MA 2006 SEM CONDUCTOR DEVI CE BACKGROUND OF THE | NVENTION 1. Field of the

| nvention 5 The present invention relates to the structure oé? 9

sem conductor device. In particular, the present invention fes @% t he
structure of an active matrix sem conductor device having a thin film
transistor (hereinafter referred to as TFT) manufactured on an insul ator
such as glass or plastic. Further, the present invention relates to

el ectroni c equi pnent using this type of seniconductor device as a displ ay
portion. 10 2. Description g% 'Vﬂﬁﬁ devel opment of self-Iight
emtting display devices such as electro um nescence (EL) display devices
and FEDs (field em ssion displays) has becone active in recent years. The
advant ages of the self-light emtting display devices include their high
visibility, their ability to be nmade thlnner because a back light which is
necessary for liquid cryBA{KGROEING) Of: INVENTIONS) and the like is not
needed, and that there are al nost no Ilnltatlons on their angle of view
The t ednField ofiteeviventiondi cat es an el ement having a light emtting |ayer in
whi ch | um nescence generated by the application of an electric field can
be ®bt ai nedIheljresent Aiventidn Ghitesad tigsit@turd18Na Seiiidsiiuber Hevide bAnPaicalae, from
a singlet excitation state (fluorescence), 20 and |ight em ssion when

return m%@r&sénﬁmbéi&ﬁmsﬁe&fté% th rtHéT&tﬁl&Lfrb Bk &h a@ﬂ%‘ xR midoAbifctor device havipg
(phosphorescence) in the |ight enlttlng ayer, and a sem conduct or dévi ce

f th f
i ght BB MG HeRindFRY (URRRF 1S UETET) AR RLRLE B D BIRel iR RRh
sandw ched bet en. a palr of el ectrodes (anode and

- ot nodBes & MebtienAFlrth, (R FEsEh Ry S &5 WRGrom pauipraen uling ik B

of semiconductor device as a display portion.

10 - 2. Description of the Related Art

The development of self-light emitting display devices such as electroluminescence
(EL) display devices and FEDs (field emission displays) has become active in recent yeers.
The advantages of the self-light emitting display devices include their high visibility, their
ability to be made thinner because a back light which is necessary for liquid crystal display

15  devices (LCDs) and the like is not needed, and that there are almost no limitations on their
angle of view.

The term EL element indicates an element having a light emitting layer in which
luminescence generated by the application of an electric field can be obtained. There are
light emission when returning to a base state from a singlet excitation state (fluorescence),

20 and light emission when returning to a base state from a triplet excitation state
(phosphorescencc) in the light emitting layer, and a semiconductor device of the present
invention may use either of the aforementioned types of light emission.

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

sandwiched between a pair of electrodes (anode and cathode). A laminate structure having
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"an anode, a hole transporting layer, a light emtting |ayer, an el ectron
transporting |l ayer, and a cathode", proposed by Tang et al. of Eastnan
Kodak Company, can be given as a typical structure. Thi: F‘SWA cé® e has
extrenmely high efficiency light em ssion, and nost of t nts
currently being researched enploy this structure. 5 Further, structures
having the following | ayers lam nated in order between an anode and a
cathode also exist: a hole injecting layer, a hole transporting |ayer, a

s, Al o S B R SRR B,
I I A h
e SRRk o A0SR LA PRS0 U S

the 10 semi conguctor device of the present invention. Furthernore,

f 1 uor eSERHWep; n%t%w&lﬁfa has,extromagly hrﬁyefﬁlmgaqb Hehloyaissipnt adi mest| gfthe EL
emtting |ayer. | ayers formed in EL el enents between the anode and the
cat hodelegiea tsr@frenﬂbuelng)resgﬂn@d aaplby thassthigturteayer s” in this specification.
The aforenentioned hole injecting layer, hole transporting |layer, |ight
eniiting | afertherghtewitires hiviap SRofdlioddng Biyefs lamikhte] RCordONbAtReES hh Rfodd

| ayer are all included in the category of EL |layers, and |light emtting

el enenkisd & caH6AHISS et a BBledRREEng BYerth hbﬁx%ﬁp&nggeﬁgggfah%ﬂ?eﬁﬁﬁ%&{y@{ red

to as EL el enents. The structure of a pi xel em con

excamp 857 B4 Rafsbind 105, o o G PR et Y e iR 188 P2 o

. te || 502, tching TFT 503, 20
“ari ver eHAHRE ko S o EipR e R e 808 S CoR SRERUB U ar L PR i ¢

power sour ces 07 and 508. The connective rel ationship between each
por t i oAPvE- Sé%%ﬁf?aﬁ“ﬁ’éﬂ”es“rﬁ’éaﬁﬂi’?s epplayed hpedhe t BEnplemiest sgrugfiree used siuithe, and
a drain, but it is difficult to clearly differentiate the source and the
drii n sremigonslnstar slevise of fife prasemstinventiofine Fentidranos, ifbroresegya pdiments andidlat i vi t y
between the -2 2 6 MAY 2006

like may also be doped into the light emitting layer,

All layers formed in EL elements between the anode and the cathode are referred to
generically as “EL layers” in this specification. The aforementioned hole injecting layer,
hole transporting layer, light emitting layer, electron transporting layer, and electron injecting

15 layer are all included in the category of EL layers, and light emitting eleménts structured by
an anode, an EL layer, and a cathode are referred to as EL elements.

The structure of a pixel in a general semiconductor device is shown in Fig. 5. Note
that an EL display device is used as an example of a typical semiconductor device. The
pixel shown in Fig. 5 has a source signal line 501, a gate signal line 502, a switching TFT 503,

20  adriver TFT 504, a storage capacitor 505, an EL element 506, and electric power sources 507
and 508.

The connective relationship between each portion is explained. The TFTs have three

terminals, a gate, a source, and a drain, but it is difficult to clearly differentiate the source and

the drain here due to the TFT structure. The explanation regarding connectivity between the
-2_




el enments is therefore given with one el ectrode, the source or the drain,
referred to as a first electrode, and the other electrode referred to as a
second el ectrode. The terns source, drain, and the Iike§§$eﬁﬁ§eﬂ@ﬁhomever,
when gi vi ng expl anati ons about on and off states of the s, 't electric
potential of each termnal, and the like. 5 A gate el ectrode of the
swtching TFT 503 is connected to the gate signal line 502, and a first

el ectrode of the switching TFT 503 is connected to the source signal |ine
501. AcisRam i BhRfdrt QRnkith BRe SWLLGHY e SrgiAn t £pifk te
el ectrode of the drirvgr 'II'lFTl 5031.1@2 ?ﬁg%gf%%e?&gglg%ﬁﬂtﬁg‘%ﬁﬁgeag ?504

is con t e 1 C P r,source 50 and a.second el ectrode of
the dr i aroie o BBk R R BERY SFesnhd blocfBle. T S MERE R 6 s06.
The ot her. lgl ekctrode og t he EL, el enent 5?6 i,s connected to the electric
pover <8 Hhelikesisg use, Bowpysrawhen gl explangtiens; abopigmanck offistates wé the TS, gat e
el ectrode and the first electrode of the driver TFT 504, and stores the
vol t agdhbdestEe potepdal gf eachuigrmingk andthedkeof the driver TFT 504. If the

el ectric potential of the gate signal |ine 502 changes and the sw tching
TFT5503 15 A gatasleomodd dfethe awitthing TFTiS084s cannpettd totht ReteSQwaLBns5@Mahd | | ne
501 is input to the gate electrode of the driver TFT 504. The vol tage

bet ween £ifRRe eBatrédernd e AvitMML FFPT 5038 Gnhv@éd ?&Eﬁ%zeq apshlufie syouny of

el ectric current flowi ng between the source and the drain-of the driver TFT
504 (h j r i , ' I

accor daramRARod B B Sihcha T304 B PHBReRE s BLE RELELRAR dlflr T
.electrisgCcunr LS.S l.ied.to .el enent . 506, .20.which emts_|ight.
CTre 1 oPAecr b artAR b i HPE B i ekiERed B Bie PRt Y o

hi gher | ectri,c.field biJ]jty and a_larger on current than TFTs formed by
i g, 4RSS SIPie phiRalrie KT 0 i paomeead (R 0Bse Ay of Mok Rlemenby o

are suitable as transistors used in semnm conductor devices. -3 2 6 MAY 2006
10 506. The other electrode of the EL element 506 is connected to the electric power source

508. The storage capacitor 505 is connected between the gate electrode and the first

electrode of the driver TFT 504, and stores the voltage between the gate and the source of the
driver TFT 504.

If the electric potential of the gate signal line 502 changes and the switching TFT 503

15  turns on, then an image signal input to the source signal line 501 is input to the gate electrode

of the driver TFT 504. The voltage between the gate and the source of the driver TFT 504,

(o

and the amount of electric current flowing between the source and the drain of the driver TFT
504 (hereinafter referred to as drain current), are determined in accordance with the electric
potential of the input image signal. The electric current is supplied to the EL element 506,

20  which emits light.
TFTs formed by using polysilicon (hereinafter referred to as P-Si) have a higher
electric field mobility and a larger on current than TFTs formed by using amorphous
silicon(hereinafter referred to as A-Si), and therefore are suitable as transistors used in

semiconductor devices.
—3-




Conversely, TFTs formed by polysilicon have a problem point in that
dispersion in their electrical characteristics occurs easily due to
defects in their crystal grain boundaries. If there is di %r@%@n(ﬁgr pi xel
in characteristics such as the TFT threshold value and t ug nt when
the TFTs structure pixels |like the one showmn in Fig. 5 then thereis a 5
| arge difference in the amobunt of the drain current in the TFT in response
to the input image signal, even for cases in which the sane inage signal is
i nput, and idyu& I RFIS £6Hns i A I . 2| eprent s
506. In order tg%§g1$£T$ﬁis t?%gbgyﬂgg% P%%fpghggéﬁﬁégng%é%ﬁ?hgkmghég}ric
curren ied: the EL el epents, w thout dependence ypon the
TeT ondr et ey SHBRA AR BeuiCeaiyy Gu FEfisesss BLbeBPhaleL B bocaAien:
wite-in piﬁiﬁ% th%ﬁ can control the size of the electric current flow ng
in the EL el’elMEHt’s TSpersiaLperixe) dn charpeiarwicn speh anthe T dyeshald: walvsands
have thus been proposed. The - termelectric current wite-in denotes a

met hod thenomapeent syhennthe ST gtratturapiselstlike the soak shown iy Fip U, dkensihgreads 4 | nes
is input by electric current as opposed to the normal input by 15 anal og
or Hi gllargd diffskdnagdn thef amoait b the drhig ctedeneinCthe IFT 18l responke toCthE gt iﬁ’l@%]é)e
supplied to the EL elenents is set by a signal electric current on the

out si deignainevednfol dabiey dl @Rich@h& Sdnid ﬁnag&%’iéxﬁms ﬁlglﬁf EhPhlus tH@é'gu&eiﬁqtegéi&Y‘ﬁﬂ n the

pi xel s. This has the advantage that there is n i nfluence

di sper gieMpidhthelNSr thE F1 NAhaRL §6d. St 1 cs. Several exanples of typical electric
current wite-in pi erLs are shown bel ow, and 20 expl anations are given

di t hej t tion, h teristjics, A I f
CTyret st Puchipiief 18 SEAE SRR bicBlm F festR touel of elocRisc g grpde

signal line 601, first to third gate signal |ines 602 to 604, an electric
curr enf“p?ﬁ}ﬁﬁ I(??/ %l}el {':lie e@nts, Yrthouseependensgaipon the TFE gharsisastiesor Thewforan EL

element 611, and a signal electric current input current source 612. -4 2
6 NhY Yarags types of electric current write-in pixels that can control the size of the electric current
flowing in the EL elements, without being influenced by the TFT characteristics, have thus
been proposed.
The term electric current write-in denotes a method in which an image signal input to
pixels using source signal lines is input by electric current as opposed to the normal input by
15  analog or digital voltage information. The value of the electric current to be supplied to the
EL elements is set by a signal electric current on the outside, and an equivalent electric
current thereto is made to fiow in the pixcl;. This has the advaniage that there is no
influence due to dispersion in the TFT characteristics.
Several examples of typical electric current write—in pixels are shown below, and
20  explanations are given regarding their structure, operation, and characteristics.
An example of a first structure js shown in Fig, 6. The pixel of Fig. 6 has a source
signal line 601, first to third gate signal lines 602 to 604, an electric current supply line 605,
TETs 606 to 609, a storage capacitor 610, an EL element 611, and a signal electric current

input current source 612,
-4-
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A gate electrode of the TFT 606 is connected to the first gate signal line
602, a first electrode of the TFT 606 is connected to the source signal
line 601, and a second electrode of the TFT 606 is connected to: a first

el ectrode of the TFT 607, a first el ectrode of the TFT 6@f MAhLIEEfirst

el ectrode of the TFT 609. A gate electrode of the TFT 607 is connected to
the 5 second gate signal line 603, and a second el ectrode of the TFT 607 is
connected to a gate electrode of the TFT 608. A second el ectrode of the

TFT 608 | 46 cofibifa i ,
i's cABARCIEIddR of ke TFe 06! is 501?37‘ N é’ﬁ%"téaﬂe's Iagﬁg 6 ,g@hgsb 4

el ectrode of the TFT 609 is connecte he thir ate I'ne

and a t 9 i.s connected.to anode of. th L

ol enonciEpte 84 ETTACE0H: chlifectelitg e SHPRESERTNLE 6Eh BAAREeird Aieigdr of

el ectrqgde n input electrode of 10 the TFJ] 608, and stores the voltage
et wee e TELB08 T toaTiE & R sleeroseof HOGTFT Gha ks hcHod of e HLA08,
potentials are input to the electric current supply |ine 605 and a cathode
of t he 2Bf aiishelserarte1of tha T HTHE0S. woA Igateeclectrade whithe TEEL607ds potmetddab the
difference. Operation fromwite-in of a signal electric current to |ight
eni §si onacing gatp bignalelineu603) gmd A gEond AlethodEof el EF RGO i bomicaled toseghti t hi n
the figures denoting each portion are based 15 on those of Fig. 6. Figs.

7A 10 #ecabisvo HRCTFT G0BUT AGdtcoltd SMcSdReoPht GHT ¥08 [ Shnnddfed RPUR d1&ric
rel ati onship between the electric currents flowing in each pathway during

wr i t e- iciirrft suBly 1fiedB! A ﬁ@&l@&t?o&%frtﬁggﬂaﬂglgri%:%(gnﬂeét%d Wb Gt Nid P

accunul ating rn"the storage capacitor e sane Wi

o

Shir o "B SPULMLE R 15 RBSE ol B XS hBRE T Shold Fand B el g

I'ine 6Q2 and the selgqcl}n glgéﬁ{ﬂ%;c?% line 603, and the TFTs 606 and 607
r

turn on CPHEAES wapar chygesmihe igatesedeqirode and g npytieleetrade ofi s

point, nanely the signal electric current, is taken as Liata The electric
cutPenthy ddtTa 6PPowad | stonen dthe ovpltage diegwedn hi gate anddat $varest of ethe HEFEI 68t ri ¢
current path within the pixel is divided into Il and 12, as shown in Fig.
7A. Thé&redsteaminedsélegric SpReriald\xe2P6t to the electric current supply line 605 and a

cathode of the EL element 611, and the two have a mutual electric potential difference.
Operation from write-in of a signal electric current to light emission is explained using
Figs. 7A to 7E. Reference numerals used within the figures denoting each portion are based

15 - on those of Fig, 6. Figs. 7A to 7C show electric current flow schematically. Fig. 7D shows
the relationship between the electric currents flowing in each pathway during write-in of the
signal electric current, and Fig. 7E shows the voltage accumulating in the storage capacitor
610 during the same write-in of the signal electric current, namely the voltage between the
gate and the source of the TFT 608.

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

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

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




between the two is shown in Fig. 7D. Note that Nato = Ir + 12. Electric
charge is not yet stored in the storage capacitor 610 at the instant when
the TFT 606 turns on, and therefore the TFT 608 is off. Consequently, 12 =
0, and ldata = Ir That is, electric current only flows dug tg R/hz

accurul ation of electric charge in the storage 5 capacito 6 1Yq Qﬁﬁng this
period. Electric charge then accunmul ates gradually in the storage capacitor
610, and an electric potential difference starts to devel op between both
el ectr i; .o T T trur ns when the electric potenti al
di ffergﬂ@?cﬁbgtﬁ\ef\tewgr%g%%otzﬁ)x@l%@ﬁ%dﬁoggg%r{ﬁg "311 %’12.( point Ain Fig. 7E), and
12 devel opsg

ldatg = 1l + 12 as discussed above therefore Il is 10
gradual | y re?ﬁ%@d&aﬁeegtwté’%ﬁﬁof In is?qragq ‘&R@?ltoéﬁgiaﬁqgﬂmsfai“bW!he’élt%tri c
chargeTgﬁ_CéHml at es "’:S'E he stora&e capacitor. Electric charge continues to
accurmuT AT PYontupiseonst é&j@‘c@%{ﬁé@? 5L @Boisaff.i | Consequentlyt ki 0, ped s Fallr.
di fference between both electrodes in the storage capacitor 610, nanely the
vol t agdhatigs gleciric chuenfzandy dlowstdue te dug a@uofulitiva offelechiBcharge bmbs storalgesi r ed
voltage, that is, beconmes a 15 voltage (VGS) at which the TFT 608 causes as

much asapaoitad di0aluting thibgedddictric current Idata to flow Wen the
accunul ation of electric charge is then conplete (point Bin Fig. 7E), the

f electric BwciRNthdrde $haPSchlnanhie %Q}&%gg%aﬂ@i {bPBe @ aé?t!o?ghb' Gn§ W' €

nt
corresponding to VGS™ flows in the at this point, and lTdata = 12
(see FifctriéBotentiafd .te-in 0 i t c | et . ecf. on of
the fi I’SS[: r1g§% ecngag ngkerwdﬁeﬁ ZthQ%cﬁ#eB%ngg%%Otélagigg%?dgg’g?eel Fﬁe%ggsch‘fo i's
finall l.et ed nd the TETs 606. 607 turn off. Light em ssiaon
" ober at {1508 s g afucs ‘ﬁsfle.c K &ﬂ??fg@?ﬁ&fqrﬁﬁat cpgrenihoth hF&BOd@%%aCE‘FSg“@l
line 604, algd %he TET 609 turns on. The previously witten in VGS is stored
in t helRYR a4 big dsyelopsandatirehet &y as dissustedratgys, wud tereferada ishe
el ectric current Idata flows fromthe electric current supply |ine 605.
Thi} ebgradpallymreduedire flectrid cemént stilliflgives, and it hddifiéi] eb@Bid eharge accumulates
in the storage capacitor.
Electric charge continues to accumulate in the storage capacitor 610 until the electric
potential difference between both electrodes in the storage capacitor 610, namely the voltage
between the gate and the source of the TFT 608, becomes a desired voltage, that is, becomes a

15  voltage (VGS) at which the TFT 608 causes as much as possible for the electric current Iy, to

flow. When the accumulation of electric charge is then complete (point B in Fig. 7E), the

“, s
et

electric current I, stops flowing, and in addition, an electric current corresponding to VGS
flows in the TFT 608 at this point, and Ly, = I (see Fig. 7B).  Signal write-in operations are
thus complete. ~Selection of the first gate signal line 602 and the second gate signal line 603

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

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




2 6 Mm 2006 operated in the saturated region at this point, then Nara can
continue to flow wi thout changing, even if the voltage between the source
and the drain of the TFT 608 changes. Fig. 17 shows a seEdhd@@%@ﬁmture
exanple. A pixel of Fig. 17 has a source signal line 1701, first to third
gate signal lines 1702 to 1704, an electric current supply line 1705, TFTs
5 1706 to 1709, a storage capacitor 1710, an EL elenent 1711, and a current
source for inputting signal electric current 1712. A gate el ectrode of the

TET L70ferufed 40 Wieaahitited CoglidiPatithis HouflHhen 39001 colifife iy withblf GanShgC! ' 0de

of the TFT 1706 is connected to e source signa I ne , and ‘cond

el ectr : i nnegted .t foi l.ectrode of the TFT
1708 a(relg&alf Ieri@ﬁggg%ﬁ%rg@egﬁurt%ggn{@e%nﬁ&,5;_Tlilsé%ff@agg%sct rode of the TFT
1708 is con echzd to the s condw%ate sign | line 1703, and a second

el ectrode of & Hé SHP¥S 4 Sepend struciursexamgler o A piselafdiig (17 dias aspuice signpiling | i ne
1705. A_gate electrode of the TET 1707 is connected to the third gate

si gnal 17&%élr§tﬁ94@f‘égatﬁisiglﬁl bnesck708 de 1304.taneelautric ¢mosnt supplp kimedf78% THTsa gat e
el ectrode of the TFT 1709, and a second electrode of the TFT 1707 is
conhecl @ to 1708cemhatagd eapaciioe 1310,t &re ETF3lehiéfO 121y adea Karrehiessred€oof t he
EL elenent 1711. The storage capacitor 1710 is connected between the gate

el ect r agetthndignal tlecticelgeitrigde, of the TFT 1709, and stores a vol tage
between a gate and a source of the TFT 1709. Predeterm ned electric

Ot her el ot e SPeRRETETIT06 EHELRT P AR d ol MOTIAR k1 T
-pot ent | if . . t f i fe-i f ' | tri
i onterrs EAE PR 1788 s iR b M eRitutegl 7ol e Brofi Segode

Ref er en . used within the figures denoting each portion are based
on ¢ noBk Bt s Sotectic i clsetrol ihe FEE (7D aodhh Fifhelaqtiod of the
schematjcally. Fig. 18D shows the relationship between the electric
cutf endET f117(9§/i né gge slsetodrmehihey THE 7RG is wpimestedrfodhe strond | gptmasigadldirter i c
current, and Fig. 18E shows the voltage accunulating in the -7

1703, and a second electrode of the TFT 1708 is connected to the electric current supply line

1705. A gate electrode of the TFT 1707 is connected to the third gate sigpal line 1704, a
first electrode of the TFT 1707 is connected to a gate electrode of the TFT 1709, and a second
electrode of the TFT 1707 islconnected to a second electrode of the TFT 1709 and one

15 electrode of the EL element 1711.  The storage capacitor 1710 is connected between the gate
electrode and a first electrode of the TFT 1709, and stores a voltage between a gate and a
source of the TFT 1709. Predetermined electric potentials are input to the electric current
supply line 1705 and to the other electrode of the EL element 1711, which thus have a mutual
electric potential difference.

20 Operation from write-in of a signal electric current through light emission is explained
using Figs. 18A to 18E. Reference numerals used within the figures denoting each portion
are based on those of Fig. 17. Figs. 18A to 18C show electric current flow schematically.
Fig. 18D shows the relationship behzveer; the electric currents flowing in each pathway during

write-in of the signal electric current, and Fig. 18E shows the voltage accumulating in th
_ — 7 _




2 6 MAY 2006 storage capacitor 1710 during the sane wite-in of the signal
electric current, nanely the voltage between the gate and the source of
the TFT 1709. First, pulses are input to the first gate ir%na %rd e 1702
and the third gate signal line 1704, and the TFTs 1706 Liad urn on.
The electric current flowng in the source signal 5 line 1701 at this
point, nanmely the signal electric current, is taken as Idata. The electric
current Idata flows in the source signal line 1701, and therefore the

el ectri it Lxel. i Lvi-d in r.and 12 shown
n P o Ok Adlor B0, el e AR n ot B AL Rl il natty Wt
that Idata s ||l +.12. Electric charge j.s.n yet stored in the storage
capaci tv8#tagf:})fk)w%efltt‘?1§atf’ﬁ§'§ tsob\ﬁgﬁfﬂﬁéfﬁ]ié%ﬁﬁ 1706 turns on, and therefore
the TFT 1709,is off. Consequently, 12 = 0, and ldata = 1i. That is,

el ectric cufirghPulses grerinpyistodhe firss gafresignal Uingl BI0Rawd dhe diiet gate signhlalinge i n
the storage capacitor 1710 during this period. Electric charge then
accunull@0esnd thedUETY 1706rmmdHE0% twnage ThpakitrivreuiréiOflowing iarhe ugetsignal
potential difference starts to devel op between both el ectrodes (see Fig.

18E). Tine 170bat ErE pbditd Shaimélyithe Qfndh&lBethib SuRbmCiks taken ;a@m%g.t ial difference
bet ween both el ectrodes reaches Vth (point Ain Fig. E), and |12 devel ops.

‘data = |1 hdjecht HrREHES Vi i I ol I :
reduced. Electric currengﬁza??? Io&g@g%%gﬁﬂqglg&?ﬂ’oaﬁl@g?gfg?gﬁ% e(h: g%cge
accunul i capaci : ectric chal ontjnues .to..
o cumi et patiyiR o BEBAE aSARAGHOY, yaEraf MoSeria HaP e INIER bR o
difference between both electrodes in the storage capacitor 1710, nanely
{ l%‘ue vo;%’?téivé’gn dFadsshomngigelsth Yore tesles lof b he TFT 1709, becones a
desired voltage, that is, becones a voltage (VGS) at which the TFT 1709
causes as niasticschagEesIsIok yelstoned dn dhecstorage capaciteni710 atdhe instant mdwn thehen
the accunul ation of electric charge is then conplete (point B in Fig.
18Hy, e B06dums ongemd thetefore the APT 1700vis off. aivcséquentdir]ils i=0b),andiggl=ehiri c
current corresponding to -8
That is, electric current only flows due to the accumulation of electric charge in the storage

capacitor 1710 during this period.
Electric charge then accumulates gradually in the storage capacitor 1710, and an
electric potential difference starts to develop between both electrodes (see Fig. 18E). The
15  TFT 1709 turns on when the electric potential difference between both electrodes reaches Vth

(point A in Fig. 18E), and I; develops, Iy = I; + Iy, as discussed above, and therefore 1; is

R

gradually reduced. Electric current still flows, and in addition, electric charge accumulates

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

18E), the electric current I; stops flowing, and in addition, an electric current corresponding to
-8~
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2 6 MAY 2006 VGS flows in the TFT 1709 at this point, and Idata = 12 (see
Fig. 18B). Signal wite-in operations are thus conplete. Selection of the
first gate signal line 1702 and the third gate signal Iige #&%ﬂzh finally
conpl eted, and the TFTs 1706 and 1707 turn off. A pul se i § i %Lt to
the second gate signal line 1703, and the TFT 1708 turns on. 5 The
previously witten in VGS is stored in the storage capacitor 1710 at this
point, and therefore the TFT 1709 is on, and the electric current Nato
fl ows MGSnflows ial the tTHT 1609 raemhis ppupphid [i.ne: L7Q@8e FigeldH). eSamanivritd il t hus
emts light. If the TFT 1709 is operated in the saturated region at this
poi nt, op&florstiat AadnifctdBASIE&Qidk &V{h&\ﬂfﬁﬁ?&e ﬁglm@inewoﬁ\éﬁ& thd thiﬂd%%% I's
rce and e T

sonme changes in the voltage between the so the drain of th

1709. A ki : gm! | inEi . pi xel of Fig. 19
has a s ;lt}r Cérl%é@ﬁ%%ﬁbﬁﬁ%ﬁ@% . agftllﬁcrsgﬁ%%\zbg aélldgl?% “1]11?%{61902, a second
gate signal ,|ine 1903, .an electric . current  su lin 4 _TFTs 1905 to
1908, a sto f‘a@@sec %fp‘g%‘? {aput %9%9 second gate-gigpal ipe ﬁ%é% ang ﬁge ﬁ%éd’ Pgéwfﬂs SBur ce
for i ngﬂtti ng signal electric current 1911. A gate el ectrode of the TFT
190% i dhe pigideusty) writenhin ViGSsis sjared s astoregn capgiior 131G at ¢his poBiteputt r ode
of the TFT 1905 is connected to the source signal line 1901, and a second
el ect r dutecforsf the HEFTTET09 9060 sndcthendedtad cumrent Ly Sowe lfeot tied eleotiict dverehE T
1906 and a first electrode of the TFT 1907. A gate el ectrode of the TFT

1906 i suppbniiaet1gds.t oTkhBLs@aRad 191 ehsd @R libhtne If thAOFT anOb & GREAEd in
el ectrode of the TFT 1906 is connected to a gate el ectrode of the TFT 1907

nd a gRtRuehREtESER @fthis BBinl Fthed 24%83 -caf) b%%?&yjtoeﬂ@@tv{/ﬂﬂﬁlt %hax{xégﬁ%,-r&-gn 107

ahd a first 20 eléctrode of the T 1908 are both connecte he electric

Conneclsi Pavke hfhos i fhe Bllpbet FEGORP GSEAERE oRlp bR ITL AR o7 1000

i s, connecte et,.ween the gate, el ectrodes of the TFTs._ 1907 and 1908, nd
t hg?s econd gl @b‘fi\rgﬁﬂ‘étuﬁef % ‘é’tl@riﬁ'ﬁi“i‘% i g?ﬁ:l 13 hed¥ EI?‘%ltszi‘%cL( Bg @ soprcers T
1908. The_ storage capacitor 1909 stores the voltage between a gate and a
sour celips 1P8L arfst mstersigny linge1203, a second gate signal line 1903, an eleciric current

supply line 1904, TFTs 1905 to 1908, a storage cépacitor 1909, an EL element 1910, and a
current source for inputting signal electric current 1911.

A gate electrode of the TFT 1905 is connected to the first gate signal line 1902, a first

15 electrode of the TFT 1905 is connected to the source signal line 1901, and a second electrode

of the TFT 1906 is connected to a first electrode of the TFT 1906 and a first electrode of the

TFT 1907. A gate electrode of the TFT 1906 is connected to the second gate signal line

1903, and a second electrode of the TFT 1906 is connected to a gate electrode of the TFT

1907 and a gate electrode of the TFT 1908. A second electrode of the TFT 1907 and a first

20  electrode of the TFT 1908 arc both connected to the electric current supply line 1904, and a

second electrode of the TFT 1908 is connected to an anode of the EL element 1910. The

 storage capacitor 1909 is connected between the gate electrodes of the TFTs 1907 and 1908,

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

storage capacitor 1909 stores the voltage between a gate and a source of the TFT 1907 and the
—Q.
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1 6 MAY 20006 voltage between a gate and a source of the TFT 1908.
Predeterm ned el ectric potentials are input to the electric current supply
line 1904 and a cathode of the EL el ement 1910, which thasiBaigik nut ual
electric potential difference. Operation fromwite-in of a signal electric
current through light emssion is explained 5 using Figs. 20A to 20E.

Ref erence nunerals used within the figures denoting each portion are based
on those of Fig. 19. Figs. 20A to 20C show electric current flow

schematboRadd betwedtl & gaté ARd 3NBWRe [d78hd FFRITPRS hi’féd&@x{ﬁ(ﬁﬁd‘ el%@t?ic?o?&ﬂtiﬁlis Gre
of the I electric

currents fTow ng in each pathway during wite-i1n si gn

current j . VO e accumul at i ' he ' age

Capaci (T IO0Y Geetil suRRl Sehl oyt 1 AP R Silbe it e e elseen 58
nanmely th 10 vql tage, between e gate and the source of the TFTs 1907 and
1908. lt—“]il"rsgPV Bm@'é@eg"tc@‘iﬂ?ﬁ?ﬂ“a!é‘%%eﬁ"él@i rst gate signal |ine 1902 and the
second gate signal line 1903, and the TFTs 1905 and 1906 turn on. The

el ectric culQnsration fewm myite-in ehesignalredestric gt through Ligho emigsionlis explained |
nanmely the signal electric current, is taken as ldata. The electric current
| dafa fubiopdign 20ActosHB. c Redérgnal nirherals M36d withitdthe Hiuedsatedotihe eathgiriiic 15
current path within the pixel is divided into Ir and |2, as shown in Fig.

20A. Thee basbdionahsddi ¢ Fipel9eerigs. MDA WP206 shokd Mectri: Slirfbnt 20R: sdNehStidangt
Idata = 1l + 12. Electric charge is not yet stored in the storage capacitor

1505 s g il MRS e OB s g By il

The” 20U BE e Bhsal oS offh frd, B OB orRube Seftas seinbliE dt i

accumul at es gr adual in the storage capacitor 1909, and an electric
pot ent is'g’rafi?i (%Pé?l cie%gt ‘Q'F’cng the AMGVES Berlibesigl Klesiicc ewrmbsnamdy thy g
20E). The TFT 1907 turns on when the electric potential difference between
bol®h elrekigedytrcqndhe patg and the sppisic of the TRIF1997 apdEP08.and 12 devel ops. |data
=11 + 12, as discussed above, and therefore I1 is -10

First, pulses are input to the first gate signal line 1902 and the second gate signal line

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

(point A in Fig. 20E), and I; develops. Iiu = I; + I, as discussed above, and therefore 1; is
-10-




2 6 MAY 2006 gradually reduced. Electric current still flows, and in
addition, electric charge accunulates in the storage capacitor. The TFT
1907 is on here, and the TFT 1908 is also on, and el ectr@c§ géffr @5 begi ns
to flow However, this electric current flows in an independent path as
shown in Fig. 20A, and 5 therefore the value of |data does not change, and
there is also no influence on Ir and. 12. Electric charge continues to-
accurrul ate in the storage capacitor 1909 until the electric potenti al
differ b b C J |y
the. Vol analfiitiehs > gt FEREATER A4, a3 A0aHG, AP kel S ARET
becone Lre tage, that 1is, becones a voltage (VGS) at which the
TFT 19 n/alc?;égozh e%ﬁ%o&'h as possible for the 10 electric current ldata to

fl ow. Wen e]@cw,ation of electric charqe is then conplete (point B
in Fig. 20E).7¢t cis onchegs, and the TFT J98B és lso anrand cdoriric pumenybegianto an
electric current corresponding to VGS flows in the TFT 1907 at this point,
and I dilow. = Howqugpdhisielgctrizomyrent Spws il anvindepenilent pptr astshows imFiz. 2AAsand
conplete. Selection of the first gate signal |ine 1902 and the second gate
si ghal thdreferclth® 3alus of isnaddes noochpngt eald tigie istdl® nhfludRepnapandlB06 turn of f.
15 An electric charge is stored in the storage capacitor 1909 at this point

such that tmBectfi¢ eiires conRusd t%_(iaul‘:ﬁrﬁulﬁtériﬁ% st&% Baglabitd oﬁ‘ﬁtiiﬁﬁ%légnliérhe

impart as nmuch voltage as possible between t gate and the source.

TFTs 1 ; ) s , f hi |t [

al 5o i Bpep PSR ST i 0o Bl lerodhil chHAIF B0E Ay 8 bS8 o0
Thi ' t is denot | TEL. i igs. 20At
obe_obFterh I bR o e M BT Do eChmes weestadiBiecutbat o
the TFT {39907 and the TFT 1908 are equal. That is, the relationship between
the si ShalecuPetpryioltaguYER af adich thed TFRel904| @ausesi a5 wueh anwopgblerfopiharg i n

the EL el ement can be determ ned by the nethod of determ ning the size of

t h&0 TFisctrizoqurenntl 1eode fiavy.ucWben whe aermudatioanef electriorchargenisrthen cbmplete

electric current wite-in shown in the above exanple is that a voltage -11
(point B in Fig. 20E), the electric current I; stops flowing, and in addition, an electric current
corresponding to VGS flows in the TFT 1907 at this point, and Li = I, (see Fig. 20B).
Signal write-in operations are thus complete. Selection of the first gate signal line 1902 and
the second gate signal line 1903 is finally completed, and the TFTs 1905 and 1906 turn off.

15 An electric charge is stored in the storage capacitor 1909 at this point such that the

flow of the electric current 4y, in the TFT 1907 will impart as much voltage as possible

e

between the gate and the source. The TFTs 1907 and 1908 form a current mirror, and -
therefore this voltage is also imparted to the TFT 1908 and electric current flows in the TFT
1908. This electric current is denoted by reference symbol Ig; in Figs. 20A to 20E.

20 Y1 = lgats provided that the gate length and the channel width of the TFT 1907 and the
TFT 1908 are equal. That is, the relationship between the signal electric current Ly, and the
electric current Iy flowing in the EL element can be determined by the méthod of
determining the size of the TFTs 1907 and 1908 structuring the current mirror.

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




2 6 MAY 2006 between the gate and the source necessary for naking the
electric current Idata flowis stored in the storage cap%fitgr 6&@- even
for cases in which there is dispersion in the characteri st @siéY ﬁe TFT
608 and the like. A desired electric current can therefore be accurately
supplied to the EL el enent, and consequently it beconmes possible to
control dispersions in brightness 5 caused by dispersion in the TFT
characteristics. Characteristics of each structure are shown in Table 1.

[ Tabl © bhiwdeh i gat6 QRPHARbH Bed: SRl KRG BRNBEI dbenBl, 0w B GGbEYE

current Nara and the electric current ow ng 1n

Gay s the value.qgf .the electric current in,.
sem CO?] u%,[ﬁrggé gﬁ@éﬁéﬁggﬁ‘%}lg’ﬁ (RO @h@egeclﬁﬁésf’ﬁ@f%&,tg% RHEHSHERHPE a
| arge ,C fl for a high gray scale, and a small anount of current
flows #b‘-’r%ﬁ %b&,ag? \gfﬁ ey A He&ﬁ?&telq%{lc eyEens icap thepeferedoygorwratel yysupplipd fo
electric current differs by gray scale. In this case, a |onger anount of
time i $he Bhsclemenieand epnsgauantlygit beopmesapossibdd & somred| dispersianstinebrighiress t han
for 15 witing high gray scale.signals into the pixels. Further, the
cur § entcaussd dyelispefsom ihobe TFRyharactedisticsi gnal s, and therefore they are very
easily influenced by noise. Next, consider the relationship between a
current - vol iGhgfacheiN& dfebcl Stfuctd dredndiWnif TablEAT. The current-vol tage
converter TFT is a TFT used for converting the signal electric current
i nput Tgﬂgipe source signal line into a voltage signal, and the driver TFT
is a TFT for” 20 making current flow in accordance with the voltage stored
A.n the storage capacitor. Figure nunbers for the current-voltage converter
QIFT (denoted as converter TFT) and the driver TFT for each structure are
shown in Tahle 1. The fact that the converter TFT and the driver TFT are
common nmeans Tt Spnst clafiorship bgtweea dhe signalislectic enreand len and therplestion
operations. The influence due to TFT -12 2 6 MAY Z996

0  current I flowing in the EL element.  Gray scales are expressed by the value of the electric

current in semiconductor devices using an analog gray scale method, and therefore a large
current flows for a high gray Scalé, and a small amount of current flows for a low gray scale.
That is, the size of the write-in signal electric current differs by gray scale. In this case, a
longer amount of timr; is thus needed for writing low gray scale signals into the pixels than for
15  writing high gray scale signals into the pixels. Further, the current is small for low gray

scale signals, and therefore they are very easily influenced by noise.

f—_—

Next, consider the relationship between a current-voltage converter TFT, and a driver
TFT. The current-voltage converter TFT is a TFT used for converting the Signal electric
current input from the source signal line into a voltage signal, and the driver TFT is a TFT for
20 making current flow in accordance with the voltage stored in the storage capacitor. Figure
numbers for the current-voltage converter TFT (denoted as converter TFT) and the driver

TFT for each structure are shown in Table 1.
The fact that the converter TFT and the driver TFT are common means that common

TFTs are used for write-in and light emission operations. The influence due to TFT
-12-
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di spersion is therefore small. On the other hand, for cases in which the
converter TFT and the driver TFT are different, as shown in the third
structure, there is influence due to dispersion in the c ?gqi%qu tics
within the pixels. Consider the signal electric current hwgyséﬁ xt. The
signal electric current flows 5 fromthe electric current source to the
electric current supply line, or fromthe electric current supply line to
the electric current source, in the first structure and the third

Struct WiBersfdh i riﬁ'f:ret%}ehﬁﬁalE""P@l’l tﬁehcﬁlgéféﬁﬁgl fo?lcgfets\r};# gsqulﬁ%i[]{h%@ontl ar?ewzll‘ﬁgr ?nrH the

el ectric current source throught I'enen e sign ctric
current, I S .W. n_in,when usi t he second, structure. The, _EL el enent

v serr s, Bgtr Tl PR R Shpdn 36 3, Sl ofere A8 ot i gh
gray 10.scale signal is witten in after the wite-in of a |ow gray scale
si gnal YISRREIONJR e detacieristips withindhepigplsosi t e operations are perforned, and
therefore it becones necessary to lengthen the wite-in tine. Furthernore,
pi xel cont r §lonpidenihe Signaledccisc ngrrentrpathvrgt acst. gThk sigmbelegteic cuoentdlow xel s
for the first and the second structures, and therefore the aperture ratio

i s §r edidohytheedseticlcurieht sauipaioate tRcRicCRreSubpliines BNTroANHY eleRfriclRviche
SUWARY OF THE | NVENTI ON An object of the present invention is to provide a

semi Cogﬁe&gﬂi fihe feihe CRcERNGRICRE QurceS Y M HstiRG A 4l %iﬂpétglc?nﬁ&i NHF tl%gne of

di scus above, w thout 1ncreasing the nunber of signal I nes.

ol ccbr Poef Bind s SEpARKER LRl dnRpokiFLEbaR pleat itk S Br E1F 11 o

in EL e]enmepts durin ight. emi ssjion.are, the sane size. That is, tgo solve
e pr SISTRA e i) el pCkis, Silen s Bt Wi (v Fhesrormd SEgHTbe Thite
'T'arger@g}ﬂall tine than the electric current flowin EL elemrent -13 2 6

MAY 20 E,Ipprﬁgltqe}fd}wogﬁq a dpagwith this type of structure for cases in which a high gray

10  scale signal is written in after the write-in of a low gray scale signal, and for cases in which
the opposite operations are perfbnned, and therefore it becomes necessary to lengthen the
write-in time.

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

15  compared to a conventional semiconductor device.

atga

SUMMARY OF THE INVENTION
An object of the present invention is to provide a semiconductor device capable of
solving the various problem points discussed above, without increasing the number of signal
20  lines.
One of the problems due to conventional electric current write-in type is that electric
current flow for write-in of signal and the electric current flow in EL elements during light
emission are the same size. Thai is, to solve the problem, the electric current flow for

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




To make a difference between electric currents, a difference is given to
the size of electric current flowin a transistor. In this enbodinent,
giving an attention to a gate length L, the gate length L of a transistor
in which an electric current flowing during wite-in of Sibggﬁ%rﬁaﬁctric
current is made shorter than the gate length L of a transiésto ich
electric current that is supplied to EL el enents flowi ng during |ight

em ssion. Thus, wite-in is performed by having a |l arger electric current
f1 ow t I§&Fng Hehtegreission.c current flow in conventional EL el enents.
Therefore, it can solve the problemthat a | arge anount of tine is needed

in case of | | e nd further,, it can vent .the influence of a
noi se to a ?8{ @%e}a?%qrﬁﬂcﬁ%g‘{’?e&nde?ﬂmﬁe‘pf ef’ngﬁfgif@lcg ispwen s thersize af part
of transistors during wite-in and ht em ssion so that the dispersion
of tr aﬁiﬂc‘g’cco‘i"ﬂ@ﬂ biow e 2 tenpistor shlﬁarScm dimentygining angittention teengate lamgth

conmparison with using a structure in which different transistors are used

duri ngL» the gefeilengiind. pf gHtransisios 3 ovhichl 6n Bleetriar gardng dviving dlridgherig-asent
invention is described as follows. } A sem conductor device of the present

i nvént isignali deattiacamemris rade ishortd?ahar theGREPIhSBI. of & tfahdistbr FERARH elictric
converting an input signal electric current into a voltage, and supplying:

an el ecifrédt oy TsORippll (EHOBRI! Aok FRMETIER LnBlbRICTIOP-APLLCL M C

power source to a l[oad; 20 a second nea oring e conver

voltag erf@middl b I shareqor Lo release the yol tage in
the se 8nd rreang angE 13515&6 e&&#l Z%B%g)nt hg rfl}?nnsébf CPEK 51"5'?& ﬁﬁwt e
~supply ccurrent om t he electrlc source to the load in a
PP eyl et LS RO Aol <P i pra bl thah WLAS ARG OF e 5
needed in case of low gray scale, and further, it can prevent the influence of a noise to a
10 signal.
In addition, common transistors are used for a part of transistors during write-in and

light emission so that the dispersion of transistor characteristics is hard to influence to

luminance in comparison with using a structure in which different transistors are used during

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

a first means for converting an input signal electric current into a voltage,

and supplying an electric current corresponding to the converted voltage from an electric

power source to a load;

20 a second means for storing the converted voltage;

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

means; and
-14-




el ectric current corresponding to the converted voltage fromthe electric
power source to the load in a period for driving the load. 5 A

sem conductor device of the present invention is characterized in that it
conprises: a first means for converting an input signal p@pg@ﬁigmﬁurrent
into a voltage, and supplying an electric current corresponding to the
converted voltage froman electric power source to a | oad; a second neans
for storing the converted voltage; 10 a third neans for selecting to store
or to rel ease the ' sgeco ns,; ourth ns.,.f o l ocki ng
the supply of el ec??é%ra%ﬁlre%%nfopﬁoé: ) nﬁej‘ees}qégypl gﬁéc%ic))cv\%lrrre]slgﬁrg ethftfietc € | oad
in a period for jnputti the .signal electric cyrrent, and supplying

el ect { PEVELPPF toolie H%%fﬂgm Pﬁ'a‘)@l E0r RRLiBR ik %lgﬁﬁlfmq%@uw%naqd@pmw ric
power source to the load in a period for driving the |load; and a fifth
means GHCEHWSH Foftesponding puthe sonvertedsiafiags fromeide elestripovesttsontse ttodhe i r st
nmeans. A sem conductor device of the present invention is characterized in
t hat i toaddmppeded foralrivimgsthe bomadns for converting an input signal electric
current into a voltage, 20 and supplying an electric current correspondi ng

to the convernted.voltage,fr.om el ectric .power source. fo. a. oad; a second
meahs for st érﬁeﬁﬂcmggtgﬁﬂ?ﬂé?et ﬁﬁgg{@%é}}vem 115 chagacigive b hatdt ¢ompiesreans

for selecting to store or to release the voltage in the second neans; a

plurality of fourth fiFgtafsans 0P BREAthd &h RPUALLSEAL e1f@fic ctt@ﬂrr]éeiﬁl‘ﬁﬁt@;% Tv&@agéypp! y

of electric current fromthe electric power Source to oad in peri od

for i nphd SipdyihBenSgaft current corresponding to the converted voltage from an electric

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

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

means;

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

.15 load in a period for driving the load; and

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

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

a first means for converting an input signal electric current into a voltage,

20  and supplying an electric current corresponding to the converted voltage from an electric

power source to a load;

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




5 electric current, and supplying electric current corresponding to the
converted voltage from the electric power source to the load in a period
for driving the load; a fifth neans for controlling the input of the signal
electric current to the first nmeans; and a plurality of siﬁgm g@@nga or
selecting at | east one of the plurality of the 10 fourth ns, to form
electric current supply pathways fromthe electric power source to the

| oad. A sem conductor device of the present invention is characterized in

that it conprises: t@.“gl ur al for

i f .fi , in, | | el
converting an i npuf H"a?lanse#‘}ééc&’lcen;é[tl(?%tggcfg'inﬁ’trﬁfeggicﬁﬁ%t‘%atgtggﬁﬁg{egﬁfﬁ%wi ng

an electric current corresponding to the 15 converted voltage from an
el ect r M¥PBwer source to a | oad; a second neans for storing the converted -
voltage; a third neans for selecting to store or to release the voltage in

the second means; g gfu‘i’élitg s ﬁﬁ.ﬂﬁﬁnéfﬂfs, Qe i éaﬁgleﬁ’,l‘fgp lbl'o&ingglhg gﬁdfg'lf (())fr

current fromthe eléectri 20 power source to oad in a%eri

i nputti h i | .electric current. and ,supplyin ectric current
corres ﬁféggfcncgmt%ggﬁﬁ%’ tg% ﬁl\cf’g{rice%w()e(’ils?lérﬁg 9 ﬂ]&rho?[ﬁ’g‘ %P %rg(ffﬁoé st @‘8 Steval ¢ o
the, load in a Berigd for,driving the load; -16 2 6 MAY 2006 a_fifth nmeans
f or2 coREFBIC Gustst pad;sHpRIying: clegtec sigaa casrespanding o the canvertedivoltags fiom ity
of the first means; and a plurality for sixth nmeans of selecting at |east
one of therpbeghti¢peenspuist te the load insx parisdrfer diiving thedoal;ectri ¢ current supply
pat hways fromthe electric power source to the 5 load. A sem conductor

devi ce’of the presgiieyl RYEN {0 ohRofHE RS il 5Pthe OghdiBedstc GOMRL 1S %R
: ) first means; and

a plurality of sixth means for selecting at least one of the plurality of the

10 fourth means, to form electric current supply pathways from the eleciric power source to the

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

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

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

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

means;

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

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




a converter and driver transistor for converting an input signal electric
current into a voltage and supplying an electric current corresponding to
the converted voltage froman electric power source to a load; 10 a
storage capacitive nmeans for storing the converted voltageaﬁf ﬁg ﬁ@ge
transistor in the storage capacitive neans, for selecting i e store
or to release the voltage; and a driver transistor for blocking the supply
of electric current forntthe el ectric power source to the load in a period

during which the sigpgf m%% cgnﬁ&!ﬁg%ofrfpgt gf)#}c sr‘hgrtﬁ elet Frgrpin}/ 6(%5\%? ric

current correspondlng to e CShver
source the ) | n a od for driving the | oad. A sem conductor device
of theP® gr% It F%’ﬁ"i‘ characterized in that it conprises: a converter

and driver transrstor for converting an input signal electric current into

a vol tage and supph\plaalig FoplsBEH bleans Bf 5«95&@%&8&?%@&‘%& utdify 6PN t ed

~voltage 20 froman elecfric power source to a a storage capacltive

means 0 5] 8%l G16R5Y ?ﬁltqulq ?ﬂgél& \W%?g : 0911% < elte t%’.?s %g?kmlycté%%gh &tore

storage capacrtlve means, Tor se

% ease t he voltage a driver transrstor for bl ocki ng the supply of
eIe tr Current formthe electric power source to the load in a period
during which the signal electric current is input, and supplying electric

current corr aseeneindgctbPddvies SRARY St ikRhtiGOR Jhﬁﬁ&iehﬂé‘d 2l BAG] é(ﬁn %\é@f S
source to the load in a period for driving the load; and a swtc

transistor for controlling the input of the signal eIectrrc current to t he
_converter and dri vercopyersi andodrives sansisternfiucecovediogi are ingfut tsignap el
trpventron is characterized in that it conprises:

current into a voltage and supplying an electric current corresponding to the converted voltage

- from an electric power source fo a load;
10 a storage capacitive means for storing the converted voltage;

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

store or to release the voltage; and

a driver transistor for blocking the supply of electric current form the
electric power source to the load in a period during which the signal electric current is input,
15 and supplying electric current corresponding to the converted voltage from the electric power

source to the load in a period for driving the load.
A semiconductor device of the present invention is characterized in that it comprises:

a converter and driver transistor for converting an input signal electric
current into a voltage and supplying an electric current corresponding to the converted voltage

20 from an electric power source to a load;
a storage capacitive means for storing the converted voltage;

a storage transistor in the storage capacitive means, for selecting whether to
-17-




a converter and driver transistor for converting an input signal electric
10 current into a voltage and supplying an electric current correspondi ng
to the converted voltage froman electric power source to a |oad; a
storage capacitive neans for storing the converted vol tage;. 10T &
transistor in the storage capacitive neans, for selecting ﬁ%@tﬁ@g ﬁgﬁ store
or to release the voltage; a plurality of driver transistors, connected in
parallel, for blocking the supply of electric current formthe electric
power S 6€tolrBlchddqhé PqithoeN @ period during which the signal electric
current is input, and supplying electric current corresponding to the
converted voltage fromthe electric power source to the load in a period
for driving the | oaddriver dvansistor nipr tlecking tior stipply cdnéleattit i ougretrh dorinphg  of
the signal electric current 20 to the converter and driver transistor; a

pl ur al ietegtriaf poee sburice t therlond irs@p&edd @Rirg WRRh $cOdigndl BRtrehu@eht Alinp@ast
one of the plurality of driver transistors, and nmake el ectric current

suppl y ap@EHppRYin g Eleemct deref] &ﬁfc}[sb(frhdeiﬁ%@ the GolRYied 981@%%%. ROHEGRC }BWEP €

| oad. A seniconductor device o esent i nventi I's charac 1zéd in

that i i s I [ ty. of converter and driver transistors,
con%eczs% Q?W%g?adllgfl!%eﬂé@kdrc%l \E/)n&t?'? ﬂod'gaﬁﬂq' nput signal electric current
into a voltage and supplying an electric current 5 corresponding to the

converted vol tage hswitchingata@sibtor CornBbIMEURE tpud ofitHeQdshal BlesirRf SR nt
capacitive nmeans for storing the converted voltage; a storage transistor in

the st @f MgRoAFARREhid H8vdFeAASistof Or sel ecting whether to store or to rel ease
,ﬁjhe voltage; a driver transistor for blocking the supply of electric

‘chrrent formthe 10 electriciggmer source to the load in a period during

whi ch the si gn@miegndueipr devies ofghe pieserit imention is characterized in that it comprises:

a converter and driver transistor for converting an input signal electric
10 current into a voltage and supplying an electric current corresponding to the converted voltage

- from an electric power source to a load;
a storage capacitive means for storing the converted voltage; -

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

store or to release the voltage;

' }15 a plurality of driver transistors, connected in parallel, for blocking the
supply of electric current form the electric power source to the load in a period during which
the signal electric current is input, and supplying electric current corresponding to the

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

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

20  to the converter and driver transistor;

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

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




and supplying electric current corresponding to the converted voltage from
the electric power source to the load in a period for driving the |oad; 15
a switching transistor for controlling the input of the signal electric
current to the plurality of the converter and driver trangiﬁstgﬁn{s?ﬂ@nd a
plurality of electric current selection transistors that sl east
one of the plurality of the converter and driver transistors, and nake

el ectric current supply pathways fromthe electric power source to the

| oad. AsaFsspedusthelioddevi ce of the present invention is characterized in
that: a plurality of the electric current supply pathways fromthe electric
power 20 source to the load are arranged in parallel; and electric current
I's supplied tA sethizohdstondeiivg ofithe present imventivn it blearpdteriatiih Yhaoft conpsises:

el ectric current supply pathways. -19 2 6 MAY 2006 A sem conductor device
of the present inventjon.is characterized in that: electric current supply
to light emtting & Biﬁ‘ézﬂltg o cepvertey) Brffé X?rhmt?rﬁa@m&?t\e&é}‘ peallst.oioRg to
time by chronologjcally sw tching between the plurality of the electric

cur r entCOSVEIHRgG a5ainpAet signal deaiic swdenitipio devitage ord supplying gvrelectniey eumréndn i s
characterized in that: the storage capacitive neans stores voltage between
a gat e congsponding to¢hafonvhred voltage from amelecttic pewet soansits tadoad; and t he st or age
transi stor provides conductivity, or non-conductivity, between a gate :
el ectrode and a drain electrode of the converter and driver transistor by

turning on and 10 ‘OTP2EACAPARNE AR o Steoe dhe converid Yagsnt i nvention is

characterized in that: .
:,f‘) a storage transistor in the storage capacitive means, for selecting whether to

store or to release the voltage;

a driver transistor for blocking the supply of electric current form the
10 electric power source to the load in a period during which the signal electric current is input,
and supplying electric current corresponding to the converted voltage from the electric power

source to the load in a period for driving the load;

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

to the plurality of the converter and driver transistors; and

115 a plurality of electric current selection transistors that sclect at least one of
the plurality of the converter and driver transistors, and make electric current supply pathways

from the electric power source to the load.
A semiconductor device of the present invention is characterized in that:

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

20  source to the load are arranged in parallel; and

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

the electric current supply pathways.
-19-




the converter and driver transistor has the same polarity as the driver 20
transi stors. A sem conductor device of the present invention is
characterized in that: the converter and driver transistor (ﬂ t,he,,, river
transistors are disposed in series in the electric currenz%lsﬂI ggat hway s
fromthe electric power source to the load, and their gate el ectrodes are
electrically connected. The sem conductor device of the present invention
is characterized in that: the signal electric current pathways is via at

| east the fi rsdenToaBetoRBELiENSE L BREE: SnfeHfibR B chBALRIBYPin'tRf: SUPP! yi g the
| oad fromthe electric power sou when I's operating is via at

| east the first neans and the fourth neans. -20 1 6 MAY 2006 A

sem conduct or devi electoit cutrentsupplyro lightvemittirgrelermsenth acans slpng pathivays that :  t he
~signal electric current pathways is via at |east a source and a drain of
the cdiffezraceordangdtodtime ey thramslogitally switchihd BeRleRs tthd hﬁ&litﬁr Fttholdanmys for
supplying the load fromthe electric power source en driving the | oad
IS Vi acal&cﬂt@aisﬂlybmssource and the drain of the converter and driver
transistor, and a source and a drain of the driver transistor. A

sem conduct or device of the present invention is characterized in that: the
rel @t i onshi pAgemiranduethedesiigmef) the present iinveotion isrcharadieriotdeid that: | dal a, and t he
el ectric current supplled to the load fromthe electric power source,
denoted by IEL, is A sem cq r, devi ce, of the present
invention is char aé’t %ﬁrg ecapﬁclflﬁﬁtrnea{l%gofcga(?ﬂf‘ gt]”le # 2815 4nd, anﬁoug

cont ai %ncgnan el egt r.ol um nescence el enent. BRI EF DESCRI PTION OF THE

,%AW N verter and driver transistor; and

gate electrode and a drain electrode of the converter and driver transistor by turning on and

the storage transistor provides conductivity, or non-conductivity, between a

10 off.
A semiconductor device of the presenﬁ invention is characterized in that:
the converter and driver transistor has the same polarity as the driver
transistors.
A semiconductor device of the present invention is characterized in that:
. )15 the converter and driver transistor and the driver transistors are disposed in

series in the electric current supply pathways from the electric power source to the load, and

their gate electrodes are electrically connected.
The semiconductor device of the present invention is characterized in that:
the signal electric current pathways is via at least the first means; and

20 the electric current pathways for supplying the load from the electric power

source when the load is operating is via at least the first means and the fourth means.
-20-




)15 In the acconpanying draw ngs: Figs. 1A and 1B are di agrans show ng
enbodi nent nodes of the present invention; Figs. 2A to 2E are diagrans for
expl ai ni ng operation and electric current pathways duri nggssgw g te-in
and light em ssion for the pixels shown in Figs. 1A and 113; Figs. 3A to 3C
are di agrans show ng an exanple of an anal og i nage signal input 20

sem conduct or devi ce of an enbodi nent node of the present invention; Figs.
4A and 4B are diagranms showi ng an exanple of a digital inmage signal input
sem conduct oA gevitaRiubior 88vieHade g&@%nt'i%tigfl istéhﬁraB{eﬁéé‘d“ﬁalthE&YeF‘“ on; Fig. 5
is a diagramshowi ng the structure of a pixel 1n a general sem conductor
device; -21 1 6 MAY 2006 Fig. 6 is a diagramshow ng the structure of a

pi xel in a typical thelsigal tlecteiorcumaiit patliviBysiifiviase Maganduedeomddalriioef thd gs.
7A to 7E are diagranms showi ng operation and electric current pathways

dur i ng cosvegtenhndmrite tiafisistof] ahd ght em ssion for the pixels showm in Fig. 6;
5 Fig. 8 is a diagramshow ng an exanple of the structure of a source

signal line driver circyit in the sem conductor device shown in Figs. 3A
to 3C, Fig. 9 is alWicdkefunrurahpagways Exsupplyingithe inaddromy theglectte pawenur ce
signal line driver <circuit in the sem conductor device shown in Figs. 4A

and? 4Bsowpgwhemdiiving thti lagd Brmiz hideash thesoumeany ithe drfintdf ¢hestonvettetrand dfiver
sanpling circuit and an 10 electric current converter circuit in the

sem cotrdogistor, andy soercs hadadiain & 46 dridd tiasfer. Fig. 11 is a di agram show ng
an exanple of the structure of a fixed electric current «circuit in the
sem conduct or, devi ce shown.in Figs. 4A and 4B; Fig. 12 is a di agram show ng
~ap exanpl e of* CRECAREIOF devdcent the prssent dnventipmis hpmeterized/arthatei rcuit in the
.sem conduct or device shown in Figs. 4A and 4B; 15 Fig. 13 is a diagram

showi ng an exanpl egRfrefalinshiy b&%ls‘énetlﬁfsi@ﬁl Qllegt?itcrciuﬁeﬁyﬁ&ﬁ)@éd ﬁ)?id;;, 8d the

electric current supplied to the load from the electric power source, denoted by Igr, is Lig =

10 Ig.
A semiconductor device of the present invention is characterized in that:
the load is a light emitting element containing an electroluminescence element.
BRIEF DESCRIPTION QF THE DRAWINGS
)15 In the accompanying drawings:

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

Fig. 5 is a diagram showing the structure of a pixel in a general semiconductor device;
~21-




circuit corresponding to 3-bit digital gray scales; Figs 14A to 14D are

di agrans showi ng pi xels having a structure that differs from Enbodi nent
Mode 1, their operation, and electric current pathways; Fidgs§ ¥BA [iH515C
are an external diagram and cross sectional diagrans, respectively, 20 of
a sem conductor device; Figs. 16A to 16H are diagrans show ng exanpl es of

el ectroni c equi pnent capable of applying the present invention; Fig. 17 is
a diagram showi ng the structure of a pixel of a typical electric current

wite-in sem : Lce: Y. 266. 16 Figs. 18A to 18E are
di agr ans shcrl)s\}\;f' %gg?é%???r{\é‘gﬁ‘é t%ﬁzéc ralurg"%P‘?‘ 8]%{1 aéﬁ?’ﬁﬁlge;%cudﬁ?‘ilrﬁed“ “Eil%fg'jﬂhl
wite-i | i.ght em ssion for the pixel showmn in Fig. 17; Fig. 19 is a
di agra%gng%(@\gmd%cé&t(i%m&ructure of a pixel of a typical electric current
write-in senconductor device, 5 Figs. 20A to 20E are di agranms show ng
oper ati on ahESel’&cPr Tk 2w fizgrams shewingyeperhtion ngd elsctyivaturioni pathimaymidaring ght
em ssion for the pixel shown in Fig. 19; Figs. 21A to 21C are diagrans for
expl ai Rigngl wirijsrio @ad dightf eomission frtthe pimels ahovenrincFigdsict or devi ce; Figs. 22A to
22C are diagrans for explaining the process of manufacturing a 10

sen$ conduct @ig. deigiacdiagriinghow AR ardddnbiBoPihe sBhdtfcAdfFa §dthcSphA NG givEDe
process of manufacturing a sem conductor device; Figs. 24A and 24B are

di agr aghcFHavwhe Ser@itaRiich BV Mbwil IUSELBAStoi3, Whi ch di spl ay
irregularities due to dispersi on\fﬁet mliggﬁsgéﬁogén:ént TFTs are averaged; 15

Eihg\'mz;sni S @‘igq i9‘3‘19 %adﬁér% g%%vﬁ{gl ah eex)églp?ei: Qf trlllg sg'u%}eh(%d a S?Jurc(:jer éiélilrﬂ%n% ?iv 1! xel's

ot

_ ) circuit in the semiconductor device shown in Figs. 4A and 4B;
Fig. 10 is a diagram showing an example of the structure of a sampling circuit and an
10 electric current converter circuit in the semiconductor device shown in Figs. 3A to 3C;
Fig. 11 is a diagram showing an example of the structure of a fixed electric current
circuit in the semiconductor device shown in Figs. 4A and 4B;
Fig. 12 is a diagram showing an example of the structure of a source signal line driver
circuit in the semiconductor device shown in Figs. 4A and 4B;
15 Fig. 13 is a diagram showing an example of the structure of an electric current seiting
circuit corresponding to 3-bit digital gray scales;
Figs 14A to 14D are diagrams showing pixels having a structure that differs from
Embodiment Mode 1, their operation, and electric current pathways;
Figs. 15A to 15C are an external diagram and cross sectional diagrams, respectively,
20  of a semiconductor device;
Figs. 16A to 16H are diagrams showing examples of electronic equipment capable of
applying the present invention;
Fig. 17 is a diagram showing the structure of a pixel of a typical electric current

write-in semiconductor device;
22




Figs. 24A and 24B, and explaining the structure of a driver circuit; Figs.
26A and 26B are diagrans show ng exanpl es having structures in which
display irregularities due to dispersion between adjacen® BTy aus
averaged; Figs. 27A and 27B are di agrans show ng exanpl es having structures
in which display 20 irregularities due to dispersion between adjacent TFTs
are averaged; Figs. 28A and 28B are di agrans show ng anot her enbodi nent
node of the present invention; Figs. 29A to 29E are diagrans for

expl ai ni ng gpgy aBAY 199%%&*3 Hs%h&”ﬁllrgﬁfﬁhagg{i BEYBord SRR RO (lad oo K"

and light emSsion for a pixel shown

Fi gs. 30D are. di aqr ans .showi n eration _and electric current

pat hm%%%agﬁyfén@%flg%gt e%??gf?f&ﬁgﬁgg}ﬁghﬁplgﬁ%ésbn for a pixel having a
structure :Tszat 1c;é,\:ifercg fromthat of Enbodi nent Mde 2; Figs. 31A to 31D
are di agr ans &htivha BeErm: Showing thee ptaiature of ca pixsh of gatypical slecBicdenrienty
signal wite-in and Iight em ssion for a pixel having a structure that

di f f er vritpdnrsempigondsictor daviseti nent Mode 2; Figs. 32A to 32D are di agrans
show ng operation and el ectric current pathways during signal wite-in and

| i ght em ssiFigs. 2OA ta20E xad diligrding ghewBig lopeiatio ahdelectélt bhgEd phltidniys Dafindf
Enbodi nent Mode 2; 10 Figs. 33A to 33D are diagranms showi ng operation and

el ect r isipnalik iR aRaliHESissioh Fdrbe Bix8Howiiih PRz 1D, and |ight emission for a
pi xel having a struct%ure t hat ofifférs fromt Eg% g’f Enbodi ment Mode 2;

Figs. 34A apg3 r {@g . | n_exanpl e elenment. 1 ayout and its
equi val ent ??%Scﬁﬁﬁcﬁﬁa%gn{n%?g?g@gﬁ 3(25 3@@@“%)@? PHFSS; © Wﬁ'ﬁfjﬁgfﬁl%o% ng
:34331 exa%ﬁoﬁ@ﬁ@t&%&ic%}rum ure i n which display

Figs. 22A to 22C are diagrams for explaining the process of manufacturing a

10  semiconductor device;
Figs. 23A and 23B are diagrams for explaining the process of manufacturing a
semiconductor device;
Figs. 24A and 24B are diagrams showing examples having structures in which display
irregularities due to dispersion between adjacent TFTs are averaged;
15 Fig. 25 is a diagram for briefly explaining a method of driving the pixels shown in
Figs. 24A and 24B, and explaihing the structure of a driver circuit;
Figs. 26A and 26B are diagrams showing examples having structufes in which display
irregularities due to dispersion between adjacent TFTs are averaged;
Figs. 27A and 27B are diagrams showing examples having structures in which display
20  irregularities due to dispersion between adjacent TFTs are averaged;
Figs. 28A and 28B are diagrams showing another embodiment mode of the present
invention;
Figs. 29A to 29E are diagrams for explaining operation and electric current pathways

during signal write-in and light emission for a pixcl shown in Figs. 28A ad 28B;
-23-




irregularities due to dispersions between adjacent TFPs is averaged; Figs.
36A to 36C are diagrans of cases in which a portion of the pixel structure
shown in Figs. 1A and 1B is changed; Figs. 37A to 37C are Qi a n@gf
cases in which a portion of the pixel structure shown 20 i[ 5Fg@2' A and
28B i s changed; Figs. 38A to 38C are diagrans of cases in which a portion
of the structure and the electric current pathways of the pixel shown in
Figs. 14A to 14D is changed; Figs. 39A and 39B are di agrans show ng

el ectric cupgnizgpa S : iael: 330 d -24
> 6 MAY 2006 oo 2%%9’?0“%8“&&%‘?‘2‘83‘1%?#‘%9%%%9 r%‘g** g‘%ﬁp‘?é‘\ghﬁﬁ AR

beTal L EpTh e R B H it it b ek R i F L A
structgggﬁﬁf thsgﬁg%fent invention is shown in Fig. 1A A pixel of Fig. 1A
has a *line 101, first and second gate signal l|lines 102 and

103, an electric current ply line 104, a first switching elenent 105, a
second swi t EHESng14] ndhP argeﬁagammsl@wmg:vpermm and clootnie correninphtlwayser TFT
108, a storage capacitor 109, an EL el enent 110, and a 10 current source
for5i nputtitg signa vgitedin endlightiemission font pixdel hatibg @ strigire tthe diffas fgen Bhapsci t or
109 may be fornmed as a capacitive elenment by using wrings, active |ayers,
gat e nEmbbdRh¢ht Mutd J;he like, with an insulating |ayer in between, and nmay
al so be elimnated by using a transistor gate capacitor instead. That is,

R e e e
(O ot b Beri Vet WL Sy Tt Bt ggﬁg hisihe 3 90ri e e HeEHE Hom B2t o
Embodiment Mode 2;

10 Figs. 33A to 33D are diagrams showing operation and electric current pathways
during signal write-in and light emission for a pixel having a structure that differs from that of
Embodiment Mode 2;

Figs. 34A and 34B are diagrams showing an example element layout and ifs
equivalent circuit diagram, respectively;

15 Fig. 35 is a diagram showing an example having a structure in which display

irregularities due to dispersions between adjacent TFTs is averaged;

N '

Figs. 36A to 36C are diagrams of cases in which a portion of the pixel structure shown
in Figs. 1A and 1B is changed,;
Figs. 37A to 37C are diagrams of cases in which a portion of the pixel structure shown
20  in Figs. 28A and 28B is changed,
Figs. 38A to 38C are diagrams of cases in which a portion of the structure and the
electric current pathways of the pixel shown in Figs. 14A to 14D is changed;

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

shown in Figs. 33A to 33D; and 24




el ectrode of the first swtching elenent 105 is connected to the source
signal line 101, a second electrode of the first swtching el ement 105 is
connected to a first electrode of the driver TFT 107 andﬂ t"st,.ﬂ %ectrode
of the converter and driver TFT 108. The second 20 sw tchi*ng 'é 106 is
controlled by the second gate signal line 103. A first el ectrode of t he
second switching elenent 106 is connected to a gate el ectrode of the driver
TFT 107 and a gate el ectrode of the converter and driver TFT 108, and a

second el ec d f ol | ' d t he
source Ssi gntgliégl ?fgg thJ:rLtﬁ: %\f‘eggié Iad iﬁe‘ﬁlbg%g “llﬁ” v:p&@@{;%g? P{xgl
connec no nent 110, and a second el ectrode of the
-25 2 %%@%fgg@é%ﬁ%ﬁgé %% e'f]FT 108 is connected to the electric
current supply line 104. The storage capacitor 109 is connected between
the gate el ectrode and the second el ectrode of the converter and driver
TFT 108, and stores the voltage bet ween a gate and a source of the
converter A L D6 i L0)NE i ARE MENABs are i nput
to the electric 5 current supply line 104 and a cat hode of the EL el enent
1105 wihindbodinhers Miadeel a nutual electric potential difference. Note that it
is preferable that the storage capacitor 109 be connected between the gate

and the sounc@n@furk® tE@ﬁx‘é@éﬂt%ve’iﬁ@n% kN&n T Fig, 188. ATPsef bf Flg. aAdhdshe
second switching el ements may be forned using TFTs having 10 structures

simla ng
el ementgm}rgoé Ieh{?{]éeis%tnggg%‘tmﬁn% gﬁmrlrl:lrlt#gl%@ glﬁhew%r meél% %mé"léuta%ﬁ Chl ng
FT 155 and,.a tivel 1S, shopn

ot cnPu TR T08' R svilchad FemB R b séonl B %ge%vtﬁéc%éeveﬁﬁf

sel ectl&g conductivity or non-conductivity by turning_on and off, and

t her ef Y% hGORYexer apd (Slﬁ’é’efamd%édﬂﬁﬁgﬁ r?épacltabﬂg?ﬂ 1 &L elemeny LHhdpei ng
limted to Enbodi mrent Mode 1, there are no limtations placed on TFT

pol@r i eyrreat seurge fargnmttieg signal @ectriy qugreat hents. I n addition, although
tran5| stors, in

Note that the storage capacitor 109 may be formed as a capacitive element by using

wirings, active layers, gate materials, and the like, with an insulating layer in between, and

may also be eliminated by using a fransistor gate capacitor instead. That is, provided that it

has the capability to store the voltage between a gate and a source of the converter and driver
15 TFT .108 for a required period of time, any structure may be used.

The first switching element 105 is controlied by the first gate signal line 102. A first

R

electrode of the first switching element 105 is connected to the source signal line 101, a
second electrode of the first switching element 105 is connected to a first electrode of the
driver TFT 107 and a first electrode of the converter and driver TFT 108. The second
20  switching element 106 is controlled by the second gate signal line 103. A first electrode of
the second switching element 106 is connected to a gate electrode of the driver TFT 107 and a
gate electrode of the converter and driver TFT 108, and a second electrode of the second
switching element 106 is connected to the source signal line 101. A second electrode of the

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




particul ar TFTs, are used here, transistors forned on single crystal
silicon or SO may al so be used. OQperation fromsignal electric current
wite-in to light em ssion is explained using 20 Figs. 2A to 2E. Reference
numeral s denoting each portion within the figures are bgsgdiih #lgs. 1A and
1B. Figs. 2A to 2C show electric current flow schematically during signal

i nput, conpletion of signal input, and |ight em ssion, respectively. Fig.
2D shows the relationship between the electric currents flowng in each

pat hvayoshdrich Gnidriver MFTO108 A corfileaRal toethe Widchtc eiréRNuppBNind 104, 2fShows
the voltage accumul ating in the storage capacitor -26 gg MAY during the

sanme Wgid-£sel : i ] e t e, _between
he. garsreds ek 100 5 @Ml Bh4 R gt Elad IR e Mo Phk AR A e
first ignal. line.302 and.the second gate signal lin 103, and the
G ¢ o Saberek 908 iy kAT 088 B e B el el & matetbics St B st 5
f1 ow ng in the source_signal |line at this point is taken as Nola. The

el ect r FROYERIEF @RY driyst VA Hits iPacdetraminady electsir potantinisrare inpwt torige elestric t he
electric current pathway within the pixel is divided into Il and 12, as
shown icurrentsupply. linth &04 ehditai catlaiepotbtievigle reldnimmt tMO, whichhtus hiave i gutudD.
Note that lIdata =11 + 12. Further, the electric potential of the gate

el ect r eitetrimf potdntiabidiffeencd FT 107 becones equal to the electric 10 potenti al
of an input electrode of the driver TFT 107 at this point due to the

itching T ; tfhohel '
swi tchi ng Thbte thabit 3pretdisbls tk aSidEde dafichR @%aﬂ%m?ﬂcd g%gf%gﬁ tﬁrﬁ égfagbrel ver

vol tage between the gate and the souFce’is zero, ere

\/qi-r 10Z11(§ er%%gfct:%?}lfe c(amrertelrfan& HSYEQF%OSTFT 107 is assumed to turn on in

is state, then electric curren I'n the EL el enent 111, and the

electric curke | dat a. cannot, be, set curately. 15 Electric_charge,is not

yet stored it[lri?et fat g?‘i)raﬂéegée@gﬂa%’flféfnglggmfmstWéyi]?‘?s?(gﬁ’ceﬁvﬁ‘?é'i‘gt S K% hi ng

TFT 155 turns on, and therefore the converter and driver TFT 108 is off.
10 ~ " structures similar to those of other TFTs. An example in which the first swiiching element

105 and the second switching element 106 are formed by a switching TFT 155 and a storage
TFT 156, respectively, is shown in Fig. 1B. The switching TFT 155 and the storage TFT
156 only work as switches for selecting conductivity or non-conductivity by turning on and
off, and therefore no limitations are placed on their polarities.

15 Without being limited to Embodiment Mode 1, there are no limitations placed on TFT
polarity when using TFTs as switching elements. In addition, although transistors, in
particular TFTs, are used here, transistors formed on single crystal silicon or SOI may also be
used.

Operation from signal electric current write-in to light emission is explained using

20  Figs. 2A to 2E. Reference numerals denoting each portion within the figures are based on
Figs. 1A and 1B. Figs. 2A to 2C show electric current flow schematically during signal
input, completion of signal input, and light emission, respectively. Fig. 2D shows the
relationship between the electric currents flowing in each pathway during write-in of the

signal electric current, and Fig. 2E shows the voltage accumulating in the storage capacitor
—-26-




Consequently, 12 =0, and ldata = Ir. That is, electric current only flows
due to the accunulation of electric charge in the storage capacitor 109
during this period. Electric charge then accunul ates gradgual I% n the
storage capacitor 109, and an 20 electric potential dif difde zéifarts to
devel op between both el ectrodes (see Fig. 2D). The converter and driver
TFT 108 turns on when the electric potential difference between both

el ectrodes exceeds Vth (point Ain Fig. 2E), and I2 devel ops. Nato =1l +
12, as g S e [ic
current st Lf? %ﬂ%ws éaﬁldoﬁﬁgao%ﬁ |o?1{n%é eh rnrglclz1g har géltg gﬁeﬁrﬁ er{ es 4 the

storage acitor MAY 2006 El ectrr c charge continues to accunul ate
inthe® glf élrcfftgal&ﬁzf%fIQ%Q until the electric potential difference

bet ween both el ectrodes in the storage capacitor 109, nanely the voltage
VGS bet ween Hif§h Rykies argiapytie the first ea%f signed lioe 102 and theaspgontt gate signatrlinosg,
becones a desired voltage, that is, becones a voltage (VGS) at which the
conver {163, and thir swisehifg- TFTOB5 % and ¢hse Stoeegze IIIEN 156 tposen.bl Baef electricecusteatt ri ¢
current Idata to flow. Wen the accunul ation of electric charge is then

conpl etfowingimthe Bouroe Sipgal 1Bkt thidybifd ig €dken gs Gil.rent I1r stops flowi ng, and
in addition, an electric current corresponding to VGS flows in the

converter ar’l@ledﬂbé{ﬁé chfrdnt1f)8, abwk *Ihst ng 1% g gl hﬂ@t &hd™ thle?ef&% e'%'l%m@ B).

Sel ection of the second gate si gnal |ne conplete

storag f erat,ions. a 10
Li ght g‘n‘l&-g;ér éaﬁﬁvg%rgra ngntfs]e are cgve?"I ad rtgé?t gvast%’ﬁ’r rlllg HTE% c%g‘pt ‘?13 of f
eltecti]Jf r%v first gate si %2 ids lete._ An electric
rrentre BAQIFRIE, BFTE R theaiwo is, showay dny ﬁt gﬁf‘f ahdiat 5 bl s witvERs I dberFT
'105 and to ., the electric current source is thus cutoff, and therefore a

por t i oflesia priewfad of the setn slagirode of & dviver F1S 107 Rgeomesrasnt tor the pdectnic

order for the electric current Idata to flowin the converter and driver

TFT0 10@oigptielooft 4n mpplotlettrolis dfshe deinaf BT 467 anthihpoigate: &l thetswitdkingfTRIhe

driver TFT 107. The driver TFT 107 thus automatically turns on.

Consequéhtahy thastosige QAT 56 bivth&Ringded.h THa0 M8, ey Stape beiveces Uhé 8tk and the
source is zero, and therefore the driver TFT 107 tumns itself off. If the driver TFT 107 is
assumed to turn on in this state, then electric current flows in the EL element 111, and the
electric current Iy,, cannot be set accurately.

15 Electric charge is not yet stored in the storage capacitor 109 at the instant when the
switching TFT 155 turns on, and therefore the converter and driver TFT 108 is off.
Consequently, I, = 0, and I = I;. That is, electric current only flows due to the
accumulation of electric charge in the storage capacitor 109 during this period.

Electric charge then accumulates gradually in the storage capacitor 109, and an

20  electric potential difference starts to develop between both electrodes (see Fig. 2D). The
converter and driver TFT 108 turns on when the electric potential difference between both
electrodes exceeds Vth (point A in Fig. 2E), and I, develops. Ig = I; + I, as discussed

above, and therefore I; is gradually reduced. Electric current still flows, and in addition,

electric charge accumulates in the storage capacitor.
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supply line to the converter and driver TFT 108 to the driver TFT 107 and
to the EL elenent 110 develops as shown in Fig. 2C, and the electric
current 1EL is made to flow. The EL elenent 110 thus erpi §spky gt 20 The
gate el ectrode of the converter and driver TFT 108 and the gate el ectrode
of the driver TFT 107 are connected, and therefore the converter and
driver TFT 108 and the driver TFT 107 function as one nulti-gate TFT at
this point. Generally, if the gate length L in a TFT becones |onger, the
drain curre [ : heg GUELT gt 1 8. | data
finally matdéIE Iﬁ%ﬁf%@ﬁ)%ﬁﬁh% %Oh%&g%mazer ?@@@gﬁ%rcﬁbgﬁﬁﬁﬁf it ﬁrelleﬁglcsi gnal
wite-i 281 2006, gper ati Qns ile the electric current 1 s |EL
e« BOiepEeL Yiffeldplierar pAR RO puh veaehsaricii 104 Sefmei R veleerr 107
durinngod'&?Ft em §sion. The nunber of gate el ectrodes therefore becones

| ar ger FRY PR Histgalmanddhe souresef thacanyeaisyand drives ddFel08, berpares adlesiredesul t
and the relationship between the electric currents beconmes |data > |EL. 5
Not e t Naktagenthat ifa Haesmegi advaltage ¢V GS) et whichethe THTvetoF amhdrivdrd FIh Mfheduses dt h W
of the converter and driver TFT 108 may have the sane size,. and may al so
di f§ er as Wiueh rae lpatsiia $or the ehetrive@irdnb &gt BoweNYIHRE the hdcudludiodioTieledfric
Signal wite-in through Iight em ssion are perforned in accordance with the

af or enehdr© Re thelll WBYIGE (Point B HF TR, D) theVhibdirid BEBIS & siﬂl}(ﬁilﬂg,;iﬂgi’ o
, i

wite-in can also be 10 performed using the electric cu renlt _
Wi ?2??%%&?8‘?“%}%‘2% ﬁl‘ﬁj ehrsplihdifRse k’% gé‘%%ff:' Gt i YT T G
Cohn”t nAF RO oot o0 ERG 28T CRAGRToPeer e eebend e piasal i Wis St e,

Furt her tfe driver TET 107 and the converter and driver TFT 108 operate as
a 15 Remepletedaths saragclFT hof turgteitamdsignghwriteria oppwiienpire cpmpleteddesi r abl e
that these TFTs have the sanme polarity. In addition, it is desirable that
t h#0 pol ari t J-ighé eprissinmensiations araenserddmenhi chhe switching TFT 155 turns off when

selection of the first gate signal line 102 is complete. An electric current path from the
electric current supply line to the switching TFT 105 and to the electric current source is thus
cutoff, and therefore a portion of the electric charge stored in the storage capacitor 109 in
order for the electric current Iz, to flow in the converter and driver TFT 108 up to this point
15  is transferred to the gate clectrode of the driver TFT 107. The driver TFT 107 thus
automatically turns on. Consequently, an electric current path from the electric current
supply line to the converter and driver TFT 108 to the driver TFT 107 and to the EL element
110 develops as shown in Fig. 2C, aﬁd the electric current Iz is made to flow. The EL
element 110 thus emits light.
20 The gate electrode of the converter and driver TFT 108 and the gate electrode of the
driver TFT 107 are connected, and therefore the converter and driver TFT 108 and the driver
TFT 107 function as one multi-gate TFT at this point. Generally, if the gate length L in a
TFT becomes longer, the drain current becomes smaller. In this case, the electric current is

Igara finally made to flow only in the converter and driver TFT 108 during signal write-in
-28-




electric current flows in the direction of Figs. 2A to 2E. Note that the
structure can easily be changed for cases in which the direction of the
electric current flowing in the EL elenent 110 is oppositZ it A h#liGof Fi gs.
2A to 2E. This 20 structure is shown in Figs. 36A to 36C. The polarity of
the converter and driver TFT and the driver TFT is the reverse of the
polarity used in Figs. 2A to 2E. The electric current pathways during
signal electric current wite-in and |light em ssion are as shown in Figs.
36B  anghed®ions, WhiRdpd EleSfic &H@nﬁ@%&ﬂ%&ﬁ:’ todifly S ¥ &h i{fEt-Er 108 dié?eruﬁeldlgé”! ng
signal wite-in and during -29 2 I ght em ssion. ¥ at I's, dispersion in
the TF I | Sgrl -be..mpde t o influence, si gnal i te-i

oper at }gﬁgﬁéﬁ‘%aﬁé&h F]Ge:fihoggggﬁg Ihgglge%1>§818§1 n CanBIBP?ri %ﬂga(lﬁ ciclé%tlrl}?f%ﬁ t%f?fsor‘auri ng
signal , wite-in %nd I:l_gpt em Ssi Qn. Furth%r, a portion of the electric
char ge PERAPes latees duting lightemissiopnthe gais lepeth da hacanesrlonger a8 gt fesuli, pad dher r ed
to the gate el ectrode of the driver TFT 107 at the instant when [|ight

eni ssi 6%%%1‘1@(‘?5‘6‘?4%3“5@3Phcmmﬂﬁmibn@mfrsdmawiebstate of Fig. 2B to the
state of Fig. 2C. The voltage between the gate and the source of the TFT
1085st or ed iNpte Hmt ttearhagee] aeidthcWt afi thd A vEEFE10T end deaimsned WightWwioranal | er
during light em ssion than the desired value during wite-in.

Consequemidrier atid1grive TFRITRDALYRSR thD Sarfi@bite, aRd did}SuIsPMEEE Ofhel BBt dfshigroves
very 10 slightly in a direction making it nore diffficult for current to

flow, 2Rfvdeh @M g RETASHIOT. i0hish i €Ment during black display due to a TFT
of f | eak curren% can-al so be prevented for cases in which there is

dj spersion iq ragteri,st.i of. t.he TFTs 107 and 108. Note that, in
“ehbod ment o TR BFLAIN T it dRPedtiedom, geomeinces it he
controlled to.turn on. and off by the first gate signal line 102 and the
second 2B ARRd Proceduges., oln gpgOrdapcs,with the presentyinyasgions writeon Ga8| aljeabe be
performed sinultaneously for cases in which the EL el ement enmits |ight

i B di Redoymegysing the ﬁbicétq Qrest Ligd, ghigh iggraaterithan thhelectric current Iy, flowing

in the EL element, during write-in for cases in which light is emitted by the EL element at a
low gray scale. Trouble such as noise embedded in the signal electric current can therefore
be avoided, and quick write-in operation becomes possible.
Further, the driver TFT 107 and the converter and driver TFT 108 operate as a
15  multi-gate TFT during light emission, and therefore it is desirable that these TFTs have the
same polarity. In addition, it is desirable that the polarity is p-channel for cases in which
electric current flows in the direction of Figs. 2A to 2E.
Note that the structure can easily be changed for cases in which the direction of the
electric current flowing in the EL element 110 is opposite to that of Figs. 2A to 2E. This
20  structure is shown in Figs. 36A to 36C. The polarity of the converter and driver TFT and the
driver TFT is the reverse of the polarity used in Figs. 2A to 2E. The electric current
pathways during signal electric current write-in and light emission are as shown in Figs. 36B

and 36C.

In addition, the converter and driver TFT 108 is used during signal write-in and during
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nunber of gate signal |ines can therefore be reduced by connecting the gate
el ectrodes of the swtching TFT 155 and the storage TFT 156 to the sane
gate signal line and performng control for cases in which the sw tching
TFT 155 and the storage TFT 156 have the sane 20 polarifyi Mgt gighat ,

al t hough the explanation is presented here under the assunption that the EL
el ement 110 is used as the load driven by the driver TFT 107 and the
converter and driver TFT 108, and that this is appl i ed to the pixel of a

| i ght ev: , j j , i t hi.s, use.
That .2@‘* *ﬂ*#%“’gl o Thlie, SRR The TEY Ehieaiind Bica B ey itubfte' s
transi st acit resls a circuit in whi e | pads are
conbi néd? e'f"ﬁf)gerf' 01, Ilgp?F’BISFWEHWIP&“S@ﬁ)%B?WBHP ﬁﬁ'&g’é’“;ﬁ%ﬁsecﬁ’ﬁ’é'&ism s.

f | Enmbodi nent Mbde 2 5 Enbodi nent Mbde 2 of the present invention is shown
in Fi gWitgAR and lightemissfonsi g 28A has a source signal |ine 2801, first and
second gate signal |ines 2802 and 2803, an electric current supply line
2804, a fir Jlurthen agortion &f therelectrRB8@Grgeathaebanacomilatddi inghebtoragatcapa2B06, a
driver TFT 2807, a converter and driver TFT 2808, a storage capacitor

2809, 408 isrranklerred aoEhE gaftl Blectk@lehos 8 @aAvérl DRI 1071 ftethaimstantCHhe® Mghpour ce
for inputting signal electric 10 current 2811. Note that the storage

capaci tffiss?h08p d?ﬁibn@%e%&r %&1 ﬁﬁ)vﬁl 912101hte's\f£e %!f g by tﬁliis'stﬁﬁnof’\f gy Q@SI .

active layers, gate maferials, ke, wth anlns at|

Pﬁét“’iz?he%%ﬂ?gé’ﬁ‘é‘wg%%&%%ae %ﬁ;kh%}w%b tﬁaﬁ%aﬁof‘;t?ﬁ% @rgtﬁz‘i‘%g% c%a;f@@'?f Lage
5 TFT 2808

(rhaut v A8 SBEHBef Brechi Rty Sseltcuiig Fal uSie danfe dehr v desrmg

elenment 2805 is controlled b%itthe first gate signal line 2802. A first

el ect r SAHeH tGRnsequeatly e velirasdetveandthe gagomdithe sumiercefithel TS mpeessisty ce

Si ?nal |ine 2801, _
slightly in a dircction making it more difficult for current to flow, and light emission of the

element during black display due to a TFT off leak current can also be prevented for cases in
which there is dispersion in the characteristics of the TFTs 107 and 108.

Note that, in Embodiment Mode 1, the switching TFT 155 and the storage TFT 156

are controlled to turn on and off by the first gate signal line 102 and the second gate signal

15  line 103, respectively. On and off control may be performed simultaneously for cases in

which the EL element emits light immediately after completion of signal write-in. The

} number of gate signal lines can therefore be reduced by connecting the gate electrodes of the
switching TFT 155 and the storage TFT 156 to the same gate signal line and performing
control for cases in which the switching TFT 155 and the storage TFT 156 have the same

20  polarity.

Note that, although the explanation is presented here under the assumption that the EL
element 110°is used as the load driven by the driver TFT 107 and the converter and driver
TFT 108, and that this is applied to the pixel of a light emitting device, the present invention

is not limited to this use. That is, it is also possible to drive a load such as a diode, a
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a second el ectrode of the first switching el enent 2805 is connected to a
first electrode of the converter and driver TFT 2808 and a first el ectrode
of the driver TFT 2807. The second 20 switching el ement 2806 is controlled
by the second gate signal line 2803. A first electrode 2ff {48 s&6ond

swi tching el enent 2806 is connected to the source signal line 2801, and a
second el ectrode of the second switching el enent 2806 is connected to a
gate el ectrode of the converter and driver TFT 2807 and a gate el ectrode
of the L T : ond lectrode .of, th river TET 28Q4Z .S
connect & bltgfgf’t%g%glggggra‘l @S%@?r ‘grn C@ﬁ‘ﬁ%l’% “ﬁ‘llcf%ieh’f%g’,a AR 3°m-1§i&20]émﬁ/ﬁ( 2006
second el ectrode of the converter and drjver TFT 2808 is connected to one
el ectréﬂjéﬁ?fftoﬁﬁem re Oél%ﬂltnﬁfﬁ)?n#?@b‘é‘ll@%‘ﬁe capacitor 2809 is connected
bet ween the gate el ectrode and the second el ectrode of the converter and
driver TFT 2808, and stores the voltage between a gate and a source of the
converter and driver TFT 2808. Predeterm ned electric potentials are 5

i nput tEmhddémentddodd Z current supply line 2804 and the other el ectrode of
the EL el ement 2810, which thus have a nutual electric potential

di fference. HxBlih&atMbde 2 of PeShrescaP i chiid istshEwh iR R 288aPC hixel o2BRY be
connected between the gate and the source of the converter and driver TFT

2808. ' : SWi ' t . phng TFTs
navi ng rorat § sof sieva) B 20 Skt S0 Sl BRE SuiP Y 2k TR 08" 01
the fir ' ' | e 2805 and.the .sec wi t chi el.ement 2806 are
For e s el bl % 280 8 5 fenindCrISEER He05 ppisond SuulBfE Glenipit <
_shown i‘g gv:a? .28%@@%& tching TFT 2855 and the storage TFT 2856 only
Cwpr ka4 e 1Ty 28} @ copvigieE and deivor Y, 2808, doviorasmernaeitan 289%pgnd amur ni ng
on and off, and therefore no Iimtations are placed on their polarities. 15
Oper at Ednelemenh 281¢naEaeh soureq sigealdingritas warquresni spures for gimutiéng sighareléctric

expl ained using Figs. 29A to 29E. Reference nunerals denoting each portion
wi i8i ncuhentf284iir es are based on Figs. 28A and 28B. Figs. 29A to 29C show
electric current flow schematically during signal

Note that the storage capacitor 2809 may be formed as a capacitive element by using
wirings, active layers, gate materials, and the like, with an insulating layer in between, and
may also be eliminated by using a transistor gate capacitor instead. ‘That is, provided that it
has the capability to store the voltage between a gate and a source of the converter and driver

15  TFT 2808 for a required period of time, any structure may be used.

The first switching element 2805 is controlled by the first gate signal line 2802, A

N’

first electrode of the first switching element 2805 is connected to the source sign'al line 2801,
a second electrode of the first switching element 2805 is connected to a first electrode of the
converter and driver TFT 2808 and a first electrode of the driver TFT 2807. The second
20  switching element 2806 is controlled by the second gate signal line 2803. A first electrode
of the second switching element 2806 is connected to the source signal line 2801, and a
second electrode of the second switching element 2806 is connected to a gate electrode of the
converter and driver TFT 2807 and a gate electrode of the driver TFT 2807. A second

electrode of the driver TFT 2807 is connected to the electric current supply line 2804, and a
-31-




i nput, conpletion of signal input, and |light em ssion, respectively. Fig.
29D shows the relationship between the electric currents flowing in each
pat hway during wite-in of the 20 signal electric curren%, %%ﬂ E@%@ 29E
shows the voltage accunul ating in the storage capacitor db B samne
wite-in of the signal electric current, nanmely the voltage between the
gate and the source of the TFT 2808. First, pulses are input to the first
gate signal |ine 2802 and the second gate signal Iine 2803, and the

svmtch T. turn el c -32
VB0 RET AR e oSS! ARl TETERA0 i ety o/pa® SHRROACOAHR} BLo i of

and is take a. The electr current at a fI Ws in_the source

si gnal © ﬁ[ P%@@l q-apﬁé}cgagesc%c@re@bpﬁﬁ CO‘HE’FFQﬂF ﬁa"\ﬁnelqufﬁd? aed Biexel as

shown in Fig. 29A, and Idata follows this pat hvvay, separated into Ir and

| 2. Noﬁ%co{iﬁ&kcff%ﬂ%f the ppnverter aldeives /TP T 2R08e peckstoies theoradiage hetwstn algategat e 5

el ectrode of the driver TFT 2807 becones equal to the electric potential of

the seewhd soeiceaifribeleonvertehand driver TFFT28D807 Paidefehinie eicttricpetettinld be
switching TFT 2855 and the storage TFT 2856 both being on. That is, the

vol3 agimphetoerlechie @rtett aippply Hife SE0 4RI 1RE GH¥P SicéR6d of RO B1IIGhafi 28e0 t he
driver TFT 2807 turns itsel off If the driver TFT 2807 is assunmed to turn

on in Wﬁi&tﬁﬁsaﬁa%eatnri'lﬁﬂaleél&fdﬁ Gefitdl UffdreddeOWs 1 n the EL el ement 2810, and

the electric current cannot be set accurately. Electric charge is
not yet acc 0 e, capaci tor at th ant .whe t he
Swi t ¢hi ng. TRt 3&@ {Wﬁ%f B ﬁlﬁ%@%ﬁ?@%ﬁ&%ﬂ%éé@g irospperied AR YEReRer
808 '2%&18 giguen é{b‘i = 0, and 'data = Ir. That is, electric
. char ge fpwrse eEthe copyrater apd Ay TF B8 here, and a correspondi ng
eI ectric current {swgener ated. 15 Electric charge then accunul ates
gradual |y i hhe HiEstsanst dire secopd ciwitphimpselomeatsdmay beefasmied i wsingo fiEds i laving
difference starts to devel op between both el ectrodes. The converter and
drier stiTuressigitau ton thoom ofibther Thds.e| Aatexamplednavitittathedibf evieohiey detesten
bot h el ectrodes
2805 and the second switching element 2806 are formed by a switching TFT 2855 and a
storage TFT 2856, respectively, is shown in Fig. 28B. The switching TFT 2855 and the
storage TFT 2856 only work as switches for selecting conductivity or non-conductivity by
turning on and off, and therefore no limitations are placed on their polarities.

15 Operation from signal electric current write-in to light emission is explained using
Figs. 29A to 29E. Reference numerals denoting each portion within the figures are based on
Figs. 28A and 28B. Figs. 29A to 29C show electric current flow schematically during signal
input, completion of signal input, and light emission, respectively. Fig. 29D shows the
relationship between the electric currents flowing in each pathway during write-in of the
20 signal electric current, and Fig. 29E shows the voltage accumulating in the storage capacitor

during the same write-in of the signal electric current, namely the voltage between the gate
and the source of the TFT 2808.

First, pulses are input to the first gate signal line 2802 and the second gate signal line

2803, and the switching TFT 2855 and the storage TFT 2856 turn on. A signal electric
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reaches Vth that is, a threshold value of the converter and driver TFT 2808
(point Ain Fig. 29E), and |2 develops. ldata =11 + 12, as discussed
above, and therefore Ir is gradually 20 reduced, but does ﬁ‘ag% zero
until the accunul ation of electric charge in the storage 23%5 't & ﬁ2809 is.
conplete, and the electric current is still nmade to flow. Electric charge
continues to accunulate in the storage capacitor 2809 until the electric
potential difference between both el ectrodes of the storage capaci tor 2809,

nanmel y 4. he th e converter and
driver é?mfgggﬁggg%gﬁégagggégﬁwgggﬁl%gﬂflﬁﬁkwﬁﬁaﬁ 3%8 Eﬁbe that is,
becones a vo/,t age (. ch th convert,er |ver TFT, 2808 causes
as much as 3'3?5‘5%‘?‘ c£8 et ﬂeﬁ%‘ﬁ i ﬁ‘ CoturenTisnay ’c"égc Ls | Sherevipan alertric
accunul ation of electric charge is then conplete (point Bin Fig. 29E),
the el SBEPRCPEBVREMWiItiR the qixelfasostions imkie.i 2PA,aend E) wiiollews this gethway,
current corresponding to VGS flows in the converter and driver TFT 5 2808
at thi sepuoited intaddandiht a Notd thal fpe=Hi g. L29B)rtheSethe eldcnit pitertiad of drogude gat e
signal line 2803 is then conpleted, and the storage TFT 2856 turns off.

Sel gct ieheirofic tofiethd idiier JHTE 2807 rbeéon!lésnaTuaP 393né Tldchfn p@@ﬁﬂle&fethet ék%ond
swtching TFT 2855 turns off, and signal wite-in is conplete. Light

em ssi QecABEE 8t ihe Qﬁw@f PFPO%BY Gfin gheﬁﬁmt &H},etgggé E\ﬁﬂéﬂaﬂ%fﬂ: g%%i % ;ﬂ{eenﬁ?oﬁéé when

selection of the first gate S|gn IS cor

currenty of 801 to e switching TFT 2855
Co' t ho TAPEG GRS ofD TRHGETONARR: hevien Bt R IRE Al Beofths Zonae
ut of f d t far. n of, the electric.charge stored in the
ﬁ) or agén@beé%dg %%@%ﬁ&%@'@mwcn@ el lEtherdrive d FISS07 iassumed ta ugy i n
the converter and driver TFT 2808 up to this point is transferred to the
gate eloa8dntBigestae, thew elgefrigequrentrfioge m theTRk elhmant 2810; andgby eleotric current
automatically turns on. Consequently, an electric current pathway 15 from
t h&0el dai cimmotbe saatcwaplyl y 1ine 2804 to the driver TFT 2807 to the
converter and driver TFT 2808 and to the EL el enent 2810 devel ops as shown
in Fig. 29CElevndc tegd isght y@mctimilgtes &l ﬂi@tsfdrs‘gecdibﬁ(ﬁﬂ&} 2809-ati the FREA &8ed | OW.
The EL el enment 2810 thus emts |ight.

the switching TFT 2855 turns on, and therefore the converter and driver TFT 2808 is off.

Consequently, I = 0, and Iy, = Ii.  That is, electric charge accumulates in the capacitor
2809 here, and a corresponding electric current is generated.

15 Electric charge then accumulates gradually in the storage capacitor 2809, and an
electric potential difference starts to develop between both electrodes. The converter and
driver TFT 2808 turns on when the electric potential difference between both electrodes
reaches Vth that is, a threshold value of the converter and driver TFT 2808 (point A in Fig,
29E), and I; develops. Iy, = I) + I, as discussed above, and therefore I; is gradually

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

Electric charge continues to accumulate in the storage capacitor 2809 until the electric
potential difference between both electrodes of the storage capacitor 2809, namely the voltage

between the gate and the source of the converter and driver TFT 2808, becomes a desired
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The gate el ectrode of the driver TFT 2807 and the gate el ectrode of the
converter and driver TFT 2808 are connected, and therefore the two TFTs
function as a multi-gate TFT at 20 this point. Generally, if the gate
length L in a TFT becones | onger, the drain current becongs sg‘Lhﬁgn In
this case, the signal electric current is finally nade to f%d%& rE in the
converter and driver TFT 2808 during signal electric current wite-in
operations, while the |light emtting electric current is nade to flowin

the dri T i rvand driver TET ng |ight
em ssi g\r(?ﬁgl eﬁgigﬁ u%Br’TgécrO%{c}eg ag‘g)tlggggpg@? yg{j“é@* ﬁgr%@g?%crbagg 51 Vg@ﬁ?ng@ %"“%‘ASY 2006
| arger _duri | ight, em ssion, . the gate | epgth becones | onger ags. a result,
and t hé& Fnecht Sé’ﬂgsﬁ?lﬁ?mb@'ﬁﬁg@mq ?}BTf‘g'f i’e‘t & ﬁg'ffur méﬁ%é%ﬁﬁ%aqioﬁéﬁélguﬂ%L.
Note that the channel w dth Wof the driver TFT 2807 and the channel width
W of t KBAIEE dhihentcompieia (apint 8 inTig. 29088 thagleptaigecurisat baviepssflowingamt! iy
also differ. The 5 relationship between the gate lengths L is al so

si m | aaddiSognan elstieict qurent gomresponding tte -VES tilowsuiphthiei @hvertsri adi driveaTFT
perfornmed in accordance w th the aforenentioned procedures. |In accordance

Wi tB t 2809 nethirointNMENkj 001, (464 1\%%- 2IBYC alBcleatis oPic RESond gaR G sl e 2863
signal electric current I|data, ich'is greater than the light emtting

el ect r iiEthel thRPletddEhnd Hﬂérs'kd}%éhrﬁ QF;k@tJrRsf oﬁ.as§(?leét{b[n‘r’]\[@gg€{?i%s:t g%% s;ig?]a{)ﬁnéje l

emtted by the EL elenent 10 at a [ow gray scale. econes

possi b oﬁtﬁﬁ nt ite-in tinme .by performn ite-in at

a suff Pg?ée%ttﬁé)}% ar gfét%’g?%%l “‘%3& ;[\?ﬂ;gts%? \9?—38&1 g ﬂ%‘yalli%"é?'g‘rfé ﬁf’g‘Bgé nes a

load. Further.  the driver TFT 2807 and the _converter and driver TFT 2808

(operate as &EHGMHTIGARSTations algGongrefingky dheswiighingdhd 3 tums o8 When

desirabl e that these TFTs have the 15 sane polarity. In addition, it is

desi r aBtlectiona®f the dirplogale isigpabing 2802 imeompleie. c Ageeledtric\urrent pash dome itiee

current flows in the direction of Figs. 29A to 29E. Furthernore, the

st L0ct spwce signaddiniel 380b¢o theasvaiediifgdTFE 2855 td thewbhedrter had diivacIFDASES and
to the EL element 2810 is thus cutoff, and therefore a portion of the electric charge stored in
the storage capacitor 2809 in order for the electric current I, to flow in the converter and
driver TFT 2808 up to this point is transferred to the gate electrode of the driver TFT 2807.
The driver TFT 2807 thus automatically turns on. Consequently, an electric current pathway

15  from the electric current supply line 2804 to the driver TFT 2807 td the converter and driver
TFT 2808 and to the EL element 2810 develops as shown in Fig. 29C, and the light emitting
electric current Igy, is made to flow. The EL element 2810 thus emits light. L

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

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

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

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

driver TFT 2808 during light emission. The number of gate electrodes therefore becomes
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the electric current flowng in the EL el enent becones opposite, simlar to
the explanation nade in Enbodi nent Mode 1. This structure is shown in Fig.
37A. The polarity of the 20 converter and driver TFT and the driver TFT is
the reverse of the polarity used in Figs. 29A to 29E Th? @l‘ﬂ‘zgt?. current
pat hways during signal electric current wite-in and |igh E=er§1”‘s i are as
shown in Figs. 37B and 37B. Sim | ar changes are al so possible for

subsequent enbodinents in this specification, and therefore |ater

expl ang, Wolng! Ltiom,. th nverter driver. TFT 2808 is
used dar e R bl 4 BT pbliat RO el «f ioefiotuion,
That i%,tdie%%ersli n.in %HebTFT cpar a<iteri stics can be made to influence

si gnal W te- %SS%EFQHI S ORH P fegnt "Bmi ssion | ess by using a portion of
comon TFTs during signal wite-in and |ight em ssion. Further, a portion
of the el ect qt%t@hgwgél@mmﬁhé”&é&mﬂnm i 3807 tand ghecnharee! sgthcWiagithe 5
2809 is transferred to the gate electrode of the driver TFT 2807 at the

i nst antcomyrsier | anghdrivanilE3i 2808 peayahavnshdaging site nandowiaygaike odiffehe That e of
Fig. 29B to the state of Fig. 29C. The voltage between the gate and the
sousce refhtioshipTehvedi808 gatk Mithsi st shasage capaci tor 2809 therefore
becones slightly smaller during light em ssion than the desired val ue

during Wi tsgsral eleCRIES GHHGR c-liﬁ lﬁﬁ'oﬂé‘l %\gﬂleelhﬁgi%eaq ;[)E'I%O in® aﬁﬁﬁces ource

of the TFT noves very 10 slightly in rectiron nmaking 1t nore rcul t

for curt: A i.ght em ssion of t el ement during bl ack

di- spl ay 1@1{]121%3@0%1&1%@?2) r%&%fﬁ%uﬁle%f({r glﬁcea‘f"glg t}t?eprﬁ?GEEEWP‘étbonﬁ g\’;ntﬁ'é’é &8in
whi ch tEgrbe isf di%ﬁer.si nin t%e characteristics, of the TFTs 2807 and 2808.
{Note tREPPORT S the Stenal electriq,eureent Lot Whjchris greatesshanthe dight emittingye TFT
2856 are controlled to turn on and off by the first gate signal |ine 2802
and t h&lesEicaregblee dirggarite-4s faricases Jg grhichy kght dsctoi beetnyittedhy thecElbtlemsant r o
"may be perforned simnultaneously for cases in which the EL el enent emts

| i dfit iahdrdeW grayl sealef t &x additips, dt baromes pessitlalto shidrten-theambhst ofwiritecin thfie gat e
signal lines can therefore be reduced by connecting the gate el ectrodes of

t he by performing write-in at a sufficiently large electric current, even if the EL element becomes

a load.
Further, the driver TFT 2807 and the converter and driver TFT 2808 operate as a
multi-gate TFT during light emission, and therefore it is desirable that these TFTs have the
15 same polarity. In addition, it is desirable that the polarity be n-channel for cases in which

electric current flows in the direction of Figs. 29A to 29E.

f—

Furthermore, the structure can easily be changed for cases in which the direction of
the electric current flowing in the EL element becomes opposite, similar to the explanation
made in Embodiment Mode 1. This structure is shown in Fig. 37A. The polarity of the

20  comverter and driver TFT and the driver TFT is the reverse of the polarity used in Figs. 29A to
29E. The electric current pathways during signal electric current write-in and light emission
are as shown in Figs. 37B and 37B. Similar changes are also possible for subsequent
embodiments in this specification, and therefore later explanations are omitted.

In addition, the converter and driver TFT 2808 is used during signal write-in and
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switching TFT 2855 and the storage TFT 2856 to the same gate signal line
and performng control for cases in which the swtching TFT 2855 and the
storage TFT 2856 have the same 20 polarity. A conparison in which the
structures of Enbodi nent Mbde 1 and Enbodi mrent Mbde 2 of ﬁh%»?rgagnt
I nventi on have been added to those of Table 1 is shown i ﬁ [ Tabl e
2] -36 26 "Y 200 k flH Further, the main point of the present invention
is to receive the signal electric current input, performstorage of the
el ectr igarifl @R eriissigh. a‘ﬂ?étt [sQdsple}si If'gn tﬁ@d[[ff;lg Hﬁ'ﬁcﬁcﬂ&lc{':ﬁ b0 ahadeP fEOME
an el ectric current pathway as a nu tl-ga e urlng out put sanp e and
hold 5; odj ht em tting device
Usi g dREEt s wiihR évper%*;ﬂﬂﬁ g gl safs e Rt by 3o PResBR ot BHRSI e
presen ventlon .S not, ted to . these uses in particular, and it is
al so ef éfWVEgPﬁmgﬂﬁﬂvﬂpHénbg@§§ﬁ¥99%vent|on to analog circuits such as
anplitude converter circuits. 10 Enbodi ments Enbodinents of the present

i nvent i on ar@irtges apesiéen elethewlectritnttmdgarthat hds achemslateddn thestofaga capacitor

sem conductor device for perform ng display using an anal og i mage signal

f or San 28G9 de tahdeatd s tlexgitaickedoda oEnko diivaTFIL 2860 aeXieipksRnDivheR ¢ight
structure of the 15 sem conductor device is shown in Fig. 3A. There is a

pi xel pafidsiciNopaionk fbeédi\l &ﬁeramabﬁag%ﬂm@ém@l ofetig. 298 &Y (HRNRERE of F?a 208t i X
shape, on a substrate 301. A source signal line driver circuit 03, and

first apd v%?ﬁ@é‘ﬁet@@&?t %0 fAdnd ﬂh@gglgrrcék?'ﬂhec’ﬁ'ﬁ 5%36@ stofkh ANEL s?lgﬁag? %pedcglrf he

periphery o e pi xe rtion wo ' gate sigha
/ % reul 9808 frs dbecomes ghglﬁﬁ‘f smfme\{ during light emission than the desired value during

write-in. Consequently, the voltage between the gate and the source of the TFT moves very

10  slightly in a direction making it more difficult for current to flow, and light emission of the

clement during black display due to a TFT off leak current can also be prevented for cases in
which there is dispersion in the characteristics of the TFTs 2807 and 2808,

Note that, in Embodiment Mode 2, the switching TFT 2855 and the storage TFT 2856

are controlled to turn on and off by the first gate signal line 2802 and the second gate signal

15 line 2803, respectively. On and off control may be performed simultaneously for cases in

which the EL element emits light immediately after completion of signal write-in. The

e’

number of gate signal lines can therefore be reduced by connecting the gate electrodes of the
switching TFT 2855 and the storage TFT 2856 to the same gate signal line and performing
control for cases in which the switching TFT 2855 and the storage TFT 2856 have the same

20  polarity.
A comparison in which the structures of Embodiment Mode 1 and Embodiment Mode

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

[Table 2] 36




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

plurality of gate 20 signal lines for pixel drive, as explained in the
enbodi ment nodes. Further, a structure in which the gate signal |ine
driver circuits are disposed symmetrically at both ends oégﬁgiﬁ, gbgna
lines, and the gate signal lines are driven from both end VA a?

used. Signals input to the source signal line driver circuit 303, the first
gate signal line driver <circuit 304, and the second gate signal |ine

driver circuit 305 are supplied fromthe outside -37 2 6 MAY 2006 t hrough
a flexible printed circuit (FPC) 306. An exanple of the structure of the

source sign ine driver. uit i s rce SI nal
line driver %I(E:I ft?l?:ru e ipgingdofn r?g eo‘Fﬁ?"‘Hbm(YFé\g?le t‘&ﬁ’ﬁ’f?ﬁ %&éﬁ&@e"?ﬁ%@eg gnal
as an.,imge signal, and has a shift register 311, a buffer 312, a sanpling
ci rcui fapifape siorage ef beelecicereat et ap athitrarg tinking,candto g the TRy that

shifters and the |ike not shown in particular in the figure nay al so be
added BRedné @B esleciviy cudpntr pathway of & hBllis«gmec"EFﬁl@nag dutped sdmiplerndihotlit i s
expl ai ned next. A detailed structure is shown in Fig. 8 which will be

ref 8rr egetationsh Hmiddimegimddes fGQixdls onmeBglteniting@edicp usiag B! dle@énts tages of
flip flop circuits (FF) or 10 the like, and inputs a clock signal (S-CLK),

a cl oclydienigrtcasdvei BnBls shezifiddion, Iﬁﬁ%@g&gé}ft vaEHﬁ@r?ls roPlimitkd tosﬁi'gpé g iPul ses

are output one after another in accordance with the timng of these

I t
o U JH e LR TR T
Lik t.. 803 d 15 I it f st f

e, AR SRR Lo, e 19 being & plural 1y of stages of

I mge signal in accordance with the timng of the input sanpling pul ses.
Specifically, the sanpling switches turn on when the sanpling pulses are
input to the sanpling switches, and the electric potential of the inage
si §Pal Embadimentpoint is input to an

Embodiments of the present invention are discussed below.
Embodiment 1
The structure of a semiconductor device for performing display using an analog image
signal for an image signal is explained in Embodiment 1. An example of the structure of the
15  semiconductor device is shown in Fig. 3A. There is a pixel portion 302, in which a plurality
of pixels is arranged in a matrix shape, on a substrate 301. A source signal line driver circuit
303, and first and second gate signal line driver circuits 304 and 305 are in the periphery of
the pixel portion 302. Although two gate signal line driver circuits are used in Fig. 3A, only
one thereof need be used for cases in which it is not necessary to sclect a plurality of gate
20  signal lines for pixel drive, as explained in the embodiment modes, Further, a structure in
which the gate signal line driver circuits are disposed symmetrically at both ends of gate
signal lines, and the gate signal lines are driven from both ends may also be used.
Signals input to the source signal line driver circuit 303, the first gate signal line driver

circuit 304, and the second gate signal line driver circuit 305 are supplied from the outside
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el ectric current converter circuit 804 through the sanpling swtches. 20
The el ectric current converter circuit 804 is nmade using a plurality of

stages of electric current setting circuits 810, and ou?pgtw 0
predeterm ned electric current to source signal lines (Si¥ erzgﬁl S i s

n) in accordance with the sanpl ed inage signal. Operation of the electric
current setting circuits 810 is explained below using Fig. 10. Fig. 10 is a
di agram showi ng the structure of the sanpling circuit and the electric -38

2 6 MAiird8Pa ALEIBR Hrinf@NRhit | 4ggdi t. Operation of a sanpling circuit
1001 is as di scussg}g above. ?FAIP?Lrough a sanpling switch 1002 here uses one

TFT, | i i truct . by. using. -ch | . JFT and
N o channet ATamRBoR e Mk bl re b R ine s KPR SO TR BE ¢ o
1003 h | ectr,i ent output cjrcuit 1004 .5 and eset circuit
1005,  ARE SEFR SEpd ihe ST BErlioh forqerionging disaldtusing o) iAes mage el os

signal. The image signal is input to the electric current output circuit
1004, ahdmagppignels andrbaed shift guistered e tar buffer MR ensapplieg aircuit 363 tandtan n
accordance with the electric potential of the input-inmage signal. The

el ekt r electrigrqueneht contveritr dircuit By, | $esélrshiftans exti theilikg mn shpw@ i patidular iFT i n
Fig. 10, but there are no limtations in particular with this structure.

O her ﬁierﬁgiﬁralﬁﬁ§alm)befhﬁdg’ﬂﬁgerb@cg§5ﬁ{%ﬁ_ provi ded that they are capabl e of
outputting a predeterm ned signal el'ectric current in accordance with the

el ectric poigpalkigh @& thRNsdulfBYighAIONAL 'dl‘i-uafi 6&5&9% % ﬁﬁf‘eﬁit ffe “rAeHétai?e‘&t put

fromthe electric current outptt circult I'sS i nput 0 the rese

!{.,._c:/\iy]rcui Ltn}c%gtgés ﬂéﬁ‘@riﬁfﬁ%|8§§@?%%L&%lé?%gﬁ%f62%§ﬁanal og switches 1006 and 1007, an

i hverter ®e 1009. 15 The anal og switches
1006 and 10Q7 .are hoth_contro] |l ed hy usi ngl_a reset sjgnal (Res. and a
reset si gnaf* TRV &FEr SR 15 madn Ry veRe 2 obalityaf stiget ek Hipskiomcirqui®s (BRkos s of f
when the other one is on. A reset signal is not input during normal
wr 9 e- m’m@n@q Iﬁgptéﬂ@icg:ktsi@ah(fﬁa{:bg)mlpdhinverted signal (S-CLKb) ang a start pulse

(S-SP). Sampling pulses are output one after another in accordance with the timing of these
signals;
The sampling pulses output from the shift register 801 are input to the sampling circuit
after being amplified through a buffer 802 and the like. A sampling circuit 803 is made
15  using a plurality of stages of sampling switches (SW), and performs sampling of a certain
column of the image signal in accordance with the timing of the input sampling pulses.
Specifically, the sampling switches turn on when the sampling pulses are input to the
sampling switches, and the electric potential of the image signal at that point is input to an
electric current converter circuit 804 through the sampling switches.
20 The electric current converter circuit 804 is made using a plurality of stages of electric
current setting circuits 810, and outputs a predetermined electric current to source signal lines
(Si, where 1 < i < n) in accordance with the sampled image signal. Operation of the electric
current setting circuits 810 is explained below using Fig. 10.

Fig. 10 is a diagram showing the structure of the sampling circuit and the electric
-38-~




1006 is on, while the analog switch 1007 is off. The signal electric
current output fromthe 20 electric current output circuit 1004 is out put
to the source signal line at this point. On the other hand,? ghBARHSO
switch 1006 turns off if a reset signal is input, and the anal og switch
1007 turns on. An electric potential inparted by the electric power source
1009 is applied as the electric potential of the source signal line, and
the source signal line is reset. Note that the reset operation is

perfor b | -al r 3 ] t h jt is
"0 2 Sl sTRRL: EPONE, Qi B Snfling Dcil 1801 '8 SR Motk 1 he

el ectri r. source 100 ear | e to that of t el.ectric current
suppl y FRGVE a SRS SRR 1567 Bie ek qre LY, ok el anf lac i Sfucfungdt
anmount _of electric current flowing jin the source signal |line be able to be
set tobIdsHs Wé?haflﬂé Woluande pchanael TFhaayglsodyaiseds An exanpl e of the
structure of the gate signal line driver circuit is shown in Fig. 3C. The
gate si gnal An glecttici cpaentcéanyeiter diwwital 00RiHas anadgctiecudait catpbt @irbuif 1604 322.
Circuit operation is simlar to that of the source signal line driver

ci rBui tand aneset biecuih1005, amdeiverts 3 2dmpleti Moltageddifsed $nt0 128 edctrdy ciafeat Kighali n
accordance with a clock signal and a start pulse. The pulses are I1nput to

the ga%es:hﬁgéi'sién:ap% aph€lo AR cfl&tﬁ@%hﬁfzﬁte@utmt éi%itbiﬁq@ %n@%ﬁm@&&nﬁﬂ@d row

at atime is 10 placed in a selected state.” The signal electtic current is
ttensi h i L . : |
v ikt RSB SRR HNE) ROUGGR oSl hndd A L SR RUSFl B gy
i st hawi I lit f flip flaops i h .in the fi
CeXanpl P PRI THG cledrie Pt upll qropE S strvclipscLybing o P pmedi T ol ect

the sigpal, lines using a decoder or the like may al so be used. 15

Enbodi hight10 byt ety arg o limitafions 18 pgrticylng it thiy sfycteres o Pthrarstrgetiresgoay spl ay
using a digital imge signal for an inmage signal is explained in

Enb0di aisatbepusedn provadedl dabtheyese sapabde of @utfuttitgea predetermined signal electric

current in accordance with the electric potential of an input signal.

The signal electric current output from the electric current output circuit 1004 is input
to the reset circuitl 1005. The reset circuit 1005 has analog switches 1006 and 1007, an
inverter 1008, and an electric power source 1009.

15 The analqg switches 1006 and 1007 are both controlled by using a resct signal (Res.)
and a reset signal inverted by an inverter 1008, and operate such that one is off when the other
one is on.

A teset signal is not input during normal write-in, and therefore the analog switch
1006 is on, while the analog switch 1007 is off. The signal electric current output from the

20  electric current output circuit 1004 is output to the source signal line at this point. On the
other hand, the analog switch 1006 turns off if a reset signal is input, and the analog switch
1007 turns on.  An electric potential imparted by the electric power source 1009 is applied as
the electric potential of the source signal line, and the source signal line is reset. Note that

the reset operation is performed in a horizontal return period or the like. Note also that it is
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sem conductor device is shown in Fig. 4A. There is a pixel portion 402, in
which a plurality 20 of pixels is arranged in a matrix shape, on a
substrate 401. A source signal line driver circuit 403, 2ahd4Avi 280 and
second gate signal line driver circuits 404 and 405 are in the periphery of
t he pixel portion 402. Al though two gate signal line driver circuits are
used in Fig. 4A only one thereof need be used for cases in which it is
not necessary to select a plurality of gate signal lines for pixel drive,

as explyaifrld hat A6 ¢ fal BpTed B bleoficHowe §g%1’§% gﬂgs;, B P MY

2006 which the gate signal |1ne iver circurts a 3f:ally

at bot I; lines, .and the gaie sign l.i.nes.are,driven
from b%ﬁﬁﬁgﬁé@ tr?g?/ﬁ egflg%hggﬁt[glgcﬁupgllygl%? tF‘ﬁB%te{ P‘b‘%f’ﬁ'eatgﬁrlffé?ési RjFisrabls ne
driver circuit 40%ﬁcﬁh§,frrst %@te signal line driver «circuit 404, and the
second ﬂ%’étt ¢ g, of qleringryrirnt Thoping, i the sguge sigaalling keiable derbe iset towresd de
through a flexible printed circuit (FPC) 406. An exanple of the structure
of t he vd5D thesourepriignal lipgisdeseter circuit is shown in Fig. 4B. The source
signal line driver circuit is for performng display using a digital inmage
si ghal as amui emegels dfjthalstrueme: biathe garhsigral liagdsivarcidhit is shdvwi & Figasch
circuit 412, a second latch circuit 413, and a fixed electric current

Ci r cui Thé réte si@bling Biivdrirsuia Ntk 4 Af It KGeN911 SOVt 3220 PRALh GP\lréﬂ’iod n the
ver

figure may al so be added when necessary. The gate signal |ine dr

circui {sitfidr 30 nA D7 tH@¥%1§€\A% §%gﬁﬁt ﬁ%c Pﬁvérha%ﬁﬁts Doy, n fénligglg%* ggghuéqﬁltsand

therefore they are not s gures here, a _
R e TR R LY A
i p 1 Figt B e gef siend i ateer hang ppLighy thecRiHer 4281 Bk LRt X GRets) . &
clock inverted signal (S-CLKb) and a start pulse (S SP). Sanpling pul ses
ar 80 ouPpsed éha sgiacted siatet hEke Bignalcdlosttarcuerenii ishwiiten in nfdey foim theesmirce
signal line into the pixel column controlled by the selected gate signal line.
Note that, although a shift register having a plurality of flip flops is shown in the
figures as an example of the shift register, structures in which it is possible to select the signal
lines using a decoder or the like may also be used.
15
Embodiment 2
The structure of a semiconductor device for performing display using a digital image
signal for an image signal is explained in Embodiment 2. Anrcxample of the structure of the
semiconductor device is shown in Fig. 4A. There is a pixel portion 402, in which a plurality
20 of pixels js arranged in a matrix shape, on a substrate 401. A source signal line driver circuit
403, and first and second gate signal line driver circuits 404 and 405 are in the periphery of
the pixel portion 402.  Although two gate signal line driver circuits are used in Fig. 4A, only

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

signal lines for pixel drive, as explained in the embodiment modes. Further, a structure in
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signals. 20 The sanpling pul ses output fromthe shift register 901 are

input to a first latch circuit 902. The digital imge signhal is input to
the first latch circuit 902, and the digital inage signal is stored in

each stage in accordance with the timng at which the Sa”p|$@?‘?¥|ﬂﬂﬁ are
i nput. Wen storage of the digital image signal in the firs g h™Crrcuit
902 is conpleted -41 2 6 MAY 2006 through the final stage, a latch pul se
is input to a second latch circuit 903 during a horizontal return period,

and tthlﬂtblﬁﬂie ¢ RBME]
transferred al " g@ongggiaglvﬁgﬂslggodr{g# %S{g %%&13%1?1%&19:0%! B%e rc%\?ﬁpéortl on

of the r&qﬁg r d the codlat CII’CIt 903 is then
i nput t%ﬂ ﬁlﬁkedé] % %:ll}?r}regnf crlwr%gw RaL g I|H§ ulse is again
output to t i.f ster 901 the dlg &g rage signal . stored in
t he second I ‘BP‘? &ﬁ esé’ﬁ?;ceiség‘ﬁ {!ﬁ gt Cguif eeﬁl’égg‘?‘?élg&ﬂﬂ%ﬁfw%ﬁ rcuit
904. Processing of one frame portion of the i e signal can be perforned
by rep&HEWh404amddthe sprondtgaimeignatiline driver sirgnity; 4@% prensuppbed frgm: the outsidect ur e
of the fixed electric current circuit. The 10 fixed electri.c current

ci r&ui thrnegh afigtiblegirinted cifcustt(APEF4@E. el ectric current setting circuits
1101. The electric current setting circuits 1101 formed in each stage

out put a pr ededxamplaeithé seitire o RSO sTithal BRY drﬁdeel@ha)n is@,h@wﬁ MEesni gnal
line in accordance with 1 or O information in the digital image signal

i nput  fiheRHELE s%ﬂﬁlol'ﬁg: &t Rirkhit Slfok eE@ﬁnlﬁéggsﬁa dgcusﬁ%:{ Q%afﬁﬁzf e@?grr]lgi Jeuit

1101 has a fix electric current source si gnal

et g e @ﬁaplb%ga?hé;ssa BB 0 H e At e i
Ier ts It Lg?%?:ruf f"n glﬁgtplﬁ %E@%P gﬁ'%tllg IFég-Iiéll nLExlre sh}f%ers glljlh tthg %{kee I?(Eteshrcl)gvn in
10 particular in the figure may also be added when necessary.
The gate signal line driver circuits 404 and 405 may be similar to those shown in
Embodiment 1, and therefore they are not shown in the figures here, and an explanation
thereof is omitted._
Operation of the source signal line driver circuit is explained next. A detailed

15  structure is shown in Fig. 9, which will be referred to.

A shift register 901 is made by using a plurality of stages of flip flop circuits (FF) or

- /} the like, and inputs a clock signal (S-CLK), a clock inverted signal (S-CLKb) and a start pulse
(S-SP). Sampling pulses are output one after another in accordance with the timing of these
signals.

20 The sampling pulses output from the shift register 901 are input to a first latch circuit

902. The digital image signal is input to the first latch circuit 902, and the digital image
signal is stored in each stage in accordance with the timing at which the sampling pulses are
input.

When storage of the digital image signal in the first latch circuit 902 is completed
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structure. The analog switches 1103 to 1106 are controlled to turn on and
off by the digital 20 inmage signal output fromthe second |atch circuit
903. The anal og switches 1103 and 1104 operate in a nutgaé]l P",ezgﬂﬁusi ve
manner, and when one is on, the other is off. Simlarly, &t éi’“‘a 0g

swi tches 1105 and 1106 al so operate in a nutually exclusive manner. Wen
the digital image signal stored in the second latch circuit 903 is 1, that
is when it is Hlevel, the analog switches 1103 and 1105 turn on, and the
anal og ' . -4 t . A s r m ned
S ana SEPAr Rk Mad ah Milse s rpge A RoRP R i Rop R R ROREL
curren ce .11 nd 1s output.to the sourc I gnal line through the
anal oggetg%ﬂeéﬁgsa%lagﬁﬁt&i Tﬁ%.sg)%ql Yhreddp ﬁ‘éﬁrﬁﬁﬁhﬁ@ q%-,cu tI‘?de‘? trrnstgrred ally
signal stored in the second |atch circuit 903 is O, 5 that is when it is L
| evel , 2t peedp Sregoand latohedrenit 943.a ndng 1qy6 pettion of the digielimegasiana glosed inches
1103 and 1105 turn off. The signal electric current output fromthe fixed
el ect r the seeenddatch cirouit 803 is1ba inputrtota fixetlpidctricocuriest ciomit®®4si gnal |ine, and
falls to ground | evel through the analog switch 1104. The el ectric
potential ofA daeplink@alse iTaga@V\eutpsas tieeshifl Afisti @0 Wifile thé digitiPiddee dighsl t he
source signal line through the analog switch 1106. Note that it is

pref er lakedl &0 tihadcoh9ach ]f‘tﬁfdiﬁtCQ@tise mrﬂu@'to Ohe tfﬂ&dea@&fié i GurRABlreiP Y042 1109

be nearly equal to that of the electric current supply I'ine in thé pixel

_ I to th ot 1 curfent ‘s n the pi:
Phe. sonioss aye,af pny okt BAARE I rhiZe b Yo e firg D st Bhitar " <

P I evgl . T(gle af orenenti oned operations are perforned simlarly over all
{S}ages Wt "Bhe nhorizontal 15 period. The value of the signal electric
current out%ut to al]l of the source signal lines is thus deternined. Note
that, althotifh lddsrdshagam sbpeingihe stryefireaef thadixediclestrics current isircwit. e cThe ¢
current setting
fixed electric current circuit has a plurality of stages of electric current setting circuits 1101.

The electric current setting circuits 1101 formed in each stage output a predetermined signal

electric current (liua) to a source éignal line in accordance with 1 or 0 information in the
digital image signal input from the second latch circuit.

The electric current setting circuit 1101 has a fixed electric current source 1102 for

15  supplying the signal electric current, analog switches 1103 to 1106, inverters 1107 and 1108,

and an electric power source 1109. The fixed electric current source 1102 is structured by

‘\.w‘;

an op-amp and a TFI‘ in Fig. 11, but there are no particular limitations placed on this
structure,

The analog switches 1103 to 1106 are controlled to turn on and off by the digital
20  image signal output from the second latch circuit 903. The analog switches 1103 and 1104
operate in a mutually exclusive manner, and when one is on, the other is off. ~ Similarly, the
analog switches 1105 and 1106 also operate in a mutually exclusive manner.

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

is H level, the analog switches 1103 and 1105 turn on, and the analog switches 1104 and 1106
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circuit, other types of switches may al so be used, such as transm ssion
gates. Furthernore, another structure capable of selecting the signal

| ines by using a decoder or the like as a 20 substitute for the shift

regi ster, as discussed in Enbodi nent 1. Enbodi nent 3 Eisglﬁy ggogpﬁs t wo
gray scales, white and black, in the sem conductor devic W

digital imge signal shown in Enbodinent 2. A driver circuit for simlarly
displaying -43 2 6 MAY 2006 nultiple gray scales using a digital image

si gnal i 0@?5 Oitle %‘?tqicie?mm% M&Ectgjc et e BP0 a%@ t§ ﬁr@wroqn ale ﬁg{r}% t

structure o urce Ssigha rrver Circul m ng

< o R it B Gtk iDL Gudhtiadhe Sl ¥ all,Bpeﬂv R

Enbodl ment and it has a shift 5 regi ster 1201, a first latch circuit
1202, &Wét@'&?)rld PardhlQSircuit 1203, and a fixed electric current circuit
1204. The fixed electric current circuit 1204 uses a plurality of electric
current sebOnitheptbérhand i€ thedigital simagéd signdl atorabimdhersston? lat¢h rduitt908iigD} al
image signal is input bit by bit (digital data 1 to 3). The first latch

ci rgui that 80Zhanidisthvelp tedalogls®itchés Ko4tand 2006 A€ o/ nd MBEEhaldy Rdichbd €l
with the three bits, and 10 perform storage operations of a three bit

portion1@f aﬂd"ﬁ(ﬁ'tﬁx‘ntcﬁ‘k 'm%ﬁ'l 9{%@1!];10 Hufdh 'i‘@kﬁ'tlfgr}g(ea% QAfr Fx‘%mw th a

sanpling pul se output fromt regl st irgital 1 mage
I h [
ol ot r g i né?oﬁ%ﬁ?ﬁ%%&ﬁa‘é.sﬁa (L S ER0 Bo S e bl 42, e o

he- electric. cu nt circu uctures the flxed el ectrjic
ft);lr renf"P% E‘i‘ﬂt‘lgfi1 {J];O% m}% t‘?@fﬁg: P\?te“ﬁﬁi%‘f@ﬁﬁ FECaverfRuree o jowasrds r cui t
1300 has TFTs 1301 to 1303, ana@(gg swi tches 1304 and 1305, inverters 1306
and 138mparicd tnde soprce signal Bugthrongh the annlog svisbvkdPos oNetecthatigbprefarabes 10.

The 3-bits of the digital image signal are input to gate el ectrodes of the
TFIG 1861 thelectiBOptenting phtheiclelnc pawa source hE0NERairtycghsl th 3048 of Hee TFTs
each have different channel

electric current supply line in the pixel portion. That is, it is preferable that the electric

current flowing in the source signal line can be set to zero when the digital image signal is L

level.

The aforementioned operations are performed similarly over all stages with one horizontal
15 period. The value of the signal electric current output to all of the source signal lines is thus

determined.

Note that, although analog switches are used as the switches in the electric current setting

circuit, other types of switches may also be used, such as transmission gates, Furthermore,

another structure capable of selecting the signal lines by using a decoder or the like as a

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

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

the digital image signal shown in Embodiment 2. A driver circuit for similarly displaying
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widths W and their on electric current are set to have a ratio of 4: 2 :

1. 20 When the digital inage signal input to the gate el ectrodes of the

TFTs 1301 to 1303 is 1, that is when it is Hlevel, the EFE@ HE on and a
predeterm ned electric current is supplied to a source /3 i Ti0e.

el ectric current supplied to the source signal line is the sumof the
electric currents supplied through the TFTs 1301 to 1303, and the on

electric current of each TFT have a ratio of 4 : 2 : 1, as stated above,

and t henetiplegyriyeaks 28ingfa cﬁé]@al $h
controlled in 23 stages, nanel st ages. the digital |nage S|gnal I nput

ﬁgl?al‘féﬁers&medmﬁﬁﬁ%dﬁn%\g 2006 can be

to the gate g

it is
hand,

t he eI
1310 i

(Res. ) Sjni

T ovare T SR P il s gy %3@%9?3@5 fipd S8 it moey '

evel t f the NOR, th | o h 1305 t
ertp il i Bl oy 580 MSPIabG. b avirea B 1oL X ORSEER Bour Co

S |Jf‘parted to the source signal line. Further, if a reset signal

1304 turns on, and the electric power source electric potential of the
el etr |r@g1§iov\b2015 o dirss dat¢ig igcuits] 20@pasdoedd facht dircuitd@08 canli aofivedd dléamdc curtenk S

preferable that the electric potenti al

and 13t@rcuil A204chThe fixell diectiad celret EirdiP 22N a §i1ﬁ?ahgr of @lekBR! citfent he
electric current supply line of the pixel portion so that the anount of

el ect I isguiayieills fA10Wifidat  Biocifuhee Signal |ine can be set to

the el ectric power source electric potiential is inparted to the source

| gnal

Pt £ S A e LR 050

, th | aced h
scaf o el TP kPt SEsRerch sl L ABR o it ia puralcby i 16s Arvaspits, 404 ho

for cases in which a higher

4 16t pertey storageorsrbans phe threbit partioni 1, digital imege signal ioultantoudy in he
storage TFT

15

20

accordance with a sampling pulse output from the shift register. The 3-bit digital image
signal stored in the second latch circuit 1203 is input to the fixed electric current circuit 1204,

Fig. 13 shows an example of the structure of the electric current sefting circuit
structures the fixed electric current circuit of Embodiment 3. An electric carrent setting
circuit 1300 has TFTs 1301 to 1303, analog switches 1304 and 1305, inverters 1306 and 1307,
a NOR circuit 1308, and electric power sources 1309 and 1310.

The 3-bits of the digital image signal are input to gate electrodes of the TFTs 1301 to
1303, respectively, and to the NOR circuit 1308. The TFTs each have different channel
widths W, and their on electric cﬁrrent are setto have aratioof 4 :2 ;1.

When the digital image signal input to the gate electrodes of the TFTs 1301 to 1303 is
1, that is when it is H level, the TFTs turn on and a predetermined electric current is supplied
to a source signal line, The electric current supplied to the source signal line is the sum of
the electric currents supplied through the TFTs 1301 to 1303, and the on electric current of

each TFT have a ratio of 4 : 2 : 1, as stated above, and therefore the size of the electric current
—44 -~
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20 156 is connected to the source signal line 101. The storage TFT 156 may
al so be connected to an output electrode of a swtching TFT 1401, and an

i nput el ectrode of a driver TFT 1403 as shown in Fig. 14A2 §iidiyalz0dgite-in
and |ight em ssion operations are shown in Figs. 14B to 14D, but ot her

than the fact that an electric current pathway 12 is slightly different
fromthat of Figs. 1A and -45 2 6 MAY 2006 1B, the operations are simlar,
and an explanation is therefore omtted here. Further, by using a
connectmmbemmnaﬁbﬂmiabmqﬁEEmﬁﬁﬂﬁsaﬁ shown in Enbodrnent 4, a semnm conductor
device driven by a tine gray scal e nethod using a digital image signal can

use a stor dﬂﬁe-ﬁli_'g-li_tai- fpafto tﬂggatc-gtk%trtf@ésto@% PREVERA 18 1988 faBf0 2

source of the driver 140 can to zero, turning the drivéer TFT

e 951 BBt 5‘ﬂtﬁ9‘ﬁ{°°§lmﬁlss. AR AT Sl oD TR o

that et ail anation re rdrngthetrrre gray scale met hod
mIl gtfg‘r’ﬂél?‘& %@eﬁPﬁo t%r dich 1305 oty o g D CIRtE @oWPe source
2000 86968A may be 10 referenced. An exanple in which this structure is
app i edlecEicanotential oictherpleptric powepseiyrcel 3i0de impartedtiothe sonrcBisignal IsstA and 34B.
Fig. 34B is an exanple of actual elenent and wiring |layout, and Fig. 34A
is an equi vaushtr, ¢f acedet sipnaly(Ren) Bfinpatt wihinthhofhasitdli remah pedbdytthensty p
between each element. Reference nunerals within the figures are based upon

Figs. dfdlog ewitdid1305 ti¥as 6nt ARt thel diduds pOwer ﬁur&neteanalp%naasa fak f1efiNg
structures that differ fromthat of Fr gs. 1l4A to In short, a pathway

1 <o paberlouficaiaod¥niael BEPBIL Sag ien e " si gnal el ectric

rren I's 1nput and at hway at of Fig. 38B may be established

dur ing i gli‘ttls ?Eét?%gﬁ:r}hat tplg efcwtnc potglgla? !:)F H% etlésctr?cnlgovggresolurces 1?8@15111(:{1 % %f ore

be di sposed su

10  each be set to an electric potential similar to that of the electric current supply line of the pixel
portion so that the amount of electric current flowing in the source signal line can be set to
zero when the electric power source electtic potential is imparted to the source signal line.

Gray scale display can thus be performed. Note that, although an example of a case -
of 3-bit digital gray scales is given in Embodiment 3, there are no particular limitations placed

15  on the number of gray scales, and it is possible to implement Embodiment 3 by a similar

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

Embodiment 4
In the structure shown in Figs. 1A and 1B, the second electrode of the storage TFT
20 156 is connected to the source signal line 101. The storage TFT 156 may also be connected
to an output clectrode of a switching TFT 1401, and an input electrode of a driver TFT 1403
as shown in Fig. 14A,
Signal write-in and light emission operations are shown in Figs. 14B to 14D, but other

than the fact that an electric current pathway I is slightly different from that of Figs. 1A and
45—




their positions are not inconsistent with the aforenentioned pat hways, and
connections such 20 as those of Fig. 38C are al so possible. Enbodi nent 5
In this enbodi ment, a manufacturing nmethod of a sem condugtor device is
described. Typically, n-channel TFT and p-channel TFT th t6 &5\%8@5 t he
driver circuit and TFT that is -46 2 6 MAY 2006 provided in the pixel
portion are described. Wth respect to a part of TFT conposing a pixel is
not illustrated in particular, it can be forned in according to this

ot _ o _ ! ng to thi
enbod! T the dpefabibns & sEHM ardul dxdlandtidh isThdietfe Sl p@A2 formed of an

insulating filmsuch as a oxXI m a silicon nitride filmor a

silicon oxyRrit.ki fi is formed on a su 5.5001 for of gl ass
such as bar :Fg}rﬁh%rg ?3 é%s*n?céa‘?"emgﬁ%"é‘ S0} Stgf%ﬁlbﬂ%[r g%)@o?’i $hopayin %Pg‘gcng’étp‘gés ent ed
by #7059 gl ass. angd #1737 ass, of Coning Corporation. For exanple, a

of || CoremBenifdttralcr FiteShd3 dncosmuacas meinsineia il dmAg Bjal ohe s as o
CVD nethod and having a thickness of from10 to 200 nm (preferably 50 to
100 nnp StHagolhEd40Sapialraset JFTa  Thediolagmbetweenda gatei andra souyes ofr the drifed m
formed from Si H4 and N20 and having a thickness of 10 from 10 to 200 nm

( pr&f el&0] $4080cancbel & tmzpro, surnmgethe dirivee TED 408 roff, lbystuaiiho tio@biage tIRT  base
fil m5002 has a two-layer structure, but nay also be forned as a single

| ayer flsbzronbften@mmétidgelidRQesdiete péridd. N idttlcfBssiH frém! MBI slefehd dBpdhavi ng
nore than two | ayers of the above insulating filns. Island-Iike

sem copglyed«qry | ayers 5003 to 5006 are formed froma crystalline 15

sem conduct or filmobtained by conducting |aser crystallization nmethod or a

g, e T Y A8 R B BB i b 820
ea N BRSBTS R 0SB 01
buiot hsefgrr%gédél i ne sem conductor filmis preferably formed fromsilicon,

An example in which this structure is applied to an active matrix display device is
shown in Figs. 34A and 34B. Fig. 34B is an example of actual element and wiring layout,
and Fig. 34A is an equivalent circuit diagram reflecting the positional relationship between
each element. Reference numerals withinrthe figures are based upon Figs. 14A to 14D.

15 Note that similar operation is also possible using structures that differ from. that of
Figs. 14A to 14D. In short, a pathway like that of Fig. 38A may be established when the
signal electric current is input, and a pathway like that of Fig. 38B may be established during
light emission. The switching elemenis and the like may therefore be disposed such that

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

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

Embodiment 5

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

Typically, n-channel TFT and p-channel TFT that compose the driver circuit and TFT that is
-46~ :




20 a silicon germanium (Si Ge) alloy, etc. Wen the crystalline

sem conductor filmis to be manufactured by the laser «crystallization
met hod, an excimer |aser, a YAG |laser and an YVO4 | aser of % @ﬁ%ﬁﬁm
oscillation type or continuous light emtting type are uséh. %ese
| asers are used, it is -47 2 6 MAY 2006 preferable to use a nethod in
which a | aser beamradiated froma |laser oscillator is converged into a
| i near shape by an optical systemand then is irradiated to the

semm congueided inf tht pixePpor€ibl Steddskriitidl OWiIPRGbdck 8a pért _SPTF’?%MﬁﬁhEEEe)BQI by an
operator. When the excinmer |aser is used, ©pulse oscillation frequency is

CLypi oo 1o TosRAg ARy LA E AR e foutle b chfpdGaLT, 200 ° ™ O

oscillation frequency is preferably set to from30 to 300 kHz by using its
second har norhiits}, aasbowmseFig. 28har ghastefiini 5§02 formed dbLambisyladng filip shicloag 800 to
600 mJ/cnR (typically 350 to 500 mli/cn). The |aser beam converged into a

l'i near silipaxadedfilig\d siljcoh Mtslcfild of b QMcHR @x{RitrdROPINKE fofmed on 4%bdard S
irradiated to the entire substrate surface. At this tinme, overlapping ratio

of &he 5009 forMERTof FRGY s@&?%}i&rﬁ% HoPosiiQE %%sg Oorggluff?i N g{scé gfhsd2S

: n 1
| aser or solid state | aser cont1 nuous oscillation type or pu

osci l | gL b sed. as ser ch as an.exciner, | aser, Ar

acer | Hreratolft FRBoAN IR 1 TPF 45 o1 Bihe TiPRiophe IR ST

YLF | aser,. YAl I r. glass laser, ruby |aser, alexandrite laser, Ti :
sapphi rogy{ngé@r gﬁ“&rﬁ%ﬁga Gg‘glfﬁaé"@hé‘ﬂflag@ﬁ #alNeO Arysthe plpsma SVD mpthodi andis YAG
A-aser, YVO04l aser, YLFE |laser, YA103 |aser wherein Cr, Nd, Er, Ho, Ce, Co, Ti
Lol Ti nhayiggadpichmess of Seom 4 do 380 nive(psefeiatilysiGiteel (hem) is farmedi Similadyod t he

| asers is different depending on the materials of doping, therefore a

| aser thydwghesritng sdichm sk gnitvidedtilaf formp foxi SHLLAnd N,(Pand hawibi aitRiekhesdof

har moni ¢ correspondi ng to the basic wave can be obtained by the using

notd! i fiwai 10pb 208 nne(ReRAdbEy 5800 WIBhnd) RN¥ekd lHeZdhl O afis BRbAITRIRN QS
sem conductor filmis conducted, it is
base film 5002 has a two-layer structure, but may also be formed as a single layer film of one

of the above insulating films, or a laminate film having more than two layers of the above

insulating films.

Island-like semiconductor layers 5003 to 5006 are formed from a crystalline

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

20  asilicon germanium (SiGe) alloy, etc.

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

oscillation type or continuous light emitting type are used. When these lasers are used, it is
' -47-




preferable that the second harnonic through the fourth harnonic of basic
waves is applied by wusing the solid state |aser which is capabl e of
continuous oscillation in order to obtain a crystal in large grain size.
Typically, it is preferable that the second harnmonic (with a -48 2 6 MAY
2006 thickness of 532 un) or the third harnonic (Wth a EE%C g?Sﬁmgf 355
nm of an Nd : YVO4 |aser (basic wave of 1064 nm is appl

Specifically, |aser beans emitted fromthe continuous oscillation type

YVO4| apesferablsi tb sl & métiaudtip wihi¢tba tREMSTabEfAdiafidofréin AR B @11 isWdhngetd e
non-1linear optical elements. Also, a nethod of emtting a har noni c %
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resonator. Then, norée prefer the aser beans are forned so as tAo have
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sen? coﬁﬂ(ﬁﬁi ftypicalhy 2R@xp, 300 gdicen’).nsWhae ithy ¥AGMasa0F usedepilsg ostilation
i sland-1i ke sem conductor | ayers 5003 to 5006 is forned. The gate

i nsul afieqgerfcy lisnpEd@ablysset v fiech 30 crdad ks asingdtsfsetond kembaichiandg 1&ket i con
and having a thickness of from40 to 150 tint by using the plasma CVD

met hod efigtg@ demifyt is préferabBl B do fiotn BDO S0 SODGHT/ERN (typichiy 980 %o 508 WA film
5007 is forrred fS fpromdggtl | icon oxyni-tride fil mt\?rmpt EE% t hi cknessﬁ%fﬁlzo
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e reaction pressure is set to 40 Pa, the
suﬁ@tr%?‘gﬁgémﬁrsétﬁ{’g‘%%t%ngbm 300 20 to 400 C, and the high
frequency (13.56 MHz) power density is set to fromO0.5 to 0.8 Wcn2 for

electric di solags ffdr, ol Bu¢ lastN8r Sblid GAR RXESr LoAtRBED oBSHARI R W pulse
di scharge. The si licon

oscillation type can be used.  The gas laser such as an excimer laser, Ar laser, Kr laser and

the solid state laser such as YAG laser, YVOylaser, YLF laser, YAIO; laser, glass laser, ruby

laser, alexandrite laser, Ti : sapphire laser can be used as the laser beam. Also, crystals such

15  as YAG laser, YVOylaser, YLF laser, YAIOs laser wherein Cr, Nd, Er, Ho, Ce, Co, Ti or Tm

} is doped can be used as the solid state laser. A basic wave of the lasers is different

depending on the materials of doping, therefore a laser beam having a basic wave of

approximately 1 pum is obtained. A harmonic corresponding to the basic wave can be

obtained by the using non-linear optical elements.

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

crystal in large grain size. Typically, it is preferable that the second harmonic (with a
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oxide filmmanufactured in this way can then obtain preferable
characteristics as the gate insulating filmby thernmal annealing at from
400 to 500 C. -49 2 6 t; Y 21'06 A first conductive film5008 and a second
conductive filmb5009 for formng a gate electrode are fo Wfqygn ﬁ gate
insulating film5007. In this enbodinent, the first condbcti ? m 5008
having a thickness of from50 to 100 nmis forned from Ta, and the second
conductive film 5009 having a thickness of from 100 to 300 nmis forned

from Wihfokidse of 3R innih drStht ki darivondc &R b ShicReksi®F RS nnBE 4nMRq L 308! Kof

Ta is sputtered by Ar. In this case, when suitable amunts of Xe an r
are addgd: t@adt wdvat ess. of. l,he fidmis rel eased d | i ng
of f thie]; (Padte w be@f;)rﬁg!\i/d'eﬁll@d.ﬁ" it ificaly, Vst bep dgped, Hogp e’ 0
about L] Ocm d.this Tg. filmcan b ed for the gate el ectrode.
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not sui tabItS for the gate 10 el ectrode. Wien tantalumnitride having a

cryst alUSHg e pgpdingigepiicabelemsnts of Alsge 2 angthed ef emittiag adadmonivibygpplying

t hi ckness of about 10 to 50 nm is fornmed in advance as the base for the Ta
filf tcoystadonYiVid: and the hom-tifiearloptical plemsmts intvea thaorfatdrm Thed npdre peciaablybe
easily obtained. The Wfilmis formed by the sputtering nethod with Was a

t ar get .thd-lusthbeams fve fdéméd bonag ap Hace al erah@ilieshaBy of ah NGl Mde Rt hpd
usi ng tungsten hexafluoride (W6). In 15 any case, it is necesSary to

" educe opEdISyaBaCteRbY adiBify 4 LivRage I Adkd, °| AL, %ng&ygage%égﬁ]b' ©

to set resistivity of 'the W mto equal to or sma

ANen i ' f ot £ | re increased J j Z&, .resistivi of
(Dhew PERPREAAHENTE.G8 ot Wl BleiraflS: GER6 0l BORchD) bty cMbfron
such as_ox n,. etc..wthin the Wfil crystallization is prevented and
resi st ?’\ellflf%’g&%dt?rnti%%fs’gﬂ‘fedAﬁf@BP{ﬂXHﬂTt?lf}] 10410 2000 cae rase relativebcarmspendding g
maﬁBnod, target of 99,9999 %or 99.99 %in purity is used, and the W

fi Il i 40 thedpseeacasms soasite drradiate tl sepdeandeetpefibn. not ni xing inpurities froma
gaseous phase into the W filmtinme when the filmis to be formed. Thus, a

resistivity exf aQRinkRatile ﬁmm}’?&%epiﬁg the island-like semiconductor layers 5003

to 5006 is formed. The gate insulating film 5007 is formed from an insulating film

containing silicon and having a thickness of from 40 to 150 nm by using the iJlasma CVvD
method or a sputtering method. In this embodiment, the gate insulating film 5007 is formed
15  from a silicon oxynitride film with a thickness of 120 nm. However, the gate insulating film

is not limited to such a silicon oxynitride film, but it may be an insulating film containing

R

other silicon and having a single layer or a laminated layer structure. For example, when a
silicon oxide film is used, TEOS (Tetraethyl Orthosilicate) and O, are mixed by the plasma
CVD method, the reaction pressure is set to 40 Pa, the substrate temperature is set to from 300
20 10400 °C, and the high frequency (13.56 MHz) power density is set to from 0.5 to 0.8 W/cm?
for electric discharge. Thus, the silicon oxide film can be formed by discharge. The silicon
oxide film manufactured in this way can then obtain preferable characteristics as the gate

insulating film by thermal annealing at from 400 to 500 °C.
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realized. -50 2 6 MAY 2006 In this enbodinent, the first conductive film
5008 is formed from Ta, and the second conductive film5009 is forned from
W However, the present invention is not limted to this case. Each of

t hese conductive filnms may al so be formed from an el enent 2sgl @&f e r om

Ta, W Ti, My, Al and Cu, or an alloy material or a conpound materi al

havi ng these el enents 5 as principal conponents. Further, a sem conductor
filmrepresented by a polysilicon film doped with an inpurity el enment such

as phosphor usA iy @haectie flEes00sEMAD &on® condirRibi Eﬁﬁis@ﬂ§ £6H fo@hirsAPatk NOSE

shown in this enbodi nent include: a conmbination in which the first

Conauct dittroip 47 Xdied orf AldTRike " HOMLEAN ESHOL ' 1nlfhid B HaepRgCOne

conductive film500 rom a conbli'nation in 1T st

conduct j i 0 I s f.or o fr t ant al nitride (T an he
second ég\éﬁ ut%:vteinil\lllg1 Sﬁ?gnﬁ%"d%gﬁgchﬁsﬁﬂg?m%,&? %gﬁt‘}l B %EB%%% Tﬁrffi%rfLG\hi ch
the first condyctjive film 5008 is forned fromtantalumnpnitride (TaN), and
the secBentemduetivefin 300 apms a bicknpwel HpROHNI 30MaR S formpddrorB M0’ | s

formed froma resist, and first etching processing for formng an

el egt rode andrppi-¥d Mg, i ; bs, € [ : . : ctively
Coupl ed 15 Pl asmm) 1et éﬁf?ﬁg&fw@{ﬁ%ﬂ“ﬁe}sﬂ}%yﬁﬁ%ﬁﬁ?fp@ﬁﬁgﬁé’fgf gr?lggnq’p%& Wth a
gas for .09..:RE .56 wer 500 S plied to the el ectrode
of coi Ilnﬁ %%Ieu agefq %ﬁﬁrsggtﬁ? @%‘M@@%Sﬂd g{aﬂm Bpi‘\:/éjlrr@ ig’g infemal 5‘("@8."?[‘#—6 %13. 56
MHz) of_..100 ower |s also applied to a substrate side (sanple stage),
and a st}H%lSaF\%g%q\ﬁre @%E@é@g\%f filop icam bg pravapiedi sRegipivitypt ‘timngﬁ fimsofamd C12
,;/af"e m xed, the Wfilmand the Ta filmare etched to the sane extent. 20
Under  tiheseafoshoub 28 mPemc endithis dia, filen dap be tuisedh Sorothe pafd elsttrarendiifotiever, | ayer
and a second conductive |ayer are fornmed into a tapered shape by effects
of t he resigtivityodt thgeTaa fijrhi ¢fdf phaset ReatubI80 al®cis) sirl Ryndraitatle tibe tshaqe of
the mask formed fromthe resist into an appropriate shape. The angle of a
tager pbciiods | WheR tantluthIMdd Daving atPystdllstrhtuR 6118 Ma® of fhe o phase of Ta

and having a thickness of about 10 to 50 nm is formed in advance as the base for the Ta film

to form the Ta film of the o phase, the Ta film of o phase can be easily obtained.

The W film is formed by the sputtering method with W as a target. Further, the W

film can be also formed by a thermal CVD method using tungsten hexafluoride (WFg). In

15  any case, it is necessary to reduce resistance to use this film as the gate electrode. It is

} desirable to set resistivity of the W film to be equal to or smaller than 20 uQ2cm. When
crystal grains of the W film are increased in size, resistivity of the W film can be reduced.
However, when there are many impurity elements such as oxygen, etc. within the W film,
crystallization is prevented and resistivity is increased. Accordingly, in the case of the

20  sputtering method, a W-target of 99.9999 % or 99.99 % in purity is used, and the W film is
formed by taking a sufficient care of not mixing impurities from a gaseous phase into the W

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

realized.
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-51 2 6 MAY 2006 increase an etching tinme by a ratio of about 10 to 20 % so
as to performthe etching without |eaving the residue on the gate
insulating film Since a selection ratio of a silicon oxyniZbiM& AMmto
the Wfilmranges from2 to 4 (typically 3), an exposed face of the silicon
oxynitride filmis etched by about 20 to 50 rimby over-etching

processi ng. Thus, conductive layers 5 5011 to 5016 of a first shape (first
conductive |l ayers 501l1a to 5016a and second conductive Iayers 5011b to

5016b) f or medn @fis tRBodiidedt, (R ErsPERRAN le%ﬂyfddswef&ﬁtéa 51% Jnartﬁte&cga( the

first etching processing. Aregion t I's not covere the conducti ve

| ayers 1 f. a is etched b t20t05 nin
e garSnae? S Socd ’thgﬁb%ffgfgﬁha L nt\eaelttéat op & P gteq 19 g

21B) . Then, urity el enment for ing an_n-type conduct|V|ty IS
added é@‘ S 5B orEt??EI?taPB‘F?erg%dHGBie a OHPF‘HQBFWE‘ Henerdelestyd Bomei t her
an ion doping nethod or an ion |rrpl ant atl on net hod. The ion dopi ng net hod
is car r?aegv t Mgndéand QY. eramdilioy amatetiad or a cdmpeund matsgel hayirfg theselelomedd 3 t o

5 x 1014 atons/cn2, and an acceleration voltage is set to from60 to 100

‘keV5 Ams girimgoipal cd:xapanmgtsng Furthery auemidondtytpi €ilth | rypregdhesipbp aysolyshicoar filag seni ¢
(As) is 15 used as the inpurity element for giving the n-type conductivity.

Howev erdopgdh Gsifth @h Uisnpullly iefemdhs &fch @fsephdsphdrils %né&aﬁﬁo b Q&L NAUGINE bflyer S
5011 to 5014 serve as masks with respect to € inpurity el errentp
gi ving cbﬂt&ﬂltlbﬂé)@thﬁoﬂﬁglrﬁtdséf thdéen ﬁﬂﬂlsférl{llﬁ)tdlﬂlgm%él de: E%QE%H%UEIQ 1117w§1f%h t§024
are formed in a self-a |gn| ng manner. -The 1 npurity el enen Vi ng t he
Astypeg i ed t first ons .5024 in
\fb conceld ? #lgérttiv\réaf}r%eg(ps % i ﬁ“’[nomk[&%lj(%&i agflg ‘ij‘c %4 B).
Second rocessin erfornmed w thout renoving the resist
mask aﬁms‘%gﬁ formest 3‘ cRIAtIoR gvh&hcthe&re@pwaveﬁ}m%QO% iqgmets,
Cl2 and 02 as the etchin gas The conductive | ayers 5026 to 5031 of a
sedBnd oy patalym mitride {hali b tand dhe sgeond comigtive §lm ‘%99 is formed from Al; and a

combination in which the first conductive film 5008 is formed from tantalum nitride (TaN),

and the second conductive film 5009 is formed from Cu.

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

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

15  Plasma} etching method is used, and CF,; and Cl, are mixed with a gas for etching. RF

: ) (13.56 MHz) power of 500 W is applied to the electrode of coil type at a pressure of 1 Pa so
that plasma is generated. RF (13.56 MHz) of 100 W power is also applied to a substrate side
(sample stage), and a substantjally negative self bias voltage is applied. When CF, and Cl,

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

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

appropriate shape. The angle of a taper portion is set to from 15° to 45°. It is preferable to
~5%i-




2 6 MAY 2006 5031a and second conductive |layers 5026b to 5031b) are forned
by the second etching processing. A region of the gate insulating film
5007, which is not covered with the conductive |ayers 5026 to 5031 of the
second shape, is further etched by about 20 to 50 nmso th#t MAYt Hi0Bned
region is formed. 5 An etching reaction in the etching of the Wfilmor the
Ta filmusing the mxed gas of CF4 and Cl2 can be assuned fromthe vapor
pressure of a radical or ion species generated and a reaction product.

When t RfcréaieQin diRS iR y0S rdtiol fUBLECTD % ﬁ‘%;g{og&w ity @éeﬂingg;riyﬁ{]u?gh

conpared, the vapor pressure of W6 as a uori S extre

and va ‘ S .0 er 5 ~TaFR..and TaCl5 are r.oxi mat el y. .equal
to eac ﬁg%tl %{rh% §%8&l§c%nor 8%%% §)su %gighﬁ]‘f[hessﬁ?q | ?ﬁ?%fﬂilcsqn 1Y %Oaap spff?% %f‘ry@t\éfl% hed
usi ng the m xe s of CE4 and Cl12. = However, when a suitabl e amount of 02
is addéﬂmt‘é’ ‘Fﬁg’ggﬁW@%ﬁ% drom %ﬁaﬁa&w@ﬂ%ﬁ exppged fice ofthectieonoRyntigde hat a
| arge anount of F-radicals or F-ions is generated. As a result, the

et chi ndilEpisetichsl yhabopt 20 ten Shwm byt dyasretehing processhigy h Thap cronguaivs Uayers s
increased. In contrast to this, the increase in etching speed is

rel ati \voLY te 7816 of ofirstishapea(firstl cvndingtive Hayess 361 ianors®asednd S8coa@ cdmductiveasi | y
oxi di zed in conparison with W the surface of the Ta filmis oxidized by

addi ng 192rs SOT1beoNBD16K) iRl ofahd Ba tabd Webdhd' dorGERR 19)er§ BleOforflEd b?hﬁe
etching speed of the Ta filmis further reduced. Accordingly, it is

possi blgget iffer i i fil t he
T T 1 B Bre by R0 Tt i SeypF i Bk "RulE 1iny OLFHS
AAhan t t Tq.f11 20,As, s ia Fig. 22A second dopj racessing
(8 T henDLe S dietfsy e isfhered 1y BoS 2ol pon By o EatedRiin e GRLROY. BEREST) pe
conductiyity,is.daoped i .smaller dose than in the first doping
proces§ﬂﬁ8n§%ﬁ%§P‘gﬁﬂF§H(gﬁkgﬁg}ation vol tage by reducing a dose | ower than
that in the first doping processing. For exanple, the accel eration voltage

i siget to framedCinithphdity KRMent foP SivinSalVRXypPOhductivity is added by performing
first doping processing. A doping method may be either an ion doping method or an ion
implantation method. The ion doping method is carried out under the condition that a dose
is set to from 1 x 10" to 5 x 10™ atoms/cm?, and an acceleration voltage is set to from 60 to
100 keV. An element belonging to group 15, typically, phosphorus (P) or arsenic (As) is

15  used as the impurity element for giving the n-type conductivity. However, phosphorus (P)is

- } used here. In this case, the conductive layers 5011 to 5014 serve as masks with respect to
the impurity element for giving the n-type conductivity, and first impurity regions 5017 to
5024 are formed in a self-aligning manner. The impurity element for giving the n-type
conductivity is added to the first impurity regions 5017 to 5024 in a concentration range from

20 1x10%to 1x 10* atoms/cm® (Fig. 21B).

Second etching processing is next performed without removing the resist mask as
shown in Fig. 21C. A W film is etched selectively by using CF4 Cl; and O, as the etching

‘gas.  The conductive layers 5026 to 5031 of a second shape (first conductive layers 5026a to
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-and the dose is set to 1 it 1013 atons/cnR. Thus, a new inpurity region is

formed inside the first inpurity region forned in the island-Iike

sem conductor layer in Fig. 21B. In the doping, the conductive |ayers 5026
to 5029 of the second shape are used as masks with respertf #8Yt H88i mpurity
el ement, and the doping is performed such that the inpurity elenent is 5

al so added to regions underside the first conductive |ayers 5026a to 5029a.
Thus, third inmpurity regions 5032 to 5035 are forned. The third inpurity

[ €91 0NS05(R3End QecAd %o ReayBIONI" 155¢Th) Wd Rorhel B fift S %ggh%g on

gradient that confornms wth e thickness gradient 1n-°the tapere

of the first €O ive ers.5026a.t0.502 In.t.he sem conduct.gr ., | ayers
t hat oyiedrcF%E)ngtc' hgég 't{ g%fg}r{e%tl porgzﬁgﬁgsuo?atll}gngl?]:fli ?(@t"’ e’ﬂ]ﬁ%&st WQCPYAVQ S to
5029a, the 10 jnpurd concentration_is slightly | r around the center

t han afoﬁcﬁlétl‘é%l&ggrsjp% Itfég‘{‘]aalp‘éfrt&"olsccﬁ&i shapgsis Surthag @"Cﬁ\é\ggl’ abIHFQde PYam sy er s
5026a to 5029a. However, the difference is very slight and al nost the sane

i mpur i that a dhisessk regiondnfdrmetept t hr oughout the semi conductor |ayers. Third
etching treatnent is then carried out as shown in Fig. 22B. CHF6 is used as

et chi ng gas, . [ { O i n RLE)en1 S d. Through. the third
ot ohi ng 1 enfeifEElapih fofhe AR bE W o tEP nRATEY wolik ek Fa or <
5026a t 029 re partially_etched to reduce the regions where the first
conducf’f 4 Ialé@gl:’scaﬁ'\a@rqsé‘ﬂn?igog‘e VBPRIURIESPTE of icalrpf don spegipsgengrated hi r d
shape conductive |ayers 5037 to 5042 (first conductive |ayers .5037a to
5042a 3%hd reacten aredyatucVhem thepppspsersms afa fhevizls)and atchigrids foWnand Faegi ons
~0of the gate insulating film5007 that are not covered with the third shape
é nduc arevepmpayat, $hé @3ort pres0rk20faWFf asr £ Heorid26f W dh extramely thighyread vapombout
20 to 50 nm Third inpurity regions 5032 to 5035 are forned through the
third pteshire dfr etemeWCls, TP t4tidr drQWD Uik t ¥ppr@diitsy SR3R tho cB&S ahd-hat
overlap the first conductive |ayers 5037a to 5040a, respectively, and

sep@ndAl j i 3 : el 426
RSP SS0S A ALENS 5500 B TF R E e BIEReNARUGR. £ s ! 2 ©

However, when a suitable amount of O, is added to this mixed gas, CF4 and O, react and

become CO and F so that a large amount of F-radicals or F-ions is generated. As a result,

the etching speed of the W film whose fluoride has a high vapor 'pressure is increased. In

contrast to this, the increase in etching speed is relatively small for the Ta film when F is

15  increased. Since Ta is easily oxidized in comparison with W, the surface of the Ta film is

: } oxidized by adding O2. Since no oxide of Ta reacts with fluorine or chloride, the etching
speed of the Ta film is further reduced. Accordingly, it is possible to make a difference in

etching speed between the W film and the Ta film so that the etching speed of the W film can

be set to be higher than that of the Ta film.

20 As shown in Fig. 22A, second doping processing is then performed. In this case, an
impurity element for giving the n-type conductivity is doped in a smaller dose than in the first
doping processing and at a high acceleration voltage by reducing a dose lower than that in the

first doping processing. For example, the acceleration voltage is set to from 70 to 120 keV,
~-h3-




As shown in Fig. 22C, fourth inpurity regions 5043 to 5054 having the
opposite conductivity type to the first conductivity type are formed in
the island-1ike sem conductor |ayers 5004 and 5006 for form ng p-channel
type TFTs. The third shape conductive |ayers 5 5038b and SQ%OPI »ﬂ@ Hsed as
masks against the inpurity element and inpurity regions ar é\ g in a
self-aligning manner. At this point, the island-like sem conductor |ayers
5003 and 5005 for form ng n-channel type TFTs and the wiring portions 5041
and 504gd @iecdRBtd Sty 1 & Ip{?h ' fﬁ%ﬁ}f i ' il

054 hglgemalélr%glas)%;ﬁ beg‘rlllhﬁ?p%gv tﬁysg%&np%%rﬁémﬂglg% p*cer ent

regions 5043 to 5 orus in

concen ty . | i ! 043 t.o 5054 are doped W {h

di bor a%fer&(fg%?y }gﬁ%{ﬂg H#%%l&d%%?insgﬁgﬁl G T 1oF a%%nlggﬁgr é??ong“ g}ee set
to form2 x 1020 to 2 x, 1021 gt ons/c in the respective ippurity regions.
Thr ougﬁ]oPlﬂg’ eef)oandélﬁtbvel,ay?rﬁéqiﬁptﬁr é@%ﬁ@w&% éﬁ)*’fPSr%d‘SP‘H af praske ypdct i ve
i sland-1i ke sem conductor |ayers. The third shape conductive |ayers 5037 to
5040 &PEPHAD HiergPuHE slemarfdand the dopinigdeperfermed siehytbaksth imperityeleaweng ist e

el ectrodes. Reference 15 nuneral 5042 functions as island-like first

scahni alyol ddded tRatgvenopdasidenhd figddontiuctbtei apas AQ6aits i5099a. Wi Ts, tawnect
an island-like third scanning line and the third shape conductive |ayer

5040. Ahpeityregibsd S082sts 5536QArd FormedOVEKh third SiuBBriQ e gibhd Y032 RB0BH ohtaRuUr i ty
el ements added to the island-1ike sem conductor "|ayers is perfornmed to

cont r ohhédpBofiQ Tg}'ﬁfst}l ‘rﬁli&fegﬂﬁ% ¥(5H=cent-1m%o§1 diQﬁtQHﬁ%anoﬁ‘mF %{h%g%?l{}%sesfgrgtﬁa}%ﬁtml

anneal i ng net ho urnace 10r- r.urnace anneall ng. aser

~anpneal i . o™ ral . anneal i t ( met hod) .can be
(apor el hertEhAos plioft P et B ises ofifes: 3R8as g abmiohaiith "
tenperature.of from 400 to 700 C, typically from500 tg 600 Cwithin a
ni t r ot o5 MBS PratR thh tapsredh Postipge ot tﬁ% ) %’HW"QG@S’% SRRty 894%n thes
equal to or smaller than 1 pIpm and is preferably equal to or smaller than
0. 10 ppRpuIity copcantiatipnds peghtly lewst arquadithe centexsthenrat dheredges oof thodapetedur s at
a tenperature of 500

portions of the first conductive layers 5026a to 5029a. However, the difference is very slight

and almost the same impurity concentration is kept throughout the semiconductor layers.

Third etching treatment is then carried out as shown in Fig. 22B. CHF; is used as
etching gas, and reactive ion etching (RIE) is employed. Through the third etching treatment,
15  the tapered portions of the first conductive layers 5026a to 5029a are partially etched to

reduce the regions where the first conductive layers overlap the semiconductor layers. Thus

pa—

formed are third shape conductive layers 5037 to 5042 (first conductive layers 5037a to 5042a
and second conductive layers 5037b to 5042b). At this point, regions of the gate insulating
film 5007 that are not covered with the third shape conductive layers 5037 to 5042 are further

20  etched and thinned by about 20 to 50 nm.

Third impurity regions 5032 to 5035 are formed through the third etching treatment.
The third impurity regions 5032a to 5035a that overlap the first conductive layers 5037a to

5040a, respectively, and second impurity regions 5032b to 5036b each formed between a first
~-h4-




T. Wien a wiring material used in the third shape conductive |ayers 5037 to
5042 is weak against heat, it is preferable to performactivation after an
interlayer insulating film(having 5 silicon as a principal conponent) is
formed in order to protect wiring, etc. Wien the |aser &nfelhi idligret hod is
enpl oyed, the |aser used in the crystallization can be used. Wen
activation is perforned, the noving speed is set as well as the
crystallization processing, and the energy density of about 0.01 to 100 .
MNcn2 (preferably 0.01 to 10 MWcnR) is required. Further, the heat

t r eat mempuiity regiof endve thifdoimplrityoregnhour s at a tenperature of from 10 300
to 450 C within an atnosphere including 3 to 100 % of hydrogen so that the

i sl and-1i ke sem,conduct.or yer s, hydrogenerated. This step is to | S
termnate a @AnYPrAgD dzgé’ F‘Wéth ’ﬁ‘i"&bg Soéo‘gaﬁ?e{’gsﬂyhﬂygq Bi5ePPRORS mal |y
excited. Plasma hydrogenation (using hydrogen excited by plasm) may al so
be per CORGHSHVIAY tmdpﬁgﬁ firetaeondectivity tipel resgtonmed dm thaNislend-like semigondiefori g.
23A, a first interlayer insulating film5055 is forned froma 15 silicon

- oxyni t dayges $004mandi 3006fot Firgkme pshadnel Bfpet TFR00 Thinthifd shape condudtive dayeay er
insulating film5056 froman organic insulating material is . formed on the

first i50B&y had/§040bselitd Ag rﬁdskm%aiﬂ_slﬁh@ﬁﬁfnﬁﬁtg S Ghd hRbaStyafe@ionsaped
through the first interlayer insulating film 5055, the second I'nterlayer

i nsul atpbibdf il MPOAB M maRfer RS thif ﬁghﬁl} hg Qslﬁﬁd-ﬁkég’{h?icofqg%ilgﬁééggﬁ Il

el ectric current supply line 5058, and a connecti ng ne rned

and for . t o] el ect rode 5064 cqm ' ntacf. Wth
The conmeary e FREhHhunel e ST oY Rhfienaiont SOAT frd RoFERH b
;organic resin.as a.material i,s used as the s nd_jnterlayer insulating
“film 568 .IB‘LB’F'SiaﬁF%}%t,mﬁ& @Hi  Impurify T%}Ofﬁéﬁﬁ?%ﬁ%‘&iﬁé’ﬁ%ﬁ% ndgped can
be -56 '&‘tG MAY 2006 used as this organic resin. |In particular, since the
second With Rhosphesys imdikfeant sendenirai®es 6 The impyrdtyiragiansdd4d tp FQ54 are doped
pl anarization, acrylic excellent in leveling the filmis preferable. In
t hild avithodiborent (Bdh) ooyl onfddpinghand itgyimapirity claneasatidiatare gt te dofim Qisent | y
| evel a | evel difference ,

10* to 2 x 10* atoms/cm® in the respective impurity regions.

Through the steps above, the impurity regions are formed in the respective

island-like semiconductor laycrs.l The third shape conductive layers 5037 to 5040
overlapping the island-like semiconductor layers function as gate electrodes. Rcfcrcncé

15  numeral 5042 functions as iéla.nd-like first scanning line. Reference numeral 5041 functions

( ; \ as wirings witch connect an island-like third scanning line and the third shape conductive

layer 5040.

After resist mask 5200 is removed, a step of activating the impurity elements added

to the island-like semiconductor layers is performed to control the conductivity type. This

20 process is performed by a thermal annealing method using a furnace for furnace annealing.
Further, a laser annealing method or a rapid thermal annealing method (RTA methed) can be
applied. In the thermal annealing method, this process is performed at a temperature of from

400 to 700 °C, typically from 500 to 600 °C within a nitrogen atmosphere in which oxygen
—55-




caused by the TFT is fornmed. The filmthickness thereof is preferably set
to fromlto5m 5 (is further preferably set to from2 to 4 pm. In the
formati on of the contact hol es, contact holes reaching n-type inpurity

regi ons

5017, 5018, 5021 and 5022 or p-type inpurity reg:20$‘|j‘é$f)§§ 5048,
5049 and 5054, a contact hole reaching wring 5042 (not ¥l r %ﬁj

), a

contact hole reaching an electric current supply Iline (not illustrated),
and contact hol es reaching gate electrodes (not illustrated) are fornmed. 10

Furt her,

a lamnate filmof a three-layer structure is patterned in a

desi r egoROsAsEIoNIg cqpa) toopgmalierihan hgpm(dndcs pdifergbly eqoalrtecirismyiled tham@. 1and

si gnal

line) 5057 to 5062. In this three-layer structure, a Ti filmwth a

t hi cknpp®. ofn thiembodimantaheariteatiment ispeefonhad furfeur Hoursit ahe@dpéhivekoessp of
300 nm and a Ti filmwth a thickness of 150 nm are conti nuously forned

by t he°Gpuwheniangir tﬂi‘eﬁéﬁal%e@&%ér%ligciﬁﬁlﬁbg%ﬁncﬁﬁﬂgyFiy-%l‘éej(ﬁbltmsw Ilsg\!v%ﬂ( be

used. 15 In this enbodi nent, an |
A i d. Cont t . de,. i
fhst HEACH 8 308 sralRo OB AR BT an BRHATG: hE TR (B "
Wth th ti l.ect 5062 d i 0) I d with thi
e B b BFipCRRRS o forief in ARges 8 prote vitoE: i | Wheh the Bofided by

ﬁ%gZO % of ,zinc_oxide (ZnO w th indium oxide nmay al so be used.

as a pj
t he pi xgé('j

COI’I§ ac
connec

mxing 2t

20 Thi 5P

(Fig.

si de wal | F
met hod. When' ¢t

%

mof 110 nm 1'n thickness or ned

matheq iHgupkyed. Beclseisused dnduecrystaliization gan benisedi Wghes enment

23A). As shown in Fig. 23B, an insulating film(a silicon oxide film
i n t hi actviatiorl isnraaformed,ghe aiavingspsed iscehaawdll hathengystallibatidoyeesessig 5841 nm i s
next formed. Athird interlayer insulFating film 5065 functions as a bank

ci's forthecgnengywensity efrbopehd g 100 NMW/eRA (hrofctapPEI0L it®@N0 MW/@nT idMAYu 206
corresponding to the pixel electrode 5064. When the opening is fornmed, a

of _t he pening can easily be tapered by using the wet etching
rﬂ@“‘r’s\%ﬁ fé

Rl satgentyin perigpasl g 1 © Kohoweat p demaprraigre of from

deterioration of an organic light emtting | ayer caused by a |evel

14

di 19 er 3t Bl Snwithin smataiesehens wisluding 3 to 100 % of hydrogen so that the island-like

15

semiconductor layer is hydrogenerated. This step is to terminate a dangling bond of the

semiconductor layer by hydrogen thermally excited. Plasma hydrogenation (using hydrogen

excited by plasma) may also be performed as another measure for hydrogenation.

Next, as shown in Fig. 234, a first interlayer insulating film 5055 is formed from a

silicon oxynitride film with a thickness of 100 to 200 nm. The second interlayer insulating
film 5056 from an organic insulating material is formed on the first interlayer insulating film.
Thereafter, contact holes are formed through the first interlayer insulating film 5055, the
second interlayer insulating film 5056 and the gate insulating film 5007. A wiring 5057, an

electric current supply line 5058, and a connecting line 5059 are patterned and formed.

20  Thereafter, a pixel electrode 5064 coming in contact with the connecting wiring 5062 is

patterned and formed.

A film having an organic resin as a material is used as the second interlayer

insulating film 5056. Polyimide, polyamide, acrylic, BCB (benzocyclobutene), etc. can be
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5 Next, an organic light emtting | ayer 5066 and a cat hode (MyAg el ectrode)
5067 are continuously forned by using the vacuum evaporati on net hod

Wi t hout exposing to the atnosphere. The organic light emtting | ayer 5066
has a thickness of from80 to 200 nm (typically from 100 %qiiﬁﬁ @m?, and

t he cat hode 5067 has a thickness of from 180 to 300 nm (t |y Trom 200
to 250 nn). 10 In this process, the organic |light emtting |ayer is
sequentially formed with respect to a pixel corresponding to red, a pixel
correspondi ng to green and a pixel corresponding to blue. In this case,
since PR ¥ Bimerganic gesin.e nint partieplirayiece tigsscaond isarfayecineninting Silmt5856 g
against a solution, the organic light emtting |ayer nust be forned

separ apeiwdddonaighclor phinerization] sagioéxcellsntna lévehoihe! il e grdphblel eEhpiigue.
Therefore, it is preferable to cover a portion except for 15 desired pixels

usi ng ambediaeniamkacedlid filk h_hﬂﬁ% QF 8 Rk Ess! th%am%ﬁg%ﬁ%é@géh@%ig leb@ difEIRS:

selectively only in a required portion. , covering all

por ti opg,sEX S hit : i xedy carr espondi to.red. i first se nd the
or gani c K gh? een;f ﬁiléngﬁPg?feﬁ %ﬁfnéﬁqlg%qeﬁﬁﬁlg’éea?ﬁ @F‘lftcmi’}%seéé‘i’ é@ﬂ i/@i g”flbr med
by < usj. hi sk. t., a,mask for covering all portions except for the
pi x%l 1%??%1;5% Tt ?rﬁglytngééfﬁ?géﬂzi@ket, and the organic light emtting

| ayer for emtting green light are selectively formed by using this mask.

Next, a maskif i fomvaionn thé borltstt hoRRScEX&E Rblel Machile nPiviE imsGRL " di ng
to blue is simlarly set, and the or ga(r:Ii c li gﬁt éféltginﬁdgﬁﬁg?gﬁ%égggﬁtti ng

masks o eed Bt mor ok p BT Py NGHBR s OB o FT0 a PR e

;used r i r emfor formn hree kinds, of light emttin
or omenoasAlint wbfisoe? ElERAGh 5 Soiledole oadhics 88 Biebiric aweerupRIN | it

emtti I ng far emttin ite |ight and a color filter are conbined,
a syst ﬁ‘ﬁ‘f &W?aﬁ'isﬁﬁtc&n gncﬂ:%zgct gﬁ@f‘ﬁ‘f@‘“@lﬁ'@%?"@éﬁs @at Hstiged) are f@med. bl ue
green light is conbined with a fluorescent substance (a fluorescent color
COIQ/er t1Ng  Further, a laminate film of a three-layer structure is patterned in a desired shape and
is used as wirings (including a connecting wiring and signal line) 5057 to 5062. In this
three-layer structure, a Ti film with a thickness of 100 nm, an aluminum film containing Ti

with a thickness of 300 nm, and a Ti film with a thickness of 150 nm are continuously formed

by the sputtering method. Of course, another conductive film may also be used.

15 In this embodiment, an ITO film of 110 nm in thickness is formed as a pixel
electrode 5064, and is patterned. Contact is made by arranging the pixel electrode 5064 such
that this pixel electrode 5064 comes in contact with the connecting electrode 5062 and is
overlapped with this connecting wiring 5062. Further, a transparent conductive film
provided by mixing 2 to 20 % of zinc oxide (Zn0) with indium oxide may also be used.

20  This pixel electrode 5064 becomes an anode of the light emitting element (Fig. 23A).

As shown in Fig. 23B, an insulating film (a silicon oxide film in this embodiment)
containing silicon and having a thickness of 500 nm is next formed. A third interlayer

insulating film 5065 functions as a bank is formed in which an opening is formed in a position
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medium CCM, a systemfor overlapping the light emtting el enents
respectively corresponding to RR G and B with the cathodes (opposite

el ectrodes) by utilizing a transparent electrode, etc. may be used. A
known material can be used as the organic light emtting I7agedApd@8HH An
organic 10 material is preferably used as the known material in
consideration of a driving voltage. For exanple, a four-layer structure
consisting of a hole injection layer, a hole transportation |ayer, a light
emtting |ayer and an electron injection |layer is preferably used for the
or gani COPEHIONding#pithe pixel elpetrodeNiiod, Wikenctht bpeten® @6forinsd f Dside vallyofusié ng
metal mask. This enbodi nent uses 15 MgAg for the cathode 5067 but it is

not | i wptwidgcheeeatily. beQahered byawignihe vdt atchingeme8d.USWhen TR s evanajhade
5067. Finally, a passivation film5068 formed of silicon nitride film and

havi n Hifp edang 1 [ r : : ' ' ' kI m
5065, L b paear ey o SR, dHSrlotad Rk or B PPl R0 SR b B

light QfedbhdiSek f isture or the like. Thus, 20 reliability
of the Iigrht em %ﬁ%ﬁ%?@ﬁ@%@%gg be further inproved. Accordingly, the

light emtting device having a structure shown in Fig. 23B is. conpleted.
TheS1 i ght emNetxt,rg wiganic Bghtrentitting laydradiconnt a&aﬁlou@(Mgmqukmhé)ammiéra/ and
i nproved -59 2 6 MAY 2006 operating characteristics by arrangi'ng the TFTs

of t he coptiriusablysformed Wyessing the AacihiJevabbfatbh mAR6d VR thdul &ﬁ?ﬁln&# ?€ the the

pi xel portion. Further, in a crystallizalion process, crysta can be

R P L e n'f USRI £t Ton” 0 203 m o o
fre: _ o 8" 10 ‘) |
‘as not (BHEy Fob TNy, T Gl 40BHen d trest PEEPE 1000k 300 e

n-chanpehichP from Jo0%h BoShe ©! et t

10 In this process, the organic light emitting layer is sequentially formed with respect to
a pixel corresponding to red, a pixel corresponding to green and a pixel corresponding to blue.
In -this case, since the organic light emitting layer has an insufficient resistance against a
solution, the organic light emitting layer must be formed separately for each color instead of
using a photolithography technique. Therefore, it is preferable to cover a portion except for
15  desired pixels using a metal mask so that the organic light emitting layer is formed selectively

( \ only in a required portion.

Namely, a mask for covering all portions except for the pixel corresponding to red is
first set, and the organic light emitting layer for emitting red light are selectively formed by
using this mask. Next, a mask for covering all portions except for the pixel corresponding to

20 green is set, and the organic light emitting layer for emitting green light are selectively formed
by using this mask. Next, a mask for covering all portions except for the pixel
corresponding to blue is similarly set, and the organic light emitting layer for emitting blue

light are selectively formed by using this mask. Here, different masks are used, but instead
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formng the driving circuit portion. Here, the driving circuit includes a
shift register, a buffer, a level shifter, a latch in |ine sequenti al
driving, a transmi ssion gate in dot sequential driving, etc. 10 In the
case of this enbodi nent, an active |layer of the n-channel ta; YTgLTﬁi ncl udes
a source region.(source), a drain region (drain), an ovefl gﬁn q_DD
region (Lov region) that is. overlapped wwth the gate el ectrode through
the gate insulating film an offset LDD region (Lopp region) that is not
overl apped with the gate el ectrode through the gate insulating film and
channelthé samné siggle epishmay e used spestedllyi on by the hot carrier injection in
the p-channel type TFT of the CMOS circuit is alnost negligible.

Therefore, it.i S not necessary tqQ parti.cul a_rI%/ formthe LDD region in this
p- channel typetorr SYSiREOR formidng,{hreg kings off dight emitting elempnt cquespondiag toD
region can be forned in the p-channel type TFT as a hot carrier

count er@Rdeipeed. Fhloweser, awpdemtinavhEVOS light cmitting elenteint fhirreeitting veliteylight owi ng
an electric current 20 through a channel formng region, i.e., the CMOS

ci rcui tandr cebordilter afeemmifindd) @ spaeth de whith #le gt dnEigingnSeraéR feXGhREERué S
used in the driving circuit, it is preferable for the n-channel type TFT

that cardlid pices ligheisQ¥bIDitdd with b AdréRED bt @b MRr&UaR oftitco ?&tiﬁ annel

form ng region is sandwi ched between the LDD regions. As an exanple 0

Lhis. dneditll: 2ceMffia 2%ent P SHeoRh ARy IAC HIRE aliflickh Yol AR &)

driving is given. circu equi r tor

t ible i din the driyi it. th
o chanrssl BRI R, 6 0T R Vit FBiHes " rapulenslog i) 3L vbliriog) bn

The transm ss{i n ggte used in the dot sequential driving can be given also
‘as an dYERApATEtgiecHids; etesmay bsused i ce, the device reaching the state of Fig.
23B i s packaged (enclosed) using a protective filmthat is highly airtight

d all I | ighfhi . !
and allows lig kh&wﬂﬁfatetr%} EW%%?? ak %ﬁéc&ﬁ?ﬁc f’l’1§h?éﬂurt.'tﬁgﬁla§élj JBe62 ngn%sf%ané% to

UV-curable resin film -transf ssi Ve sea materi al’,

furiphermA¥%Rdids preferably used as the known material in consideration of a driving voltage. For

example, a four-layer structure consisting of a hole injection layer, a hole transportation layer,

a light emitting layer and an electron injection layer is preferably used for the organic light

emitting layer.

Next, the cathode 5067 is formed by using metal mask. This embodiment uses

15  MgAg for the cathode 5067 but it is not limited thereto. Other known materials may be used

(' for the cathode 5067,

Finally, a passivation film 5068 formed of silicon nitride film and having a thickness
of 300 nm is formed. By forming the passivation film 5068, the passivation film 5068 plays
a role of protecting the organic light emitting layer 5066 from moisture or the like. Thus,

20 reliability of the light emitting element can be further improved.

Accordingly, the light emitting device having a structure shown in Fig. 23B is

completed.

The light emitting device in this embodiment has very high reliability and improved
~-59-




exposure to the outside air. A space inside the seal may be set to an inert
at nosphere or a hygroscopi c substance (barium oxide, for exanple) nay be
pl aced there to inprove the 10 reliability of the light_em ﬁ%lg el enent .
After securing the airtightness through packagi ng or ot hgrﬁé‘i c ing, a
connector (flexible printed circuit: FPC) is attached for connecting an
external signal termnal with a termnal led out fromthe elenents or
circuits formed on the substrate. The device in a state that can be

shi pped is called displ device in this specification. 15 Furthernore, in
accor dﬁ?@%ﬁt\ﬂgt%aﬁaﬁ@r‘ﬁﬁ%x’s%%}ﬁn% THI st of the optimal steuvtyres hea drivimganircoft

phot omasks can be reduced that is need for manufacturing the Iight emtting
devi ce.Poriign i additigmtto thenpixglrpweidors e Further, e a cedtatiention psbcbdy, srys@binidydhes to
a reduction in the manufacturing costs and an increase in throughput. 20
Enbodi rherals®improsehp addingni mépdkatalyst Suchh® Nabrihadtd 8Avib fiddBeddy o ¢
emtting device according to the invention with reference to Fi 55. EA to

15C. - Gignd] Bndlfy¥irQ Rl &hn bW foSLEAMERR G Of the light emitting device
that is fabricated by sealing a elenment substrate on witch a thin film

trapsistor is formed thereof by a sealing material. Fig. 15Bis a
secPi onal vi dWsbithe BRT haviag erstruetutd foe retudingihot Eirgier ihfoltiofrs@ as AdiGo ir&dude
sectional view of taking along a line B-B  in Fig. 15A. C5 The sealing

menber an@@erating spequr ssvinuieitasasostiblesidused AdlarBnithxlel WHet THO82a RO drchit Ne
driving circuit 4003, and first and second scanning line driving circuits

40042, fdiiap thoramihy OfciihBoridas! ERS 10 Uhividg ELARY incfBEl LG ABARET 4 4008
i gna

is provided on the pixel unit 4002, onm the I'ne driving €rrcult

4003 a {8t ing line driving circuits 4004a,
' 4004b. %gf:fggradli%;{gl |S‘Q{f&t}’hﬁﬁgﬁhﬁg‘ﬁﬂ{&gﬁeﬁﬁ%&?‘q‘é f‘%’n%fraﬁ‘%l“‘ﬁéﬂ E{‘}Fﬁﬂl‘%ﬁsﬁe&lﬁ?ﬁna 003,

and Ti 45ling, etc.

10 | In the case of this embodiment, an active layer of the n-channel type TFT includes a
source region (source), a drain region (drain), an overlapping LDD region (Loy region) that is.
overlapped with the gate electrode through the gate insulating film, an offset LDD region

(Lorr region) that is not overlapped with the gate electrode through the gate insulating film,

and channel forming region,

15 Deterioration by the hot carrier injection in the p-channel type TFT of the CMOS
circuit is almost negligible. Therefore, it is not necessary to particularly form the LDD
region in this p-channel type TFT. However, similar to the n-channel type TFT, the LDD

region can be formed in the p-channel type TFT as a hot carrier countermeasure.

Further, wheﬁ the CMOS circuit for bi-directionally flowing an electric current

20  through a channel lfonning region, i.e., the CMOS circuit in which roles of the source and
drain regions are exchanged is used in the driving circuit, it is preferable for the n-channel

type TFT that constitutes the CMOS circuit to form LDD regions such that the channel

fonning region is sandwiched between the LDD regions. As an example of this, a
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10 and second scanning line driving circuits 4004a, 4004b are sealed wth a
filler material 4210 being surrounded by the substrate 4001, sealing
menber 4009 and seal i ng nenber 4008. Plural TFTs are possessed by the

pi xel unit 4002, by the source signal line driving circuit 2400842806y t he

first and gate signal line deriving circuits 4004a, 4004b fornmed on the
substrate 4001. Fig. 15B representatively illustrates driver TFTs (here, an
n-channel type 15 TFT and a p-channel type TFT) 4201 forned on the base
film 4010 and included in the source signal line driving circuit 4003, and

a TFT 42osmissioh gatedséchintthe dpi seqhential rivilDR gitéh. | 'WREd 2VMOS REbligfegBfcd i | M

(flattened film 4301 is formed on the TFTs 4201 and 4202, and on which is

f or med t@ r@luce lan ORIC iR fean 95162 aé%gﬁheis%kéibféaiﬁlu)ée& ﬂpﬁl%cér%ré QirddiE tl%T.F T
ive

4202. As the pixel electrode 4203, thereis used a transparert condu
film haviagna I e e f ' he transparent .conductive film
there can be uséd rgﬁgofr%g{lj tg?%% uﬁgcggtgigrg%eéﬁbgyt B Exi-a8, ©§%onplithd of
i ndiu i . i.nc, .oxjd zinc oxide, tin oxide_ or indiumoxide. It is
al so g}ﬂfﬁié%,gg%?lé‘ﬂ g%‘ B 1&3"? At sequent Ml%&@.@ﬁlg?wve%ﬁmmq GKRAMPIq 3% Suph
insulating film4302 is forned on the pixel electrode 4203. An opening is
-6252 6 MAY RDpfacfiey; meddedvice iechins tHeatdtd s Fid ' cfrode
4203. An organic light emtti nglﬁl%ga;er 4204% ??g?ﬁgﬂ@fgi@ﬁﬂlgbg%d&ﬁ%lﬁ% %n the
pi xel 8laedti et miARA3s hi Gl L Lt | aver 4204 nmay be.nmade of
a knowg or gani ¢l gh? i mtti r?g(fl girl‘lgvg% hgiryég%\ @%8?86%%?5&“:#%ﬁllamléf‘ﬁctefflf‘hg
teriagl may be either_a

teri t : ic.light enitting.
o mof s GV Vg o APEYY £ iehsPPins o' SRR hoiceilishras ppysrvel

‘materi al Thetggh%anic li,ght, emtting | ayer 4204 may be formed by a known

deposi PRI BYisty o £\ eRpsgeiingde tethed)l may be Seirtotiar inext amesphenciar 4 i ght
emttipg layer may have a |am nated-|ayer structure of a hole-injection

| ayer , DEETREORIG pubipes (baripnr ppide, foar kekyhplepmiayt baplackdythere @nitmove the

el ectron-transporting |layer or an electron injection |ayer, or my have a
101G niglibiligy of the tightodmitténg element.

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

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

15 Furthermore, in accordance with the processes shown in this embodiment, the
number of photomasks can be reduced that is need for manufacturing the light emitting device.
As’ a result, the processes can be reduced, and this contributes to a reduction in the

manufacturing costs and an increase in throughput.

20  Embodiment 6

This embodiment deals with the fabrication of the light emitting device according to

the invention with reference to Figs. 15A to 15C.
-61-




On the organic light emtting |layer 4204 is forned a cat hode 4205
conprising a conductive film (typically, a conductive film conpri sing
chiefly alum num copper or silver, or a Ianinated-layerzfélﬁgghﬁ of with
other conductive filns) having |ight-shielding property. ¥ ' de&&lred
that water and oxygen are renoved as nuch as possible fromthe interface 15
bet ween the cathode 4205 and the organic light emtting |layer 4204. It is

t herefore necessary to nmake such a contrivance that the organic |ight
emtting layer 4204 is formed in a nitrogen or a rare gas atnosphere, and
the cathode” 4885134 i @rtepdvievnidf ahbdighyelitfing dewive ti0m Giyigeed byngtaliag ar . | n
this enbodinent, the filmis forned as descri bed above by using a

filmfclemeny substiadeomtvitche thid filin-tehaiEhg s forRed ﬁfelré&%g@ seflg h¥RRAL  Aip.
predeterm ned voltage 20 is given to the cathode 4205. There is f hud

f d 8B Isiaghttiqial Vel i { ksl Ag At he. Di-xel. el ect r od
ode) 4203, 1L ght oo o1 g g s A3 AL R 845 200 A B EERREYevl

4209 i syFfannegy A t film 4302 so as to cover the |ight
enitting AHE Slon Y 1l l?hglu%‘ ol B ion .63 2 6 NMAY 2008 film 4200 i<

effective in preventing oxygen and water fromentering into the |ight

em Bting el effereald@NBemBer €009ris €o Priveded as4d 9Rdound LpidEtRky 4002) diBhl line
connected to the power supply wiring, and is electrically connected to the

Connect 60 Lo e e e Tt ol S e el il et 4 0B B
ani Sot Fane SRR MOOTS CRRi E hoBRE el MBS Breidialbehe Bashinif e ovan be
Urenber e SRR TR ind B EI00 A e BT ocponb<amiing 1o dowing gress | o
e AL WIS Bl st 2T s o
8 o Teoond oaring e fdrli\l.riTg c(i)rrcui?snél(?{)(ilgélﬂl)o(ilb are sealed with a filler material 4210

being surrounded by the substrate 4001, sealing member 4009 and sealing member 4008.

Plural TFTs are possessed by the pixel unit 4002, by the source signal line driving‘
circuit 4003 and by the first and gate signal line deriving circuits 4004a, 4004b formed on the
substrate 4001. Fig. 15B representatively illustrates driver TFTs (here, an n-channel type

15 TFT and a p-channel type TFT) 4201 formed on the base film 4010 and included in the source

(_:  signal line driving circuit 4003, and a TFT 4202 included in the pixel unit 4002,

An interlayer insulating film (flattened film) 4301 is formed on the TFTs 4201 and

4202, and on which is formed a pixel electrode (anode) 4203 electrically connected to the

TFT 4202. As the pixel electrode 4203, there is used a transparent conductive film having a

20 large work function. As the transparent conductive film, there can be used a compound of
indium oxide and tin oxide, a compound of indium oxide and zinc oxide, zinc oxide, tin oxide

or indium oxide. It is also allowable to add gallium to the transparent conductive film.

An insulating film 4302 is formed on the pixel electrode 4203. An opening is
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resin film It is also allowable to use a sheet of a structure in which an
alumnumfoil is sandw ched by the PVF filnms or the Mylar filns. Wen
light emtted fromthe light emtting elenment is directed toward the cover
15 nmember, however, the cover nember nust be transparent. 2 tHYs?¥8se, use
is made of a transparent material such as glass plate, a plastic plate, a
polyester filmor an acrylic film As the filler material 4210, there can
be used an ultraviolet-ray curable resin or a thernosetting resin in
addition to the inert gas such as nitrogen or argon. Nanely, there can be
used a fpapeed igothy ynswjatingHilor #3182 on dlve pixeltlectradesi203. aApQdrgimie tight @mitBROXY
resin, a silicone 20 resin, a PVB (polyvinyl butyral) or an EVA

et hy| dapevi4dQ4 isdoahad &) the lopedibi n eRDHHE ; bt)%.0 }
(et hy § ) the lopeitifi 9n eROPRENREdtrode MDD ¢ gﬁ‘fhdfgr%%ﬁigi}%gg%aﬁ{ﬁgg a

filler material. In order to have the filler materi al _

atg0r bi 1 oty qens B made It E LAl oridfid Bl Whiifie, HausBalBh 5 iRseSb R
the  hyorsgenaaRl MRuRENEE of R 1B bAoA S0 L s bé <dherassBPRg laRy gen
is dis therein. . The. hygroscopic material or the material 4207 capable
of gdsg]rc%%lg?dﬁer éﬁaé?‘f’qlé’rﬁg‘ﬂ’glrgﬂle?‘ﬂér@ﬁ’b’é%%ﬂla&é&ﬁl-i on 4007 by a recessed
portion-covering nmenber 4208, so that the hygroscopic 5 material or the
mat eri al 4207Theapahiie 19t s 1 er. The recessed
portion-covering grrJ\iéﬂribefgh4208 ir%l %e?ﬁ%ﬂfg}lﬁ cl)jlfC i;b F%@rrtgs{%n%ﬂlc p%sétll?ﬂts
hyar oseanrelbBh BF o Qute b blegyd FaiiorBs orbiic PRACEmitng e RevpHDsi 51 on
;of th ' terial .the. material 4207 bl f d bi n
(Oxygen BEIIOR S haF PGP R ¢ holcRensemmineilatsr et Bakintmistyas, 10
Referrillr}g tOdFiﬁ' 15C, the conductive film4203a is forned to cone in

cont act®Ght Y4 &l elertiotrangporting laymser an nal¢dtmoneinjrstipn iaydr, ohemfprhame ion of

t he pi xel el ectrode 4203. The anisotropic film4300 has an conductive
fi 19 er singldayergpuetutener nal |y adhering

On the organic light emitting layer 4204 is formed a cathode 4205 comprising a
conductive film (typically, a conductive film comprising chiefly aluminum, copper or silver,
or a laminated-layer film thereof with other conductive films) having light-shielding property.
It is desired that water and oxygen are removed as much as possible from the interface

15  between the cathode 4205 and the organic light emitting Iayer 4204. It is therefore necessary

( to make such a contrivance that the organic light emitting layer 4204 is formed in a nitrogen
Or a rare gas atmosphere, and the cathode 4205 is formed while being kept away from oxygen

and water. In this embodiment, the film is formed as described above by using a

film-forming device of the multi-chamber type (cluster tool type). A predetermined voltage

20 - is given to the cathode 4205,

There is thus formed an light emitting element 4303 comprising the pixel electrode
(anode) 4203, light emitting layer 4204 and cathode 4205. A protection film 4209 is formed

on the insulating film 4302 so as to cover the light emitting element 4303. The protection
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t he substrate 4001 and the FPC 4006 together, the conductive film 4203a on
the substrate 4001 and the wiring 4301 for FPC on the FPC 4006 are

el ectrically connected together 15 through the conductive filler 4300a.
Enbodi ment 7 In the structure shown in Fig. 28B, the first 2eb ddhf 3885 of a
storage TFT 2856 is connected to the source signal |ine 2801. an exanple
in which the storage TFT 2856 20 connections are changed is shown in Fig.
30A. Afirst electrode of a storage TFT 3006 is connected to a second

el ectrode of a switching TFT 3005 and a first electrode of a driver TFT
3007. $ilBnd09%is edieptive wupreentingraxygen andimelter ifginh caRtiagiinn thesipht Lafgnar e
showmn in Figs. 30Bto -65 2 6 MAY 2006 30D, but other than an electric
curr entclaszemhdd88.11 being slightly different, the operations are simlar to
those of Figs. 28B to 28D, and therefore an explanation is omtted here.
Further, a si{%{ca e TFT 3(%06 can be used as a reset TFT in a light emtting
device driv eﬁ%’cﬁl’c‘%&d}o&‘?a%%ﬁ@%’ém oeinggted tolithy pawerisupply wiripgal by
maki ng connections to the 5 storage TFT 3006 |ike those of Enbodi nent 7.
The volaf“gd% clsetrigaliy cangpgted wnthednpauclearale of thei TEY 4767 3DHE/ dfreGOWBiEng er o,
and the driver TFT 3007 turns off, by turning the storage TFT 3006 on
af t @r 460 istalentricullyi hbectsd Rsihe FRERHIRE: 4701 Fds86bEd 6 wm&o@@%ﬁw to an
EL elenent 3010 is cutoff as a result. Further, an electric charge t%‘lat
has acchrouglabesbeen the s&llRbag PASY 0Qy hr.ou at hway
fromt hem:% or age capaci torg 3%135% ?Utgthgﬁdlgigs%grsg%%q@f@go%gt% %H%Ogrndo?écrter
and dr cy@huctflfiR098%0 As a result, the light em ssion period ends. Note
that al though a detailed explanation regarding the time gray scal e net hod
¢is onmtted here, the methods disclosed in JP 2001-5426 A and JP 2000- 86968
may be ref eA8ribedealing member 4008, there can be used a glass member, a metal member

(representatively, a stainless steel member), a ceramic member or a plastic member (inclusive
10 of a plastic film). As the ‘plastic member, there can be used an FRP (Fiberglass-Reinforced
Plastic) plate, a PVF (polyvinyl fluoride) film, a Mylar film, a polyester film, or an acrylic
resin film. It is also allowable to use a sheet of a structure in which an aluminum foil is

sandwiched by the PVF films or the Mylar films.

When light emitted from the light emitting element is directed toward the cover

15 member, however, the cover member must be transparent. In this case, use is made of a

N

transparent material such as glass plate, a plastic plate, a polyester film or an acrylic film.

As the filler material 4210, there can be used an ultraviolet-ray curable resin or a
thermosetﬁng resin in addition to the inert gas such as nitrogen or argon. Namely, there can
be used a PVC (polyvinyl chloride), an acrylic resin, a polyimide, an epoxy resin, a silicone

20 resin, a PVB (polyvinyl butyral) or an EVA (ethylenevinyl acetate). In this embodiment,

nitrogen is used as the filler material.

In order to have the filler material 4210 exposed to a hygroscopic material

(preferably, barium oxide) or a material capable of adsorbing oxygen, further, a recessed
-64 -




15 Note that simlar operation is also possible using structures that

differ fromthat of Figs. 30Ato 30D. In short, a pathway |ike that of

Fig. 39A may be established when the signal electric current is input, and
a pathway |i ke that of Fig. 39B nay be established during ?Ep@ﬁ%eggﬁsion.
The switching elenents and the |like may therefore be di sposed such at
their positions are not inconsistent wth the af orenenti oned pat hways. 20
Enbodi ment 8 First, consider the pixel disclosed by Enbodi mrent Mode 2. The
sw tching TFT 2855 and the storage TFT 2856 are on when the signal '

el ect r iROTER UKL isifermad intthe séating amantien @068 on ehe sikeoDic subltaed 400deamnhet he
second el ectrode of the driver TFT 2807 have the sanme electric -66 2 6 MAY

2006 pdtygniscapic nidiedalics,thé Reatertll YRR cHRIIEENadsDfhiBRbLy ARG (S 0SQAULER
becones zero, and the TFT turns off. wever, tﬁgg?e %gr%g (S:tg;k?g In \%\ﬁl‘%h a

drain_critg Rpirostoble bl BOIRBhbirON) P Eable S EisoRld RES DS YeEN, Lhe gate

and the source of a TFT is zero due to processing i ke.
The driy F | t on during wite-i f the signal electric
current ﬁ?se;ﬁt qﬁ&gégﬁyb ar%gqssscgdep%?rﬁ??'%vqrg'%?gsﬂl‘& o0 {1RE thevlivesascapicTET
285% an he storage TET 2856, = even for cases in which it is assuned that
t he?/ ar‘gat%%ﬁr% ‘ﬁ% ‘%ﬁ?ﬂﬂiy“?@ﬁaﬁg?% of pdsabig: 9xygen potlamt isaattess  The regassed
signal |ine. However, the voltage between the gate and the source of the 10
dri ver PPEHODERypring mespher 4R08 iscf e fbsmtofapfinre hbsh which penhits tht atrer ofatdhe
storage capacitor 2856, and the normally on problem cannot be resol ved

even i fPaghidraighdut deespot patiatheqfastalge of ihgrtaigrdsbaisic maerlangRMmatdiii1S12pH obl em
may be sol ved by disposing a light emtting TFT 3112 between an electric

¢ cur r entthatudgdrs bk yren3108ovadieh af el M@Fosthilic 3R ial 35 tRNRWR a4 TT AopNot e
‘that, although the light emtting T 31%12 i s connected inn s@r%éggéi\netoﬁ t he

driver adsorbing oxygen suppresses the deterioration of the light emitting element 4303.

10 Referring to Fig. 15C, the conductive film 4203a is formed to coms in contact onto

the detour wiring 4005a simultancously with the formation of the pixel electrode 4203,

The anisotropic film 4300 has an conductive filler 4300a. Upon thermally adhering
the substrate 4001 and the FPC 4006 together, the conductive film 4203a on the substrate

4001 and the wiring 4301 for FPC on the FPC 4006 are electrically connected together

15  through the conductive filler 4300a.

N

Embodiment 7

In the structure shown in Fig. 28B, the first electrode of a storage TFT 2856 is

connected to the source signal line 2801. an example in which the storage TFT 2856

20 connections are changed is shown in Fig. 30A. A first electrode of a storage TFT 3006 is
connected to a second electrode of a switching TFT 3005 and a first electrode of a driver TFT

3007.

Signal clectric current write-in and light emission operations are shown in Figs, 30B to
-65~




15 TFT 3108, it may also be inserted in other |ocations provided that the
| ocations are such that electric current |eaking fromthe driver TFT 3108
can be cutoff. Further, the light emtting TFT 3112 uses a sinple
switching el enent, and therefore may have any polarity. OpéBatifdnZils shown
in Figs. 31B to 31D. the light emtting TFT 3112 is turned off during
wite-in of the signal electric current, and is turned on during |ight
em ssion. Gther 20 operations may be nade simlar to those shown in the
enbodi nent nodes. Furthernore, the switching TFT 3106 and the storage TFT
3107 nedPLhduhoter thap mnred¢ateiel clyyent ipethsanyel; haing stightivatiifferene, thaopeliasonssaed
above. The nunber of gate signal lines can thus be reduced, and the
aper t ursémiattp ¢hasarof Bigsi 288 &e23D] . anfukidrbte ad HOHILANGE K JHREd Bérel he SWi t ching
TFT 3106 and the storage TFT 3107 may -67 26 AY 2066 al so be changed as
di scussed i rFuBOd §BAke TFFIOBOT | NG: dj nent

5 o ar% S SETRRESs HHCKERATH BSigh e TR

Mode 1 and Enbodi nent are al so possib odi nmen e Vo
bet weeny 88 r9at t the.driver TFT 2807 js zero durin
ot o e g Ené Bty <09 SR Eusdle § Ui Inffee AL EY B SSBSHADP e gs.

g
28Azan , lerefore . th river TET 2807 s turned off. The driver
TFT 2 scdi'f’%gﬁeﬁ g?%ifﬁs%ﬁ%omf é‘flg%ﬁmiegt 7.enthe wtagghetiveeme gatriand Bispercypia 2855
turns of f d¥€5 g,? portion of the electric charge that has accunulated in
the st &FiXge é 1 besioraeg @oro, and therdsiver TEE 3067 tures ofitty teimsug thedmrade THE
driver 10 TFT 2807. For cases of considering parasitic capacitance of the

gate elPEE¢ racrftesfcompleting ¥ dightT BfissRAOTerival e Ancblectt i nehRpARwEPes aROtL
accurrul ate in the gate electrode of the driver TFT 2807 during wite-in of

{the si gleaienel36¢0 ris cumtf seatresdNd FAkBEH, lnCIEHAE WBaFRMRS BR_IDEmERIRI in a
el ectrode of the driver TFT 2807 during light em'ssion. The supply source
of the swirfetdapScif 300 id feldal&d through a pathway from the storage capacitor 3009 to the
10 storage TFT 3006 to a converter and driver TET 3008. As a result, the light emission period
ends.
Note that although a detailed explanation regarding the time gray scale method is
omitted here, the methods disclosed in JP 2001-5426 A and JP 2000-86968 may be
referenced.

15 Note that similar operation is also possible using structures that differ from that of

Figs. 30A to 30D. In short, a pathway like that of Fig. 39A may be established when the

7
I. ;
o

signal electric current is input, and a pathway like that of Fig. 39B may be established during
light emission. The switching elements and the like may therefore be disposed such that

their positions are not inconsistent with the aforementioned pathways.

20
Einbodiment 8
First, consider the pixel disclosed by Embodiment Mode 2. The switching TFT 2855
and the storage TFT 2856 are on when the signal electric current is written in, and therefore

the gate electrode and the second electrode of the driver TFT 2807 have the same electric
66—




15 storage capacitor 2809, and the voltage (VGS) that nmust be originally
stored by the storage capacitor 2809 becones smaller by the anpbunt of the
parasitic capacitance of the driver TFT 2807 due to the novenent of

el ectric charge. The driver TFT 2807 may be turned on in %ﬂ agﬁg gmﬁorder
to solve this problem A structure for a case of perform § s“type of
operation is shown in Enbodi ment 9. 20 The structure is shown in Fig. 32A
In addition to the structure shown in Figs. 28A and 28B, a third gate

si gnal qug.ﬁZQﬁ, a %Lght emtting TFT 3210, and a conpensator TFT 3211
have beficilted!Datis the yeltagehebveaagthy mateamihe sowronbeasinies detyy anthdhd WETd
gate signal |ine 3204, and the conpensator TFT 3211 is controlled by a
first gimsoffgnal |ine 3202, simlar to a switching TFT 3206. The |ight
emtting TFT 3210 is di sposed between a second -68 2 6 MAY 2006 el ectrode

of the swi t cHoweveFHhie@226 cass imwihidhsi dREPEIFREN iR FlolW \@ofhil4esn Tﬂnﬁﬂé’ and
the conpensator TFT 3211 is disposed between the first el ectrode of the

dri viotth . hat. si npl
G L ohi g ST enonen Ty ERe BT SRR S0 T AT Ao klinB Rkl fecy ©

may sha n | by ' i.n,.of a signal. electric current is explained
Fitst. W‘iﬁ“ﬁg ?rih??trﬂ é%trgTs%rgé)\r?g‘i"ﬁWH% b%é’(‘j‘zd“’%?%dwfe\te‘s‘ﬁé’gﬁﬁc @‘&Pé G FueIHdan 3203
are seltggtcggdr the switching TFT 3206, a storage TFT 3207, and the '
conpensa{or FT 3211 turn on, and the signal electric current is input from
a source siggal |ine 3201. A single electric current ldata is divided into
It and 12 hel¥matopeRipR icprsihle fraghnsvitghing TFD 2856 amdlth¢ stdrdgn TR R8S6GQge
capacitor 3212 imedi ately after wite-in begins, and therefore the driver
(TFT 3208cRier easediv evhidy itain dissimiadethall BBy 320 Soanailp 64 hby thangiiid tHe2elgctfc at
‘this point. Therefore Idata = Ir, electric current only develops in this

peri-od mquihboﬂthw gare signaf likd. e However, Gy @figh B@tﬁve@&ﬁi&f%%té"é.ntdh.r& Bfirce of the
accurrul ation of electric charge in the storage capacitor. Electric charge

tha0 graaseaTFY 2807 ifiSariflly Begelifent WPHRBR GARASE kAl o‘?f%]}gsto?a%g cphct b 5é§d, ¢

and the normally on problem cannot be resolved even if the electric potential of the signal line

is changed. This problem may be solved by disposing a light emitting TFT 3112 between an
electric current supply line 3105 and a driver TFT 3108, as shown in Fig. 31A.

Note that, although the light emitting TFT 3112 is connected in series with the driver

15  TFT 3108, it may also be inserted in other locations provided that the locations are such that

electric current leaking from the driver TFT 3108 can be cutoff. Further, the light emitting

TFT 3112 uses a simple switching element, and therefore may have any polarity.
Operation is shown in Figs. 31B to 31D. the light emitting TFT 3112 is turned off
during write-in of the signal electric current, and is turned on during light emission. Other
20  operations may be made similar to those shown in the embodiment modes,
Furthermore, the switching TFT 3106 and the storage TFT 3107 may both be
controlled by the same gate signal line, as discussed above. The number of gate signal lines

can thus be reduced, and the aperture ratio can be increased.

Further, the connections of the switching TFT 3106 and the storage TFT 3107 may
' -67-



15 potential difference begins to devel op between both el ectrodes of the
storage capacitor 3212. The converter and driver TFT 3209 turns on when
the electric potential difference between the electrodes reaches the

t hreshol d value of the converter and driver TFT 3209, and %Eﬁaﬂ@yegggs.

ldata = Il + 12, as stated above, and therefore |2 becones "er but does
not reach zero until the accunulation of electric charge in the storage
capacitor 3212 is conplete, and 20 an electric current still develops. On

t he ot her %an aI%LLhou h the voltage between a gate and a source of the
driver ©3RFBLHE AnEisowssed dor Embodimant-7.n  Similare changes | costespomding darr r ent
in the errgodi ment nodes, the light emtting TFT 3210 is disposed in

Enbodi fdpboddmgpMpde 1 andhBmbedimenhédret dlen pissible.an el ectric potenti al

di fference devel ops between the gate and the source of the driver TFT 3208,
-69 2 6 MAY 2006 which turns on. Further, the conpensator TFT 3211 is on,
and therefore an electric current pathway fromthe electric current supply
| i ne 3Zbdddmtdte® dri ver TFT 3208 to the conpensator TFT 3211 and to the EL
el ement 3213 devel ops, and an electric current 13 devel ops as shown in

Figs 32B. j ' I rie.cur nd is nat

i nfl uenced Ng;h%ﬂ;é’g\?%e, ﬂ,?ti“},eén g&okﬁ‘g%mgﬁe:g@r?%%g%h r%‘éveégrgﬁ%oiﬁszeﬁ dpying

st orage,.¢ i 3212 . unt.il the electric poteptial difference between
bot h el%verc ? ?@%ﬁgﬁ)ﬁr %lég%eel%c[trd? 55%“@ APl i eo*f‘m‘é‘g‘?é ,Sﬂﬂ‘éﬁéﬂyyp igh28/b prd g8Bpardeen
t he gagﬁz gtrﬁd h% .sou,i_lg,ﬁ gf the converter and driver TFT 3209, becones a
desi red™§ f%é‘g, e TFT 2807 isctarned off. v diheadjiver VEE)2887 thwinitains tonearbhigheris er
and driver TFT 3209 causes as nuch as 10 possible of the electric current
(| dat a €BUebWhenersvtitehingc BRI 285 tuos off dwd tect partiorcoithg eletisictchanye tienmips et e,

‘the electric current Il stops flowing, and in addition, an electric current

cor r espoewainrizted on Vi@Sstbtagescapatitoh @80DRY BadEEraNth hei paey elTEoR285%hatdrive} S
point, and ldata = 12 (see Fig. 32B). Selection of the second gate signal
| i i@ 32T 287conpl eted next, the storage TFT 3207 turns off, and signal
wite-in operations are conplete.

For cases of considering parasitic capacitance of the gate electrode of the driver TET

2807 here, electric charge does not accumulate in the gate electrode of the driver TFT 2807
during write-in of the signal electric current, and electric charge moves to the gate electrode

of the driver TFT 2807 during light emission. The supply source of the electric charge is the

15  storage capacitor 2809, and the voltage (VGS) that must be originally stored by the storage

capacitor 2809 becomes smaller by the amount of the parasitic capacitance of the driver TFT

F
e 2807 due to the movement of electric charge.
The driver TFT 2807 may be turned on in advance in order to solve this prbblem. A
structure for a case of performing this type of operation is shown in Embodiment 9.
20 The structure is shown in Fig. 32A. In addition to the structure shown in Figs. 28A

and 28B, a third gate signal line 3204, a light emitting TFT 3210, and a compensator TFT
3211 have been added. The light emitting TFT 3210 is controlled by the third gate signal
line 3204, and the compensator TFT 3211 is controtled by a first gate signal line 3202, similar

to a switching TFT 3206. The light emitting TFT 3210 is disposed between a second
' -68-




15 Light em ssion operations are covered next. Selection of the first gate
signal line 3202 is conplete, and the switching TFT 3206 and the
conpensator TFT 3211 turn off. On the other hand, the third gate signal
line 3204 is selected, and the light emtting TFT 3210 tur $ MY gm
driver TFT

vol t

3209

age between the gate and the source of the converter an
is stored in the storage capacitor at this point, and the gate

el ectrode of the driver TFT 3208 is 20 in a state in which electric charge

has

already flowed in, and therefore an electric current pathway fromthe

el ect r ickecde ehthestwifdhyng TRE 2206tdnd adfiisv efecode 3208 drivet MFT 3208 agdithd i Ng

TFT

3210 to the converter and driver TFT 3209 and to the EL el enent

devel opempéndatoy MFTEID1U tis Agposel Belwdes tlfifseolbettdal ofl SRS Tlﬂ:@og'ang éggﬂa nt
3213 therefore emts light. The gate el ectrode of the driver TFT 3 and

t he
are

galeRcRO&SHT ROLL efenidABITAY GbolEtha Se'sfzﬁtr?(ﬁ:%n% MerdD2 {,cll %-63 gl?eg’ﬂzps?_z gtg

connected, and therefore the two on as a Imu

this p%&d'he%rﬁgﬁﬁ{elré/ft)rétrrgﬂﬁgyﬂate | ength L in a TFT becones | onger, the

dr ai

Wri

n current ' Decones s AN PH%Ese, the signal electric current

finally roS? .only_in.the converter  and driver TET 3209 duri n?l_si nal
I

r1B0L 2 sjgmal electris carrgnids explained ifiastc uThe Arst ixpisweigrs] line BAG2

e-in op

converter and driver TFT 3209 and in the driver TFT 3208 during |ight

eni ssi 8Rd 2 perond gatersignabling 3203 ark selectodidbe switclahg TETI306 e otage GET 3007| ng

i ght em ssion, the gate length L becones |longer as a result, and the

rel at i ond Hiecopitensdor THE 321 bttrn o, aid the Bighabgdeane sukrélatiginput Ebm Hsource
accordance with Enbodi ment 9, the driver TFT 3208 is al so on during

{wri t e- signalfline320the signal electric current, and therefore electric charge
flows into the gate el ectrode of the driver TFT 3208 and el ectric charge

d t i . Jqt:0f. 13 ' i.gh 1.ssion.. Th
par as 11 ¢ Canaats Seca EACR f QRARA Rl AR L T Bl b st

in . .the sw i ng . TET 32f h
'_I_Efll_d) ggg@&%{é};}ﬁ%% %rﬁi/ Bté?a?gﬁc&ap%‘i‘ﬁ%% QE{% 1r;[lmgd1§l¥€\:ﬁ); gtft]érnvgnte-m b%gl?lg, ;g; dthére?org ttl?er age

15

20

driver TFT 3208 and a converter and driver TFT 3209 are both off, and 1> = 0 at this point.
Therefore Ly = I, electric current only develops in this period by the movement of electric
charge that occurs with the accumulation of electric charge in the storage capacitor. .

Electric charge then gradually builds up in the storage capacitor 3212, and an electric
potential difference begins to develop between both electrodes of the storage capacifor 3212,
The converter and driver TFT 3209 turns on when the electric potential difference between
the electrodes reaches the thresliold value of the converter and driver TFT 3209, and 1,
develops. Iy, =1; + I, as stated above, and therefore I, becomes smaller but does not reach
zero until the accumulation of electric charge in the storage capacitor 3212 is complete, and
an electric current still develops.

On the other hand, although the voltage between a gate and a source of the driver TFT
3208 became zero during write-in of the signal electric current in the embodiment modes, the
light emitting TFT 3210 is disposed in Embodiment 9 and is turned off, and therefore an

electric potential difference develops between the gate and the source of the driver TFT 3208,
' -69-




15 the sane gate signal line, as discussed above. The nunber of gate signal
| ines can thus be reduced, and the aperture ration can be increased.

Furt hernore, connections to the switching TFT 3206 and t he ibo e"ilg T 3207
may al so be changed as discussed in Enbodinent 7. It is al Eii stPe to
make sim | ar changes corresponding to Enbodi nent Mode 1 and Enbodi nent 4.
20 Enbodi ment 10 A structure that uses p-channel TFTs for a converter and
driver TFT and a driver TFT, differing fromthe structure of Enbodi nment
Mode 1, is explained in Enbodi nent 10. Note that sinple switching el enents
are usedhich turgs pn.THurthsr, e compensatoe TRINS2TT Bronaamt thetefere ahRlectrid durde® MAY
2006 and the driver TFT, and therefore the other TFTs may have any

pol ar i tpathwasiom dheselectiie carenrsuppty Fing 32880 the BIVSETFPB208 & thg’%&npé‘ﬁs %
source signal line 3301, first to third gate signal lines 3302 to § 64, an

el ect r iITFLB2YIeqd t5URPEY. didriiént 33 i L g i£ tQrage TET
3307, a driver TFT 3308, a convgg‘%‘%@%&g&:{“gg?“ F¥“§§g§? d‘g"“?‘?l’gﬁf%@’wn

emtti 31 t: . 331 St orage capacit 3312, and_an EL
el erren? 931,:]- -:?2 %'T e ti‘th%ﬁ%}e&g écclé}%%%né?le%ﬁ]@ °§Wﬁcﬁ?‘ﬂ§ DPEA B%e]al?@’ bonbect ed
to the Jrilrst gate signal line 3302, a first electrode of the switching TFT
3306 is connected to the source signal line 3301, and a second el ectrode
of the switching TFT 3306 is connected to a first electrode of the
converter arfd®dR¢ GRS pICUIREatey il the storage cepasiior 32 witiltthe cldctyiut pateatial i ng
TFT 3310. A 10 second el ectrode of the converter and driver TFT 3309 is
connectdéiferercesbetyeentboth elctiradts inthetsheragelcdpaeitor B2T2 3301y andviakebakess r odes
of the converter and driver TFT 3309 and the driver TFYI' 3308 are connected

(to eaclihoghieand thesounwndf elcogink etk a0l diiRer BFT 8209, PedomaCBddsired GOMARCHEH O
one el ectrode of the EL el enent 3313. A gate el ectrode of the stotage TFT

3307 i 95 bevoRRrs el 6S§&f | ' jrst_electrode of
the storage TFT Be [V6SFREARRENIARL BoedBRhnd HRCrPBPP 3260 LSl afl8SE as

10 possible of the electric current Tjana to flow. When the accumulation of electric charge is then

complete, the electric current I stops flowing, and in addition, an electric current
corresponding to VGS flows in the converter and driver TFT 3209 at this point, and Iy = Ip
(see Fig. 32B). Selection of the second gate signal line 3203 is completed next, the storage
TFT 3207 turns off, and signal write-in operations are coﬁlplefgii

15 Light emission operations are covered next. Selection of the first gate signal line
3202 is complete, and the switching TFT 3206 and the compensator TFT 3211 turn off. On
the other hand, the third gate signal line 3204 is selected, and the light emitting TFT 3210
turns on.  The voltage between the gate and the source of the converter and driver TET 3209
is stored in the storage capacitor at this point, and the gate electrode of the driver TFT 3208 is

20 in a state in which electric charge has already flowed in, and therefore an electric current
pathway from the electric current supply line to the driver TFT 3208 to the light emifting TFT
3210 to the converter and driver TFT 3209 and to the EL element develops. A light emitting

electric current Ig; develops. The EL element 3213 therefore emits light.

The gate electrode of the driver TFT 3208 and the gate electrode of the converter and
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15 3307 is connected to the gate el ectrode of the converter and driver TFT
3309 and the gate electrode of the driver TFT 3308, and a second el ectrode
of the storage TFT 3307 is connected to the second electrﬁﬁg d% &@ﬁ
converter and driver TFT 3309 and the first el ectrode b TFT
3308. A gate electrode of the light emtting TFT 3310 is connected to the
third gate signal |line 3304, and a second electrode of the light emtting
TFT 3310 is connected 20 to the electric current supply line 3305. A gate
el ectrode of the control TFT 3311 is connected to the first gate signal

|i ne 330iRer TRT 3209 iars tormeertly adethoffdrb ehe M TS EFEu&&&éLa'n%umfgqmﬁ%@' to
the second el ectrode of the converter and driver TFT 3309, the fi rs

el ectr qhie Wint. t RneMaIIYElF {BE gates Uhgtif1d i} Qe GRAGNE & (%htéelo q?lﬁOC{ra he 0" age

TFT 3307. Predeternined el ectrl C potenti a are i npu
curren e h C el ectr de of 72.2. 6 NAY 2006 t he
EL el etrlr)gﬁ(%m%% lleP dﬁ %ﬁgy"%? % ihe'g ﬁg{}% icﬁ%‘f ﬁ"éfirené wally ﬂ8W5SPleVn{nl the caRYerisF ence.

Furt her nstant electric potential is input to the second

el ectr %%%Weﬁ%f?gﬂ? 3‘6%‘“&?1@53@1%*1“ PREAEOnE while thsavignat alestric quatentflowns

pl aced .on the value of this electric potential, provided that it is always
| ess t WRHerqeBvEtes @nd deiveroFiEh320 anskintthe ds v FT 30gndiring ilight @BRdion FuThder

al though 5 the second el ectrode of the storage TFT 3307 is connected to t he
first armberobigatofelachedairtheefore BEdomE0RIgn dutihe lighicanidsioh otk ageeffmihe
converter and driver TFT 3309, it may al so be connected to the second

el ect r beepnods Ibhiger et eqllt, Bhd thb3klatioASHTE b¥swee R TREAL&HC tc?rr&ﬁ? bESIAAI 1),
constant electric potentlal Qperation fromwite-in of a signal e 8ciric

{currenum_l;o light em ssion is explained using 10 Figs. 33B to 33D. The

first and the second gate signal lines are selected first, the sw tching
TFT 3306, t Hola) T, S 307 turn on, and_the
signal el ecth}r? iac c%lr%% gvn{%l E'%toi Bﬁppg’rt&)‘%%flﬁ i%g%@é-géﬁ 3% Pn [diFRE 3IHe-1n ek e

Fi . nal tr| current ldata flows separated into Il and 12
nefd, > Bleuip AR gf ﬁ'éff ks erere © cleciRinghage 0T indhe gafealectiodpatithor
3312 i E}T’['Edl atel& after wite-in begins, and therefore
nver TFT 3208 and electric charge does not move from the storage capacitor 3212 during
light emission. The parasitic capacitance of the gate of the driver TFT 3208 thus does not
influence the gray scale.
Further, the switching TFT 3206 and the storage TFT 3207 may both be controlled by
15  the same gate signal line, as discussed above. The number of gate signal lines can thus be
( . reduced, and the aperture ration can be increased.
Furthermore, connections to the switching TFT 3206 and the storage TFT 3207 may
also be changed as discussed in Embodiment 7. It is also possible to make similar changes
corresponding to Embodiment Mode 1 and Embodiment 4.

20

Embodiment 10

A structure that uses p-channel TFTs for a converter and driver TFT and a driver TFT,
differing from the structure of Embodiment Mode 1, is explained in Embodiment 10. Note

that simple switching elements are used for all TFTs other than the converter and driver TFT
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15 the driver TFT 3308 and the converter and driver TFT 3309 are both off,
and 12 = 0 at this point. The voltage between a gate and a source of the
driver TFT 3308 beconmes zero because the storage TFT 330 q T @nd
therefore the driver TFT 3308 turns itself off. Consequent }f‘lg a=1r,
and electric current only devel ops during this period due to the novenent
of electric charge acconpanying the accunul ation of electric charge in the
storage 20 capacitor. Electric charge gradually builds up in the storage
capacitor 3312, and an electric potential difference begins to devel op
bet wee A BeHirwee L F.omddhesefore theathar I5d's suaydwive any pdarity. The converter and
driver TFT 3309 turns on, and |2 devel ops, when the electric potenti al

di fference Kestwstie isshowmandlig@3odes pixehofiBig. 33w hada ssirot siguallline 3301f he
converter and driver -73 2 6 MAY 2006 TFT 3309. As stated above, ldata =

Il + 1Pgstaachithgatebipngl linesB300 e Bbe4, ian dl&@ﬁ@%éﬁ%uﬂﬂﬁﬁn@%%,@@@ifbhﬁ? 0
until the accunul ation of electric charge in the storage capacitor 3312 is

conpl etreT 33964 bfokdze CHIT 8507, bithie *rf*ﬁ'essggva?l:&%ﬁf%@gg er TE1S3300! L §96it

I
bet ween the gate and the source of river becones "5 z&ro due

to f£he_st 3307 } and t herefor e driver TFT 33Q8 turns
of 3 " TRERBEIRT I BT RY AR, PRk BiReB ey p S PP BRIt b
control TFT.3311, an]% dq(’)fgs%{@t flowin the gl_ el emrent 3313, Electric

char ge accurtdf &4 Fi5e F Sgdiching 3k 4706315199mnehted to the fiplgats jsignal
potential between both el ectrodes in the storage capacitor 3312, nanely

t he volipaddOhex (st lechedegef the switching THe33uis conudctadnie thomownce eignahlinedr | ver
TFT 3309, becones a desired voltage, that is beconmes a voltage (VGS) at

c whi ch 8501, aodveserend aladratici afathe TwRclERY TRIABA0SSIs apnmctdd tasa fiposkichbde of t he
‘electric current lIdata to flow. Wen the accunul ation of electric charge is

then denqunetsr dnliairblee TR 3309UinkdaNtirst Elesfrodsofl the Weh@emafifl TFTasiDL i @n, an
el ectric current corresponding to VGS flows in the converter and driver

TFI0 330&08d elclirddd st ML cotet 98¢ BriverFT 3309 is connected to a first electrode of the

driver TFT 3308, and gate electrodes of the converter and driver TFT 3309 and the driver
TFT 3308 are connected to each other. A second clectrode of the driver TFT 3308 is
connected to one electrode of the EL element 3313, A gate electrode of the storage TFT
3307 is connected to the second gate signal line 3303, a first electrode of the storage TFT
15 3307 is connected to the gate electrode Qf the converter and driver TFT 3309 and the gate
electrode of the driver TFT 3308, and a second electrode of the storage TFT 3307 is
connected to the second electrode of the converter and driver TFT 3309 and the first electrode
of the driver TFT 3308. A gate electrode of the light emitting TFT 3310 is connected to the
third gate signal line 3304, and a second electrode of the light emitting TFT 3310 is connected
20  to the electric current supply line 3305. A gate electrode of the comtrol TFT 3311 is
connected to the first gate signal line 3302, and a first electrode of the control TFT 3311 is
connected to the second electrode of the converter and driver TFT 3309, the first electrode of
the driver TFT 3308, and the second electrode of the storage TFT 3307. Predetermined

electric potentials are input to the electric current supply line 3305 and the second electrode of
-T2
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15 (see Fig. 33C). Selection of the second gate signal line 3303 is

conpl eted next, the storage TFT 3307 turns off. Selection of the first
gate signal |ine 3302 finished next, the switching TFT 3306 and the

control TFT 3311 turn off, and si gnal wite-in operations galﬁeﬁﬂ‘éniﬂ%te

Li ght em ssion operations are covered next. \Wen the signal electric
current wite-in operations are conplete, an electric current pathway from
the source signal line 3301 to the 20 switching TFT 3306 to the converter
and driver TFT 3309 to the control TFT 3311 and to the electric power

sour ce thesEbieleent 3A130mdi thay dfusttage @l muturl cleatiapgeentinadifferncac dimthiegted in
the storage capacitor 3312 due to Idata flowing in the converter and

driver céifdin 230Qantpelécori¢ poentislds Mlput 16 thdB3BEd ERclrb®: gRike ®ha6l TPUe R, t he
driver TFT 3308. The driver TFT 3308 thus automatically turns on. If the

third gaer &b a0 @artichﬁ? linftaBiBhESHHED e Wafie! dr I ef‘e@lrfctﬂo@&ltfg g:rowgéh thaft MAY

2966 3310 turns on, then an electric current pathway fromt electric

cur ety SURBL TR RS DB nERIL! Bl 36, b0 LA

dev 33D, |ight emtting, electric current |EL
fl o&s. Q‘%h Aﬁ g‘fé&%ﬁtofé §°f%$ﬁﬁgfdn$fﬂg isicgarecteq tothe frt slesireds olgye dswes he
driver TET 3308 and the gate el ectrode of the converter and driver TFT
3309 ardTcdilferidotie %ﬁ@nfg pleeteddsraf thaeconvierteTrmg drivier (FEN3309, at way taisoglet e TFT
at this point. Generally, if the gate length L in a TFT becones | onger,

t he dr sbmnectedrterte $reondrelectsade dfethe comrdl IET 83ile nanbly, somraled ¢b ¢et cdrain
current finally flows only in the converter and driver TFT 3309 during

“si gnal cosistimne eleptrizgmitaitiapns, whil-e the signal electric current flows 10 in

t he c_onverter and driver TFT 3309 and in the driver TFT 3308 during light
em ssion. TigherdiedRm %t&ﬁh?f a%%ﬁﬁ EREGR éuﬂéﬁt%q Igﬁ% @ﬁfé%ﬁ?s +:§ai£§éd S qge”g

Illght em ssion, the gate | ength becorres onge resu and t °
LSt TR 8B B 2 #BCT ThE Bt 5B ol B BB MR R 18Rt B Mg e

TFT 3306, the control TFT' 3311, and the storage TFT 3307 turn on, and the signal electric

current is input from the source signal line 3301 (see Fig. 33B).
A signal electric current Ly, flows separated into 1; and I here. Electric charge has not
yet accumulated in the storage capacitor 3312 immediately after write-in begins, and therefore
15  the driver TFT 3308 and the converter and driver TFT 3309 are both off, and I, = O at this
point. The voltage between a gate and a source of the driver TFT 3308 becomes zero
‘because the storage TFT 3307 is on, and therefore the driver TFT 3308 turns itself off.
Consequently, I = I;, and electric current only develops during this period due to the
movement of electric charge accompanying the accumulation of electric charge in the storage
20  capacitor.
Electric charge gradually builds ﬁp in the storage capacitor 3312, and an electric
potential difference begins to dcve.lop between both electrodes of the storage capacitor 3312.
The converter and driver TFT 3309 turns on, and I, develops, when the electric potential

difference between the two electrodes reaches the threshold value of the converter and driver
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15 electric current, and that a pathway |li ke that of Fig. 39B may be forned
during light em ssion. The switching elenents and the |ike may thus be

di sposed so as not to interfere with the pathways. In accordance with
Enbodi nent 10, the signal electric current |dea does not ng)%gng@ the EL
el ement 3313 during wite in of the signal electric current. n guently,
there is no 20 influence due to the EL el enent 3313 acting as a | oad, and
therefore wite-in of the signal electric current can be perfornmed at very
hi gh sq_eed. Furthernore, the switching TFT 3306 and the storage TFT 3307
may be IEdR308! | 44 stajed aboge slane= Qait b, sndjihatefdre hegradnaliysic nskeed hiadoes ndhe
nunber of gate signal lines can thus be reduced, and the aperture ratio

can berdaoh ze@andil the/dec@mblalibyy 02006t ehidgein tHeRforE@numphaditsr 3308 idédnyRete TFT
and the driver TFT can al so have p-channel structures in the enbodi nent

nodes Emumaﬁfenﬁﬁﬁggﬁlmwe%ﬂg% appl yi ng Enbodi nent 10. It is also possible
to use a structure in which'the converter and driver TFT and the driver

of a5 Str batny tekolify Bddel HeSoalg BN e ot e i A RLITRE Pogdtefi ™ ©
t [ TE he dri TFT, the TFT d as. sw tchi
o1 chvon el o e icepass T 2A01 brli Phrr0dprote 86 aivorL HadyS WPASHL halbeof

Fig. 37B is established during signal electric current input, and a pathway
li ke t Fighalotleqtig cugomt ue consedventdy dlowsthiough Itheypenteoki T 3511, Nodaloehadt t he
signal electric current lIdata does not flowinto the EL elenent in 10
Enbodi flewtin iz ELlenteat 331Pnal el ectric current ldata were to flow into the
EL element, then the anount of time until the EL el enent reaches a steady

cstate will BiecadldethrioaddtulitePin’ @e stovhgd bdpbcitdt 312Gk Che BIREER JoRenkiBe
'storage capacitor, that is, the anount of tine for original electric

CUr I enpet$Rkh bbth l8RFHRS iR tHeSRbtake tipd fflﬁﬁﬁ'ﬁ% Hﬁﬁ@l?stﬁé Moftﬁ)gfl @é?‘g[aé}pglet ?ey be

si gnal wite-in per!od._A_strut_ue e that o Igs. 40A to 4
usggl T 9hd GRS §Gurtd’ omecgoﬂvtcrt'ers arclit? %'ri%grdTFT 3309, becomes a desired voltage, that is

becomes a voltage (VGS) at which the converter and driver TFT 3309 causes as much as

possible of the electric current Iy, to flow. When the accumulation of electric charge is then
complete, the electric current I; stops flowing, and in addition, an electric current
corresponding to VGS flows in the converter and driver TFT 3309 at this point, and I = I
15 (see Fig. 33C). Selection of the second gate signal line 3303 is completed next, the storage
TFT 3307 turns off. Selection of the first gate signal line 3302 finished next, the switching

TFT 3306 and the control TFT 3311 turn off, and signal write-in operations are complete.
Light emission operations are covered next. When the signal electric current write-in
operations are complete, an electric current pathway from the source signal line 3301 to the
20  switching TFT 3306 to the converter and driver TFT 3309 to the control TFT 3311 and to the
electric power source is cutoff. A portion of the electric charge that has accumulated in the
storage capacitor 3312 due to Ly, flowing in the converter and driver TFT 3309 up to this
point then moves to the gate electrode of the driver TFT 3308. The driver TFT 3308 thus

automatically turns on. I the third gate signal line is selected and the light emitting TFT
~-74-




15 to shorten the anmount of time for signal wite-in with the circuits
given as enbodi nents up to this point, for exanple Figs. 28A and 28B and
Figs. 30A and 30B, in which the signal electric current Idata flows in the
EL el enent. Fig. 40A is an exanple of applying the aforgriedifodslf
procedures to the circuit of Figs. 28A and 28B. A term nal not connected
to a common el ectrode of the EL elenent is 20 connected to a node having a
certain voltage (preferable an electric power line or the |ike) through a
TFT. The TFT is on during wite-in of the signal electric current, and is
of f du ﬁSﬁ% turps gt theh g sleghsic qumsst patbwey fioantheslecinieagerrant suprly ding 305 to
electric current wite-in and light emssion are those shown in Figs. 40B
and 400 kg pwitting dIRT 33M0do ¢heeamyexterpmileiniveaTFO 3309 torthe Ariver THT GRS afid xed
to the electric potential of point B -76 2 6 MAY 200-6 when the TFr turns

on dur ik thesEQRRImedt 8813 Hveldpsra8Rhowhith ®ig. B3DAaAd 8atbht ShttiBg cRBtrIcNGRREPT ©
be qui ckly achieved, and the signal electric current wite-in can be

conpl et edudvk. @ THRFTL oleRABMWEG 3 Yfystd .I%Bl@e electric potential of the point B
is arbitrary, but it 1Is preflera l et the electric 5 potential be one

such that t e| es, nhot ) I ght, so .as. not . to. inmpart inflyuence
P ho i spe el mat of feSafieh 1R 408l Bt BisEiaae & hEBRertel end'S
made | ﬁs.s t 35H§ electric potentjal of one electrode of the EL el enent
(a cat fBHEF agcounggtedsagd thorgiore the tesiF1s fuetion as 2 sylthgatenTET ab
apply a reverse bias to the EL el ement during wite-in of the signal
el ect r this gwinte nGenarallni§ dbie raate lengthDlsprep sTIHH bocomese tongtw rthatdsain scuoreat
probl em faced for cases of circuit structures that use TFl's. Nornally,
{ the di bpenmdsomaller.t He thisanes tler sighdl efecaic adjeac Gnilly fldivs paleid the es@riter can
be nade relatively small, but for a case in which the dispersion of the
el ementnd driver TFT 3309 during signal write-in operations, while the signal electric current flows
10 in the converter and driver TFT 3309 and in the driver TFT 3308 during light emissioﬁ. The
number of gate electrodes therefore becomes larger during light emission, the gate length L
becomes longer as a result, and the relationship between the electric currents becomes Iga >
Ig.
Note that a pathway like that of Fig. 39A may be formed during the input of the signal
15 electric current, and that a pathway like that of Fig. 39B may be formed during light emission.
The switching elements and the like may thus be disposed so as not to interfere with the
pathways.
In accordance with Embodiment 10, the signal electric current kj.e, does not flow into
the EL element 3313 during write in of the signal electric current. Consequently, there is no
20  influence due to the EL element 3313 acting as a load, and therefore write-in of the signal
electric current can be performed at very high speed.
Furthermore, the switching TFT 3306 and the storage TFT 3307 may be controlled by

the same gate signal line as discussed above. The number of gate signal lines can thus be

reduced, and the aperture ratio can be increased.
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15 characteristics in a pixel portion are considered, for exanple if the

di spersion in characteristics devel ops between adj acent pixels, then
display irregularities will be able to be recognized, even if the

di spersion is slight. A method in which the TFrs in use arebsMAt 88 every
certain period of tine is used as a nethod of inproving upon display
irregularities caused by the dispersion between 20 adjacent elenents. The
di spersion in the TIFT characteristics can thus be averaged over tine, and
display irregularities can be made harder to recognize. The TFrs that
become swi t Ehithey, tlebfevesenarl ttioaeTFHand ahe dbagalFE cah alsoplaviei prghanaél uence
to display irreqgularities. That is, in particular, it is not necessary to

changestri@urE§ ksthe BmbdEinteédt mbiESarid GherdnthddsRcht@6y SigHAhg Entdiftitne.
el ements. -77 2 6 MAY 2006 A structure |ike that” shown in Figs. 24A and 24B

i s proposed q‘g,ggﬁgpg I | ] j t h
~structure O%ta%ag@ A If%t}luég3I %ﬁg?égée#]?‘g{u?géﬁ%Wﬁgeﬁ%ﬁivgﬁ érﬁ%ﬁﬁd ctlhrei ver
TFT 108§.. e characteristics of the driver 1Q7 the circuit in

o, 1aagfterFTiee BRORE i B¢ ffhcPie sbSyan S5k BB 26 5 gRamie of o
irrfgul arities developing. The _driver TFT 107 5 is given a structure in
whith Sryatredpy s ease RO & Higs g88ed Asiledanmithecsonyertercinst divesyIF T asfder ence
nuneral 2407 in Fig. 24A (three are shown as an exanple in the figure), and
el ect r the drivgr TER} the|TdUis used esnswitafing elemT@F snaylhe disposed indpcations swdh thét at he
conductivity and cutoff of each pathway is perfornmed by switching el enents
2413. patheay hike tiahef Biy B7Bingtablieheinduridg knabeledfit chirérit igsht} @dtaf]ﬁﬂﬁ@agi tion
of Figs. 24A and 24B, provided that its position is one capable of 1

( sel ect liRgthaNoEFige3 7@ & &BtiblisHd RahB WYt fifssibRe TFTs connected in parallel,
and performng control. Basic portions of a driving nethod are simlar to

those shownnoh FlShe ?%%‘%Tdelézﬁqc Rddbrendyr ! %{A L3P oGRS @g Efs’u%%ﬁ?%t dl%[]g gf

the swi tching el enent 37s on, and @fectric curren
i ﬂﬁ]t ﬁﬂ}btoﬁfn?tglt ?be n‘ﬁ'r{ﬁe s2'1‘g}nla etlepcgr?cu r}'re;[nﬁldtata &g}qu@l\éw into the EL element, then the

amount of time until the EL element reaches a steady state will be added to the time for
writing in electric charge to the storage capacitor, that is, the amount of time for original
electric current setting, and as a result it becomes necessary to lengthen the signal write-in
period. A structure like that of Figs. 40A to 40C may be used for cases in which it is desired
15  to shorten the amount of time for signal write-in with the circuits given as embodiments up to

this point, for example Figs. 28A and 28B and Figs. 30A and 30B, in which the signal electric

:/1

current I, flows in the EL element,
Fig. 40A is an example of applying the aforementioned procedures to fhe circuit of
Figs. 28A and 28B. A terminal not connected to a common electrode of the EL element is
20 connected to a node having a certain voltage (preferable an electric power line or the like)
through a TFT. The TFT is on during write-in of the signal electric current, and is off during
light emission. Electric current pathways during signal electric current write-in and light
emission are those shown in Figs. 40B and 40C, respectively. -

The electric potential of point A is quickly fixed to the electric potential of point B
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15 Note that a plurality of the switching el ements 2413 may be on at the
sane tinme, and electric current may be supplied to the light emtting

el ement 2410 through a plurality of pathways. For exanple, the electric
current pathway is changed by the switching el enents 241%%5eﬁg% Hopgl e
frame period or each single subfrane period. Even if ther®e"i s dispersion
between 20 adjacent TFTs, there is switching between the TFTs possessing
the different characteristics tenporally, and therefore display
irregularities are averaged over tine. An effect in which it becones

di ffi cbenitle TEE deins oo diriogisignal eleegiglcaricnt wetecian Ahsisadyestaibcan thedefofei g.
24B is an exanple in which there is only one driver TFT 2407, but a

pl ur al b yquidkly achivesxd; and ahd sighalv electic TeurRADSritd-th dars PO ehpldted i al dHdkt
(three are used as an exanple in the -78 2 6 MAY 2006 figure). Switch over
bet weeamhigiGdfiinge, CUr rent pat hways is perfornmed by the switching elenents ;
2413. The circuit structure differs fromthat of Fig. 24A but the effect

in which dhrgpl ! ritides . bhe er aged. qver -ti wi_{ chi ng
bet ween di £ 1or er BORAlaF of e RorfPB R ARG’ PRk BlesprabiR bt B eleiiey

el epents, 24 are all _copdyctive during elegctric 5 current wite-in here,
o at pisat bt sBen b L, eBeht dosS Mo A IAMES) BECB FBPRPIRTIGAFS on
portio O‘i:i the switching el enents 2413 may be nmade conductive during

el ectr ﬂ@ 8ilase nt Fupthermerenif theoeletsie potentipkofimopaintCds madp dess dham the elegtrict e- i n
operations in a very short period of time by increasing the electric

cur r enpotgatislvdyone ¢lacirade of theeEL rlement (mithgleabt thef caséiof Higist ¢hA ngd el0B)ENt S
2413 conductive, and this is therefore preferable. 10 Note that a plurality

of thetlewi it dhpogitdd emapply 2244 SrseiiiasiioSOeIEL @ibnitint WHANS WiRelin B8 thel YghAg

| i ght em ssion, thus supplying electric current to the light emtting

el ementledditQurkiyy ough a plurality of pathways. The switching el ements 2413
for switching between the electric current pathways are controlled by the
tifgng of pulses input to an electric current selection gate signal line
2412.

Embodiment 11

Dispersion between elements is one problem faced for cases of circuit structures that
use TFTs. Normally, the dispersion in the characteristics of adjacently disposed elements
can be made relatively small, but for a case in which the dispersion of the element

15  characteristics in a pixel portion are considered, for example if the dispersion in
- characteristics develops between adjacent pixels, then display irregularities will be able to be
recognized, even if the dispersion is slight.

A method in which the TFTs in use are switched every certain period of time is used
as a method of improving upon display irregularities caused by the dispersion between

20  adjacent clements. The dispersion in the TFT characteristics can thus be averaged over time,

and display irregularities can be made harder to recognize. The TFTs that become switching

objects are those that are capable of imparting influence to display irregularities. That is, in

particular, it is not necessary to change the TFTs in use for TFTs that are used as simple

switching elements,
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‘signal electric current for wite-in operations can be ma

15 The pul ses are generated by a wite-in gate signal line driver circuit
as shown in Fig. 25, for exanple, and the gate signal line selection pulses
are stored in a latching circuit 2501. A timng pulse is input to an

el ectric current signal line 2502 fromthe outside, and som(m(t ?@eﬁ
switching el enments are nade conductive at a desired tim ng: Ve Y,

operation may also be perforned by swi tching between the swtching

el enents 2413 in all pixels at the same 20 time. Further, the swtching

el ements 2413 formed here do not control the value of the electric current
suppl i ed t o4 steudtyrgHike dhatishowe inl Bge s amh24Bid proposed: 4som esangplé.t chigs f or
sel ecting one electric current pathway froma plurality of electric current

pat hwa@4A iTtheyexamplet appliedjtocthe st Bre b ¥3g.may, t1 eeafharaetehianes ¢htlie Peilvatted V.
-79 2 6 MAY 2606 Note that the structure proposed here can also be easily

appl i ednd QripdrXEHTS 108 id e cHAhERAOs P RLGhH: ]g%TEﬁsﬁ&frtH& E&t BIEPMA By L,g'

26A is one in which the proposed structure o nbodi nent 11 is applied to

t he st i b Qcs . el i rr.ent h Iy S d by
s t ohy et nER B IsnE bkt pE s phd ShEhfarfis o8 aoB R o e e TRgR 7
emiting 5 elepent 2608 via at | east o of a plural,it driver TETs 2605
di sposEd&VRt faf qtuérF lf‘t‘ﬁ]fugg aaP]é“’SH}éélf SdﬁreeQ‘éP&?P@‘ rf}lafaﬂglfaﬁd{?%l)ed By g.
26B is di agram of _the structure proposed by Enbodinment 11 applied to the
st r uct TrTECRFfORHNGTAl 3404 in Big. 244 (three soshews anapexample inthe figurshaadtetactricETs
2617 disposed in parallel (three are used as an exanple in the figure),
and swruest flgwslie gaahtof tR6TBTs. Arlnk@ddiioactantol ofthe enbdistivhiyayd owofelf eatted by
the switching el enents 2618, and electric current is supplied to a |ight

em tti pgheheiepdrfo2m2d by iswvighink @hsher@N24 130N NRIé Siat ﬁw@mg d}lahantz:ams id hg
e very large by

1 190 ekl o ST, SLABELAT MRIGATIAIS IR LA URRIOLE
duid N9sdib il SIMERERcuntMt bWy for the TFTs connected in parallel, and performing
control.

Basic portions of a driving method are similar to those shown in Figé. 1A and 1B, but
during light emission at least one of the switching elements 2413 is on, and electric current is
supfﬂicd to a light emitting element 2410 through that pathway.

15 Note that a plurality of the switching elements 2413 may be on at the same time, and
electric current may be supplied to the light emitting element 2410 through a plurality of
pathways.

For example, the electric current pathway is changed by the switching elements 2413
each single frame period or each single subframe period. Even if there is dispersion between
20  adjacent TFTs, there is switching between the TFTs possessing the different characteristics

temporally, and therefore display irregularities are averaged over time. An effect in which it
becomes difficuit to recognize display irregularities can thus be obtained.

Fig. 24B is an example in which there is only one driver TFT 2407, but a plurality of

converter and driver TFTs 2408 are disposed in parallel (three are used as an example in the
~-78-
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15 operations can thus be perfornmed in a very short period of tine. Fig.
27A is a diagramof the structure proposed by Enbodi nent 11 applied to the
structure shown in Fig. 17. The TFT 1709 has a pIuraIityzqu&ﬁngﬁﬁter TFTs
2708 disposed in parallel (three are used as an exanpl ei e gure),
and switching elenents 2709. An electric current pathway is sel ected by
the switching elenents 2709, and electric current is 20 supplied to a
light emtting elenent 2712 via at | east one of the converter TFTs 2708.
Note that the_ signal electric current for wite-in operations can be nade
very | HEWS)-bySWHel iONgF Hetwsen ofleqirie aumentc prthyass dsretiormeth by cibn deveitdhire
during electric current wite-in, and nmaking very few of the sw tching

el enenelemeniscdifdBi vEhel gircwigstruayine differs Srom thatvof tRég.i JMA, dpetid ef06vs i€ ahidthus be
performed in a very short period of tine. -80 2 6 MAY 2006 Fig. 27B is a

di agr adisplytinegslarities vire ber oResRd dr BIRO ByNBiichlde BB def AditRrehf @lectric
structure shown in Fig. 19. The TFT 1908 has a plurality of converter TFTs

2728 digpas Pdthwials Radimthe! ﬁh%%aﬂﬁgﬁ{ CADETON aélsaé}e%iggc{%gcytm &u%%gfee;iﬁ%grgcegy

and switching el énments 2729. ctric current i's se

the; sw Lng..eke ts ,2729.. and electric, curre is .5 supplied to a light
enit g ;Mﬁ'}grgg':t g’qn‘é%“ g%la%‘\‘}'iag?eﬁft PR forgeive e 1EBhUBREioR. Thre 2928, Not e
that, altho {1 ﬁ]vvitc in% is applied to the driver TFT in Fig. 27B, it may
al so be apglg Cethiat 8Ukyhd PETIRRCPk the Siritrhing clements 2418 may bs madeacetidugivem of
the structure proposed by Enbodinment 11 applied to the structure shown in
Fi g. 3furingelectriccomoy write-im pHowavdrt iy isgpossiblevtepeTpits tI35@tedingyposstions in 10
parallel (three are used as an exanple in the figure), and third swtching

el ement yeB58®1t perial of timiechyc incraningptht leteyrid sursalt gatipchybyduring wierid by

‘switching elements 3509, and electric current is supplied to a |ight

em t t i mgkiepaliefthakwiichitig:lahentteas13 @nRuaivel AR Gl i¥ MerdibleSpraiPibie. Al t hough
only several exanples of pixel structures are shown in Enbodinment 11, it is

al gp possi biNgte! BaRphukalitRBP e SWtfeniRldl i | L QL

o acter i streaat Esi ngf“ | iR d10etE 28Y$ LAY D Y SPE Rk Qb Hme

during light emission, thus supplying electric current to the light emitting clement 2410
through a plurality of pathways.

The switching elements 2413 for switching between the electric current pathways are

controlled by the timing of pulses input to an electric current selection gate signal line 2412,

15  The pulses are generated by a write-in gate signal line driver circuit as shown in Fig. 25, for

oy example, and the gate signal line selection pulses are stored in a latching circuit 2501. A

timing pulse is input to an electric current signal line 2502 from the outside, and some of the
switching elements are made conductive at a desired timing, Conversely, operation may
also be performed by switching between the switching elements 2413 in all pixels at the same

20  time.
Further, the switching elements 2413 formed here do not control the value of the
electric current supplied to the light emitting elements, and only function as switches for
selecting one electric current pathway from a plurality of electric current pathways. ‘They

switching elements 2413 may therefore have any polarity.
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15 TFTs arranged in parallel, and that are sw tched between over tine, to
other circuits. Enbodinent 12 In this enbodi nent, an external |ight
emtting quantum efficiency can be remarkably inproved by using an organic
light emitting material by which phosphorescence from a t¥ GpMaY 72089 exciton
can be enployed for emtting a light. As a result, the power consunption of
the light emtting el enment can be reduced, the lifetine of the |ight
emtting el enent can be elongated and the weight of the light emtting

el ement can be lightened. The followng is a report where the external

li ght emittNetp Hhattheustredtiiecpropesedi leere c84 also6bé-ANIROBEHliedpoopieels thavingi ng
the triplet exciton (T. Tsutsui, C Adachi, S. Saito, Photochem cal

pr ocesdiéferdnd stiigyanes.z Al siybbtaeidhavnSi Fig PHA ©éne b whithdie plobbsea \iriétuRCdf:
Pub., Tokyo, 1991) p. 437). The nolecular formula of an organic |ight

em (| BaibBRRint 34 if GAMIERI (b SOUERAL)shown i RO (sC e S | s
represented as foll ows. (Chem cal oSr ?ruflz; 1)é (Sﬁ/l ‘ﬁ?’e]%gt?iggcfa é F;f’a@vb@ ﬁen, Y.
You, 1 [ . S S| Y. E. . Thonpsan R Forrest ure, 395
(105, *LEERL BY S hisk clpbneh Y2008 v SRARE B g5, ob oGt = bt e
materi gl (Pt | e reporfed by,  the abqve article is represented as
Fol 1 oulemEB AR OBt SibrhaRacby Plastlity PRSI MO 2605 BisRarIe) Parict (et Fidus,
M E. Thonpson, S.R _Forrest, Appl. Phys. Lett., 75 (1999) p.4.)
(T. Tsubssdias apexagnplg igythefiguyedhi r o, K. Nakanura, T.Watanabe, T. Tsuji, V.
Fukuda, T. Wakinmoto, S. Mayaguchi, Jpn, Appl. Phys., 38 (12B) (1999)
L1502) The Figl 86Bliara fiagrmi af ofie stnucdurgaproposed diyt Embbditrient 1 rappliddato (Her
conpl ex) reported by .
structure shown in Fig, 6. The TFT 608 has a plurality of converter TFTs 2617 disposed in
parallel (three are used as an example in the figure), and Switching elements 2618. An
10 electric current pathway is selected by the switching elements 2618, and electric current is
supplied to a light emitting element 2621 via at least one converter TFT 2617,

Note that the signal electric current for write-in operations can be made very large by
making a lot of the switching elements 2618 conductive during electric current write-in, and
making very few of the switching elements conductive during light emission. Write-in

15  operations can thus be performed in a very short period of time.

Fig. 27A is a diagram of the structure proposed by Embodiment 11 applied to the
structure shown in Fig. 17. The TFT 1709 has a plurality of converter TFTs 2708 disposed
in parallel (three are used as an example in the figure), and switching elements 2709. An
electric current pathway is selected by the switching elements 2709, and electric current is

20 supplied to a light emitting element 2712 via at least one of the converter TFTs 2708.

Note that the signal electric current for write-in operations can be made very large by

making a lot of the switching elements 2709 conductive during electric current write-in, and

making very few of the switching elements conductive during light emission. Write-in

operations can thus be performed in a very short period of time.
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20 the above article is represented as follows. -82 26 MAY 2006 (Chem cal
formula 3) As described above, if phosphorescence froma triplet exciton
can be put to practical wuse, it can realize the externd 6l Mght2088i tting
guantum efficiency three to four tinmes as high as 5 that in the case of
using fluorescence froma singlet exciton in principle. The structure
according to this enbodi nent can be freely inplenented in conbination of
any structures of ‘the first to eleventh enbodi nents. Enbodinment 13 10 The
sem conductor device is of the self-em ssion type, and thus exhibits nore
excel | ent Fegs YW sabidiagtam of théetructep @ypobed tygEmbndiment dhtappliet o sise
conpared to the liquid crystal display device. Furthernore, the |ight
eni tti sguetenishewhds Fig, Wode Thy TR 19)8aHaE lagplurAEE s fioRgéter THI® 2728 disposed
sem conduct or-device can be applied to a display portion in various

el ectr ﬂﬂ?ﬁraﬂ@lﬁtlﬁ@@ are’dsed A c%;laﬁﬁ)tlé Hmcljlg f??l‘(%)? X E@it&ﬁng eREEROSICT QF

device of the present invention inclu o canera, a digital camera,

2 ' . t., di spl , LoAt i t . d
Fepr odcrrisriiel APy S SAER MY unt rBRURYE sichheR 40R) Rl R TeniS
o8 | o SRR deP ety puEenci a7 e eas G610k st Comyeie THLSTAB, an

el ectronic book, or the like), an image reproduction apparatus including a
recordi ng nbWtathat sihenghwdichingis lappliesiiodhe driver JF Tvhi Blg. 249, it opyadiwdes a 20
recordi ng nmedi um such as a digital video disc (DvVD) and so forth, and

i ncl udepplieddd sy Gpvértar andidsipédlFRg t he reproduced i mage), or the like. In
particular, in the case of the portable information term nal, use of the

{1'ight enittiFig e £ealidggarret deabheiurs bftﬁﬂsé&_ﬁr Ehbatiment 0 QppEdd & the
termnal that is likely to be viewed froma tilted direction i1s often

requi r gehdtereNBYONan Mg S0, - §e TFT 3007 has a plurality of driver TFTs 3508 disposed in

10 parallel (three are used as an example in the figure), and third switching elements 3509. An
electric current pathway is selected by the third switching elements 3509, and electric current

is supplied to a light emitting element 3511 via at least one of the driver TFTs 3508.
Although only several examples of pixel structures are shown in Embodiment 11, it is
also possible to easily apply the method of averaging dispersion in-characteristics by using

15  TFTs arranged in parallel, and that are switched between over time, to other circuits.

Embodiment 12

In this embodiment, an external light emitting quantum efficiency can be remarkably

improved by using an organic light emitting material by which phosphorescence from a triplet

20 exciton can be employed for emitting a light. As a result, the power consumption of the
light emitting element can be reduced, the lifetime of the light emitting element can be

clongated and the weight of the light emitting element can be lightened.

The following is a report where the external light emitting quantum efficiency is
-81-




2 6 MAY 2006 view ng angle. Fig. 16 respectively shows various specific
exanpl es of such el ectronic devices. Fig, 16A iIIustrateséﬁ %n?aqjg | i ght
emtting display device which includes a casing 3001, a §p p #Q | e
3002, a display portion 3003, a speaker portion 3004, a video input

term nal 3005 or the like. The present invention is applicable to the

di splay portion 3003. The 5 light emtting device is of the self-em ssion
type and therefore requires no back light. Thus, the display portion

t hereof can have a thickness thinner than that of the liquid crystal

di spl ayimgewviedeby uFing thegtiplat éxcifoh @hi Tdutsng O Hpdasli, devHaim, | Bhotovhemébahg t he
entire display device for displaying information, such as a personal
conput efrocesses &€ O yRize@ MdI¥ellaoSyEechSd, bl I Ash AN (FASHRITIScE IPRE., Tok§R!1891) 4.0
Fig. 1%% iIIustré%gd a digit;?%gtill caner a mhg%h i ncl udes”a ng?n b&G%
3101, @gzgisplay portion 3102, an inage receiving portion 3103, an
operation key 3104, an external connection port 3105, a shutter 3106, or
the like. The light emtting device in accordance with the present

i nventi on caffhbenokedanforiivéa of spl argaporlighoeni3itidg. mitegal Hmatih ysgmeitps a
| apt op conputer which includes a main body 3201, a casing 3202, 15 a

di spl ayepotcdibgnhS2dIe aatidielopestntt0s fopswext ernal connection port 3205, a
poi nti ng nouse 3206, or the like. The light emtting device in accordance
with thg@present i hvention can be wused as the display portion 3203. Fig.
16D i | Ghemicabieruiadpi | e conputer which includes a main body 3301, a
display portion 3302, a switch 3303, an operation key 3304, an infrared
port 3305, or the like. The light 20 emtting device in accordance with the
/present invention can be used as the display portion 3302. Fig. 16E
“illustrates an inmage reproduction apparatus including a recording nmedi um
(rmor e <NbdA.Batdd, DyF.O8 BiidD, Ye MooddcShaustikpp & Sitisy, M. Thompsuw, Sde Fosresmi n
body 3401, a casing 3402, a display portion A 3403, another display

porti oiNdBurd408 (1998) pasnyi ng medi um (DVD or -84 2 6 MAY 2006

10 The molecular formula of an organic light emitting material (Pt complex) reported by

the above article is represented as follows.

(Chemical formula 2)

//‘\\

15 (M.A. Baldo, S. Lamansky, P.E. Burrows, M.E. Thompson, S.R. Forrest, Appl. Phys. Lett.,

75 (1999) p.4.)

(T.Tsutsui, M.-J.Yang, M. Yahiro, K. Nakamura, T.Watanabe, T. Tsuji, Y. Fukuda, T.

Wakimoto, S. Mayaguchi, Jpn, Appl. Phys., 38 (12B) (1999) L1502)

The molecular formula of an organic light emitting material (Ir complex) reported by

20  the above article is represented as follows.
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the |like) reading portion 3405, an operation key 3406, a speaker portion
3407 or the like. The display portion A 3403 is used mainly for displaying
i mge information, while the display portion B 3404 is used na& Ly for

di spl ayi ng character information. The light emtting devﬂ@ehﬁfn{gécordance
with the present invention can be used as these display portions A and B.
The 5 image reproduction apparatus including a recording nmedi um further

i ncludes a ganme nachine or the like. Fig. 16F illustrates a goggle type

di spl ay (head nounted display) which includes a main body 3501, a display
port i ofCBaoRal farmaad) porti on 3503. The light enitting device in accordance
with the present invention can be used as the display portion 3502. 10 Fig.
16Gillustrates a video canera which includes a nmain body 3601, a display
portion 3602, a casing 3603, an external connecting port 3604, a renpte
control receiving portion 3605, an inmage receiving portion 3606, a battery

3607, a sounszksldamﬁbca@béwﬁf;ﬁﬁ,@ﬁm@s’&e&%@ﬁ(ﬁﬁ'a% JEVYxcitdh Qan b@?}uﬁﬁb h&i&%}h
portion 3610 or the like. The light emtting deV| ce in accofdan t he

presentgd ; ntv&ﬂtr[?r,g q@é"e,ﬁone Vﬁ, ﬁm‘ﬁ?g qg%ﬁﬂﬁlaéﬁl&gﬁéﬁ tﬂ%e%ggéf ti]igeSFAS%I%%QS??O.Z

illustrates a €S a naln a casli

S rtion 703 sound i on 3704, a so ut ut portion
3708, B i IBE G oR e SBioRoaive S ¢ Sieleh e 1y PRRRRIesva % S cnna
3708, or the like. The light emtting device _in accordance mnth t he
pr esenfCGoRYBg 9 His @&hﬂ%@ea%@dl Bestreqle lraplgmeavdp@ combinatiqnef anostauctyras of he
di splay portion 3703 can reduce power consunption of the portable telephone
by di spheditsiig eleveniyreimbodinoéds.ed characters on a bl ack- col ored background.
<When the brighter lum nance of light emtted fromthe organic |ight
emtting material beconmes available in the future, the light emtting
device in accordance with the present invention will be applicable to a
front-type or rear-type projector in which [ight including output -85 2 6
MAY 20Bmbodimgsat ihf ormation is enlarged by neans of |lenses or the like to be
proj ect ed.

10 The semiconductor device is of the self-emission type, and thus exhibits more excellent
recognizability of the displayed image in a light place as compared to the liquid crystal display
device. Furthermore, the light emitting device has a wider viewing angle. Accordingly, the

semiconductordevice can be applied to a display portion in various electronic devices.

Such electronic devices using a semiconductor device of the present invention include a

( 15 video camera, a digital camera, a goggles-type display (head mount display), a navigation system,
a sound reproduction device (a car audio equipment and an audio set), note-size personal
computer, a game machine, a portable information terminal (a mobile computer, a portable
telephone, a portable game machine, an electronic book, or the like), an image reproduction
apparatus including a recording medium (more specifically, an apparatus which can reproduce a

20 récording medium such as a digital Videb disc (DVD) and so forth, and includes a display for
displaying the reproduced image), or the like. In particular, in the case of the portable
information terminal, use of the light emitting device is preferable, since the portable information

terminal that is likely to be viewed from a tilted direction is often required to have a wide
-83-




The aforenentioned el ectronic devices are nore likely to be used for
display information distributed through a tel econmunication path such as
Internet, a CATV (cable television systen), and in particular likely to

di splay noving picture information. The 5 self-em ssion K@%"%ﬁ '@Ionduct or
device is suitable for displaying noving pictures since ! rgg c light

emtting material can exhibit high response speed. A portion of the

sel f-em ssion type sem conductor device that is emtting |light consunes
power, so it is desirable to display information in such a manner that the
|i ght viewiitig anglp. p&ig. il6 nespbativeiyshbws oaitas 8pecifithdxhmples pPsigh bleeirorfic deriekisngl v,
when the 10 sem conductor device is applied to a display portion which

mai nl'y di spl giérsr&gha acter information, e.g., a display_portion of a
portabl e inf Paljustestes anaprania lighoemiting display device, which inglydes 3 ersipthone
or a sound reproduction device, it is desirable to drive the light emtting
devi ce39@L, thappori dabin 30821 ardisphiyo pertion 0035 a fspeaked pbstion 300¢he deriot inpny
portion while a non-em ssion portion corresponds to the background. 15 As
set f oternimbdAGS, ortthe like. e SBrtprésamentdnton sappheabRp eatisplarpostitsl 30080 Thev de
range of electronic devices in all fields. The electronic device in this

embpdi tendifting RIRvied iscdfMRE sdMlemidbibh ke R8d TS EHR Q@cjlfﬂr‘é@h@ﬁ flaiphe e Thay! the
confi gll}glgti on |gn whi ch thesst?muctlurey?ei n Errbodei nment s 1'%hrq%%gh 12 ’artmg

freel Ydﬁﬁfgg Eaﬁi@n ﬂ?chch%Jggé\;Zegh EHC%%?% @ﬂm?e?t tﬁ%%atfo?%eeﬁqu.iidﬁ'crg%ﬁ;locfi%ﬂéﬁc?evm&[ h the

pr esent ntion by performng witein operatidns using a

| ar ge tric current. even for low gray.scales.. FEurther, converter TFTs
are usglggéfﬁafuﬁgh f ﬁﬁlétlrtm%vrdilsipgy i chgﬁﬁg‘lci%%gr ﬁ’@re E’F@S@?%%ﬁ‘é‘%? THISEAYERE i on
(to dri\éﬁ{) TETs during light_ em ssion for, supg)l ing electric current to
17 ght TRaIGE Such éehPESongl gompeehidFescivaieol BV biepdeasiie adspeadyestising t he
charac'&grli stics of the TFTs during

1spiay.

10 Fig. 16B illustrated a digital still camera which includes a main body 3101, a display
portion 3102, an image receiving portion 3103, an operation key 3104, an external connection

port 3105, a shutter 3106, or the like. The light emitting device in accordance with the present

invention can be used as the display portion 3102.

Fig, 16C illustrates a laptop computer which includes a main body 3201, a casing 3202,
15  a display portion 3203, a keyboard 3204, an external connection port 3205, a pointing mouse
L 3206, or the like. The light emitting device in accordance with the present invention can be

used as the display portion 3203.

Fig. 16D illustrated a mobile computer which includes a main body 3301, a display
portion 3302, a switch 3303, an operation key 3304, an infrared port 3305, or the like. The light

20 emitting device in accordance with the present invention can be used as the display portion 3302.

Fig. 16E illustrates an image reproduction apparatus including a recording medium
(more specifically, a DVD reproduction apparatus), which includes 2 main body 3401, a casing

3402, a display portion A 3403, another display portion B 3404, a recording medium (DVD or
-84~ :




5 wite-in and during light em ssion can be reduced. In addition, either
one or two gate signal lines are required for driving one row of pixels,
and therefore a high aperture ratio can be achieved conpared to typi cal
conventional electric current wite-in pixels. 2 6 MAY 2006 WHAT | S CLAI MED
I'S: 1. A semiconductor device conmprising: a first means2forM&odi® ting an

I nput signal electric current into a voltage, and supplying an electric
current corresponding to the converted voltage from an electric power
source to a |oad; a second neans for storing the converted voltage; a third

neans - tierlile rading®riich 3403 n @gcrﬁﬁbn_rlfﬁyeﬁ@& 4 BRaN&|goRA 3407 bhthe 1R8C OTKE
nmeans; and a fourth nmeans for blocking the supply of electric current from

the  elBGhyiforRUVA SRACEeh kil {0Afhldyih REIGErhAbuidaRML 10 diliflyoT Onal

el ectric current, and supplying-elect tcorresp Ing to

conver : . fromth el ectri.c power source.to e.l,0ad.i.n eriod
For ar POt % A5 ey o, it B clre SRR igh, TET gt Shniife 3Rt ans
for converti an jnput signal electric current into a voltage, and

- suppl yi“h@ccﬁﬁ{] ?"e\i’ft*‘ iﬂg" PIGFGIE ATVERUNT eatpbimuned gis these display pogiopg 4 sl Bagthe r om
an electric power source to a |load; a second neans for storing the

conY er ireggoveprodeption appdratus inghuling # weordivigantdiumy fusthes includesn game metliaser t he
voltage in the second neans; a fourth nmeans for bl ocking the supply of
electribelikarrent fromthe electric power source to the load in a period
for inputting the signal electric current, and supplying electric current

correspondi ng, t converted vol tage fromthe
P gjg. ?612" Hl%strates a goggle type disglay (head mounted display) which includes a main

body 3501, a display portion 3502, an arm portion 3503. The light emitting device in

accordance with the present invention can be used as the display portion 3502.

10 - Fig. 16G illustrates a video camera which includes a main body 3601, a display portion
3602, a casing 3603, an external connecting port 3604, a remote control receiving portion 3605,
an image receiving portion 3606, a battery 3607, a sound input portion 3608, an operation key
3609, an eyepiece portion 3610 or the like. The light emitting device in accordance with the

present invention can be used as the display portion 3602,

15 Fig. 16H illustrates a mobile phone which includes a main body 3701, a casing 3702, a
\ display portion 3703, a sound input portion 3704, a sound output portion 3705, an operation key
3706, an external connecting port 3707, an antenna 3708, or the like. The light emitting device
in accordance with the present invention can be used as the display portion 3703. Note that the
display portion 3703 can reduce power consumption of the portable telephone by displaying

20 white-colored characters on a black-colored background.

When the brighter luminance of light emitted from the organic light emitting material
becomes available in the future, the light emitting device in accordance with the present

invention will be applicable to a front-type or rear-type projector in which light including output
-85-




el ectric power source to the load in a period for driving the |oad; and a
fifth means of controlling the input of the signal electric current to the
first neans. 3. A sem conductor device conprising: a first neans for
converting an input signal electric current into a voltage, d.suppl yi ng
an electric current corresponding to the converted voltaﬁeﬁfﬁgﬁﬂﬁgﬂ
el ectric power source to a |load; a second neans for storing the converted
voltage; a third neans for selecting to store or to release the voltage in
the second neans; a plurality of fourth neans, connected in parallel, for:
bl ocki m@lageniaforaaiin i¥ etlhred B ifehfs STUEHENGr the BER dolR pedjeddd. i ¢ power source to
the load in a period for inputting the signal eléctric current, and
supplying electric-current corresponding to. 88 2 6 MAY 2006 the_ converted
vol tage fromlheeafareamentionsdpelprironio slekises gire maore obkely rfoabparseddor aisplai i vi ng
the load; a fifth means for controlling the input of the signal electric
cur r entinfoonatioh ediftiibsed neangh aaa@canplnicatidn pathfsush xt Hntemaysa THT gtabid | ng
at |east one of the plurality of the fourth neans, to formelectric
cur r entel&kgion Wystahaus il RMduRe 1BleBE 6 | dsoVRiovisi pictfte tiafdrhatidRadThd. A
sem conductor device conprising: a plurality of first neans, .connected in
par al | 3 : l s i . S| A ! tosd age,
8l | elirefn@ioh Q?;‘éf&éxﬁle&ldﬁ&or dBPHE iS LERBle ok &ﬁsﬁﬁg&y@gﬁ{ﬁh{’éﬁg dnétﬂfe? sglcg 3*1&

and supplying an“el ectric current correspon nverte t age
from arc])rgealmeccl}gi]{ gmft)t?ﬁ’\ge&at%r?aﬂrcgl?c%h?bi? hilgg ?cdsbonse speed.

A portion of the self-emission type semiconductor device that is emitting light
consumes power, so it is desirable to display information in such a manner that the light
emitting portion therein becomes as small as possible.  Accordingly, when the

10 semiconductof device is applied to a display portion which mainly displays character
information, e.g., a display portion of a portable information terminal, and more particular, a
portable telephone or 2 sound reproduction device, it is desirable to drive the light emitting
device so that the character information is formed by a light emitting portion while a

non-emission portion corresponds to the background.

15 As set forth above, the present invention can be applied variously to a wide range of
L clectronic devices in all fields. The electronic device in this embodiment can be obtained by
utilizing a semiconductor device having the configuration in which the structures in
Embodiments 1 through 12 are freely combined.
20

Write-in time can be made faster in accordance with the present invention by
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a second neans for storing the converted voltage; a third neans for
selecting to store or to release the voltage in the second neans; a fourth
means for blocking the supply of electric current from tie gg!:e«@g i c power
source to the load in a period for inputting the signal Pe%t i urrent,
and supplying electric current corresponding to the converted voltage from
the electric power source to the load in a period for driving the |oad; a
fifth nmeans for controlling the input of the signal electric current to
the plurality of the first means; and a plurality for sixth nmeans of

sel ect pedorating eerste-in nepeedtionk ensirlgu b alatdey elettrict figrdnt revkn Meansw gray f walks.
electric current supply pathways fromthe electric power source to the

| oad. Purthers esAveRBE UTTRI ardl b QuARFRIgnAl Mite-th, CRIA V&I EfterdlHT¢ ate/ Béed in
transi stor for converting an input signal electric current into a voltage
and suppd:ui I ric. . r L . It age
From areirelfe #ve fHef A i Shi S RGN P Bl b I L atithe T
storing, the converted voltage: a storage transistor [n the st ge .
capaci PrUsn oAt hepgoredBy iRliEhes ahenarondn e rretertsies f el Eming « age:
and_a drjver transistor for_ blocking the supply of electric current form
the elalema light, prdssion cap be restuged.n 1 additiongeither ppg onhve gate Kignal gnal
electric current is input, and supplying electric current. correspondi ng

t o t helipemare rrequiredofor Agiinfer o towe of pixels; and pieneforesa higheagiedtutehmtioozat ben
aperiod for driving the load. 6. A sem conductor device conprising: 89 2 6
MAY 208éhieved compared to typical conventional electric current write-in pixels.
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a converter and driver transistor for converting an input signal electric
current into a voltage and supplying an electric current corresponding to
the converted voltage froman electric power source to a |load; a storage
capacitive means for storing the converted voltage; a storha@eMaYaitistor in
the storage capacitive neans, for selecting whether to store or to rel ease

t he vol t age;. | sistor for blocking the supply of electric
current fg&HAaqﬁ:ég‘g@%#b?@ power source to the load in a period during
whi ch the signal electric current is input, and supplying electric current

corresponding tq the v tage .fromthe electric power source to
the load in a pgfi %dseﬁggon?pla@?ﬁg‘g%ﬁ'u%q?pgg&g' and a switching transistor for

control ling the input a(ﬁrSttlh‘i_éa@i nabngiréng e ¢nput signehelectdctdugregiomient er and
driver trapghsd Qhd supplfing SULIQRE at-&t cgﬁ}éépglﬁd%g:ir@{lfel%bﬂgéneﬁ v%ﬁﬁ%’eeﬁ(;xﬁr and

driver transistor for ‘convertjng an I nput g electric current into a
vol t age aﬁ&’%ﬁ?ﬁﬁﬂ@ﬂ%sﬁ‘ﬁcﬂ%}@ﬁ ¢ current corresponding to the converted

vol tage from an el ect aisécoR@Wetans fd k&Bink ThedcdnVatsd WiGEQr age capaci tive neans
for storing the convertgﬁi voltaigoe; gﬁitora e transistor.in the stﬁr@age
T\

capaci tive means, for 2dEFOIRRY R 19 §ots; o5y 9 1gleasesthp gioliags

vol t age; mepindmadantyandf driver transistors, connected in parallel, for

bl ocking _ the suppl y Qito Gkl rs ekl 4OITHADS Bl Wi BPHER fgur ce to
the load in a period "during wic e_égn.a f ectric current 1's 1 nput,
and suppl ylesiep@rersosrcg e temload dn pmesipd el ingutting tlresigeah elactrisocursnt, age f r om

the el ect rdng SPPRInS QULER b@rddtcdrR3fbddihe? to BRE icBAvdrRE Mitagk NBohN@e! 0ad; a
sw t chi ng tlrcan5| st or fortctﬁnhglﬁ!_l | n% A hﬁg! n,put. élogQ‘e signal electric
current t &SHE ROYR SPWET toing lopdiiy @ peripd g idsiv e,

2. A semiconductor device comprising:

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

a second means for storing the converted voltage;

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

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

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

3. A semiconductor device comprising;

a first means for converting an input signal -electric current into a - - . -
voltage, and supplying an electric current corresponding to the converted voltage from
an electric power source to a load;

a second means for storing the converted voltage;

a third means for selecting to store or to release the voltage in the
second means; .
~~a plurality of fourth means, connected in parallel, for: blocking the
supply of electric current from the electric power source to the load in a period for

inputting the signal electric current, and supplying electric current corresponding to:- . -
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a plurality of electric current selection transistors that select at |east
one of the plurality of driver transistors, and nmake ele tg 9 ~‘e:u£f§§nt
supply pathways from the electric power source to the | % ﬂ

sem conductor device conprising: a plurality of converter and driver
transistors, connected in parallel, for converting an input signal

SRR SR A R R L SR

| oad; a stdnval@thekpdcltlve means for storing the converted voltage; a

storage transistor in,tde SLOL3LE. %ﬁgﬁﬁllgtthé/&ggfwe 31g1t1'£glecﬁ‘?cl %frte g9 26

MAY 2006 whether to store or to rél ease rrver transistor
for bl ocklth‘@ fﬁﬁ@eﬁ%ﬁpﬁﬂ@ of electric current form the electric power source

to the load in a periqgldukty Qﬂsﬂﬂiﬁi&aﬁmﬁélwﬁkg ol &tdnb%fﬂ{é%ﬁt%ﬁi dfs input,
and suppl y}lg el.ectric current corres onding to the converi vol tage from

the el ect ¢ IPBleMeasy e foriy elepfEc) g nglzrb@%thwaw Bemdpe Fleelia PRV ¥oad; a
swi t chi ng sonmpde giedoad. or controlling the input of the signal electric
current to the plurality of the converter and driver transistors; and a
plurality of electric current selection transistors that select at |east
one of the plurdlitysaficenvecoodedct emmpisdngdri ver transi stors, and nake

el ectric current  sUpalyuARENURKA LAOHI DRELEPH piaRAYRY: SAVERGe Lhe

|l oad. 9. A sem conduc ice accor to any
wher ei n:  d0PHtupignal; glegiric paTert et ja Veljagee nands ﬁmﬂ lying aath wlsplicr rcuﬁmthe

electric doeesiondRigt6 thel @Dniéited voRd @ﬁ@rn%reﬂ’é&ﬂﬂﬂpd\fbr@@ﬁr@é tcPd Toadnd el ectric
current is supplied t gs%c%%dln(l)e%gs for spo%ng thcl, go%%grtg \Er"olglfget he

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

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

a fifth means for controlling the input of the signal electric current to
the plurality of the first means; and

a plurality for sixth means of selecting at least one of the plurality of
the first means, to form electric current supply pathways from the electric power
source to the load.

5. A semiconductor device comprising;

a converter and driver transistor for converting an input signal
electric current into a voltage and supplying an electric current corresponding to the
converted voltage from an electric power source to a load;

. astorage capacitive means for storing the converted voltage; -
- a storage fransistor in the storage capacitive means, for selecting . . .
whether to store or to release the voltage; and '
- a driver transistor for blocking the supply of electric current form
the -electric power source to the load in a period during which the signal electric
current is input, and supplying electric current. corresponding to the converted voltage

.. . from the electric power source to the load in a period for driving the load.

6. A semiconductor device comprising:

&9 -




plurality of the electric current supply pathways. 10. A sem conductor
device according to any one of claims 3 to 8, wherein: electric current
supply to light emtting el enents occurs al ong pat hways t hat |5 er
according to time by chronol ogical l'y sw tching between 2 beMAblIab&l ity of
the electric current supply paths. 11. A sem conductor device according to
any one of clains 5t erein:.,.the st.ora capaci.tive .neans stores
vol tage between a gat_g gdrlf(‘:f&ger and, dgiyer, raflﬂétmé%ﬁ’{/&)'ﬁ)‘éef“%andpp ef&nd

transi st orelecimricurrrnt énto rraypdtage and sepndying mo\dlabése coret cotirespoydingto the

non- conduchhirddtvolbe! HERInULHPRIFShERR fiadga drain e ectrode of fhe

converter and driver transistor k ur ni n(% on and off. 12. A sem conduct or
devi ce according to afylo5Re @pacitivg means ferstgingfhe eenvsrted voléegeonvert er and

driver transistor hasatdieras@t@ni@baid the SdrdsbCadidiNe®! nich@) TS tQb@ingl3. A
sem conductor. device according to.,any one of clainms 5 to 8,.wherein: the
convert er Vyil?%he&?c? gg@?&%ﬁ@?abs?gﬁvéwﬂg%he driver transistors are disposed in
series in the electria diver mansistwpﬁjrwmadiﬂi%v&)esﬂppmﬂ Electﬁbe:fafréﬁtcfoﬁﬁwer g
source to d d i t l.ectrodes.are electrica onnect ed.
51 5% WAL SISERR o R sl o B8 B i S BGTR Rl Fhithghe Sl oBRERSS
claims 1 termgnt igugiand supplyisigghestnetussnt caresponding toghe howwested sodga at

| east_the ftdn tle dRATSpovAALoli0E 1PIRIAA ifi aGHDE R RRLIMAY BoaiOfdSUPP! Vi ng 1 he
| oad fromthe electric ower source when the load 1's gperating is via at
| east the first means agﬂgfqnﬁg tyaggistop, for controlling the input of the signal electric

current to the converter and driver transistor. .

7. A semiconductor device comprising:

a converter and driver transistor for converting an input signal
electric current into a voltage and supplying an electric current corresponding to the
converted voltage from an electric power source to a load;

a storage capacitive means for storing the converted voltage;

a storage transistor in the storage capacitive means, for selecting
whether to store or to release the voltage;

a plurality of driver transistors, connected in parallel, for blocking
the supply of electric current form the electric power source to the load in a period
during which the signal electric current is input, and supplying electric current
corresponding to the converted voltage from the electric power source to the load in a
period for driving the load,;

a switching transistor for controlling the input of the signal electric
current to the converter and driver transistor;

a plurality of electric current selection transistors that select at least
one of the plurality of driver transistors, and make electric current supply pathways
from the electric power source to the load. '

8. - A semiconductor device comprising; :
a plurality of converter and driver transistors, connected in parallel,

- for-converting an input signal electric current into a voltage and supplying an electric -~
current corresponding to the converted voltage from an electric power source to a
‘load,; : -

a storage capacitive means for storing the converted voltage;

- a storage-transistor in the. storage.capacitive means, for. selecting -
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means. 15. A sem conductor device according to any one of clains 5 to 8§,
wherein: the signal electric current pathways is via at |east a source and
a drain of the converter and driver transistor; and the 2lge¢iayi giigurrent.
pat hways for supplying the load fromthe electric power source when
driving the load is via at |east the source and the drain of the -converter

and dri ver ﬁé’@éﬁ{) tto?er rtor%e ilg I and a drain of the driver transistor.
16. A sem con evi Ce“%e er(ﬂ ’to any one of clainms 1 to 8, wherein:

the relationship betm@ehﬂmhmﬂsmgnaﬁxdﬂedﬁngﬁxnmmmsnbfememMUEdeMymhMata, and
the el ect
e el ectrig e%éﬁ{cegéwg;g éeebef_H% fi@& i%ag I{Jdoﬁﬂg{r% C{hE's? PWettROUr C€,

denoted by IEL m con eV| C accor Ing to
any one ofCUgleR} irdnputy %ldawpmmgeqlwnc eugEent @@aespgnchng tcgqh@ ceriertefl ygltageenent

cont ai Ni NYré theedl €RHE 9bweﬂ§aa§:@@@ﬁ@1@é<ﬁﬁ%rﬁenoa$ord% muct or device
according to any one of

the semi con device is
applied to an el ect roﬁlsé“@ﬁmgﬁf?é‘ﬁ’ﬁt%g?re%‘tng&ﬁmgcfm it OgF g@iﬁﬁ*f; Wi ng of
an or gani ccurieghth thenpititalingofths pbrayertdesidoadiventralisitéraj argit i | | camera, a | aptop
conputer, a nobile co ere dctlona n ing a
recordi ng nmedi um a gi 3 : gl 0%1%““%‘%?5{/‘? 8 ﬁgdr}%ﬁ’ﬁhaeﬁ%tﬁﬂ?aqe phone.
92 one of the plurality of the converter and dnver transmtors and make electric current
supply pathways from the electric power source to the load.

- 9. A semiconductor device according to any one of claims 3 to 8, wherein:
a plurality of the electric current supply pathways from the electric
power source to the load are arranged in parallel; and
clectric current is supplied to the load using at least one of the
plurality of the electric current supply pathways. |

10. A semiconductor device according to any one of ¢laims 3 to 8, wherein:
clectric current supply to light emitting elements occurs along
pathways that differ according to time by chronologically switching between the
plurality of the electric current supply paths.

11. A semiconductor device according to any one of claims 5 to 8, wherein:
the storage capacitive means stores voltage between a gate and a
source of the converter and driver transistor; and
the storage transistor provides conductivity, or non-conductivity,
between a gate electrode and a drain electrode of the converter and driver transistor by
turning on and off.

- 12. A semiconductor device according to any one-of claims 5 to 8, wherein:
the converter and driver transistor has the same polarity as the driver
transistors.

- 13. A semiconductor device according to any one of claims 5 to 8, wherein:
the converter and driver transistor and the driver transistors are
disposed in series in the electric current supply pathways from the electric power
source'to the-load, and their gate electrodes are electrically connected.
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14. The semiconductor device according to any one of claims 1 to 4,
wherein:

the signal electric current pathways is via at least the first means;
and

the electric current pathways for supplying the load from the electric
power source when the load is operating is via at least the first means and the fourth
means.

15. A semiconductor device according to any one of claims 5 to 8, wherein:
the signal electric current pathways is via at least a source and a
drain of the converter and driver transistor; and
the electric current pathways for supplying the load from the electric
power source when driving the load is via at least the source and the drain of the

converter and driver transistor, and a source and a drain of the driver transistor.

16. A semiconductor device according to any one of claims 1 to 8, wherein:
the relationship between the signal electric current, denoted by Iyaa,
and the electric current supplied to the load from the electric power source, denoted
by Igr, is Liata 2 Igr.

17. A semiconductor device according to any one of claims 1 to 8, wherein:
the load is a light emitting element containing an
electroluminescence element.

18. A semiconductor device according to any one of claims 1 to 8, wherein
the semiconductor device is applied to an electronic equipment selected from the
group consisting of an organic light emitting display device, a digital still camera, a
laptop computer, a mobile computer, an image reproduction apparatus including a
recording medium, a goggle type display, a video camera and a mobile phone.
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