the second capacitor 155 is connected to the
cur r enfnv€aRRty 1 ne.

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiment Mode 1
The structure of a pixel of a voltage compensation circuit of the present invention is
shown in Figs. 1A and 1B. As shown in Fig. 1A, components similar to conventional
components are used for a switching TFT 101, a driver TFT 102, an EL element 104, a source
15  signal line (S), a gate signal line (G), and a current supply line (current). The pixel of the
present invention has a voltage compensation circuit 110 between an output electrode of the
switching TFT 101 and a gate electrode of the driver TFT 102.
Fig. 1B is a circuit diagram including the structure of the voltage compensation
circuit 110. The voltage compensation circuit 110 has a first TFT 151, a second TFT 152, a
20  third TFT 153, a first capacitor 154, and a second capacitor 155. Further, reference symbol
G(m) denotes a gate signal line scanned in a number m row, and refereﬁce symbol G{m-1)
denotes a gate signal line scanned by a number (m-1) row.
The first capacitor 154 and the second capacitor 155 are arranged in series. A first

electrode of the first capacitor 154 is connected to the output electrode of the switching TFT
50




A gate electrode of the first TFT 151 is connected to the gite signal line
Gm1l), an 5 input electrode of the first TFT 151 is conn Be@ﬂﬂgﬁm e gate
signal line G n, and an output electrode of the:first TFT 151

connected to the output electrode of the switching TFT 101. A gate

el ectrode of the second TFT 152 is connected to the gate signal |ine
Gm1l), and an input electrode of the second TFT 152 is connected to the
gate signal line G n. An output electrode of the second TFT 152 is
connected to the second electrqode of the first 10 capacitor 154, and to
Che 111Gk a8 aceremibigriadierdes S capgsHer dot 181@51}16%6‘{;&%f1&t§mr86%°§th he
third TFT 153 is connected to the output electrode of the swtching TFT
101, a¥egorthcinspiier By cth seondfelediade iof ke Jopnd sgpacyorc bih isceangeqted tcnghe

el ectric power source line. An output electrode of the third TFT 153 is
connecéweknt supphelisecond el ectrode of the first capacitor 154, and to the
first electrode of the second capacitor 155. 15 Note that TFTs all having
t he sanme pol Ardate/elagttodésEdhd fifse THAT 151hie cdimkstedQd thel@de sighsl 1inkS53(nh-q),1dm3
structuring the pixel. The polarity maybe n-channel or p-channel type.

G reui i @PGE@EddRMDb the BXRTETEA REOGhnedH RXBERLE dighaMihe G (Y CanikSoutput

structuring the pixel are all n-channel TFTS ts used here.” The anplitude

of | NPULCRIRNRYR: 6 FFT 159 iRyt {oeaag bhopiut ofer o ﬁyeeév)zigkg{gef%gpgi.s | nput

fromthe source sig ne an or signa el ect si gnal

| o ddi ti initial th | ectri tential t
e o Sk gt N TR o B REs B SR SO Gh . 1 e
(G are both set to VSS, and the electric potential of the current supply
line (¥§3eipyt slecteade of sheggoondElFTHER is onmeetsd de His ants sigpading Gm) hArTETs

are all taken as VthN. Figs. 11A to 11D are timng charts for explaining
t he opeutputi elnctoddet dfethei secomd IFAT 13hés porewetad th rihewedond dbavadeiof e s JAN
20% Figs. 1A and IB. Fig. 11A shows the electric potential of the nunber
(mal) capacigatisdsaginalthe fitsoeleétdedl)he sdeco@l cabiBtwhofs the el ectric potenti al
of the number mrow gate signal line (gm), Fig. 11C shows the electric
potential of Aag0ulceRodd BN ale MhifdeTk BB} )is cantbcfddGo thd Butput electrode of the
switching TFT 101, and an input electrode of the third TFT 153 is connected to the electric
power source line. An output electrode of the third TFT 153 is connected to the second
electrode of the first capacitor 154, and to the first electrode of the second capacitor 155.
15 Note that TFT5 all having the same polarity are used here for the TFTs 101, 102, and
151 to 153 structuring the pixel. The polarity may be n-channel or p-channel type.
Circuit operation is explained next. An example in which the TFTs structuring the
pixel are all n-channel TFTs is used here. The amplitude of input signals is set to VDD (H
level) - VSS (L level) for signals input from the source signal line and for signals that select
20  the gate signal line. In addition, as an initial state, the electric potential of the source signal
line (S) and the electric potential of the gate signal line (G) are both set to VSS, and the
electric potential of the current supply line (current) is set to VDD,

Further, the threshold voltages of the TFTs are all taken as VthN. Figs. 11A to 11D

are timing charts for explaining the operation of the circuits of the present invention shown in
21




shows the electric potential of the gate el ectrode of the drlver TFT 102.
Further, a period 5 1101 fromafter the nunber mrow gate ‘% B

(Qm) is selected, until the nunber mrow gate signal line ( %%3 s

sel ected again corresponds to a subfrarne period shown in Fig. 9F.

peri od .denoted by reference nuneral 1102 is one horizontal period. Flgs. I A
and 1B, and Figs. 11A to 11D are used in the explanation of the operation.

The nunber (m 1) gate si gnal line (Gm1l)) is selected and becomes H |evel,
and 10 vvrltl (gof a |taI i mage signal to the nunmber (m1) row pixel is
per f or Figd. 1ongnd ABs E& Aﬁhﬁwﬁr‘i’é" ﬁeﬁﬁepowmmtbﬁf mypR@| (- DHovegale siggal nput

to the gate electrodes of the first TFT 151 and the second TFT 152, which
then tkimn(Gom-1Botie.t HB shaves thedectii¢ potestisli ofsthe capabet torow Szate bigodnlineequal
to the electric potential of the nunber mrow gate signal |ine, nanely VSS.

At t heGedeFigi 7eC shbesaheeteciric pataid iofla afur¢eheggatlmee{Sén))r adktFof ke
driver TFT 102 al so becones 15 VSS. The nunber (m 1) row gate signal |ine

( QU m 13nowsStht ReRiiN 56k RGd & thé Bite Rli@EAE Of ROV BT NOZ.ONBS Her, | £M&od and
the first TFT 151 and the second TFI' 152 are placed in an off state. The

runber e 0, T i SR oLty

potential of the source
si gnal Ilne n pgin anely. the i.ta a is
Trpur B¢ SRR s AR S RO e R i TS B %bgn The
digital e si si mul tan ) ut, to the gate electr t he
third weﬁ(@s‘sﬂotﬁﬂﬁ RS MBRORAL LTS 9 BB PALZANAETpRe EfectA ARl Sﬁt #tials
of the gate electrodes of the driver TFT 102 and the third TFT 153 becone
(VDD - Figs hNA tat HE giglusedyian the exrlagntionef ghetapesignt he source of 22 0 3 JAN :
2606 the switching TFT 101 becones equal to the threshold voltage VthN, and
t he sw t chi nfhdBimbaO@ni1y gatcasignhlilineai:(of1)) 94 atlected and besauh¢s. HTlbeclgaide
el ectrode of the driver TFT 102 and the gate electrode of the third TFT
158 ar eritingoefaafigitdl eRRAE sighhtto Rhaf@ebim(nd1f @ pixeyisspedfoemed. At this point
in the number m row of pixels, H level is input to the gate electrodes of the first TFT 151 and
the second TFT 152, which then turn on. Both the electrodes of the first capacitor 154
become equal to the electric potential of the number m row gate signal line, namely VSS. At
the same time, the electric potential of the gate electrode of the driver TFT 102 also becomes
15 VSS.
The number {m-1) row gate signal line (G(m-1)) is then unselected, its electric
potential becomes L level, and the first TFT 151 and the second TFT 152 are placed in an off
state. The number m row gate signal line (G(m)) is selected and becomes H level, and the
switching TFT 101 turns on. The electric potential of the source signal line (S(n})) at this
20  point, namely the digital image signal, is input to the gate electrode of the driver TFT 102,
which is turned on.  The digital image signal is simultaneously input to the gate electrode of
the third TFT 153, which turns on.

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

and the third TFT 153 become (VDD - VthN), the voltage between the gate and the source of
22




On the other hand, the electric potential of the output el ectrode si de of
the third TFT 5 153 rises when the third TFT 153 turns orQ ?%%tlve
~coupling exists at this point between the output elect rode o Al hi rd

- TFT 153 and the gate el ectrode of the driver TFT 102 due to the first

capacitor 154. The gate el ectrode of the driver TFT 102 is in a floating
state, and therefore the electric potential of the gate el ectrode of the
driver TFT 102 once again rises from (VDD - VthN) along with the rising
el ectric pat ntl he out put el ectro thjrd TET, 15 nd
beconeiemisriie TIE b berunen drheRe thisoubeniiats ileat] (e sibhie e

i mage nal attenuated once by VthN receives anplitude conpensation by

t he vo|1ﬂggfepk9 Bnameticiate as aupsult ¢ fhsuste elkeirods afdhe Agvearrit £ d92 agd dhe s
applied to the gate el ectrode of the driver TFT 102. The driver TFT 102 is
t her ef gate elavtrodmbf thetthirdh®HT dA3 areriierziate sdmpatanly placed Uy 2 Bnttingatatbe obt ai ned.
15 The electric potential applied to the gate el ectrode of the driver TFT
102 i s ther e@htwe othiErihabditineeledtyic pbendalpefahé otutpulldctanadd sido5of thnthéddel T i C
current flows, and the EL element 104 emts light. In the next subfrane

per i 0d;st hivel iviidn TETth}rﬁlTFPdlthﬁirﬁ@@ﬁndATEa'lpEcﬁ@@ @ufling kRgRdat! hisdPoiah
state when the nunber (m1l) gate signal line (Gm1l)) is selected. The

el ectriCrRal (?ﬂpf b@t%)up gle&tg(gdeg@ft tfie %Lgrf t[‘[:?dfi’iozfmdt lﬁg ggfc' A&trolEbf thdriRgcares

equal to the ot ent mrow gate signal |ine

(gm) ! . Lon t 154 t he
Secont OAHHE g C hSeha A UL R L %8?’ 150 2470 Rk
between the output el ectrode and t he e el ectr of .the ,télt g TFT 153.
The fi Bite, @aﬁéé?rp@re 1l clegtrig Rosgasial pégkfeg%tﬁﬁeqrg & 66 s Svarrtr b 7 198%% he
electric potential of the gate electrode of the driver TET 102 by utilizing
capaci #aie risoufspinr(y DD 3 \0hR), M0l terésingelesitc pasadiliod the gBpiigicgipdnged
in series with the first capacitor 154, and capacitive coupling is forned
betidveewnf tHeahied 88T 156, and beeomes enclectreyyopdnyial highsr thanvVB.a st abl e el ectric
potential, and the driver TFT 102. The second capacitor 155 is used for

storing the eseg£tédud, the digital image signal attenuated once by VthN receives amplitude

compensation by -thc voltage compensation circuit, through the switching TFT 101, and is
applied to the gate electrode of the driver TFT 102. The driver TFT 102 is therefore
normally turned on, and a desired drain current can be obtained.

15 The electric potential applied to the gate electrode of the driver TFT 102 is thereafter
maintained by the capacitors 154 and 155, an electric current flows, and the EL element 104
emits light. In the next subframe period, the first TFT 151 and the second TFY 152 are
placed in an on state when the number (m-1) gate signal line (G(m-1)) is selected. The
electric potential of the gate electrode of the driver TFT 102 becomes equal to the electric

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

A discussion of the first capacitor 154 and the second capacitor 155 is added here.
The first capacitor 134 is placed between the output electrode and the gate electrode
of the third TFT 153. The first capacitor 154 is a capacitance that is used for increasing the

-electric potential of the gate electrode of the driver TFT 102 by utilizing capacitive coupling.
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potential of .the gate electrode of the driver TFIF 102. 5 An addi ti onal
function of the second capacitor 155 is that it is used as & Fo Ay f i
maki ng the vol tage conpensation circuit bootstrap function properlyﬁgﬁf
this load is not present, then the electric potential of the output

el ectrode of the third TFT 153 clinbs imediately due to the capacitive
coupling if the electric potential of the gate electrode of the third TFIF
153 rises due to the input of the digital imge signal fromthe source
signal _line. If 10 this operation occurs, then the aforenentioned bootstrap
may not hevspgengregpatiioy 155hs armnged in scrisstveiht thel fiss sepaiion K, gud sapacdiect r ode
of the third TFT 153, due to the capacitive coupling, is therefore del ayed
with rexpdiog is dorniesl bitweer thet dlectst eotrentcsouoteenupplyl linnf hehieg gadtable elestria ode
of the third TFT 153 by the placenent of the second capacitor 155. The

el ect r petentpdf @i thaldriveSTFOf102he ThBisécbndFcdpaitbpuss Bl 8ed feGRoridpuhe RERANES
managed by the drain current 15 flowing at the time when the third TFT 153
i tsel f pbgndid) o@ﬂwogfm@élaétﬁ‘ode%%%éme@q@fﬁfdzap can work nornally. A gate

si gnal I|ne sel ion pulse normally requires a |larger voltage anplitude

thap the vol azﬂﬁn?d”ﬂa dﬁﬁéﬁ‘c?n%ff t&é‘gﬁc%g'éa@icdoﬁgﬁ’ d?'tt?a’t‘"i‘ﬂ g'd&@{l‘%g a%%!i“%msource

signal I|ine. accordance wt e ab ecorne
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t heref ore beconmes possible to reduce the el ectric power consunption on the
gate sPRHIL HeRethegslpdtae Ratentigl ©of Sthe eoutpyrelepiode tofethg ) e  TEL dodertimby  of
the gate electrode of the driver TFT 102, which rises due to the
capaci immedigslpiliag, the eepagisivetsoygplang if eencinanrc potenidd of trergaee eeattodeef pheesent
24 VI J JAN 2E~Ua invention. This electric potential rises at |east to VDD,
and t heiielf BFE 153 rises duess il iapita{ ninkéigithlimayotipad droampicisbude sighaltlive. gaf e
signal line selection pulse even snaller by optimzing the
10 this operation occurs, then the aforementioned bootstrap may not work properly. The
electric potential rise of the output electrode of the third TFT 153, due to the capacitive
coupling, is therefore delayed with respect to the rise in the electric potential of the gate
electrode of the third TFT 153 by the placement of the second capacitor 155. The electric
potential rise of the third TFT output electrode thus becomes managed by the drain current
15  flowing at the time when the third TFT 153 itself is in an on state, and the bootstrap can work
normally.
A gate signal line selection pulse normally requires a larger voltage amplitude than
the voltage amplitude of the digital image signal input to the source signal line. In
accordance with the above-stated method, it becomes possible to make the voltage amplitude
20  of the gate signal line selection pulse equal to, or less than, that of the digital image signal.
1t therefore becomes possible to reduce the electric power consumption on the gate signal line
driver circuit side.

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

due to the capacitive coupling, becomes higher than VDD in accordance with he present
24




val ues of the capacitors 154 and 155. Note that it is preferﬁhle t hat the
electric potential of the current supply line be kept 5 hig &hﬁﬁ%igmﬁﬁ
operating considerations for the case shown here, and therefore it Is
preferable that electrodes of the EL el enment 104 be such that reference
nuneral 105 denotes an anode, and that reference nuneral 106 denotes a
cathode. This case is the reverse of the conventional exanple already

di scussed. Lower surface light em ssion is provided for cases in which the
structure uses n-channel TFICs,. and upper. surface light em ssjion is

or ovi QUHYERU: - TS SEESI AL 1SPT oY DDk 208 GereiORH B iy iprgake

[ Enbodi mrent Mbde 21 Figs. 25A and 25B show a structure in which a portion
di f f er hef Yadigee pEpditudgcalishe gate signebdiap selactiovopdsel evensmstlonhy joptimiiging 2EA,
conponents simlar to conventional conponents are used for a switching TFT
2501, walded ofghe TaphcR&BAS4and BEES.el ement 2504, a 15 vol tage conpensati on
circuit 2510, a source signal line (S(n)), a gate signal line (M), and a

current suppNytd ihaeit (€ prefaablk thdtitgs eld&Bcipbteatisli 6faHé busb SuppLy e lbedicpe t he
structure of the voltage conpensation circuit 2510. The voltage '

compengahi AR 1 dgetting?@HRidBAsioRs fdr'At cdde shdRnlherd a%ﬁctgﬂgfo]:g Tt isZ;ﬁéEl%rab?e first

capacitive neans 2553, and a second capacitive neans 2554. The ‘vol tage 20

compcnagl LAt £ SLOUSLAIOH e 0195 TETE oL 1B BORREL AL

Enbodi nment ime age conpensa

i reuit 0 is struct two TFT tw, | itors. Further, i
Fi o, o ABiteFIRERCSESF ot UEnGt o8 oliBtear oS! Gl 51 e SEnTedd n t he

nunber mrow, and reference synbol G(m 1) denotes the gate signal |ine
scannefPBntipRal crample abigadpdiseussedy  1pwes surfacedlight emissiga ds pmw%ﬁiéah@asz%s
and the second capacitive neans 2554 are arranged
in which the structure uses n-channel TFTs, and upper surface light emission is provided for
10 cases in which the structure uses p-channel TFTs.
[Embodiment Mode 2]
Figs. 25A and 25B show a structure in which a portion differs from the structure of
Embodiment Mode 1. As shown in Fig. 25A, components similar to convenfional
components are used for a switching TFT 2501, a driver TFT 2502, an EL element 2504, a
15  voltage compensation circuit 2510, a source signal line (S(n)), a gate signal line {G(m)), and a
current supply line (current).
Fig. 25B is a circuit diagram including the structure of the voltage compensation
circuit 2510. The voltage compensation circuit 2510 has a first TFT 2551, a second TFT
2552, a first capacitive means 2553, and a second capacitive means 2554. The voltage
20  compensation circuit is structured by three TFTs and two capacitors in Embodiment Mode 1,
but in Embodiment Mode 2 the voltage compensation circuit 2510 is structured by two TFTs
and two capacitors. Further, in Fig. 25B reference symbol G(m) denotes the gate signal line

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

scanned by the {(m-1) row.
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in series. Afirst electrode of the first capacitive rrean%?Sggi.id?%
connected to the output electrode of the switching TFT 2501, "%’% 48second
el ectrode of the first capacitive neans 2553 is connected to a first

el ectrode of the second capacitive neans 2554. A second 5 electrode of the
second capacitive neans 2554 is connected to the current supply line. A
gate electrode of the first TFT 2551 is connected to the gate signal |ine
G m1l), and an input electrode of the first TFT 2551 is connected to a
signal line that supplies a first power source electric potential (Vl), or
to a power sodedEs|aRacitiygmeasinS3einddbs serend capastivermeass 254 agesmnanged
connected to the output electrode of the switching TFT 2501. 10 A gate

el ect r delgengs. t He fgwcadentirotEpL 256 firstscapacities medns @53hés ocernpoted 60 ebe oothat of
the switching TFT 2501 and to the first electrode of the first capacitive

means. echwmtrbdgof thebeit¢hingl @Faf 2301 e asé acdond-dle2ddi? dfsthe direcdpacitive nieags gnal
line that supplies a second power source electric potential (V2), or to a

pover 9888Ge dohfiésted sl aafirsp Wldebde beGhé Qenal cdphaise Giads 2554, 2A5¢echid
connected to the second el ectrode of the first capacitive neans and to the

Firgt  cleanBle6t ihedeedill chpRiRRGRMs 9§5’fi§i&)hﬂ%§ﬂgg@elc4?§%iﬁpgyglfiéé?e two TFTs

of voltage conpensation circuit, the first er referred

to as a refr F ? e gk LT 2902 | ereafter.re rr?zt as a

conpensat i onﬁ'gqug elﬁ)cttrgﬁ ﬁgllza] EI@%@ al Izﬁg\}%ﬁﬁnqeﬁgedgg © E%tpas}gn[a{/ﬁg? Wé@d her e

for the TFTs 2501, 2502 0 d 2552 structuring the pixel. The

pol ari @93 ﬁﬁywtﬁ-}e&ﬁaaﬁef tt@fﬁrg.zﬁﬁéaﬁé 5 §gaccte varal bty SeRpligsEFst

source electric potenti al .(\ﬁe, and the second power source electric

pot ent iPAWE] $QYIce slektrigi Fatential Vg cebiondRewesaurcet Fre. pdirapitpyt electrade ofrtire

structuring the pixel. If the TFTs structuring the pixel are n-channel

TFTs, thng R 25512 camebcied to e o clestrodeofithe mgitthieg PFX&50hr e p- channel

-TFTs, then Vr > V2. 26 0 3 JAN 2096 If VI < V2, the electric potential of

Vi 10s set to Apgateleketrode opicebidnd TEDREST isegvhhactédmethe output electrode of the
switching TFT 2501 and to the first electrode of the first capacitive means. An input
electrode of the second TFT 2552 is connected to a signal line that supplies a second power
source electric potential (Vy), or to a power source line, and an output electrode of the second
TET 2552 is connected to the second electrode of the first capacitive means and to the first

15  electrode of the second capacitive means.

. Regarding the two TFTs of voltage compensation circuit, the first TFT 2551 is
hereafter referred to as a refresh TFT, and the second TFT 2552 is hereafter referred to as a
compensation TFT.

Note that TFTs all having the same polarity are used here for the TFTs 2501, 2502,

20 2551, and 2552 structuring the pixel. The polarity may be n-channel or p-channel type.
However, the first power source electric potential (V) and the second power source
electric potential (V) each differ in accordance with the polarity of the TFTs structuring the

pixel. If the TFTs structuring the pixel are n-channel TFTs, then Vi < V; and if the TFTs

structuring the pixel are p-channel TFTs, then Vi > Va.
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than the threshold voltage of n-channel TFTs, and the el ec;mc otential of
V2 is set to an electric potential suffici ently hi gher th \ ta3f®shol d
vol tage of the n-channel TFTs. For exanple, the electric potential of W
is set on the order of the L |evel of the signal line, and the 5 electric
potential of V2 is set on the order of the Hlevel of the signal |ine. The
electric potentials may be reversed for cases in which VI > V2. Grcuit
operation is explained next. An exanple .in which the TFTs structuring the
pi xel are all n channel TFTs is used here. Input signals, either digital

i mage si gnal ¥ Yout Yetthe sleetsic nofmtiabolsY yisaet tojanelestricpojprial syl§eicady E{?Y‘?fng t he
gate signal line, are set to VDD for Hlevel, 10 and are set to VSS for L

| evel . thewtheghreshold volyms efnerchumnel VB, radethe letectritdpoteatinl afhé: isesesde rainc
potential of the current supply line (current) is set to Vc. Drive timng

i S nosé¢lbstrisipotensal sudficibatty biphelr than Ehd daestehlt vdlage of theandhirdnel #Fds.e Fdri gs.
11A to 11D are used. Fig. 11A shows the electric potential of the nunber

(M 1) &ewipldabeclsdtdd abtehiiflf (VR is%ekoh.thdbider dikRe BENOWS of 1he sRineClind, endaicent i al
of the nunber mrow gate 15 signal line (Qm), Fig. 11C shows the electric

p°t5e”té1@étr19fpo€’en%9%f3 ¥ Slb 9Bbn 'tﬁ@@rd(eﬁ()mﬁe Haié%l':éfgthe %Bl $HEWSTANBleBlfRCL I C

potenti al e gate el ectrode of the driver TFT Further, a period

~1101 Lﬁ}@ﬁﬂ&%&@@%&%&@??& va\%a{}ea,h%g‘pal l'ine (G( m) is sel ect ed, until

the n ate’s Is sel ect ed agal n corresponds to
a subfrane p riad (SF# sho n Fig., 9B. A er| d by reference
numeral 1102 }rgmbﬂée B plaincdicrh d AdSHmal ik S SRECURg Hi ng -

TFT 2501 is controlled by the gate signal |ine sel ected in the nunber m
row i sPigliranhachasrad: @useig\e@nd Inpt sigpels migsr digial imgge signalpyipit todur i ng
a period in which the nunber (m1) row gate signal line (Gm1)) is

sel ect the, sonzmsigpablimeri ghaliufar isglevimgacthe \grietsigngl bfie, are savtg & D doral 1evelt he
nunber (m1) rowis perfornmed, the nunber (m 1) row gate signal line
benpnmesnd-hrea¢eto V8Bdot MelenelnbEurthergdt & ¥8SGind VAN VI0D6Ghesd. grial addition, Becones

L level. Therefore the switching TFT 2501 turns off, and the refresh
electric potential of the current supply line (currént) is set to V.
Drive timing is mostly similar to that used in Embodiment Mode 1, and therefore
Figs. 11A to 11D are used. Fig. 11A shows the electric potential of the number (m-1) row
gate signal line (G(m-1)), Fig. 11B shows the electric potential of the number m row gate
15  signal line (G(m)), Fig. 11C shows the electric potential of a source signal line (S(n)), and Fig.
11D shows the electric potential of the gate electrode of the driver TFT 2502. Further, a
pertod 1101 from after the number m row gate signal line (G(m)} is selected, until the number
m row gate signal line (G{in)) is selected again corresponds to a subframe period (SF#) shown
in Fig. 98B. A period denoted by reference numeral 1102 is one horizontal period. A pixel
20 in which the switching TFT 2501 is controlled by the gate signal line selected in the number
m row is explained using Figs. 1A and 1B, and Figs. 11A to 11D.
First, during a period in which the number {m-1) row gate signal line (G(m-1)) is
selected, namely a period during which writing of an image signal to the number (m-1) row is

performed, the number (in-1) row gate signal line becomes H level, and the number m gate
27




TFT 2551 turns on. At this point VI = VSSis input to the gﬂag Jé@d ode of
the driver TFT 2502, which turns off A nunber (m 1) horizont % od is
conpl eted, and the gate signal line (Gm1l)) 5 becones L level. The
refresh TFT 2551 accordingly turns off. A nunber m horizontal period
begins, the gate signal line (G m) becones Hlevel, and the switching TFT
2501 thus turns on. The digital inage signal output to the source signal
line is witten into the pixel at this point. The switchi ng TFT turns on
when the digit e is Hlevel, and_ therefore {he electric

pot ent .Szﬂnaloﬁnft E%c o Uil PBIETaR R SWHENE, TR 150590 plognd fis 195N er
the gate si I|ne (GmM) is Hlevel, its electric potentlal is VDD, the
di gi t alTHL tyrrgrm iAS thisipeins|V1 aYSS| is dnpart ée thei gatqpeleeirdealf the ding Tike,
VDD. The electric potential appearing at the output el ectrode of the

swi t chi26Q2, Mfich surnndifuenced by the threshold value. Therefore the
swtching TFT turns off when the electric potential becones (VDD - VthN),
and the out pw n@ﬂnﬁ@ﬂg § hefizémel Senddcibicompldtdd, ananed yatehgrgatiae gGeatpde of
the driver 15 TFT 2 is placed in a floating state. On the other hand,

thesel eetdrhés E%@élt i @he O résherPELBY1 a8tk RARIrR ofthe ASHihB&Y MOhdiEhbnta?501

rises up to (V . Therefore the conpensation TFT 2552 turns on, and

t he t e I )
capac: PE08Y *a%%lf?%tﬁé‘%ﬁ@ %%lsﬁ'@ UL B e ER3wiA ?ﬁéﬁﬂ“‘#"ef‘?lr W and
the gate el ectrode. of the co at|o 20 TFT. 25 duet

capaci t19@ Oﬁeaﬁg g%tgl IH4gE Sﬁﬁ P'étctf’rI Yo o 1 St‘ﬁ@ Bﬁﬁe‘ﬁg‘ OthFFpI*X‘Azl%Z i's
inafloating state with its electric potential being at - VthN) and
t her ef éhig Paidle dibecywifchingod ERt fugls PR Suhear thendiztalt iRaseetisd rlédé Isyely gad
conpensation TFT 2552 causes a further rise. The electric potential of the
 gat e elteutioodhe alectrivepatantipboftht igate elefodesthe dowernBsl Bh@hmsest han VDD. 28 03
Jan 2006 As a result, the digital imge signal attenuated once by VthN
reqei ves anplHdwisler, the gate signal line (G(m)) is H level, its electric potential is VDD, the

digital image signal is H level, and its electric potential is the same, VDD. The electric
potential appearing at the output electrode of the switching TFT is influenced by the threshold
value. Therefore the switching TFT turns off when the electric potential becomes (VDD -
VihN), énd the output electrode of the switching TFT, namely the gate electrode of the driver
15 TFT 2502, is placed in a floating state.

On the other hand, the electric potential of the output electrode of the switching TFT

2501 rises up to (VDD - VthN). Therefore the compensation TFT 2552 turns on, and the
electric potential of the output electrode rises, approaching VDD. A capacitive coupling
exists at this point between the output electrode and the gate electrode of the compensation

~ 20 TFT 2552 due to the first capacitive means 2553. The gate electrode of the compensation
TFT 2552 is in a floating state with its electric potential being at (VDD - VthN), and therefore

the electric potential rise of the output electrode of the compensation TFT 2552 causes a
further rise. The electric potential of the gate electrode of the compensation TFT 2552

becomes higher than VDD,
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conpensati on by the voltage conpensation circuit 2510, thrgﬁgh t he
swtching TFI 2501, and is input to the gate el ectrode of { Jﬁﬁ\ﬂ%ﬁ'TFT
2502. A nornmal gate-source voltage can therefore be inparted to the driver
TFI ' 2502, and a desired drain current can flow. 5 The electric potenti al
applied to the gate el ectrode of the driver TFF 2502 is naintained by the
first and the second capacitive neans 2553 and 2554 after selection of the
gate signal line is conplete, and additionally, after an address (witing)
period is conplete. The drain current thus flows, and the EL el enent 2504
emts |ight.Abnr teveltndxtdigitdlfimage signel atehuated eonce fhye ¥EhN Edceps5 amplitwds on
when the nunmber (m1) row gate signal line (Gm1)) is 10 selected and
beconmesorhpdreatédn, byaihe vbhegealoatgienstiop@iredit L5l 0, diroftiftethg atvéicking AFTAHO1 pdnd he
driver TFT 2502 becones L level. The driver TFI' 2502 turns off. I|nmage

di spl ay RPuRtSHESR: bRctrB®S bOTHYEGHRY TrEPe8h2. NJA HdemADME-sOReE arbit% cdh
di scussion of the first capacitor 2553 and the second capacitor 54 is

added fiRfdfore éazpﬁgzééééso @AG e SRl 230kl Ardth BGRChREL HRRD Lhe out put

el ectrode an ate ectro e conpensati on 2552. The
first capacitjve, neans 25 iS.a.c citive nmeans for r.f or m.ng rations
on G he- ol ect P SHEFEN oGO, apilag B %, bl o 5HENE, AL by, EP R R8BI
utilizing the electric potential rise of the output el c%rod . .The second
capaci FRydainehan thepliishandsthy seepd £apagitivemeas %5?’@“@}?@5%3 tx sedeghignof ithee
means 2553, and capacitive coupling is fornmed between the electric current
suppl ygate negnahbing irgcempletee dnd péditionadlypafiermn address{avriting) perieft isvermpleE. 2502.
~The second capacitive neans 2554 is used for storing the electric potenti al
of t heThatenirlcantitoties dowshendthevBL. eldalen? 2004 cfilis Isgitonth hapeai subfeameans
2554 has one further role of a load for performng bootstrap operation of
t he Vofgéﬁtﬁﬁ tHeQOREISPET 085 Cluk sl whénl@e Waknlbe£@A-I kAW Bate Isfenhhie (ltham)i)ss not
present, then the electric potential of the gate el ectrode of the

cofpeng d.t&p allId: bedn4 H %gvc(l), %1(}] Ae %@&@rit‘."‘ghﬂengﬁ%ﬂhk C%aﬁ:' Elgaf(]gié%ft e K ef NPUL

of the digital 1nmage signal tromthe source signal 11 ne.
TFT 2502 becomes L level. The driver TFT 2502 turns off. Image display on a screen is

performed by repeating the above operation.
A discussion of the first capacitor 2553 and the second capacitor 2554 is added here.
The first capacitive means 2553 is placed between the output electrode and the gate
15 electrode of the compensation TFT 2552. The first capacitive means 2553 is a capacitive
means for performing operations on the ¢lectric potential of the gate electrode by capacitive
coupling, utilizing the electric potential rise of the output electrode. The second capacitive
means 2554 is arranged in series with the first capacitive means 2553, and capacitive coupling
is formed between the electric current supply line, having a fixed electric potential, and the
20  driver TFT 2502. The second capacitive means 2554 is used for storing the electric potential
of the gate electrode of the driver TFT 2502.
The second capacitive means 2554 has one further role of a load for performing
bootstrap operation of the voltage compensation circuit 2510 with certainty. If this load is

not present, then the electric potential of the gate electrode of the compensation TFT 2552
| 29.




the electric potential beconmes greater than the threshold value, then. the
electric potential of the output electrode of the conpend}ﬁi@ﬁﬁfﬂﬁgZSSZ
will inrediately clinb. The bootstrap may not work properly if the electric
potential clinmb of the output electrode is too fast. 5 Consequently, the
el ectric potential clinb of the output el ectrode of the conpensation TFT
2552 is del ayed by using the second capacitive neans 2554 as a | oad, and
the gate electrode is placed in a floating state before the rise in the
electric potential of the output el ectrode stops. The bootstrap operation
can t hwd! begiper flonbrdue toi thin inpet bhibetdigital imgadessigiag fral the reursebiendlilion. plfl se
normally requires a larger voltage anplitude than 10 the voltage anplitude

of thethdicctidd pbtefige banad gleaRt thdnotht igreSiId ¢8lus) bR khd dlbgric pbtentiglcelr dance
wi th the above-stated nethod, it becones possible to nake the voltage

anpl i t gd@uiRh Id2RoSAbL IR DRfenddtd] T 8557 KAl RnSGaRANAImS .0, TRY bddiSitapt han,
that of the digital imge signal. It therefore becorfes possible to reduce

t he el ri : [ t ’ i L 1j I Vier: . Gj pt. 15
Furt heft ) rsf RGofRNCHTT' (Raft dRRHERLiud G8h SUAE RGBT B ik ¢
used in an actugl gircuit, Figs. 26A to 26C show structures for. | ting
dodt r eboBFauitily; Hisciieiir apienfin®Sismf ot she pHETDBREE Ardhe SHRBER AR Mokt | o
of the_input electrodes of the refresh TFT 2551 and the conpensation TFT
2552 d#¥¥dp delaneshly uHes thesgeandr@pacitiys wgangr 56 1ap e Agads andsthgigpigelectrode is
Enbodi ments 20 Enbodi ments of the present invention are discussed bel ow.
[ Embodplaestt inid flggting séaip befoof thoaisk dn theneje@HS pdiential ofdhe eutpiingjecirode stopar e
period using a pixel having an added erasure nmechanismis explained in
Enbodi Teabockstrdpi qperatioa cam chud Be poforméd with oéresintgf a pi xel having an erasure
mechani sm of 30 AN 2006 Enbodi ment 1. As shown in Fig. 2A, the pixel has a
switching TFA g sigRaldidevelectibd pdfdé normally requires a larger voltage amplitude than
10 the voltage amplitude of the digital image signal input to the source signal line. In
accordance with the above-stated method, it becomes possible to make the voltage amplitude
of the gate signal line selection pulse equal to, or less than, that of the digital image signal.
It therefore becomes possible to reduce the electric power consumption of the gate signal line
driver circuit.
15 Further, for cases in which the structure shown in Figs. 25A and 25B is used in an
actual circuit, Figs. 26A to 26C show structures for imparting desired electric potentials to
cach of the nodes. The connection location of the input electrodes of the refresh TFT 2551
and the compensation TFT 2552 differs among the structures, which are otherwise similar.
Embodiments
20 Embodiments of the present invention are discussed below.
[Embodiment 1]
An example of performing SES drive containing an erasure period using a pixel

having an added erasure mechanism is explained in Embodiment 1.

Figs. 2A and 2B show structures of a pixel having an erasure mechanism of
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an EL el enment 204, a source signal line (S), a gate signal line (G, and a
current supply line (current), which are simlar to conv@r} U;@%I?dagﬂ

conponents, and has a voltage conpensation circuit 210 that 1Is V% lar to
t he vol tage conmpensation circuit of Enbodinment Mode 1. In 5 addition to the

gate signal line (G, the pixel also has an erasure gate signal line (Ge)
in Enbodinent 1. Note that, with respect to the erasure gate signal |ine
(Ge), the normal gate signal line is referred to as a witing gate. signal

line in Embodinment 1. Fig., 2B is a circuit diagramcontaining the structure
of t heEmbediggat tonfaskewn snFige 2Actlietpipel bas FRwitching A5E 208 npdrset 110h2€2.r cui t
210 has a first TFT 251, a second TFT 252, a 10 third TFT 253, a first
capacianoEL 2feterd 204 02 seoondigoagaci (S)ra g86 sighalrlited|G), arsf & cemend sgppiydineG m

denotes a witing gate signal line scanned in a nunber in row, and
r ef er eRageYy,Which 45 Fichjlald@NedrRen@odd cOmPbAkHEd, ant Mews SCaslngd dompRnsdtivher
(m1) row. Reference synbol Ge(n) denotes an erasure gate signal |ine

scannegrduft 1eHALEGmilaP td B voltae LbmPlnsaBOREIESI o2BAhbadithdnh #1&RCRN AR
capacitor 255 are arranged in series. Afirst 15 electrode of the first

capaci :Idgi'ti&l% b dg%?g%%%gggé ggﬁ,t‘tﬁg ﬁﬁe‘ris soSh&Cid 9&&%‘;}%{4‘3@%{1‘ ﬁrfeh'{(g% i;ﬁgTa

201, and a secon capaci tor 1 s¥connec

first el ect.rode, of e. second capacjtor 255. A .secqnd el rode of the
Second RaRERIE L 5N tbap SAMEsERE Fotne Rty g BT A6 Gef ThEROtoad e !
el ectrode of the first TIT 251 is connected to the witing gate signal line

20 § nsanal ligg 15 refrsreddp ag o MoHimedte fgnd fipg in Bphodiment ks connected to the
witing gate signal line Gm, and an output electrode of the first TFT
251 is connekigedBtis 4 hizcwitidingrane centamaei: thef strugture ohithe NplageTrompEDsation gat e .
el ectrode of the second TFT 252 is connected to the witing gate signal
i ne ¢Kowit)10. afthe anithgypedmsneaionadeunf210 thes s Ecx AT TTISN, 252cdnd TWANRASL taed t O
the witing gate signal 31 0 3 JAN 2006 line G(m. An output electrode of
they seGaadriiFI5% %26 ish cARRGCIRY ah@ alsbndeapititof STt radher, reference symbol
G(m) denotes a writing gate signal line scanned in a number m row, and reference symbol
G(m-1) denotes a gate signal line scanned in a number (m-1) row. Reference symbol Ge(m)
denotes an erasure gate signal-line scanned in the number m row.
The first capacitor 254 and the second capacitor 255 are arranged in series. A first
15  electrode of the first capacitor 254 is connected to the output electrode of the switching TFT
201, and a second electrode of the first capacitor 254 is connected to a first electrode of the
second capacitor 255. A second electrode of the second capacitor 255 is connected to the
current supply line.
A gate electrode of the first TFT 251 is connected to the writing gate signal line
20  G(m-1), an input electrode of the first TFT 251 is connected to the writing gate signal line
G{m), and an output electrode of the first TFT 251 is connected to the output electrode of the
switching TFT 201.

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

G(m-1), and an input electrode of the second TFT 252 is connected to the writing gate signal
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of the first capacitor 254, and to the first electrode of the second
capacitor 255. A gate electrode of the third TFT 253 is connié ﬁ@ o the
out put el ectrode of the switching TFIF 201, and an input el é%ﬂgthe
“third TFT 253 is connected to the erasure 5 gate signal line Ge(m. An
out put el ectrode of the third TFT 253 is connected to the second el ectrode
of the first capacitor 254, and to the first electrode of the second
capacitor 255. Note that TFrs all having the. same polarity are used here
for the TETs 201, 202, and 251 to 253 structuring the pixel. The polarity
maybe NP RXAvel ASrgury siacapds ghibe segond FHT %%Wé{OPB?Ft?dstoé%P%OH%& eqEQde  An
exanpl e i'n which the TFrs structuring the 10 pixel are all n-channel TFTs
i s use@f Herfirst capecitongbitt anddo dfe firirlecteidg efiths seeondecapacitovBib(H | evel ) - VSS
(L level) for signals input fromthe source signal line, for signals that
sel ect the w patendeqgaile ofithndlird THE,258nd doanecsédytmathe dunait Cdedtede of ke
erasure gate signal line. In addition, as an initial state, the electric

pot ent !s@ritclﬁﬁ%l’mff SOL68 a8l igpal clddidbe oBXheAthsdUITET ebBed édrhesod entticalragiire t he
gate signal Tine (G) are both set to VSS, and the electric potential of the

curgen tgat%‘é%al/ lie G'egﬂg O%ﬁ' g&?ﬂ@ e o B St T2 930 %Bﬁﬁé&ed% tﬁé"é‘ec@ﬁ@s ure

gate signal” 11 ne ar to VDD. Further, the threshold voltages of

the TFLh 265 & b PRTRReYt Nnd e A Rod2R yelEehBMgighart s For

explaln e clrcui resen |on shomn in

row gat ¢ 2.”3 e e} RETY e i e oSk aen Fire a@pﬁ?@gégﬁ Candor

the nunber mrow witing gate signal 20 line (Gm), Fig. 12C shows the

el ect r 281 fpREhstrugturérg tae pixgt c elheinphasity maydemsghapyel oripebanpgh typghows t he

el ectric potential of the gate el ectrode of the driver TFT 102, and Fig.
12E shows t l§drogitenperation potxpitined noft. t Ae expmpler o etk the TRE stiuchwingRbet her
a period 1201 fromafter the nunber mrow witing gate signal line (G m)

i s16el @ptepdre alhhidhaiidee TRIEREGseld rheteOW Thici dnip Judegelt iapet fgrals isisaeto EDID) JHi s

sel ected again corresponds to a subfrane period shown in Fig. 9E 32 0 3 JAN

E ?8 S A 1@%2;} gdsz,gB qnq&@a!) R s{RhRIISMA From RS @urckZfenal $inMBr BIghlZ @i 3bleBiohi 0d.
writing gate signal hnc, and for signals that select the erasure gate signal line. In addition, as
an initial state, the electric potential of the source signal line (S) and the electric potential of
the gate signal line (G) are both set to VSS, and the electric potential of the current supply

15  line {current) and the electric potential of the erasure gate signal line are both set to VDD.
Further, the threshold voltages of the TFTs are all taken as VthN. Figs. 12A to 12E
are timing charts for explaining the operation of the circuits of the present invention shown in
Figs. 2A and 2B. Fig. 12A shows the electric potential of the number (m-1) row gate signal
line (G(m-1)), Fig. 12B shows the electric potential of the number m row writing gate signal
20  line (G(m)), Fig. 12C shows the electric potential of a source signal line (S(n)), Fig. 12D
shows the electric potential of the gate electrode of the driver TFT 102, and Fig. 12E shows
‘the electric potential of the erasure gate.signal line. Further, a period 1201 from after the

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

gate signal line (G(m)) is selected again corresponds to a subframe period shown in Fig. 9K
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Figs. 12A to 12E are used in the explanation of the operatf gnﬁjfgﬁ Qunber
(m1) rowgate signal line (dm1)) is selected and becormes H'T' ﬁ and
writing of a digital image signal to the nunber (m1) row pixel is
performed. At this 5 point in the nunber mrow of pixels, Hlevel is input
to the gate electrodes of the first TFT 251 and the second TFT 252, which
turn on. Both electrodes of the first capacitor 254 becone equal to the

el ectric potential of the nunber mrow gate signal line, nanely VSS. At

the sane tinme, the electric potential. of the gate el ectrode of the drjver
TFT 202 %ﬂf@ge dSB‘@S&n?é’ refgregee ppmeRb 1%%@6 (hﬁi!‘?é)m?ldwnﬁgt eFlgﬁg%ﬁaﬁmﬁ ?ﬁeaﬂd
(Gm1)) selection period then is conplete, its electric potential becones
L | eveFigsalh thE2E anegsedrimthe saplanpdion|oé theeapsradiomFT 252 are  placed in an of f
state. ‘The nunber mrow gate signal line (Gm) is selected and becones H

| evel , and t ke swinbeh{me ) ThW 204 signainlsncofG(niFhy ielseetted ang deembésall lefelf he
source signal line (S(n)) at this point, nanely the digital inmage signal,

i's i npuid WeitihBefgadigitel Bedge atithabto tHeemshibey §im- B5rowrgixe0R, pefoingbd.i SAL thiged
on. The digital image signal 1s sinultaneously input to the gate electrode

of § hep&ﬂk ffthERmbinted m WV OF piAdi 31 Rel AlinhiiGo BRY %.tte WReH8ddshs (et &6 rirer
potentials of the gate electrodes of the driver TFT 202 and the third TFT

253 b - t t t - f

£33 ool Do Ny e gl 808 IE! IEAY (LRI ARATERIOTT |
i t chi TFT 20 201 | I d i f t at lt. T t

ol ‘ot r B REoRF clsfitfpieanal ShiEF pHabergh e S BaPBLE b EAS Y dAF

253 are therefore tenporarily placed in a floating state. On the other

hand, thfesagicding,ithe plselsigrotantiak of the gatgrelasirode aktheskivesTHE 298 ARSEHIEY TFT .

253 rises when the third TF-F 253 turns on. A capacitive coupling exists at
this pdiSs% between the output electrode of the third TFT 253 and the gate
el ectrode of the driver TFHf 33 0 3 JAN 2006 202 due to the first capacitor
2540 The gat &hehaaibeor-10frowhetdsigusrlinBy(G(20D)) isslectiorapdricalaghbmds complete,

its electric potential becomes L level, and the first TFT 251 and the second TFT 252 are

“placed in an off state. The number m row gate signal line (G(m)) is selected and becomes H

level, and the switching TFT 201 turns on. The electric potential of the source signal line

(S(n)) at this point, namely the digital image signal, is input to the gate electrode of the driver

15 TFT 202, which is turned on. The digital image signal is simultaneously input to the gate
electrode of the third TFT 253, which turns on.

At the point where the electric potentials of the gate electrodes of the driver TFT 202
and the third TFT 253 become (VDD - VthN), the voltage between the gate and the source of
the switching TFT 201 becomes equal to the threshold voltage VthN, and the switching TFTV

20 201 is placed in an off state as a result. The gate electrode of the driver TFT 202 and the
gate electrode of the third TFT 253 are therefore temporarily placed in a floating state.

On the other hand, the electric potential of the output electrode side of the third TFT
253 rises when the third TFT 253 tums on. A capacitive coupling exists at this point

between the output electrode of the third TFT 253 and the gate electrode of the driver TFT
33




state, and therefore the electric potential of the gate elm;@ﬁfﬁﬁé t he
driver TF-F 202 once again rises from (VDD - VthN), along ‘ Gisi ng
el ectric potential of the output electrode of the third TIFT 253, and
becones an electric potential higher than VDD. Strictly speaking, 5 it
becones an electric potential higher than (VDD + VthN). As a result, the
digital imge signal attenuated once by VthN receives anplitude
conpensation by the voltage conpensation circuit, through the switching TFr
201, and is - a%pljed to the gate electrode of the driver TFT 202. The

dri ver 203-queptgothe irstirapegir @5%.nof gty elegireredolhe daimer ‘BEHEOZ At dflgating
current can be obtained. 10 The electric potential applied to the gate

el ect r gelie, aifid theeeldre therclddEfi@ @atengalt dlethe afatee electnadentfaihn ettiviey THHe2@apacd t or s
254 and 255, an electric current flows, and the EL el enent 204 emts

1'i ght . adain BsUbdth @wDDpeViod), hiavg pdthalhe ekiag eletriepotadial bhthe@ugait klettrode
potential of the nunber m row erasure gate signal line (Ge(m) becones L

level , o@ind tiRETRT OSB! At RRbAIGS Eﬁkle&ﬁct&%niiﬂm%herl@rﬁvw.r WiAcisy %ﬁa@iﬁlg:[ he
third TFT 253 drops. The electric potential of the gate el ectrode of "the

dr i gy e_rit-Egéorﬁ&zanaéléé?rigé@gﬁ&ﬁgﬁ%@fthﬁﬁWDt]j;[ ﬂgltglﬁjg to capacitive coupling by

the first capacitor esul't ctric potential of the gate
el ectrode of ,the driver TEJ .202 falls bel ow .the thr |ld volta he
it ver CTeT 205 N 5ot B el nies S AR, s o SR régelifa e T
cutoff. The EL e]enent thereafter does not emt |light. 20 In t next,
subf r afRIMPESRHULY e voliags: copppensatipn Ligpuity thraughothg syitichmg TH] rzmﬁoﬁl_‘%%n
the nunber (m1) row gate signal line (Gm1l)) is selected, and the

el ect r #rplisat tlenthe agatofeledtrede gt the edrivet r 262. t'Ree drivere A FTF30209 thraelones
equal to the electric potential of the nunber m row gate signal |ine

(4 M ) nomalig|tyrnkd beyald. a di3gedmit cureenpodrelit otadined. t he nunber mrow erasure
gate signal line (Ge(m) once again becones H |evel, the nunber mrow gate

signal 34 0 $nd él%t?i@%tddtiﬂﬁzgjpﬁe@ﬁi g loat clat@dduot thenivef THir0diigiHepdafefrage
signal is perfornmed. Inmage display is
~maintained by the capacitors 254 and 255, an electric current flows, and the EL element 204
emits light.
Ina subfrarﬁe period having an erasure period, the electric potential of the number m
row erasure gate signal line (Ge(m)) becomes L level, and the electric potential on the input
15  electrode side of the third TFT 253 drops. The electric potential of the gate electrode of the
driver TFT 202 also drops at the same time due to capacitive coupling by the first capacitor
254. Asa result, the electric potential of the gate electrode of the driver TFT 202 falls below
the threshold voltage, the driver TFT 202 turns off, and electric current to the EL element 204
is cutoff. The EL element thereafter does not emit light.
20 In the next subframe period, the first TFT 251 and the second TFT 252 turn on when
the number (m-1) row gate signal line (G(m-1)) is selected, and the electric potential of the
gate electrode of the driver TFT 202 becomes equal to the electric potential of the number m

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

erasure gate signal line (Ge(m)) once again becomes H level, the number m row gate signal
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perforned by subsequently repeating these procedures. [Enbdg nggﬁ @h
exanpl e of manufacturing a l'ight emtting device having the pi @wn in
5 Enbodi ment Mbdes 1 and 2 is discussed in Enbodi ment 2. A schematic
diagramof a light emtting device is shown in Fig. 20A. A pixel portion
2001 is placed in a center portion of a substrate 2000. Although not shown
in particular in Fig. 20A, the structure of one pixel is the sane as that
shown in Figs. 1A and 1B. A source signal line driver circuit 2002 for

controlling source signal lines, and gate signal line 10 drlver circuits
2007 fbpe dpseleaiefli Al guitings el dqgiltﬁ'egn%aﬂeﬁga%ln'éopqﬁ@rmﬁ@- pERASSHEFRIAHAS ¢ he
pi xel portion 2001. One of the gate signal line driver circuits 2007 may
al so beetffenmedd yombsagugnilyregeatingghese prégsdpiesel portion 2001 as descri bed

above. Signals input fromthe outside for driving the source signal line
dri ver [Binbediiden?®02 and the gate signal |line driver circuits 2007 are

i nput through an FPC 2010. Signals input 15 fromthe FPC 2010 have snall

vol t age anpl iAtughesnple it rhﬁﬁif&ftﬂﬁn% WNERE Gaitthe ddvaRsShain@iiopixel sidvh ol t age
arrplltudes by Ievel shifters 2006, and then, they are input to the source

200 aI EHEJOB a{tIM&[eSqla'rl}gl@ ik d%@@s%e@ﬂ{jEﬁqBSdlﬁﬂl?z signal line driver circuits

I ment diragram showi ng the structure of the
source signal, i i gﬁ 0 r i ver ui
has shift redqi g#@%’g éﬁ%gra'ﬁu Eligh&§ &\mél c*r%s C%I %t% Ci rcu%[ % Al%h‘rg? and
second | afch_ci r cuits 1306. Buffers are no shown. in Fi 20A nd 20B, but
buf f er BOTHY HYf &y H]éﬂedlé& a G RO 8 iy S?@P%Qesﬁl Ofgh oAt SR dhg
downstream of the shift registers is large, for exanple. A source side
cl ock phgigalar (ISCAEKIO0A dhe sinetercsif @ae pixstis thosasma asdhat shawn ip E@skbp ang 1Bsour ce
side start pulse (SSP), a scanning direction switching signal (LR, a
scanni Agsairceestgniad hind BriQerTirkAN 220D Sorsonntraliiing gowmy eighadinss,mal gafel djipa] limad
digital image signals (data 1 to 3) are input to the source

10 driver circuits 2007 for controlling gate signal lines are formed in the periphery of the pixel
portion 2001. One of the gate signal line driver circuits 2007 may also be formed on only
one side of the pixel portion 2001 as described above.

Signals input from the outside for driving the source signal line driver circuit 2002
and the gate signal line driver circuits 2007 are input through an FPC 2010. Signals input

15  from the FPC 2010 have small voltage amplitudes, and therefore undergo the transformation
of the voltage amplitudes by level shifters 2006, and then, they are input to the source signal -
line driver circuit 2002 and the gate signal line driver circuits 2007 in Embodiment 2.

Fig. 13 is a diagram showing the structure of the source signal line driver circuit.
The source signal line driver circuit has shift registers 1303, buffers 1304, first latch circuits

20 1305, and second latch circuits 1306. Buffers are not shown in Figs. 20A and 20B, but
buffers may be formed, as shown in Fig. 13, for cases in which the load downstream of the
shift registers is large, for example.

A source side clock signal (SCLK), a source side clock inverted signal (SCLKDb), a

source side start pulse (SSP), a scanning direction switching signal (LR), a scanning direction
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signal line driver circuit. Anmong these signals, the clock shapal t he
start pulse are input after undergoing anplitude transforr@%i’@ﬂ‘é t@ﬁéjhe

| evel shifters 1301 and 1302. The structure of the shift registers is shown
in Figs. 14A and 14B. A block denoted 5 by reference nuneral 1400 in a

bl ock diagramof Fig. 14A is a pulse output circuit for outputting one
stage portion of sanpling pulses. Shift registers of Fig. 14A are
structured by n stages (where n is a natural nunber, 1 < n) of pulse
output circuits. Fig. 14B is a djagram show ng the structure of the pul se
out put S¥IFEE fverioy gﬁaﬁgh (ER"%@PQ digats imagcagnatodata 1i9P) AL MPEL S tBYHFQHER ng
TFrs fornmed for switch over of the scanning 10 direction. Switch over of
| ef t abigndlilywidrivenpiicny dhmeeg thepe sigaalpdhe elogledienyl anddhe starimiulsg agh input i on
switching signal (LR) and the scanning direction switching inverted signal
( LRDb) . aftétomdemgowgranpitnéctrirsforsatinnbpthe lehd shiditerd 130§ apdli3e2.out put is a

first stage, a second stage, ..., a nunber (n-1) stage, and a nunber n
stage in ordehe sinature@f elicsshiflirég@atisaNsheamating 14AhadIamp| iABlopuliemtaut put
is the nunber n stage, the nunber (n-1) stage, ...' the 15 second st age,

ands t hs;(sfri:fe%éncé tLi@frall 1O LG HIdhE dpa%ta'iﬁ oPUtiRU 4£1i5 Cau'gﬁls@%qgmi gieRipgsed of
TFTs 1401 to 1406, and a capacitor 411. In"the pulse output circuit for a

certai B?t&}g{rﬁﬁgrong Sl%%ggrgrtéogb%sgmbgjéép@s#at gﬁﬂft e fg?§6f rig. 144 §re<stlj& regi'“ﬁ)p ut

pul ses he "nu S ul'seoutp Cl rcuft™ or “outpu ul’ses
from th nug‘q_ﬁr k+1) stage pul se qutput circuiit are input to gate
el ect r IEEHYW eﬁ%ﬁ ’Isllal'éatﬂli?gguﬁﬁﬁf’ 26 @@ggﬁsﬁﬂﬂm{jﬁ?‘@u&ﬁect rodes of the TF-fs.
1402 and 1403, respectively. Note that start pulses (SP) are input to the
gate el ectroligs 16P isn digeram showing, the igtugh eh the-pulsy gripuy cirpuit fie defaglj ¢ al
st age Eul se output circuit, and that start pulses (SP) are input to the
gat e ell&ds i4ed 408, 140RcantiFt4l0146 2wiiching 2635 furered femnswitthneley of thetsbannfingnal
stage pul se output circuit. Hlevel is input to the scanning direction
swid chidirectiming n8iwitch Rver afideft ahd vight s@nhingudira3GofNis20@rined thiyeths Gaarming
direction swtch over inverted signal (LRb), in scanning in the forward
direction switching signal (LR) and the scanning direction switching inverted signal (LRb).

For forward direction scanning, the sampling pulse output is a first stage, a second
stage, ..., 2 number (n-1) stage, and a number n stage in order. For reverse direction
scanning, the sampling pulse output is the number n stage, the number (n-1) stage, ..., the

15 second stage, and the first stage, in order.

The pulse output circuit body is composed of TFTs 1401 to 1406, and a capacitor
1411. In the pulse output circuit for a certain number k stage (where k is a natural number, 1
< k < n), output pulses from the number (k-1) stage pulse output circuit or output pulses from
the number (k+1) stage pulse output circuit are input to gate electrodes of the TFTs 1401 and

20 1404, and gate electrodes of the TFTs 1402 and 1403, respectively. Note that start pulses
(SP) are input to the gate electrodes of the TFTs 1401 and 1404 when k=1, namely in the
initial stage pulse output circﬁit, and that start pulses (SP) are input to the gate electrodes of

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

H level is input to the scanning direction switching signal (LR), and L level is input
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direction. The WN 1407 and 1410 therefore turn on, and output pulses from
the nunber (k-1) stage pulse output circuit are input to tg g %je a

el ectrodes of the TFI's 1401 and 1404. On the other hand, outpt %@ﬁses
fromthe nunber (k+1) stage pulse output circuit are input to 5 the gate
el ectrodes of the TFTs 1402 and 1403. A case of forward scanning is used as
an exanple here for explaining detailed circuit operation. Please refer to
the timng chart shown in Fig. 15. In a certain nunber k stage pul se out put
circuit, output, pulses fromthe nunber (k-1) stage pulse output circuit
are i nfuthe rappiwggdirectionepyifdgaceroinverngsl sigpa A9 ihacanabg, innice fprwar
becone H | evel gstart_ pul ses are input if k =1, nanely for the initial

st age) dirgionTFibe T4DS 140d and 0410 uherelome (urefopy andowpyt pulsss frethadhe sumbauner al
1501). The electric potential ‘of a gate electrode of the TFT 1405 is

pul | ed(up) ttagd pelsd/Dixpat dircit afecihpiitotoFthg gattSleot@tiey enthe THIvEIOIL andSOPY, and
the TFT 1401 turns off and is placed in a floating state at the point where

the elbrché bﬁlepﬁixﬁi;lb@ht b@s@ R ViR humddr iRd 1) Eige palst aggubekigedte m@ets and
a source of the 15 TFT 1405 is greater than 'the threshdld value at this

p'oignt,ﬂ% téél@ctgaﬁ-gs%ﬁﬂéi‘ﬂg‘srﬁog%c}]gﬂ?; he ot her hand, pul ses are not yet

input tothe gate electrodes o Ts 1402 and 1403, which remain at L
| evel and are therefore jn an off state. The .electric potential, of.a .gate
el ectrode of AT FEPTHABEFEMPRLT PSR I oXiRlf hg oY Priing Rt sircbiP Ty g
electric potential of  an output term nal, (SR gut) of the pul se output

ci r cui PP§raten Flease refgr F?pth?émt“r’&d\ﬂﬂ[?q‘]é‘iwé‘énhg 8 accordance with the clock-
signal (SCLK or SCLKb) input to an input electrode of the TFT 1405,

béconi ng H | Bvelkertsinambepk slage puise opigheeismileoutpuinslsgs frogpthe nupmper gh-3)
state, however, the electric potential of the output termnal (SR out) of
t he puktage pulspottpui citaiit agriope thuhe pate eldoiroddsenftthe ¥l 401 ahdi @404, thhiclespect
to the electric potential VDD-VthN of the gate electrode of the TFT 1405,
an@ onbycciit HNever #8rt pals¥Phte-inglt Y RN) 1, ingmebt ft dRdnitidVstlgd. JAb: 270T6 14kE

capacitor 1411 is forned between the gate el ectrode and the out put
el ect r 9fle 1834 turn on (refer to Fig. 15, reference numeral 1501). The electric potential of a gate
electrode of the TFT 1405 is pulied up to the VDD side (refer to Fig. 15, reference numeral
1502), and the TFT 1401 turns off and is placed in a floating state at the point where the
electric potential becomes VDb - VthN. The voltage between a géte and a source of the
15  TFT 1405 is greater than the threshold value at this point, and the TFT 1405 turns on. On
the other hand, pulses are not yet input to the gate electrodes of the TFTs 1402 and 1403,
which remain at L level and are therefore in an off state. The electric potential of a gate
electrode of the TFT 1406 is therefore L level, and it is turned off. The electric potential of
an output terminal (SR out} of the pulse output circuit is thus pulled up to the VDD side in
20  accordance with the clock signal (SCLK or SCLKb) input to an input electrode of the TFT
1405, becoming H level (refer to Fig. 15, reference numeral 1503). 1In this state, however,
the electric potential of the output terminal (SR out) of the pulse output circuit drops further

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

of the TFT 1405, and only an increase to VDD - 2(VthN) is obtained.
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the TFT 1405 here, and in addition, the gate el ectrode of the TFT 1405 is

in a floating state. The electric potential of the gate egﬁftrqgg. t he
TFT 1405 is therefore further pulled up from VDD - VthN by #@1 itor

1411 along with the rise in the electric potential of the output 5 term nal
(SR out) of the pulse output circuit, nanely the rise in the electric
potential of the output electrode of the TFT 1405. In accordance with this
operation, the final electric potential of the gate el ectrode of the TFT

1405 becones_hi gher. th VDD + hN (refer to. Fig. 15, reference nuneral
T803) The. ot EHEToRHANT Rrmsel hele B b Gt Eleckip itk BROBID) CBFood pal se
output circuit is not influenced by the threshold val ue of the TFT 1405,
and 1teiHek d4@%Beraosndain agditiom/fho gafeetlestrads ofithe THE 1402 iinch Beatingritate
1503). Pulses are simlarly output fromthe nunber (k+l) stage pul se output
ci r cui Thé eletteic potentikl of thd Gate elkctodmoithe TNEr1405 iGbdieford herthen phded Yikfroim st age
out put pulses return to the nunber k stage and are input to the gate

el ect r yggs - ofthNhey (hE Tapadedidr 1andalbd® ithTihe rigé acthei etectiopemhbialod tiof outhet gat e
el ectrodes of the TFTs 1402 and 1403 becone H |l evel, and the TFTs 15 1402

and; 1403k RSRMbut) [Hehe Rk dutpu Qireit, Bimedf tHeGsegiat e elcefid plenthl of b TFT
1405 is pulled down to the VSS side, and the TFT 1405 turns off.

>l 1 BBaHlekodd B fﬁugf]ﬂ ! §4001 90 dBbrdtfice WAE GRL BoGhGHL "RO0SIAL cldicTTT

1406 bec eve turns ctric potential of

th tput .t ] | R t f k st | t i it
. USRS S CERBUE el DPE BT B ORE LR YO UL

t put ft th b iml ti, th h .t i | t .
O S oSt P L P PSRBT SR BT h L 2

final stage, a return pulse is not input fromthe next stage, and therefore
the cthsckulsé ggiut cxrenit nis ewottinflpencedityuthet threshold v#ee pETthg (Ae%.eand o
Fig. 15, reference nuneral 38 1507). The output pul ses of the final stage
pule aukguets wrtmally to VDA &efer & Egnimtrefosenus edners! 153B8pl i ng pul ses.
Simlarly, the initial stage output pulses are final output pulses for
cases of Pulses are similarly output from the number (k+1) stage pulse output circuit (refer to
Fig. 15, reference numeral 1504). The number (k+1) stage output pulses return to the
number k stage and are input to the gate electrodes of the TFTs 1402 and 1403. The electric
potentials of the gate electrodes of the TFTs 1402 and 1403 become H level, and the TFTs
15 1402 and 1403 tarmn on. The electric potential of the gate electrode of the TFT 1405 is pulled
down to the VSS side, and the TFT 1405 turns off. Simultaneously, the electric potential of
the gate electrode of the TFT 1406 becomes H level, and the TFT 1406 turns on. The
electric potential of the output terminal (SR out) of the number k stage pulse output circuit
becomes L level.
20 Pulses having amplitudes between VDD - VSS are then output one after another by
similar operations up through the final stage. Circuit operation is also similar for reverse
direction scanning.

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

clock signal continues to be output through the TFT 1405 (refer to Fig. 15, reference numeral
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reverse direction scanning, and therefore cannot be used as sanpling
pulses. In the circuit shown in Enbodinent 2, the shift register is
therefore structured using a nunber of pulse 5 output circuits equal to the
necessary nunber of stages, plus two. The pul se output circuits at both
ends are handl ed as dummy stages (pul se output circuits to which the
buffers 1304 are not connected in Fig. 13 correspond to the dummy stages).
Even so, it is necessary to stop the final output by some nethod before

t he next horizontal period begins, and therefore the final output is

st opped>ED- t Wbe puipht puipesrf thpdingk spge pubseutpurcirnl thesgforheanpbhe asedas | od
is input 10 by using the start pulses as initial stage inputs and final

st age penplog pulsest sSinkilagly, theGritiahstagetditpituwlseh ercsimall ottpuepudbestthecdsed 6r s
1304 used in the light emtting device of Enbodinment 2. As shown in Fig.
16A, 1 hiverse tliRcidd stahbing, ARy ibRE:bRWanséa@essed 80 kambing BOes. OTh thd Bigcdid I st
stage is a single input, single output type. The second and subsequent

st agesf}g;v@ﬂ VR oRithent Ve iRk gist 69 th&éof@hﬁnfé’n{r%'h&mgt o HGhbkrCofOulidre

initial stage unit 1601 |s shomn In Fi B. Signals a I nput to gate

ol ect s, ol TETs 205,200, 858, 8,020 Ler O o TEL dBR) daye

connec 0o an |1 ut e I nput to

2l eet f?érbﬁ-gﬁﬁléﬁﬁwsh%fﬁ %’654 e e A% ikt ol @8%@@@8%@6@%@5@9 and

as a result, an_output ternlnal (out) beconmes L level. If L 20 level is

i nput Bo ¢omaegied @ Bized? copespope t@ the Y $Bes)anBvamE sy it SHIECITSIY tOHP of f .
The gate electrode and an input el ectrode of the TFT 1651 are connected,

t he TFiheldsd outpuhby saincymethod bafode thearcat berzanked petied begios, poddgheictdre die t he
gate el ectrode of the TFT 1653 rises. Simlar to the above-stated case of

t he shfihil ouegitds sioppddnetiee paincahaeitld start poldplornpe dese hofizentalgreaiot ioinpht55,
and the output therefore becones Hlevel. 39 0 3 JAN 2005 Note that the

rej@t i ppakinp deeduvesilsdsna il &%%%nﬁmgl ahdBndisagd Ghod mpas. fol I ows:  the gate
el ectrode and the I nput electrode of the TFT f% 1 are connected and
therefore b OF&S. 16A and 16B show the structure of the buffers 1304 used in the light emitting

device of Embodiment 2. As shown in Fig. 16A, this is a structure having four stages 1601

to 1604. Only the first stage is a single input, single output type. The second and

subsequent stages are two input, two output types.

15 The circuit structure of the initial stage unit 1601 is shown in Fig. 16B. Signals are
input to gate electrodes of TFTs 1§52 and 1654. A gate electrode of a TFT 1651 is
connected to an input electrode. If H level is input to the gate electrodes of the TFTs 1652
and 1654, placing the TFT5s in an on state, then the electric potential of a gate electrode of a
TET 1653 becomes L level, and as a result, an output terminal (out) becomes L level. I L

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

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

and the output therefore becomes H level.
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the TFT 1651 and the TFT 1652 are in an on state when the TFIF 1652 turns
on. It is necessary for the electric potential of the gat %Iﬁd‘ﬂ 2008 of
the TFT 1653 to becone L level in 5 this state, and therefore it is
necessary to design the channel width of the TFT 1651 to be snaller than
that of the TFT 1652. It is sufficient if only one gate el ectrode of the
TFT 1653 has the capability of being charged, and therefore the channel
width of the TFT 1651 nmay be set to a m ninmum val ue. Furthernore,
increases in electric current consunption due to the penetration path
anong VDD, t NetcTthat tie6islation$tep PElvet83Re ThNd103$Smidrtha THET Lo thuasi fodlows: whi ch
the TFT 1652 is on can be reduced to a m nimum by naki ng the TFT 1651

smal | ethe gatd electidile HIAQNS idpue clebiiodd off the AFTL 1651w tomieted) dndubedfora botle
second and |l ater stages. |Input to the gate el ectrode of the TFT 1652 is

si m | aphel PFTNAIS10dndt 48 T t68) o8¢ MGn ENGateNwhddthel TPD, 165D QUK. OUS i$t age
input is used as an inverted input to the gate electrode of the TFT 1651.

The TF ' 3 . i f i .. and
the 160Eshart S ok falter GBIkt SLETR TS 18 BEARE LY Yin S
can_be el i m nat in. the structure of. Fig. J16B. Figs. .17A ow
St Por tite S8l S dngiort Mo eSS ivienafle el yidlf e 166 TR, 15T RGY
shifter (B) used in the |light em tting device of Enbﬁdi rrgnt %@gﬁple g%si c
st r uct &Pallgrdhan thalef the IFLTO54. | Mg puthifiept if onkygne g3t igqtsode of thegBFT ]
buffers for the second and follow ng stages, 20 simlar to the _
af or enbat therepatilityfadbeingr dharged, ant] bt theachange! avidtimd| the T§E 1661wopLs - VSS
is input, and an output signal having an anplitude of VDD - VSS is obtained
(wher esé¢t\DRLMIniman] VD, Heurtherm&egarcdiang nrdectliookrait goadunipivel dushb fther |

the initial stage is a one input, one output type, while the second and

subseqperirasibA @Rt %Qn% WIDDNEHt TEPNSSQUEHRUTTT B8, anBNeSS| i Ck pdidod dridgAN
2~%85 signal level shifters are used for naking the nutual inputs into

| DYET ! ShiC LI 1639 i8bR bk BiHelfodd Y 8'miBiHulih B niAMAnS TFYCIES drblied. ar to

Fig. 16C shows the structure of the unit circuit used in the second and later stages.
Input to the gate electrode of the TFT 1652 is similar to that of the initial stage, and in
addition, the previous stage input is used as an inverted input to the gate electrode of the TFT
1651. The TFTs 1651 and 1652 are thus exclusively on and off, VIBSpectiVE:ly, and the

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

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

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

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

type, while the second and subsequent stages are two input, one output types. The clock
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buffers. The unit circuit structure used in the initial st@g %’g&té}g | evel
shifter is shown in Fig. 5 17C, while the unit circuit strucCt ﬁ’é 6% the
second and subsequent stages is shown in Fig. 17D. The circuit structure
and operation are simlar to those shown in Figs. 16B and 16C,

respectively. The only point of difference is that the anplitude of the
signal input inthe initial stage is VDDLO - VSS. A TFF 1752 turns on when
the signal input to a gate electrode of the TFT 1752 is H 10 level (for
cases in which the absolute value IVDDLo - VSSI of the anplitude of the

i nput sighgravel iskifesr araisadyfogmeking the mamat inputa bstolinrested dhpues.j Vt hNj of t he
threshold value of the TFT 1752). The electric potential of a gate

el ectrode of Tae B pliddIevieh shiffel dds dostructude khgilaySE that ditheasfdrdnemitiohat e L

| evel appears at an output termnal (out). On the other hand, if the

signal pifppyt to the gate electrode of the TFT 1752 is L level, then the TFT
1752 turns off, and 15 the electric potential of the gate el ectrode of the

TFT 1753 is . i (e s F&: ent
operations aﬁgkgﬁgfﬁg‘#& 1:9t 5&%}%8;65&0@ @Eéﬂlg%l(%%ttﬁ%%g§ ST%%%? %Fh(%#:l S #’evel
shifte tructure has.a .characteristi hat the inpu ignal Js not..
ai'rboc 7S Wb S ynF Rty ARAAREToF e Sochd bnd Pl Rl Rl Bignect e
to the_high _electric potential 20 side (VDD side). Conseguen , '

el ectr #?Dpoifgﬁﬁr&wt- SiruGtpe @Qt@eat@etarfoéran@?t? ﬂ“é’sel'ﬁl‘}""ﬁfl‘i%lq‘g@aiwé%é‘n‘éﬂgped up,
no matter what the threshold val ue of the TFF 1751 is, even if the

anpl i t secctyklt hdhiergmlit poingwildifferergeais| thatAbhiagiplituds! oft (g esignah drfub indhe on
gain is therefore obtained. Fig. 18 shows the structure of the first |atch

ci'r cui inidnicstdgeds ¥&Impd VSR.ch circuit used in the light enitting device of .
Enbodi ment 2. As shown in Fig. 21A, a structure conposed 41 0 3 JAS 2000 of

a storage pom TP 1752 Wihé bn Wien ivagiLispudiea gaBRERIBd: bNttke TODP7Xhiepe, and
a switch for controlling storage timng, is a general structure as an
exaip! geRf (Rr %9&%%%8@1@&11%1&@%& [VDDyo - VSS| of the amplitude of the input
signal is certainly greater than the absolute value [VthN]| of the threshold value of the TFT
1752). The electric potential of a gate electrode of a TFT 1753 is pulled down to the VSS
side, and therefore L level appears at an output terminal (out). On the other hand, if the
signal input to the gate electrode of the TFT 1752 is L level, then the TFT 1752 turns off, and
15 the clectric potential of the gate electrode of the TFT 1753 is pulled up to the VDD side,
through the TFT 1751. Subsequent operations are similar to those of the aforementioned
buffer.

This level shifter structure has a characteristic that the input signal is not directly
input to the gate electrode in controlling the TFT 1751 connected to the high electric potential
20  side (VDD side). Consequently, the electric potential of the gate electrode of the TFT 1753
can be pulled up, no matter what the threshold value of the TFT 1751 is, even if the amplitude

(;f the input signal is small. A high amplitude transformation gain is therefore obtained.

Fig. 18 shows the structure of the first latch circuit and the second latch circuit used

in the light emitting device of Embodiment 2. As shown in Fig. 21A, a structure composed
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circuit. In addition, the structure of Fig. 21B using a D-F@ ﬁl%%
circuit can also be given as an exanple. Fig. 21Cis the stml Vv
structure, and storage portions are 5 structured by an inverter and a
capacitor. The electric potential of a signal input to the inverters of a
first latch circuit (LAT1) and a second latch circuit (LAT2) is stored by
the <capacitors. The sinplest structure in Fig. 21C is used in Enbodi nent
2. The latch circuits shown in Fig. 18 are structured such that one
n-channel TFT replaces an anal og switch of Fi 1C, and an, NMOS |nverter
conpos¥d? SOT4EGROTHI: aRhER SVPnTEHES éFFdC%““E%FB%g‘? £ dpon shpscad %S% or
inverter. |f a digital image signal is input (data in) from an

el ect r SUEOBMESIaREe HRYE, ishaencsl SERPNTORS q@mxg@ple@flarﬁﬁwer(tmﬁls@l\/i 1atqh a
gate el ectrode, turning the TFT 1850 on, then the digital inmage signal is
i nput ¢iccudn iIm\addiitien, hermpuse: of Fi'g?lﬁBlBﬁng oD IG5 lipAtbpd coapbcat elso HEGS5,
the polarity is inverted, and the signal is output. Further, the digital

i mage givemab ahSexahDlest @i@ R 16 ishthe »impRACDRAM k&Dbture] had di@hgaportiohgaresi gnal
is also witten into, and stored in, the second latch circuit by simlar

opey at i ARSurkd bICHPLIHABACE and fahca@a&iﬁﬁc hTRY lefRtrld-pdtbniidd mfta %igﬁmnﬂlpuﬂcg thel9 1S
a diagramshowng the circuit structure of a gate signal [T ne driver

2 but 1 Byorfg e 9B Bl PEAPL) JL o Skl fudioncit SEATD) G BRIty i =1

inverted signal,.(G.Kb nd, a de s ulse P). are input to the
gate s?@ﬁ%‘lﬁgﬁl n’gﬂ iﬁst %ﬂc&lﬁﬂgﬁfﬂhaf¢h§p‘tﬁf &EW@P@‘“& “input after

under goi ng a I|tude transformatign by level shifters 1901 and 1902. Note
that the shi fFhe faigh sireyits) shpvn imdig 1§ are stortured uch thattorsynshannel, diF T

shifter 1901, and the clock signal |evel shifter 1902 are simlar to those
used i reptdees smanadeg swinklof IRig 62145, iand angdMONiroue compased of dewt n-blsnatbre an
expl anation of their structure and operation is onmtted here. In Fig. 19, a
gate sTHM®dnd 4 capacitoracplavs ddiMiOSinbyrta. r ef erence synbol a is fornmed as a

If a digital image signal is input (data in) from an input electrode of a TFT 1850, and
a sampling pulse is input (pulse in) to a gate electrode, turning the TFT 1850 on, then the
digital image signal is input to an inverter composed of TFTs 1851 to 1854 and a capacitor
1855, the polarity is inverted, and the signal is output. Further, the digital image signal is
15  stored using a capacitor 1856.
The digital image signal is also written into, and stored in, the second latch circuit by
similar operations in accordance with a latch pulse (LAT) input timing.
Fig. 19 is a diagram showing the circuit structure of a gate signal line driver circuit.
The gate signal line driver circuit has a shift fegistcr 1903 and a buffer 1904.
20 A gate side clock signal (GCLK), a gate side clock inverted signal (GLKb), and a
gate side start pulse {GSP) are input to the gate signal line driver circuit. The input signals
are input after undergoing amplitude transformation by level shifters 1901 and 1902.
Note that the shift register 1903, the buffer 1904, the start pulse level shifter 1901,

and the clock signal level shifter 1902 are similar to those used in the source signal line driver
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dummy stage because a first row of pixels can not obtain gigg signal |ine
selection pulse input for the previous row. 5 The display Vjﬁﬁ‘ﬂﬂm

i nt.roduced here-and nmanufactured by using driver circuits and pixels shown
i n Enbodi nent Mbdes | and 2 is structured by using only TFTs of the sane
conductivity type, and therefore a portion of a doping process during

manuf acturing can be elimnated. In addition, it becones possible to

reduce tdieuiiumdaticrefors he bsIasdtRn of theiSstAdcRRe azﬂgﬂﬂrmo% it 8nfifsPhere -t he

probl em of an increase in consunption current to an expanded signal 10
anpl i tude by i i it tstr.a t hqd, as .di scussed
above. | EnbodiLﬁrrerl] " 1?] Bg?ifesi%ntdgg]&ﬁ ﬁgyéﬁgé&%&ggg %mg?%ﬂ Syl“?cﬁ?gglélf%m%%szfi ned
i n Enbodj nent 1 ut wt his .t of pixel, selection timng for witing
gat o o Gy pies Bt B P o B i Bt Pipingfoneoas e s il el
lines. In additi.on, the pul se shape also differs. Therefore, one of the 15
gate si JREICINGEOMIPWer circuits shown in Fig. 20B which are di sposed on
both sides of the pixel portion nmay be structured as a witing gate signal
| i neddriver cifheudisplandevichdntoaduced heng dnel metufecititeddsy asingniriseasivcdtsgaide
signal line driver circuit. Crcuit structures may be simlar to those
expl ai negiiels hebodinnEmbodimentndoddsel ehdeisastaietuaid B usnploaRatFDNof hereak is
omtted here. 20 (Enbodi nent 4] This enbodi nent gives a description on a:
net hod okombatifigetype,i ang thikefae adpirom@f aCddpiti proBése \dusiag rhdhucRirig!caR et | ON
and in the periphery of the pixel potion fornmed on the Same substrate. 43

0 3 JAN Z@&aledr slh, addBioB BWecdiesHpdsibRAoc rRdRASBe Bhﬁlﬂ%ﬁ&aﬁuo'tcﬁngs% rTFtdi faf@m an
l'ico & firl

insulating filmsuch as a silicon oxide film a si nitri m and

a silicopomidioteicthe the biobRh 8f & AetassUR Shis@Btion current due to an expanded signal

10 amplitude by using circuits that apply the bootstrap method, as discussed above.
[Embodiment 3}

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

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

20
[Embodiment 4] .

| This embodiment gives a description on a method of manufacturing TFTs for driving

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

substrate. -
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5001. The substrate 5001 is fornmed of barium borosilicate glass typical
-exanpl e of which is Corning # 7059 gl ass or Corning #1737 ﬁ;ﬁa&@g\!(a@ggduct
of Comi ng Incorporated), or of 5 alum noborosilicate glass. The b film
5002 is, for exanple, (not shown) a lamnate of a silicon oxynitride film
that is formed from Si H4, NH3, and N20 by plasma CVD to a thickness of 10
to 200 um (preferably 50 to 100 mm) and a silicon oxynitride hydride film
formed from SiH4 and N20 by plasma CVD to a thickness of 50 to 200 nm
(preferably 100 to 150 nm). A sem conductor film having an anorphous
struct ure i sFaptyas showndedip oA, adwse filp 5607 istfatmedAzeh on imnulasing fidwwsuchhas mal
crystallization nmethod to forma crystalline sem conductor film The
cryst ahlsilmensemnde ilmluc siticorf nitriderfikasandsh aitideh ok enigalel flondw at gass|sayerase 5003
to 5005. The island-like sem conductor |ayers 5003 to 5005 each have a

t hi ckngee1. of THSsbOr A8 SOOLR foRh&T 67 Bluh BSrotifichl glRB typlial éidamdl@bl Which $s Put
on the choice of material of the crystalline sem conhductor filmbut it is

pref er ehhfing O Y899 Tk CANCHmid #173F WhsGRbIRANLUIGE COh(HY AtdPdarchy 6D Lhe

crystall1 ne"sem conduct or y laser crys atron, a pul se

Oscg 1 gﬁﬁ%ﬂéﬁ&gﬁ}l?aéﬁgﬁggl ?]t‘héé&;safsg\@i\fr% ﬂﬁ%iigef{né lsz)?at%'xfpges, e(\r(&%ﬂo%%ﬁh’l%rﬁ{naw(% a | aser

. t .
IS use aser m roma laser gl ven e above 1S

desirably collected..into.a.linegr b an qptjcal sys bef ar e

i nal, YRS STHETLE gkt S fesret i am S alths SHsNEh b PlaslR VDL RORCEFS 5o
suitabl%/ b% an operator. However, if an exciner |aser is used, the pul se
osci | | 8f 19k 200 pregraierahly; 9 9e00man o siligaroxynariie brdriderfalmyioraed fiony |
set to 100 to 400 m}/cm 2 (typically 200 to 300 M/CV). If a YAG Il aser is
used, Sdtond RAD hpplasma K& 6 a HlEclomss of/Hhto220 ninhéprefprabkel (ktoi 15D aimi)on
frequency is set to 1 to 10 kHz while setting the | aser energy density to
300 to 600 M /seMcoptiyqbc @iiny havifet on ShrphdueMucturd Nie tigs@llizkd Gt lassr
collected into a linear beam having a width of 100 to 1000 U m for

exagp! erystfiPafioor h knbwh WHrAhEclyd@1SAlibE SreHRTH Fethfa cAdtablind sbfitotdl6iod he

substrate is irradiated wwth thé linear laser light with the beans

over | agphNITRACY IR s@hicofdlictSfiln@Rhdi@! 1 Qafi1i80sdnBcAtftor 1ayers 5003 to
5005. The island-like semiconductor layers 5003 to 5005 each have a thickness of 25 to 80
nm (preferably 30 to 60 nm). No limitation is put on the choice of material of the crystalline
semiconductor film but it is preferable to use silicon or a silicon germanium (SiGe) alloy.

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

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

to 600 mJ/cm® (typically 350 to 560 ml/cm?). The laser light is collected into a linear beam

having a width of 100 to 1000 & m, for example, 400 &£ m, to irradiate the entire substrate.
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Next, a gate insulating film5006 is forned so as to cover the island-Iike
sem conduct or | ayers 5003 to 5005. The gate insulating film5006 is forned
froman 5 insulating filmcontaining silicon by plasma CVD g gﬁ@&%?@ﬁi ng
to a thickness of 40 to 150 nm In this enbodinent, a silicon oxyni de
filmhaving a thickness of 120 nmis used. Needless to say, the gate
insulating filmis not limted to a silicon oxynitride filmbut nmay be a
single layer or a lam nate of other insulating filns containing silicon.
For example, if a silicon oxide filmis used for the gate insulating film
the fiThe substrateripirrasated withghimsar faspitighi with thebearps eygrtegpipg cach other at
orthosilicate) is mxed with 02 and the reaction pressure is set to 40 Pa,
t he substarmpeaticofl®@t®% to 300 to 4009C, the frequency is set high to
13. 56 MHz, and the power density is set to 0.5 to 0.8 WcnR for electric
di scharge. TRexSid igen inuldigf it 5006 if ofored wa@s ploovowte thee ishaidelike
insulating filmw th excellent characteristics when it is subjected to

subsequentod oty @8 bl 05645, 40fhet gatéQQs&thgsﬂga 4008 BatemedSedatdmng

filmb5006, a first  conductive film5007 and a second conductive film 5008

for. foyrmmn . egx ' fBth;ﬂ : 8 fikh &
con5ducfnlsglgg?§ ﬁ%ﬁg@%@&ﬁ@%ﬁﬁ%ﬁf P itﬁ%/l\n th %b{'ﬂlltutlf:[ Eﬁ%%s 0 hcIéisglggtsooftfg00 fr%%? a%nd t he
second, conductive film5009 is.a Wfilmwth a thi ess_of ,10Q;t 00 nm
(Fig. AR Ry b et pilicon Pxyitridly flm ey ingad ket 3?‘5]‘1“3 15, 8sedy resg‘[eg s
sputtered with Ar, In_ 20 this case, an appropriate unt of Xe or Kr is
added toosaxy theqzagmingulating filn ds pal lmitpd sa gilicen, exwatﬂdr"%ﬂ% %mdn%@?‘sa ﬁF@i}e nt

the Ta filmfrompeeling off. The resistivity of a Ta filmin a phase is
about B@cmoQadmminute pE othsalinwldtiog fHmgagontainiog siives. For expanpe.niErd HHERN t he .
‘resistivity of a Th filmin O phase is about 180 it Q cmand is not

sui t abbgidt afimaisgat® f&l the teardiasulAtingafifn,| the filn is fpinesiebyc plasma £V D yin tyehich

obt ai ned when a base with a thickness of about 10 to 50 nmis 45 26105

fo MrEdTE(@TGttét?d%H%‘l e Ailiddielas il with@, ndsh@rcasyst glesstitd iSGEUBIERNEXI Mat e
to that of the a phase Ta film
substrate temperature to 300 to 400°C, the frequency is set high to 13. 56 MHz, and the power
density is set to 0.5 to 0.8 W/cm? for electric discharge. The silicon oxide film thus formed
can provide the gate insulating film with excellent characteristics when it is subjected to
subsequent thermal annealing at 400 to S00°C.

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

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

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

Ta film in 3 phase is about 180 &t Qc¢m and is not suitable for a gate electrode. A Ta film

in & phase can readily be obtained when a base with a thickness of about 10 to 50 nm is
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The Wfilmis forned by sputtering wwith Was a target. Alternatively, the W

film my be fornmed by thermal CVD using tungsten hexafl uori . In
either case, the W 5 filmhas to have a low resistivity inﬂg‘?‘ed&&?\%:%éﬁ@se

the Wfilmas a gate electrode. A desirable resistivity of the Wfilmis
20u @ni or lower. The resistivity of the Wfilmcan be reduced by
increasing the crystal grain size but, if there are too many inpurity

el enents such as oxygen in the Wfilm crystallization is inhibited to
raise the resistivity. Accordingly, when the Wfilmis fornmed by

sput t eformgd fnantalgat niwide(TaNp that higs afcry®sil 88094 appusdnatarid thatpif dba @ 10
care is taken not to allow inpurities in the air to mx in the Wfilm being
f or medphaAs Tafilesul t, the Wfilmcan have a resistivity of 9 to 20 ft Q cm
Al t hough the first conductive film5007 is a Ta filmand the second

conductive frhdmy $0@8s ifsrneedWyf iguietig WhilSwerbp dirfant Altbhafieell, ShOW film
particular limtation. The conductive filnms may be forned of any el enent

sel ect gd fbréi(fgﬁ%tfbg rtl?él'l?]afzgﬂﬁj ﬁéihggﬁn%}meﬂlﬁud}@e(ﬁ& .a?ﬁleé;g\er &adeOthe Ol 2N

all oy mater onpound mat er y containin ements |isted

above. .. sem conductor fil.m. typically.a verystallin iligcqn.film
dogba” T RS FRE GrBVeuhiElin' FBHaR el B BN RERA el ot o L Rieblely.
O her desi.rabl e conbi natigns . of terialg for the first _and second
conductSPEVEY Pﬁ@et‘ﬂ?ﬂﬂk e0eng Canaidaven (iesoisyd b N HER Gerbe Faheedl um
nitride (TaN) for the first conductive film5007 and Wfor the second
conduchy vecreasing §ooerystzb gtadh sk Umtnilt thpigeare Tan)many impvaity jctesnentoslicasi ve
fil m5007 and A] for the second conductive film5008;, and tantalumnitride
(TaN) bxygenhe thd W filrooorglstall izateonf is linhibidOY toamathe Che fesistiviiie shwmontinglg,omaklnct i ve .
filmb5008. Next, a resist mask 5009 is fornmed to carry out first etching

t r eat neRtWifilin fsqofh&DbEbReictages wWan@gstiwithng phiity @ 9919999%i is vestbadi avpiett, | CP
(i nductively coupled plasm) etching 46 0 6 JAN 2006 is enployed in which

CFfy angy Cl2aREEndlied 8Ho@ SmBhSsNE usaar Andi-A tREw £ B&nMifondaoWeys aGksu1£00 W
is given to a colled electrode at a pressure of 1 Pa to generate plasna.
The s u&%twafh% can have a resistivity of 9 to 20 £ Qcm.
Although the first conductive film 5007 is a Ta film and the second conductive film
5008 is a W film in this embodiment, there is no particular limitation. The conductive films
may be formed of any element selected from the group consisting of Ta, W, Mo, Al, and Cu,

15  or of an alloy material or compound material mainly containing the elements listed above. A
semiconductor film, typically a polycrystalline silicon film doped with an impurity element
such as phosphorus, may be used instead. Other desirable combinations of materials for the

- first and second conductive films than the one shown in this embodiment include: tantalum
nitride (TaN) for the first conductive film 5007 and W for the second conductive film 5008;

20 tantalum nitride (TaN) for the first conductive film 5007 and Al for the second conductive
film 5008; and tantalum nitride (TaN) for the first conductive film 5007 and Cu for the second
conductive film 5008.

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

electrodes and wiring lines. In this embodiment, ICP (inductively coupled plasma) etching
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side (sanple stage) al so receives an RF (13.56 MHz) power of 100 Wso that
a substantially negative self-bias voltage is applied. vmﬁghiggigixture of
CF4 and Cl2 is used, the Wfilm 5 and the Ta filmare etc sane
degree. Under the above etching conditions, if the resist mask is properly
shaped, the first conductive filmand the second conductive filmare
tapered around the edges by the effect of the bias voltage applied to the
substrate side. The angle of the tapered portions is 150 to 450 . In order
to etch the conductlve filps w thout |eaving any residue on the gate 10

i nsul atSicmpPleyadip vheh eFe pdhGlotarernixed a5 csehing s B¢ apdgiel 308 Mélz yerefe

selective ratio of the Wfilmto the silicon oxynitride filmis 2 to 4
(typi c200 WV B)givem a enledfelacirode pieg prssurp ef & Patie gersrate plasmex y dhe sulsérate | m i s
exposed is etched by about 20 to 50 nm by the over-etching treatnent. In

t hi s waiyle (faintpdd stappdsocendued aivRFI (4986 MEG)fbwer 05008 W cophatsi sehsthntiadty
conductive | ayers 5010a to 5013a and second conductive |ayers 5010b to

5013b adgiit® &mlal;&oitﬁ%dnstalp@héd I sWhee fsigidive ofidFNaaa ¢ 1} Reuss@cBeadv film
conductive filmthrough the first etching treatnent. At this poi nt,

reggonéng£qugﬂg@&§ekﬂay&ﬁhéggnéa%£%§006 that are not covered with the

first shape conductive |ayers 5010 to 5013 are etched and thi nned by about
20 to 50 nm t n@% g¥ opi ng
of an impuri P! nﬁ%ﬁ e offb¥s Robiy, SRRy R B 515*3?%3 e et ey
| on dopi antin enpl oyed. In i n t he do S, set
o1 xorees B and B ecpseorghg e i s ttrcesl Wpui B Dlr BG R Toel St o
60 to 100 keV. The inmpurity element that gives the N-type conductiyity is
‘an el etheritias Belfagscpalied & ticowmpsaae sidepi daF lapglesidBe Fﬁpﬁ@ gaphionsy isghSs el ¢
(As). Here, phosphorus (P) is wused. In this case, the conductive |ayers
5010 t455013Inserdee tasetonghs cagauatst files wighont iepvmz Ay fesidue30m tBe gdanent
that gives the N-type conductivity, and first inmpurity regions 5014 to 5016
ar gy f ofnd®idting filia, thelefchad @Rt MOpivtunaed by Tbeufiors RO Mhictsyletid e db@ed t o
5016 each contain the inpurity
W film to the silicon oxynitride film is 2 to 4 (typically 3), and therefore a region where the
silicon oxynitride film is exposed is etched by about 20 to 50 nm by the over-etching
treatment. In this way, first shape conductive layers 5010 to 5013 comprising first
conductive layers 5010a to 5013a and second conductive layers 5010b to 5013b are formed
15  from the first conductive film and the second conductive film through the first etching
treatment. At this point, regions of the gate insulating film 5006 that are not covered with
‘the first shape conductive layers 5010 to 5013 are etched and thinned by about 20 to 50 nm.
(Fig. 6B)
First doping treatment is conducted next for doping of an impurity element that gives
20  the N-type conductivity (Fig. 6B). Ion doping or ion implanting is employed. In ion
doping, the dose is set to 1 x 10" to 5 x 10" atoms/cm® and the acceleration voltage is set to
60 to 100 keV. The impurity element that gives the N-type conductivity is an element

belonging to Group 15, typically, phosphorus (P) or arsenic (As). Here, phosphorus (P) is

used. In this case, the conductive layers 5010 to 5013 serve as masks against the impurity
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el enent that gives the N-type conductivity in a concentrati n of I x UPto
| X 1021 atoMs/CM3. 5 Next, as shown in Fig. 6C, a second Bcﬂﬁﬁgzﬂﬁgocess
is perforned. The ICP etching nethod is simlarly used in which CF4, Cl12,
and 02 are m xed as the etching gases, and an RIF power of 500 Wis
applied to a coil type electrode under a pressure of | Pa to generate
plasma. An RIF power of 50 Wis applied to the side of the substrate
(sanpl e stage), and a low self bias voltage as conpared with the first
etching process is applied thereto. In accordance 10 with the conditi ons,

t he W ¢lemmmtabatt givesstbe dhtype comtlnctiviie ahdifiest imnpuritamégonsrHi# ¢ab016 zedtvered and
the Ta filmas the first conductive layer is anisotropically etched at an
et chi nin 4 sdlfealiggies mizhesr. Thefitd impurity eedionss(Hdao 5016 bapeootandihe timperityayer s
5017 to 5020 (first conductive layers 5017a to 5020a and second conductive

| ayer sepRddd tf® 2020Me NESHErRRGRIRUTERAL RRERraHesigNRiesod Batex 10™
insulating film™ and regi ons which are not covered wth the second shape 15

conducgtio}ﬁg/chgyers 5017 to 5020 are etched into a filmthickness of about 20
to 50 nm to for thin regions. The reaction of the Wfilmand the Ta film

o oo Kt s Pl B C X sobliL ABfne BRI pRfo R S 3 WP TG, VaPOr

pressure of gener an reaction pro

Conparing the vapor pressure _anpng fluorides .and chlorides of Wand , WF6
20" halefhodas SRy BeR in WG BN Cla oAty TGS B SISt SR RE 1 he
ot hers, narrelsy, WC15, TaF5, and TaCl5 have a vapor pressure of about the
sane dpewercof SROYrisipprjied, to aieeil fyrei dleptrodp yndasa pressare|oh1adorgsneraistRiasazn. wi t h
the m xture gas of CF4 and Cl2. However, when an appropriate amunt O 02
i s addad RB pbivies ofibAtWrie agplicd GRle aitld d3he eststrattdsaegh soighkrantia low sedhanged
into CO and F, generating a |large anmount of F radicals or Fions. As a
resul t biak R@1t¥¥A8s @8mparéd0Rith ke Tiv @Echirdy ptfﬁb&:s@as hgplicll thieffo.valoiccprdagsaire is

etched at an increased etching rate. On the

10  with the conditions, the W film as the second conductive layer is anisotropically etched, and

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

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

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

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

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

The reaction of the W film and the Ta film to etching by the mixture gas of CF4 and

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

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

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

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

and the Ta film are both etched with the mixture gas of CF4 and Cl,. However, when an

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

changed into CO and F, generating a large amount of F radicals or F ions.  As a result, the W
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ot her hand, the etching rate of the Ta filmis not increased much when F
ions are increased in nunber. Since Ta is nore easily oxidipzed: t:han t he
~addition of 02 results in oxidization of the surface of thg@}é‘g@rgﬁg&he
oxi de of Ta does not react with fluorine or chlorine and 5 therefore the
etching rate of the Ta filmis reduced further. Thus a difference in
etching rate is introduced between the Wfilmand the Ta film so that the
etching rate of the Wfilmis set faster than the etching rate of the Ta

- film Then second doping treatnment is conducted (Fig. 6D). In the _second
dopi ngfilme mégserBneride kas o highweror psessurep elvhethat anpigereased stdhihiate. n 00 ey es
the N-type conductivity in a 10 dose smaller than in the first doping

t r eat nether bad, gte achingtutacicthe dh 4ilinds nobincegesd mach whembliens arhincerased By at i on
voltage is set to 70 to 120 keV and the dose is set to 1 x 1013 atons/cnR
to forpumby. | BpeeiTa)s fdgd @RBY bridizde thaneWf ibeutldition of Ok yesultgirooddizhiddn off e
formed in the island-1ike sem conductor layers in Fig. 6B. Wile the

secondongtiet iof hd &Y% &1m. SAhExidOoPT2 M6t HabOwah MRTKS @Ydldsle dde
impurity element, regions under the first conductive 15 | ayers 5017a to

5020a ar.e.Al.SRe 9&%@@%1&{%& é%é;ga ‘flfﬂ?'#{ kdaYedd ﬁ?ﬁ&t - Thi's diRiBRY ifTebehdfcand

i npurity reégions overlapping the first conductive |ayer. Next,

aboa hoptrod et W, i 8o s "Rt sPagu . AEed S L ey Sbfiscet ng

~gas. Etching is conducted for_ 70 seconds, setting the flowrate of Cl2 to
60 ( scasjer thandhe picking ratg obHigeka fM-350 Wis applied to a coil type el ectrode
under a pressure of 1 Pa to generate plasma. An RF power is also applied
to the side hen ecandbdoping ercatraens| is eandlgeled sFig. hel?)-a ubwt seropd| doping
negative self-bias voltage is applied. Through the third etching process,

t he fi esitnpandhefiinds dbpeyavith sn ahpirég clamane that giveh eher Mgymncontdoetighyint i r d
shape conductive |layers 5024 to 5027(first conductive |layers 5024a to

50272 apék SAGMRCheRNAUGE Ifks: HGMRE Irealndld 4nd 5@2?@}1 acRldrgiom®doitagd Go8 JAN
2006 The second inpurity regions 5021 to 5023 include the second inpurity
regi 0n§x§9§1§?tl{eoacccleration voltage is set to 70 to 120 keV and the dose is set to 1 x 10"
atoms/cm’ to form new impurity regions inside the first impurity regions that are formed in
the island-like semiconductor layers in Fig. 6B. While the second conductive layers 5017b
to 5020b are used as masks against the impurity element, regions under the first conductive
15 layers 5017a to 5020a are also doped with the impurity element. Thus formed are second
impurity regions 5021 to 5023 overlapping the first conductive layer.
Next, as shown in Fig. 7A, a third etching process is performed. In this embodiment, an ICP
etching device is employed and Cl, is used as etching gas.
" Etching is conducted for 70 seconds, setting the flow rate of Cl; to 60 (sct:m), and an RF
20 power of 350 W is applied to a coil type electrode under a pressure of 1 Pa to generate plasma.
An RF power is also applied to the side of the substrate (sample stégc) so that a substantially
negative self-bias voltage is applied. Through the third etching process, the first conductive

Iayer‘is etched to reduce the region, thereby third shape conductive tayers 5024 to 5027(first

conductive layers 5024a to 5027a and second conductive layers 5024b to 5027b) are formed.
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5030a overl apping the first conductive layer and the third inpurity region
5028b to 5030b that are not covered with the first conduct |ﬂ/%él@%
Through the steps above, the inpurity regions are fornmed in't ?g@&:tive
5 island-like sem conductor |ayers. The third shape conductive | ayers 5024
to 5026 overlapping the island-like sem conductor |ayers function as gate
el ectrodes of TFTs. The third shape conductive |ayer 5027 function as
island-1i ke source signal lines. The inpurity elenents used to dope the

i sland-1i ke sem conductor layers in order to control the conductivity

t ypes @he seanidviaipmdity TdppomcSi2iatd 5023 irmpudesthe asecoreldinguiiritp yegitmer fB28a ©0
anneal i ng usi ng an anneal ing furnace. Other activation adoptable nethods

i ncl udspitasierafieaibe Fstadddicivt tayieh BidBle tHADBAMirRg rdg§028bhe 505wy tial
annealing is conducted in a nitrogen atnosphere wth an oxygen

concen I d it i dSsSetivengdgrably 0.1 ppmor less, at 400 to
7001C, B{e;}%i g(gklle?%/ 56813%90@%000 (I:h tﬁs enbodi nent, the substrate is

subj ected tg, hea reatnent at 5000C far four hour v i ]
wiring line {Oé'g%‘ a{heugtg%ls faé?wi’h elgnPlhriﬂ?dre§h°§5egrgo§ddﬁl§? ;"@e?ﬁ%yﬂg%péﬁ‘gem to
5027 ar k agai nst heat, the activatiop is desir.abl ma fte

e r et s G RCORGRaRen HYeR: it c ik Rty coRfictish) Myt siador OB der
to protect the wiring |lines and others. Another heat treatment_js
conducpwlﬁpnl%ﬁhatlﬁwygh’é& gergigprdiciirigyess funclionws salparlesieodenefl 3dst olmsoc
for one to twelve hours, thereby hydrogenating the island-like 20

sem cofducthepe taylactve [he 300d fugtnaas cedtldpssoarce stgnaktlaresi nat e dangl i ng
bonds in the sem conductor |ayers using thermally excited hydrogen.

“Al'ternativel The phpedifg cldiiehtogedab idope (hesisngd likdsogiondiadr agerexcoidedtby
pl asma) may be enployed. As shown in Fig. 7B, a first interlayer insulating

Film SQ3drdiSné %ﬁ@f&ti@ﬁﬁ“t;gfe& QPR Bctivitdd. Caihe QY Patidnl sﬁ%a id &4ivd blit By lilrlkness
of 100 to 200 nm A second interlayer insulating 50 0 3 JAN 2006 fil m 5032

ih?)llé‘ gr mﬁgea}iﬂg sy 5 %mlf?aﬂng QRS | At %EEi%ioMc%ﬂaﬁie‘ mERas ahliGhe 1480t act

annealing and rapid thermal annealing (RTA). The thermal annealing is conducted in a
nitrogen atmosphere with an oxg-(gen concentration of 1 ppm or less, preferably 0.1 ppm or
1ess, at 400 to 700°C, typically 500 to 600°C. In this embodiment, the substrate is subjected
to heat treatment at 500°C for four hours. However, if the wiring line material used for the
15 third shape conductive layers 5024 to 5027 are weak against héat, the activation is desirably
made after an interlayer insulating film (mainly containing silicon) is formed in order to
protect the wiring lines and others.
Another heat treatment is conducted in an atmosphere containing 3 to 100%
hydrogen at 300 to 450°C for one to twelve hours, thereby hydrogenating the island-like
20  semiconductor layers. The hydrogenation steps are to terminate dangling bonds in the
semiconductor layers using thermally excited hydrogen. Alternatively, plasma
hydrogenation (using hydrogen that is excited by piasma) may be employed.
As shown in Fig. 7B, a first interlayer insulating film 5031 is formed next from a

silicon oxynitride film with a thickness of 100 to 200 nm. A second interlayer insulating
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are formed corresponding to the first interlayer insulating film 5031, the
second interlayer insulating film5032, and the gate i nsupﬁ]i 2& %@é 5006.
Afilmmade of wiring lines material is fornmed, whereby c eeg i ring
| ines 5033 to 5037 and a connection el ectrode 5038 are 5 fornmed by
patterning. Then, a pixel electrode 5039 is forned by patterning so as to
contact wth the connection el ectrode 5038. A substrate conprising the
wiring lines 5033 to 5037 and the connection el ectrode 5038 denote an
active matri x substrate in this enbodi nent. The second interl ayer

i nsul afilion§033 isnfos0ed theseqn fromnamengeniofinsuatiog goategalr eShercaftarpcotagihoks of
the usabl e organic resin includes polyimde, polyamde, acrylic resin, and
BCB (derzoeadctarfashemiing t&ithrc frsp limpdiyer absubmiingSilen SO3Mithé eevnd daedayerof t he
role of the second interlayer insulating film5032, acrylic resin that can

level 1§1§lﬁat${¥§ fige soyE |ahd R g&@é’ itnlsﬁlh'ﬂu?g filtn 5Q0T @Kﬁhﬁ@nadle Rf Whtisy BRRAHAEEAL . the
acrylic filmis thick enough to elimnate the level differences caused by

the TF'I% %Qfeﬁ? rcb%e%tlﬁ.ﬂ'wgﬁlﬁgﬁﬁes%h s e shd asccgnngab()% gjecmoda'g 38 are

(prefera act oI es are or ne etc Ing or wet

203 %ﬁ:ﬁ%% kg d bt O 0pderRE eb do ol Bl B3 B 3omagy, °

gate si | i nes, (not shown a power supply line (not shown), and gate
el ect r%gggeﬂ@ﬂe@&nﬁéﬁ?ﬁoéﬁé@g%hom) respectively. 20 Further, a |amination
filmof a three layer structure, in which a 100 nmthick Ti film a 300 nmm
thick Al fil#nssbstraie aomprising tmwiringl BesH938 Hp GR3Tiand ithareennection eﬂﬁ@mdﬁ: '
succession by sputtering e wirings 5033 to 5038. O course, other
conducii3daichotersn actye imatrissebbstrdtairt thés gmiesiénéentenbodi ment, t he pi xel

el ectrode (a reflecting electrode) 5039 are . forned by MyAg or the |ike

with a thi ckigs Secdind 2@k ager ﬁﬁﬁlaﬁﬁ%ffﬂﬂﬁb’@ﬂ Aed. filhh endiexet ablorPanic Jed 2006
el ectrode 5039 is fornmed in contact with the connection el ectrode 5038.
10 Examples of the usable organic resin includes polyimide, polyamide, acrylic resin, and BCB

(benzocyclobutene). Since planarization is a significant aspect of the role of the second

interlayer insulating film 5032, acrylic resin that can level the surface well is particularly

preferable. In this embodiment, the acrylic film is thick emough to eliminate the level

differences caused by the TFTs. An appropriate thickness of the film is 1 to 5um
15  (preferably 2 to 4 (£ m).

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

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

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

formed by MgAg or the like with a thickness of 200 nm, and then patterned. The pixel
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Next, as shown in Fig. 7C, an insulating filmcontaining organic materi al

such as acrylic resinis formed to a thickness of 1 to 3 g ad),
aperture is opened in the filmat a position correspondi nggﬁoggﬁef%&iti on

of the pixel electrode 5039. A third interlayer 5 insulation filmb5040 is
thus forned. When the aperture is forned, it is preferable that the side
wall is etched so as to becone a tapered shape. If the side walls of the
aperture is not snooth enough, the |evel difference can nmake degradati on
of an EL layer into a serious problem An EL |ayer 5041 and an opposite

el ect r gaerqderSH38 pafosmed & eutachwat) thoemnsetiorf dediwde 5888-by vacuum evapor ati on
successively. The thickness of the EL layer is set to 80 to 200 nm

(typical ly 1N6xt es sROvmiy Fig. THg dnhinsklatsgs fibh doniging ergaieoitarde sychhas
transparent electrode) 5042 is set to 110 nm In this step, the EL |ayer

and t hgerplix flsineis g6inficadie 4 thickaspadtento Blee hid ae hpatuge isospemed imthedilpi kel f or
red light, then in a pixel for green light, and then in a pixel for blue

li ght . pddiorFleorrdpoh@MB! & NRYPodiWh 0BSthe t pivdit YlebiBode0kO3Y. ON& . thirdhinkirlayBg t he
use of phot holithography. Therefore an EL | ayer and the pixel electrode

(trans / f C - f . 0, ik n EL
oy R PUECKOGE I e, " Bn SRRk RS OEHEE it LRSI Wl
Then EL | ayer.s and.the pixel electrode.(the anspar ent ectraqde). ar

ol oot FOBMATrS Rl i o B Bieutf BR@aishes ok HROTREHEN ablts REREEl 3
other two colors with a netal mask. 20 Formed here are three types .of EL
el ement@OPtH RONER A JEveli Qlﬁelmpceacaraﬁ@%s. degrrceiian, ot gn Lihilpyer) pghe SHPYS | ng
'EL el ement combined with color filters, a blue |ight or bluish green |ight
emi ttipgbmement conbined with fluorophors (fluorescent color conversion

| ayers: CCM) may be used. Note that a known material can be used for the
EL | ayer 504An BL hyef 804bdrel danapposit&e@8rd2q@6nsparent electrode) 5042 are formed

10 by vacuum evaporation successively. The thickness of the EL layer is set to 80 to 200 nm
(typically 100 to 120 nm). The thickness of the pixel electrode (the transparent electrode)
- 5042 is set to 110 nm.
In this step, the EL layer and the pixel electrode (transparent electrode) are formed in
a pixel for red light, then in a pixel for green light, and then in a pixel for blue light. The EL
15 layers have low resistivity to solutions, inhibiting the use of photholithography. Therefore
an EL layer and the pixel electrode (transparent electrode) of one color cannot be formed
together with an EL layer and the pixel electrode (transparent electrode) of another color.
Then EL layers and the pixel electrode (the transparent electrode) are selectively formed in
pixels of one color while covering pixels of the other two colors with a metal mask.
20  Formed here are three types of EL elements in accordance with R, G, and B. Instead, a
- white light emitting EL element combined with color filters, a blue light or bluish green light
emitting clement combined with fluorophors (fluorescent color conversion layers: CCM}) may
be used.

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

consi deration. Through the step above, the cathode nade of Ag and the
anode made of EL layer and the transparent conductive film eJA rﬂmg
Then, a passivation filmis formed froma silicon nitride filmas a
protective film5043 with a thickness of 50 to 300 run. The 5 protective
film5043 protects the EL layer fromnoisture and the like. In practice,

t he device reaching the state of Fig. 7C is packaged (encl osed) using a
'protectrve filmthat is ghl a trg and allows Jittle gas to transmt
(such Hategaligap QLgagiq ‘i’“P‘ﬁPa‘a gpolageiata considegatign- o

light-transm ssive seal, so as to further avoi d exposure to the outside
air. A spacelhmyghitherstep ahoxe, thagathadswnds of MgAgmad thaaneds prade of KL layer
hygroscopi ¢ 10 substance (barium oxide, for exanple) nay be placed there to
i mpr ovandk the tragbpaadyit| dotguadive tilm arElfosheire MhenAf passivaBanfilmgs tdrmedifrdm ght ness
t hrough packagi ng or other processing, a connector (flexible printed

ci r cui dilicdnP@jtrids fiint as hegroiative QRESDARGvil acthickhogl oS5gNal 300ehfi. nathewi th a
termnal led out fromthe elenents or circuits forned on the substrate. The

dey cepxb&cav@tlﬁﬁsozrslﬁmté@stmemm?er?ftun@ﬂeﬁlstm% af@keAgkedi spl ay device in this
speci fication omrng t he process shown in this enbodi nent, the

narier of DG i SRSl RALAC TR0 R BRI ERtich 3l 2L

can be reduce bur sem

Sour oo IR e ‘fitr@ﬁb;}dgta%'f égtrnﬂr oFi et o el Fieu? . ”dt ke

second 20 wi.ring line p ern |nclud|n t he connectlon el ectrode). As a
resul t20% H&\sPHaRsSCHiE fblﬂt O Hiohight- ttaesrrleatye &e4lne0 AniouRERET P id SXROsHFto _
inmprove the yield. [Enbodi nent 5] An exanple of a case in which the pixels
and t hidedufsidsr aigi r4spacs inpide s el mplidieyschioearbBied @BmORkeR0TE: BYsrowrpiced
usi ng n-channel TFTs is explained in Enbodinent 4, but it is also possible
t ol0  substance (barium oxide, for example) may be placed there to improve the reliability of the

EL element.

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

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

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

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

to reduce the manufacture cost and improve the yield.

[Embodiment 5]

An example of a case in which the pixels and the driver circuits in the periphery are
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i npl enent the present invention by using p-channel TFTs. Forggpg @a§@$0f
n-channel TFTs Inpurity regions referred to as overl ap region F% r med
in regions overlapping with gate electrodes in order to control hot carrier
degradation 5 and the like. In contrast, there is little influence due to
hot carrier degradation for the case of p-channel TFTs , and therefore it
is not particularly necessary to formoverlap regions. It is therefore

" possible to perform manufacturing by sinpler process steps. A base film
6002 is formed on an insulating substrate 6001 made froma material such
as gl astsychirsd axsthgshrapanrsk Fildsris eaplainetl dy eErabGlifsnt 4, BOO0B is alsgapassiblestd at i ng
filme6006, 10 and conductive |ayers 6007 and 6008 are then fornmed as shown
i n Fi gimpl2mentnhapagedtdneatioh bh ukikg@dibarmndl TRTs.The conductive | ayers 6007 and
6008 are shown here as a lam nate structure, but a single |layer structure

may al so be F§IeﬂleY¥iaE@Bf'h—(ﬁﬁﬁ{ndi’m(XHipﬁﬁtypfegwnﬁ WBferrtNEXd as BPcrBPOMBions afd 9.
22B, a mask 6009 is fornmed fromresist, "and a first etching process is

per f or gRd. . o0 hi . . . LA i 21 ng
e vl Wethed LR W BHAE S, ool; BELIAITR oldle HAMLEiL ol 0
conduct i l.ayers. wever, 1t.is.not particularl cessary.ta form '

¢ edt oned st Rec Bheotisk Fge s it M orlor JEEPIERY Ik eeBitPhg ey
be perforned. A _region that becones _thiq ner by an _anount_ on the o[ﬁder of
20 to BOMAMYIE Tromeh @RfeiRye dt istnot fapishiely ingcqsennde form prlagaraiophs Ut at i ng
film6006. 20 A first doping process for adding an inpurity elenment that

i npar t thepefosgmossiblsrid pertpim manpigctuagbg sanplesprapess §€ps-conduct or | ayers is
performed next. Conductive |ayers 6010 to 6012 are used as nasks agai nst

t he i nmpuri tyAebssodilin 6601 ist foemednpurant ipsula@igpndsarte 600bmneld froman material
self-aligning manner. Boron (B) and the like are typically used as the

i mpur i §ych & @ERNsIddMBdhapdBahicOndudtdBy &9 BOOT td BOGY a goke insTRtih Flm! &W6PNS
are formed by ion doping 54 0 3 JAN 2606 using di borane (B2146) here, and

they | MR E4NAuRADE BIYeFPE0FPNatt S0U8Nark NBerS BIMREQAIYRSRR i RYE™A f accordance

with Embodiment 4. The conductive layers 6007 and 6008 are shown here as a laminate

structure, but a single layer structure may also be used without any particular problems.
Next, as shown in Fig. 22B, a mask 6009 is formed from resist, and a first etching
process is performed. Anisotropic etching is performed in Embodiment 4 b& utilizing
15 selectivity due to the material properties of the laminate structure conductive layers.
However, it is not particularly necessary to form regions that become overlap regions here,
and therefore normal etching may be performed. A region that becomes thinner by an
amount on the order of 20 to 50 nm due to etching at this point is formed in the gate insulating

film 6006.

20 A first doping process for adding an impurity element that imparts p-type
conductivity to the island shape semiconductﬁr layers is performed next. Conductive layers
6010 to 6012 are used as masks against the irhpurity element, and the impurity regions are
formed in a self-aligning manner. Boron (B) and the like are typically used as the impurity

element that imparts p-type conductivity. The impurity regions are formed by ion doping
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set from 2x1020 to 2x1021 atonms/cnB. The resist mask is then renoved, and
the state of Fig. 22C is obtained. Mnufacturing then co 13 E@Sg@%e
accordance with the process steps fromFig. 7B onward in 0 nt 4.
Note that it is preferable that a structure which is the reverse of the EL
el ement structure shown in Enbodi nent 4 be fornmed in Enbodi nent 5 because
the TFTs formng the pixels and the peripheral driver circuits are

p- channel TFTs. That is, the pixel electrode 5032 of Fig. 7B used in
Enbodi ment 4 is formed by a transparent el ectrode and used as an EL 10

el enentsiggdidberank i{Badgiteicp and tiktimpufityrvinpentatioklvithayde semicoafiatert layags is
electrode is formed from a material such as MjAg, and used as a cat hode of
t he ElLsetlfemeptio*Lioghtioferangéatl in the EL element is therefore enmitted
toward the substrate on which the TFTs are formed with this structure. 15

[ Enbodi ment  §he TRSjs(T Fr;[éskstmr URéH MeR@vbdle afl | 6T sibiel 681 Fig. It tilR€oblatiRls are
TFTs having a nornmal single gate structure in the processes shown in

Enbodi FEhea %turﬂlﬁtthgﬁ"@orﬁfﬁgfur a:%cB}’cﬁﬂE% QRnRY gf@eeostgﬁ £om' 18 m%ﬂwlam pg TFTs |

vvlth S ures havi n gate ectro san vvlchlng active
?e f“%s sho in F| g. 24C An epr anat| on of a process of 20
f aEPhPdimen xpl ai ned bel ow. A conductive filmis formed froma
conductl ve material .on a substrate 7001 nade  fraom barium_borgqsiljcate
gl ass, al uni NethBIRbAS Isi Rraterably Hag 2 Fructye whigh is fheprererse f @w% glemshh.
#7059 gl ass or #1737 glass, and a |lower gate el ectrode 7002 is formed by

pat t er sfrusturashewovm Enbedimant 42¢AormedineEmbedimsnis bedassd the THlyifomming tae
pl aced on the material used to formthe 55 0 3 JM 2006 | ower gate

el ect r potels gdottictgtiphbal dritved sirauits carel q:ccthaueelrfﬁf’&rl dhat Matler pides ekotrhdas Ta .
and W are typically used.
5032 of Fig. 7B used in Embodiment 4 is formed by a transparent electrode and used as an EL
10 element anode. In addition, after forming an EL layer, a reflecting electrode is formed from
a material such as MgAg, and used as a cathode of the EL element. Light generated in the

EL element is therefore emitted toward the substrate on which the TFTs are formed with this

structure.

15 [Embodiment 6]

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

20 menufacture is explained below.

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

in Fig. 24A. There are no particular limitations placed on the material used to form the
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A first insulating film7003 is fornmed next. The first insulating film 7003
is formed wth a thickness of 10 to 50 nmusing silicon Q}?qﬁ%@gﬁﬁ 5 The
surface at the time when the first insulating film 7003 is for %S
unevenness as shown in Fig. 24A, caused by the | ower gate el ectrode 7002.
Considering later nmanufacturing processes, it is preferable to perform

| eveling of the unevenness. CMP (chem cal nechanical polishing) is used as
a leveling nmeans here. CVMP is one nethod for obtaining a dense, snooth
surface by perform ng chem cal processing of the surface of an 10 object to
be pol ilehadatheleitnepet heovidedfthatdt isna aondugkdye tatepial. i Watstials spchaardTa Aeh W
perform ng mechanical polishing. A silicon oxide filmor a silicon

oxyni t mredigpicallyrusesl. f ormed as a leveling film 7004 having a thickness of
0.5to 1 mon the first insulating film7003. A m xture in which funed

silica parti o gt aRhRting#laY00H & Fhed BGAMPPRE Hit® hsfatia) A @003 N PHhe€ gas
are di spersed 15 in an aqueous KOH solution, for exanple, may be used as a

VP polyiafl f@8RNE 10%h S0 udifls sifibh bENAKURO 111 m 704, An amount on the

order of 0.5 to 1 .tm1s renove romthe surface of the leveling film

7004 by pol 1 ﬁ%@gg%etargt (& imel \égltilep ﬁmgzn%g%%g?ﬁﬁqqﬁaﬁ %t e:ecil $ﬁsvr@ﬁe%tﬁ]%1§;:g§ hen

surface is levéled is thus obtai ned,

be formed . in accqrda with odi nent 4, form ng peripheral circuits and
20 pi x&f sSho¥ife oy 2 &Pﬁ@@ﬁggo&ﬁe /o o8 geéwoa? el0Poddonsidaripg later gat e
el ectrodes that overlap, sandw ching an active |ayer. For cases in which a
qui ck  MEBEEBINgs pepRsptal s meferbls tavpeHoami leedlinggot ithec uhewennessgn &IMP may -
be input to both the |ower gate el ectrode 7002 and the gate el ectrode

7006. Bshemipaltméahgnichiepadmhingyisqusadl ak atlevdlimizhmedns hgat e GMBdJ$ poclasthddefod 3 AN
2006 depletion of the channel region in the active |ayer advances quickly,
the el ebtaitifig fal dnde, AiREH surflei by byrfbihe aB&RicaPPbctRMgebfeh suffaddlbf aRt

capacity can be raised. The qui ck response
10 object to be polished, making the surface in an easy to polish state, and then performing
mechanical polishing.
A silicon oxide film or a silicon oxynitride film is formed as a leveling film 7004
having a thickness of 0.5 to 1 pm on the first insulating film 7003. A mixture in which
_ fumed silica particles obtained by thermal decomposition of silicon chloride gas are dispersed
15  in an aqueous KOH solution, for example, may be used as a CMP polishing agent (slurry) to
the Jeveling film 704. An amount on the order of 0.5 to 1 um is removed from the surface of
| the leveling film 7004 by polishing with CMP, leveling the surface.
A state in which the surface is leveled is thus obtained, as shown in Fig. 24B. TFTs
may then be formed in accordance with Embodiment 4, forming peripheral circuits and
20  pixels.
The TFTs manufactured here have gate electrodes and lower gate electrodes that
overlap, sandwiching an active layer. For cases in which a quick response is demanded,

such as with switching circuits, signals may be input to both the lower gate electrode 7002

and the gate electrode 7006. By inputting the same signal into both the gate electrodes,
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characteristics can thus be expected. On the other hand, for cases in which
uniformty of characteristics or a low off leak 5 current is denanded, as
wi th pixel portion driver TFTs, signals may be input to thggate el ectrode
while the lower gate electrode is held at a certain fixed eﬁéﬁf‘%}@gg
potential. The term certain fixed electric potential denotes an electric
potential such that the TFT is reliably kept in an off state when the
electric potential is applied to the gate electrode of the TFT. Typically,

the | ower, gate.el ectrode i.s connected.to a. low electric potentjal siLde
bower *LEIFEE e RAPoR Toailn i Herartive 1% Symies Atk e elecl bl sHec
connected . to a high electric potential power source such as VDD if the TFT
i s a piehdHkdncrepses, ppd thy sleghisecuring gapagiyncambe Haised, 5| The awick Hesporseshoal d
vol tage can be reduced when conpared to TFTs having structures that do not
posses shaadtenstics gait dhuebecxpasttd. I n addition, this is effective because a
reduction in the off leak current can also be anticipated. 15 [ Enbodi nent

7] A sem conGuchebtigeand fof cdsbeinpwisk ninifonnieNbdi ciursutdtisties appldve diftleak
fabrication of a display device used for various el ectronic equi pnent.

Such eb@ednt Q8 idenRASD B NYith Pt GRSIch A BPIE si%x\%@.rt'ﬁﬁ& ib@ﬂnb&rm ih@'z%ate
(el ectroni c notebook, nobile conputer, portable tel ephone, etc.), a

v deo, PR RIChOLoly SATENA BRHRAN TSRS RtOlaE! She i
o R BRSBTS ©
Tabr | it PbrPLb st o Bne eafiopBPRBFIUBb0S B (& R eas0geRTage b Igs a
vi deo canera which is constituted by a main body 3011, a display portion
3012, 3awnrisalb tha lepir gpisraléatiedgdrlGmnagied pep dow slechini pasentzb side pawisnseuwes
3015, an i mge
10 such as VSS if the TFT is an n-channel TFT, and is connected to a high electric potential
power source such as VDD if the TFT is a p-channel TF1. In this case, dispersion in the
value of the threshold voltage can be reduced when compércd to TFTs having structures that
do not possess a lower gate electrode. In addition, this is ef_féctivc because a reduction in the
off leak current can also be anticipated.
15
{Embodiment 7]
A semiconductor device of the present invention can be applied to fabrication of a
display device used for various electronic equipment. Such electronic equipment includes a
portable information terminal (electronic notebook, mobile computer, portable telephone, etc.),
20  avideo camera, a digital camera, a personal computer, a television, a portable telephone, and
the like. Figs. 23A to 23G show examples of those.
Fig. 23A shows an OLED display which is constituted by a housing 3001, a

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

the present invention can be applied to the fabrication of the display portion 3003.
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receiving portion 3016, and the like. The sem conductor device of the
present invention can be applied to the fabrication of trmﬂ émqﬁmgortion
3012. 5 Fig. 23C shows a not ebook personal conputer which is const ted by
a main body 3021, a housing 3022, a display portion 3023, a keyboard 3024,
and the |like. The sem conductor device of the present invention can be
applied to the fabrication of the display portion 3023. Fig. 23D shows a
portable information termnal which is constituted by a main body 10 3031,
a stylus 3032, a display portion 3033, an operation button 3034, an
external int &is 238 showss, videnicantsa whigh is Thestitelpdl byrdneindedndfiba dsplahe
present invention can be applied to the fabrication of the display portion
3033. PFpgionZBE2 shrovsliairpoupsition PO woiopgratiys switch 3ldc i batal 391 3rRndmagehi cl e
audi o apparatus, which is constituted by a main body 3041, a display

por ti ofec3B4iZy peien 30i6mndthe Ei.t ChiRSsedldsndandr 384 ofahél ptdientlineatiod Ben
sem conduct or devi ce of the present invention can be applied to the

fabrlC%Ehﬁﬂléaftottﬁ@fa@hémoff%f@w&b Odidn 30@gli tional ly, although the
on-vehicl € audi o apparatus is il rated 1n this exanple, the invention

canzal so be ?;?a%(?(ﬁ:;toghoa/s 1?({{% Ik%e?JonFP @g&%ﬁ‘l‘dﬂ 9 C&Bgﬁ%ﬂ% %%{l@llg bg&gpl ay

shoms a d|g| caner a I'S ‘cons by a marn

20 por 3052 ey ece ortl 3053, . an .o at i C 54, a
i spi a505h &1 et 208058 FRIFLFBRR 35, glf?ab?ﬁe Bl andhelil coibct or
devi ce of the present invention_can be plied to the taercatlon of the
di spl ayerﬁﬁpﬂii‘&‘rﬁor(d&)w%%zhwsmﬁ EgnHoR s3n @bmhﬁﬁ te e fabmestiopiof thexdigplayows a
portabl e tel ephone which is constituted by a main body 3061, an audio

out put ppaioniA333062, an audi o i nput portion 3063, a display portion 3064,
an operation 58 0 3 JA N 2006 switch 3065, an antenna 3066, and the I|ike.
The sem condifig. @3Ddshvingar mirtablanfureadod terminabwhichns caikstingcdppliedn body he
fabrication of the display portion 3064.

10 3031, a stylus 3032, a display portion 3033, an operation button 3034, an external interface
3035, and the like. The semiconductor device of the present invention can be applied to the
fabrication of the display portion 3033.

Fig. 23E shows a sound reproducing system, specifically an on-vehicle audio
apparatus, which is constituted by a main body 3041, a display portion 3042, operation

15 switches 3043 and 3044, and the like. The semiconductor device of the present invention
can be applied to the fabrication of the display portion 3042. Additionally, although the
on-vehicle audio apparatus is illustrated in this example, the invention can also be used for a
portable or household audio apparatus.

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

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

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

audio output portion 3062, an audio input portion 3063, a display portion 3064, an operation
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Note that, the exanples set forth above are nerely exanpl e@gamlg tﬁ%"@@‘
present invention is not limted to these applications. In the [igh
emtting device of the present invention, the pixel portion and the driver
circuits in the periphery are fornmed as integrated by using TFTs of the
sanme conductivity type. A portion of the doping process can be elimnated,
and-in addition, the number of masks can be reduced, which contributes to
an i ncr &&ieh 3A63,ham@giepua 3806, and dbludikiconThe semidondud6r Haviaeldift theprescne
light emtting device of 'the present invention possesses a novel structure
cor r espinveitien ¢an be dpphédstorthe faveichosh ofne dtsbﬁy;fgahmga%anpl itude of signals
for driving the pixels can be nmade snmaller. This contributes to a
reduction in Nog @la€Citel é‘xaﬂ%ﬂ@d setcﬁi}ﬁp%&660Qreoﬁle}%ft%}dlaglgic(§,e%&tﬁlggbrgfe\ﬁ't Ce.

59 0 3 JINN 2006 WHAT IS CLAIMED'1S: 1. Alight e evi ce conprising

a plur aiﬂvEﬁ(ﬁcﬂIis%f‘ﬁﬂnftcdm&eé '11851@*}13“ t he pi xels has a source signal
line, a gate signa Ine, a c PrEn Supply line, a switching TFT, a driver
TFT,.a light emtting elenment, and a voltage conpensation circuit
conprising a bootstrap circuit; the switching TFT, the driver TFT, and the
vol tage conpepsation circuit are structured using TETs of the sane -
conductivity F&/‘g‘é light erpiting levies ehthedieseRbingoptics ihsgpizg pordomand theidsiyer v
connected to the gate signal line; an input electrode of the switching TFT
i s el ectirtuitslih yhecmipbay et foomedes mirgratel bysugnm THIE pétheasame womlnctiahyeiype.ode
of the switching TFT is electrically connected to a gate electrode of the
driver Prdortiamof thpdbpieg ericcadan bt etilnénachd] MeY in Blditivs, the awhbdr ofiiaykscanect ed
to the current supply ‘
reduced, which contributes to an increase in throughput and a reduction in costs.

10 In addition, the light emitting device of the present invention possesses a novel
structure corresponding to a bootstrap method, and the voltage émplitude of signals for
driving the pixels can be made smalier. This contributes to a reduction in the electric power

consumption of the light emitting device.
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an output electrode of the driver TFT is electrically connected to one

el ectrode of the light emtting elenent; and the voltage coﬁﬁk@ggtg_
circuit is electrically connected to the output electrode of the swtching
TFT and to the gate el ectrode of the driver TFT. 2. A light emtting device
conprising a plurality of pixels, wherein: each of the pixels has a source
signal line, a gate signal line, a current supply line, a switching TFT, a
dri ver VHTATAS LgtMEMS:ti ng el enent, and a voltage 60 0 3 JAN 2006
conpensation circuit conprising a bootstrap circuit; the switching TFT, the
driver TFT, and the voltage conpensation circuit are structured using TFTs
of the sanme conductivity type; a gate electrode of the switching TFT is

- electrically ¢onagghesnfitn &@ri&%ﬁaepzitsg%aalpmm ixdhd, Stef@ge of the

switching TFT is electrically conn to the source signal line; an
out put el ectr ] i T1hs. €l .Lcald cgﬂg gate
el ectrode of ?%g Og&?%/@rgelgﬁﬁ%ggdﬁﬂ (%nspgl%al gﬁ%’% ?a g%%bg? l]tn%’ea r \?lg%&%%ﬂ?eg
el ectricall.y.con ted to current .supply line; . an t put el ect.rode of
The ar i ey P £rPe APT, S il dmiirble Yo 8o & rlhel GorteRlipf oh
enitting.eLenent;_the vol t age conpensation circuit is electrically
connect EUCHLCUMIISHE HPROTBCEFBGe of the switching TFT and to the gate
el ectrode of the driver TET; and the voltage conpensation circuit anplifies
or transfor mstheh#witghing Tlide thet d8ygnBFE andphet voliagm commensgsion @fcadtarede of
the switching TFT, and inparts the anplified or transforned signals to the
gat e el etrwatodd usihg fllds df thesamd Ednductivity type;
a gate electrode of the switching TFT is electrically connected to the gate signal
line;
an input electrode of the switching TFT is electrically connected to the source
signal line;
an output electrode of the switching TFT is electrically connected to a gate
electrode of the driver TFT;
an input electrode of the driver TFT is electrically connected to the current supply
line;
an output electrode of the driver TFT is electrically connected to one electrode of
the light emitting element; and

the voltage compensation circuit is electﬁcally connected to the output electrode

of the switching TFT and to the gate electrode of the driver TFT.
2. Alight emitting device comprising a plurality of pixels, wherein:

each of the pixels has a source signal line, a gate signal line, a current supply line,

a switching TFT, a driver TFT, a light emitting element, and a voltage
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3. Alight emtting device conprising a plurality of pixels, wherein: each
of the plurality of pixels which is scanned in a nunber in row (where inis
a natural nunber, and 1 < n) has a source signal line, a gatd}@i%?@ﬁ[ﬁne
scanned in the nunber in row, a current supply line, a swtching a
driver TFT TFT, a light emtting elenent, and a voltage conpensation
circuit; 61 0 3 JAN 2006 the switching TFT, the driver TFT, and the voltage
conpens adipensetigicaiidquitaomprising adtootsgdp agcuig TFTs of the sane conductivity
type; the voltage conpensation circuit has a first TFT, a second TFT, a
third TFT, a fher stitchd@pa®T] die, ddnd AFS.eaa theCoflagt t@hipedsagioh ecikuicdré ode of

the switching TFT is electrically connected to a gate signal line scanned
in the pgidekduBing QWIs 8fthe IRME cEhRielilRIgpef the switching TFT is
el ectrically connécted to the source 'si'gnal |ine; an output el ectrode of

the sw tching j [.Cal: gpﬁfﬂf& . i ty.nd t he
first capaci t%;g;gt-gaé 1§Cg§g§§f (anee%'%llﬁ%u 0 '? %@gﬁl?%ls’ {dg%gcgf% gdr&llgséageﬁg tfrli cally
connect ﬁd tothe first electrode of the second capacitor; a second

el ectr od€®of the second capacitor is electrically connected to the current
supply line; a gate electro of the first TFT (s _electrically connected to
a gate signal @ %ﬂﬂ-’r‘t egeégﬁﬁtlﬁeﬂgﬁf? - ;rFi‘n‘? electigaly sAnRGeHG: oethe SPPE8e of

the first TFT is electrically connected to the gate signal |line scanned in
t he nunBigpalilme; ow; an out put el ectrode of the first TFT is electrically
connected to the first el ectrode

an output electrode of the switching TFT is electrically connected to a gate

electrode of the driver TFT;

an input electrode of the driver TFT is electrically connected to the current supply
line;

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

the voltage compensation circuit is electrically connected to the output electrode
of the switching TFT and to the gate electrode of the driver TFT; and

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

transformed signals to the gate electrode of the driver TFT.

3. Alight emitting device comprising a plurality of pixels, wherein:

each of the plurality of pixels which is scanned in a number m row (where mis a
natural number, and 1 < m} has a source signal line, a gate signal line scanned in the
number m row, a current supply line, a switching TFT, a driver TFT TFT, a light

emitting element, and a voltage compensation circuit;
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of the first capacitor; a gate electrode of the second TFT s electrically
connected to the gate signal line scanned in the nunber (B}&l}ﬁﬁ%&)@ﬁﬂﬁan

i nput el ectrode of the second TFT is electrically connected to the gate
signal line scanned in the nunber in row, 62 0 3 JAN 2006 an out put

el ectrode of the second TFT is electrically connected to the second

el ectrode of the first capacitor; a gate electrode of the third TFT is

el ectrically tensvatheg 1651t He duvgutFEl act thedeltagé dohgpessative hiinegit HET; an

i nput electrode of the third TFT is electrically connected to the current

suppl y ktringured@nsiaf Tpws ofthe simedénduktitvinetypdi rd TFT is el ectrically connected
to the second electrode of the first capacitor; a gate el ectrode of the

driver TFT i stughefhdd Gldehs#RARGEHEHad PitPErOUl RUbnETRE L RAE TFOf o fiRke first
TFT and to the gate el ectrode of the third TFT;, an input el ectrode of the

driver i | connected to the current supply line; an output
gégpﬁgfftérf ﬁ%?ﬁéab&?‘&lpéﬁl@&

electro driver I'5 electrically connected to one el ectrode of
the light emtting,ele - and .t.he l. t .C ensation circuit lifies
or transfor rrsatgﬁtgggeﬁ%??e?‘ﬁtcfge ng}flﬁ%ﬁg 15 ag‘gﬂfﬁ&pc(?ﬁ?‘ﬁ%&orﬁﬁﬁe %g%aéﬁggde of
t he switchi%g.T T, apd inparts the anplified or transforned signals to the

gat e el EAOPEHI 19F "WRHRCTIR WY TFT. 4. A light enmitting device conprising a

plurality of pixels, wherein: each of the plurality of pixels which is
scanned in a #umbef eleﬁtrqadﬁ,\pﬁ thseyvatqhing $F3 is electrically connected to the source

signal line;

an output electrode of the switching TFT is electrically connected to a first
electrode of the first capacitor;

a second electrode of the first capacitor is electrically connected to the first
electrode of the second capacitor;

a second electrode of the second capacitor is electrically connected to the current
supply line;

a gate electrode of the first TFT is electrically connected to a gate signal line
scanned in a number (m-1) row;

an input electrode of the first TFT is electrically connected to the gate signal line
scanned in the number m row; |

an output electrode of the first TFT is electrically connected to the first electrode
of the first capacitor;

a gate electrode of the second TFT is electrically connected to the gate signal line
scanned in the number (m-1) row;

an input electrode of the second TFT is electrically connected to the gate signal

line scanned in the number m row;
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natural nunber, and 1 < n) has a source signal line, a gg@ﬁ ji%nal l'ine
scanned in the nunber in row, a current supply line, a vt 4 n&']ﬁﬁFT, a
driver TFT, a light emtting elenment, and a voltage conpensation circuit;
the switching TFT, the driver TFT, and the voltage conpensation circuit are
structured using TFTs of the same 63 0 3 JAN 2006 conductivity type; the
vol tage conpensation circuit has a first TFT, a second TFT, a third TFT, a
first capaci emoptpahglestredr ohthecsgrand (IGT: isaelgeitienlyl enteadd toftha kaosdi t chi ng

TFT is electrically connected to a witing gate signal line scanned in the
nunber elecowde efithé fiptitapatieat r ode of the switching TFT is electrically
connected to the source signal |line; an output electrode of the sw tching

TFT is el ectrhGalel Ject@BO8E iHRUAME T 1f islefdetri@lIfehbARPR A thd8uthitt Gécto@paci tor;
a gate electrode of the first TFT is electrically connected to a witing

gate si QPﬁ{estiﬁcHﬁ ggghned in a nunber (m 1) row, an input electrode of the
first TFT Is e ec#ricélly connected to the gate signal line scanned in the

mber in. . . f the .fi ' | ical |
Connect ed 1 o thifthr PR PO TR s 0Tl ompiclod 8B S5 6B ¢ 0ae

of the second TFT is electrically connected to the witing gate signal
line scdfifred in the nunber (m1) row, an input el ectrode of the second TFT

is electrically connected to the gate signal |ine scanned in the nunber in
row an output electrode of the third TFT is electrically connected to the second

electrode of the first capacitor;

a gate electrode of the driver TFT is electrically connected to the output electrode -
of the first TFT and to the gate electrode of the third TFT;

an input electrode of the driver TFT is electrically connected to the current supply
line;

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

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

transformed signals to the gate electrode of the driver TFT.

4. Alight emitting device comprising a plurality of pixels, wherein:

each of the plurality of pixels which is scanned in a number m row (where m is a
natural number, and 1 < m) has a source signal 1ine, a gate signal line scanned in the
number m row, a current supply line, a switching TFT, a driver TFT, a light emitting
element, and a voltage compensation circuit;

the switching TFT, the driver TFT, and the voltage compensation circuit are

structured using TFTs of the same

63




an out put el ectrode of the second TFT is electrically connected to a second
el ectrode of the first capacitor; a gate electrode of the third TFT is
electrically connected to the output electrode of the switching TFT; an

i nput el ectrode of the third TFT is electrically connectedﬂ@oggﬂ Eﬂ@sure
gate signal line scanned in the nunber mrow, 64 0 3 JAN 200 out put

el ectrode of the third TFT is electrically connected to the second

el ect r odendoftivihetypé;r st capacitor; a gate electrode of the driver TFT is

el ectrically connected to the output electrode of the first TFT and to the

gat e el ect r odgeablthdrecoitenshtibh Tirc@inhaspfiist EFEG deoste]l DF T, tahBird TEVEL fitkET i S
electrically connected to the current supply an output el ectrode of the

driver Tipheitsr, Slesidcbsdbdpyciepnnected to one el ectrode of the Iight
emtting el enent; and thé voltage conpensation circuit anplifies or

t f th | ' : ' ' |.ect f th
swi Lot ng T SRt e pE SR, T TRV LIELA R OBl o BRI PEe D

gate electrqde of the driver TET. 5. A light emtting device according to
clain1BFgWNgwgﬁﬁMPﬁgn}&??Pm@gﬁgngbr is a capacitance between the gate

el ectrode of the thiyd TFT, _and the. in .electrode or the output

el ectrode of ?rhéﬂpelﬁieieatrertifr?f ﬁi.e vifg ?ﬁiﬂ% elashicaly icernesied dp dha gOWSe ¢l ai m

4, wherein the first capacitor is a capacitance between the gate el ectrode
of the sBPAdU®FT, and the input electrode or the output el ectrode of the
third TFT. 7. Alight emtting device according to claim3, wherein the
first capacitar outpuh elactapde iof dhe svwiohsii THT ad adcirically comnestedilts as@iséct ed
fromthe group consisting of an active
electrode of the first capacitor;
a gate electrode of the first TFT is electrically connected to a writing gate signal
line scanned in a number (m-1) row;
an mput electrode of the first TFT is electrically connected to the gate signal line
scanned in the number m row;
an output electrode of the first TFT is electrically connected to the first electrode
of the first capacitor;
a gate electrode of the second TFT is electrically connected to the writing gate
signal line scanned in the number (m-1) row;
an input electrode of the second TFT is electrically connected to the gate signal
line scanned in the number m row;
an output electrode of the second TFT is electrically connected to a second
electrode of the first capacitor;
a gate electrode of the third TFT is electrically connected to the output electrode
of the switching TFT;

an input electrode of the third TFT is electrically connected to an erasure gate

signal line scanned in the number m row;
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| ayer material, a gate electrode material, and a wiring rrgégargmwﬁ d an
insulating film between the two materials. 65 0 3 JAN 20 ; Ai} ght
emtting device according to claim4, wherein the first capacitor is a
capacitance constituted of. two nmaterials selected fromthe group
consisting of an active l|ayer material, a gate electrode material, and a
wiring material; and an insulating film between the two materials. 9. A

| i ght emittingndeNpudeclentrode difnget third| B ig elasharally rconhectedta dlage senoptli t ude

- of signals input to the input electrode of the switching TFT fromthe

sour ce slegtrade ofi thefirss capaqisad, to or | ess than the vol tage anplitude of
signals input to the gate electrode of the driver TFT. 10. Alight emtting

devi ce accor diRgtetedectiload BT e dtVEF BFT i Si6ctMOAlyadRnadi®Y ot tHe Butpf clsdt@aa! S
input to the input electrode of the switching TFT fromthe source signal

line is ragual:t g{dtloqﬁigg@@@c&%%g?%gﬁl itude of signals input to

the gate electrode of t driver ight emtting device

a . dri'ver “THT i ght ng devi
The i nput ol ot Pk dsp R alk e miBIER PRI 0P8l BetiRaR SPRY' °

equal tog. or less than the voltage anplitude of signals input to the gate
el ectrod®®of the driver TFT. 12. A light emtting device according to
claim4, wherein the voltage arrglitude of signals input to the input

el ectrode of EREUDH elesirads of thre duivmn s slagirically copnerte ity eng glectirflett t o or
| ess than the voltage anplitude of signals input to the gate el ectrode of
the drithelighremittiog eBBednan@000
the voltage compensation circuit amplifies or transforms the amplitude of signals
input from the input electrode of the switching TFT, and imparts the amplified or

transformed signals to the gate electrode of the driver TFT.

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

output clectrode of the third TFT.

6. A light emitting device according to claim 4, wherein the first capacitor is a
capacitance between the gate electrode of the third TFT, and the input electrode or the

output electrode of the third TFT.

7. A light emitting device according to claim 3, wherein the first capacitor is a
capacitance constituted of: two materials selected from the group consisting of an active
layer material, a gate electrode material, and a wiring material; and an insulating film

between the two materials.
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13. A light emtting device according to claim1, whereifh 2@ the
plurality of TFTs of the same conductivity type structurlndﬁg?

signal line driver circuit, a gate signal line driver circuit, and the
plurality of pixels has: a |lower gate electrode; a first insulating film
formed contacting the |lower gate electrode; an active |ayer forned
contacting the first insulating film a second insulating filmfornmed
contacting th& aAtligheetittieg dedodaccardiag & elage i edlercirothnedstoapacnt ing t he
second insulating film the active |layer has a channel form ng region; and
t he gat eamelRaice @destamed bhe thwwaitedat ecledted foatBe at Riplloasisthd & MOgtive ons
such that they overlap, through the channel formng region. 14. A |ight

em tti n%y@?ﬁia?e@laﬁcé:%é@'&&tfoﬁe GhaAbia1 2 an A& fin maeﬁtt aha tahqnahm@g: fily of
TFTs of the same conductivity type structuring a source signal 1ine driver

'CIFCUIt ne driver circuit, and the plurality of pixels
has: ‘(e)tgvx‘/faergl(ﬂhgttz}ogll%uar Arl%de a first insul at| ng filmformed contacting the

| ower gate el ectrode, an active layer forned contacting the first
insulating film a second insulating filmformed contacting the active
| ayer; and a gategglectrode formed contacting the second insulating film
the active | aferAHight smiHag deyice S?Q?Ffﬁgg teatatm . shgrei thegurltage poplidde and
the |lower gate electrode are placed in positions such that they overlap,
t hr oughof pignalh v ko therinpuiglactrgilo af theawishing THgfromethe seurmg sigasl lins is
according to claim3, wherein: each of the plurality of TFTs of the sane
conduct egudl yto toypassthatmdtewoltage amptitdeeof sSgrgisainplii tmeﬂ]drgatﬁeelectrcrdemﬂﬂ‘tea gat e
signal line driver circuit, and the plurality of pixels has:

driver TFT.

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

driver TFT.

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

driver TFT.

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

driver TFT.
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a lower gate electrode; a first insulating filmformed conbacti ng the | ower
gate electrode; an active layer forned contacting the fir tJ gjﬁ%@g@ ng
film a second insulating filmformed contacting the active layer; and a
gate el ectrode formed contacting the second insulating film the active
| ayer has a channel form ng region; and the gate el ectrode and the | ower
gate electrode are placed in positions such that they overlap, through the
channel formng region. 16. A light emtting device according to claim4,
wherein: each of the plurality of TFTs of the sane conductivity type
structuring al%ouAdight enigigl deviceacebrtiingho €lalre U] ¥herdingat € signal |ine driver
circuit, and the plurality of pixels has: a |lower gate electrode; a first
insul ating fitamfdrARgheany 3EIFTY ot ik sONEEoRESVIB 6t kRAGurin@R Bkt Ve
| ayer formed contacting the first insulating film & second insulating film
f or med [ ct| , : .contacting
t he secgﬁgaﬁﬁ{selﬁl?l g’?‘fﬁg“?‘ i%%]é&gs{gﬁ%ﬁglgt(lﬁi&gr ch)}lgt? a@ggﬁ%ﬂgg%&&% %?%’ls'ng regi on;
and the gate el ectroFe anqﬁt gee Igv_ver gate el ectrode are placed in positions
such that they ovetiXfT B¢ RFSTER e he channel forming region. 68 0 3 JAN
2006 17. A light em §ting devi ccording to claim 13, wherein the gate
el ectrode and the |%§Hrlf§alrﬂen%ﬁ§e?wa&écgp‘%cwe@? %%ﬂaaéﬁﬁ‘é?fﬁrﬁga ed. 18. A
light emtting device according to claim14, wherein the gate el ectrode and
the | ower gate el ectirasiize taver Eiraed pontagting thohinemsalgting §Im:A | j ght emitting
devi ce according to claim15, wherein the gate el ectrode and

a second insulating film formed contacting the active layer; and

a gate electrode formed contacting the second insulating film;
the active layer has a channel forming region; and
the gate electrode and the lower gate electrode are placed in positions such that

they overlap, through the channel forming region.

14.  Alight emitting device according to claim 2, wherein:
each of the plurality of TFTs of the same conductivity type structuring a source
signal line driver circuit, a gate signal line driver circuit, and the plurality of pixels has:
a lower gate electrode;
a first insulating film formed contacting the lower gate electrode;
an active layer formed contacting the first insulating film;
a second insulating film formed contacting the active layer; and
a gate electrode formed contacting the second insulating film;
the active layer has a channel forming region; and
the gate electrode and the lower gate electrode are placed in positions such that

they overlap, through the channel forming region.
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the lower gate electrode are electrically connected. 20. /33 lgi?ht emtting
devi ce according to claim 16, wherein the gate el ectrode and - Mé 285ver gate
el ectrode are electrically connected. 21. Alight emtting device according
to claim13, wherein a fixed electric potential Vo is input to the | ower
gate electrode. 22. Alight emtting device according to claim 14, wherein
a fixed electric potential Vo is input to the |ower gate electrode. 23. A

| i ght em tting5.detilight aaittorgdienetaoccartimgie thjim dhehekim: a fi xed el ectric
potential Vo is input to the |lower gate electrode. 24. Alight emtting
devi ce accor deafy dfahe bhiralit} @f THIR it ganfid ¥@lluelieiot tybe spadtenid alsoMoe i S

input to the lower gate electrode. 69 0 3 JAN 2006 25. Alight emtting
devi ce geaardenBivercifdudl ApAd si\%\ﬂﬁlelﬁ{_%' dhivet Bgcdid XQPmepREA 6f PRERMab:al VO
satisfies an inequality VO < VthN if the plurality of FTs of the sane

conductivity type e el type conductivity and the m ninum
t hreshol d vol t age o?f‘o?ﬁgg%ﬁ%&?g thN; and the fixed electric potential Vo

satisfies an inequal .ty. VthP <.Vo.if the plurali of TETs qf the sane
conduct ity type ehlir ibifng A femeniSaPetidte v tittels  maxi mim
threshold voltage of the TFTs_.is WVthP. 26. A_light em {{ing device
according to clai m 3actiypiyer fprmed gontagting the @ESEHSEIE‘B%%&W% al Vo satisfies
an inequality Vo < VthN if the plurality of TFTs of the sane conductivity
type each has n- chah#rspnd inselating flre formedyconiagtingiibe apH vei laam amdr eshol d
voltage of the TFTs is VthN, and the fixed electric potential Vo satisfies
an inequality VthP &gifoclettrodeefophert edntacpingfthe sEEdis] ipfulstivg flame conductivity
type each has p-channel type conductivity and the

the active layer has a channel forming region; and

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

they overlap, through the channel forming region.

16. Alight emitting device according to claim 4, wherein:
each of the plurality of TFTs of the same conductivity type structuring a source
signal line driver circuit, a gate signal line driver circuit, and the plurality of pixels has:
a lower gate electrode;
a first insulating film formed contacting the lower gate electrode;
an active layer formed contacting the first insulating film;
a second insulating film formed contacting the active layer; and
a gate electrode formed contacting the second insulating film;
the active layer has a channel forming region; and
the gate eIectré)de and the lower gate electrode are placed in positions such that

they overlap, through the channel forming region.
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maxi mum t hreshol d voltage of the TFTs is VthP. 27. A Iightuswgﬂﬁ devi ce
according to claim23, wherein: the fixed electric potentia Osfies
an inequality Vo < VthN if the plurality of TFTs of the same conductivity
type each has n-channel type conductivity and the mninmmthreshold
voltage of the TFTs is VthN, and the fixed electric potential Vo satisfies
an inequality VthP < Vo if the plurality of TFTs of the sane conductivity
t ype each haslp-4& hghinanhittingpdevi@rdtociiing toycldamdl 3, néherammaiiengam ¢lbetaskahd
voltage of the TFTs is VthP. 70 0 3 JAN 20e5 28. A light emtting device
accor di dg lbaccgat sledbodenhesletticallynenhioted] el ectric potential Vo satisfies
an inequality Vo < VthN if the plurality of TFTs of the sane conductivity
type each has n-channel type conductivity and the mninmmthreshold
voltage of the TFTs is VthN, and the fixed electric potential Vo satisfies
an inequal ity v ' -l f: e tivity
type each has ! gp/}g Eﬁﬁtn%q%ﬂtléﬁp%é@%e%fgéﬁéﬁt t%Syc%au’rﬁldl {@epeﬁ%iqérﬁja%ea?ﬁggﬁ% %ﬁg '
vol t age ;of, the TFTs is.VthP. 29.. A light.emtting device according to claim
1, wher ékiler}oyvﬁ’ég%?ﬁﬁfu%%ﬁr? Flﬁfjmc%lg/‘?o@gg‘?%d'used for an el ectronic equi pment
selected fromthe group consisting of an electronic notebook, a nobile
conputer, a portable tel ephone, a video canera, a digital canera, a
personal conputer and a television. 30. Alight emtting device according
to claim2, wherdiightemitingdevieedoreiding togdaimcl, ivéiersie thef gate elacteddscamdoni ¢
equi pnment sel ected fromthe group consisting of an el ectronic notebook, a
mobi | e ¢donlpweegate elepoodesdnt elettelcalbhameected.vi deo canmera, a digital canera, a
personal conputer and a television. 31. Alight emtting device according
to claim3, wherein the light emtting

20. A light emitting device according to claim 16, wherein the gate electrode and

the lower gate electrode are electrically connected.

21. A light emitting device according to claim 13, wherein a fixed electric

potential Vy is input to the lower gate electrode.

22. A light emitting device according to claim 14, wherein a fixed electric

potential Vy is input to the lower gate electrode.

23. A lLight emitting device according to claim 15, wherein a fixed electric

potential Vy is input to the lower gate electrode.

24, A light emitting device according to claim 16, wherein a fixed electric

potential Vo is input to the lower gate electrode.
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device is used for an el ectronic equi pnent selected fromthe group
consisting of an electronic notebook, a nobile conputer, &SRMW
t el ephone, a video canera, a digital camera, a personal conputer anhd a
television. 32. Alight emtting device according to claim4, wherein the
light emtting device is used for an el ectronic equi pnent selected fromthe
group consisting of an 71 0 3 JAN 2006 el ectroni c not ebook, a nobile
conput er, a p2dF.t ablight ehigpizoheicecacuirdag tealain 8], whateigi t al canera, a
personal conputer and a television. 72
the fixed electric potential V| satisfies an inequality Vi < VthN if the plurality of
TFTs of the same conductivity type each has n-channel type conductivity and the
minimum threshold voltage of the TFTs is VthN; and
the fixed electric potential V satisfies an inequality VthP < Vy if the plurality of
TFTs of the same conductivity type each has p-channel type conductivity and the

maximum threshold voltage of the TFTs is VthP.

26. A light emitting device according to claim 22, wherein:

the fixed electric potential Vi satisfies an inequality Vo < VthN if the plurality of
TFTs of the same conductivity type each has n-channel type conductivity and the
minimum threshold voltage of the TFTs is VthN; and

the fixed electric potential V, satisfies an inequality VthP < Vy if the plurality of
TFTs of the same conductivity type each has p-channel type conductivity and the

maximum threshold voltage of the TFTs is- VthP.

27. Alight emitting device according to claim 23, wherein:

the fixed electric potential V satisfies an inequality Vo < VthN if the plurality of
TFTs of the same conductivity type each has n-channel type conductivity and the
minimum threshold voltage of the TFTs is VthN; and

the fixed electric potential V, satisfies an inequality VthP < V), if the plurality of
TFTs of the same conductivity type each has p-channel type conductivity and the

maximum threshold voltage of the TFTs is VthP.
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28. Alight emitting device according to claim 24, wherein:

the fixed electric potential V satisfies an inequality Vo < VthN if the plurality of
TFTs of the same conductivity type each has n-channel type conductivity and the
minimum threshold voltage of the TI'Ts is VthN; and

the fixed electric potential V), satisfies an inequality VthP < Vj if the plurality of
TFTs of the same conductivity type each has p-channel type conductivity and the

maximum threshold voltage of the TFTs is VthP.

29. A light emitting device according to claim 1, wherein the light emitting
device is used for an electronic equipment selected from the group consisting of an
electronic notebook, a mobile computer, a portable telephone, a video camera, a digital

camera, a personal computer and a television.

30. A light emitting device according to claim 2, wherein the light emitting
device is used for an electronic equipment selected from the group consisting of an
electronic notebook, a mobile computer, a portable telephone, a video camera, a digijtal

camera, a personal computer and a television.

31. A light emitting device according to claim 3, wherein the light emitting
device is used for an electronic equipment selected from the group consisting of an
electronic notebook, a mobile computer, a portable telephone, a video camera, a digital

camera, a personal computer and a television.

32. A light emitting device according to claim 4, wherein the light emitting

device is used for an electronic equipment selected from the group consisting of an
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electronic notebook, a mobile computer, a portable telephone, a video camera, a digital

camera, a personal computer and a television.
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