; 1"e3ez8z../\34Zh868T8A"1 THI N FI LM TRANSI STOR, SEM CONDUCTOR DEVI CE, AND
METHOD FOR MANUFACTURI NG THE SAME 5 BACKGROUND OF THE | NVENTION 1. Field of
the Invention (0001J The present invention relates to a thin film el ement
formed over a glass substrate and to a 10 gl ass substrate over which a thin
filmelenment is fornmed. 2. Description of the Related Art (0002J A gl ass
substrate, which is lowin cost as conpared with a quartz substrate and
easy to formin large size, has been frequently used as a substrate for a
flat panel display and the like. 15 0003J However, a glass substrate is
low in heat distortion tenperature and weak of heat, thus there are nmany

restricti qfRgN RARESG ]ﬁﬁﬂf i i 1 a

gl ass subst rgg@?ﬁl‘w ew §?dti%|§s i n%@@iy}bﬁww’yﬁp%ﬁover a
gl ass substrate, a process NPANUFATIRBNU:SHAE!SA2E on i s adopted so that
the substrate is not heated nuch. 20 (0004 Neverthel ess, the substrate is

nec@ssarily heated to a certain degree in order to, for exanple, activate
inmpurities, thus various counterneasures to alleviate the heat shrink have

been devi sed as di scl osed BACIGRENINDSI FHE: INVENBIOMt ent Docunent 2.

(Pat ent i Japanese Patent Lai d-Open No. 2002-175984 (Patent
Docurren'?%%jgg%%#é‘)s%élﬁ at ent Lai d- Open No. 2003-335547 [0005] In accordance
with the coggoﬂjlqducti on and enl argenment of a display size, a glass
substrate 30 has gradual ly been enl arged, thereby causing consi derable

substrate diBteqréseanindergtionaelagsto & lih Tm elendent fotneddvbts pIGY sudSAL BAIRASUT €
is required. [0006] In addition, as a design rule has been di m nished, an

acd@pt abgls frafe pyer whish a deioifdmi edemémids fosmed.snal | er, thereby causing
devi at iR B ANl R £ O M 53T gnent o

[0002]

A glass substrate, which is low in cost as compared with a quartz substrate and easy to
form in large size, has been frequently used as a substrate for a flat panel display and the like.

15 [0003]

However, a glass substrate is low in heat distortion temperature and weak of heat, thus
there are many restrictions in the process of forming a thin film semiconductor over a glass
substrate. In view of this, in the case of forming polysilicon over a glass substrate, a process
using laser crystallization is adopted so that the substrate is not heated much,

20 {0004]

Nevertheless, the substrate is necessarily heated to a certain degree in order to, for
example, activate impurities, thus various countermeasures to alleviate the heat shrink have been
devised as disclosed in Patent Document 1 and Patent Document 2.

[Patent Document 1]
25 . Japanese Patent Laid-Open No. 2002-175984
[Patent Document 2]

Japanese Patent Laid-Open No. 2003-335547

[0005]

In accordance with the cost reduction and enlargement of a display size, a glass substrate

30 has gradually been enlarged, thereby causing considerable substrate distortion due to heat shrink.




5 substrate distortion even if the mask is aligned with high precision.
[0007] In view of the foregoing, the invention provides a sem conduct or

el enent where the operation is not affected even when being forned over a
substrate which is largely affected by heat shrink such as a |arge
substrate. In addition, the invention Pr ovides a thin film10 sem conduct or
circuit _and a thin filmsem conduct or “devi ce each provided with the

sem conbis: dfurBics feunternieanugis requizaddi t i on, according to the invention, a
sem conduct O@Pﬁéﬁmsnt is provided where the operation is not affected even
if there is t mask deviation. Furthernore, the invention 15 provides a

thin filmsep t C} i i Eil.m.sem con tor devi.ce each
provi ded w ﬂi:i' %ﬁfggg&g’mgign% oblgplcearsrgb?l%teg @W’ & ﬁﬁ%ﬁﬁﬁg&ﬂ\lﬁ( 20
Accor di dgidtionaing wepastallef, théteby xeiMd a8viafidieirsdnie leﬁs%y'dﬁg%qniabﬁ%ﬁx&éni ¥r Of
gate electrodes forned so as to overlap a | ower concentration inpurity
regifon wbstzate distastienlercngf theawyask it dligmed mdihrhiglepieoistonon a drai n regi on si de.
Al so, source_regions and the drain regions corresponding to the respective
gate el ectro@géﬁgre formed so that current flows in opposite directions
each other tyar npel tegions corresponding to,th ate el ectrodes.
Furt her, theﬂnﬁiléngg?fg% %go%gg chafhet l?léé’F%vﬁ °Si SW?‘:EHS%F?‘EU&F’@H‘F b ?}'\‘R/stif’n a
first dogeefionds nbs | Is ' '
current %I ows in aa%%@cﬁcgn%%%posi ?T%Et&ﬁgle ? ?%@a %i vﬂe‘% ilg%?gé(lga%%t&bb?
Accor dilregt tsbrink otuckr amapéarge Glibdtiaee.i nienddioon, shd hhventibh HrovRBS IaSHAR film
conprises a plurality of gate electrodes fornmed over a sem conductor |ayer,
chal¥nel SePUCATIHEIO ofiFidtp @ndi Agthin fike gemisomictsire devioe esachapividedr odttantic
drain regi-on rresponding to the respective gate el ectrodes forned 3in
t he serﬁ%g{éér)\()d@g%tglfdfl&vﬁﬁ', whi ch contain one conductivity type inpurity
elenment. In (jgg]ti on, the sem conductor |ayer conprises |ower concentration
inpurity regions than the drain regions at one portions on the drain sides
whi ch over | dp additiogatecoediag t6 dtehveftivn, Aeemivhenctdr Semehl isQRoRllePwhbie! GO
flow ng through one of the channel regions is referred to as a standard
di r ect | §TALORAS 1o gikfseted sver HE theine i elight agaskindeviationhi Eortbermore, ethe ifivenvion i n
the‘r5standard di r.e;tli on and the nunber of the channel regions in which a
-~ curPentPPYISRs 2 0 Sy seaucondicigp GBSyt and 8 thipdiley seisendugior deviee facky kroeided! |
[0011J mpg{cqgﬁ%o?ﬁu&{gp%g&ﬁ%n@spect of the invention, a thin filmtransistor
conprises a plurality 10 of gate el ectrodes forned over a plurality of
sem conductor | ayers, channel regions corresponding to the gate el ectrodes,
and source and drain regions corresponding to the '
SUMMARY OF THE INVENTION

[0009]

20 According to one aspect of the invention, there is provided a plurality of gate electrodes
formed so as to ovetlap a lower concentration impurity region of a semiconductor layer than
drain regions on a drain region side. Also, source regions and the drain regions corresponding
to the respective gate electrodes are formed so that current flows in opposite directions each
other through channel regions corresponding to the gate electrodes. Further, the number of the

25 channel regions in which a current flows in a first direction is equal to the number of the channel
regions in which a current flows in a direction opposite to the first direction.

{0010]
According to another aspect of the invention, a thin film transistor comprises a plurality
of gate electrodes formed over a semiconductor layer, channel regions corresponding to the gate

30  electrodes, and source and drain regions corresponding to the respective gate electrodes formed



respective gate electrodes fornmed in the plurality of sem conductor |ayers,
whi ch contain one conductivity type inpurity elenent. In addition, the
plurality of sem conductor |ayers conprise |lower concentration inpurity
regions than the drain regions at one portions on the drain sides 15 which
overlap the gate el ectrodes. Further, \.}rmen a direction of a current flow ng
t hrough one of the channel regions is referred to as a standard direction,
t he nuniBdhe ssmicorducioatayer, which oorgainwnaionductivity typerimphitigvelerhentt hin stditighar d
di recti‘?ln and t%seC nynber of .the channel regions in which a current flows in
2 i r eclt S SRHEIAr daes coRBrises JAtich QImERTTBEOR SRPUHE remions thary the dzain gions at
Accor di : -the L.nvention thin £ilmtransistor.

conpr i s PRV dRaR Sibs Wht el IR ARY st Bt Ui ot en

| ayer, sbanaellowig 2i6udPbieePedinithd Godibiis KGSRACH 1Y 85 43 dElRICAGE She AN
source and drain regions corresponding to the respective gate electrddes

f or ed numbieh of endhawnd negions inawtdch 2 winireh floentiaitle Aaniasd oo hhd tHeyhutee

i mpur i t&/ ﬁl epent . In addition, the sem conductor |ayer conprises |ower
concent$t4hs shannghisgiony in sdichna corent flowstina diregtion ppRpsisn o Hie standardodirdctios on
the dr aE[rQe@ages whi ch overlap the gate el ectrodes. Further, when a
direction ‘current flow ng through one of the channel regions is referred
to as a stanggid direction, the number of the channel regions in which a
current flows in the standard direction and the nunber of the channel
regions in whioohdiag tuanichdr dsheot®f itie velitione hithin MPPE&isistort @miphSess ?ﬁﬁﬁftﬁj
direction are equal. 30 [0013J 4 According to another aspect of the

i nidnt iYngale slaciredesd dernend dwer ce plurality vofd sdmiendicton ripydrs,e shannkl rsgions

t ransi st or and. a §e§€nd rapﬁgi st or, erein the first _transistor_and the
second P& %4l gé‘[ﬁrﬁ pdesy and nfousg aRd Siraipatrgions acqgesponding taitthe g

filmf { } e r f orned over
the gar S eary BP Ao IR AR R pluIBS o e Bolhciarle e, PR BBEL off
a_p- typenductivity typd iiRrityflomehy ¢h ead b, (MPRPAIRY of SnSiBHdEtor eFERATRprisbe
first transistor and a source region of the second transistor are

el ect r ilewel goncenrsioncishpasitsh ragionsrthan thet dreirsegivnsmhoece podioas onrthgideris shales!

t he .gate .el ectrodes are electrically connected each other in the two

t rafsi s‘i%HF ."fofﬁ?Pa figgfedricctiodes. s dinrtish dfthency direstign of aesurigng Sowingdhigugk one

el ect - - h i daloper.
concenttand ShanfIteforORREIRES Fh § SRRt aRRARA N LERIRT ofRE cRarlieions in
cur r entwiitioWsuirénttfifvs inBhd @Bk BRESioh And M hdfber S HRCIH QRS ré@ox‘fﬁfi holihgr

the width of the respective gate electrodes of the two transistors are
equal , carpairilovef ina disetionnppsiterto thayandadididectioteark agsalt he gate el ectrode
has the sarrﬁ fﬁhfipe between the two transistors, and current flows through
the two tran8¥stlors in opposite directions to each other. 15 [0014]

A di t ; t of the.i tion, a.sem duct deyvi [
or o ded v SROREAE e BBBREY pihect OF ManF e 2ok An el dintvey & cxr
the i mymbefsfdtatd QEctAAds FdHed 8¢ séﬁi@t?}ﬁu%fo?gaﬁﬁ%ﬂalﬁﬁm '%%%oﬁ'es;pondigg o

sem conductor layer, a gate insulating fi dovering“the semcon

| ayer dhelreapgitve gelecetdctiodes, had s@utcowat diahtreging cbfigdpoadingdo the r@ipebiivd HRE |
the 20 sem conductor |ayer is doped with a p-type or an n-type inpurity
el enentelegtrodess formed dp Hcesamigendygtor layer, which confain a one conductivity type impurity

clement. In addition, the semiconductor layer comprises lower concentration impurity regions

25  than the drain regions at one portions on the drain sides which overlap the gate electrodes.
Further, when a direction of current flowing through one of the channel regions is referred to as a
standard direction, the number of the channel regions in which a current flows in the standard
direction and the number of the channel regions in which a current flows in a direction opposite
to the standard direction are equal.

30 [0013]




In addition, the sem conductor |ayer over which the gate electrode is
formed conprises at | east a channel region and a | ower concentration
inmpurity region than the first concentration region. Mreover, both the two
transistors are input froma first wring and output to a second w ring,
and respective gate el ectrodes are electrically connected between the two
transistors. 25 Additionally, a curreft flows through the two transistors
in paral | el A¢qosding énanatberaspect of e inveltionya deticondudter devipes provédegatleich
el ectrodes o e two transistors are equal, a portion of the sem conductor
%H5§Wh

ft
| ayer wWHTHRSEY & st jLansisior pnda sqcopd tgne rein dherfird Hegpaisios epd dbe s9cend wo

transi sgp c f : wo_ tr.ansi st oLs ipn _opposite

|y e SkRSrorcaf U ERks | SURRIBHEN IIE, LB SBORIELC N B CRRRSRE Sre

i nvent i semicondseti Goeeusd Ar g ¢iceRollS farhRYi &lﬁe@_tr{@gﬁ@ insulat rnﬁ.sgﬁl ef, 1 thet
transi stor and a second transistor, and the first transistor and the second

t r afsi seemiceaduttor by is slopedawith i -type ot tan m-flypy émpurity @iinent.n SMedov&xga kburge f or
covering the ﬁsﬁim onductor layer and a gate el ectrode fornmed over the gate
i nsul atF&H§ 9 HC t FARSIStQr nands @ n§Quserd IR of dhe rsependd ipadistol are sleptricglte or
an n-ty i i | e t a first.concentratjon. 5 ln additiop, th
Sent corepnnrant foeh bufey? T the Pt G AT GeERE} BubOR sak okt lcbua

| east  aoshésitPdach 98iePh BB 4wd tdaRNBbrsC O SRR, R skllPSHdubebr fa?gll (W%r AR thd'e
first concentration region. Mdrreover, parasitic capacltance between a

sour ce gaggéloctragieds fdrmed abmpelsexcitricate a @haniee rdgidibind 4 Bvedr Shentrati®idiurity

parasitic, caﬁaci tance between a drain region and the gate el ectrode of the
seddnd F#QRN Hie, diagregionn alAdgitionallyy & enrent| fawss ith fheutyt trassistors in parallel
transi s{.ors in parallel directio 10 to .each other, the width of the
res pectﬁ{u\%gﬁ%nast 9 %Icgcﬂtyc&d “?S'Fitﬂ% RE%}WSP?‘:&% ig2egrlectindes ofthe two, ARTHPIS ATef
the serdqa@NduekObs h A¥MEcoMth&Gbr N8
shape erélt ween the two tcroa_ns(‘lqstg)?"’gl,r l@% %&?S%Eelﬁet%t?%&%{}gﬁ? gg%hhct%get%pe
transi dteoweenithe opp aandisod] aoltirtins flowseRMOAgR tekvo trMikRIrs dPogieRité dirflGiohe
anot her aspect of the invention, a transistor is provided which conprises a
pl ur al itegadd¥otheransi st ors each conprises a seniconductor |ayer, an
inagl ating f'bbﬂgand a gate electrode, and the gate el ectrodes of the

ality ofl nsistors are electrically connected to each other, each of
the gate el egtyAfs | Fhsts r gate. el ectrode. and a . .
second- | ayer gate %Fﬁ%ﬁ%ﬁgﬁp %F ];(i)lk H%rlgg‘?%%g’ % B’Pﬁﬁﬂg CEI a%vfcﬁ 1 provided syhiehy s
are el eotprised hyfiRORARGHEE ah@® £36ddn! BkistcrD aP Yhe $irdtePRSorO%nd BR second
plurality of transistors are electrically connected to each otrher, tehe
pl ur al itrapsigior t qagh s¢ognpoisss cospmicerdudor lawsi stgate iimuladignélm fohatveling though
whi ch a currgnt flows ipn a first direction and a transistor including a
channeS*PHEBOYHOWRYEhand A &t clergode fasmgd aven i ghte desulasingt film. iBirdppdhé t e

t h i i i Q1. 25 A di t 10t t of the .

| nian; oniehaftud A8 ol PaPCEoet s oPpRaY imarl ol Bist Sonseriuion ne
sem corfuadifbn,| thY SémRbadRebr 18fR0E: WhRh Pﬁc“% Elbdtrdte ik E@Iﬂﬁ:‘d%&)ﬁf Pises A Ak a
Accordi ng to anot her aspect of the inventi®on, a transistor having The

above- ¢bsiorel begios andiat lower comgenirathen itipuritg region dhai tHe 1Ry ebnodhirgtion fegion.
di fferent armng t he PI urality of transistors. 30 [0019]
Morcover, both the two transistors are input from a first wiring and output to a second wiring,

and respective gate electrodes are electrically comnected between the two transistors.
25  Additionally, a current flows through the two transistors in parallel directions to each other,lthe
width of the respective gate electrodes of the two tramsistors are equal, a portion of the
semiconductor layer which overlaps the gate electrode has the same shape between the two
transistors, and current flows through the two transistors in opposite directions to each other.
(0015}

30 According to another aspect of the invention, a semiconductor device is provided which




6 According to another aspect of the invention, a transistor having the
above-descri bed structure conprises the source region and the drain region
whi ch are added with an n-type or a p-type inpurity elenent at a first
concentration. [0020] 5 According to another aspect of the invention, a
transi stor having the above-described structure conprises a portion of the
seni conductor | ayer which overlaps onl% the second-layer gate electrode is
added wecarhpuses 4 fijpstr irdngisedreamint sesoddhaangiftof, h@dsher 8t 1a84ia0r and thd@eclindi N
region at a |l ower concentration than the first concentration. [0021J 10
Accor di HaRsisotafathh spmpsiprsce ssmieonsurcioy daydron, gefet inawlgiing dilmhden novering the

bove-d I bed, st t h terized ip that th nb f th
Cransi SEOTRORRFSEJR AR Sl Griteone daEnschovstabe g mavAGRE FUR. afirtisrethe

rorber, S BRAEAF gt AP LA OB 1555,

direction are equal” int a he W

seni & onfiusidition, sheavemicnmictof 1a}9&i Ser WHEEH AP FaletectRAO RohAYEEERIRs &t Redtode
and in a direction perpendicular to the first 15 direction or the second

di rect i ehanpel regjsinaansl pdewtr eincemragios Unfpadey cfgidrhthas the firsit @ncantagualregion.t he

pl urali Mg) of transistors. [0022] According to, another aspect of the ]
i nvent i OTPTCOYCE (RARSIG GRPAGHINCK PR B SPBIGesEionben ther gite wlectinde of the (fisst

i i . h whi ch £l i
PPr ot CoriBGE & RGuas ORI Bheil RKE ol lER Mt ie@ion SHRARE et effihiood b e
transi sgebnd énsist:eC ARRiRMALY QLuNRRT ﬁowﬁmlif‘gﬁi tﬁeﬂfé&ﬁwstégg?ﬁggaﬂaﬁélm@tﬂiﬁi ch

current flows in the second direction over aps the secon er gate

el et r othecach atberalthaninidth aff tht hrespettiwt gaordéonodesndf sheptvir alahdistonf ark hgual, a
transistors in a direction perpendicular to the first direction in a plane
par al | ePortign §f thgseaycondyuctoriayer hieh ayeslaps theqgata eleesradehas the saing shapsfbetseen

second il . urality.of the transistors in.a 25 direction

per pe nd?lgl}{xrg?}@%lg{oﬁsg aﬁ%l A SPreRtAlows tﬁ}ﬁ’“igh t@e %Y%ﬁ%“sb%?rﬁ [ @pPgsfe girections (yeach

t he subgieate. [0023] According to another aspect of the invention, a
transistor is provided which conprises a first transistor having a first
sem conduct of00ilayer, a gate insulating filmand a first gate el ectrode and
a second transistor having a second sem conductor |ayer, the gate

i nstfl ati ng fAreATdng to apothsoespaet of dhe inviention, edemnsistor asigiovided  whitte cdmprites gat e

el ect rodle aziu?d EQe second gate el.ectrode, ar(ﬁ{f 7 electrically connected to

each ot REFIL LY THaRaistory §?&b8?15pré§e§& FBCOR HtQr H@Y%Ie@BerS@%HFé Hire and o @atgr e
h i i - - | t

o oot r ogRet sl helpite d Dl o6t e B 30 GR1pR AE SRR By S o eagh,

regi on other, kactseCtigCatd alBSikGdeOtoniirRe€h FTblapd! date CRBAGI! £ 4 BB faRt %@fe, a
source region of the first transistor and a source region of the second 5

t r ansi selegtragiee desiite cegionsadfl the qdwmabityt efdtransistars hro thetricaliy domnectednd datiowther,
t hrgugh channel s i rst transistor and the second transistor in

the fj
opposi t @Umqrggppﬁﬂgmp@?lgaﬁqy qttﬁgﬁ_st{)(sogg #lectrically connected to each other, the plurality

of transistors comprises a transistor including a channel through which a current flows in a first
direction and a transistor including a channel through which current flows in a second direction
that is opposite to the first direction.

[0617]

25 According to another aspect of the invention, a transistor having the above-described

structure comprises the semiconductor layer shared between the plurality of transistors,

[0018]

According to another aspect of the invention, a transistor having the above-described

structure comprises the semiconductor layer which is different among the plurality of transistors.

30 [0019]




Accordi ng to another aspect of the invention, a transistor having the
above-descri bed structure has the source region and the drain regi on added
with an n-type or a p-type inpurity 10 elenent at a first concentration.

[ 0025] According to another aspect of the invention, a transistor having

t he above-described structure has the first sem conductor |ayer which

overl aps the second-|ayer gate electrdéde of the first gate el ectrode but
does not oveAtapdihfeo fanottier bepeer of Biecirfbidn, adeaistdrving fe fkve-dedceibbd ode
is 15 added with the sane inpurity elenent as that of the source region and
t he dr aStRCHIEyreAPALes 4hg sansee wgivmeandrthe dorin rdgion whighfare sddedowmitle at metypoor a and
t he second sem conduct or | ayer which_ overlaps the second-| ayer gate

el ect r JTEPEAMPHRY LAY ab%ﬁété?%fl?m'but does not overlap the first-1layer
G]f the second gate el ectrode is added with the sane inpurity
t

gate el ectrq«égz
el ement as that ‘of the source region and the drain region at a | ower

congent r at i 0Acdoding tthanbihks hspften 6£ M ﬁ%ﬁ%ﬂm, 20t AARAG hAGEL TR myb.agmwer
e

aspect of the invention, in a transistor having the above-descri

st r uct watctuph eomptises wi phirtiomeéitis: sendcorelugtoh layer svhitir @ctlaps oplgrthe sebondilayert 0
a direction of flowing carriers through channels of the first transistor
and t heB¥&ElsAiode radded gvith Ane, ippyiE egwwmélth@toofathmoumewgmtaﬁé the drain

substr . i dt irst sem caonductor |ayer which overlaps the
first S‘IS lgn%ggle%cgtcg%%fgtr%{ggne{cﬁlﬂ%@ﬁt?)rs ‘F?é“’%&q Rof the second seni conduct or
l'ayer which ugr]l aps the second gate el ectrode. (0027] According to another
aspect of the invention, a transistor having the above-described structure
i s 19rovi ded Auxoeding dopnothes agpeti B the nvesticnt @r triBte0hAvige HeCsbdualeribed
| ayer, a gate 30 insulating filmand a first gate el ectrode and a second
t r ansi stOFtURaGhasectenized Ja that dhelnember ol transistgrs, theought which cutrenti fiaysf inl the and

a seco e.electrode. In addjtion,.the first gate el ectrode.and the
secondr}grgggﬁ%cfué)gt ?"(Sldglea?‘gmé‘?re(géj ctéﬂSVE(Hﬁ ﬁﬁtir&&g%a%}‘ﬂl SaEpntotlows in dhe gecopd pe
first offeRti t : : e & - ¥ [ - er
ot o ol S P B S e WM AR SR ok M B
regi on affwhibk ofvedlgls the saindtiayeraate alett@icrandeml O diredtidnleerp@@ERMthr tth ARNS Figdt OF
~are 5 electrically connected to each other, a source region of the first

t r dfisi stitsetiomar thessopndediregtionrin af platvepasaliad ol atsuefned of the sabsiragd scgquakcial thy
connectsﬁd i.&(ﬁa%ch ot her, and current flows through channels in the first
transi SEOPSHY HHESOE ond transistor in opposite directions to each other.

(0028] Acco;@bm to anot her aspect of the invention, a transistor having
t he above-descri‘bed 10 structure has the source region and the drain region

added wi th aficddrdifi®@o QhothePadpéReof MRUINvEMid, AMRAsisr Bavild Bl SEREARLMEION.
[ 0029] According to another aspect of the invention, a transistor having

t he abo¥mcles bas béigst portinn wherelths semosduntordagercthorughaykich whiredt fiovey inaghs
t he second-] ayer gate el ectrode of the first 15 gate el ectrode but does not
ovel| apf?r 1 dirgqtion OYeRops theatesond-layer gate dectrode  Famhergtheetrarisistarr hagea pecond

portion where the semiconductor layer through which current flows in the second direction
overlaps the second-layer gate electrode. A total width of the first portions of a plurality of the
transistors in a direction perpendicular to the first direction in a plane parallel to a surface of the
substrate is equal to a total width of the second portions of a plurality of the transistors in a
25  direction perpendicular to the first direction in a plane parallel to a surface of the substrate.

[0023]

According to another aspect of the invention, a transistor is provided which comprises a
first transistor having a first semiconductor layer, a gate insulating film and a first gate electrode
and a second transistor having a second semiconductor layer, the gate insulating film and a

30  second gate electrode. In addition, the first gate electrode and the second gate electrode are




added with the sanme inpurity elenent as that of the source region and the
drain region at a |l ower concentration than the first concentration, and the
sem conductor |ayer which overl aps the second-|ayer gate el ectrode of the
second gate el ectrode but does not overlap the first-layer gate el ectrode
of the second gate electrode is added with the same inpurity el enent as
that of the 20 source region and the drain region at a | ower concentration
than t heledtiically @aneqed foadach Bthel, A4 He MGE LAtE eRBIrdR MAThOSICoRS PAE blclfrodd e
invention, in a transistor having the above-described structure, when the
wi dt h nesshsompeisesen §irst-layerpatti cledttoderandes paodd-taylengate celactdile.e cAdditiondlly, a
flow ng,carriers Q%ough channels of the first transistor and the second
transi stM fegion Bﬁt cfighiransigpr pprl g drginsigsoncel the seerndsuansisirtare elgeericallsit h

of the { r er _which. ov aps .the first gate electrog IS equa
2o the CHEHEE I ElcR o E R Fedioh S b Bt afsiob A, Stre o P sfend
el eq} r ofglghsidt@Qpd ) i I - ol RLnREE Rl to
one aspe%?u%f thﬁ“?%@@%f?%ﬁﬁgﬁdEﬁﬁ%??g%@B%ﬁgﬂg%%t§5%§ﬂ?§#%fﬁb a %@Uﬂg?g?y
of sem tasitumtand theyeeond usister i6 OppdsitaidieSiondso tazhlagher. 9 paral | el each

ot her, fornin% a gate insulating filmso as to cover the plurality of
seniconductoﬁ)gﬁbers, formng first-layer gate el ectrodes which are

el ectrically,connected cgrrespondi.ngly to.the plurali .of sem conduct or

| ayers, addi NFFAIBEHGARO ré‘ﬁ&iﬁ’?@ 3@3 fHSRTeD, A Ef?n%St‘P‘i f‘%“tm%g}?c VeResgibed o
the pl | ] I s US| t ISt~ r. .

el cct o michird b URBWEIEPloh A B B RIS RABaLh bh n3e B BiecB} Fmpuriy
sencondementrat h diygrcondentiaged. treatnent, form ng respective second-| ayer
gate el ectrodes correspondingly to the plurality of first-layer gate

el ectrodes si038] to cover the plurality of senmiconductor |ayers partially

and the first-layer gate electrodes, adding the inpurity added to the,
plurality of‘%@#‘@ﬁﬁg (FRPHer asprst Q(EW HYCREOR: e lransiofg havins thegalaverdearihed des
as mas i . drai n regi are forned,i 0 ch
o tho Scitaf NE 8 £R il ol O 1a0P e Bl Bl SR BTty dolodiial B0
a hi ghefirsc @ite ercfradd Bt doBaod dVerlhp R firSORGE YAAEIcARode T IE A8t Bite LREEbANKET
insulating filmso as to cover the plurality of sem conductor ™| ayers, the
secknd- dddpd withthe sshetmpwity sleardt ssbatgaitbe sosed mgiongnfl ithedrafnaegiongt & towact

holes in the inte Iaéfr_insulating filmto reach each of the source regions
and t he®WFERFRUPR Jhahthe first ppnrgntiatioan ane theytecprd gemigepductns Ipyprevhigly everlaps

i nsul at il rform 15 patternin ngd etching to. form.a wring,
" sour o dpein ey Ml BRI g FoeP Rl el hodE Pufidid b et givlayer
regi onsg eleBfodd d'tRY ddcin@fats SIELEONIN GhALd & AY ﬁ{&ﬁ@%ﬁﬁ{;ﬁ&&é}& Qv gy gP&e
contact holes, and a drain electrode which are electrrcally connecte
bet weensouhe regiah and dgi dvaia refioh biea otk abndeytratfonsihan theFistcloacentamen.s t hr ough
the contact holes. In addition, the source regions and the drain regions of
t he?bl ur al i th086] seni conductor | ayers are arranged so as to be a first 20
arrangenent in which one,of th ource regiqn i s dj sposed on the rjght side
of the secon 9?5985Q&§f@h%ﬁ@%?&dﬁéﬂaF“ﬁn@gbdﬂa*a¥§§ﬁﬁiﬁ%wgtﬂ%amﬁﬁ- Sethedof
the SouiRRuiE A th? WHIRARRSEE tRh AR ib gfﬁltireﬁt'iaﬁ é}%cﬁél%lﬁefg ?lr]ﬁfelc@yf bt A3k

d the secon g

el ectrode, and the tirst arrangenent an arrangenent are equ

i N nunbeirri¢rs thibegipthunablstof (hé fife Habdget s the! RYSISraridetrtih ANBhdY par@1d 96 bi ON
of the . sem conductor |ayer which overlaps the second-|ayer gate el ectrode
has t hesusiane of Hgpabstrase ¢he Sridthef fheifisst iserpicohdutorn laperdultitio ovérdapsithe fifsD@32] A
method for formng a thin filmtransistor according to the invention

corfr i sAECtads 1%?%‘%900‘}16 Pt of ghessesand seamaendustor layge whisherveHaps the secend gate
form ng awgate insulating filmso as to cover the semi conductor |ayer
formng a plurality of first-layer gate el ectrodes which are electrically
30 connect edghg7each other on the sem conductor |ayer, adding a p-type or
an n-type inpurity at a 10 first concentration to the plurality of

sem conduct oAcdoadieg tbyanotiengspdee of ithes invieatyer, Pahssivbehiviodese asoveadekcribed
activating the inpurity added to the sem conductor |ayer by heat treatnent,
f or mi ngStiUEWR At pravidedcwhich| copmprisgm e dirsl tansivoebaving nespueatidugoy laysr,t 4 gate

aylf phfiting G £ B el feqfae and 2acdi B bins Iavise dbrorgcrmBoIonAHEH

added to the sem conductor |ayer by using the second-|layer gate el ectrodes
as masks so that a source region and a drain region are fornmed in the

sem conductor |layer to which the inpurity is added at a higher
concentration than the first concentration, forning an interl ayer
insulating filmso as to cover the sem conductor |ayer, the second-I|ayer
gate electrodes and the gate insulating film formng contact holes in the

N A~ Y o o




side of the second-|ayer gate el ectrode or a second arrangenent in which
one of the source region is located on the left side of the second-I|ayer
gate el ectrode, and the first arrangenent and the second arrangenent are
equal in nunber in the sem conductor layer. Additionally, a portion of the
sem conductor | ayer which overlaps the second-|ayer gate el ectrode has the
sane shape in 20 the sem conductor |awer. [0033] A nethod for formng a
thin fithoghtedRSilating filae 66d 8isé@nt Gatd@edtivdeNtn AN B §RE pdth @lcstr6RSarif the
formng a first sem conductor |ayer and a second sem conductor |ayer over a
subst r ateeond gaterelegiredegae electrizallpcomgeted toreab cdlsers aack of dre firbiegatd elsttrode and
sem congduct or .| ayer and the second 25 sem conductor |ayer, formng a first

fir st - | B 8¢cogdgateglectiode gemprises adistalaver gate qlecttods apd a serond leier Batp electinde-

second fjh:st - r .el r 0 erlap the secon em conductor | ayer
over 't halEbadRy 8 bl BF WS s RIS pofh G BRI D PpRD R on )
firg coeqaeiilydonféeddid &eh e ta ﬁﬁ%&@gf&ﬂ%f%e HAY Band@8: 46 e Wgion of
sem conductor "l ayer by using the first-Tayer gate el ectrodes as nas%s,

act i vat thagedond trangistor ate edabtidchily xohhetdd thshcks eties; and varrant floay eliroagid clidi@els
second 30 sen conductor |ayer by heat treatnent, formng a first

second- dhefirsy rapsidorand theigecond frapgytediampnesiteglisectionsith eagh other. f i r st - | ayer
gate electroﬂ@ gf as to cover the first sem conductor |ayer partially and
the first fi ?_ ayer gate electrode, formng a second second-| ayer gate

el ectrode COA&&ﬁmg% rbabglc} QSOI%J&F of ?&@nﬂzeﬁﬁ&f,ta b3 toﬁgﬁ@gkﬁe%r;o%% o

cover the second sém conduct ayer partirally and t ond first-Tayer
gat® el gaictuweldas H@ddiontetibgion madthé Wradd dgdort addeliavith a6 LGN LIS tpOypé aUPrithy
using the second-layer gate electrode as a mask so that source regions and
drai n rdgnertdat afissticopeeatiation.t he first seni conductor |ayer and the second
seniconductorobﬂyer to which the inpurity is added at a hi gher
concentratiod én the first concentration, formng an interl ayer

i nsul ating f} ; ' i.C . 0 .
seniconductO¢L¥%§@$?§fﬁgﬂ%?¥§%mgggé&%?ﬁ%§éﬁﬁgbﬁ%ggﬁé§P?&%%?kéﬁﬁﬁgéggﬁled
second-dtayeire §&f theStaARbnOERor OV RiBh 6036 thel &cOM-BF et Batk BRI L @Y Birst
insulating filmto reach each of the source regions and the drain regions,
f or¥i nggade clsntods byteddes | not @verlap Hee first-tayenygate dlevswodatafribe Firdtrgasoclastrode i | |

t he contact holes, and perform ng patterning and etching the conductive
filmt oﬂCﬁa‘n5 L tﬁf PRGIMEPILY ﬁ(ﬂ&@ngii%@@wfdbe ?QW%’@EW@@PMEF dpgegion at # jowes

h i h .a drain el de f i
ol ect 11 CaFpisERoR M 360 b ShcohRetich. 10 e Feficgndiipt Hye® RGN vRlensate
el ect r ofdgonElal 806l e cidsdeldt thd Seddind %la%, eld AR dE BUI &6es fed b@é}&gﬂﬂé fﬁﬁ-@aﬂt& %%ﬂa

regions of the first sem conductor [fayer are arranged oppositely to

sour ce ¢legiodnfdhel stdoad date clectegicoinaddéd with thecamd ispniigoslemeitods thayef the
Additionally, the first first-layer gate el ectrode and the second

firdk - | sopEse 168iPR apd therdrgigacgipr alq loaver congentyatianythan thedirsicopernitratiomer , and a
portion of t@ﬁ ﬁgﬁiconductor | ayer which overl aps the second-|ayer gate

el ectrode ha ? sanme shape between the first sem conductor |ayer and the

20 second semp&REEY S Qﬁoth@ryﬁge&tqgstﬁ& inUéﬁtiégE‘{ﬁ @tt}a&gg{@éﬁﬁﬂﬁgﬁﬁg ?ﬁmfé-dﬁ il on

in parasitic capacitance of transi stor eto a substrate
and m sstucgmereriiencthe width$keank @3AehgtBIn AREEIMEerperdidiPirhen depe6t oPflow
invention, a transistor conprises a first sem conductor island, a secon
seni conedides throughn aleannelsfof the figgh transistor andbthe sovend trévsistorrista Pemd poaldkldo ar
island interpased ari insulating filmtherebetween, and a second gate

ol ot r othiagG QF the, substiatend %éﬁ#@oﬁéﬂl&t Hicandygtorlayes rphish pveders theotint sal
filmt I dj.k i e fl.rst m,cond r island conprijises a
Firot ooyt /e Hhual b BELIA e bt CEPHFRE VR orelaBClhecRtil 268
bet weereltédtydkl r st source region and the first drain region, and the second
sem conduct or i sl and 12 conprises a second source region, a second drain
regi on, a sel®8dt] channel regi on between the second source region and the
second drain region. Additionally, the first source region and the second
sour ce regi oft Bethod fercfarmeng pythisnfilie drassistos aseqrtingt teepne aspects of the igverition
regjon and the.second ain region. are electrically connected to each

o 1" GEprleoF R e oo e oo Eite 0 sEmOBnduci Jaters e s plsre sRrsito be
region of the first sem conductor island is opposite to a second current
flow direction through the second channel region of the second

sem conductor island. Further, each of the first gate el ectrode and the
second gate el ectrode may conprise a first |ayer and a second | ayer. [0036]
10 According to another aspect of the invention, a transistor conprises a
sem conductor |layer, a first gate el ectrode over the sem conductor | ayer

a o - N o o - .




first source region and the first drain region. Additionally, each of the
second sem conductor island conprises a second source region, a second
drain region, a second channel region between the second source region and
t he second drain region, and each of the first source region of the
plurality of first sem conductor islands and each of the second source
region of the plurality of 30 second sem conductor islands are electrically

connect gafalled egett Hthek, Hemindar REY RkulaBRE Rk fso a0 covled thd pRtalfly 8F kiR R
the plurality of first sem conductor i1slands and each of the second drain

T egi on leyemsHerpingfistlayergfatsdenndeswhich andelettricallystoaneisedicqrsspantingle & hy
connect edﬁliio efch other. Furthernore, a first current flow direction
t hr oughP!ERity P samicengdysior lavess. adding e p-Hiwe 05 $pACtPs dmpurityiat adimsicemaentragion

channel s eoPRBT &' FrlePRRERE 1R SR urine ShivFiSriote. g BedRUS SpRree
DESGRI Padtiobtirtgthd i R \WaNES: Hn 1ur%|]§zg%@geéﬁoﬁé&taifgﬁé&f@&%%%ﬁdﬁg'éﬂﬂm?xg

sem conduct or” devi ce according to i nventi on. ar e

di agr amesgeatihe iscbamitlapdri pge acle@rodes nduesndihply ¢6 the Gslimling of FirkhlAyer gate
invention. FIGS. 3A and 3B are di agrarrgs illustrating a sem conductor device
accor di #HeFtiades pe as #y eoier dhe ploratity of semicanduptorminydrs pattially iand the Smstdayongatet or

devi ce acgordi ng, to the.inventiqn, 15 FIG 5 is a di.agram descri bing, an
exanpl eég‘fctméig%e%d%hﬁcmurﬁ%\ﬁda‘@j 10 s H*“ﬁ‘g‘ti’ d)ftsr?éll?‘?wéﬁﬂ GE= YBS‘.%IDGAthPo
6C are g\ g ' | fact url 0 1.C t Qr.
ovi co SRR ft WRehdce M sl B oy REBRES plh RERR PP IR, ng
a nenufechuwf 0g plutties ofofendcGRILOO 1SS 86 WcH aHt GRpaaROidhduidt & & NBgher

invention. FIGS. 8A to 8C are diagrans illustrating a manufacturing process
of a setAneeHmtion shandbe ficst cancatraiiony formitgen imerdayer msulafingBim Sé\as ® @Ceathe

O o T T e B 633 PP S
s R S T ey R NG
i nvent i &fin regions, forming a conductive film over the interlayer insulating film, and performing
15 patterning and etching to form a wiring, a source electrode which are electrically connected
between the source regions of the plurality of semiconductor layers each other through the
contact holes, and a drain electrode which are electrically connected between the drain regions of
the plurality of semiconductor layers through the contact holes. In addition, the source regions
and the drain regions of the plurality of semiconductor layers are arranged so as to be a first
20  amangement in which one of the source region is disposed on the right side of the second-layer
gate electrode or a second arrangement in which one of the source region is disposed on the left
side of the second-layer gate electrode, and the first arrangement and the second arrangement are
cqual in number in the plurality of semiconductor layers. Additionally, a portion of the
semiconductor layer which overlaps the second-layer gate electrode has the same shape among
25  the plurality of semiconductor layers.
[0032]
A method for forming a thin film transistor according to the invention comprises the steps
of forming a semiconductor layer over a substrate, forming a gate insulating film so as to cover
the semiconductor layer, forming a plurality of first-layer gate electrodes which are electrically

30  connected to each other on the semiconductor layer, adding a p-type or an n-type impurity at a




FIG 12 is a cross sectional diagramof a liquid crystal display device
manuf act ured usi ng a sem conductor device according to the invention. 30
FIG 13 is a cross sectional diagramof a light-emtting display device
manuf act ured usi ng 14 a sem conductor device according to the invention.
FIG 14 is a cross sectional diagramof a light-emtting display device
manuf act ured using a sem conductor dewilce according to the invention. FIGS.

15A t o filsCearcenttitivgrtanse placdits bOwWniigoralustor g&:ﬂb? using tike fils@hiyepité tlebBodes
direction of 5 a light-emtting device. FIGS. 16A and 16B are di agrans each
i |1 ust r 8 PAKsaactivating the ismpogity addedop the Iséglonduritartlayey el ez treatnfenGIomiing t o
17F are_di agrans e ch illustrati pi xel circuit of a |light-emttin

I
devi ce. "FRETg Seeond-Rycsy galf, slpgt ??FPFH@P"&CIB&%E de tthg eplusalipsyyof fgst-layer %ate

|'i ght - egi.titd [ esy ' E iLhusteates an_el ectranic
devi e apafdRY 5 16 Sond W sehbicobdibah” 1k BFpRREy 8RS FBV ol Bl SR
|11 Wt r addimgihe ifpiHE0MILE e thed@Miicddabiof Rlyat 6f udht thézslegtn?dllah't?r %mf: BRROEAR
pi cture of a sem conductor device according to the invention. FIG 22 Is a
top pl a#F pigkswoethaf a soweeriregiond and ardraieviegion ace Gordiedgntthe séreicondueindri layer t61 G
23 is a _di ﬁqgam il lLustrating a sem conductor device according to the

i nvent i BACh 1he BpRYLtY is)adgdescay pighsr concrprationbp enfifsh ggmjentsption, dorming an

i nventi L sel |l be y. way,, of Enbodi t es and Wi th reference
o' the Aibdierindfa GRSl 206 Bol@ine Lo RieliE Tiyes b Tordho-tater gt Serldiee
and 20 sfckhé iseRtih@ainy filn, BSmAR f infdfi 15y

- Therefore, ur%l esfs sui:n\rgI ché?ges g%ﬁﬁn%él}oﬁség?‘?eglﬁzé%g%@%d@#myrsc%%hp%acgf

t held nvedhtheospurdeh sgicrisoandd theedain ségiotsd fasnihg i 1 gonductive €limt e eth® . in(cARRR]

Description will be made on a thin filmtransistor, however, the invention
can be HWpppting fhm Q) agfat fil the rcontrct thotesa endupperfosmingh pattanning f anidnetching the

transi Séo%'ﬂuagv% 1 ngI it@?@r&n Q/bvgi(rain%,] a (sggr%g ]electrodc for connecting electrically to the source
regions each other, and a drain electrode for connecting electrically to the drain regjons each

other. In addition, the source regions and the drain regions of the semiconductor layer are

15  arranged so as to be a first arrangement in which one of the source regions is located on the right
side of the second-layer gate electrode or a second arrangement in which one of the source

region is located on the left side of the second-layer gate electrode, and the first arrangement and

the second arrangement are equal in number in the semiconductor layer. Additionally, a portion

- of the semiconductor layer which overlaps the second-layer gate electrode has the same shape in

20  the semiconductor layer.

[0033]

A method for forming a thin film transistor according to the invention comprises the steps
of forming a first semiconductor layer and a second semiconductor layer over a substrate,
forming a gate insulating film so as to cover the first semiconductor layer and the second

25 semiconductor layer, forming a first first-layer gate electrode to overlap the first semiconductor
layer and a second first-layer gate electrode to overlap the second semiconductor layer over the
gate insulating film, adding a p-type or an n-type impurity at a first concentration to the first
semiconductor layer and the second semiconductor layer by using the first-layer gate electrodes
as masks, activating the impurity added to the first semiconductor layer and the second

30  semiconductor layer by heat treatment, forming a first second-layer gate -electrode




An enbodi nent node of the invention is described with reference to FIGS. | A
and 1B. FIGIA is a top plan diagramof a sem conductor device according to
the invention, which 30 conprises a sem conductor |ayer 10la, a

sem conductor |ayer 101b, a gate el ectrode 102, a 15 source el ectrode and
wiring 103, and a drain electrode and wiring 104. FICx 1B is a cross
sectional diagramof FIGIA along a liime of A-B, which conprises a

subst r at@rekpéhdinglp s thel frsLiist-layer fdtt Blekddde & Sabeobdiant &dt Remidchdcldidayeand
an interlayer insulating film113. The gate el ectrode 102 is structured by
a firstPatipldy apdithe Brsedirstdayer 1g0a ekatode, Senuing-al syend gaoedddyec igadeedralio2b.

[0041] The sem.conductor | r 10la and the,  sem conductor |ayer 10lb are
doped MQ‘WSP?F@I%EE%O lﬁﬁﬁﬁ??ﬂ%f?féﬂla&fﬂi ks clsptrofe; Spas t coverhe sqeend sgmispnductor
conpris i ; tpati | hi i on 14 117 where the i.mpurity
is dope%ygyt ggh]%ﬁgﬁﬁ@ o{rtll_ge&l'r‘ft'q ?%1({ ?}c%#,laqg%\/\éagg ncceé%f) %ea’t ?%dcﬁang #_beu qulygpt]ye@cﬁigﬂgtg 19118
to 1R1 wetsndubmril H'bztlﬁéiﬂgsthﬁlg&.%ﬁd%ye% gf%leaf&a%% lBhhQNso ﬁﬁﬂs&g@é"fbgkons
regions |22 and 123. The gate el ectrode 102 overl aps the sem conduct or

| ayer s dlidrapurdgiofd trerfespeiinithefisst yénionduetoyddyer ambthk 3édond séinidondictsy layer

i nterposed therebetween such that the first-layer gate el ectrode 102a

over | ap® Vhish thetmppamity wdded at» bighpriconzentratiop dhan the fipst coneentratiom dormaipgan
gate el e covers the first-l|ayer. gate, el ectrode .102a, and at
oot pER g o AL s eat s Bl KehieP Bnouct 1k aprory sPagonRicialyaro
121 1 esp@qiki&lcynd- he3, 0 HOAe | I in

121 overlap t th g%?:ag%g-g h%yeé%dﬁgg%’eﬂglc gggggég&%g@%’gaﬁr %lh%/tr%‘%tg I ns%kgrft%ﬁg
fil18 1| Rolesinethp dstedayech dusaheingeitn toaspdCack &f Yhe $00842kgBoWanid 0@ draid Bpdnd
wiring 104 are forned over the interlayer insulating %i | m 113 and 20

el ect r i foamiag zepnsastivaifilm overcthhiinthrlaysy deswlatiagifdm $ongsutoi fil) theeggingact holes| and
117 through a soyrce electrode 103 or a dragin el ectrode 104 respectiyely
bot h of PRI B GPHterEpgand &fcﬁaﬁe‘ﬁfﬂ condstive S lortofhe Vit p agwies elstipds faig
film 11 ‘ ' ' ' i I te
that sourmetSEEAPARRL (0 e SRAFISRRR, Mol BRE ol { BT RBodde hE dhdecthl
the hi géleciticaiyniortht dedin kdBdisi dayh bEGE O ddFMHOC FhEf BieOPo elbdtoRNE rddafied as
respectively, while drain electrodes 25 104a and 104b are connected to the
wi ring themiddlg, i eotricy regiensced thadiabnregiops of the firggiemmicon(ldetar lyerge ans)ged 14

and 117 respectively. [0043] That is, the two thin filmtransistors are
el ectri %%Dﬁi?‘ﬁ}é df n‘g‘ﬁtsé’ %et e theotiatie regiRfisopk they ssopad remieondpelpt, layer.

regi ons cl s.. Both of t thin film 30

transi s%ggig g%lér1 ’ :’t‘ﬁ% Ei{ ét?ﬁrggnﬁggﬁ‘ glrltgtelé\(n%%’?ﬁ gangn%'e osﬁf?)nd{] %f%'\i\%egeg@ ¥in 8f°9\5’9c|%n@r,c
and t hecigaticalg! @ahéQEERH QLR othed Gnéla§fchfidad th sGRRBRGIRS 15 SAith @&é?l%f)s the
(0044] According to the above- described structure, a thin filmtranslstor
105a i ssecondvlgeugiteglachrods bad termluet shapé byeveed Qia fivdt aemdndudthi yéi 4md the

transi stor 105h is formed using the
20  second semiconductor layer

[0034]

The invention may suppress a variation in parasitic capacitance of a transistor due to heat
shrink of a substrate and misalignment of a mask.
{0035}

25 According to another aspect of the invention, a transistor comprises a first semiconductor
island, a second semiconductor island, a first gate electrode over the first semiconductor island
interposed an insulating film therebetween, and a second gate electrode over the second
semiconductor island interposed the insulating film therebetween. In addition, the first
semiconductor island comprises a first source region, a first drain region, a first channel region

30  between the first source region and the first drain region, and the second semiconductor island



5 sem conductor |ayer 101b, and when a direction of flow ng current neans a
direction of length whereas a direction perpendicular to the direction of
length in a plane parallel to a surface of the substrate neans a direction
of width, the channel regions 122 and 123 are equal to each other in the

wi dth and I ength, and the | ow concentration inpurity regions 118 to 121 are
equal to each other in the width. In a&dition, the sem conductor |ayers
101a ancbuifftises alsecoudrsdigedeionad bdohd difin irdhibh1 & FobRE LRIk elof MiWeenNEL €
that as for a direction of Tength and a direction of wdth, Fhe above

def i ni t $egond spusetorsgiod and thhéesondidmut region. [ CQKRidnally, ke fihit sofrcd ragionomgl tae or s
105a and 105b, respective source regions, drain regions, source el ectrodes,

and dr aifO] SHFO oL AL slericalby connested it each rathast the) Bitgs drain geginn tand thai n

film 15 i 5b in allel and o ite directiagns to

each otﬁgéﬂggﬁgﬁgﬁgr?%l%g%% o??émf’%gcg{ot k1S ‘ft?“rfnf"i}“fgﬁiwts‘f“cs%ﬁné@e& feor o

t he 5 nv@rhighhe firsk Bhdhnki r GFRé Btk ' 1@65;1;1) '

thin film tg?ansi sst grﬁfg%gé%(;r?d&pﬁéeﬁgsﬁiS%&%?Pﬁ]ICttértalﬁlgill ({slt 0 ?%%b{.(}%eggﬁfél |tl m

transi sflow dile&idwathronghrthy sdchad shamepregioardfith@secand Bérichhdu@dr iglaed. S tTukthey,

the 20 related art |like shown in FICz 20A (though the width of a channel

r egi on AfB ofithefifshigaterqleiiode andithe second Batereleutiode 209 ¢osnprise @efitsh by ancha of

t he chasr%ggéd]%e ion 122 of the thin filmtransistor 105a or the channel :

region of¥he thin filmtransistor 105b in FIGS. | A and 1B, or equal to

t he total of%bgglmﬁdth of them [0047] 25 The conventional thin film

transistor 205 1'n FIGS.. 20A to 20C conprises a sem conductor |ayer 201, a

gat®® el ect r odecozdifig (ta dnbthet abpicebf G veh@d, 'O fensifFAcaiiphids S5m0l ARk

gate el ectrode 202b), a wiring and source el ectrode 203, a wiring and drain

el ect r olagerpoy firy gaibseleetrade2 over theh semicondudtart laygr finterpoddd | ana inpadating film
film?21 an interlayer insulating film 213, high concentration

i nsul at | , _ ent r a
: ﬁﬂr ?t Q‘%B@‘i‘”&ﬁ% aﬂ%& sgenndogpie <leciinde ONeihe sermicpdustor Iayss dntexposeshe ipsulatige and

217, angh;f I egy 18. In the thin filmtransistor
For red a? (eRGLont PR WA, the, petniShHqul o W ohprd "y Shpeh o808, &
capaci tseoesl scurdcOfeiom, RYIrdil@cdiONy LHRE BRnndl te@ibnl BEAWE the TRE BRrRNMHpibRGngat e
el ectrode. \Wen the second-layer gate el ectrode 202b of the thin fTlm

t r akdsi sthedrain regien,rasidat satosd ghannak regiombetivoe-thexse2@A soairdeoregiont asdi the dbeih ng
deviated in the dj rgﬁti ﬁn of length of the sem conductor |ayer due to sone
reason TP | Adddionaliy Jhe fifse seurce iregion and rthe Jseeons parea regiam ary iekeglically he
area oc i to 223 (Cate rl apped Lightly d d,Drain regions:
GO 1 oGkt oot SkP A3 ST hecht Bl RRE o P ot PP Shmbi! ElPnhe
second-deainddabe 5t &t s8It RPP s@lofid QUEEAARRE Uil e 'ﬁ’ﬁow%hf the'snd dn@Md he
designed area. As the area where the 10 I ow concentratiofT i npurity region
and t heregiooafidhd seydicomgiatior édyect ridher @2dh 68 the dirardatpsiedrdde cadtise sichikpant |

t he par e%si tic capacitance is chgg(?ed in value as well, thereby causing a

pr a9 erfisGirods apyionEprise a firgt daver ard msccondlaybi.n film transi stor becomes

di fferent mwQ% cuit load and has a narrower operation margin. [0049] 15 In
t he case of devi ation due to heat shrink of a substrate, in

particul ar, A L ' TS - - 0K N
Rt eront i AERrHRS bfibfios ApblAGE e Wbl a HARGH géﬂﬁﬁr{l%?)ﬁc@ﬂfsagl%gﬂﬁf%,

par asi tsemicadactbt Blaads, aplaratifyadfteSind@ecinscon@iGtboRIaads, b ixbﬁldtﬁ?gﬁméihnd)i\ gatgnd
of the substrate whereas snmall at the other end. Therefore, the parasitic

capaci tdert@dehaging g frst layer enchaseeondriayrmy headdition ¢acnopthepist senbieonduetor at
both th e%gs of .the substrate, though 20 which is normally required to be
t hé®s art 9 FUNRTFES AHiRbLIPMFEegIon, AdHsl ain eelas. Bdinst ¢hapnelargionrhetwemathp y

i | i Furt . dr |
gate aresolpPicbhthiile 116, drbtireoloH L AR, 'Besf sl el S0 tetorihuche
sane pétlagd Bomprises El%Hédnd%@ﬁfc@tré%iéh,ta%&ﬁﬂfdr!di‘ﬂrrgﬁbﬂ, y&%&&&ﬁh%@gﬁ@?%&@ 03

the ends of the substrate when the parasitic capacitance varies
On t he tbe benonthaoutce répgort ichthieisecortdr draiai egion, dfifSedch|oBthe ikt snttcd Beidf of the
i nventiQn |.S .

p?urallty of first semiconductor islands and each of the second source region of the plurality of

30  second semiconductor islands are electrically connected to each other. Moreover, each of the




described. Here, it is assuned that the thin filmtransistor 105 according
to the invention is forned with the second-layer gate el ectrode 102b
deviated in the direction of length as is shown in FIGS. 20B and 20C (FI GS.
2A and 2B). so [0051 18 In FIG 2A, the second-layer gate el ectrode 102b
is deviated leftward fromthe normal position when is seen the draw ng from
the front. In the two thin filmtransik¥lors 105a and 105b whi ch structure

t he t hi firsf idfain regiors iof tler pli@Bitpfof tthe demiestiductdr idarkle Wnd &atie Of e s5tdnd defidi n
region are | ocated oppositely between for the channel region 122 and for

t he chal¢gion ofdhe phirality of secpnd semisoadudier ishady aktelestritallp bmdcted tofeacthether.

second-layer gate_.el.ectro 102b,. the area of the second-|ayer gate .

el ectr oi_élé%fﬁlﬂgremﬁ iﬁtrﬂ_cWE’?tl S’éecé‘é’ﬁitﬁwﬁ%&e&mq Cg?%?e?é‘fg*%flsdﬁé‘l%r PEFEVH HEsh mes
the thi s TRERL Rbids B SRR B Slechfle Gy R BoR iR AR Te R Fantl 1 7
trarsi stegions d0fhe redpectlittRcdidsediconddad: Blgbs.t hat current flows through the

respective channels in opposite directions to each other, and the w dth of

t he sem conductor |ayers 10la and 101b are equal to each other. Therefore,
the area increase of the %ﬁio r gate el ectrode 102b on the drain side

d- |
inthe thin filmtransi st ]8]§§Ca Pe PETHE RRAWENGEecr ease of the
d- | l.egt . dr ai i.de . in_t thin fil
Cranci st o TEORh L RATRAR, AR hE e heRicDabat it alesindion e

t he ar eivatignati on where the inpurity region and the second-|ayer gate

el ectrode 102b are overl apped with each other. Therefore, the variation of
t hel(ar asi t | ElGapdcartd3i erediisgraums heh iBoktittinggi emicenddctondéiee idvontifg tothe
transisior 105 of the invention which is structured by the two thin film
transi st¥f¥%P95a and 105b. That is, the thin filmtransistor |05 according

to the invengy ess ,affect .20 capaci tance variation due to
sk devi at i 0o [ DRaH 3th 4 e ffvsPlion pPREunRgES atdre Bbriiot i b <
formed wwédtigaosi ti onal deviation in a direction opposite to that in FIG 2A
(rightward when is seen the drawing fromthe front). The area of a GOLD
regi on 303 bEDAEsa disgtaneillusmatinye defiicondutbior HEdasiceb@ingliddhe Rresteas t he
area of 25 a GOLD region 304 becones larger in the thin filmtransistor
1058 here. 1HG Rils acdiggragy describing angixampleapha isemisonductori davicsraccesling © tha 0.
Descriplioq.thereof is the sane as in FIG 2A, and is thus omtted here.

[ 0054] "Fﬁ%ﬂlolns, the area increase of a GOLD region 301 in the thin film

A st or SRR RIS e WA URARMG b BHRA AR08 I S AR RY"
t ransi sdevicclRbdrdingmo fig: inhent@M conductor | ayer 101b as the active |ayer,
thereby the total variation is balanced out to be 0. The sane applies to

t he capaci t af¥i63. 0\ tch@Dswe diagramsl dlusirating) b snarafianturingt prectssiaf & sdmiconductor
transi Sfiﬁ?fr according to the invention nmay be | ess affected by capacitance
varTat i %facfﬂéll‘&ﬁﬁ_‘er‘&&?'ﬁ’r?“t hat is caused by mask deviation due to 5 mask
Tl 27 TR, I e SRR (80 ok, £ SRR

Ci r cui tddvaaticedrdmeab tHelintedinmed using the thin filmtransistor may be | ess
varied as well. [0055] Accordingly, a sem conductor elenment may be provided
where the opliGat i%ntd 9Crmt dirahd dbtsadtiny e mantuéretbiignprotes rafch satgicomductor
substr:cie,mhich is largely affected by heat shrink such as a | arge

subst r Se¥Ice|aqC g te dhe In%entionn i | m senmi conductor circuit and a thin film

sergconduct I be provid each provided with the sem conduct or
of Qedon 10 I AR F g s ik DB GREHbE MRreRot BV GOCIse: o
the opeleidecdrdingb i iheGlegd. 15 even if there is slight mask deviation.
Furthernore, a thin filmsem conductor circuit and a thin film

sem conduct dFIGH &V iscetopipyanadagiim \of deemealudeoidvikedicvbrihatth eheSiavémpaduct or
element. [0057] In addition, it is preferable that the direction of |ength
be set al ongFICh&2 & ¢ eosy seatiomel visigedm ohe ligeidecrpasltdisphay daviceahamgdamiyred nsingi ch
case a circuit, having few variations of circuit |load may 20 be formed by
arrangi%ﬁnllﬁ@df‘ﬁﬁoﬁd?ﬁ%f’%‘@ ©thy YVERtiQthe | nvention. [0058] Note that in
t hig, enbodi d are._provided.for one thin.film
traRsator ok LR Perold oAl aRLBA! SEFEN Ml B Rl biind
desirably an even nunber of gate el ectrodes are provided. At the sane tine,
it is preferable that current flow 25 through respective channels in

sem conduct or | ayers correspondingly to the gate electrodes in a first
direction or a second direction opposite to the first direction, and the
nunber of the channels for flowing current in the first direction be as

cl ose as possible to the nunber of the channels for flowing current in the

— Y g, o r I o Y




20 by one when an odd nunber of channels is forned or they be equal to each
ot her when an even nunber of channels is forned. [0059] Note that deviation
in the direction of width does not affect nmuch in the case of such 5 slight
mask devi ation as to be supposed in the invention, because a margin for
deviation in the direction of wwdth is larger than that for deviation in
the direction of |ength. [Enbodi nent Ndde 2] [0060] An enbodi nent node of a
transi st emicodocdi d¢vitcoadcblingwsand ingBntidn, ch differs from 10 Embodi nent Mode
1 is described with reference to FIGS. 3A and 3B. FIG3A is a top plan

di agr am of &IBhlhisfa ¢ragstseetimiabdiegrat06f alightrediittipg displayalew ive ewtniu facturedhisiig
conprises a sem condyctor | ayer 401, a _gate electrode 402, a drain

el ectrc?dsémé‘r’ﬂi‘%b\ﬁpf /195 IrePITREg the WveRtiPle| ect r ode 403a) 403, and a source

Chin £ rasss dpAf 4Gt B Gofy el bRfRRs AR BAReY oiroon OF°

comgr i s lght-tmidting deeiee.ce el ectrode 404a and the drain el ectrode 403a, and a
thin filmtransi stor 405b conprising the source el ectrode 404b and the
drain el ect rid(S. 108and 6B aig dikgréms Badlsillasicatingsanshahdnd shctalicad b dighbémfHitg 3A
along a ,line of A-B, which conprises a first-layer gate el ectrode 402a, a
second-YEY&AL gat e el ectrode 402b, a substrate 410, a base 20 insul ating
film41ll, a e bpsulating.film412. . an i.nterlayer insulating.film 413,
hi gh concentlfqgitgl‘ (%?ﬁ?%ﬁé ¥ %ﬂp%ﬁasc%ﬂ'ﬁwtahn&i@,lxeilﬁ'\f\?“élo‘?fgel@‘l"ﬁg]iltgﬂg H]??ﬁﬁ‘?'i ty
regions 417 16, 42822 Ada@hBEknE § Pr0S; 4920 : el ectrode is
structured by the fai rs flI ayer glg%e‘«ifgfleC%vié%g}gﬂﬁgggﬂg?]tde%g%g%&cﬁd_l ayer gate
el édt r ode 4GEIGS. 19A &dltVE eavh, iltudhiatesiadiclecabnicatepiee bpplcadiRite tiRd inedntiogdes whi ch
overlap the seniconductor layer 40l is overlapped is equal to each other 25
bet ween i n tHHES; B tg 20Gprerdizgrrms erchibisstraging aisomidendudtdrdeiiderof relatnd axt or
405b. O her ference nunerals in FIG 3B are identicgl to those jn FIG 3A
t hus descri plfllab%f {Sﬁe‘PEBPa‘HPé&B‘Eﬁ‘#Péa uctprgryice acrotding to themysntien.
transi stor 4§g 4Nith ' ] 1

islal bﬁipggﬁ:g&hﬁ%? b s@ﬁ%nd&%?r §&%§Cﬁ%g‘%§&,tgﬁ{’ I‘illrﬁz%%mﬁg

corresponds to the se uctor layers a an odinent Mde 1,
whi | e the tIHIG 2Disfd difgrimanedtatias 8 séahanditordR e GeEdramp e thetifvdniBnt hi n
filmtransistors 105a and 105b. The thin 21 din transistor 405 in this
emd8di ment node is provided with the sem conductor |ayer 401 in continuity,
that is different fro infilmtransistor 105 in FIGS. | A and 1B.
Current flows through%ﬁ%%@??ﬂi%%%@m405b whi ch
structure tggoatggi n filin transistor 405 in parallel and opposite directions
to each other. [ 0063] Therefore, even if the second-|layer gate el ectrode

402b is for methotigh thoGaldntRAawiIlHBY i Rist@itddbe W& 80 EnbRARCR Mdats 3h&3with

variation of the second-|ayer gate el ectrode 402b on the drain side in the
t hi n fireferancartei the orccd@Panying elnavedngt, oit t i etoabe aindasioatl i that ofridusechanges and
second-I%ﬁtelr gate el ectrode 402b on the source side in the thin film

tr ZHsi Spohligasiogs wil] beapparent tonthese, shilledsin the pot. o dbsreferacenionstsuch jghanges and
i ati_on: he j it ion .and .t he, gat trod | d
Wit h e ARRtEloRs Wi SR thd YeopEdt AR BRSO oS BE Rt a et arEET « o

in thegfem. filmtransistor 405 of the invention which is structured by the
two thin filmtransistors 405a and 405b. That is, the thin filmtransistor
405 accordi 039 thi s enbodi nent node has substantially the sane structure

as the thin filmtransistor 105 described in Enbodi nent Mbde 1, which may
15 be | ess JdPserptian Wil bapads paadhindim wansttordhevevss ths kivdatidracandre. appied 4.
FI 4 is different fromthat described.in Enbodi ment Mbde 1 in appearance,
th gh,to\%&b?ftﬁaﬁﬁlﬁh@%g]@bé‘%ﬂlﬂ&ﬂmﬁrar}%ﬁ?&s 501a and 501b, a first-layer
gate elipehbags 59?631 18 second-| ayer gate el ectrode 502b, a drain el ectrode
and wi r{lﬁng gOB,Il an ’eaqsour ce electrode and 20 wiring 504 for jointly
formng a tHogd]i I mtransistor 505. A gate electrode is structured by the
first-layer gate el ectrode 502a and the second-layer gate el ectrode 502b.
The thin fil4dn embodinenbmoBOsf Hesinvérgionadsdestribed twithercfeserichad RIGSctAhead 1Bn

Enbodi ”&ﬁ: Mode 1, provjded that drain el ectrodes 503 are connected to the
conmon §Pr 1Aigs & i plan disgram ofoy semicondyqion devier pscording Itewks inventien, avhich

chapnel Lon_is tor ere th of the first-I r gate electro 502a
e neoBBRea sl IR BSLE 08 b mishpildrabient Ot Rotste GIEERAT 1070n
inmpurity region is formed where only the second-|ayer gate el ectrode 502b
overlaps, and the rest of the region is a high concentration inpurity

regi on respectively in the sem conductor |ayers 501la and 501b. In this

manner, even if the | ayout seens different, the structure of the invention
may be applied and a simlar effect can be obtained. 30 [0065]




22 Accordingly, a sem conductor el enment nmay be provided where the operation
is not affected even when being fornmed over a substrate which is largely

af fected by heat shrink such as a | oge substrate. 1n addition, a thin film
sem conductor circuit and a thin film sem conductor device may be provided
each provided with the sem conductor elenment. 5 (0066] In addition, a

sem conductor el enment may be provi ded Mhere the operation is not affected
even i fsduineer eectsodsl arghtviniveps k03] emidad dewin clactrbde aid kdring 108 NFIG. 1B is a cross
sem conductor circuit and a thin filmsem conductor device nmay be provided
each pr¥etienal diggram: ofeFKE il alsago bne of ehdtwhiflpoempriss 4 substidict 110 a basei s
preferabl e that., t direction of Jlength be set along the direction_jn which
t he sanws‘ﬁa?%f'm 1516 e Jralping ignficnand et Sedpt otlofag £y 1idy, The gate
vari ati bI;C Lk r I thin fil

{Fanei stors 07 M B8 B e DB B st TR A bt sl sioce o
gat & el g2t odes are provided for one thin film 15 transi stor, however, nore
nunber of gate el ectrodes nay be provided, and desirably an even nunber of
gate el ectrof®4lhre provided. At the same tine, it is preferable that

current flo hr ough yespectiye chanpels in sem conductor |ayers,
cor r espondi %@S%g?@c éi“é’ ep @l and dhessqmicondurcios fayer kb are dopsd with hesame

directi i t ' [ ion. _and. the nu r of the channels
For 11 ofibueRPBELlfer bt n'eplhe bi d Fyst, Bk RiiprB8Nigh Spl8Rftn MpltPr i e
nunber f 117hehGb AN BASuriiPlis dépeli|a@Witigh SoHRRMtidn Idw BorkBRRAbndinRkt Rigionthat
is, it is preferabl ei?lﬁa?,sg(g)ef (?r ”1]%1 nunber %)fn’the %hanneﬁ)sn f(?rﬁ‘l H {(:)E\%lmr%
cur Hent 158rtot12é whersthedinperityi is dopwicat taHewrvonbsmtratién, tahé chiimahelgiont 022 hhd 1839
current_jn the second direction in a transistor, the respective nunbers of

t he chahtfesde slecpis dP% qveniaps dhe samispndugtas dayert ki ansk 1Qbatespectvely Wity thed
th . |t ath f ch is f d.
55 ( Enbshs sllitng At 367 kSt BERLAN Y FRehiE Ty Biseitihante drdaBollBing
il . . ( A . )
o doocTiHaps e Tegiohe $72abd D SPOHIVERD, NP Secohadifh ARG MEC

transi staverslthi fastelayeli guge thctrbie 1024eBihd anleaytyiatiial Taf€ thedwSeuticEntdiaat or
| ayers 150a, 150b and 150c, a gate el ectrode 152 Estru.ctgred by a
firkt - | ERRtyegons 138 tel 2k respribivals o Thatds, dhslovbemceiation gaperityiregionsobld to

152hb), dr ai ectro and W r.in 5 an source el ectrode and wiring
To5. T2t Pl b 5oenad Tt calk fbitty ipo it DSt Sroofishg f1a: hy Mposed
sem CO“ﬂHﬁB&EveEﬁ‘Y&Ee&ﬁQ a transistor conprising the sem conductor |ayer
150b, and a transiStor conprising the semiconductor |ayer 150c. 5 [0070]

[0042]
A wiring 103 and a wiring 104 are formed over the interlayer insulating film 113 and
20 electrically connected to the high concentration impurity regions 114 to 117 through a source
electrode 103 or a drain electrode 104 respectively both of which are formed at opening portions
of the interlayer insulating film 113 to reach the high concentration impurity regions 114 to 117.
Note that source electrodes 103a and 103b are connected to the wiring 103 and the high
concentration impurity regions (source regions) 115 and 116 respectively, while drain electrodes
25 104a and 104b are conmected to the wiring 104 and the high concentration impurity regions
(drain regions) 114 and 117 respectively.
[0043]
That is, the two thin film transistors are electrically connected between the source regions,
between the drain regions, and between the gate electrodes. Both of the two thin film

30  transistors are input from a first wiring and output to a second wiring, and the gate electrodes are



In the sem conductor layers 150a to 150c respectively, a region which
overlaps the first-layer gate electrode 152a is substantially added with
neither an n-type nor a p-type inpurity, a region which overlaps only the
second-| ayer gate el ectrode 152b is added with the inpurity at a | ow
concentration, and the rest of the region is added with the inpurity at a
hi gh concentration. 10 [0071J The co source el ectrode and wiring 153,
and theelé:@ﬁmllydd;hﬁdzdﬂecﬂb%&ﬁ@&i@r and wiring 154 are connected to these three
transistors respectively through contact holes, and when current flows

t hrough t he 004#ki st or conprising the senlconductor layer 150a in a first
di rection, ogrzgnt flows through the transistor conprising the

sem conduct Jiae tq S%at?QYce@e% thsd (f‘f.‘ESt“Eﬁa ragbin G tigpsistor B@Pf #) foaped peing

t t t d t fl t h t
ggﬁgf: s‘iﬁng 1 séll‘r:ﬁrogoiﬁgé r ? g{a I é‘%‘glgg H} F’héqu%ﬁ%gf h]tg)SE 7 [I'ﬁ%s’é o"ﬁl
W dtsh  OferAcoMddtior Q@ﬂl@fb Lhé Wik aCARLHEA OF ﬂ'o@viﬁg c&ﬁaﬂ@nﬁ@gﬁsr g dﬁ &lcﬁa&fqen h

el ectrode 152 is. overlapped and a w dth e sem conduct or

150c whehaedsredigation pegpehdioaler toitBc directiodr dfdpyehl il $ pRee phrallel @ aV!uﬁ’aEb dﬁﬁ@ of
t he sem conductor |ayer 150b where the giate el ectrode 152 is overl apped. 20
[0072] SubewErtemegnsy 2 dugioniaf widd, swcdondl aggienykdZeand| 2tare deual 3 badhotherimed

Uhe 't oy B iR andC ﬁte%f?@@iggy&gfﬁng#éfeﬁ?'@il?la'?lflwsg@wf%rmi& 81 SgLio osh
whi ch oqgEd iaRRe Q. tﬂeadﬁﬁmnghls@%%ongﬁ&gru%br tlpggg?—dlf}é% g‘gl'?%e pgi'anleﬁg

in the transistor conprising the sem con rea

t hel®@5 ineht diractivat of lehgier NbEDhatii £t DOdiescivaR Bf Wtlgrh Eﬁtﬁa&ﬁfé@ﬂﬂt bBy&dth Ok €
el ectrode 152b on the drain side in the transistor conprising the

senm corhere definitige s alopied iis thégjinaentiom. t he area decrease (increase) of the
second- | ayer ggé]: el ectrode 152b on the drain side in the transistor
conpri si ng t[rQ m conductor layer 150b. The capacitance varies in

accordance win' the! fifh FEANRIGAL! 1982 AT Fostl TedpBIM! Lord Widhsish E10RL ©

el ectrode are overlapped WI eac Thers variat i oH

the parssideiect@Aes ahd@ e elsct&)dca atd@rdngbd sildhl tAtdufBad BvH thy hde {2 film

i nvention which is 24 structured by the three transistors. i's, the
thik fiteansistaan 0% and 1050 imparelicliand oppoditeidircetidis do nehtothade has

substanti al lrﬁb k}%ﬁ sanme structure as the thin filmtransistor 105 descri bed
i n Enbodi ne e 1, which may be |l ess affected by capacitance variati on

d k 0013 di ) i cqnd |
o ovi dea el etrd 3ove i B0 AfC Sapkillt HeedeR o BR BEERe T oridin DB o
subst r agmsishiralnsi of th@[ﬁ@ﬁﬂo@fnﬁ%&@ﬁmq}hnhﬁﬁﬁ tﬁﬁﬁ’lét@ﬂ‘l(ﬁé%datﬁe dh Qflﬂletrans#stor

substrate. In addition, | m sem conductor circuit an hi n

sem contlibt oThe dviin cfﬂrmmnsis&)r pJOG \hasl adarbathe spme\projestyvistathimhfilis eahsictodoCther
element. to (0074] In addition, a sem conductor elenent may be provided

" whetle t%l@tf‘&pgﬁ dtheoﬁhowg lncﬁl%ﬂﬂédtmgb\ﬁéﬁ wigdltht ofop ehinnek |r¢gg¢n 24Bf addin Simon.

Cot o orinetior 208 h B16 200 R I I06 HER oL i’ bt atom 141of she il eransistos,
el ement 105600 fRl cﬂa%néﬂegﬂg'ltzs%thé toid Bl I} rtﬁhﬁ&tgp h&sd hokrdd)q Adld£08 '&Pﬁqgé]l 49

| ength be set along th irection in ane patterns ar€ a
i n whi che casieofahcwidtlubf thBayi ng few vari ati ons of Ci rcw t load can be forned

by arrangl ng the thin filmtransistors of the invention.
[0047]

25 The conventional thin film transistor 205 in FIGS. 20A to 20C comprises a
semiconductor layer 201, a gate electrode 202 (a first-layer gate electrode 202a and a
second-layer gate clcétrode 202b), a wiring and source electrode 203, a wiring and drain
electrode 204, a substrate 210, a base insulating film 211, a gate insulating film 212, an interlayer
insulating film 213, high concentration impurity regions 214 and 215, low concentration

30  impurity regions 216 and 217, and a channel region 218,




[0076] Note that in this enbodi nent node, the transistor 151 according to
the invention is 20 structured by three transistors, however, the invention
is not limted to this and the nunber of transistors for structuring the
transi stor of the invention is not restricted, as long as the transistors
are electrically connected between the source regions, between the drain
regi ons and between the gate electrodgg, and the width of the sem conduct or
| ayer which [0048] aps the gate electrode in the transistor through which
channel current flows in the first direction is equal in total to the 25
wi dt h of t héNesnindbethie fidm trangistor fhimedd wsvshowaps KIGS. dAtaadciB o F3G8. 26A to

gh whi ch channel current flows in the

| in th i st. h
Second B FEEISUH FREIHES o fane bRME dpyh Cope-aron REPwi bstesim otk igpeat
Enbodi g i i bes an v
* onpl oy SR aPE s FopRGloC TR UTERA: J0ACH AE TR b SR e

trassi sirohs 3RGWH dh TIGE Q0ANS foRHEN MR belhY ABvihfcA Rl GE Qlicbe o 2BPILdf e
Trl, Tr2 and Tr3 respectively, a capacitor is denoted by O, and parasitic

capaci tseméeonduetot dayar glat o edoert reasim (d.g. ] mZask smideliningsht, byfistoztion], GAd Sjubstradn
equi valﬁt Ci Smﬂi t of the inverter circuit enployi ngéa bootstrap nethod is
shown iS§ripkagse).othe anep acrupisdr it 2o to R23 dorts Overbapped ddghthieflened Prain segiensuned

hat VQR,Ti6 ORY; hr eshal d .0f _each of i h =
5V herdOTRrsant oI PhofeeBeieR coaGRaRon Rpurl e it GouREieyer gl

t ur ned 4MRdad 28010 j [ ' a tak S
equal to tthe inpuiﬁ%\?’gﬁl@ggag?%)gg% b?@%@“‘?ﬁ%@ﬁgﬁ‘%{?g@‘rr &?ﬁ%g\éﬁ“&%@\}h&: 13
V ile t How ddhcemthmidnnignuyity \Wydon tahé thetsecinddahyeit gdth lqeabid 2026 ea¢ beslabped/,

the Trl is turned OFF and the point A becones the floating state. (0079]
Meanwhiieeomes diffarent, i paragitic capacifegesdis changeddal vahis ashwelh dhegelyf capsing( 3

V), Tr2_is._turne and .t hen voltage at .a point B.is ingreased a |
as an JUPRER 04 ‘?‘h@gt a et usine tecin iy absidlorreomen ditforentin fECWt ad andnen
t he volfae9&adbwthspd@idiimBels 1 NCreased, the voltage at the point Ais

i ncreased due to the capacftance coupling, and a gate voltage of Tr2 is

i ncreased aqogd]l . When the gate voltage of Tr2 exceeds 19 V (16 V + 3 V),
an output voltage of Tr2 is 16 V which is equal to an input voltage of Tr2.
A V8l t age i dartkuease Of waskdetingomdiante heal shrinkef flsobstiaty is paticulas tecubstsged

oy 20" MRk G KB Ghlef il piinddnac B Sita chrectionn e RSO ERB L bance
d t t . ' il i, St ffects .t [ it
oper at 1o B0080T TACPRE TePistly Fradhck b AR RAEL Lol § e 6

capaci tead G tHel Subistratc Wh&BiCsiRAIESE e dRh& entihe Thi¥efbré ) th@ﬂpgfaaﬂéi c?aiZJESHitaIée_zof 8
mas

varied due to sone reason (e.g., substrate shrinkage an Kk devi ation

due t o thinsfalini gamsistor may He saded iroprppettnbeisizen at both thes emdsf efcthe dubstiaey Hoapk,
an operaﬁ,i on margin is required to be set in consideration of this. [oosl]
Howdv erWRiRY 1%, apHB2lish eequied, to ibenibe rsamsi stlbis Blenomenem ippears semakably tp diese

Tr2 i i Ui . iati i Lti it bet n th t
ol cot r nog Pttt in Cd B AR It y FSRERIRH O Rop st el it
26T oss a1 et e B el et o et B0 b et el D5 VR P £ L

mask depesationrtheiaef angdipatrishbétikenfat dothutint ¢nd &xfwhi glibstaie atiee dhd) parasiat
treatment and the like, in particular, the substrate shrinks toward its
cent er ,COPHARBERVAIEG ating in

25 {0050]

On the other hand, the thin film transistor 105 (FIGS. 1A and 1B) of the invention is
described. Here, it is assumed that the thin film transistor 105 according to the invention is
formed with the second-layer gate electrode 102b deviated in the direction of length as is shown
in FIGS. 20B and 20C (FIGS. 2A and 2B).

30 [0051]




5 different directions depending on the position. Wen the mask is devi ated
in various directions, the parasitic capacitance is small at sonme position
whereas it is large at another position, thereby the operation is nore

| argely affected. However, the circuit fornmed using the thin film

transi stor of the invention, which my be |less affected by this, has a
great advantage in securing an operatil®n nmargin. In this case, when the
direction ofinl DA, dhe doc3ndviyeh ghxe i di@trode Q02D iLBevifled Yertviad \tdnh Md Admat
the parasitic capacitance is set along the direction in which |large

var i at i ostionakrads bsentthedrawiing framdhefrontn k dig theawe thieddourtraneidtors Hifta and 105e
directio %n whi ch th sqne atteﬁgs are aligned toward a directjaon of,
shri nki‘ﬁfg}c SEudissibe dhip jilmotransistari 105104 the, inventjon, &-souice gpgion and pdsaip fegipnd

may be f 1 otdi gl v, thin fj sen condyct or, circujd, and
Y i 8 ekaked bR S BEAORG B, dhapfet P LA RO B BB b B 122

el enentTiRRGHA, 5 ik bRWArdDRvgioa! Jromt adcGvaly BRLASd I hOURE o the
substrate which'is largely affected by heat shrink such as a’large

subst r aecond-R9@4gate electdutiet i02b widck tvetlaps b semiohduanstuayarronci drain sidelvatomes hi n
filmsem co,nduﬁct or device can be 20 provided where the operation is not

af f ect dareey uvihe thip filmdransistor 1% whersas the areatbieeomes spadls imthe ¢hin fhmdrapsistor can
be inpl@;sfgnt ed in conbination with Enbodi nrent Modes 1 to 3. [Enbodi nent 2]
[ 0086] A forming method of a thin filmtransistor according to the
invention isjgesicribed using FIGS. 6A to 9C. [0087] First, a base
insulating film'11 is forned over a substrate 10. Then, an anorphous

si li0con fi | ninisidftimmred, thishfileh trassistorsaldisataad 1056 brd ff@ged Suddethat Girdeat Abwk ne
silicon film12. 30 [0088] 27 For the substrate 10, an insulating

subst r dheough dhe Fespecdys shanpglssinr aprosite ditegtions toubadhr ather, sand thecwidth aif| thee

o) SRR FeRISR 0T e o PO B, e e B DR
bst 2 Lim ey, i G- I . I
Ut ket RO 0000 Y5 N RS SAIR  oat g

enpl oy etlezédecr@idg ofitheisecor@Flayéridasd dlochode 1028.9h thd\@ahedde GRS tidh ElmdtkmkRErt he
process. The substrate nmay be polished by CWP or the like as required in
advidncel05h. gimaddisions theacapatitangeplavy®e dn iagcarlameewlibdherenta wwikgion] 689] thdhe

base insul ati ng dilm11 is provided in order to prevent an alkali netal or
an al kdMPyEty region and the second-layer gate electrode 102b are overlapped with each other.

Therefore, the variation of the parasitic capacitance due to the GOLD region is 0 in the thin film

transistor 105 of the invention which is structured by the two thin film transistors 105a and 105b.
That is, the thin film transistor 105 according to the invention may be less affected by
20  capacitance variation due to mask deviation.

f0053]

In FIG 2B, the second-layer gate electrode 102b is formed with positional deviation in a
direction opposite fo that in FIG. 2A (rightward when is seen the drawing from the front). The
area of a GOLD region 303 becomes smaller in the thin film transistor 105a whereas the area of

25 a GOLD region 304 becomes larger in the thin film transistor 105b here. In this case also, the
total capacitance variation results in 0. Description thereof is the same as in FIG. 2A, and is
thus omitted here.

[0054]

That is, the area increase of a GOLD region 301 in the thin film transistor 105a having

30 the semiconductor layer 101a as the active layer is equal to the area decrease of a GOLD region




10 earth netal in the substrate 10 fromdiffusing in the crystalline
silicon film This is because these el enents adversely affect the

sem conductor property of the crystalline silicon film The base insul ating
film1l can be formed with a single-layer structure or a |am nated
structure by enploying silicon oxide, silicon nitride, silicon oxynitride,
silicon nitride oxide, or the like. Nd9e that the base insulating film11l

i s not Hecmstharthinyfilm ransistdr 1054 heviagske edmidsndigtdr ey Ul brastthe hbtivehiaghy, | S
free of the dispersiaon of an alkali netal, an alkaline earth netal, or the
like. (theroby thenfofahivariginsoigibatanced ordobadl iThewwameiapplids torthd tapagitdnse wadhei t h
alam ns%t§ad s%uﬁh}u{he in which a. SH icon nitride oxide fi.lmi,s fornltjad at a
t hi ckne®8 ! § Hagiengh 9|t§9"e M ENFISOF AGCarding, tg e dnegnipg spay be less
oxynitrg [ [ S - ' . - r

el ot et A A E Teriflonot M SHOEBSRon Hid CELAR By SRAR MR Tage o

oxi de frnhsk aiishlignfiehi, Cdibtotian)i dubkeste f dHirinRages dnlae ad fifker ef}?&ofdi'n%l?, rrPﬁﬁéﬁiéon
ratio of nitride to oxide. The former indicates that the content” o

ni t r ogedapicitaneg glthe thin dilmHmnkiator dév lesBeotried pdndt divenit doud dfe dicuitdornied ysirestra
CVD. (Q 91%‘1[]_‘8ubse uently, the anorphous silicon filmis fornmed at a

t hi ckné yansistorypgy Prlessvariseas el y, at a thickness of 30 to 60 nm
over the ba Ogﬁsul ating film As the form ng nethod, a known net hod such
.as sputteri ?1@ ow pressure CVD, and plasna CVD can be adopted. In this
enbodi ment , A&®rdaRIyPA0missldub@P didhdRti May ¥e"HidyRied Awhdtt GO &perapbn 39 AU PY
pl asma CVD. Subsequently, dehydrogenation i1s performed by heat treatnent

f orl01 reffectedteven twehep demngufiosned oG GGub3katé BAG®Iis largly Hittotedttychaatstirpikoiush
silicon filmis cryatallized to formthe crystalline silicon film12 b

usi ng @S| &s&FES (SUBHrae-i odn a¥latiom ud . thin film semicopducipr, sirgnit i ansk jaothin nfilmj s

nbodi PP il b ' I d i
et anguieordBRRE aRART b b cdth PREE i FSotdiglRE Bt e °

sem conduct qopofé m 5 [0093] Alternatively, as the crystallization nethod,
heat treatnment can be adopted using an elenent for pronoting the

crystal | i zatinadditivey ®sdmicdmivetos RRnient fiay be protidedowkdry SieadpettmhiiOnot afated i S
typi fied by nickel, enables crystallization to be perfornmed at | ow

t entPer HVaR & theredm slight magk deiation dfusthermen, 2 thin Hiny seraicphduetdrsircwit tivba thin
usi ng ch_an el nt.. .Therefore, .this 10 nej hod .can be, preferably adopted
5§ Do THECse e dGoh et BT b bR datch Prdided gt bo poRisRPuTRrplemer of nos
substrate. Tigsel ement for pronoting crystallization includes iron,

pal | adium tin, 1ead, cobalt, platinum copper, and gold as well as nickel.
One or nor e laladditivhsit $epretdratile tHa0 the direction of length be set along the direction in which

the same patterns are aligned, in which case a circuit having few variations of circuit load may
20  be formed by arranging the thin film transistors of the invention.

[0058]

Note that in this embodiment mode, two gate electrodes are provided for one thin film
transistor, however, more number of gate electrodes may be provided, and desirably an even
number of gate electrodes are provided. At the same time, it is preferable that current flow

25  through respective channels in semiconductor layers correspondingly to the gate electrodes in a
| first direction or a second direction opposite to the first direction, and the number of the channels
for flowing current in the first direction be as close as possible to the number of the channels for
flowing current in the second direction. That is, it is preferable that, as for the number of the
channels for flowing current in the first direction and the number of the channels for flowing

30  current in the second direction in a transistor, the respective numbers of the channels be different




t hem can be enployed. In addition, after this, the substrate may be
irradiated with laser and the like in order to inprove the crystallinity.
15 [0094] Alternatively, it is possible that a mcrocrystalline

sem conductor filmis fornmed by plasnma CVD or the |ike and then
crystallized by a laser so as to be enployed as the crystalline

sem conductor film [0095] 20 Subsequeftly, so-called channel doping is
per f or nizdoteywhiapamgddinsihbetuf chamiely isEbrmiaipot they BS el t€ eathrothdrivi@ntaieven
threshold to the crystalline silicon film12 as required. In order to
obtain F@%hﬁﬁﬁﬁﬁﬁmpéﬂ%ﬁ¥ﬁméshold, boron, phosphorous, or the like is added
by ion dopig@ogw the like. [0096] 25 Then, 12 is patterned into

predet erm n apes to obtain island-shape crystalline silicon filnms 13a

to 13c as shoum i fiBrichfin dBRRAIEEDbAGL | BePRE! AERPSIRK IR LAE & RBR! ©

resi st over the crystalline silicon exposi ng

pr edet edlighnaeiskraskatidiogetotitdsuppbdeddn ithe iehgn]becdiBs § Iﬁ)éi'gfnl foP 8GR &l b ne
|

sem conductor film and etching the crystalline silicon m 12 using the

mask bydigictiorofwidih is lamsr thag thas fortdesiakivi én the dirsetibrecst lenggias in the dry
etchin he. 30 1 conductor | ayers 13a and 13b are sem conductor |ayers
to be g@'ﬁ‘%}’g“{lﬁ}}i&éﬁ% the thin film 29 transistor of the invention which
correspond t@ @ti ve layers 10la and 101b in FIG 1B. A portion denoted by
A-B in FIGS 8 %o 9C corresponds to a cross sectional diagramof FIGS. [A
and 1B al ongaf dntiRlifént mBde DRS: irRhditbd hé@oﬁ*di%stb She"ind iR dyhilh tr%?ﬁer@%&hon
A-B may have a structure described i n Enbodi nent Mode 2. 5 [ 0097
Subkequembddimeat Yade i issdesatbedgvith keferbdcd ® FIGESEIA and aB. t FIGC.Brls 4 hep plan

crystalline sem conductor filins 13a to 13c. The gate insulating filmis
for med H92a® 9§ anthimdimitrangistor| 0P esaerding tg Sl inventiany whichngommisesr a

houl arifodtandiol BhECATES She EfpelBac b v eleMeleciiervireircbidiad %t 10
at a t hijedtRas 109h) 46 AMa &&Q&Bileéimﬁ%ue»gﬁﬁ@ gﬁ&i&iﬁ% SRR Efeicf?&de(s%'h% dailﬁ s

stacked at a thickness of 30 to 60 nm as rst conductive layer, an

t ungst ef)4by04.6 Tie thimfike draasister 405 kaestiral bR AAhinFHI40RaMGSI05a OMPHGing
conductive |ayer over the gate insulating filmin this order. In this
enbldi n@htsourceTalRegdentltda and sthe hdreimelsstrode 303nnautha thinvfilid rraasistar 405b

t hi ckness of . 370 nm are for ... BO of the TaN fi]mand the Wfilmare

f or med ‘ﬁ;?lpéﬁﬂigttg? P S ﬁe%tﬂﬁ%%%\é?‘sgﬁé{‘al?ﬁ ctaff ?(:’Jlam is fornmed by using Ta

as a target l{g@gg nitrogen atnosphere whereas the Wfilmis formed by using
e I

Was a targ G 6C). [0099] Subsequently, resist masks 17a to 17e are

formed throudlt. 8BS SWessSecforY didBrapt16f PIG, BA0A6AR Blinke b OL- B fwhich EdhipHises a
el ectrodes and wirings by etching the conductive | ayers. Then, as shown in

FI G 7Airstlayer gaterelesttode ef(2a) peset@ud-tager] gate aglectmde of{i2be anslibstrate et 1] lanbasé9a
ile the resist masks, 17a to 17e being

1 Oe . 1 d to. be t h

D vl AR A R PR R AL A R s S A
ol {061 Hetige ¢ . e {

P er o tfEertatp Bnb MG Abndall @21t BERIME Mol B BEiRE T T R O

conductdhdgndl a¥goss 4DRaid420e Bre JARSKiSctidle0s dRhcthRdMRY Me IRMLIGErAAM JLdt
regions 20 to %5 and %1 capaci tan%ﬁgéel %ct reode 2%. Thﬂéjr dopi ng geg%i tion dci}F

phosphotiZs aidf fher sccdedréayds gteonlettradet K02k ndasaduitid)ethgatidtt 0§ ket Ehtem
14 and the activation condition of the inpurity. In this enbodi nent, the
gat e i rideAtzedesgvhach gyerlap ther sspgendygton dayeg 4D1sis peesteppsd de equal o sack other

t higkn f 30,1 sp that el eration voltage i.s 4 \Y t he dosage
o B grv iy B T Erisiior Mpcual ' 8 it fnisor b Bl wferences
7C,  onlymidigls HEPRD BCRL dtiéhtita fo IMYETSFIED3A! fhud BEscRipfon thereof is omitted here.

[0062]

In the thin film transistor 405 in this embodiment mode, the semiconductor layer 401
corresponds to the semiconductor layers 101a and 101b in Embodiment Mode 1, while the thin

30  film transistors 405a and 405b correspond to the thin film transistors 105a and 105b. The thin




selectively etched by using the resist patterns 17a to 17e as masks. The
second conductive layers 19a to 19e are processed to expose the first
conductive filns 18a to 18e so as to be about 1 5 ~Cmin length in the
channel direction. [0102] Then, as shown in FIG 7D, the first conductive
films 18a to 18e are etched by using the resist patterns 17a to 17e and the
second conductive layers 19a to 19e aflmasks to renove the exposed portions
of the filmdtancistod YOF iiw ¢hif ichibed ikt o dkSie psevilldtbivithi the bethRySducti@yer 401 in

el ectrodes_27a to 10 27e are formed by the first conductive filns 18a to
18e and<eMmugg batds diffeaent fiopethithindilnomansistor 485 if HIGS] 1. SukHueburgnt flays
shown ip Fl 8A . the resi st patterns ato 17e are renoved. An_n-type

i mpuri tg“gllﬁ%nthﬁémﬂh@?bﬁﬁ?%oﬁssﬁ%ﬁ o 04;9% vetichy, strygipre dhe SHR T wpsistpri4(s in
sem con r I using the first-layer gate el ectrodes
27a andg%{%atagageé@%tg d?r[gét ssitt(ge%cilg)gr?&t o form LDD regi ons (low concentration
impusity regf{apes) 28 to 35. Accordingly, respective channel regions 36 to
39 of the n-tagpe thin filmtransistors are equal in size to the respective
gate el ect r odbercicaerdetemeifl B® se@gidimyep Gateo eBStrade 400b nie dformed vaieh fpositiogaled

manner. Gor.r esp&ndi nsgl y to the gate el ectrodes. The phosphorus is doped to a
regi on FOFAYYY HHelg sRmicAsason; Bie aien vagiation pf) thgosesondyinyer gate eloptrpdeydGRb ousthe

treat ooy S88 in Bt AR B GOARR §'eqfa 6 SOk SRIRRASThe YeoonEdhves gate <
exposedeletti@ichmh ¢ 8RR dide BY AlahfPHM RERGQLIROSH. N Bl %bgﬁ&ﬂ@@wﬂes in

containing | ess oxygen in order to prevent the oxidation o e gate

el et r oaorddpce hwith hlemtardar eaiationt wheiee th25imparity | feyionnartdhehes gatieCeldetusticObre

| ayers is activated. Note that in the case of performng the _
cryst al PYFRPPeshvithicach efhcie| dhersfore.ohe yadation of ghe pyrasitic capagitansa is € firethe| thime nt
for pro ,.ng._.cr |l lhzation is,.ntroduced to the high _concentrati

pur ¢ iy BE L st Vi SrUGREALY, s MR AR ergtor AP g an
be carr j@gh. outhap leds I ; S I+ {04 | yatd .
treatment, ther ef‘cs’oir%,dug tf{ggltt?ag%lgégﬁp? %E%dgrgm Q{'I)kﬂéggﬁ‘rj&lwﬁt ﬁ’géé ¥ suBlantally
i s shr uthe satetshiustusd g tiiadhimdrdmsisesr WStRs@lRatih Gt diBentMod3E, Wiichenay
formed subsequently are deviated fromthe designed positions. This bring a
var 1&t i bhless asl Byganagitanee varprsion dun temesk ddvigtion. property of the thin film
transi st or a[@ QE operation of a circuit enploying the thin filmtransistor
may be affec é nd a variation thereof may occur. In a driver of a 5

di spl ay devi b Chted J | attern. in

par i ol ar, ¥ kT bl SoBF Rk ol pRETH BhUoinaR Mofl i apearthes, tongh
devi at i @hichCedthrisch sefconBi@si Il 504 LANS0NB! WeBRt-RREr ¢8E Qbcttd¥® 5022, a
substrate and the other end due to heat shrinkage, which becones an even
mor e si $pePRd-dayar gatafelagtnde S0y walrein, elbgirads iand witieg 1508 narfd 4 soitrcadsctsdder andf

t he drnventi oa%aéﬁde,s ribed in this enbodi ment, the influence can be
supft es &S 1pigty dormyng g thinffmy ransister - ¢ Hegde slsckpde is structured by the

first-layer gate electrode 502a and the second-layer gate electrode 502b. The thin film

transistor 505 has the same structure as that described in Embodiment Mode 1, provided that
drain electrodes 503 are connected to the common wiring, the gate electrode is structured by two
layers, and a channel region is formed where both of the first-layer gate electrode 502a and the

256 second-layer gate electrode 502b overlap, a low concentration impurity region is formed where
only the second-layer gate electrode 502b overlaps, and the rest of the region is a high
concentration impurity region respectively in the semiconductor layers 501a and 501b. In this
manner, even if the layout seems different, the structure of the invention may be applied and a.
similar effect can be obtained.

30 [0065]



10 quality and the decrease of the defect. In addition, the second-|ayer
gate electrodes 43a to 43c may be forned with positional deviation due to
such a sinple reason that alignnment is deviated in etching a third
conductive film40 after the third conductive film40 is forned. That

i nfluence can be alleviated as well by using the thin filmtransistor or
t he sem conductor device of the inventd2on. In this case, when the direction
of length isAseirdiabgng édnciceiduehi démémt Mhy e plvidl oRhy8! thatdpRRSioA€ not
caused by the substrate shrinkage (that is a direction in which the sane
pat t er naffested exvien gried beingaliodmed dverecsubstmatefwhidly isrikigaly dffeetesiiysheatstaink such
circuit having few variations of circuit |oad can be farnmed. (0106] In
addi ti off, & :‘Pfg%e* stgate-or 1o pddition, sapthin filg sgwigondwston, circyit | apdyey yhin film

ff : . b formed.a plurality of times f h
por 1 o TCAER: S eI HE BV ea R e i bR bkt dtf" e cace

wherge a consmggjf ve exposure is perfornmed, in particular, the mask
alignnment is difficult to be adjusted, thus the thin filmtransistor or the
sem conduct oln adiditionea sdmictmduicir efemenn nig e lpeorddbdonhag dauseyativpps h@dffefRd07]
25 After the heat treatnent, the third conductive film40 is formed by

usi ng aSYeBE theks is slight anasl deyiption. o\ Jyrthgrmprs) thin fitr semicondustorpircnit andja thin

el ectro . sh i,n.FlG 8B. In.this enbodinment, a step,of activating
Crpur | C S svie R 4ByIGE oy BE poo i ol BEY e Witk e SeRSOPSRIOTRE SR high
heat is appl 'gggﬂ' n the subsequent steps, therefore the third conductive
film40 can be foormed by using Al. 30 (0108] 32 Subsequently, a photo
resiost fil mnsadditiingit iopeferhtiie thdithieodifserionl 6f ievgthitiel 58t 410na thesdiRotion th which
8C, and exposed and devel oped to formresist patterns 4la to 41d over the
third cbaduee patéerns amalignedrrewhichivese htiretitdowingdemnariatipns ofeitcait dtadived bby
using the resist patterns 4la to 41d masks so that the second-|ayer gate
el ectro%ggeig%wgpg%&ﬁﬁnﬁﬁwsﬁ%§gﬁﬁ%“@’&f‘%"‘bl ectrodes 27a 5 to 27c of
thin fil mtr@()g%]tstors in adriver circuit portion 42, and a second

capaci tance electrode 44 is formed over the high concentration inpurity

di ffusion | ayek tB&, inhiscdmbodlihentifode, eRP Gt ABGRIEY BFt prodRIW fbNodd @i BilA
insulating film 14 interposed therebetween.. Before the second-layer gate
el et r daansistore hdwevendmnorehausbdrsafr gate clestradusumiy Baerodded) eandedesiraie annmrh
for crystallization. Furthernore, the second-|ayer gate electrodes 43a to
43¢ and® rs‘éc%’ﬁ‘d&@ S 35 PEViede t A de sema dinigajt Bebiefsrahlel that cymenti vy

at a pogit.d i r t yally designed,.pqsiti,on due to sk
i sal | ontdueR oMl Hihadis AL MEORRIAR 1tr RIAPRIRAT b HROR BebBpdER TN g1,
of par a@ist diecctidRdf h bedne ditctidiCoppdsite dol théTifst 88dtROindhe nhAbeHEth@Bhannels

i nfl uence thereof may be suppressed. [0109] The third conductive film40
may be fooflowingureshingth€firstAljrection bdas dlodeeas pbissible ts tohmands offeticadhaisels for
resistapnt to heat, the heat treatnment such as the activation may be
perd%r n@%‘ﬂ&gt%rfe{l% the, secpnd shirgetan. v elhat [smitde preferablenthat, as fort the sumberof the

devi at i f d-| | ect rod 43 4 dt d
capact 1 TARE FACOFERE Bl & vl S b R dpe A8 L e aentle StV B ur
whi | e i dirkcHERGBe SBnd BirB& RN illaSRink SRTRRL r&?ﬁbé@ﬁ Ptﬁlglb%gfssﬁﬁﬁg?lﬁﬁﬁag fi ﬁﬂ“fetn%lgr

this invention. [0110j 20 In this manner, mtransi s
in the g oneewheai arcodd niabdri dichdinetaid foenddosehely B Efuad 16 adctr AMETWRBRACeeRD
structure while an n-type thin filmtransistor 46 in a pixel portion 45 can
be f or rtmbgr of channelpis élmaé-t ure. The thin filmtransistor having the
gatge- overl.apped ructure exhibits a high current driving performance
anc?%l S "&ﬂ%@“‘?&i‘?@{e?ﬂt to hot carrier deterioration with a power source
vol t age of ok® 20 V Meanwhile, the 25 thin filmtransistor having the LDD
structure, Ichis formed at the sane tine here, is confirmed to be
~effective foAnsaftRdas&itoRodd offdl trh@AHGO8cOliRE b - thd NAYentidn WHicR diffdyi fom
crystal display device for displaying a pixel by storing a pixel signal in
a capadimbedimehieMiole A ahid [EmbodamentsVode Diig destiibed With séferenteiteFIiGs 2pr eFES, 2Bl vy

enpl oyed which is superior in suppression of off-I|eakage current as a
swi t chilfig? ePRnRIAR Hagtame obja drangiper ek eerording ntof theminveatian.s whichncemprises 30

gat.g- overl. struct i ef er gbl y enpl whi ch .is superior in
CurPentoom RGeS JaBE R And B0E TERR RO B Grited Pt ATt e
deterioration in the driver circuit portion at the periphery. The sane
applies to the case of a light-emtting display device. [0111J The

second-| ayer gate electrodes 43a to 43c are preferably fornmed by using a 5
| ow-resi stance netal material. A single layer of Al or an alloy of Al, or a
| am nated | ayer of Al as a main conmponent is preferably enployed as the

| ow-resi stance netal material. (0112] In this enbodi ment, a form ng nethod
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transistor in which a gate el ectrode has a single-layer structure formed by
such a manner that a photo resist mask is fornmed over a gate insulating
film doping for a high concentration inpurity region and an LDD region is
perfornmed, the photo resist is renoved, activation of the inmpurity is
perfornmed, and then the gate electrode is forned. In this structure, a

di sadvant age due to mask 15 deviation 2% formng the gate el ectrode or due
to substlear@leSiHlankaatcbondBMr datCabeRIte. 152b), alRatn di&8BY aﬁtﬁw?ﬂiﬁagelf&t%ﬁ&' adSs
well. [OI13] A capacitor 47 is structured by 'the second capacitance

el ect r osmiraiglectivalegad aviring U5 At | Phy thansistak 4,51 dnsinicheed by atiahdistoecahpridingpthe

26. Stabl e capacitance_can be obtained by structuring the 20 capacitor 47
si mi | ar F§migenqugior dajier 1503, mizapsisior semprising) thesemicpgdudier lapgdS0baande eansistarode
26 int [. sour.ce drain regions even in the case where the
second (Q:(gmpgm %ﬁg)ég%lf%%fl?cg‘%elai%alﬁﬂ% 0 V Area of the capacitor 47 can be
made; smal | er d@mﬁmn‘i ng the gate insulating film214 thin. Therefore, in the
step of etching the first conductive filnms 18a to 18e and the second
conductive fid te dQGaicomdutfe lapawison tb1 138c éépdclvell, a ok Wiiakneserlgls ke
gate insulating film25 14 in a region for formng the capacitor 47 is

pr ef er aBIsylavge sate glegtrode bY2ads substanhially added wthoeitbersant thtype @br a petype thapgity,

the area_of the. capacitor. 47 can reduced with addi ng an_ etching step.
(01141 SrbienBish R rians Son e SFhmibiese” GAe elertiprc Lo f ARl B by o
hydr oge 3 kL Liride. fi kS, .
surfac erbivﬁ?:%gl?ﬁagtﬁ%i h%(gdel{e: gér%g&ﬁ tlfauf/ g‘%‘g’glts & hé@e‘%ﬁlﬁ l(t)l?fel gn%ﬁﬂg%{t % ?2@{ gtm‘g] C E‘g}ﬁ) 0" t he
sectihd capacfdoanpe el ectrode 44, and heat treatnent for hydrogenation is
performed at a tenperature of 350C or nore. By this heat treatnent, a
crystal def e&he spmmps spwmeec oledloedeoand wjmng (163, adaltiei craninoh ideain dledtrgyle cmd be
te that the silicon nitride film 48 contai ni ng

t inated wth hyd :
ycr ogoTTE 14 HHEORTHHHa NS ARE rpns e THPREIYEY Lb0yacropifeh el A vt

per for i I j . . e ult c he t ai.ned when
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at nos pheirtene dldvai HrogehS theO trAfistdp BydpRars B sBmi@AREH&! Wyer 450830 G QEcoMar €-
In this case, a load of a circuit operation can be made Smal |l er as conpared

wi t B t hdirestion thfeisepatalielsand opposite ttoi tie fiist wireeticenrpind yairean dlosapthediighnthe
bet ween_el ectrodes. can be reduced, because the relative permttivity 10 of
the si | FESH0N ©ORISNg thespRicopdunton lgyeel S0RAdn thy firsh diregtione o Ahe fetakwidth of a

(0115] , ' rlayer .LaAsul at i fil 9 .i arned, over the
Si11 con it A3EB} 1 cclcdsOhll REL 1307 PhALeLBY avle AR ibgeloe T Porippghane o

i nsul at widh 159adf A sbinohdit@an)d 1508 Whtd Mg ghie! ) ik lepgAn
oxide filmforned b; CVD, a si Ijlrcon oxi de figlgn%efﬁcrtrlfggé%gzcoate?lﬁgﬁeb‘f}l%@w
(Spi n Ge a@vakls | $9teoffthé saminokeluofor fayent 306 whers tiehgaselsittodsdoe indwshppas a
bond of silicaon and oxygen as a backbone structure and contains hydrogen as
a sttbstituentbOd2l further contains at |east one of fluorine, an al kyl group,
and aromati c,hydrocar bon a substituent, ar th i ke, can be used. On the
ot her hand, fkgér(orglﬂgﬁb%%?}i tlrengeészécHap@r ﬁ?ﬁen‘%ﬁeﬁﬁq@i Hzgefs %G'I“?‘gﬁ'?’ i pogitignal
(benzocy&hARMRNEY diréHol! dfGengt BEST 4 Ll | L,
a negative typle 20 lpr)hotoosenesrilgtai] vgégégo\g% %dgﬁé%%gd?%%a% x{egp%‘g%n%fghé Gtta
enpl oy ecf th seraiddidiictut layer 1604 Whithoeéilals oaBNthb Scddnaligyerhit «BFRLAY €50b on the
Further, a lam pated structure thereof may be enpl oyed. In this enbodi nent,
the intdRitayide innthgl tansigor compridng shé semmwntyctors faygr (1164 amdntict aree of the

olyimde. (0l 16].The as. shown in FJ]G 9B, a pixel electrode 50 is forned
Dy U1 R OrAFOh e SOsv R QYRS @b the vesse- 1k gite IS Y] SAtnen the drain
interl -1 j; i . 0117 t as_shown.in FIG 9C
cont ac?§i tf)lujﬂesrﬁ%‘%J %%&#ﬁ%grt ?‘%’Lﬁmé%@ itﬂﬁgé%gl%%ﬂrﬁgg)gﬂgfﬂeﬁggﬁ Sgualele e arry g,f"ﬁﬁdse
drai n r@giresepoLiht QEsoHd-Iyer Pald¥18@rdd8 1508 ohthé tlady Sitle b ! iRk Rebr cohiPide
the silicon nitride film48, and the gate insulating film14. Then, "a

conduct ihg semidomdictor biyeed5@y Iheumipagjtanct euticsesi sdcankacdraithrthalarss voriasiohhe

contact holes and over .the interl af/er insul ating film 49,
- where the impurity region and the gate electrode are overlapped with each other. Therefore, the

30  variation of the parasitic capacitance is 0 in the thin film transistor 151 of the invention which is




35 and etched. Accordingly, source and drain electrodes 51 to 55 each

formed by the conductive filmare fornmed in the n-type thin film

transistors in the driver circuit portion 42 and the n-type thin film

transistor 46 in the pixel portion respectively. The drain electrode 55 is

connected to the pixel electrode 50. Note that the source and drain

el ectrodes 51 to 55 may be structuredjay 5 a single |layer nade of A, Cu,

or the iti'dé&reci‘%‘f’g\eﬁl‘érlghréehﬁ'an'mé(r_s.haTﬁataisl ﬁ‘f'@ gk ttfaHﬁEtH{ QS&l ﬂ&:c&%ﬁr{%%“tﬁg’ a
TiN, an acked In

| am nated strucfure in which TIN, Al, I are's I'S order
f rom t hembajimcatyiaoderhys uds@anedlBrthblsyme RpheuRGs the tHiR flASeaneistod 1168 tdridgd
di ffusion _of the electrode material into the sem conductor |ayer as well
the hi|noEmbgdimenatMere duwhich may dssless gffactedby ¢apadiBhcd Gatistidnhdue to mask
sem conductor device according to this enbodinent, not a p-type thin film
transi stOPM%t an n-type thin filmtransistor is formed in the driver
cirgyit porm'ioga 2 and in the pixel portion 45, however, a p-type thin film
transi st or y be forned instead. In this case, only the step of injecting
an inpurity Ateminglyl 9 shnhiteidueior Q%lﬂ&ﬁf‘mﬁ?%ef PRRREH WherS (tBD Dpeldtidd Ik db?
The capacitor 47 functions to store a pixel signal which is transmtted to
a pi xel affagtegdigylan avhsnbeingsformedhdvey acdubsteatt whith sHaigslystffeateti yeitbabyhrirtkesuch
capaci tance._ el ect Bode ha\i]iéng t he high concentration inpurity region in the
ce

same | aef LEEG HULSEs- nefldition, na (i dHa semigeaducter, girceini 4ndr @) #hin film
t i 2 j i ilmil f..t t hi i i st 46,
2 A ) 49,

enbodi ment, @oydf n filmtransistor with a gate-overlapped LDD structure and
athin filmtransistor with an LDD structure can be forned over the sane
substrat e wilnrrdditicadal sengicanditctp elelmena iy e providedwmbare it opematioaishat fasted

mai n conponent Al ich is lowin resistance and inexpensive while |ow in

heat r e84 'il?Er_é" 1§ ghiehd dnaskdeviptéen.  Furthermereonthin flye semmorductorsirenit prdie thin -
11 m o i fenliGoriylar TLHE2RAY B Biobidiatear R bR atdith Bl s hn BBl lapat. © "

activating i[r(ggtpg]i ty is perfornmed, and then the second-|layer gate el ectrode
is formed to formthe gate-overlapped LDD structure and reduce the

resifst ance di addsiopaitds plefarable det Werdiregtio\of Rigthngl syt aland GieGRresiidieth whieh e

di spl ay_device may be provided at |ow price which is capable of operating
at hi ghthe BAIBe PRSP @Eg@ﬁd, ithwhigh (chse 4 eieqyét laivingl fay variatienstof cirsleit toatlivan be he
gate elgctrode may.hayve ane.lagyer.in s .cases 36 where the LDD

struct ut?”em%‘fg)f & ?%%SG@IP&’:%‘%“ES‘E%@ tHgE’cVGP'éOQ's formed by using a mask
such as a p b%]resi st. [Enbodi ment 3] [0121] 5 This enbodi nent descri bes
an exanple of athin filmtransistor to which the invention is applied with
reference t dNétkGhat i0thi$ @mbO@imenhinsdileditid assidio0 15 Exbadiinenb dedavertiod Ne

steps up to FIG 10A are the sane as those shown in FIGS. 6A to 8A

t hetlef cit@ctugsRy kpes nnsisierse bowever,oht timesgtiof iGnotlidaited toutily add thetuentsawé
state as Fl Cz %A. 6_BOlZZ% 10 Fol | ow glg .the state shown in FI Cx 10A, an

i nsul at'FARGISHAS T PHBCEng e ragsigipe Pt the impnbior iyaqt restrictedr ge lqngaas the frangistars m
700 is : i l.ti-ple.l rs by .using . a silicon

it dery PRty Sorefidh Bob AR fncoufld baiBhs pLEh o3 An Cortl éngERh the
met hod, gate KleevsteBRAHEOMe SHiath GSthesemitanEMRCRYeORhRARNON SR thE %&t%?éie&x%de in
Subsequently, heat treatnment is perforned at a tenperature of 550C. Here,
t he gatthe ¢iansistootheowghdwhichi agnicd cprremefibdves if thenfidvedirgtion il eqed is itotaletoi the i S
covered with hhe insulating film700. By this heat treatnent, the inpurity
i n ¥he ‘@'gfh Qldhe sramispndueias dayes wheah; avsslaps the gajsleleciadais avarlapped ém thertramsisegi on

isintr {. he hi gh copcentration i rit ion (the source an
ra . 1B Sytich, bnl e BERGE i, B’ QB Tibeiol alef i Bkl R AROSEf e
per f or g diyecapy. of 20 furnace annealing, |anp annealing, and | aser
anneal i ng. Subsequently, a third conductive film701 is forned by using a
| ow r eJEsth@diosentd] eri al over the insulating film 700. Note that the third
conductive film70l may be forned by a |lam nate layer in which a barrier
filmformed [BY7%itaniumnitride and the like and a | ayer forned by Al or an
Al alloy are.l.am nated, or by a |ayer forped by Al or an Al alloy. 25

[ 0|3§4] Thenfar S 6H@P8“?@§i‘£ﬂ§°f¥‘ieﬁ A éwesart éﬁ%b&%ipé%ﬂ& Ri ?@tﬂfﬂﬂdﬁ@{hogeasf A m
701 to be exposed and devel oped. As a result, resist patterns 702 to 705
are formed over the third conductive film701. Subsequently, the third
conductive film701 is etched by using the resist patterns 702 to 705 as
masks, so that second-|ayer gate electrodes 706 to 708 are forned over the
gate electrodes of the 30 thin filmtransistors in the driver circuit
portion 710 respectively with the insulating film 700 37 interposed

o o - o o — o~ o




After that, the sanme steps as those shown back fromFI G 9A are perforned to
manuf acture a di splay device. According to this enbodi nent, the insulating
film700 is interposed between the second-|ayer gate el ectrodes 706 to 708
and the first-layer gate electrodes, 10 and a first-layer gate el ectrode
800 and a second-|ayer gate el ectrode 801 are connected as shown in FIG
11. Note that a reference nuneral 8022denotes a sem conductor |ayer and a
r ef er enGRuPIRIR 1BARIndARPHSRisor B tB%@invleﬁ}id'ﬁqd%l"éér}rangﬂto?ﬁ%? i
capacitor may be formed by using the second-1ayer gate el ectrodes 8 to
708, t hey Trds Tt 2adndrily3fredpredaly, aanpaditoeisfdohsted Ib3yEY, afidbarasitie cipaoliafe dbbto a

[ Enbodi nent. 4) [0126]  This enbodi ment describes a nethod for manufacturing
a |i qui&ttcelpettode of Tshisteneted by &2y using a substrate formed by a met hod
descri bed i Ogﬁﬁgdinent 2 wwth reference to FIG 12. An insulating | ayer 56
called an alf nt filmis formed so as to cover the pixel electrode 50.

20 Note t hatAi}il ?Eufvﬂl%ﬂ! &diof @Qﬁvéf%r Qg | iE gmi)gdy%g’ % \grgér)r%té%po g{ég%dblg sﬁ?&rg i

printing or off-set printing. Then, ru a ‘sealant is

f or med EiGofiuhdtdneoppiaxioh ticegiiqsdestHBeliMel WP SR @/ &BihYd thalVDRPLIENY VEghspnat e

59 provided with an insulating |layer 57 functioning as an alignnent film

and a caddubiasheldiofipach @ghe tansisters Vit =%V dwereo p plibént BN leks duptut s i6sV and #¥2ed
apd a liquid crystal |ayer is

to 25 .el t trat it ) X
or ovi da HENEPBRER Sl s Srned ON 3 s GuiPhin o) & PRI ok Shitge B e = paliegsciatis

manuf a ] | a fi nd,tpe ing, .
subst r;%qgﬁlggo ﬁ%%;ﬁt@??ro g\g/écde \Rnpﬁy?aélgg‘hg‘dfs Pjid] ?%alrﬂ,d Zi% h\?& ai Qg‘ ?‘ﬁoft%%f ack
Matiol X )eniiodimient).i K&WheNelieepdtbiattal ahthel goiitti Al rédcisd 88 W Berr1GefurRed DRFEM Ry @
di spenser type (a dropping type) nethod or a dipping type (a punping type)
met hod pointwhbesiomes thedflgatingistag al i s i nj ected by using 30 a capillary
phenonmenon ﬁbbﬁ@ attachi ng the opposi ng substrate 59. [0128] 38 In a
liquid cryst ropl et injection method enpl oying the di spenser nethod, a

| osed | ' : ' | d_t hey ej i qui .
it opped. onea B AiifEs néhidie bRy ER ARkac il Pl Bie uRshaifiecrac H e deim
and curgme®YON dndauéRh Sblthge ARLR B ReinsRASA 45 dess & &itfsﬁai Jgggg&ﬁtzﬁftéﬁm@' S.

[0129] Subsequently, a wiring board for connection is prov

anil$ot rpppitcA banothes the/odtmyp atatd, mthen plesadiapt er thb gbine Bris inthased, thengitagantthe
functions to . transmt an external signal and potential. Through the
above- RO A prlickaaskdug 1oethecapacitarge,enugling; and) aagatp yaktage of Biniplieareased 29

oot L B B Gl ST cRBEts To v A V. LT B onliok Pl ®h MR 96 ¥ e
i nvent ik &8 ﬁ%%@ﬁwts of Frabod melag% E{c{e[ag’el Bl &%dﬁfgugﬁt &E&Pﬁl@!ﬂ*&%ﬂﬁ%

descri bes an exanpl e of manufacturing a emtting ay device

usi ng tskete ishixprdsbddnbyt thafslioviag fainuld) aviiehvevdliags intréale htethe Heine B it defdtéd byl 3.
Simlarly to the description in Enbodinment 2, the thin filmtransistors are
f ordfed U}'{{B'{ H¥agriVYex €1 f € + GPor t That is.3he pardsitip eapsicitaice doe to the gablelevmde t he
substrate 10. e layqut of the thin filmtransistor and the inpurity

el ementOf?lbe 'g‘g’ ﬁll-ﬁljl 3'8‘?%5805 %ﬁ%&‘%‘ﬁ%%‘é’ﬂﬁ%%?& or layer are arbitrarily

det erm ned %gogﬂpending on its expected performance. In this enbodi nent,

t he description’is given froma step of formng the interlayer insulating

film 49, on Ihhke sisciing deseritiddatbotd)af ﬂﬁ%@&itﬁofhgﬂﬁtén&@dﬁ@tbeﬂhe \$aRIGSrode of
portion of the gate electrode is made of nolybdenum and a driving
t r ansi shothin Fmofragsistoyy W2 isnvaried ndpeetoesoemt rdasom (pgt yulsthtcasisinkbge and @ihSi2)
25 deviation due to misalignment or distortion), the operation is affected. Therefore, an operation
margin is required to be set in consideration of this.
[0081]
However, by using the thin film transistor of the invention for at least Tr2 in the circuit, a

variation in parasitic capacitance between the gate electrode and the low concentration impurity

30  region may be suppressed even if there is slight mask deviation. Accordingly, a circuit which is




25 In this enbodiment, the interlayer insulating film49 is forned by using
sil oxane. Sil oxane pol yner coated over a whole surface is dried by heat
treatment for 10 mnutes at a tenperature of 50 to 200C, and then baki ng
treatment is enployed for 1 to 12 hours at a tenperature of 300 to 450C so
that the interlayer insulating film49 is forned. By this baking, a
siloxane filmis fornmed at a thicknesggof 1 /tmover a whole surface. In
this strps afftditll ASRNRYI0H0N 3G BBHhéd Y activation of the sem conductor

| ayer are perforrmed with hydrogen 39 in the silicon nitride film 48

si mul t aneous[0P83] t h t he baki ng of the siloxane pol ymer. [0133]

Subsequently, a silicon nitride oxide filmor a silicon oxynitride film may

be formed bylndlp cass akmagk dexjation due forhear sheinkrofi msubsiatervghieh isnsansed Mhheat
filmfu I ons_as, amn., et.chi t opper 0 .prevent qveretchi of . the, .
interl a{;l}éa&m?'ﬁtsﬁ P ﬁ&e’flfllpﬁ'ﬂ%ﬁ’&’ %Q@B?ﬁgﬁ%‘t ?@’é‘ﬁf’ F‘T"Fﬁr A teepier fﬂg&ﬁtﬁ’ddqvéatt’é'g s
et ched. g; : il .0 d i i I ; .

U 1, ci SereR MR oh BerShllnBRR (WG, YR B ook AR BRI oy, o
Wi ri ng, thelpachiticenpiditand is ymaflfaesérfic posititewhereadiiid latpé @ bndthéd Rt Mhkicb{g
element that is formed |later. [0134] 10 Then, the interlayer insulating

fi | m 49thesopsaatiosy ifeinosh dargekyhateated.f olpwewnt thet chiolie fomtdde hsing dbé thinefihhgh
concentration igpurity.reqgions 15 o 160 respectively. (0135J Then, a
motal RS QLIS yedtion, Miieh may Be dos atfestedBY G, die 2 gieat advastnee dn SésoRng
source ‘ a drpd 10 thi } urce or .drain
ol oot r oabor .2 i 2o, SR IACaidchich TR BE K Phich BiHRf € pRosé

t hrie- | by te ®iriatiGi OF hal Paridific bapaeitd e b)éﬂaléﬁfuﬁlﬁla At th WRIcK RSOV RIS
stacked in this order over the substrate. [01I36] Subsequently, a step of

manuf aceays¢cly the|spbsirateeshirinkgayard esdogeizby (thati is thet directibm irewbiie ¢thid saee patterns

sem conductor elenment follows. 20 [0137] In a |light-emtting_ device,
descri bB8 qallgn? Nk &r?@wp,ofas%]rg%g}g tis rubstratelg aCirquirhavéng oy Nariationsof |

is sand&&ﬂqgacpﬁgﬁgpmﬁmgai r of electrodes, and an el enent which enmts

| i ght by current owm ng between the electrodes is arranged in natri x.

[ol 3s] 25 AS%(K)BE] excitation state of a light-emtting elenent, there are
known a singlet excitation and a triplet excitation, and it is considered
t hatb t he | i ghtcoedinglyi @ thio dilmeeniddrdicier cirduitoangfha thin fibn sefmidoheucorcdelyiviei can
states. Therefaore, the elenment in the singlet excitation state and the

el enentPq RIAViled: whesectemicendugior slpmanopessipy withavs dingnaféestist evemi whet heioge

light-emtti evi.ce dependi n_th roperty.of the each el ement. For
exanpl git&%%la Fﬂ?rg’es\mg%f%? gﬁlgg lﬁ@%&%ﬁ&%ﬁ%ﬁ@’nﬁea&?ﬁ}f’ﬁﬁ Sﬂ)‘lcg?s %g’l%fi(%ﬁ #%3%¥-on state
may be used [fggggqed em ssion, whereas an el enment of singlet excitation
state may

In addition, a thin film semiconductor circuit and a thin film semiconductor device can be
20  provided where the operation is not affected even if there is slight mask deviation.
[0085]
This embodiment can be implemented in combination with Embodiment Modes 1 to 3.
|Embodiment 2]
{0086]
25 A forming method of a thin film transistor according to the invention is described using
FIGS. 6A to 9C.
 [0087]
First, a base insulating film 11 is formed over a substrate 10. Then, an amorphous
silicon film is formed, which is irradiated with laser to be a crystalline silicon film 12.

30 [0088]




. 40 be used for blue and green em ssion. Note that the elenment of triplet
excitation state generally has high |um nous efficiency, thereby
contributing to the decrease of the driving voltage. [0139] As the naterial
for alight-emtting elenment, a | ownol ecular weight light-emtting 5
material, a high-nolecular weight light-emtting material, or a

medi um nol ecul ar weight light-emttin@%aterial having an internediate
property bet pgefhe siBstlaRM TSRStk Re @h&ha@%ﬁgyklﬁ)sﬁ%, Q‘gluﬁ!@élﬁ%ﬁgte I'n
this enbodi ment, a | ow nol ecular weight light-emtting material 1s

enpl oy eshd dlérysthbive phiss audeeaminsiigittataya tsailileds sabstiale amighl-sabiteteeas., i,
materi al dissolved in a solvent can be coated by spin coating or ink

j etti ngtungiee andamolhdeHn), a gemicondugior subswater i atlastiot subbsate de.gonpsdwintide,
material of th r.gani erial _and an |norganic material can he enpl gyed.
Tora0] et Rl ARH GuPRlgd nitirfale” 2uarie B hafert SylieE drs Beas
to rtg L t | i L. i

Forrod R cob o Bhaped ASlgasd SuCFhGRAR d P il kil uid WAL BORRE,
anode oThesubatritedeaydic pdlishéd B ICMPof thekels@bRiied ihAdViiReCAAGIAE st ist

as the anode, a netal with a high work function, an alloy, an electrically
conduct ¢mplogeshindhisembofinent madee of them or the like is preferably

enpl oyed. A iﬁ%% function of about 4.0 eV or nore is an approxi mte

i ndication o work function. As a specific material, ITO (indiumtin
oxi de), |ZO 44, hdi ' . dep i ' % 21 i (ZnQ)._i S:
mxed in i nd%%g%sg |%d\%el H@g(}@oﬁl} i d\%ﬂ?@%}&%aﬁ%fi%ﬁ%%?g‘@ éﬁrggné?%i rfzii&%lc%ga% i a(liléaimF TSO
i n Whi cdarth metalth UeSdubitend 10XréiR diffhding il ShelryQllindsRicoR N PhisIR. bedDlsd
(Au), platinum (Pt), nickel (Ni), tungsten (W, chrone (Cr), nolybdenum
(M), ithese ¢lemynts adirasely affedt the syppieonduCtor prorrtadif uhe ¢iystallinasdicontfilinde The a

net al terial such as titaniumnitride (TiN), and the |like can be

enpl oyelfse f’éﬂ‘iﬁﬂﬂgiﬁm& Pff{bg%f‘?f@reﬁﬁ’é‘ﬁﬂ? single-lagercsisctue oy ¢ laginatedsiruchge by
cat hode W tho.a . ctjon (an .appr.epriate.indicatign j.s a
vor k1 comatofib il S, MCUCREASENTIR o ABERUARK Biiod BRRTRE AR ike
ConpounEoteahaTithd bise iﬂ!sfulzitﬂﬂg AImOr1, & 6t AdckQatify REGHEL AbhY cﬁéHﬂfQﬁéﬁ%-the substrate
Specifically, an el enent belonging to group i or 2 in the periddic tai)?e,
t hat5 ‘i swhigh isnfrécadf the disperaionifiah akkali Inietdnah dRalimereasth lnadtilper thaliké net al such

as My, Ca, al% r, an alloy (My-Ag or Al-Li) or a conpound 30 (LiF, CsF, or
CaFz) contai i them or a transition nmetal containing a rare-earth netal

can be 41 (o) - Ho er,. in this odi ment second .el ectrode i.s
formed to tr%@rﬁ %Iﬁ'?qdérﬁ?\,{?ﬁ?el?aé? 6‘?’58?at’tnﬁgﬂﬁ’eﬁafs %Fh‘fcﬂgﬂg‘lq PYRT STUGUG Bhe
net al i whicka¥Akod Witk 4B fi Mo t L $ @R Lng
O 12 b L R PR VR 2 7 S D By e il
thi s endnddi sitictin, oxtynitride fiki isfoeratd adethidkfess &f 166 nfitasal et RyertinshidtieQilns
enpl oyed. When I TSO is used as an electrode, the reliability of a

i oAt - hiptetthatdher diffesence dgtvimeniagilienncritride qrade filmiand awsilionmxyaitiidefilng (x1the]
Note th Efin this enbodi nent, ﬁth .%irst .%I ecﬁ&?ge 168 |.s fornmed after the
sour ce ‘GHEFPST A TOMRPYY Bag'é’so %‘%‘ % o1 B Hich HI“#‘F*H?St thah fheseeient of o

f or med, p; V; i I B fi , and then the
el ectr olgggg%‘@tiaﬁ%&?ﬁﬁfh% ?%ttr%?'t fg%@ﬁg&e}xgﬁmy %’gﬁ f %?irgggmf(ﬁ%] Subsequent |y,
an insul ating@opij m 169 is forned so as to cover the edge of the first

el ectrode 168. The insulating film169 is called a bank or a partition
wal | . An i nobWuequently thasamerphous $iliton Gilmais formethit ai thinkhedsi ofg25 itd 06aumbe

sed as, the jnsul ati film169. As the inorganic insulating film a
s |%%corﬁpb‘3%1“&tf}f ﬁl‘JﬁaﬁH‘ng?ﬁé at gbt my 0¥ the Bise agsuldingifilfh, o s (b fclﬁymwf(hsé; n
On d | ] . : th igi ing, fil fil
For med bt s kR o€ 30RO eSS S0 iR EyhBED: i b, ™
BCB ( beth#xamytsdahett e hmoBfhods kilicon Blmas RRfel 12V & tﬁi}ﬂeﬁsggpﬁ@ﬁﬁ thehia EgANI C

resin, a negative type photosensitive organic resin, or a erial,

so- cal | Bubsequeotlprizhyddogedntionsis petfonnkdby dicati tammandooXyh®n A% rRnpéahat of
structure_and contains hydrogen as a substituent or further contains at

| east oif®Gf fluorine, an al kyl group, and aromatic hydrocarbon as a
su%ti t uent [%Wz be used. Alternatively, a lamnated structure of them may
be enpl oyed. e]n the insulating film 169 is forned using a photosensitive
organic material, the opening has a shape of which curvature radius varies
continuously. Thus, it is 25 preferable in that disconnection of the film
hardly occur in depositing an el ectrolum nescent layer. In this enbodi nent,
phot osensitive polyimde is enployed. [0145] Subsequently, deposition of an
el ectrol um nescent |ayer 170 is performed by using a deposition apparatus
while noving its evaporation source. The deposition is perforned in a 30

N b Y B A PN PN =




42 preferably, the degree of 10~ to 10-6 Torr. In the deposition, the
organi ¢ conpound which is vaporized by resistance heating in advance is
scattered to the direction of the substrate by opening a shutter. The
vapori zed organi c conpound is scattered upward; and deposited over the
substrate through an opening provided in the netal mask, so that the

el ectrol um nescent layer 5 170 (from tige side of the first electrode: a

hol e i nj ecti 9, MeehmorphélR! hidonINEPR RIS Forndtldl kBl §iﬁb&9§aﬁ@xg§y an
el ectron transporting layer, and an el'ectron injection” layer) Is forned:
Not e t hading héassit irtadiatibe apparhtne. eF@ahé blsemndrpasitiedtion )bk enbddingenfdhser ibeihed
to this |am nated structure, and the nunmber of lam nated | ayers may be

smal | afigillateohpauersimenlaseriaformgdiinte afrgefengudar bean spot byysing amapti¢ad system
enpl oyed .as .wel | .. Furthernore . the electrolum nescent |ayer 10 170 may be

f or med @Jnﬁd’\éfeﬁﬁlﬂée seayjendyetontiify o g | ayer. (0146] In this enmbodiment, a

hol & i nj ectimgg yer is formed by CuPc at a thickness of 20 nm a hole
transporting layer is formed by ~-NPB at a thickness of 40 nm a
light-enittiAGelnatiedly,i & fer Gi?ﬁiamtat%lﬂ nithd, teh kBAERNO Cad® Ge Bop@ddusdil an

el ectron injection layer is formed by Al-Li at a 15 thickness of 10 nm
[0147] Aflementtfioe peineatingothe reirystalization|thgreof. 170 elsmieot foe hromotieg anystallization,ode
171 is fornmed so.,as .to be in ntact wth the el ectrolum nescent |ayer 170.
'n this BREBA FBIed BiHCkelcbles castallEraEon 10 by BeroRmAdcat doy GamperRiarciBcbort
since t LS t e;16 . . node. . The 20 matepial. as ..
descri bggn%)raéyc%ogﬁ%lf e@ l(;:Vg[ﬂ tgé %ﬁ%@%iﬁ%nﬁph{ﬁﬁe%énﬁ ﬁ%c e P rT‘Es e@f%gafer'reth’ls,
an gl umi metbd chibd Srefe@iIP dddtitedinithé 6468 RrOfhe S50 it PolbVel) RSk Safanslich

el ectrode (cathode) 171. [ol4s] In this enbodinment, only the first

el ect r ocks 4 gBss subkatne dThy elesieny faxr gromhting comitization gnoledes riton) palladien, fid,ght
is take T@{nonéfﬁ bf)t‘tom surface of the substrate. FICz 14 is an exanpl e of
25 o t opletshicebalh BARRTE capRs, nd epldiastivell asinighel.of Qae pimere phameniyselesiiidizomr

drain el r 165, .1 d,.L73,0f the thin fi.lm.transjstors are
For med 11000 PR OFtpis I acdifn. R by byt e o5 rffiaced SROhF: o

i nterl ayge 1ike stbabd B9mbtdv@tle &ry&@Ninfkg, formed by using the same material as
the insulating film169 in FIG 13, and the conbination of nmaterial can be

fredly deterji0Béd. In this enbodinent, both of the layers are fornmed by
usi ng siloxane. The pixel electrode 176 is 30 forned by stacking A -Si,
Ti N, | TSO i nAlteimativalyelt i \rossiblgethgte @ onirrogsysialling semiqesducien filmfis | formed by

43 however, | be..a single |ayer have a | am nated structure.
ol ud Mg GVIRY pE g, Slie sty Eined by fehect Spga do e eryed an the crysiefine
i1l ustt@hfc.6R866r 8ima bottomenm ssion, a dual-enmission, and a 5

t op-em ssion respectively. The bottomem ssion structure described in this
enbodi ment cf@egpponds to the structure shown in FIG 15A. A dual -enission
light-em tting device capable of taking light fromboth surfaces as shown
in 4 G 15B Suhsequenthinsd-ediedr eltinpgl dopingiinpesformed biyafloping taaslight ganiount hifn

(at sufficient thickness to.tr mt |ight). under the _second,el ectrode
1200, RPAEET G FPRGOLAG thectbissholdite e aliﬂpe a'gpwghgn L7 R Fequitshs nny qrgigo
mat er i : ) e ty-al Ui [ Sklver S
ot t r ARl B3orbo e Messbebh Rl haSinolfih®of (i AR lortddnf oF 62
transmililge.l i ght when being stacked to be a thin film Therefore, by formng
t he second el ectrode 1200 by using a filmmade of al um num or silver at

sufficient tK0B&hess to transmit light, the dual -em ssion structure can be

realized. [0450] 15 FIGS. 15C illustrates a top-em ssion |light-enmtting
devie, whi chi¥od? dspritsaned;igtompredetermineihapesiie ahvain dslanskshape epystailine silicon

i nsul at jng. 4. 2010 S i d han. those in, th f
Fi s, - R, b Qi o RaHET 3PN The Rl BEoRmt 0y B et EhR e
il mtransisd afstaide shcoWiin 12%'5{?&&@0% e \RARGmiR hidk haPe SA8 BaiRS it

structure in the point of an aperture ratio. 20 [0151J The transparent

el ect r oefosuahmask dvEDtlancrykthBine sehicohdicofieg dnd dttting vl cresthltisé eilicon film
structure or 'the top-em ssion structure, is difficult to be deposited by
resi st aheusipg Hicimask bytibsy stching,  iGFai Q2 fon thedliketiy usgsliast agdsrin thsr drgletabingon Theam

depgsi tj on. h trode 171 is formed by sputteri -
or G 1 o enRRp bFES B i DS PEOE BT HElouTa gt PeRcivg Ber s teffin 0P an




25 interface between the electron injection |ayer and the el ectron
transporting | ayer may be damaged, so that the property of the
light-emtting elenent may be adversely affected. In order to prevent this,
it is preferable to provide a material that is | ess subject to such damage
at the position closest to the second el ectrode 171. The material that is

| ess subj ect to such damage and that @& be enpl oyed for the

el ect r olrat¥ishSerME ihpatfion WWlich %ontgfon@xarmh@e zdyetsyttﬁ%nﬂm B0l Fs. (IROX4 -
However, since MoOx is the preferable material for the hole injection

| ayer, pml‘tlon déendted breAeB smFIGS. et to He caresspontisab eaarossdectibAil disgramnef FGE8e1AN
order to I’OVI de MpOx in contact with the second electrode 171. [0152] In
this cady 1B Mffbiléc of H’S'Beaff hg thig fili: fransisier fosmed dn dhegportion A\l mAy haTy 216A
(an ano ayer 1211, a hole transporting |ayer
1212, a&ﬁcﬁh%a&%n |1rlllg rﬁ er c&%g g el ectron transporting layer 1214, an
el ecgtron i nj @g@qyn | ayer 1218 and a cathode 1216) as is in this

enbodi nent, irst electrode 168 is forned as a cathode 1220 first, and
then an el ecSutsoquentlgchi gate | myeatidg Zilm an Bl ewivednsd raanposer e | eystallihd22,
a light-emtting | ayer 1223, a hole transporting |ayer 1224, a hole

i nj ect | HHIFRRAEIOF [y 133 pEic. afde gatcdnnmating oy tS(fdén‘(ChIPBO@Fél)g aninsplatng figm

1 b AR L Gt o BB LAk IR ™
dri vi nQehbfidbst fe é&tebﬁgﬁatﬁn%ﬁ{r%qmlitdrﬁg%%g t, dﬁﬁﬁ%el o Side ﬁ%‘f w)?ﬁlg 12 CVD

transistor. However y usl ove- nment

trarsi siterthickives of @O swbstrate can be n-type tran5| stors as well. [0153] 15
The MbOx is forned by deposition, and MoOx satisfying x = 3 or nore is
preferably el¥9P8led. Mreover, the MOx |ayer may be fornmed to be an

coml ox SuCHOQRe G Ry %%@aﬁ#ﬁt‘i%’ R At RSO s L e
f I
it of AR Nen ML (WO ELRERRE BP0 MESEIT B 200 Bpt nl ) Fiocehl, o,

usi ng acdndutliveiiyezdvesthe Garrihgilftdle lninttiRdrdd@s fNRisSEBIIANEHCE PAN Iy6it abe
enployed as a thin filmtransistor in the pixel portion because t he process

canlibe thigkpestaf 38 nm and HW fibs et mthéckacsshod 330 inueare éomeedi t Bodr ¢f they Tals filmramdd
over thFﬁF%@ sub trat as the pjxel portion, onl KI the_ driver CI rcuit
porti ont gﬁ’é‘f‘g? (E)"I“}F y%’PQF‘]“?&E‘oS“BQ a|vayethat the JaiNafilihis. foymadshy using Ta as a

Fi' m coptis B AeREarihhb R Wil e T ety Bind aﬁalsezsﬁiﬁt@@ﬁﬁ

cont ai ni ng njgopgpen, a silicon oxynitride film formed by usi ng Si H4, N20,
and NH3, a silicon oxynitride filmfornmed by using SiH4 and N20, or a

si |i con oxynbubsegiently| medistr medkbyl1Tssitag 12%e gas ifornwddi chroBiidexpodudlZGepr by
diluted with Ar may.be fornmed by plasma CVD. Alternatlvelﬁ a silicon

oxyaf t rleéolrt%&rmata' fn Pﬁ@ler de nfeanbfgleqmdﬁ% ieRg vErings boizechingd wz:on@smme layrssl as

ot |t S s TS 7 R PRl R e e o1 sRRGT b P b 16 ' °

single I ilm cont a| ni ng
Sili coni%‘ﬁ% e L R A ﬁa Si 1 con

nitride filnj0l&0jultil ayer of styrene polyner, a silicon nitride film or a
di amond-1i ke carbon film HE% be used instead of the silicon oxide film5
cont ai ni ng nfkanpgeshaymn indFlGk @By monrtm Impyrityi SUiCh@ﬁ pbodpderufs i ipnedepediana high

n|t ogen in the formof a |.am nat ed rucéure 0155% Then, in order_to
Be c t CUIFERLEANQR 10 L SrrHendunior v 1360y singhe rosist Reticsms b?aomkr?gd
t I
Zﬁbitlztgétkﬁ%i?é ot Bikers 1OF (| RO T bR IR Rpflle A A FRATRDI S5

t he oppasi 4 gafauibsice Aletaae 26! t’ﬁﬁé"@@blﬂg t:bncﬁﬂoﬁ Bf yh@srph&ﬂs %ﬂ@éraat e'ilamgsort fhe
expose an external connection portion. The space between the opp05|ng

subst r athickaess afhtbe glatenimnelatng Sl altde anvh theleetifatidne donditidn aﬁthenmtmnggas Iauhis as

dry nitrogen, or the sealant nmpy _be coated over the whole er rtion to
f or m t NeRRRSIBERnieatinsulpiing ﬁlstl 1¢ ppfosmgd hyusing e silicanaxids bkacssafi n

el nglin 8t FEEIRR b MR OR O e AT %sgé‘ﬁaé"?tﬁrbc'ﬁfe‘”

flexible wring board is attached to the external connection portion, so
that an el ectrol um nescent panel is conpleted. [0156]




Such an el ectrol um nescent panel displays the inage with a single color, an
area color, a 20 full color, or the like. The full-color display nethod is
further divided into an RGB emtter's selective deposition nethod, a method
in which RGB are nmade of a white-color |ight source by using a color
filter, a nmethod in which a color having a short wavel ength is converted
into a color having a | ong wavel engthalpy using a col or conversion filter,
and t he Iikeolwlpreover, a color filter may be used in order to inprove the
color purity. 25 (0157J Note that either of an analog video signal and a

di gi tal vi deButsequeatiycansiosvuieBlG VQ, hmly ilghsecond tondugtick &yesyl1dhetwi t® are
having a display function of the invention. As for the digital video |

si gnal , Sel¢rbively gtehed Ry peipe Jheysesist pattergs gpttagieaasamasksi d&he seqpad conduetiye
currenty Th%g'

sy b ook T2 it ARt Frnge bR RSB it It RERRE wlGhe B0,

t he cons
the gvi dgp if 1QRA inUREehARE HRRASANt Vol tage, the voltage applied to the 46
light-emtting elenent or the current flowing in the light-emtting el enent
i's constant. {002} he ot her hand, when the video signal uses the constant
current, the voltage applied to the light-emtting el enent or the current
flowi ng in theen, agphovanin FiG gDe thenfiust canstuetisrestilarst 18aTth d 8¢ arenasehadriey usingthiech

Lo as. 5eAoLBHER T T GRhE SerordiPrasce 1 b Bikda AT rrgove e
CONSt anty fodtd gdrﬁmlyr (ff‘\’/ige fifhrt] tc?ﬁddcﬁgé] hinfid" 84 do"@eSb % %st'-ﬁ%re{ﬁ gaﬁrerlgéamﬁgs 2 1§

constant ‘curr e constant current ive, constant current
fl oms WThadtfolneddisy aikfraet @mdistivefangel 8afto 11Be ah@ MesicrbER cafdubtvg films 19a to
light-emtting elenent. , Either of a driving nethod by the video signal
usi ng vb¥aage and the driving nethod by a video signal using current can
used in thewthggb-enitting di splay device and 10 its driving nethod of the
i nvention. er, either of the constant voltage drive and the constant

current driv I 9?]"" cprdi di i b
provi ded mhoglé&ggurﬁﬁ ([:[g’n%yuc orr‘ gqlggrregn o;ﬁ)lgﬁlggk gésef z\i/\ntte?]ﬁso%?éak)ogmgggcf feeccpgé' egueln
when behsigpel Mipiiy SV asapm?ﬁérﬁgti@idﬂcu@e;z ia$ al BWISInteREdtRG (6 dhd ¥erhRBAdULRr
shrink such as a |l arge substrate. [Enbodi nent 6J [0159J This enbodi nent
deshy i blegers 132 e k3ahy vsiing thedfingr byecgdte deciodes 273 amh27ato 2jpas adsksin drdectof .
[0160J 20 Igpg) pi xel shown in FIG 17A, a signal line 1410 and power source
lines 1 TERIONS QW FNGFRIEHON HmPYELY: S EioRs) B8 B: 85-0nAcerdinglys sespedtive

141 4 i s, i di I he .ni xel i i t chi TFT
Ta01, ocAnBEES S {0 0e Bt Bim FriRpriGhe FARE i 5 g g abiF Bk,
and a | ¢ightodRs] dnl tROLBDERELs 24 @935 it kBledm a%leﬁi-:ﬂ ed Hﬁﬂﬁbricﬂrr@g{éugﬂ'lgg tgas

the sanme configuration as the pixel shown in FIG 17A, except th

el ectr othe gite eletrddes. 1788 phesphonmseist dapetl ot Hecgiomdor Samhee al gapsacifod a3 well.
arranged in the row direction. That is, the pixels shown in FIG 17A and
17E%r eNetshatghe hPDaegioniis faamed ableastos tedningegion siddowever, the power
source |ine &)jé%] arranged in the rowdirection (FIG 17A) and the power
source line arranged in the colum direction (FIG 17C) are 30 forned

by conduct i veyudsedERaff h@'aitf&&.l?ﬁt&ﬁeisaé(ﬁﬁédf;Itoa[”ﬁgg%%ﬁ%é‘%f 55000 %iﬂ&h%" Reet ed

to the gate 47 el ectrode o dri‘'ving TF s tocused on here,” and
descri ptlearodess enmecd; elpalict atytmat Weedtelably pefforabd inldCatnidsFHed€ Eort@ining less
illustrate that the wirings are fornmed by different |ayers from each other.
[0162] oxvgantipeorgirxtel preg¢rdvihe joxidation of 2he gatd €lecrodt7 CByt this heaT drehfidSt athe
1404 are connected in series jn the pixels. A channel |ength L(1403) and a
chatthol ITHEIER (e SeTieORONalE Inpers 1 tstieta Noriel n BiSorNe (O TRRGIAFm et

R

1403 opafstaBBatich & mabdhedd Q;ntHeeISIF oRBht@ans iRbarid idneghe \B4E ahb QWhing
through the light-emtting el enment 1405, while the TFT 1404 operates in a

| i near regiying)y acavadinglyt gastesing wam botarsiebpltyastveelt he | i ght -enmitting el ement
1405. It isng]rﬁferable in view of the formng step that both of the TFTs
have the san®l @Jnductivity type, and they are n-type TFTs in this

f;&gﬁ%g‘%nkyi{@aﬁg Shiiledhn ROt Ui¥n ARaGRAAUS IR, h¥ RGP infhslmly SeRk St eON




15 be used as the TFT 1403. According to the invention having the
above-nentioned structure, the TFT | 404 operates in a |linear region,
therefore, a slight variation of Vgs of the TFT | 404 does not affect a
current value of the light-emtting elenment 1405. That is, the current
value of the light-emtting el enment 1405 can be determ ned by the TFT 1403
that operates in a saturation region. 3accordingly, a display device can be
provi deglei sabywhit€ fis bh@ink "AABisAstagd, toécoil-lalr eue E1etdolds UBPROUBRG0 e HiHizaNce
variation of the light-emtting elenment due to variations in TFT

pr oper t§ubsequedtlbade demiatduefromxbé desigrmdrpdsitions.GSThid BAng @ vhriBtion begd& parhdiit i S
a TFT for controlling input of a video signal to the pixel. Wen the TFT
1401 t UFARECHEARCE sRythat ¢ pEsTy Qi dhe thin fijm drensisigr apsl pmeperstion &fc cirquitemplayiag of
the vi j | .is.stored  in_th apacitor .1402. EIGS. 17A apd 17C eagch
show 18 FincfR, paBeiSh RS, b abfied BREG {:Bioticiy Borods b, of ey e fEer Of e
i nvegnti 1i hi®h G i it R pattdQiar] : ily
B A e R S B A R S
with a twemaily Heecttdr htaddition, thevdediatios bgouads.in (Hldppbsitditdetdom bethedhsmiernd n

FIG 17B has the sane pixel configuration as FIG 17A, except that a 48 TFT
1406 arRf the subsHatejand theatbergnd dugde beas shtinkagpwhich beconsismnleen yore $ipnificans|

shown in.FIG 17Q has the sane pixel gconfigurati as FIG 17C except fhat
he Tr AR Hoager B S0 afe i IR0 tadAS b e vartan a6 abstibetas BoThe
TFT 14 heSii t r : [N i | §:

addi t | gﬁ%ﬁ’?ﬂ;ﬁg‘?‘&‘%@?g%e‘??ﬂt %e@£$§%%?%‘§$%%§%&k%ﬁ%§%%%@ of Zlﬂ‘la display
capHci tqualifyfiidl the decieahartie defeth e e byditioh,the gedoha-taheF git Mectblies Haab 438,
current supply to the light-emtting el ement 1405 can be forcibly stopped
by provinay he fermedwrith mm@mrhda'sigti@mgumrsu@h@@imalp heson dhitadigamentriadevigted F T
1 gnt - ke HEHRD SR EE o I aser dHecbER \PoRPKHGr TR Py fosfieds Fha
writin ' -S4 I ' . 1 A ixels. - y

uty 1 APREEAE RN Ey Bl 3R Nyl el B it & F inipbRRRIOSLEE
| i ne 143f0tha itk ehtién. p OvethisS@YE,Ghdnl the diddtdoPbEleatthas dachldnly the WRlebiidh in which
direction, while the scan line 1414 is arranged in a row direction. The 15

pi X derger vasiations eresqdusesh by ghd BubstAg: shrinkegel (theti isga TETctiohOB:, whivh thepamet or
1402, and the |ight- em ttaiocﬂig el e t,1405. A pixel shown in FIG 14F has
the sarR&t5fnsare fl o apdiaghtegtionp ing the swistratep ciioyy heying fay gatiatipnsne
scan |ine.14: r itionally provided. Note that in the configuration of
FIG 17F, 1%%?(331#311?2 |oegén be increased as well by providing the TFT
1406. 20 [O01@3bs)rs described above, various pixel circuits can be adopted.
In the case where a thin filmtransistor is forned by an anorphous

sem conduct or It iallditionninp thet ¢asellofira langes suhistrated hedt ashrihk | inlapely affdctedngnd i i s
preferably forned |arge. Therefore, the pixel circuits descripbed above are
pr efer abF¥PIsyrenBay e peeformsl & plusality pfitimes fop coghi RATtiPR {heonsecutive exposure) in

el ectrol )r(n escant Lat er, jf 2‘515_l mtted }lrom t he setal i n substrat% si%le..
[0169] Such alr act PVECnErPrx ™ gitt S8 VIFTig® FOUTLEITS CARMHT & &6US™: tRat |
when t heppd A kS ith HEBY; Qt e fagle
since a ?@r@?’%ﬁﬁ%ﬁﬁ@ E?Qggﬁ‘ﬁgi&)‘?léf%’ [01'11%(1.53»(%)1%1S ﬁ‘?lgq%%bfghfﬁl%%sﬁéta esctrhlebes
an acti veemizbnductdridghice efittetinngtida niayebe ddvidtagdousigeppllddl is 49 provided

in one pixel, however, a passive matrix light-emtting device can be forned
as wel | in vi%OH the TFT is provided per colum. In the passive matrix
light-emtti device, the high _qpeni ratjo i s.obtaiped since a TET is
no?ﬂ’pr ovi dedﬂﬁﬁrrt?‘ﬁbﬁﬁ traipagnt, t?’ﬁ tqlﬁgc@agg“@ffﬂgl ‘f“? {frflfgn% BY Psipg adow esigtapce

whi ch | {98kl Sy Wit tsgerR:t fﬁcﬁfdﬂ@gtt%f gét@eellcecltz%ﬁéé o4 LD SE G, 's®Y O (hil® O
light transm ttance can be 1 ncreas yZenpl oyl ng a passive natrix

|'i ght - esthddimigntle wicp &F at@dafih iﬁ@ﬁﬁ{)ﬂ HRGhE Bk i Ardablf tASRatM A tRislsBe and no
equi valent circuit shown in FIG 17E is adopted and a diode is provided as
a pr ot guoievidgl heatis applizdtinahs sebseduentstaps) thdrefoss te ahird comductiGe fRd 40Gah ibe
FIG 18, the TFTs 1401 and 1403, the capacitor 1402, and the light-emtting
el ementOi® bypsingAbyi ded in a pixel portion 1500. Di odes 1561 and 1562 are
prqﬁgded to gﬁgﬁfignal line 1410. Simlarly to the TFTs 1401 and 1403, the
di odes 1561 ‘and ‘1562 are each stnttured based on the above-descri bed

enbodi ment, and each conprises a gate el ectrode, a sem conductor |ayer, a
source electrode, a drain electrode, or the like. The di odes 1561 and 15
1562 are each operated by connecting the gate electrode to the drain

el ectrode or the source electrode. [0173] Common potential |ines 1554 and
1555 connected to the diodes are formed by the sane | ayer as the gate

el ectrode. Therefore, in order to connect to the source el ectrode or the

o ~ N I 1 o o Y b1 o a . - rr




D odes 1563 and 1564 provided to the scan |ine 14l 4 have the sane
structure. (Enbodinent 7J [0175J 25 Exanples of the electronic device to
whi ch the invention can be applied include a video canera, a digital
canera, a goggle type display (head nounted display), a navigation system
an audi o reproduci ng device (e.g., a car audi o conponent systen), a

not ebook personal conputer, a gane ma@® ne, a portable information term na

(e.g., a mbSﬁ&e@@ﬁﬂW@f)hotB ERQIHIR PRORNEd 0ferRAE HARI SndAdR RN S sHRh AN
el ectroni ¢ book), and an image reproducing device provided wth 30 a

recor di Kl rﬁﬂ;llam:(msect wid daleloped 2o ftani eeistutieinsi H acagad beerahe tiﬁﬁlr@ﬂdﬁd:tfvg a
recording nmedium 50 such as a digital versatl l e disc (DVD) and provided

with a 8F0ay Then, thesthindyconduetive fHmsAbis stched byaiging, thFFt’@Et patteang dla ot Ishasw

dovi co DuSh R s REDRE st S preafodés abs &&f? 8 oo Dty BB site ypast 2
por tg oni?PRBFANA AmIPARKERs R bR cﬁﬁﬂ@orﬁ@ﬁ 4h rh\ﬁﬂ@itdeg(fhéf c%g%?@h&e%ie&tﬂ)cfeggas

di splay portion 2003. According to t nvention e |1 nprove

wel | asistfoemet] sydrabe fighl dongentArtipp lidpidsdiffisién tdyee IG aWhieR i9fd BES cafpitithice
prOV|ded in the pixel portion in order to inprove the contrast. For
exanpl eclegiradeswith the gets inpulating; film 214~mtq§p@acé th¢rebgtwaend - Bafoteathic seconid-lapermay

ot v of BUECIeGHof | i PR He e Poliials dethroplotug fo i diear s‘%éa%@?ﬂt(f@wg?mz@om
h 2
shows ap{Riinrd R cbﬂ& 'ugq% @gtggﬁzgﬂﬁa?bg%ﬁo Js%lan Hgggké&g%%g&l&a ag%@é

portlon 2103, an au 10 1N u I on

opel@t i #4 megbeXdfified REPLCERCIGNI @ POEItIGH Q&feréfﬂifﬁdm ﬂm achuBl iyt deBignStE YosiforPdud e
invention is applied to the display 15 portion 2103. According to the

i nvent | Bask ymisalignmant erethientreov dtbvenyexublyl améymgleh&jnwpilta;n guedriatign of paEBilic
FIG 19C shows te.b qk conmput er i ncluyuding a main body 2201, a housing
2202, a“?ﬂagigﬁﬂé‘&% ﬁ“ﬂﬂt gyigansistor due (o siic aE 3“8‘?1‘@5&0§Fﬁﬁlb°(§6?ﬂ¥éﬁ§t3‘ilon por t
2205, and a ﬁﬁ' Bt i ng mouse 2206. The invention can be applied to the

di splay portton 2203. According to the invention, 20 yield can be inproved

as wel | as tfRe diddoadudtiva! filiny40 ﬁl@%%@ioﬂe@byji%@ gm%g,aorrm@hk@ ARURA 2
i ncluding a main body 2301, a display portion 2 a switch 2303

opetat i mgtak dyeesiB@0nto hewd, tin lieaf reatmentpach a 35 actfMation magyriie pmfcnmad faéter the

applied. to thg dj spl ay ortion 2302. According to the invention, yield can
be i npr Bidronduciyefilgi4Q fpfopmeds; Sky |tav c@sfal deviption of Sipysecons-layorsasn slestrades

oL 01 Ry e ke JRABURD AR o S P OB A Ao
por ti oNgccur while influence due to mask misalignment can be suppressed according to this invention.
[0110}

20 In this manner, the n-type thin film transistor in the driver circuit portion 42 can be
formed with a gate-overlapped LDD structure while an n-type thin film transistor 46 in a pixel
portion 45 can be formed with an LDD structure. The thin film transistor having the
gate-overlapped LDD structure exhibits a high current driving performance and is highly
resistant to hot carrier deterioration with a power source voltage of 10 to 20 V. Meanwhile, the

25  thin film transistor having the LDD structure, which is formed at the same time here, is
confirmed to be effective fbr suppression of off-leakage current. That is, in a liquid crystal
display device for displaying a pixel by storing a pixel signal in a capacitor, the thin film
transistor with the LDD structure is preferably employed which is superior in suppression of
off-leakage current as a switching element of the pixel whereas the thin film transistor with the

30  gate-overlapped LDD structure is preferably employed which is superior in current driving




2405. The invention can be applied to the display portion 2402. According
to the invention, 30 yield can be inproved as well as the display quality.
[0181] 51 As set forth above, the invention can be applied to a quite w de
range of electronic devices in various fields. In addition, display is |ess
affected by mask deviation so that the yield is inproved, the product can
be provided at |ow cost, and a displ aydxevi ce which exhibits 5 high i mge

qual i ty pedombiceand isdshly hésihad oot calied @:1& BkatRinGh YhE srivdr ﬁﬁ@lﬁ‘ﬁ P&%H%Tt 9{82 1

devi ces manufactured by actually using the invention are shown i'n FIGS
and 22. ptdpljety 8 STheTameppplicsrte tixhmenof alight@mifting display deoiiatal transi st or of
the inventi 02 sqi)wn in a pattern diagramof FIG 4. Reference nunerals in
t he draw ng Pl dentical to those in FIG 4. [0184] A transistor 550 of

the inventi ORylLS red ransi,sto nprising the 15 sem conduct or
| ayer 501a a?gkaset%%)g%isa&gfcﬁap%c?rﬁ?&f’g Snégf‘ h{Q g@?n ?:rSnB{?gﬁIﬁt;]yl @@PSS pISIRg, a
whi ch t iewr@SRaRk nveal 9Rdt&if] eal , lglir QAeR in
el ectrodes 503 are el ectrical %;E%gﬁ%ggl?%dﬁmﬁto%e%lt Wo t?lzl%g?dsltqggfs&’ e
r espect avendimcomginent is poferablyZnipleyedais tieolonectie@nédmebmaieehlir e, however,
they are nerged outside the picture to be electrically connected to each
other. The s&Wlébnduct or | ayers 50l1a and 501b are equal in width. The 20

| ect 504 . i cal | d t he t i stor | | Si
The s condlL 1Y Syl FClorhih mE0 B Gcin Bl Saatisih & Sseuisonovbich it

as the gabeletial hadPRlindlPsRRILEHRINCEOthd Pl BAAIAS: dr1fe MhERGh il ©

the source electrode 504 1s eﬁgctrl cgﬁtél y “connect ed e transrs

conpé i sapylictitte anetitcanduat ehanl thiger FoO&RiIE, b ihvefiidEdn BrodppHe®o b lgn film
observers' right as the gate el ectrode of the sem conductor | ayer 501b as
t he nmi difresistqhia whish g saleelcetonls hand singlé-tayei strigBure domesck bydsuwwh a inenrep o iat e

si de of e respecti.ve sem conductor |agyers. [0185] The gate el ectrode S02
is str UB%{}P é‘EF‘%ywe?{‘ﬁ oped gvera galg Els%dag& F‘B’Be‘g%ﬂ‘&g rég’éﬁhﬁﬁqcé‘}ﬁéartm@éfﬂéumy
el ectrogg; i 2=Tap® r : i S t. overl ap
e oL O PRELDIS ST AARHAL Tt BUS 1o lichlontl Bl AGS L pENER) R
el ectr Oﬂ&fmdaddﬁﬂleﬁwﬁé%a@e BleétyR iOForafedN- /s stictTDW disativahtage H8Mo mask

concentration. On the other hand, respective sem conduct or | ayers each of
15  deviation in forming the gate electrode or due to substrate shrinkage by heat treatment, or the
like may be alleviated as well.
[0113]
A capacitor 47 is structured by the second capacitance electrode 44, the gate insulating
film 14, and the capacitance electrode 26. Stable capacitance can be obtained by structuring the
20  capacitor 47 similarly as the thin film transistor and forming the capacitance electrode 26 in the
same layer as source and drain regions even in the case where the second capacitance electrode
44 has 0 V. Area of the capacitor 47 can be made smaller by forming the gate insulating film
14 thin, Therefore, in the step of etching the first conductive films 18a to 18¢ and the second
conductive films 19a to 19¢ shown in FIGS. 7A to 7D, the thickness of the gate insulating film
25  14in a region for forming the capacitor 47 is preferably made thin in order to thin the thickness
thereof. Accordingly, the area of the capacitor 47 ca’n be reduced without adding an etching
step.
[0114]
Subsequently, as shown in FIG. 9A, an insulating film containing hydrogen such as a

30  silicon nitride film 48 is formed over a whole surface including the second-layer gate electrodes




52 which overlaps both the first-1layer gate el ectrode and the second-| ayer
gate electrode are substantially added with neither a p-type nor an n-type
“inpurity. The rest of the respective sem conductor |ayers is added with the
inmpurity at a high concentration. [0186] 5 By formng a circuit by using
such a transistor, a variation in parasitic capacitance fornmed between the
second-| ayer gate el ectrode and the seg conductor |ayer underlying the
second- L8y &f 48@LRd %@%5 Q%a%&u%ﬂecaeét%el Y aﬁ? rh(éﬁ {réﬁ'fn'ef?pfdrr@lﬂf }{at'icﬁl
added i s suppressed peration margi A o e circuit c e easl
secur ed perforicd et rﬁDlrcﬁl,pefalnﬁe @If3501C of @lor@bi BY this abal thdadnér] 4 aBjstal dyfeef oﬂﬂle

el ectronic device using the circuit are increased as wel 1. 10 (0187] FIG
22 is as?;m@mdt@tqsfla@rt(erazﬁtallgmnhcgﬁ filpg cam\berteingnated wmdwyogm ndfotentiah the

| ayout n Fl Cz, ansi stor 255 of the invention is structured by 60
t ransi st“h)‘F%n durie h%haé sl@??%\g?eﬁﬁ dommrscpad they dhe ket %"F"&B?IE for

el ecgr Oﬂ Eéaﬁ&ﬁ '1§: 931'11 {M@erhg%ﬁﬁﬁ&ts ﬁ?%%%] tﬁq.ﬁ!uﬁ%gg ?fé Caf e Wafnea g;vhzeISl?’

and a dr ectr W|r|ng ransrstors

el ectri ﬁailidgjn @Qﬂlﬂﬁ?ﬂhﬂﬂ f@nﬁiﬁ&xﬂhﬁe@ﬁéae treht@fehnt RARSorAEP Hoart :hﬁm§15né&é>é'ontammg

el ectrodes, and anong the drain el ectrodes each other, and the

transi sBdpslOgr % hydrogenriat b teperstane of 3GOHT oamsbreut huthlet casthe ie'admf Wi ¢irang.

In the 60 transistors, a tr:i\n3|stor t hrough which current flows in a first
di rect i SPETAiRTL CuY b ngdlecsmalleras compagstk %&o&het%% ehersakhcc iligen mérde ilBws 20

n a se Iy I nber of. .t he
wt den oF Pyt BEE EARLIAIGE B AP el bd Rafé %eﬁ%@v&%&e prt
Whi ¢ cuf theRflicbh awidé flirh Reatfoluf SicinhedtithoSilidflogas Rl Whi ch overlaps only
t he second-| ayer gate electrode, and the total of the width of the

respective sHitilépnduct or |l ayers of the transistors through which current
flows in the_second direction and each_of which overlaps only the

second- | ayer Sibseguentlycan @ér@lagq%rénsf%q}gwf}lnyaﬁ,wfowdzcyeég@ﬁﬁmon@pmde film 48 by
Accor di nsistor of the inventi or.red i.n.wh

or er anbahd s sBE PR Gon ior iGednit Ry R BEY e s LR Prgant e G, for
directi exandflél 4 SlitAEosiae e BHAGEHY OV S élﬁ&%i{ mhaéﬁl B & bR ?ﬁg%}tﬂs@@a'
structure for securing an operatlon mar’gi n 0189J |s app |ca n-is
bastédl oSplanGims)Pat filnt miyp lof aahaterialswich ak sﬁl@xmﬁ&ﬂﬂmﬁ)ms? QDohtl| Edsiliddon3dhd
Japan Patent O fice on 12th, March, 2004, the entire contents of which are
her eby PRYESPESR bpgkbone ggucgyrera@fl @p!@ﬁ}@é hydrogcn as a substituent or further contains at least

one of fluorine, an alkyl group, and aromatic hydrocarbon as a substituent, or the like can be

used. On the other hand, for the organic insulating film, polyimide, polyamide, BCB
(benzocyclobutene), acrylic, a positive type photosensitive organic resin, a negative type
20  photosensitive organic resin, or the like can be employed. In addition, a low-k material can be
preferably employed. Further, a laminated structure thereof may be employed. In this
embodiment, the interlayer insulating film 49 is formed by using photosensitive polyimide.
[0116]
Then, as shown in FIG. 9B, a pixel electrode 50 is formed by using a transparent
25 conductive film such as an ITO over the interlayer insulating film 49.
[0117]
Subsequently, as shown in FIG. 9C, contact holes (connection openings) to reach the
source region and the drain region are formed by etching in the interlayer insulating film 49, the
silicon nitride film 48, and the gate insulating film 14. Then, a conductive film is formed by

30  using a low-resistance material within the contact holes and over the interlayer insulating film 49,




WHAT IS CLAIMED IS: 1. Atransistor conprising: a first sem conductor

i sland; 5 a second sem conductor island; 54 a first gate el ectrode over the
first sem conductor island interposed an insulating filmtherebetween; and
a second gate el ectrode over the second sem conductor island interposed the
insulating filmtherébetween, 10 wherein the first sem conductor island
conprises a first source region, a figgt drain region, a first channel

regi on et MERA, t PRchidirly, SOUCE Gnd QiR BleeRids RS ihigSdach &&infédﬁgp{hg RondAGLET N

t he second sem conductor™ i sl and conpri ses a second source redio a second
drai n rél er, foansdirothd netype tiéh filagransistoed iveda diiber deOdPdriER4Z end Sginoipand
the second_drain region, 15 wherein the first source region and the second
sour ce thayfibm tapsstef 4¢ it theixs} podinncissnsativaly.c aBie draivesicctinde 58iin conmsciciltet

[ [ d d.drai [ . I ical l ted t h
AN G B S 90 S B ST S B ShRs ™
regipon okin Relafzérrrﬁﬁdezﬁf ALTHE WIHETRE, HowedRd they MEY ?ﬁ\'ﬁ{]? lilﬁingtcg QEAA LU ent
fl ow direction’through the Second cHannel fegion of the secon

seni conphrtitular, b $draindied StruduteriaRaiic TIN, GUNWIN, Sind O aft St80KeE 90 tHIC bler fradehe 25
a first gate electrode over the seniconductor layer interposed an
i nsul at fopglayer may ther piséarelde remploytdains $eoease grt prewdntiopr ditfesionaxf thhelectrode

sen conduct.or. er interposed the inpsulating filmtherebetween, wherein
The senmaGHALBloHhe el Tieh & well Aieafhodihenerhi o SrosBigRA OB o
region, 30 aﬁﬁigfn region, .a first channel region between the first source
region and the drain region, and a

10 In the semiconductor device according to this embodiment, not a p-type thin film
transistor but an n-type thin film fransistor is formed in the driver circuit portion 42 and in the
pixel portion 45, however, a p-type th_in film transistor may be formed instead. In this case,
only the step of injecting an impurity element is different between the respective steps.

[0119]

15 The capacitor 47 functions to store a pixel signal which is transmitted to a pixel through a
pixel switching element, which is structured by the capacitance electrode having the high
concentration impurity region in the same layer as the source and drain regions of the n-type thin
film transistor 46, the gate insulating film 14 of the thin film transistor 46, and the second
capacitance electrode 44.

20 [0120]

According to this embodiment, a thin film transistor with a gate-overlapped LDD
structure and a thin film transistor with an LDD structure can be formed over the same substrate
without adding a step. In addition, a material containing as a main component Al which is low
in resistance and inexpensive while low in heat resistance can be employed to the second-layer

25 = gate electrode, because the thin film transistors are formed in such a manner that the thin film
transistor with an LDD structure is formed, heat treatment for activating impurity is performed,
and then the second-layer gate electrode is formed to form the gate-overlapped LDD structure
and reduce the resistance of the gate electrode wiring. Accordingly, a large-sized image display
device may be provided at low price which is capable of operating at high speed and superior in

30  the image display property. Note that the gate electrode may have one layer in some cases




55 second channel region between the second source region and the drain
region, wherein the first source region and the second source region are

el ectrically connected to each other, wherein a first current flow
direction through the first channel region of the 5 sem conductor |ayer is
opposite to a second current flow direction through the second channel
region of the sem conductor layer. 3. I transistor conprising: a plurality
of firSyheRthe UDDSir@dtuledrandgate-b9etappbd 1B %efuéeﬁrem&ﬁﬁd%wsﬁ%%ﬁél@éuch
islands; an insulating film and a gate el ectrode having a“first layer and
a seconas 4 plysto resigter ei n each of the first sem conductor islands conprises a
first source region, a first drain region, a first channel region between

t he firE@ng%%F@éﬂﬂegion and the first drain region, 15 wherein each of the
second senicRﬂgHgtor i sl and conprises a second source region, a second
drain region; econd channel region between the second source region and
the pecond difisaliRiRih SHEL th EAAHIR of b Min il tanS RN 48 Whidh B0 iRknfidifis
plurality of first sem conductor Islands and each o e second source

regi on applicewith wefatenty to FIGS.CI0X t¢ 20T MMiiiCHifiersi b EBiabadime! Bideixalthy 20
connected to each other, wherein each of the first drain region of the

pl ur al i 8tppofp fi¢ AIG E@dviaze Heussumsy as those dsovamdn E3GH. A to 18\, sharefude, deaription
region of the plurali sgcond sem conduct oy jslands are electrically
connect g’&rel"glse(g'ﬂﬁtegt hgi/q&&ﬁéﬁ‘éﬁtﬁteé thq sagqe stgje F‘%ﬁ{é%ﬁow direction through the
first channegnbg lons of the respective 25 first sem conductor islands is
opposite to setond current flow direction through the second channel
regi®ns of tRellewimpait sif: SRHANE HEN10ANdN Gilating [ fBRCRI0 #- fofled bianswhbler
according to claiml, wherein each of the first gate el ectrode and the
second ggl%afel edbe dumlatiogfilns 290 is farmed Hyay singkenlyer eremohipld fayers. by using a

silicon nitride film and a silicon nitride film containing oxygen. As the forming method, a

known method such as plasma CVD can be employed.
[0123]
15 Subsequently, heat treatment is performed at a temperature of 550°C. Here, the gate
electrode and wiring is prevented from being oxidized since it is covered with the insulating film
700. By this heat treatment, the impurity in the semiconductor layer is activated as well as Ni
in the channel region is introduced to the high concentration impurity region (the source and
drain regions) to perform gettering. Note that the heat treatment can be performed by any of
20  furnace annealing, lamp annealing, and laser annealing. Subsequently, a third conductive film
701 is formed by using a low resistance material over the insulating film 700, Note that the
third conductive film 701 may be formed by a laminate layer in which a barrier film formed by
titanium nitride and the like and a layer formed by Al or an Al alloy are laminated, or by a layer
formed by Al or an Al alloy.
25 [0124]
. Then, a photo resist film is coated over the third conductive film 701 to be exposed and
developed. As a result, resist patterns 702 to 705 are formed over the third conductive film 701.
Subsequently, the third conductive film 701 is etched by using the resist patterns 702 to 705 as
masks, so that second-layer gate electrodes 706 to 708 are formed over the gate electrodes of the

30  thin film transistors in the driver circuit portion 710 respectively with the insulating film 700




30 56 5. The transistor according to claim2, wherein each of the first
gate el ectrode and the second gate el ectrode conprises a first layer and a
second layer. 6. The transistor according to claiml, wherein each of the
first source region, the second 5 source region, the first drain region and
t he second drain region include one of an n-type inpurity elenent and a
p-type inpurity elenent. 7. The transigtor according to claim2, wherein

each of jnidigodeti’ BbreBOWER WEH ANsechR@15/8F Qph AL BlebEsHL P9 ngﬁ%ﬁk}%ﬁ%&% to

region include one of an n-type inpurity el enent and a p-type

el ement capdcitafice elacandd 914 witdctheridsulgideofitbh FOMidterpob&t tHeFebatviden St hein
where the first sem conductor island overlaps the second |ayer of the first
gat e el &t isgtractyrg bibde speanddaxar|capacitarce ¢legstode FP8 the finsulaging ifilmt 70§aaml the

el ectrode includes one 15 of _an n-type_inpurity e nt and a p-type ..

i mpur i tsﬂpé?lé%ﬁtﬁa%tmﬂsvéﬂ- N B Prerphannynlertl GATrdradies & pbicby bt film
regipn, gstéfed% Iy [ fJL. |.h region, and the second
drain rergrlﬁon, ae%gl&géhgggg%%ﬂ%?g%%@gcﬁ Avé%gélé)%ﬁdenpsecond sem conduct or

i sl and overlgpss}he second | ayer of the second gate el ectrode and does not
overlap the first layer of the second gate el ectrode 20 includes the one of
an n-type i npiier tthate|thersame astepsa ap-thgyse showpurbacl fedrenElE . drovgrformed to
concentration thanqi;tsgg}tﬁ q%f the firs{ source region, the second soqurce

regi on, MeRgagtea ¥iseon Acsorging o Shis prabasiment, theyinsylatiog fige 700 is

transis | 0, | ' f Lt St I t.i wher.e 1 h

serm contiapGRl BE Ol My ok oBUEEES Jof o, 10 4nd B} Py B4 E pleffodsse
andigloesndWiirse¥8kt gdte bletrdde §00 dndaectd-lah& datd QbctiAb 80€LRUOnRM ed RGhHHES
one of an n-type inpurity element and a p-type inpurity elenment at | ower
concent makliGord 1t haot¢ that a géferdnee hiimstal §02desoteeg isemicondhrctardayumdcind aurfieence
region, t hefli)é{{ st drain region, and the second drain region, wherein a

second PYPE" tes pirenRerhale n dradditionagnosuxiliasy cagssiteriaay be fwened by esings
tsggoﬁg glgtc e@(gq(gléﬁﬁrgrogég i%%cg: rggeesg'% goo 968,”&1% igglu?zgtknagpﬁltnrl] %OB,I 51?(;{ tlleaﬁres{-ia%];r tga?:
electrodes.
15  [Embodiment 4]
[0126]
This embodiment describes a method for manufacturing a liquid crystal display device by
using a substrate formed by a method described in Embodiment 2 with reference to FIG. 12.
An insulating layer 56 called an alignment film is formed s0 as to cover the pixel electrode 50.
20  Note that the insulating layer 56 can be selectively formed by screen printing or off-set printing,
Then, rubbing is performed, and a sealant is formed around the pixel region.
[0127]
Subsequently, an opposing substrate 59 provided with an insulating layer 57 functioning
as an alignment film and a conductive layer 58 functioning as an opposite electrode is attached to
25 an clement substrate 60 with a spacer, and a liquid crystal layer is provided therebetween, so that
a liquid crystal display panel can be manufactured. The sealant may be mixed with a filler, and
the opposing substrate 59 may be provided with a color filter, a shielding film (a black matrix) or
the like. Note that the liquid crystal layer can be formed by a dispenser type (a dropping type)
method or a dipping type (a pumping type) method in which a liquid crystal is injected by using

30  acapillary phenomenon after attaching the opposing substrate 59,




57 the one of an n-type inpurity elenent and a p-type inpurity el enent at

| ower concentration than that of the first source region, the second source
region, the first drain region, and the second drain region. 5 10. The
transi stor according to claiml, wherein a width of the first channel
region is equal to a width of the second channel region. 11. The transistor
according to claim2, wherein a wdthzgf the first channel region is equal
to a width ofgibRp second channel region. 10 12. The transistor according to
claim3, wherein a total of widths of the first channel regions is equal to
a total of widahsuaf ciybai e dnjebidin &letioddimFleying Ihd Jispdiier nietisl atdbsed
according to claiml, wherein the transistor is incorporated into at |east

one sel KOpdd formend with the seatandomrd sherreiy aoliquid vyt is slrapped cacdiogipluhl tawner a,
e oy U SRR e R B SlaBuiantill STpshRiE ot Bl ©

game; maghi e i rgggig_abl e information termnal, a nobile conputer, a nobile
phone, a porta ganme nachi ne, and an el ectroni c book, and an i mage 20
reproducing flagbpe provided with a recording medium 14. The transistor
according to claim2, wherein the transistor is incorporated into at | east
one sel ect edStibsequantly, ymitng boardifet comedtiiomis\irodded withram, ardsotkiogict @hduaiver a,

a goggl g type display, head mpunted display, a navigation system an audio
repr odu@‘iyﬁ‘ég‘éf‘éﬂ‘i’%g tﬁgewe%di@ec‘ﬁﬁ’ﬁémd cHoms; iopfrangmedns sfemak Hgpaliaad, o

none. BB CTRRALER Rt AL R Rl BRI o BBy GRSl ©

repigduci ng pABDOFe provided with a recording nedium 15. The transistor
according to claim3, wherein the transistor is incorporated into at | east
30 one sel ecBgdhd atmvetdescribed siEps,onHisitliongstad fdisplayi dbetceqaoeided wathdhe this Film
canmera, a goggle type display, . 58 head nounted display, a navigation
syst em TARISTANE héysmierndnaigr dexiceel thy invaption epndeaammdaiteredsyst em a
personaEﬂﬁgﬁﬁﬁﬁgs a ganme machine, a portable information termnal, a

nobi | e nputer, A nobi | e phone, a portabl e gane machi ne, and an el ectronic
book, and an[(jl[mpe r epr oduci ng devi ce provided with a recording nedium 5
16. A method for” manufacturing a thin filmtransistor conprising the steps
of : 15 or m ng hikiendodmemit deseribed a exahplo df andufactheiagadigheetoing dphiy desicand
over a Substrate; formng a gate insulating filmover the first

sem conbii8sige the thip dilmnwansistorsefcihp dnvention with reference to FIG. 13.  Similarly to the

description in Embodiment 2, the thin film transistors are formed in the driver circuit portion 150
and the pixel portion 151 over the substrate 10. The layout of the thin film transistor and the
impurity element to be injected into the semiconductor layer are arbitrarily determined

20  depending on its expected performance. In this embodiment, the description is given from a
step of forming the interlayer insulating film 49, on the assumption that the second conductive
layer used as a portion of the gate electrode is made of molybdenum and a driving transistor 152
of a light-emitting element is a p-type transistor.

[0132]

25 In this embodiment, the interlayer insulating film 49 is formed by using siloxane.
Siloxane polymer coated over a whole surface is dried by heat treatment for 10 minutes at a
temperature of 50 .to 200°C, and then baking treatment is employed for 1 to 12 hours at a
temperature of 300 to 450°C so that the interlayer insulating film 49 is formed. By this baking,
a siloxane film is formed at a thickness of 1 um over a whole surface. In this step,

30  hydrogenation and impurity activation of the semiconductor layer are performed with hydrogen




sem conductor island; 10 formng a first-layer gate el ectrode which are
electrically connected to each other over the first sem conductor island
and the second sem conductor island; adding one of a p-type inpurity and an
n-type inmpurity at a first concentration to the first sem conductor island
and the second sem conductor island by using the first-1layer gate el ectrode
as a mask; 15 activating the one of a3zp-type inpurity and an n-type

| mpur i ti (Y silie@t nithRAURELY sinfulhfHoRSly 3viREGE 'ngjh%%ﬁhe%%ﬁalﬁgﬁ%&ge over the
first-layer gate el ectrode; adding tyhe one of p-type Inpurity and an

n-type i npurji$3}o the first sem conductor island and the second
sem conductor island by using the second-layer gate el ectrode as a mask so
that a firstSutsequeatly,cysiisommgide oxide filmogiarsilicogi axynitride fibn may henformed by r st

sem con or_layer to 2 icht 0 of. a.p:type.inpurity and.an n-type
rpur 1 VP& an B ker Be et hskiRng Al i9n " Thia T pinr Rt g kg SPPRsH
and sso . . i } r ai i 0 1 N
he BecoricLd SAERNMEN iE MEARR Plllaheofe Wil LB P HE SO 0,
n-type fafgpy étthed. S Nt the silidoh PrehitedBiaNis mEfcnibly ftihel REsiffi€isht thickness
concentration; formng an interlayer insulating filmso as to cover the
first senecwmived simuiapequsly withabe stebingdfsherivdong] wehich beupfisiallytaffects on the

second- | ayer. .electrode, and.the gate insulating film form ng contact
hol es iWﬂ%@ﬁ&ﬁéf&é‘ﬁ@“‘iﬂﬁﬂﬂwm’@tFif meddateBach each of the first source

region, the ﬁﬁ?ﬁfd source region , the first drain region and the second
drain region, m ng a conductive filmover the interlayer insulating film

andion t hi n tieens ol agérldyel essulting Bth ROl Paftemed aRd Q&M B0fokh cdnerf Belds Ve
filmto forma wiring, a source electrode 59 electrically connected to

t he fi rwhicheeachshekigh concgnuatidndnypacinegoos i 53 ta Bl megectively.a drai n el ect r ode
electrically %ggfected to the first drain region and the second drain
regi on, wher & he first source region is arranged so as to be di sposed on
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electrode and a drain electrode. In this embodiment, source or drain electrodes, or wirings 161

15 to 167 are formed respectively with a three-layer structure in which molybdenum, aluminum,
and molybdenum are stacked in this order over the substrate.

[0136]

Subsequently, a step of manufacturing a light-emitting device by using the
above-described semiconductor element follows.

20 [0137]

In a light-emitting device described in this embodiment, a layer containing a
light-emitting material is sandwiched between a pair of electrodes, and an element which emits
light by current flowing between the electrodes is arranged in matrix.

[0138]

25 As the excitation state of a light-emitting element, there are known a singlet excitation
and a triplet excitation, and it is considered that the light emission can be cobtained through either
of the excitation states. Therefore, the element in the singlet excitation state and the element in
the triplet excitation state may be used in combination in one light-emitting device depending on
the property of the each element. For example, in three colors of RGB, an element of triplet

30  excitation state may be used for red emission, whereas an element of singlet excitation state may




second- | ayer gate el ectrode, wherein a first portion where the first

sem conduct or | ayer overlaps the second-|ayer gate el ectrode has the sane
shape as a second portion where the second sem conductor |ayer overlaps the
second-| ayer gate electrode. 10 17. A nmethod for manufacturing a thin film
transi stor conprising the steps of: form ng a sem conductor |ayer over a
substrate; formng a gate insulating fsigg mover the sem conductor | ayer;

f or m ngb@ ufddr @k biuer 5l -dreedmWabe ENECUhAIRe et M@I&l ekdifafibn sAYLErIANG
el ectrode over the 15 gate insulating |ayer which overl aps the

sem conbasdtigh hinaneus, effididnayg theneb yofonaitmting pethe ddcraaservf tygpdrivinpuslidey. at a
first concentration to the sem conductor |ayer by using the first
first-1layer 55{38] el ectrode and the second first-layer gate el ectrode as

masks; activating the.gne of .a.p-type and an n- e | rit y..heat . .
treatnent: 20°f% nl?]ﬁtﬁngl ?‘?"rgth@ggﬁ% A ’at"elto}é'lglé‘@hggféé VB‘%;@B ]ﬂa@'eﬂlﬁg’ﬁ
firsf-| ayRtafal ehigh- : ' X ONgt- iufg
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an n-t ylightiemttirigl materiall e ispean osrdiediacs plopyey bétweds itltdlokh@ofeciilgtand the high
second-I%¥er gate el ectrode and the second second-layer gate el ectrode as
masks s@olaenle gar ibesemplayede Feghisnembodiswohda Jowrmelecwa oveightdlightemitting
region ar

formed i.n the sem condyctor 25 | ayer tqQ which the i rity.is
added alaral ghEmRIgyon: The R malcaarn &2 mat%aﬂc%ttheaﬂ#%h@%&m Yepight
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el end r ogie prdapidTinfageriud Hubatsohdlcempbsite htdrial f Ity 8fganits tHattkiah @nd iab MnbfrahRach
each of the first source region, the second source region and the drain
r egi on; ma@riabeawi egempleyadducti ve fil mover the interlayer insulating film

and within tﬂﬁ‘*ﬁfnt act hol es; 60 and perform ng patterning and etching
t he conducti Imto forma wiring, a source electrode electrically

connect ed t 02636Ne10irdalq 68 of Hie l§§H—reﬁ‘ﬁttirn§ URka? %ot llEa 36 gsolgci)a%? ryco%e{lglg .{h%n ’

drain electrode 167 of the thin film transistor formed through the preceding steps. The first

15  electrode 168 serves as an anode or a cathode of the light-emitting element. In the case of using
it as the anode, a metal with a high work function, an alloy, an electrically conductive compound,
the mixture of them, or the like is preferably employed. A work function of about 4.0 eV or
more is an approximate indication of the work function. As a specific material, ITO (indium tin
oxide), IZO (indium zinc oxide) in which 2 to 20 % zinc¢ oxide (ZnO) is mixed in indium oxide,

20 GZO in which gallium is doped to zinc oxide, ITSO in which 2 to 20 % silicon oxide (Si0,) is
mixed into indium oxide, gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chrome (Cr),
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), paradium (Pd), and nitride of a metal
material such as titanium nitride (TiN), and the like can be employed.

[0141] |

25 On the other hand, in the case of using it as the cathode, a metal with a low work function
(an appropriate indication is a work function of 3.8 eV or less), an alloy, an electrically
conductive compound, a mixture of them, or the like is preferably employed. Specifically, an
¢lement belonging to group 1 or 2 in the periodic table, that is, an alkaline metal such as Li and
Cs, an alkaline earth metal such as Mg, Ca, and Sr, an alloy (Mg-Ag or Al-Li) or a compound

30  (LiF, CsF, or CaF,) containing them, or a transition metal containing a rare-earth metal can be



and a drain electrode electrically connected to the drain region, 5 wherein
the first source region is disposed on a right side of the drain region,
wherein the second source region is disposed on a left side of the drain
region, wherein a first portion where the sem conductor |ayer overlaps the
first second-layer gate el ectrode has the sane shape as a second portion
where the sem conductor |ayer overl apsti he second second-| ayer gate
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first-layer gate el ectrode are el ectricall y connected to each er.
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10° 10"1(I$)l)ebt)h%: ’tch%Egtll{Lu!ctu%co "(Jth%e electroluminescent layer 170 is not limited to this laminated

structure, and the number of laminated layers may be small and a compound layer having the

function of two layers may be employed as well. Furthermore, the electroluminescent layer

10 170 may be formed by a single layer or a mixed layer.

[0146]

In this embodiment, a hole injection layer is formed by CuPc at a thickness of 20 nm, a
hole transporting layer is formed by C-NPB at a thickness of 40 nm, a light-emitting layer is
formed by Alq at a thickness of 50 nm, and an electron injection layer is formed by Al-Li at a

15  thickness of 10 nm.

[0147]

After the electroluminescent layer 170 is fornied, a second electrode 171 is formed so as
to be in contact with the electroluminescent layer 170. In this embodiment, the second
electrode 171 is formed to be a cathode since the first electrode 168 serves as the anode. The

20  material as described previously can be employed for the cathode. In this embodiment, an
aluminum film is formed at a thickness of 150 nm to form the second electrode (cathode) 171.

[0148] '

In this embodiment, only the first electrode 168 is formed by using a light-transmitting
material. Thus, light is taken from a bottom surface of the substrate. FIG. 14 is an example of

25  atop-cmission structure, in which a pixel electrode 176 and source or drain electrodes 161 to 165,
167, and 173 of the thin film transistors are formed in different layers. A first insulating film
174 and a second interlayer insulating film 175 can be formed by using the same material as the
insulating film 169 in FIG.13, and the combination of material can be freely determined. In this

embodiment, both of the layers are formed by using siloxane. The pixel clectrode 176 is

30  formed by stacking Al-Si, TiN, ITSO in this order over the second interlayer insulating film 175,
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"0)- 10f01'911ng the second electrode 1200 by using a film made of aluminum or silver at sufficient
thickness to transmit light, the dual-emission structure can be realized.

[0150]

15 FIGS. 15C illustrates a top-emission light-emitting device, which corresponds to FIG. 14,
When the number of interlayer insulating films 1201 is increased by one than those in the
structures of FIGS. 15A and 15B, a light-emitting element can be provided above the thin film
transistor 1202 as well, which is an advantage of the top-emission structure in the point of an
aperture ratio. |

20 [0151]

The transparent electrode such as ITO and ITSO, which is used in the dual-emission
structure or the top-emission structure, is difficult o be deposited by resistance heating, therefore,
it is formed by sputtering or electron beam deposition. When the second electrode 171 is
formed by sputtering or electron beam deposition, the surface of the electron injection layer or an

25  interface between the electron injection layer and the electron transporting layer may be
damaged, so that the property of the light-emitting element may be adversely affected. In order
to prevent this, it is preferable to provide a material that is less subject to such damage at the
ﬁosition closest to the second electrode 171. The material that is less subject to such damage
and that can be employed for the electroluminescent layer 170 is, for example, molybdenum

30  oxide (MoOx). However, since MoOx is the preferable material for the hole injection layer, it
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of a pixel is required to be n-type. In this embodiment, the driving transistor of the
light-emitting element 152 is a p-type transistor. However, by using the above-described
element, all the transistors over the substrate can be n-type transistors as well.

{0153]

15 The MoOx is formed by deposition, and MoOx satisfying x = 3 or more is preferably
emﬁloycd. Moreover, the MoOx layer may be formed to be an organic-inorganic composite
layer by co-evaporating with an organic metal complex such as copper phthalocyanine (CuPc) or
an organic material. In the case of using the light-emitting element as described above in which
the first electrode 168 serves as a cathode, it is preferable that a transistor using a-Si:H, which is

20  originally n-type, as the semiconductor layer be employed as a thin film transistor in the pixel
portion because the process can be simplified. In the case where the driver circuit portion is
formed over the same substrate as the pixel portion, only the driver circuit portion is preferably
crystallized by laser irradiation.

[0154]
25 Subsequently, a passivation film 172 is formed by using a silicon oxide film containing
- nitrogen by plasma CVD.  As for the silicon oxide film containing nitrogen, a silicon oxynitride
film formed by using SiH,, N0, and NHj, a silicon oxynitride film formed by using SiH4 and
N>O, ora silicon‘ oxynitride film formed by using a gas in which SiH, and N,O are diluted with
Ar may be formed by plasma CVD. Alternatively, a silicon oxynitride hydride film formed by
30  wusing SiHy, N;O, and H; may be used as the passivation film 172. Needless to say, the
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5  containing nitrogen or in addition to the silicon oxide film containing nitrogen in the form of a
laminated structure.

[0155]

Then, in order to protect the electroluminescent element from the deterioration-promoting
material such as water, the display portion is sealed. When an opposing substrate is used to seal

10  the display portion, the element substrate and the opposing substrate are attached with an
insulating sealant so as to expose am external connection portion. The space between the
opposing substrate and the element substrate may be filled with an inert gas such as dry nitrogen,
or the sealant may be coated over the whole pixel portion to form the opposing substrate. For
the sealant, an ultraviolet curable resin or the like is preferably employed. A drying agent or a

15  particle for keeping the same gap may be mixed into the scalant, Subsequently, the flexible
wiring board is attached to the external connection portion, so that an electroluminescent panel is -
completed.

[0156]

Such an electroluminescent panel displays the image with a single color, an area color, a

20 full color, or the like. The full-color display method is further divided into an RGB emitter’s
selective deposition method, a method in which RGB are made of a white-color light source by
using a color filter, a method in which a color having a short wavelength is converted into a color
having a long wavelength by using a color conversion filter, and the like. Moreover, a color
filter may be used in order to improve the color purity.

25 [0157]

Note that either of an analog video signal and a digital video signal can be used in the
light-emitting display device having a display function of the inventipn. As for the digital
video signal, there are a video signal using Voltage and a video signal using current. The video
signal input to the pixel uses the constant voltage or the constant current when the light-emitting

30  element emits light. When the video signal uses the constant voltage, the voltage applied to the
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other hand, when the video signal uses the constant current, the voltage applied to the
light-emitting element or the current flowing in the light-emitting element is constant, The

former one in which the constant voltage is applied to the light-emitting element is referred to as

5 a constant voltage drive, while the latter one in which the constant current flows in the

- light-emitting element is referred to as a constant current drive. In the comstant current drive,

the constant current flows without being affected by change of the resistance of the
light-emitting element. Either of a driving method by the video signal using voltage and the

driving method by a video signal using current can used in the light-emitting display device and

10 its driving method of the invention.. Moreover, either of the constant voltage drive and the
constant current drive can employed.

[0158]
Accordingly, a display device may be provided whose semiconductor element operates
without being affected even when being formed over a substrate which is largely affected by heat

15  shrink such as a large substrate,

[Embodiment 6}
[0159]
This embodiment describes a pixel circuit, a protective circuit, and an operation thereof,
[0160]

20 In a pixel shown in FIG. 17A, a signal line 1410 and power source lines 1411 and 1412
are arranged in the column direction, and a scan line 1414 is arranged in the row direction. The
pixel comprises a switching TFT 1401, a driving TFT 1403, a current controlling TFT 1404, a
capacitor 1402, and a light-emitting element 1405, |

[0161]

25 A pixel shown in FIG. 17C has the same configuration as the pixel shown in FIG. 17A,
except that a gate electrode of the TFT 1403 is connected to the power source line 1412 arranged
in the row direction. That is, the pixels shown in FIG. 17A and 17C are equivalent circuit
diagrams to each other. However, the power source line 1412 arranged in the row direction
(FIG. 17A) and the power source line 1412 arranged in the column direction (FIG. 17C) are

30  formed by conductive films of different layers from each other. A wiring connected to the gate
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and a channel length £(1404) and a channel width W(1404) of the TFT 1404 are preferably set
s0 as fo satisfy 1(1403) / W(1403) : 1(1404) / W(1404) = 5 to 6000 : 1.
[0163]

10 The TFT 1403 operates in a saturation rcgioh and controls a current value flowing
through the light-emitting element 1405, while the TFT 1404 operates in a linear region and
controls current supply to the light-emitting element 1405. It is preferable in view of the
forming step that both of the TFTs have the same conductivity type, and they are n-type TFTs in
this embodiment. In addition, not only an enhancement type but also a depletion type TFT may

15 be used as the TFT 1403. According to the invention having the above-mentioned structure, the
TFT 1404 operates in a linear region, therefore, a slight variation of Vgs of the TFT 1404 does
not affect a current value of the light-emitting element 1405, That is, the current value of the
light-emitting element 1405 can be determined by the TFT 1403 that operates in a saturation
region. Accordingly, a display device can be provided in which the image quality is improved

20 by improving a luminance variation of the light-emitting element due to variations in TFT
properties.

[0164]
In the pixels shown in FIGS. 17A to 17D, the TFT 1401 is a TFT for controlling input of
a video signal to the pixel. When the TFT 1401 turns ON and a video signal is inputted to the

25  pixel, a voltage of the video signal is stored in the capacitor 1402. FIGS. 17A and 17C each
show a configuration in which the capacitor 1402 is provided, however, the invention is not
limited to this, and the capacitor 1402 is not necessarily provided in the case where gate
capacitance or the like can be substituted with a capacitor for storing a video signal.

[0165]
- 30 The pixel shown in FIG. 17B has the same pixel configuration as FIG. 17A, except that a
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1" 109M8vidpd.PWMBH the TFT 1406 is turned ON, charges held in the capacitor 1402 are discharged,
thereby turning the TFT 1404 OFF. That is, current supply to the light-emitting element 1405
can be forcibly stopped by providing the TFT 1406. Thus, the TFT 1406 may be called an
erasing TFT. Consequently, in the configurations shown in FIGS. 17B and 17D, a
10  light-emitting period can start simultaneously with or shortly after a writing period before signals
are written to ail the pixels, thereby the duty ratio can be improved.
[0167]
In a pixel shown in FIG. 17E, the signal line 1410 and the power source line 1411 are
arranged in a column direction, while the scan line 1414 is arranged in a row direction. The
15  pixel comprises the switching TFT 1401, the driving TFT 1403, the capacitor 1402, and the
light- emitting element 1405. A pixel shown in FIG. 14F has the same pixel configuration as
FIG. 17E, except that the TFT 1406 and the scan line 1415 are additionally provided. Note that
in the configuration of FIG. 17F, the duty ratio can be increased as well by providing the TFT
1406.
20 [0168]
As described above, various pixel circuits can be adopted. In the case where a thin film
transistor is formed by an amorphous semiconductor film, in particular, a semiconductor film of
a driving TFT is preferably formed large. Therefore, the pixel circuits described above are
preferably formed to be top-emission type in which light of the electroluminescent layer is
25  emitted from the sealing substrate side.
[0169]
Such an active matrix light-emitting device is advantageous in that, when the pixel
density is increased, it may be operated at low voltage since a TFT is provided for each pixel.
[0170]

30 This embodiment describes an active matrix light-emitting device in which each TFT is
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which the TFT is provided per column. In the passive matrix light-emitting device, the high
opening ratio is obtained since a TFT is not provided for each pixel. In the case of a
light-emitting device in which light is emitted to both sides of the electroluminescent layer, the
light transmittance can be increased by employing a passive matrix light-emitting device.

f0171]

Described next is the case where the equivalent circuit shown in FIG. 17E is adopted and
a diode is provided as a protective circuit to the scan line and the signal line.

[0172]

In FIG. 18, the TFTs 1401 and 1403, the capacitor 1402, and the light-emitting element
1405 are provided in a pixel portion 1500. Diodes 1561 and 1562 are provided to the signal
line 1410. Similarly to the TFTs 1401 and 1403, the diodes 1561 and 1562 are each structured
based on the above-described embodiment, and each comprises a gate eclectrode, a
semiconductor layer, a source electrode, a drain electrode, or the like. The diodes 1561 and
1562 are each operated by connecting the gate electrode to the drain electrode or the source
electrode.

[0173]

Common potential lines 1554 and 1555 connected to the diodes are formed by the same
layer as the gate electrode. Therefore, in order to connect to the source electrode or the drain
electrode of the diode, a contact hole is required to be formed in the gate insulating layer.

[0174]

Diodes 1563 and 1564 provided to the scan line 1414 have the same structure.
[Embodiment 7]

[0175]

Examples of the electronic device to which the invention can be applied include a video
camera, a digital camera, a gogglé type display (head mounted display), a navigation system, an
audio reproducing device (e.g., a car audio component system), a notebook personal computer, a
game machine, a portable information terminal (e.g., a mobile computer, a mobile phone, a
portable game machine, and an electronic book), and an image reproducing device provided with

a recording medium (specifically, a device which is capable of reproducing a recording medium

wJ dEMB7 10 10L
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image). FIGS. 19A to 19E show specific examples thereof.

[0176]

FIG. 19A shows a light-emitting display device such as a TV receiver, which includes a

5  housing 2001, a display portion 2003 and a speaker portion 2004. The invention is applied to

the display portion 2003. According to the invention, yield can be improved as well as the

display quality. A polarizer or a circular polarizer may be provided in the pixel portion in order

to improve the contrast. For example, a 1/4 A plate film, a 1/2 A plate fiim, and a polarizer film

may be provided in this order in the sealing substrate. Further, an antireflection film may be

10 provided over the polarizer. |

o177

FIG. 19B shows a mobile phone including a main body 2101, housing 2102, a display
portion 2103, an audio input portion 2104, an audio output portion 2105, an operating key 2106,
and an antenna 2108. The light-emitting device of the invention is applied to the display

15 portion 2103. According to the invention, yield can be improved as well as the display quality.

{0178]

FIG. 19C shows a notebook computer including a main body 2201, a housing 2202, a
display portion 2203, a keyboard 2204, an external connection port 2205, and a pointing mouse
2206. The invention can be applied to the display portion 2203. According to the invention,

. 20 yield can be improved as well as the display quality.

[0179]

FIG. 19D shows a mobile computer including a main body 2301, a display portion 2302,
a switch 2303, operating keys 2304, and an infrared port 2305. The invention can be applied to
the display portion 2302. According to the invention, yield can be improved as well as the

25 displ_ay quality.

[0180]

FIG. 19E shows a portable gamc machine including a housing 2401, a display portion
2402, a speaker portion 2403, operating keys 2404, and a recording medium loading portion
2405. The invention can be applied to the display portion 2402. According to the invention,

30  yield can be improved as well as the display quality.
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[0182]

Pictures of semiconductor devices manufactured by actually using the invention are
shown in FIGS. 21 and 22.
10 [0183]
The picture shown in FIG. 21 is an actual transistor of the invention shown in a pattern
diagram of FIG. 4. Reference numerals in the drawing are identical to those in FIG. 4.
[0184] |
A transistor 550 of the invention is structured by a transistor comprising the
15  semiconductor layer 501a and a transistor comprising the semiconductor layer 501b, in which
the respective gate electrodes 502, source electrodes 504, and drain electrodes 503 are
electrically connected between the two transistors. The respective drain electrodes 503 are not
connected in the picture, however, they are merged outside the picture to be electrically
connected to each other. The semiconductor layers 501a and 501b are equal in width. The
20  source electrode 504 is electrically connected to the transistor comprising the semiconductor
layer 501a through contact holes on the observers’ left as the gate electrode of the semiconductor
layer 501a as the middle, while the source electrode 504 is electrically connected to the transistor
comprising the semiconductor layer 501b through contact holes oh the observers’ right as the
gate electrode of the semiconductor layer 501b as the middle. The drain electrode and wiring is
25  connected on the opposite side of the respective semiconductor layers.
[0185]
The gate electrode 502 is structured by a first-layer gate electrode and a second-layer gate
electrode. Respective semiconductor layers each of which does not overlap the first-layer gate
electrode while overlaps the second-layer gate electrode are added with a p-type or an n-type

30  impurity at a low concentration. On the other hand, respective semiconductor layers each of
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5 By forming a circuit by using such a transistor, a variation in parasitic capacitance
formed between the second-layer gate electrode and the semiconductor layer underlying the
second-layer gate electrode to which the low concentration impurity is added is suppressed, and
an operation margin of the circuit can be easily secured. Furthermore, the circuit reliability and
the reliability of an electronic device using the circuit are increased as well.

10 {0187]

FIG. 22 is a picture of a transistor of the invention formed by using another layout. In
FIG. 22, a transistor 255 of the invention is structured by 60 transistors each of which comprises
a semiconductor layer 251, a gate electrode 252 structured by two layers, a source electrode and
wiring 253, and a drain electrode and wiring 254.

15 [0188]

The 60 transistors are electrically connected among the gate electrodes, among the source
electrodes, and among the drain electrodes each other, and the 60 transistors are input with the
same signal and output to the same wiring. In the 60 transistors, a transistor through which
current flows in a first direction denoted in FIG. 22 and a transistor through which current flows

20  in a second direction are equal in number. In addition, the total of the width of the respective
semiconductor layers of the transistors through which current flows in the first direction and
each of which overlaps only the second-layer gate electrode, and the total of the width of the
respective semiconductor layers of the transistors through which current flows in the second
direction and each of which overlaps only the second-layer gate electrode are roughly equal to

25 cach other. Accordingly, a transistor of the invention may be formed in which the tolerance on
deviation of the second-layer gate electrode in the first direction and in the second direction is
larger than that of a conventional structure for securing an operation margin.

[0189]

This application is based on Japanese Patent Application serial no. 2004-071793 filed in

30  Japan Patent Office on 12th, March, 2004, the entire contents of which are hereby incorporated
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a first gate electrode over the first semiconductor island interposed an insulating film
therebetween; and
a second gate electrode over the second semiconductor island interposed the insulating
film therebetween,
10 wherein the first semiconductor island comprises a first source region, a first drain region,
a first channel region between the first source region and the first drain region,
wherein the second semiconductor island comprises a second source region, a second
drain region, a second channel region between the second source region and the second drain
region,
15 wherein the first source region and the second source region are electrically connected to
each other,
wherein the first drain region and the second drain region are electrically connected to
each other, -
wherein a first current flow direction through the first channel region of the first
20 semiconductor island is opposite to a second current flow direction through the second channel

region of the second semiconductor island.

2. Atransistor comprising:
a semiconductor layer;
25 a first gate electrode over the semiconductor layer interposed an insulating film
therebetween; and
a second gate electrode over the semiconductor layer interposed the insulating film
therebetween,
wherein the semiconductor layer comprises a first source region, a second source region,

30  a drain region, a first channel region between the first source region and the drain region, and a
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3. A transistor comprising:

a plurality of first semiconductor islands;

10 a plurality of second semiconductor islands;

an insulating film; and

a gate electrode having a first layer and a second layer,

wherein each of the first semiconductor islands comprises a first source region, a first

drain region, a first channel region between the first source region and the first drain region,

15 wherein each of the second semiconductor island comprises a second source region, a
second drain region, a second channel region between the second source region and the second
drain region,

wherein each of the first source region of the plurality of first semiconductor islands and
each of the second source region of the plurality of second semiconductor islands are electrically

20  connected to each other,

wherein each of the first drain region of the plurality of first semiconductor islands and

each of the second drain region of the plurality of second semiconductor islands are electrically
connected to each other,

wherein a first current flow direction through the first channel regions of the respective

25  first semiconductor islands is opposite to a second current flow direction through the second

channel regions of the respective second semiconductor islands.

4. The transistor according to claim 1, wherein each of the first gate electrode and the
second gate electrode comprises a first layer and a second layer.

30
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impurity element and a p-type impurity element.

7. The transistor according to claim 2, wherein each of the first source region, the second
source region, and the drain region include one of an n-type impurity element and a p-type

10  impurity clement,

8. The transistor according to claim 4,
wherein a first portion where the first semiconductor island overlaps the second layer of
the first gate electrode and does not overlap the first layer of the first gate electrode includes one
15 of an n-type impurity element and a p-type impurity element at lower concentration than that of
the first source region, the second source region, the first drain region, and the second drain
region,
wherein a second portion where the second semiconductor island overlaps the second
layer of the second gate electrode and does not overlap the first layer of the second gate electrode
20 includes the one of an n-type impurity element and a p-type impurity element at lower
concentration than that of the first source region, the second source region, the first drain region,

and the second drain region.

9. The transistor according to claim 5,

25 wherein a first portion where the semiconductor layer overlaps the second layer of the
first gate electrode and does not overlap the first layer of the first gate electrode includes one of
an n-type impurity element and a p-type impurity element at lower concentration than that of the
first source region, the second source region, the first drain region, and the second drain region,

wherein a second portion where the semiconductor layer overlaps the second layer of the

30  second gate electrode and does not overlap the first layer of the second gate electrode includes
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11. The transistor according to claim 2, wherein a width of the first channel region is

equal to a width of the second channel region.

10
12. The transistor according to claim 3, wherein a total of widths of the first channel
regions is equal to a total of widths of the second channel regions.
15 13. The transistor according to claim 1, wherein the transistor is incorporated into at least

one selected from the group consisting of a video camera, a digital camera, a goggle type display,
head mounted display, a navigation system, an audio reproducing device, a car audio component
system, a personal computer, a game machine, a portable information terminal, a mobile
computer, a mobilé phone, a portable game machine, and an electronic book, and an image

20 reproducing device provided with a recording medium.

14. The transistor according to claim 2, wherein the transistor is incorporated into at least
one selected from the group consisting of a video camera, a digital camera, a goggle type display,
head mounted display, a navigation system, an audio reproducing device, a car audio component

25  system, a personal computer, a game machine, a portable information terminal, a mobile
computer, a mobile phone, a portable game machine, and an electronic book, and an image

reproducing device provided with a recording medium,

15. The transistor according to claim 3, wherein the transistor is incorporated into at least

30  one selected from the group consisting of a video camera, a digital camera, a goggle type display,
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forming a first semiconductor island and a second semiconductor island over a substrate;

forming a gate insulating film over the first semiconductor island and the second
semiconductor island;
10 forming a first-layer gate electrode which are electrically connected to each other over
the first semiconductor island and the second semiconductor island;
| adding one of a p-type impurity and an n-type impurity at a first concentration to the first
semicqnductor island and the second semiconductor island by using the first-layer gate electrode
as a mask;
15 activating the one of a p-type impurity and an n-type impurity by heat treatment;
forming a second-layer gate electrode over the first-layer gate electrode;
adciing the one of a p-type impurity and an n-type impurity to the first semicondﬁctor
island and the second semiconductor island by using the second-layer gate electrode as a mask so
that a first source region and a first drain region are formed in the first semiconductor layer to
20  which the one of a p-type impurity and an n-type impurity is added at a higher concentration than
the first concentration and so that a second source region and a second drain region are formed in
the second semiconductor layer to which the one of a p-type impurity and an n-type impurity is
added at a higher concentration than the first concentration;
forming an interlayer insulating film so as to cover the first semiconductor layer, the
25  second semiconductor layer, the second-layer gate electrode, and the gate insulating film;
forming contact holes in the interlayer insulating film to reach each of the first source
region, the second source region , the first drain region and the second drain region;
forming a conductive film over the interlayer insulating film and within the contact holes;
and

30 patterning and etching the conductive film to form a wiring, a source electrode
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wherein the first source region is arranged so as to be disposed on a right side of the
second-layer gate electrode,
5 wherein the second source region is arranged so as to be disposed on a left side of the
second-layer gate electrode,
wherein a first portion where the first semiconductor layer overlaps the second-layer gate
electrode has the same shape as a second portion where the second semiconductor layer overlaps
the second-layer gate electrode.

10
17. A method for manufacturing a thin film transistor comprising the steps of:
forming a semiconductor layer over a substrate;
forming a gate insulating film over the semiconductor layer;
forming a first first-layer gate electrode and a second first-layer gate electrode over the

15  gate insulating layer which overlaps the semiconductor layer;
adding one of a p-type and an n-type impurity at a first concentration to the

semiconductor layer by using the first first-layer gate electrode and the second first-layer gate
electrode as masks; _
activating the one of a p-type and an n-type impurity by heat treatment;

20 forming a first second-layer gate electrode over the first first-layer gate electrode;
forming a second second-layer gate electrode over the second first-layer gate electrode;
adding the one of a p-type and an n-type impurity to the semiconductor layer by using the

first second-layer gate electrode and the second second-layer gate electrode as masks so that a
first source region, a second source region and a drain region are formed in the semiconductor

25 layer to which the impurity is added at a higher concentration than the first concentration;
forming an interlayer insulating film so as to cover the semiconductor layer, the first

second-layer gate electrode, and the second second-layer gate electrode;
forming contact holes in the interlayer insulating film to reach each of the first source
region; the second source region and the drain region;

30 forming a conductive film over the interlayer insulating film and within the contact holes;




10

60
and

performing patterning and etching the conductive film to form a wiring, a2 source
electrode electrically connected to each of the first source region and the second source region,
and a drain electrode electrically connected to the drain region,

wherein the first source region is disposed on a right side of the drain region,

wherein the second source region is disposed on a left side of the drain region,

wherein a first portion where the semiconductor layer overlaps the first second-layer gate
electrode has the same shape as a second portion where the semiconductor layer overlaps the
second second-layer gate elecirode,

wherein the first first-layer gate electrode and the second first-layer gate electrode are

electrically connected to each other.




