1 TH N FI LM TRANSI STOR, SEM CONDUCTOR DEVI CE, AND METHOD FOR MANUFACTURI NG
THE SAVE 5 BACKGROUND OF THE INVENTION 1. Field of the Invention [0001]
The present invention relates to a thin filmelenent fornmed over a gl ass
substrate and to a 10 gl ass substrate over which a thin filmelenent is
formed. 2. Description of the Related Art [0002] A glass substrate, which
is lowin cost as conpared with a quartz substrate and easy to formin

| arge size, has been frequently used as a substrate for a flat panel

di splay and the like. 15 [0003] Howevgr, a glass substrate is low in heat

di stortion tenperature and weak of heat, thus there are many restrictions

in the progeaN PfL ' TOR ' ﬁb%ﬂﬁrl;i g

substrate. In v?few 0 mﬁ]ﬁgsgg in '[SrgeM(k:ase 0 orm(ﬁn]fg)hpo y@ﬁi@m%’rm&“m ass
substrate, a process using MSRUFAYRURINGZRUERW M adopted so that the
substrate is not heated nuch. 20 [0004] Neverthel ess, the substrate is

neceéssarily heated to a certain degree in order to, for exanple, activate
inmpurities, thus various counternmeasures to alleviate the heat shrink have

been devised as di scl osed BAFFERAHNBOL FEE INVENEII®N ent Document 2.

[ Pat ent | D]ei BN, apanese Patent Lai d-Open No. 2002-175984 [ Patent
Docunent’ 2% Japaenitjar]svggi%[fent Lai d- Open No. 2003-335547 [0005] In accordance

wi th the cosfooogylucti on and enl argenent of a display size, a glass
substrate 30 has gradually been enl arged, thereby causing considerable
substrate di $hopteson idvmtipo réles tehlinkim2lement formed over a glass substrate and to a

10 glass substrate over which a thin film element is formed.
2. Description of the Related Art

[0002]

A glass substrate, which is low in cost as compared with a quartz substrate and easy to
form in Jarge 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 cnlarged, thereby causing considerable substrate distortion due (o heat shrink.



Thus, a further counterneasure is required. [0006] |In addition, as a
design rul e has been di m ni shed, an acceptable margin for mask deviation
has been smaller, thereby causing deviation in sone cases due to

m sal i gnment or 5 substrate distortion even if the mask is aligned with

hi gh precision. [0007] In view of the foregoing, the invention provides a
sem conduyct or _el enent where the operation is not affected even when bei ng
f or ned F HIWREE QU EMFAT RIS 6qiEidgel y affected by heat shrink such as a
| ar ge substrﬁbgogﬂn addition, the invention provides a thin film 10

sem conductor "Circuit and a thin filmsem conductor device each provided

Wi th the semnmhcoiuist |d=dg%ﬂt I I td Qn, i . he

i nvention, a sem condfﬁ:stgr el en%lrll% q{igg%&ﬁgv@g@g'%\ﬁtgé%g ?ﬁcgﬁa%%egg{élgn&fsm%s&
af f ect edceinton itias theen amiabless Ithatty oRslngd@wii@idom st ChRE Rktto AbaliEMKeRt 4:on
15 provides a thin filmsem conductor circuit and a thin film sem conduct or
devi te &abstrafr Gytorian evgn ifthe mesk éndloed withdviglepreaision. SUMVARY OF THE

| NVENTI ON [?8 20 According to one aspect of the invention, there is
provi ded a plturality of gate electrodes fornmed so as to overlap a | ower
concentrati ofy i rdet e IEEQN 0 : I ctor_layer than drain regigns
on a drain rglgivg&r}usdifd%? @I&ggfﬁg’sghﬁ {:@ggﬂé%? %)s%%(rglaa £ ﬁelcalrl%ﬁ‘cgorr lafn(% whert the
cor r espopatatign ist mottdifecredLPEL Whee bealgCloPhes biAlLsuRfiStl WERRYs $RediPakreGHl HEN!
flows in opposite directions each other through channel regions

cor r espBeidi Hyinko suete agat dargeesubstrdies. IRunddition, thee imentien pbvidee 25%hiahsinnel

regjons_in which a current flo inafirst direction is equal to the
nun%ogr %?‘“‘F%‘éd“c?ﬂ"a{nﬁé’r?““rw cﬁmst\q/fsfh ’{;31‘” cHrmicnueent devigmseach aratiidesc twigh the
opposi t@rﬂi_@oﬂd&%tcirie[éﬁen?j rection. [001.0] According to another aspect of
the invention, a thin filmtransistor conprises a plurality of gate

el ectrodes f@0O@8fl over a sem conductor |ayer, channel regions corresponding

to the gate 30 el ectrodes, and source and drain regions corresponding to
t he respect i lneadshitien, gicewdimgdesthé dnvmetios, a semiconductor element is provided where the

operation is not affected even if there is slight mask deviation. Furthermore, the invention
15 provides a thin film semiconductor circuit and a thin film semiconductor device each provided

with the semiconductor element.

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 overlap 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 clectrodes.  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 clectrodes formed



in the sem conductor |ayer, which contain one conductivity type inpurity
elenment. In addition, the sem conductor |ayer conprises |ower
concentration inpurity regions than the drain regions at one portions on
the drain sides which overlap the gate el ectrodes. Further, when a
direction of a current flow ng through3 one of the channel regions is
referred to as a standard direction, the 5 nunber of the channel regions in
whi ch a iB the erticendowsr fayer ivéhigh eomdaindndicordudtisity ayye ittperituaibeient. ofin atidition,
channel jn which a current flows in a direction opposite to the

st andar dMGRIBERTAyOT S3gT EfRmses F%%QOHC%E?&PH iMBUTY ragigphdnan figdram rggioppal
i ti o film.transi i Lurality .10 te .
ol et r ogng PRriidd nihe B SRS &hith SRITRE LRCEN ARG, - Kunleh BhaflRfestion ofne

corr espandirig: flowilpethgnied Heest the ¢88nnchekiSAULGe AR 1INt iRBtP AR cction, the
corresponding to the respective gate electrodes forned in the plurality of

sem €ondueber of thy ehsnelvvigeins domthadhna oireent Flondus thevithnydakd pRedtivaWniditie number
element. .In addition, the plurality of sem conductor |ayers conprise |ower
concent Phthecrhappg degipys F’e‘@[ﬁ’&ﬁsﬂ eugeat flawsdn i directen eprosie tomle gordarddicaion
the dr a'hl%%i#gles 15 which overlap the gate el ectrodes. Further, when a
direction a current flow ng through one of the channel regions is
referred to f@‘oﬁ!standard di rection, the nunber of the channel regions in
which a current flows in the standard direction and the nunber of the
channel regi dwsordmgnboi anbthar aguect enthefihomgionNa shidifSCkiRBONRATIrises & Phirfigy
standard_direction are equal. [0012) 20 According to another aspect of the

i nvEht | Bh, 82 t flpsrades nfarmadspeeror ddwplised semicondugtemtleyes,ofchgated regions
electro ver a .seniconductor | ayer annel regions corr.espondin
to t heg(ggcgh(g%c{{%etgg@f:egaéf e‘%‘ﬁ@@@, a %&Ogtl?ﬁr %‘5{: (g dﬁﬁﬁi%‘gr %‘ﬂf%ﬂ%“‘fmg Ro "
cor r espRrEsicide tgdte! ABFRIRP §6in dMCindRkLSlulliRE bf Qgﬁﬁﬂﬂﬁ{c@&dla Brst Dficn, %oiltain one

1
sem conductor layer, which contain gpone conductivity type inpuri
el ement condnctaddi typeimpirhg chaidne.ontuakittion, @yaiiuLORPsT eafcdivBior ¢RREE IR IsEON

inmpurity regions 25 than the drain regions at one portions on the drain
si des WRFEhCOREniTaion Hepwiy segibe thaabs draiBurgihes at ahe pogiods mecthi dnainfsides
ot daar s iR AER e BB oPSeb Bhenach g 6ha chicuionig bimebare
et s e S R A
are equahich 3@ufre@1fk)ws 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.
[6012]

20 According to another aspect of the invention, a thin film transistor comprises a even
numbers of gate electrodes formed over a semiconductor fayer, channel regions corresponding to
the respective gate electrodes, and source and drain regions corresponding to the respective gate
electrodes formed in the semiconductor layer, which contain 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]



4 According to another aspect of the invention, a sem conductor device is
provi ded which conprises a first transistor and a second transistor,
wherein the first transistor and the second transistor each conprises a
sem conductor |ayer, a gate insulating filmfor covering the sem conductor
| ayer and a gate el ectrode formed over the gate insulating film Further,
the 5 sem cogguctgr I a%%; is doped w th4 a p-type or an n-type inpurity

el enent. Mor gOVEFIinG X AUGRE aspeiQfrthe fnveptdon, 4 semigqradysios deyice irdpravisied vdch
regi on QnihiR.S§ istior are.electrically. connected.each other. In
the sane nﬁn%srs, Cfggg[lrén[{s?sggi aglrclisar Srend ﬁtéa“(f]ﬁ{oé’ ‘gbﬁ%{nr ﬁ’&e@rsbfr@n%?t%rc?‘iqowélqe(jond
connect athngid@h @ichesomhpidelea BRiddnANSOS NS, al Ba@dFihi - | uegor
| ayer over which the lgate el ectlrode is ?%r’ngdg%gngl?%llgggg aliﬂp‘fefgggog&g%?ﬁlcel
regi on aneicentiewter layonerdhir gttt etectrope fotnyedlOvarabe @atct hanlatihg fimal FufBe o
Addi%ional&%, a current flows in the two transistors in parallel

di r ett i §ARIGOgIEtaysHs Aopedhwithiace-typstorane-typs popuiityeclemtt. e Matowdessaice
the two tJ[: jeSLQr re _eqgual,, a part of .a sem conductor |ayer which

over | apéé%ﬁlgsdgfa{hg féfsgéiaﬁ%‘a Frid f‘hgmg%éegé% thietereach tfgf’l’élsqu}ioafe electrically
transi stofifectedEclt Bhe L Ntn thOWnd RLOHGD | SEOLR osi&e
directions to each ot he?. 15 [00%4 A%I%@Srgfg%s%fé@g% E%él%ggégdggg%oeﬁe{tﬂga]ly

i nvent i opnneatedenticotheuintthe tvleuasistos. PIOYAHEEH W §dic6MTREIIBR Bvdi WiSkh the
transistor and a second transistor, and the first transistor ‘and the second
transi sBYF clestde bnjorned somprieasi at denstia channehyemion andyai@vémsukattianign finpanifyor
covefing, the, sem conductor |gyer.and a gate el ectrode formed over the gate
i nsul at %ﬁé}g}\‘ fhan, tipf—'urrft"ﬁerF,nghe%flg“?éﬁﬁEo%g%?‘Hrﬂ‘i"”éi/é‘?' the t%é’@é}fﬂﬁﬁof%mapﬁagglpe
or an ndfddRn MR Ythel GREWiddl | thakd Qs of'iRe 39diLian, the
seni conductor | ayer over mhiéhnt%@ﬁgﬁ%g&gﬁggéggdggag) %fﬁégcg%ﬂﬂWng?”%WC

| east acquahanpett of egioncanthcerl lay&r wﬁﬁﬂ%ﬂﬁ?& HRNgdtERWctbd e Y 'tl@s&ﬁ@@h:{?@e
first concentration region. Mreover, both the two transistors are input
from a P§tween Wiertvagrassigtasutapdicurrsniflgws tivdughi thertgro tramsibtore speppisite difatsons

el ectrodes L& Fl ectrically connected between the two transistors. 25
Addi ti ona Fy, & current flows through the two transistors in parallel

dirgetions tgoeach other, the wdth of the respective gate el ectrodes of
the two transistors are equal, a portion of the sem conductor |ayer which

overl aps theAgatrdinglteahdsteleadpast é@e SABRLSRAPEPBLNRR RSP provided which
transistors, and current flows through the two transistors in gpposi te
di rect iGOAYPTISES @alirst dransistor 4nd0d5jecond transistor, and the first transistor and the second
transistor each comprises a semiconductor layer, a gate insulating film for covering the
semiconductor layer and a gate electrode formed over the gate insulating film. Further, the
20 semiconductor fayer is doped with a p-type or an n-type impurity element at a first concentration.
In addition, the semiconductor layer over which the gate electrode is formed comprises at least a
channel region and a lower concentration impurity region than the first concentration region.
Moreover, both the two transistors are input from a first wiring and output to a second wiring,
and respective gate electrodes are eclectrically connected between the two transistors.
26  Additionally, a current flows through the two transistors in parallel directions to cach other, the
width of the respective gate electrodes of the two transistors 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 transisfors in opposite directions to each other.
[0015])

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



30 According to another aspect of the invention, a sem conductor device is
provided which 5 conprises a first transistor and a second transistor, and
the first transistor and the second transistor each conprises a

sem conductor |ayer, a gate insulating filmfor covering the sem conductor
| ayer and a gate el ectrode fornmed over ghe gate insulating film Further,
the sem conductor, layer, is doped witha p-type or an n-type inpurity

el enent AYMBISEY Ashirst SRS attdon . sesond, trapsistor, oand theefisss niransisthu candr tHeaseepnd

over whi e rode is fornmed conprises at | east.. channel,

regi on é?\%sgkﬁ?o&‘%ﬁl %@h@ggr{ftg rgtslegﬂccfr&ﬂﬁnu%ﬁ'?y?reﬁi &Rt H’éHL‘f‘Hg ff‘&‘i‘ dlpr covering the
concent rsatnicundh &8 Morse r 1.1 Ltan . a ce .
regi on andlt he gat qe)dyglr gct rao%ée‘go?‘leot?%géﬂnﬁdgd Sﬁgﬁgi%ﬁrﬂlsggﬁ%ﬁﬁgp't o%%%%er’ the

par asi t issmécapdedtoalayer ibdbpebwith agr-gips of e hapﬁ)@iﬂq)&hlﬁ cRaicat & LGLT QfRemfatione
second traggjstor. Addi tionally, a current flows through the two

t r angi stiBpdditignfhe semisendyqteidayamyet o/hich thaghtedldvtode ihrmied compfisdshe least a
respect iclﬂ&m%i"tre igrll ecthrodes of the two . transistors are egual , a portion of
the sem conductor PAY & ARISF SRUGUEAPAD JMmPHEgERoTethaR tthe dustepnceneation magion.
shape baiyeekr it ' a t.flagws through . the two.
transistors in g%gglgl}ﬁ?gbgflgggf}b%%vieetnog'ggc 8 Wgé]ﬁgra}nd[ g&g%te eclfﬁlﬂggdﬁd‘ﬁ'ﬁgf“tsb

anot her tmsgigot issdquahes parusinit icapacitdndd Bawest @1drif EiBY adadhoBhENIGATRE b o 2
plurality of transistors each conprises a sem conductor |ayer, an
i nsul at Hgnflitilapsisiae  aAdditienallsi & ctiroudovarttirauigh tiyatves ehestttonde paafieltdi@ctions

pl ural i of transjistars a electrjcally connected to each other, each of
t hei(gat Ee‘:}léi“’ehc?‘rhSHZ‘l‘%deﬁﬁ’i gé?“amlsP?Cétvﬂ%N%PI%Q?@S&%Wrmtranﬁstars are equal, a

second- ha¥Rh od ﬁ{eesenﬁ&ﬁﬁlwé@g f&gepmkm V%ﬂ%;?sntzlﬁ %Ltctc?eecél%ltl;lg &g%)h%ysglge lsﬁaréa%r])seltvssiée%r S

are electrically connect each ot her’, sourc

pl ural i the teb ttanaiveirgtaad S @ERneHEwE HhreadH theGRONELLRDE th § itQHn&ftionF 8§ each
pluralit of transistors conprises a transistor includi'ng a channe

t hr oughOWfi-ch a current flows in a first direction and a transistor
including a ﬁgﬁﬂ:el t hrough which current flows in a second direction that
IS opposite e first direction. [0017] 25 According to another aspect

of e i nvenkj . I i ing_t he above-descri bed., strugture .
R R A A e R A L
transi splorasity b@@ﬁh&];isto?@‘é@éfﬁb@ﬂpﬁi%sggg@ﬁl‘%ona§&81ctlaﬂi, I endu BB B0 and a gate

transi stor having the above-descri
electrode, and the gate electrodes of the plurality of transistors are electrically connected to each
other, cach of the gate electrode comprises a first-layer gate electrode and a second-layer gate
electrode, drain regions of the plurality of transistors are electrically connected to each other,
20 source regions of the plurality of transistors are electrically 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.
[0017]
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]



structure conprises the sem conductor |ayer which is different anong the
plurality of transistors. 30 [0019] 6 According to another aspect of the
invention, a transistor having the above-described structure conprises the
source region and the drain region which are added with an n-type or a
p-type inpurity elenent at a first concentration. [0020] 5 According to
anot her aspect of the invention, a tramnsistor having the above-descri bed
structure corfficPikag 0 gapthepaspset ofdhe érvcndond L tronsistay bavingithh abwerdapsbed
only th cond-laver .. gate electrode.is added with one inpurity el enent as
that of SURSSECHMEHFEE g1 SsrcreEie Tiih SR TN Bl MovHEdBHEAN T BORGH o

t han t he_gji i .10 Accordi ng to anot her aspect of the
i nventi %nt?b%ﬁ{lglgﬁg??%in@hg%?ﬁéL%Me{%tgg/né- described structure characterized
in that the foodsgr of the transistors through which current flows in the
first direction and the nunber of the transistors through which current
flows in theAscewing tapnetbel aspear of duuimivention, ketrphsistad hayingfihd nankduseorilsed
and the width of the sem conductor | ayers each of which overlaps the
second- PAYRYCSROPISPLR PSRN ghthe; ssmicondueter fayisr plvigenittan anlst Hespeondrlayer
15 diregli directi i | a p llel to a.surface of.

t he subg%tF;é?ee&irogE gﬁagﬁ?&f%thhéé{e %Itléju(r%lg ie?fi/lg%n? atsﬂﬁfhts&; rPUIGEOI5EIoN andy rcg'f“ﬁg
Lo anot fegloraRRdokeAborkbRriBanA 0 fird dohalHafbA! Naving the above- descri bed

structure has a first portion where the sem conductor |ayer through which
current flowld2althe 20 first direction overlaps the second-layer gate

el e%trode. Further, the transistor has a second portion where the
semconduct of “fHHEE LRIt WRPerofctherigrentiono astransistorehaviep the dhavecicsaibed

overl ap = r electr . A total width of the first |

porti on%n%pﬁ %%gf‘ﬁ?‘gf’%@ﬁ‘o?‘gfh% n%"?%ﬁsfﬁ?ﬁ%ﬁé“ﬁ‘ﬁoﬁ; thOr“@i’t‘?’lb‘ﬁh SRFBEdREUImtet o
the firfist die@edd aid ithe auRibePef RBE ; i
equal to a total wdth 01EJ t he seconghggtro%sfgﬁgé%{f’ mg&% gégﬁ'{f@mﬁ#’lﬁ?tﬁ%@%&onﬁ

t ransi sdigacsion arcaeq@Bl thi the pf urolitypertpenidiors)laat thowidik of ithS$endbsREtiod Tayiefs @ch

pl ane p(gfr aLJ EI t8 a surface of the substrate. [0023] According to another
aspect YFVRIGR VYR thersecend-laapis pafe slectiodp rodildaddivgtition eoprpdicebs ta the first

15 direction or the second direction in a plane parallel to a surface of the substrate is equal in the
plurality of transistors.
[0022]
According to another aspect of the invention, a transistor having the above-described
structure has a first portion where the semiconductor layer through which current flows in the
20 first direction overlaps the second-layer gate electrode. Further, the transistor has a second
portion where the semiconductor layer through which current flows in the second direction
overlaps the second-layer gate clectrode. 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 planc paraliel 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 seccond gate electrode. In addition, the first gate electrode and the second gate clectrode are



first transistor having a first sem conductor layer, a gate insulating film
and a first gate electrode and a second transistor having a second

sem conductor |ayer, the gate insulating filmand a 30 second gate

el ectrode. In addition, the first gate el ectrode and the second gate

el ectrode are 7 electrically connected7to each other, and the first gate

el ectrodi C?nd It he sec‘ggd gate el ectrode are each conprises a first-I|ayer
gate el SCTFERRUY ARanertebiosigh pHirsrang dhetipt sute clgtrodpart thesaeandygateeleatrogierire

i LEst, b | St dr aj i f th d.t i st
e ol ot CEmpHS s FEETRG Qe SRR ATHE £ SLOGuTR slsgrioniror ¢ ReeRiomaly 3
transi stdesinaBgiod TOMERsl BGhARoPhnd REIRRCRBH 0 ftﬁ:ns%'cﬁﬁ@ kraftfi§tof Eﬁgélﬁtﬁg%ﬁf’

connected to each other, and current flows™t hrough channels int

transi stconnente tohvack edend smacsiegion ofi the Gippasinkistodiah€atso@fts rt@oRaE Mheticbsd
[0024] According to another aspect of the invention, a transistor having
t he 3bolBrHelor prerlertrictily congpetet inseachethasansdecurrsgt Bnwathtorgleciimasls in tgi fixst

added wi . - e_or -fype inpurit 10 elenment at a first

concent F‘%F?‘%ﬁ? QT%%’%gfconﬂgﬁagﬂsﬁrfﬁd“ f’g&’é%ﬂﬁé‘ftl%b‘éﬁﬁ'&m?%e i nvention, a
transi stor hayp t he above-described structure has the first

sem conduct or | ayer which overlaps the second-|ayer gate el ectrode of the

first gate elAscordie thutotioesasprot odVies Idpntidie o trhsdisthR%SFing e 166 RCId:OG6: O
the first gate electrode is 15 added with the same inpurity elenment as that
of the §§5\£F§%'@ hag gho powrael regien dndiithe draiyi mgicat adalet ovitlr an cetype ot nat-iypa imparity
thel irglte %opé:tentr.rgti on 8gnd t he second sem conductor |ayer which overl aps
t he' % ecSRE A& IGhrWEM Lt Mode of the second gate el ectrode but does not
overlap the @gggﬁ-l ayer gate electrode of the second gate electrode is
-added with the same inpurity elenent as that of the source region and the

drai n regi onAatordingowein@BaICpetabli G inbatidnDe fidsioCRAGEN KALDRR-dedQibed
[ 0026] According to another aspect of the invention, in a transistor having

t he abo¥81HHES dps Bedirsssemicondustondhen witich oiataps teastsonddasice pgit kldciode of the
directi énn Eer pgengi ﬁu[:’ar to a di chti on of flow nq carriers through ‘
channel Y5683 KEHPHG put dogs 208 PBirlapdhe find-lavee gale Hectinge of dre finst gatppigaode is
parg | f I t i dt h of e first .

CaP ortioet aft RS B b Mo RS IRA B nhPulfiftBoR and I driladwion il
the wi didnceftrdine ta&c odfifeFoaMIGERT ardoNe seHCRAVEIdRRE 118 WREIPBY 4Rk

el ect rot(gg 'second—iaycr gate electrode of the second gate clectrode but does not overlap the first-layer
gate electrode of the second gate electrode is added with the same impurity element as that of the
source region and the drain region at a lower concentration than the first concentration.
20 [0026]
According to another aspect of the invention, in a transistor having the above-described
structure, when the width means the length in a direction perpendicular to a direction of flowing
carriers through channels of the first transistor and the second transistor in a plane parallef to a

surface of the substrate, the width of the first semiconductor layer which overlaps the first gate

25 clectrode is equal to the width of the second semiconductor layer which overlaps the sccond gate

electrode.

(0027}

According to another aspect of the invention, a transistor having the above-described
structure is provided which comprises a first transistor having a semiconductor layer, a gate

30  insulating film and a first gate electrode and a second transistor having the semiconductor layer,



[ 0027] According to another aspect of the invention, a transistor having
t he above-described structure is provided which conprises a first

transi stor having a sem conductor |ayer, a gate 30 insulating filmand a
first gate electrode and a second transistor having the sem conduct or

| ayer, 8 the gate insulating filmand a second gate electrode. In
addition, the first gate electrode and % he second gate el ectrode are

el ect ri dbg Bite deswinsweddm endoastoond tgate, clectatilcotn adibition, bt figazeteallettododad alnd
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connected to each other, a urce regi _ ransi’s
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other, and current flows through channels in the first transistor an
secohd thahisaly epniegtedgpasih ethdi, neuiemsgiva cfabhfiot ansisthOARBY sordce crgihmer
to anot her aspgect of the jnvention, a transistor having the above-descri bed
10 st r ulUEOHEARSHLOTse plesticaly 6pnnssisditn sacly athar padcuwmeni dlosts thfoush ghannels
n-type =t " ' | enent . at. a first.concentration. [0029]
Accor di %tht@ gﬂ%tr%%)ﬁ?l lgfroqgg%g%e{seg&f %nslisﬁ({/'éﬂto Pgﬁl%flﬁcfﬁ?fﬁntgteﬁ?h ?fﬁ?ﬁ ng the
above-descri pgxg]structure has the sem conductor |ayer which overlaps the
second-| ayer gate el ectrode of the first 15 gate el ectrode but does not
overl ap the Accodidgaioeanaghtreaspeacofr Oadeinoéntidne af iriislistgahevigt eed inse-deScribed
added with the sanme inpurity elenent as that of the source region and the
dralth r GIGHE RS 49 samsre regpditand thetdrain rekion added pvithsan edrpent # @tiype impndty

the sem ﬁitu{; | (. .which overlaps the second-|ayer gate el ectrode of
I & ;
t he se(r:%%ﬁd)l@ga tgq(farftect ?%'Hﬁa"l%‘t does not overlap the first-layer gate

el ectrode of fopgopecond gate el ectrode is added with the same inpurity

el enent as that of the 20 source region and the drain region at a | ower
concentrat i oActdrdimgt foearfathiat aspenicenthe shi-anion] Q02&hsistACEDinh Ag ipvenRbheied
aspect of the invention, in a transistor having the above-descri bed
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gate
concentration than the first concentration, and the semiconductor layer which overlaps the

second-fayer gate electrode of the second gate electrode but does not overlap the first-layer gate
electrode of the second gate electrode is added with the same impurity element as that of the
20 source region and the drain region at a lower concentration than the first concentration.

[0030]

According to another aspect of the invention, in a transistor having the above-described
structure, when the width means the length in a direction perpendicular to a direction of flowing
carriers through channels of the first transistor and the second transistor in a plane parailel to a

25 surface of the substrate, the width of the semiconductor layer which overlaps the first gate

electrode is equal to the width of the semiconductor layer which overlaps the second gate

clectrode.
(0031}
A method for forming a thin film transistor according to one aspect of the invention

30 comprises the steps of forming a plurality of semiconductor layers over a substrate so as to be



el ectrode is equal to the width of the sem conductor |ayer which overl aps
the second gate electrode. [0031] A nethod for formng a thin film

transi stor according to one aspect of the invention 30 conprises the steps
of formng a plurality of sem conductor |ayers over a substrate so as to be
9 parallel each other, formng a gate insulating filmso as to cover the
plurality of semiconductor |layers, fordring first-layer gate el ectrodes

whi ch arperadlebeadhi ¢ther yorouing e @atdinsdaties fibm diorag| ty cooert the plyphlityalfisemiahductor
seniconﬂuctor | ayers, .addin Q-tgge or an n-type inpurity at a first

) a (
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first-layer gate "electrodes so as to cover the plur y sem con

| ayebs petivatmglthyc amphirftheddéd stthe pledlitgaf eemloadidtod@sers &€ dicidtrdabBert Mokl gy
added to the plurality of sem conductor |ayers by using the second-I|ayer
gate el ESPPIHEs Sxonddates gase taheatrodess sarrespondijighn tante apldradity of efjisbtayar ezate

formed i h of the plurali. f sem conductor |ayers to which the
mpur ¢ ea8agaehsc <Ry BireriSrebly oLherh Gor i anee ety sl Bt it o,
f or mi ngcRBrbAdseLAEUE the Nithdl) B8ddd lgTRo Rifallf FONElicdMctoP 1Y 'b&yus%g the
sem conductor |ayers, the second-1ayer ggte el ectTodes and t e gate

i nsul at sevgnditiyer gafeorladtrgies annagks botes ai soutdacpidheniay 8faid Bdrk F8rohdd M
to reach each of the source regions and the drain regions, formng a

contflict Fard #f Iths plusalivhef ispmisondyaser laystd & iwlcl ithenimandtypér hddedi ag albigher
patternj nd. et chi o, forma wiring, a source e|ectrode which are
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t he pl ufeamitgycotacs aoles o theGhREla)@yesSatdy Dot fheh ERNIAGKe HRk&Sregiolls and the
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seni condfiabt gignsy éersning e gencated fdw aeerttbe etedaférr msulaOngafiimngedmantioiming
whi ch onag of. the s?cgr.ce regi on is.disposed on the right side of the
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of the sem conductor |ayer which overlaps thé second-layer gate el ectrode
has t hehe phualitiapescandwrductor 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 arrangement 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
equal in number in the plurality of semiconductor layers. Additionally, a portion of the
semiconductor layer which overlaps the second-layer gate clectrode 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 cach other on the semiconductor layer, adding a p-type or an n-type impurity 2 a



25 the plurality of sem conductor |ayers. [00321 A nethod for formng a
thin filmtransistor according to the invention conprises the steps of
form ng a sem conductor |ayer over a substrate, formng a gate insulating
filmso as to cover the sem conductor |ayer, formng a plurality of
first-layer gate el ectrodes which are electrically 30 connected to each
other on_the sem conductor |ayer, addi A a p-type or an n-type inpurity at
a 10 fiffrstconserteatiopde itemplulithef gimicenductordiyes dyiustigdbe ficst-lhay gntebeatroideg
the first-|layer gate el ectrodes s, masks, activating the inpurity added to
the semiddAGTEt B VRESE HeHPRYELY a‘i“f@a‘f’n‘éﬁﬁ?mﬁé’ﬂﬁi’%@r layershe Beat\ieeaardnbomanger
gate el ales € ngi Lurali of . first-layer.. e
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sem conductor |ayer by using the second-layer gate el ectrodes "as nmasks so
t hat 5a ddingehe 6gpwityaddeditalthaisami@gidoctontmef by meidgithe $deond-avice gad utdchiodes

| ayer to vvhi(ch the inpurity is added at a higher concentration than the
first cOhEHATES 50,2 sQHER KEiamand atdsain gpgionae dpratednig the Isamisondectoolayon tor
t he sem dygct | ayer e.second-| ayer, gate el ectrodes and.the gate
nout at P SCH R Bl B aaded e SORRRG ederhiriRanfe 854 BRLEonordiinad g e o
reach eaqbrld@r afsuldiag FOM©0stEdbRNThARGhi i ' S8

conducti ve a1?5% m (l)lvergt he i ntserl ayer | nslu at‘ﬁ‘g lﬁcF’%gésg&ggdtlgeﬂg% eﬁﬁ:temdes
cont act ahdltesgataindulpting Gilinj fogmirad ¢ritat hgleans et firagert ingulaGnAle té wach ehdn

to forma wiring, a source electrode for connecting electrically to the
soutte Of &hfi spwcedesions 1vad  tharfraia weigns, &revng odeoiducticofilmceoyargthe interlayer

el ectri A .t he drain regions eac other. In addition,. the source
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ar r angergiinsi aachvuitieh, anka afraih hte@@de dor coR@cng icfechR@ay &6 (8O dtdig rédbhs sicde
of the second-layer gate electrode, and the first arrangenent and the
second @ffanderidditions dhegerre iregipumrd tha drdie reginie of dhe somichagustor layer are

Addj t i opal | ' f the senm t whi ch | the .
Seckha- TRV 58RO P diumeindidn SHS Sisciehe Fouromy ke SulppeBhandhionsh

aver A0Sk, SR ok LRGP D SRR LR A
second sgivnde tubatidai thaydt sidy 6f thd sseiRl laddiCate 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



formng a gate insulating filmso as to cover the first sem conductor |ayer
and the second 25 sem conductor |ayer, formng a first first-layer gate

el ectrode to overlap the first sem conductor |ayer and a second
first-layer gate electrode to overlap the second sem conductor |ayer over
the gate insulating film adding a p-type or an n-type inpurity at a first
concentration to the first sem conductdr |ayer and the second

sem con§OEEFONiRglt toghe fisstfigst lapert gatselettaydsrsogtte cevadhe Givke semaondwsdrslayer

activating..t,he impurity.added to the first sem conducfor |ayer and the
second §891§122ia@8n ﬁcfirﬁ)t\r/ﬂfsg“ e lgﬁteh‘gﬁftrqdrrcegqrﬁﬁ?ﬁ a y6pil Srgordflaes gate electrode
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the fir$tyef ipastiallyayed tigakecopklefiist-oder gaty lcdBod, SRR 1IRCER 'tlfyaé’cﬁired%t fhe
el ectrode correspondingly to the second first-layer gate el ectrode so as
to cdvefemirendustyridysd eong tot scond-tayer gptarelécarotly ammdnadhesosthaosmslirce regions

first-layer gate.electrode,. adding the inpurity added to the 5.
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formng an interlayer insulating filmso as to covér the ftirs

seni contladiist s¢capéiayes eotendestendes and setand deayet-layei pate felacsiodsetpmehd ayfict
second secgond-| ayer gate el ectrode, form ng contact 10

t | t de, . : s ;
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connecting electrically to the source regi ons each other;

el ect r cwanégingcdprtectiing thel euted ogidng daoh tdieerdadl B dreigi @edroidcldr @bRGICting N
addi ti on Wna?& thg 8at‘e el ectrode is regarded as 15 the m ddle, the source
r egi on<IEHICH O dPa frin sgiioniscash oflke f I additiamivdsndie gde elepjrede i weardednged

it . t . i d the drain regi th d
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each other, and a portion of the sem conductor |ayer I ch overl aps

second-Addjteonafias eheefiettiirodybiagatt hdeqane shiape QLbi@enRstinger bitdtelectrode are
sem congl%ctor | ayer and the 20 second sem conductor |ayer [0034] The
i nvent iCHRITHRILY SapRictgsiogagh pthar.iaad aiperier abihtisemécapdedtoalager which ovedaysitse or

due to
s?c%%td-layer gate electrode has the same shape between the first semiconductor layer and 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, 4 transistor comprises a first semiconductor
island, a second semiconductor island, a first gate clectrode 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 région

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



shrink of a substrate and m salignnent of a mask. [0035] 25 According to
anot her aspect of the invention, a transistor conprises a first

sem conductor island, a second sem conductor island, 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 i nshd ating filmtherebetween. In

addi t i orfompmses # setond semice ongius,t ©sedonll antdn cexipl,i S&ond thimle]l SQUEICBtve: di,
a first drain region, a first channel region 30 between the first source
r egi on "SREPOUIGEIERIoR 2B the wgpRsh draithipeitie Juldéitinnalimnthe Sintlsotise regibmand e

' d i d draj [ . cond, ch I
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el ectrically connected to each other, Irst dfrain region

secofd dhraigh thedisnciansclakgionrdf eid fiyst sanResdReortislaf@&opplobRe to A8kofd lclifsit
current flow direction 5 through the first channel region of the first
sen condig®t direction dvgugls thepiseend ehanpelaegioo midhecsacprhsemichnducthirigand.onFurther,

t hr ough e cond channpel redqi of the second sem conductor island.
Fur t her ,‘M‘e%fzﬁ‘egﬁ‘}s‘t %326 FPCFEPd"gg?‘gt TEPRD GC £HEPAR M cmpTipsteelint dorer and 2
may conpécj(ﬁm@e;.i rst layer and a second |ayer. [0036] 10 According to
anot her aspect” of the invention, a transistor conprises a sem conductor

| ayer, a fir¢$003gate el ectrode over the sem conductor |ayer interposed an
insulating film therebetween, and a second gate el ectrode over the
sem®onduct oAcrariEe interthusepecthel thesinvattiong a fradsistdrhemeriteneesemiconductor

dditi th ' d | i first I, a
Second Byeh ok TRNIEN LEClipds OVER gbensomco RS e dnterss bt et fibn
e . . ' _ 3 oh g
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first stilmakecbgivesn.and idRtiGe B hefnA8ctbLH P B RELE! fidsERbh¥e region, a
connected to each other, and a first current flow direction through %he

first cyfapmbpouregiagionofa drhin regiom e dindtudiaonel lregion besveeppbsitie soorca rsgienndd

curr5entt fléﬁw direction through the second channel region of the _
serfPconldEHP TPEPRy 300y se¢par chanpa] regiop hstrqepghe gegoad soueaerisgionzmd thadrain

[58839? 9f. %&Qidﬂko%ﬁﬁﬁ,ogl% fRY 59 rricﬁl%naax{ci s séc% g rso%pc% ?eg?oenc %pedc cac};E:raIly
connected to each other, and a first current flow direction through the first channel region of the
semiconductor layer is opposite to a second current flow direction through the second channel
region of the semiconductor layer. Further, each of the first gate electrode and the second gate

20 electrode may comprise a first layer and a second layer.

[0037]

According to another aspect of the invention, a transistor comprises a plurality of first
semiconductor islands, a plurality of second semiconductor islands, an insulating film, and a gate
clectrode having a first layer and a second layer. In addition, each of the first semiconductor

26 islands comprises a first source region, a first drain region, a first channel region between the
first source region and the first drain region. Additionally, 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, and cach of the first source region of the

plurality of first semiconductor islands and each of the second source region of the plurality of

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



Accordi ng to another aspect of the invention, a transistor conprises a
plurality of first sem conductor islands, a plurality of second
sem conductor islands, an insulating film and a gate electrode having a
first layer and a second layer. In addition, each of the first
sem conductor 25 islands conprises a first source region, a first drain
region, a first channel region between the first source region and the
first dridishdradyregion afighe plorality pf fastcsenttotduetos dslomts aeheahnsfutt oecoridsiand
conprisgs a siﬁgnd %gurCﬁ region,_a second drain rggLon a second channel
regi on BEERB&E g Rlurality o secobd semicoaduder iskads ae deddeilyaroanectedl each athet.
each of LESt, sour .0R. Of- t raji of first sem conduct or
Eihefhdp! a ?ﬂf(ﬂ G edt G Birltioh Qflarougélx gH:angrs{ %[}Hagn?)ll tegigns 96{1‘1‘61@5%&5@ ctrbrﬁ'd

i sl ands and each he Second source re

seni conduniicndiictbaRNsdeiLoRlosHd fo &?éc]bi{d E@ﬁl&ﬁ%’fﬁd&&r%}fﬁ?m@%ﬂ?ﬁe scBA S O el

each of the 13 first drain region of the plurality o I TSt sem conduct or

i sl afds regigneelche ofspedivesecoddenianductoeiglands.of the plurality of second
sem conductor islands are electrically connected to each ot her.
Furthernore, a first current flow direction through the first channel

regions of the respectiv i ] t I i.S opposite to a
second current flow di reﬁéfgﬁlﬁ%ﬁgﬁiﬁﬁ\gggﬁ%ﬁ@w > 5 regi ons of the
respecti ve seggRd 12eRA£9 t i | EE w
FIGS. 1A and 113 are di ag(rj g&%s@i?ﬁaﬁigﬁgstﬁg@agssg%%%ﬁ (?re\jv f%va;gglgrda cormgﬁg
to the isvention.i on. 10 FIGS. 2A and 2B are diagrans each illustrating a

sem conduct or__device according to the invention. FIGS 3A and 3B are

di afff ams i |1 §8¢Patiand Bsunidisgrme eash iHestiatiog acsovidindgetoo deviee agaovding itothe
FIG 4 iirﬁzeﬁ‘ri'gri agramillustrating a sem conductor device according to the

i nvention. ‘'FIG 5 is a diagram describing an exanple of a sem conduct or

devi ce accor ¢ing, 88 51{3193}3! :méecﬂgérgfﬁs iﬁb@g‘ingph Fsgmﬁcgaglﬁcgordidg\QEg%cordin rtgi Hla:

illustrating a manufacturing process o em con r devi ce acc

to the invesidri.on. FIGS. 7A to 7D are diagrans illustrating a manufacturing
process of a_sem conductor 20 device according to the invention. FIGS. 8A
to 8C are di HH¢4rit aidiasmam ildystiagng a senisbaduaten duyiqeraocadiigb the semtgonduct or

15 FIG. 5 is a diagram describing an example of a semiconductor device according to the
invention.
FIGS. 6A to 6C are diagrams illustrating a manufacturing process of a semiconductor .
device according to the invention.
FIGS. 7A to 7D are diagrams illustrating a manufacturing process of a semiconductor
20 device according to the invention.
FIGS. 8A to 8C are diagrams illustrating a manufacturing process of a semiconductor
device according to the invention.
FIGS. 9A to 9C are diagrams illustrating a manufacturing process of a semiconductor
device according to the invention.
25 FIGS. 10A to 10C are diagrams illustrating a manufacturing process of a semiconductor
device according to the invention.
FIG. 11 is a top plan diagram of a semiconductor device according to the invention.
FIG. 12 is a cross sectional diagram of a liquid crystal display device manufactured using
a semiconductor device according to the invention.

30 FIG. 13 is a cross sectional diagram of a light-emitting display device manufactured using



device according to the invention. FIGS. 9A to 9C are diagrans illustrating
a manufacturing process of a sem conductor device according to the
invention. 25 FIGS. 10A to 10C are diagrans illustrating a manufacturing
process of a sem conductor device according to the invention. FIG 11 is a
top plan diagram of a sem conductor device according to the invention. FIG
12 is a cross sectional diagramof a lilduid crystal display device

manuf ac égeaiondigier deviccaeredimgtotths ingtetiome according to the invention. 30
FIG 13 is a _cross sectional diagramof a light-emtting display device
manuf act ur ed Fi‘éu I4gs 241083 sectippabdiagampt ﬁeght@énﬁ@@&immggqvemm@ufm@ﬁd uging
FIG 14.i ti l,. di,agramof.a light-emtting display device
manuf acéilﬁgrggicgﬁsﬁ%r(Fegf‘fcgea%&%ghn&}g%ﬁmggmo& according to the invention.

FI GS. 15A t oFiGS B&eiodi 0% i . s -emtting
direction of 5 a light- er?ﬁ?gﬁgﬁggﬁn%gbwg}%gﬁdg%gﬁga?%gt glpghg?glgr?ég]r?é df
eachb i | hlight-axhittimp devied. enent structure of a light-emitting elenent. FIGS
17Ato 17F are_diagranms each illustrating a pixel circuit of a

light-emitti ﬁbG%lel%Ac@d 168 @eﬁsagrgn&eanhdguﬁmtﬁnglammm ngucugsraftad ight-emitting
circui tclg;ne@l light-emtting device. 10 FIGS. 19A to 19E each illustrates an
el ectronic ‘dévice applicable to the invention. FIGS. 20A to 20C are

di agrans eachydd liyat [ i ] : ' elated art.. FH 1
<78 Lop pran et oD T e B NP b8 Blo Rl b Bl ing ke o,

FIG 22 is aFk®ps8d adiapian fuetrofinga F@Kﬂcﬁeadu@diobfﬂﬁgﬁt%i&%&iﬁg to the
invention. FIG 23 is a diagramillustrating a sem conductor device
accdr di ng t ofkve 19neAPEsach EBsDETAI EECDESCRE AT GPIORDIE ME tHeNWENTIOEN

0038] Alth ipyention will be described b f_Enbodi ment Mbd
and i th 1 oiEls oo dletimssigh ARG RpeicpRIcidsvise Oh P £B0d

that vari ousriehangesiislun 20k | LGRLLANSWidel 8RR ddiose
skilled in the art. Tﬁg)?ae‘} l(g)lr e, unzlfl %@Egﬁﬁtoyﬁgkgggcgﬁgﬁg%‘he iBvdnt f
FIG. 22 is a top plan picture of a semiconductor device according to the invention.

FIG. 23 is a diagram illustrating a semiconductor device according to the invention.

DETAILED DESCRIPTION OF THE INVENTION
[0038]
Although the invention will be described by way of Embodiment Modes and with
reference to the accompanying drawings, it is to be understood that various changes and
20 modifications will be apparent to those skilled in the art. Therefore, unless such changes and

modifications depart from the scope of the invention, they should be construed as being included

therein.

{0039]

Description will be made on a thin film transistor, however, the invention can be applied

25 to another transistor as well as the thin film transistor.

[Embodiment Mode 1]

{0040}

An embodiment mode of the invention is described with reference to FIGS. 1A and 1B.
FIG. 1A is a top plan diagram of a semiconductor device according to the invention, which

30  comprises a semiconductor layer 101a, a semiconductor layer 101b, a gate electrode 102, a



nodi fications depart fromthe scope of the invention, they should be
construed as being included therein. [0039] Description will be nmade on a
thin filmtransistor, however, the invention can be applied 25 to another
transistor as well as the thin filmtransistor. [Enbodi nent Mdde 1.1

[ 0040] An enbodi ment node of the invention is described with reference to
FIGS. 1A and 1B. FIGIA is a top plan di5a ram of a sem conductor device
accor di f§U5°s €e&rodp et vBing W ard Bdralemhcireds and yening ofduc e, 1Byier 10w,

a semc ..l ayer 4. gate electrode 1..02, a 15 source electrode
Bnd i r PTG iR or I 1 CaRE B fa BRI priigh rometRGh b 21 b
sect i onghsytitAgrm of1, Bl ] 0Ng:a 41bn = b ’ .S a

substr at esullo,g a basea %%ﬁﬁgtﬁlhﬁ%@g%%‘zl T?Bléﬁgg?ae}}gﬂ@mag@gﬁghf f]]%m legagend
an i nt ecleayrede 105 isl aticnged by mfitdi3aydhatgakerod! Bk a08@ sk0gnd-Ruyst € LREQSUDY
a first-layer gate el ectrode 102a and a second-|layer gate eleCtrode 5
102b% [B848] The semiconductor |ayer 10la and the seni conductor |ayer 101b

are doped W}L&%{ he same inpurity of either an n-type or a p-type, which
conprise hig olllncentration inmpurity regions 114 to 117 where the inpurity

is doped at gypigh; ratd CO tration i rity regi 10 118
to 121 whor o The Ticohicl Inghs f2ls shOMERAEMGELL R PR b oph i g shme
regi onsinpitaod cit@&.an nHpe@2be-GheGHRiO oMPAsONRA BRGniHAB0S SHHERY elég&%r 114

| ayers 10la and 101b respectively with the gate insulating film1l

i nt er potetlt whetstbe Wapnrityus fdopérhat 4 hixhf Ganstntiagiper logatenceheationodeuiidR acgions

overla e Ghannel regions 122 and 123 respectively. The second-| ayer
gat @ erg@ &01&3 %ﬁ the IRRUILY isloped ate l%y‘élrrcegaﬁf@l’e I%%Ph*ﬁ@él TEgAs 18%6¥@t123-
| east =1R I e ration 19.i rj regions 118 t.o0
151 1 o ERp sl L 10PN B ERRGRALER] SBPonithit 1o b REy path b
121 ovegdtapndulringefipndib ayRipdiad ehabirgiEar suckOrh FHS’E) grzs}hk?ygg%%ﬁ; LIBSH AR

film1l.2 interposed therebetween respectively. ring 103 and a

Wi ri ng aGalaps thef drameel yns IR andties| myerctivelgul Ehe secohiillayct bateadlcetrode 1026
covers the first-layer gate electrode 102a, and at least partially overlaps the low concentration
15 impurity regions 118 to 121 respectively. That is, the low concentration impurity regions 118 to
121 overlap the second-layer gate clectrode 102b with the gate insulating film 112 interposed
therebetween respectively.
[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 connected 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



20 electrically connected to the high concentration inpurity regions 114 to
117 through a source electrode 103 or a drain electrode 104 respectively
both of which are fornmed at opening portions of the interlayer insulating
film2113 to reach the high concentration inpurity regions 114 to 11.7.

Not e that source el ectrodes 103a and 103b are connected to the wiring 103
and the high concentration inpurity reggons (source regions) 115 and 116

r espect ieVsticalligispprectddpsaelt elber odes 25 104a and 104b are connected to the

wiring 104 ag@ ‘H}e hi gh concentration inpurity regions (drain regions) 114
and 117 resp ? ely. [0043] That is, the two thin filmtransistors are

lectrical | 90 St (DR A s
oo ons. - ang AROREAL RIRCANRE el A R L SO T, SRS S; fiifed grsine

transi sty Semi@ndinQol Hy@M@a Witteadl & i fhéh a0ich QBMlor t 0B $E€G8AReAMUEIHRT the
and the gate electrodes are electrically connected to each other. 16

[ 0043] Aeisoddungort loyerhl) 1abend wiles arditvetos bf dotitiecureert Midang hldictlignsf Rngth
105a is forned usin t he sem conductor layer 101.a whereas a thin film

t r ansi stGFredauliestiqpsraendieyisigorthre directioarnf depgtlién aplana perallehipis susfage bt a

directi f i s [ ns a,directi.on | engt.h whereas a .

G ot | StbsBae O DLRIEES B wIRE e Tnihile? SeeiP s £12 At w33 e ey
f o t ( . =ngtn !

155 anq I and WDBH, 308 (TERAP cBndthliBGh ol Hoftolls 1186 IR ARCLLPE PRR

concent pei onthe nyidhi t ¥in pédjtionsthd $8nicondittordlagere QU4 akd1EAChe LR patalidng

wdfh. |n adcgi tion, the seniconductor Ifﬁ/_ers 10la and 101b are arranged
par 4l 1 e e rbrertion RE IatiethectiNesp that asdfegmidiremtior of hengtinend erdirecdor of width, tk

length'aﬂQC?Sgh@%SH%%ﬂ¥%gj%h %QWF%ESPTabove definition is adopted in this

i nvention. e ansi stors 105a and 105b, respective
source regi of@4sfrai n regions, source electrodes, and drain electrodes are
arranged such that current flows through the thin film15 transistors 105a
and 105b in pafiel théh find tepgasist €05 bRETI0ORS rdspediesodtdierogios0QARE regions,
Descri bed above is a thin filmtransistor according to the invention. A
thin fijosrcerslegiodst ¢pd domn glecttpdes; ang erpignd sush thed sarredtelavs thrdughrthe thin film

L1 et St 8pistgR LG I el kL PR ¥Fesions i R St ¢ ansi St or of
t he [0046]

Described above is a thin film transistor according to the invention. A thin film
transistor 105 of the invention includes the thin film transistor 105a and the thin film transistor
105b.  The thin film transistor 105 has nearly the same property as a thin film transistor of the

20 related art like shown in FIG. 20A (though the width of a channel region 218 of a thin film
transistor 205 in FIG. 20A is twice the width of the channel region 122 of the thin film transistor
105a or the channel region 123 of the thin film transistor 105b in FIGS. 1A and 1B, or equal to
the total of the width of them.

[6047]

25 The conventional thin film transistor 205 in FIGS. 20A to 20C comprises a
semiconductor layer 201, a gate eclectrode 202 (a first-layer gate electrode 202a and a
second-layer gate electrode 202b), a wiring and source clectrode 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.



20 related art like shown in FIG 20A (though the wdth of a channel region
218 of a thin film transistor 205 in FIG 20A is twice the wdth of the
channel region 122 of the thin filmtransistor 105a or the channel region
123 of the thin filmtransistor 105b in FIGS. 1A and 113, or equal to the
total of the width of them [0047] 25 The conventional thin film
transistor 205 in FIGS. 20A to 20C conyki ses a sem conductor |ayer 201, a
gate el ectrod@4¥d2 (a first-layer gate el ectrode 202a and a second-|ayer
gate electro 2Q2 ngs_and source el ectrode 203, a wiring and drain

b St |
el ectrode 204°% 8 ﬁ%g{ly?%ygﬁlgr ister horaned; gsthosn I FIGS Avdoapd 1B, faf16S. 20A to
i | at i Ll oA LNt i | at] fil.m 213, .high. ti
a1 0 bt xapa Rt DRE RO by ST pRnis iR il MR BE e Bhdang

217, aneieatrédanWher @@l RBordi1Byed S04 8lecddadNayan dfint MRntMbDerhadidht §BMS ek
formed as shown in FIGS. 1A and 1B, or FIGS. 20Ato 20C, parasitic

capati t aties $ownoinmEliG.b0A lie fomvedc omde ey ideviadedpiur tht ydifeegooofaptgthhe gat e
el ectrode. V\hden the second-layer gate electrode 202b of the thin film
transi stEHCRRdUCHY ety (& sape rgasoshGv, meskIngsaligmnantf distpsdonarrndesubsiraig

renson (ulfhabOTule SR SRR by R B (51, OSlrpRe ik be sSUFT PRARE gEglon ne
ar ea OCGURII®dedins Xch Wit tHGRlE c&&%lé@&?%hﬁ@mﬁgi‘@ ﬁ%dth@&h&&.&?hxggﬁé

0
GCOLD regi ons) each where the | ow concentratio y region and

second- ¢legterde ARk arebechppaibe20Ris aifeeromerdr firattsaeoara. diakfites a@h whegmnthe
desi gned area. As the area where the 10 | ow concentration inpurity region
andl® helo¥e CoMEnia@t iRLEYelegionr vk o stsoaddaysy egalaplsedodd @0dmese dvéfanpedt |
t he par@asiti acj tance is. changed in value as we]l, thereby causing a

pr obl ern@E %H}HS%C I&%ﬁgi’ tge cﬂafaéﬁict C‘W@?ﬁ?j‘cﬁﬂé ¢ Pﬁe‘fi‘q i Fa‘??s?”§[10|t’¥°5"et§’oﬁ%‘§‘“g a

di ffer egftbbleth B dueHithat' a0 uARNGing RS tfin BRES | TR i 5
In thquz}ase of mask a}jealvi atui onmgue %onggglt&%ﬁgsfﬁ%%%@%gsoglu stnrgé glr&ﬁﬁfﬁ% and
par ti culaam, natipecs opshtiad margghir i nNks toward its center, thereby shrinking in
different directions between at both ends of the substrate. Consequently,

parasitic ca[@ﬁé?]t ance on a drain side is considered to be |arge at one end
he substrate wher.eas at, the other end. Therefore, the parasitic
fh a0t

g;plgci tance 8 %Caﬁemfﬁn?S#W‘fllﬁ‘é‘th%f%Pc Pibshateningpastierey thsetuhetene at
bot h t R§rifRd RyvRlird iR eRkPSthERLE 'shlti}?l%‘dgl?n different directions between at both ends of the
substrate. Consequently, parasitic capacitance on a drain side is considered to be large at one
end of the substrate whereas small at the other end. Therefore, the parasitic capacitance of a
thin film transistor may be varied in property between at both the ends of the substrate, though
20 which is normally required to be the same. This phenomenon appears remarkably to be a
problem particularly in a large substrate and the like. Furthermore, in a source driver or a gate
driver of a display device each of which is formed by repeating the same pattern, a circuit
operation thereof largely varies between at both the ends of the substrate when the parasitic
capacitance varies.
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]



20 which is normally required to be the sane. This phenonenon appears
remarkably to be a problemparticularly in a large substrate and the |iKke.
Furthernore, in a source driver or a gate driver of a display device each
of which is fornmed by repeating the sane pattern, a circuit operation

t hereof largely varies between at both the ends of the substrate when the
parasitic capacitance varies. 25 [005(918 On the other hand, the thin film
transi stor 108 RIS 8, thepscaput-lo@pr gatetdiectiode d92b o dewiated deftwitleffomHae eyorinal
is assuned that the thin filmtransjstor 105 according to the invention is

|
formed WOPHOR ReR ds 8560 thedapingdfom dhebpnio g dn thyiyodhip fmetansistens d 08 precb1G56n
fl : [ -1 0. F : 0C (FL.GS. 2A and 2B). .30,[0051] 18
Tn Fro Ry hR RO i Bk R d030F il SHsG SR B o P Elogm

the nor an Iqeasdt diPdsitdebensecmerR thbechdhawM Reich P { i
thin filmtransi sifpc?rs %OSa %nd 105b which gltor uct u?lg@tf{’\%g?hfiﬁldn?ﬁ ;nbé?glémz&

tran®i stiberei@s, by thdéefivard nkeiviation af theise@nddayangatndlcatrddail 026, ik Qfca af the
| ocat ed %Rg’il tely between for the channel region 122 and for the channel
regi on feE8ndBayeR gaisreieciiods J02nwhicks augalens deungondistastlaydreonse dwinisidapecomgst e

| ect hey: ot N te el ect 02h whi ch
over | aptizerd e MAEAR Rustuor s PR5GR D SR be Guf e P b i Karsbvony

filmtramsy stor 105a whereas the area becones snaller in the thin film
transi stor 105b. [0052] 10 In addition, the thin filmtransistors 105a
and 105b are{GS2anged such that current flows through the respective

channels in gpposite directions to each other, and the width of the
semtconduct of? tddjdens the thin filmdrapgistpra d 85 audl Oitoare aetangeheuch thatewtat dowshe

et e sl B b P logShe e i 6 wihaefead b o or e "
second-doesndidion 181ACHTIAdRA 1020 . hlPioWath Bl o ebRE ksl Blhdlhe of the

transistor 15 105 I'n addition, the capacitance varies Tn accordance h
the ar excoml-layti gate ehenedd DEb drhgrdraiy si®ginGhe 80f fliharSeRANRA0SAYEEqEARIEhe

el ectrode 102b are overlapped with each other. Therefore, the variation of
the par¥s? flecasg i the S&ﬁ@@ﬁﬁwer gade tchétr@n_[i)ﬂxa@}i the drain@idenintthe thtihifibmftidnsistor
ARt B, IR Bl et il b aShrReE ith B R VIRl Wnlre (he
impurity 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.

{0053]

In FIG. 2B, the sccond-layer gate clectrode 102b is formed with positional deviation in a
direction opposite to 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

256 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. 24, and is
thus omitted here.

f0054]

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



That is, the thin filmtransistor 105 according to the invention may be

| ess affected by 20 capacitance variation due to mask deviation. [0053]

In FIG 2B, the second-layer gate el ectrode 102b is forned with positional
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 becones
smaller in the thin filmtransistor ‘105@ whereas the area of 25 a GOLD

regi on 392 inclbethis fila gansistar 1A thvingfthe semicandidootayt0501haes ¢he haivtHasger,
case al the total .capacitance variation results in 0. Description

t her eof ﬁﬁ%ret%gmstgﬁi Vﬁgatfc’rﬁ)‘ igbalansed O'éin‘éla}?eso' t Hifssagi anpdigs fe the capp@Bape o
i's, thegghga ¢idiCr §RSE; k 0l.jn the thi ilmtransistor 105a
fafis dhafheh D MEOLEY gl -Gt Lo PvPAREGRRY Fettne

having 30 the sem conducto ayer a as

ar ea deaffeasé byfcapadiaht vAGIRA FIhe WBLDNERA thiti 8 hiddd 8y ARASE %E\%tic?{péa?c to
havi ng the sem conductor |ayer 101b as the active layer, "~ thereby the total

vari at i amsksmialigmoed, alistottmnpesubstrFbestsmegappld ebe tlikel heAcapdinglyanaeasal
the source,side i.s manner, the thin filmtransistor according to the

. n thi . . ntr _ ac .
i nvent i 8@%&9ﬂ%>f|tﬁ%§“ﬂ £ sapagtopis lssspensicd agndecieaitiload ofa eircuinforeal Ding dieon
t hat 1 sgcau: . Latjon due to 5 mask m salignnment, distortion,
subst ra{}gﬁlg@ﬁ%@é@é?ﬁgﬁgﬁﬁﬁé Vla?lﬁcéfls )ﬁfggt)r dingly, parasitic capacitance of
the thin fil masrgqmsi stor is less varied, and circuit load of a circuit
formed using the thin filmtransistor nmay be |l ess varied as well. [0055]
Accor di ngl y, Ascemimgty nd semérondheorrienty hey beopiotRddWRBER thaeoRRRIoAL isOfofl S
not ted even when being forned over a substrate which is largely

10 affe \
af fEtte Wﬁ%‘é&ﬂ when bping fermegdovar pauhyrate bdichais dargely afthdted ynhead shiflnsdchl m

S O T e L e
5 even g hac e Y OO CRA HORUELERE P SLAEL A flthedty ) o o
sem conduct of00Sbt cuit and a thin film seni conductor device nay be provided
each provided with the sem conductor elenent. jO0057]

In addition, a semiconductor element may be provided where the operation is not affected

15 even if there is slight mask deviation. Furthermore, a thin film semiconductor circuit and a thin
film semiconductor device may be provided each provided with the semiconductor element.

[0057]

In addition, it is preferable that 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 clectrodes 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



In addition, it is preferable that the direction of | ength be set along the
direction in which the sane patterns are aligned, in which case a circuit
having few variations of circuit load may 20 be formed by arrangi ng the
thin filmtransistors of the invention. [0058] Note that in this

enbodi mrent node, two gate el ectrodes are provided for one thin film

transi stor, however, nore nunmber of gat¥ el ectrodes may be provided, and
desir abIhQ' ¢ Wi edshienbesfof ghrencls Bformetber ticp bprequaldedactivthehwhemar even
time, it %CEOF eraﬁ? oﬁt"hat current flow 25 through respective channels in
seni condlug} FABPLS BfOFEESondingly to the gate el ectrodes in a first
direction or @0§§cond direction opposite to the first direction, and the
nunber of the nnels for flowing current in the first direction be as
cl ose as pos3Ndit ehdtalcvhgonunhre dabctidieochadinloss Lot affédt%’l‘b&gmcih%r(ﬁgg of Quc,thhe
second dlrectlon That is, it is preferable that, as for the nunber of
chanhel slightrmaskalgvingiop usrte e suppeded ifiiths tnvdnm@ctheoz{nsaradnhﬂgm futrdeeiatiof i Iflﬁ:
channel s.for fl.ow 0 cu rent in the second direction in a transistor,

t he resagg?tf(\?é’fﬁ’ﬂﬁg’e‘? IS‘F“ ae thah fas dleviatipa inyihe disieetian ofdengifh. one when an odd
nunmber gémg H{éﬁt R1das 2 1flor med or they be equal to each other when an even
nunber of annels is formed. [0059] Note that deviation in the direction
of width doegoowoy affect nuch in the case of such 5 slight mask deviation
as to be supposed in the invention, because a margin for deviation in the
direction of Ani cthdislchangle ohantradsistorf ascottiing ab ithe ihventia €hicRcdiffoR ©6m
Iengi Bi[bEHbOdl I\/bde 2].[0060] An enbodi nent node of a transistor
accBt di Fgeg! htl% gescifPd hith feferercer woﬁﬁGSl@AEmaBnerFﬂGMes a tops plan

d b f di
of o t nineh) tbey & BECREn fobliet (1 RS ent e einvEufon whiah CompRvsed a
sen comﬁb@fdubﬁﬁ‘%ye’&%l 8 Mat &e&k&ﬁt J9de 492 eléaafd@'eaage«gg@g @&m@a%ﬁmng

(including a drain electrode 403a) 403, and a sourc W ring

(i ncl ud¢lﬁf§f®@lﬂﬂ3@) éﬂécarldodeeumﬂlkascaﬂde aA040Yind Ghclutigy bhirBe blekivddsamah shar
405 is %i i hgr athin filmtransistor 405a conprising 15 the source
el ect r oH&A4G aF’E'F %f’éﬁi‘lér%s&@@déétm@s@d tafn%iﬂantfﬂmntrénSlSmrtf#Oéa@mpusmg

4051% Ctﬂgpgou%englekngdes A4Ls ean%l ﬁfet rd(l')cgg e (e)cdfpoda n«g()iala an rgl tr?un fei(ri;[ rtr(ajlgglstgf? 34%5b
comprising the source electrode 404b and the drain clectrode 403a.

[0061]

FIG. 3B is a cross sectional diagram of FIG. 3A along a line of A-B, which comprises a
first-layer gate electrode 402a, a second-layer gate electrode 402b, a substrate 410, a base
20  insulating film 411, a gate insulating film 412, an interlayer insulating film 413, high
concentration impurity regions 414 to 416, low concentration impurity regions 417 to 420, and
channel regions 421 and 422. The gate electrode is structured by the first-layer gate electrode
402a and the sccond-layer gate electrode 402b. In addition, the width of respective gate
clectrodes which overlap the semiconductor layer 401 is overlapped is equal fo each other
25 between in the thin film transistor 405a and in the thin film transistor 405b. Other reference
numerals in FIG. 3B are identical to those in FIG. 3A, thus description 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



[0061]] FIG 3B is a cross sectional diagramof FIG 3A along a line of A-B,
whi ch conprises a first-layer gate el ectrode 402a, a second-|ayer gate

el ectrode 402b, a substrate 410, a base 20 insulating film41ll, a gate
insulating film412, an interlayer insulating film413, high concentration
inmpurity regions 414 to 416, |ow concentration inmpurity regions 417 to 420,
and channel regions 421 and 422. Thedé’;"te el ectrode is structured by the
first-I 3\38} trgnsidoe @y i1 e cmbodimenh anadeeis peeddet Withethe gaméicontecor boer 40D bn

ddit}] th L dt.h. of i.ve. . el . whi ch I h
sem condaaraybr Btk Gt FERORE M T eeistoaiOan Son bh s 152 borwaciows
t he thi j i i,0qt [ i | St 4050,
of or once By AR Ly AT 3030 Sl 408 o Srblble MDA G Ty (0

descri ptpacailet et @positsdivedtione e &hdther[ 0062] In the thin filmtransistor
405 in this enbodi nent node, the sem conductor |ayer 401 corresponds to
t he 8eni condd8®®¥ | ayers 10la and 101b in Enbodi ment Mbde 1, while the thin

30 fil mtrangllhs%agrs 405a | n?l 405b correspond to the thin filmtransistors
105a and 105"t VAT 2 the | SeoRd-taver goksr clegtsods 40Rb sisetmar netie pastionak

provi de L {; ] t yer. 401 | cont i nui t that is, different
Pr om ¢ hacthfioh Wie R OOCHE L alddkiallod of The SRS atp litrogs 4y OF W
t hr ough didig sideiin the thim FNANSANSIsQAIT 104038 e AR t¢ ARLAD L &har I MChE k6 dnBa { b dite
filmtransistor 405 in parallel and opposite directions to each ot%er. %
[0063] Flesiredeod@b endhe sdurcheidsdo ahd thiayféim gasster 803, odenedédPBcitanicd @rrEedin

W tg posi ti(?nal dev'bati on due to sone reason, the area variation of the
secohd- PEPETANGE 1 KItR | thE 1 3163 &/ ieUeN ovhersdhe diiupits iragion nanch éhe igkle eleptrade are

transi sl Bk o0 44h rea variation of the.second-|ayer.gate, .
el ectrode ffg’g’g pﬁﬁteﬁgygghtﬁ'ce%%eﬁ%@rﬁ’ ?\hct Hé! ‘ﬂPr??iﬂfq PRt PURSIReE ?“Cﬁ(ﬁ%@."g ?ﬁéhm
capaci t il eraMsisioe 303 6f 4R AeeRIAARRIEh W §thididled BY §fe M8 Hﬁ-ﬁ i ASER L AG5a and
inpurity region and the gate el ectrode are overlapped with each other.
Ther ef of@3b. t Hdhay b thetthonfiipd truiestad Gisadcb ol i@ paiist @nisRiinsnOnbde kRsubithitially
fil mtrgﬁgsi stor 405 of the invention which is structured by the two thin
film triSrEesiycupss dedhinggiy tarpger 163 desseibedimEmbogdinanaModst brwiioh may
accpy di pgrt ({& bgpp ient mode has substantially the sanme structure as
the thin £ ﬁ) ?ﬁf ?eZin i ﬁ%?*‘af@%vafé&% “ﬁi&doi"?ﬁsﬁ%‘&ﬁ%nt Mbde 1, which may 15
be | ess affegied) by capacitance variation due to mask deviati on.
FIG. 4 is different from that described in Embodiment Mode 1 in appearance, though,
which comprises semiconductor layers 501a and 501b, a first-layer gate clectrode 502a, a
second-layer gate electrode 502b, a drain electrode and wiring 503, and a source electrode and
20 wiring 504 for jointly forming a thin film transistor 505. A gate electrode 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
25 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 scems different, the structure of the invention may be applied and a

similar effect can be obtained.

30 [0065]



[0064] FIG 4 is different fromthat described in Enbodi ment Mode 1 in
appear ance, though, which conprises sem conductor |ayers 50l1a and 501b, a
first-layer gate el ectrode 502a, a second-|ayer gate el ectrode 502b, a
drain electrode and wiring 503, and a source electrode and 20 wiring 504
for jointly forming a thin filmtransistor 505. A gate electrode is
structured by the first-layer gate el @%rode 502a and the second-|ayer
gate el ectr odecchfRingly,Thesetticonducdomelémansiay dre pvidedswhbie SanSpesitionC isuhex
as that described in Enbodi nent Mbde 1, provided that drain electrodes 503
are confEetted cven vhen beirgdArmid Py a wbetrgarediel sdargsbeaffestast by beat sknlp yudhno

| d h f both qof the. f t
ehoet s ods S Butn AN SOhCThdeRion w e mé’;%‘igu sPoitmgiabGatsuisy apd 3 thin® Ty
concent rse;mcgﬂdamevwé nssgw okzﬁieﬁ%&?ﬁ vheh @th\ﬂuerMasn&ﬁ?&%%rL&%er gate

el ectrode 502b overl aps, he rest o the regionis

concentrati of0degpurity regl on respectively in the sem conduct or layers 501la

and 501b. In this mnner, even if the |layout seens different, the

structure of I h@ltlm@memmnduymbelempt ineyl baptbvadedswhert slre afciasion is aot dfeected
nt may be

obt ai ned. ‘?)(Hg 1%0062511 ccor.di ngl sem condug tor ele
pr gvi de8VSne FETE I ’555&“&?‘? W“?té"“notyp gﬁ?ré‘t‘{récﬁ SueHImpAeHIR Wffcé‘icﬁﬁéngﬁéhma
substr ag ﬁn%ﬁgagﬁtéﬁﬁ&%&r{lﬁ f)gﬁtto%ﬂjeﬁ%a&egllo&ru L SHGOn; c%ﬁdlg:tcl.)raﬁ{i%ﬁent

substrate I'm’sem ¢ or cireurt

sem conduct ofogbgyi ce nmay be provided each provided with the sem conduct or
element. 5 [0066] In addition, a sem conductor elenent may be provi ded
whekk the opér addiden.iisismpoticabledbredic daveton 6f lehghdeisst sibaglite dimskion in which
devi atig}g.éﬁFurtherrmre hin film sem conductor circuiit and_a thin film

sen conthGSPBe P&B?fﬁ“&é“’ﬁl&gﬂﬁé« 15 YUsTyerse @disul hgvingdavw ek iRtienseol st rduen e
el enent rmL,Q%??i ra %nkﬂleﬁatgﬂl ﬁi ﬂan&éto}s\%% n@%xﬂpolne that the dl I’eCtI on Of

| engt h eset a Irectionin € Sanme patterns are aligned,
in which casmogstircuit having few variations of circuit | oad can be
formed by arranging the thin filmtransistors of the invention. [0068]
Not e t hat i nNbi thaeimbhdi emhodinede modeptvgagae el @tbdedas @oeidpd dvi cedihiorfiliane
thi n fltlrarpmstor 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
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
20  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
current in the second direction in a transistor, the respective numbers of the chanaels be different
by one when an odd number of channels is formed or they be equal to cach other when an even
number of channels is formed.
25  [Embodiment Mode 3]
[0069]
An embodiment mode of a transistor according to the invention which differs from
Embodiment Mode 1 and Embodiment Mode 2 is described with reference to FIG. 23.  FIG. 23

is a top plan diagram of a transistor 151 according to the invention, which comprises

30 semiconductor fayers 150a, 150b and 150c, a gate electrode 152 (structured by a first-layer gate



15 transi stor, however, nore nunber of gate el ectrodes nmay be provided, and
desirably an even nunber of gate electrodes are provided. At the sane tine,
it is preferable that current flow through respective channels in

sem conductor |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 flowng cur2&nt in the first direction be as

cl ose asclpgssilsea bAd hecdHanhgs: %ﬁ@ él_eanfdaame,sa dQin échtiUd@%HgviﬁH% 16AL add,
the second direction. That is, it is preferable that, as for the hunber of
the chaonalesldotrode aodiwnigng bF3.erifhe tmartsiseorflisn d$ swhioteed ben teandistdneompribig thi
t he channel.s for flow n current in the second direction in a transistor,

the respEBisapduHonbeEs 1, & Handpiansemerisieg derseaviemductpylagpe]l e pnca tropsistor

nunber of. _chann is.fo d,or be equal to each other when an even
nunber 6Pn3ﬁaﬁlgbés?gm:%%%%H}a%%HF odi nrent Mbde 3] [0069] An enbodi nent

nmodesof a tragpgygtor according to the invention which differs from

Enbodi nrent Mode I and Enbodi nent Mode 2 is described with reference to FIG
23. FIG 23 Instha deapic@idantodilagtansod @ 130aneksdctiveld,54 ragioar@hil dw@rlape the
invention, which conprises 30 sem conductor |ayers 150a, 150b and 150c, a
gate el dEdtrlgne gatpeleatrqdechSdn dsgsubytantisllyr astdeq! awidy nojtherap®typs| e poldee itBparitand
a second- | ayer te el ectr 152b), a drai | ectrQde agnd W ring 154, and
2 “sour e QPEerABE e hhibif e e P alrsfofo | S ik iy
Lransi Shok cHATRLAbAGNY I reSRT ORI R hadd Glin IrOhpufit SRR bcentration,
conprising the sem conductor [ayer 0b, and a transistor conprising The
semiigonduct off0dEYer 150c. 5 [0070] In the sem conductor |ayers 150a to 150c
respectively, a region which overlaps the first-layer gate el ectrode 152a
i s substanti diteycomtgen sairch Hedtioderandnwiring p&3,nard thepeanypen idrpior ¢legtyodeaand
regi on whi.ch erl aps onl he second-| ayer gate el ectrode 152b is added

w th naitpard 85 GRadey dn,nesn e Patsis reactrieDy ettt holsg B yeen
added Wi ferdt T vl SRSk h @lrafidb Ot GG AL 1904 § ~
source el e%t rodeS an g?/l\n r?nra i%%‘?&ar‘ﬁ%ﬁ{h&%ﬁn@%ﬂg?é?ﬁgg%egora -cl)l-ggi fgr%tgﬁp%n? |n’ng
154 ar ecomameftihed thoughase ddhiBort daFissiOtte KEBRBGIMNE Yaybhr1GUBhnCcOHNLaGTd

hol es, and when current flows through the transistor conprising the
semondiestion thayds pesdigl iand sopfposisa telithedirstodirection, and current flows through the
transistor comprising the semiconductor layer 150c in the first direction. The total width of a
width 159a of the semiconductor layer 150a where the gate electrode 152 is-overlapped and a
width 159¢ of the semiconductor layer 150c where the gate electrode 152 is overlapped is equal
to a width 159b of the semiconductor layer 150b where the gate electrode 152 is overlapped.
20 {0072]

Accordingly, even if the second-layer gate electrode 152b is formed with positional
deviation in the direction of length due to some reason, the total increase (decrease) of the area
of the semiconductor layer 150a which overlaps only the second-layer gate electrode 152b on the
drain side in the transistor comprising the semiconductor layer 150a and the area of the

25  semiconductor layer 150c which overlaps only the second-layer gate clectrode 152b on the drain
side in the transistor comprising the semiconductor layer 150c is equal to thc arca decrease
(increase) of the second-layer gate electrode 152b on the drain side in the transistor comprising
the semiconductor layer 150b. The capacitance varies in accordance with the area variation
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



current flows through the transistor conprising the sem conductor |ayer
150b in a second 15 direction that is parallel and opposite to the first
direction, and current flows through the transistor conprising the

sem conductor |ayer 150c in the first direction. The total width of a

wi dth 159a of the sem conductor |ayer 150a where the gate el ectrode 152 is
overl apped and a w dth 159c of the semuconductor |ayer 150c where the gate

el ect r o@audibzdi By QyethaRP@shsistoredUBhat 0 tige \t\ﬂiﬂtﬂl'ﬂnitfh%ﬁsi%r tlfﬁgo%d]&&%c{a%&r

| ayer 150b where the gate el ectrode 152 is overlapped. 20 |

Accor di eglbpdinesn¢ maode hassubsgeniadly|thy eamg strectateest the tin IB@birirsista@r HSddesttifed
positional_ deviation in the direction of |ength due to sone reason, the
total imeraadimgcModeed, which Haasa#)éalCSSoﬁff?%f? danfaparitinee gariptgiedug gpamask
whi ch 0‘6@5i'at?$’r§ only the second-|layer gate el ectrode 152b on the drain side
in the transistor conprising the sem conductor |ayer 150a and the area of
the 25 semc tor layer 150c which overlaps only the second-|layer gate
el ectrode 152b on the drain side in the transistor conprising the

sen conduct oAckcand@ngld, 50 cendcomquabr keiknidne miededgoriiad ewhdre nhe agregtioaf ist et
second-l&yer gate el ectrode 152b on the drain side in the transistor

conpr i sPHEFted feenswhen Beigademied expep sebgiste Vhéchcisgareply aftcatoddn kaeat shrink such
accordapce w th e.area yariation ere. the inpuri regi.on and the te
el ect r ode aa\rlﬁl‘érggvéli1 S&ﬁ%ed % taﬂg’é’&?h Bt W8y ?’lq“héF’B%P‘é‘fCtt‘%/rhélrgﬁ?v ‘Fé’t itE‘H g‘ﬁlm
t he par ashikbbsd ' ' i LiRed L | t he

i nvention l\/\/ni cu%ﬁ??ég%éﬂga?rﬂuc rg‘Flggd %ﬁ}ﬁtl}ﬁghta ﬁé géﬂﬁltﬁgﬁéglﬁg%@gt&iﬁggﬁts th
thixfilmtrp@§dstor 151 according to this enbodi nent node has

substantially the sane structure as the thin filmtransistor 105 descri bed
i n Enbodi menth skéom a spmiicomdneiyr gemprtgnanbes pravidtdvhesaihaipeetion ivaotiaffectsd
due to sk. . devi at.i on. 0073] Agccordingly, . a sem canductor el enen

be provi'dadt WEF s Silﬁ% %ﬁ%‘%ﬁ’i‘%’ﬁki s% Hrglir‘emﬁ’?‘?’é’cqigbgl&/wl CHEiHgU BP%%X
over a AuPSHRAIIIGRVIC b a j | ar ge
substrate. In additi on,v a tﬁ{t% r%SYlmE&sg%h oﬁgpgggg?&élﬁgééﬁt&g%%amﬁ?%tfi | m
sem conduct of00d&yi ce may be provi ded each provided with the sem conductor
element. 10 [0074] In addition, a sem conductor el enent may be provided
wheltbe t he op@rastditagn, iitsts poiferabledbatdbie diseationi df letgth be set addrigythe damgstion in which

deviation. Furthernore,. a thin filmsem conductor. circuit and.a thi
t‘ﬁe same¢ patterns are allgne&, in which case a circuit ﬂavmg few var(l:atlons 0? circuit Poag can be

e

formed by arranging the thin film transistors of the invention.
{0076]
Note that in this embodiment mode, the transistor 151 according to the invention is
20  structured by three transistors, however, the invention is not limited to this and the number of
transistors for structuring the transistor of the invention is not restricted, as long as the transistors
are electrically connected between the source regions, between the drain regions and between the
gate electrodes, and the width of the semiconductor layer which overlaps the gate clectrode in
the transistor through which channel current flows in the first direction is equal in total to the
25  width of the semiconductor layer which overlaps the gate electrode is overlapped in the transistor
through which channel current flows in the second direction that is parallel and opposite to the
first direction.
{Embodiment 1]
[0077]

30 This embodiment describes an inverter circuit employing a bootstrap method as an



fil msem conductor device may be provided each provided with the

sem conductor elenent. [0075] 15 In addition, it is preferable that the
direction of length be set along the direction in which the sanme patterns
are aligned, in which case a circuit having few variations of circuit |oad
can be formed by arranging the thin filmtransistors of the invention.
[0076] Note that in this enbodi ment made, the transistor 151 according to

the i nvertmpR sing A0 thih e tdiRftdDackdHifgy brAO sV h@SS mw&%s’ist&}g%e denoted
invention is not limted to this and thé nunber of transistors

st ruct ubyrlglshed andahns respoctivety, ah:apaamnerstdemntddsbyr@l m&@hfamicaﬁpacaﬁnb@&g: B
the transjstors . are electrical connect ed between the source reglons
bet ween SRKEIHRAR Of LE i denatadb bééween the gate electrodes, and the width
of the semc tor | ayer which overlaps the gate el ectrode in the
transi stor through which channel current flows in the first direction is

equag in totan tquitdlentZBrcMtBMbOfindA@r SHALIF QR ?kl{;&@ a lbRYRLa gw&vﬁﬁ%ﬁﬁeiﬂoms

the gate electrode is overlapped in the trans t hrou anne
cur r ent FiG.dwend an bhaas@ctadofisdestiimd U@y, | B ipasahbethaaVDDpAGSV eSS e (e
first direction. [Enbodinent 1] [0077] 30 This enbodi nent descri bes an

i nver t efnd# feesholdoinash ph icdrassistoss Van=PeY hott. adVhen R isdxpuiptith L@Vn@idﬂh@

thin fi ccor di to.,the i ion, Thre nsi st or

denot edi"’% ‘18‘91‘?*‘51‘9 Frl st ?E@s"‘ﬂi‘&&?%ﬂ? Laealaéélﬁ aized BR o £ py tage  that is

and par 1ig Hapasht t t 2 hsyden Y, )
[ 0078] &?aAn equi vglteﬁ(gl&?ft(rj%ﬁﬂ% ?yttﬂg tﬁﬁesié(?tﬁeépgﬁr %{?Fenglgs quﬂ Rﬂ“g;z
bootGst r apbaditieny). | $Visinawe pbrentifll £ the pand AraoRer B ivomctmh@@imb@ okmrm bed
below. It is assuned that VDD = 16 V, VSS = 0 V, and a threshol d of each

of the RYBHADeswmes the Hoating sfathere. When INL is input with 16 V and IN2 is

input with 0[}5 Jrl is turned ON and a potential at a point Ais charged up
to a voltage(}tﬁa is equal to the input voltage dropped by the threshold

of Trl (16 VMea@lee‘ wHRnVihls otuh' 13%11%@%‘1{%@9& d: W‘é"lﬁ@sw? (ﬁ rgn rrei’ ’ftZ Ehe

point A reaches 13V, theT Is turn poin c
f1 oati rngrstiadN, and then a voltage at a point B is increased as well as an output voltage.  After the

15 point A becomes the floating state, when the voltage at the point B is increased, the voltage at the
point A is increased due to the capacitance coupling, and a gate voltage of Tr2 is increased as
well.  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 voltage increase {1V, at the point A in the floating
state Is expressed by the following formula, when a voltage increase at the point B is denoted by
20 UVp: OVa=[Vex C1/(Cl + C2). That is, the parasitic capacitance due to the gate electrode
of the thin film transistor affects the circuit operation.
[0080]
In the circuit as described above, if the parasitic capacitance due to the gate electrode of
the thin film transistor Tr2 is varied due to some reason (e.g., substrate shrinkage and mask
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 filin 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



[0079] Meanwhile, when the point Ais charged to exceed the threshold of
Tr2 (3 V), Tr2 is turned O\, and then a voltage at a point B is increased
as well as an output voltage. After the 15 point A becones the floating
state, when the voltage at the point B is increased, the voltage at the
point Ais increased due to the capacitance coupling, and a gate voltage of
Tr2 is increased as well. Wen the gaty voltage of Tr2 exceeds 19 V (16 V
+ 3 V), lasw aditbeutby\edskageiadbn ffag HeFodfed/ Which is equal to an input
voltage of M A voltage increase OVA at the point Ain the floating state
i s expressed [B98%lhe following fornula, when a voltage increase at the point
B is denoted by, 20 O Vn: A= Owvu Xd / (O + C). That is, the parasitic
capaci tance ditdht 62¢HY WakedayiationBreto hent sk off :Sebstinier whishiis carsed by dwais
the circul i O [: I h i.fcyit,as describe oV i f. the.
par asi t ?%h%%%ggp?gﬂ}lecgked ﬁlggglgi]cf' lr%qaéts gbsgrla[eec#\%’ﬁ%%%‘?aratlﬁfecep f’ﬁtg?’ieE%dGVIat’ng In
transi SHmfcr_Iﬁt?(jite%ticyx%rde?gncﬂﬁg oh SheSIFRIIE S Red Bic Inask FHASSARE tn $Hdub §RE&i AR
mask 25 deviation due to msSalignnent or distortion), the operation Is

af f ect ethe heviad orpacitance dpsmall hosomaposifion where it iis Reket 2 anetheeposition, thereby
consideration of this. [0081] However, by using the thin filmtransistor
of the fiHvORFTHAN figrmage [asgaly affeptadn thheweverctlier cireuit \farmett jusingi the pimditmi ¢

capacit . el ectrode and t ow.,concentragtion inpurity
S0 T oqi SATsOPBERE B RiCh AR § R Aol By IR tagr i securns
Accor di p@bperaBiof infa€pht Witgdcdss, “fen HRSHrati il pi5¥ieR®
f or med. [8082] I n %lhe case %fs masle<n dev(;ﬁg%ihéﬁ%gﬁ% to0 egit(wgl }{litﬁ‘[ﬁé{gg? a o
subkl r abe thvhivarintios afahs drabiyichepicitabee i seentongnitle divecliok i whithnafk ivatih@sns
the substrate shrinks toward its center, thereby deviating in 5 different
di r ect | tECGBY Efoiubetran shiekage ara feenpgnipirbithat ietheekiteciien dewhishakk samopaticoss

directi gns,; sjt4c capagitance i s snall at sone,positigon whereas it
is lar ggl%a%h%'%gtt ‘g%r%p{l)sdl"f: Ftb(?{l,oof ﬁé?@f)‘?g tﬁ‘ﬁé“ r@}eﬁt f‘o‘ﬂrci”gpl??ﬁ’r“ég ¥ gafgHions of
af f ect egrcuiloBY Biay bbEmeddr cuit formed using the thin film transistor of
the invention, which may be |l ess affected by this, has a great advantage in
securing anf@88fation margin. In this case, when the direction of |ength
of Tr2 which brings a problem 10 by the variation of the parasitic

capdci t ance fécadingly adbintfe spmisendustorigicowhtiang al thirgElng aenirondurgor device can

be provided whose semiconductor element operates without being affected even when being

formed over a substrate which is largely affected by heat shrink such as a large substrate.
{0084]
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]



caused by the substrate shrinkage are recognized (that is the direction in
whi ch the sane patterns are aligned toward a direction of shrinking the
substrate), a circuit having few variations of circuit |oad may be forned.
[0083] 15 Accordingly, a thin filmsem conductor circuit and a thin film
sem conduct or device can be provided whose sem conductor el enent operates
wi t hout being affected even when being 2Forned over a substrate which is

largely affeckedhbyuteate B)rdnnks@bedy abstatk 30ELa B BFss 3liBstradtd Q8dtartz sQbstrate
addition, a thin filmsem conductor circuit and a thin fil m sem conduct or

devi ce @af agaystaltinggloss, dedrantiesebstiate, o ptidtisonbitateatmethf adseste §ugntantalum,
there i§ sl i ght sk ggvi ation. [0085] This enbodinment can be inplenented
in conbit N Tn AR  HORRETHI e it SNBIERAUCIqrosubstralp FarRlastife stbsipte] GemaPolyimida,

form ng 0 [ ' i r..accor di to the inventjon.is
descri bggsfljigi ﬂaf%@?&g@ ‘%&E’%‘%‘%@ al{%b%%‘%"a%’ P g{}:ar%}%ﬁagréé PRUTAE iSHYCT R the
i's for mitte@4@ be@nflRUratiBnd As itTHANiRRarAMR PR U hedk bbeQ el !dluffhg_%hef %H&Q:
which is irradiated with laser to be a crystalline si Igl con filmi2.

[0088] Z'he spbyiratchmay bbpotisiieel KOCMINof theUikatas ngqustedsitb radt enceUc A @assaubbtass is
substrate, ~a quartz substrate and a crystalline glass, a ceramc substrate,
a st ai nFERLYEH R thisgabodimept modeyupstrate (e.g., tantalum tungsten, and

nol ybdenun) , @08@?”1 conductor substrate, a plastic substrate (e.g.,
pol yi m de, :gcry ic, polyethylene terephthal ate, polycarbonate,

pol yaryl at e, TAB®afROy@hées fisH! 118 ﬁ}ovi@éd ffder thigt&en@n Qﬁ(aﬁqﬂétwgrdana:ﬁlﬁ]lg@g

as it can withstand at | east the heat generated during the process.

subkbt r atatinmetdben pind sisadteb)0 Gl diffitsive ini the cagstaldgelistlROni fitnAd VIEMAC 8. beédause
gl ass sLLrb?strate is enployed in this enbodi nent node. [0089] The base

i nsul at AFEE flements pdversyy ciriegk thei ssrieandpctpp piaperti of tincrystaline siticoal filox.  &fhe

al kal i Nfase insulating film 11 can be formed with a single-layer structure or a laminated structure by
employing silicon oxide, silicon nitride, silicon oxynitride, silicon nitride oxide, or the like.
Note that the base insulating film 11 is not necessarily provided in the case of using the substrate

15 which is free of the dispersion of an alkali metal, an alkaline earth metal, or the like.

[0090]

In this embodiment, the base insulating film 11 is formed with a laminated structure in
which a silicon nitride oxide film is formed at a thickness of 50 nm as a first-layer insulating film
and a silicon oxynitride film is formed at a thickness of 100 nm as a second-layer insulating film.

20 Note that the difference between a silicon nitride oxide film and a silicon oxynitride film is the
difference in composition ratio of nitride to oxide. The former indicates that the content of
nitrogen is larger than the latter. Both of them can be formed by plasma CVD.

[0091]

Subscquently, the amorphous silicon film is formed at a thickness of 25 to 100 nm

25 (preferably, at a thickness of 30 to 60 nm) over the base insulating film. ~As the forming method,
a known method such as sputtering, low pressure CVD, and plasma CVD can be adopted. In
this embodiment, the amorphous silicon film is formed at a thickness of 50 nm by plasma CVD,
Subsequently, dehydrogenation is performed by heat treatment for 1 hour at a temperature of
500°C.

30 [0092]



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
insulating film211l can be fornmed with a single-layer structure or a

| am nated structure by enploying silicon oxide, silicon nitride, silicon
oxynitride, silicon nitride oxide, or 28 |like. Note that the base
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substrate 15 which is free of the dispersion of an alkali netal, an
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anor phous silicon filmis cryatallized to formthe crystalline silicon film
12 by ustndyekess suhstrater ¢ dde ifraent dpparamating Fystallmetiommawtudes yronapalladami,obin,i n
this e i nent,, lLaser beam oscillated by an excinmer |laser is fornmed jnto
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cryst al Itha fike onoddbetodaiprovdntheareiiinifyor pronoting crystal lization, which

is typified by nickel, enables crystallization to be performed at | ow
t edfer at ure i99%hort

Alternatively, it is possible that a microcrystalline semiconductor film is formed by
plasma CVD or the like and then crystallized by a laser so as to be employed as the crystalline
semiconductor film.

[0095]

20 Subsequently, so-called channel doping is performed by doping a slight amount of
impurities for controlling the threshold to the crystalline silicon film 12 as required. In order to
obtain the appropriate threshold, boron, phosphorous, or the like is added by ion doping or the
like.

[0096]

25 Then, 12 is patterned into predetermined shapes to obtain island-shape crystalline silicon
films 13a to 13¢ as shown in FIG. 6B. The patterning is performed by coating a photo resist
over the crystalline silicon film 12; exposing to be the predetermined mask shape and baking it
to form a mask over the crystailine semiconductor film; and etching the crystalline silicon film
12 using the mask by dry etching. CFy, Oy, or the like is used as a gas in the dry etching. The

30 semiconductor layers 13a and 13b are semiconductor layers to be active layers of the thin film



time as conpared with the crystallization w thout using such an el enent.
Therefore, this 10 nmethod can be preferably adopted in the case where the
substrate is relatively weak of heat such as a glass substrate. The

el ement for pronoting crystallization includes iron, palladium tin, |[ead,
cobalt, platinum copper, and gold as well as nickel. One or nore el enents
selected from themcan be enployed. IR%ddition, after this, the substrate

may be itransidioatof dhevidyentias erhisindorrtdpondl itk @ciive MRy 10 APIOMEId PEG. 1B. A
crystallinity., 15 [0094] Alternatively, it is possible that a
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t hreshol d tomthe crys?g%Pg@gn5|I|§%%2film 12 as required. In order to
obtasn the appoapri ate threshol d, boron, phosphorous, or the like is added
by ion dopi n% or the like. [0096] 25 Then, 12 is patterned into
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etching. The 30 sem conductor layers 13a and 13b are sem conductor |ayers
to Be aghd thickheggxfd00fant.he thin film 29 transistor of the invention which

correspond t@@g%l ve | ayers 10la and 101b in FIG 113. A portion denoted
by A-B in FIGS’BA to 9C corresponds to a cross sectional diagramof FIGS.
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f or med dopduetivegayar avasthcataienigsdlaling film in this order. In this embodiment, a TaN film at a
15 thickness of 30 nm and a W film at a thickness of 370 nm are formed. Both of the TaN film and
the W film are formed by sputtering in such a way that the TaN film is formed by using Ta as a
target in a nitrogen atmosphere whereas the W film is formed by using W as a target (FIG. 6C).
[0099]
Subsequently, resist masks 17a to 17¢ are formed through exposure step by
20 photolithography in order to form electrodes and wirings by etching the conductive layers.
Then, as shown in FIG. 7A, first conductive films 18a to 18¢ and second conductive films 19a to
19¢ are etched to be taper shape while the resist masks 17a to 17e being recessed.
[0100]
Then, as shown in FIG. 7B, an n-type impurity such as phosphorus is ion-doped at a high
25  concentration to the semiconductor layers 13a to 13c by using the resist patterns 17a to 17¢ and
second conductive layers 19a to 19¢ as masks in order to form source and drain regions 20 to 25
and a capacitance electrode 26. The doping condition of phosphorus differs depending on the
thickness of the gate insulating film 14 and the activation condition of the impurity. In this
embodiment, the gate insulating film 14 is formed by using a silicon oxide filra at a thickness of

30 100 nm so that acceleration voltage is 40 kV and the dosage is 1x10"° to 8x10"° atoms/cm?.



containing silicon by plasma CVD or sputtering at a thickness of 40 to 150
nm In this enbodinment, the gate insulating film14 is fornmed by using a
silicon oxide filmby plasma CVD 10 at a thickness of 100 nm [0098]
Subsequently, tantalumnitride (TaN) 15 is stacked at a thickness of 30 to
60 nmas a first conductive |ayer, and tungsten (W 16 is stacked at a

t hi ckness of 200 to 400 nm as a second3gconductive |ayer over the gate
insulating fiforgijn this order. In this enbodinent, a TaN filmat a 15

t hi ckness of 30 nmand a Wfilmat a thickness of 370 run are formed. Both
of the TaN fiJubseqvgntly,tes shofin im Bl 7@ rambd they seepud tcondungive dayeuc hoa tovd e tahat
t he TaN fiﬁl{nis f%r d @; usg’ln Ta as a target in a nitrogen atnosphere
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18e and second conductive filns 19a to 19e are etched to be taper shape

whil e the redP82]Jmasks 17a to 17e being recessed. [0100] Then, as shown in
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concent r at i orf i¢® #SRE0¥BHINIIR IRt Be firsteonduatys filmsite thyl 8aararichadddst esing the
pattern ond iye .l ayers atpg 19e a sks in

pet er i Bahtad 193904785501 SOAMENIUELEYSER AL Rl BRI RE ol e
el ect r odepadd pdARnd OPIRAISPEHILEDE PinPtHAIBN8E s uth: &Ny 91‘?:’1:‘1’%:’&%(195“2’7

t hi ckness of the gate insulating film 14 and the activation condition o
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using a,silicon oxide filmat a thickness of 30 100 nm so that accel eration
vol tage1 % 40 kV and the dosage is 1x1015 to 8x1015 atons/cnR2. 30 [0101]

Subsequent |y 018 showmn in FIG 7C, only the second conductive |layers 19a to
| 9e are sel gc]tlllely etched by using the resist patterns 17a to 17e as

rRse e Seebe e susen ihote S8 LaglSeyete pLoGerIet dppuarae e
t he chamfgle ety isoch af @hOghhorus is ion-doped at a low concentration to the semiconductor
15 . layers 13a to 13c by using the first-layer gate electrodes 27a and 27c to 27¢ as masks in order to
| form LDD regions (low concentration impurity regions) 28 to 35. Accordingly, respective
channel regions 36 to 39 of the n-type thin film transistors are equal in size to the respective gate
electrodes, and the L.DD regions 28 to 35 are formed in a self-aligned manner correspondingly to
the gate clectrodes. The phosphorus is doped to a region for forming a capacitor as well.
20 Note that the LDD region is formed at least on the drain region side.

{0104]

Subsequently, heat treatment is applied at a temperature of 550°C. Since the gate
electrode is exposed, the heat treatment is preferably performed in an atmosphere containing less
oxygen in order to prevent the oxidation of the gate electrode. By this heat treatment, the

25 impurity in the semiconductor layers is activated. Note that in the case of performing the
crystailization using an eclement for promoting crystallization, the element for promoting
crystallization is introduced to the high concentration impurity region (the source and drain
regions), accordingly, gettering can be carried out as well.

[0105}]

30 Heat is applied in the activation treatment, therefore, substrate shrinkage may occur. If



Then, as shown in FIG 7D, the first conductive filns 18a to 18e are etched
by using the resist patterns 17a to 17e and the second conductive | ayers
19a to 19e as masks to renmove the exposed portions of the first conductive
films 18a to 18e so that first-layer gate electrodes 27a to 10 27e are
formed by the first conductive filns 18a to 18e and the second conductive
films 19a to 19e. [0103] Subsequentll as shown in FIG 8A, the resist
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regions), accordinpgly, gettering can be carried out as well. [0105] 30
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so that a property of the thin filmtransistor and an operation of a

ci rcui tofelfiplinyantign. t Frethihicasef when theadisicsboiof nengthés st fabmigettlc dhdction Y watdhon
t hereof, may occur. In a driver of a 5 djsplay device which is fornmed by

r epat i ALt UL AHE affartusee byi the pabitraieshiipkagkelthadrs at disertioarigswhish the same
patterns are aligned toward a direction of shrinking the substrate), a circuit having few variations
of circuit load can be formed.

[0106]
In addition, in the case of a large substrate, heat shrink is largely affected, and an
20 exposure may be performed a plurality of times for each portion (a consecutive exposure) in
exposing the photo resist. In the case where a consecutive exposure is performed, in
particular, the mask alignment is difficult to be adjusted, thus the thin film transistor or the

semiconductor device of the invention may be advantageously applied.

10107]
25 After the heat treatment, the third conductive film 40 is formed by using a low-resistance
material over a whole surface including the gate electrodes as shown in FIG. 8B. In this
embodiment, a step of activating impurity and the like is already terminated at this stage and no

more high heat is applied in the subsequent steps, therefore the third conductive film 40 can be
formed by using Al
30 [0108]



be easily detected. In addition, the deviation occurrs in the opposite

di rections between one end of the substrate and the other end due to heat
shri nkage, which becones an even nore significant influence. However, by
using the thin filmtransistor of the invention as described in this

enbodi ment, the influence can be suppressed, which | eads to the inprovenent
of the display 10 quality and the decremse of the defect. In addition, the
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substrate), a circuit having few variations of circuit can be forned.
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| ar gel y ?ffegtedt apd an, 20 exposure may be perforned a plurality of tines
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applied. [0107] 25 A?t er agheéh{]%at trrea?ir?e%nttg,rh t hed’?ﬁ??g&ﬁégn%ggﬁ@ggﬁﬁc%oi%
i s flor néd thyy besformed réspectiedy st apestiomdifiedmlfropy efe AnuNgl Rsiued p6Stion due to
includiggﬁkhe_ggte el ectrodes as shown in FIG 8B. In this enbodinent, a
step of i ST e YikendHewever ki apglying Sedipversion, navastition affpasasitic

stage a j . t i.s applied. nt subsequent steps, therefore
thet by cp eI AT ARF Bho PR foRfeh Bhyndfie B BEHAT Moy B Fhairaisods
Subsequent | y,[og)gﬁhot o resist filmis coated over the third conductive film
40 as shown in FIG 8C, and exposed and devel oped to formresi st patterns

4la to 41d oVée thikcdrhiucdvec il 0 toasebe forhbi 48 .usiizeDu, Af@rith fike.C BIHHC hicka
film40 is etched by usi ngqthe resist patterns 4la to 41d as nmasks so that
t hel®ecBIFtl in{Rsistapate heple ier ke sreatment sudBes theeadligatidmey die penforgad exfter the

el ectr 091%%1 &)zlﬁuctive film 40 is formed. In this case, deviation of the second-layer gate clectrodes
43a to 43¢ and the second capacitance electrode 44 due to heat shrink of the substrate does not
occur 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 DD structure, which is formed at the same time here, is
confirmed to be effective for 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 clement of the pixel whereas the thin film transistor with the

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



5to 27c of thin filmtransistors in a driver circuit portion 42, and a
second capacitance electrode 44 is fornmed over the high concentration
impurity diffusion layer 26, which is to be a capacitance electrode with
the gate insulating film 14 interposed therebetween. Before the

second-l ayer gate electrodes are fornmed, the substrate is shrunk due to
the heat treatnent for crystallization.33 Furthernore, the second-|ayer gate
el ect r odpgfotBantoantiis highly kdiest8r Cohot @apacddaniidl Rahé Afeeddrddft NS the
fornmed respectively at a position different fromthe actually designed
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i nvention, a gﬁégation of parasitic capacitance of the thin film
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whe fas the.thin filmtransistor with the 30 gate-overl apped LDD structure
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and is chgﬂx'a%béﬁﬁm&t%ﬁtas Qyhot carrier deterioration in the driver circuit
portion at the periphery.” The sane applies to the case of a light-emtting
di spl ay devi gg13] 0111]
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 O 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 19e shown in FIGS. 7A to 7D, the thickness of the gate insulating film
25 14 in 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 caﬁ be reduced without adding an etching
step.
[6114]
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



The second-| ayer gate electrodes 43a to 43c are preferably formed by using
a 5 lowresistance netal material. A single layer of Al or an alloy of A,
or a lamnated layer of Al as a main conponent is preferably enployed as
the lowresistance netal material. [0112] |In this enbodinment, a formng
method of a thin filmtransistor is described in which a gate el ectrode
has a | am nated structure, however, thagghin filmtransistor of the
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the invention can be applied to a thin film ‘transistor in whi a gate
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i nsul atin film14, and the capacitance el ectrode 26. Stable capacitance
can be é’b?oaiiﬂ%cf/o Biydeqgencatur torgperareof daQ4cor srora7 ki this ardey aaload 1od a hireuit

s sour JBETRR R bRIF it & PRGH BiGe Rrnere Shie” Qo SHIOE 2iBER TbeE
el ectr Ogﬁplﬂﬂd%a_&p%itaﬁﬁgﬁe@cf% Iaf‘efﬁrﬁiti’%f%ahoqghx%éu nbp&lug@ SIRVE ?J%P'mftivity

formng the 'gate insulating fi erefofe, the step

et chd ng of He dlicomtniclediiot is wBodtitlvite th8afttie diBeoreexddd fien.second conducti ve
films 19a to 19e shown in FIGS. 7A to 7D, the thickness of the gate
i nsul ati.ng filPH325 14 in a region for formng the capacitor 47 is

preferably thin.in order to thi.n the thickness thereof. Accordingly,
the area of nﬁ‘gse@é{ﬁgh}k’i’ ?Br‘mﬁgayc?éwsﬂgnpggf e%? 'aﬁ?fﬂt? ©OVEUFCSY QR “é‘t”é’ﬁifﬁ'ﬁ 2oy
st ep. i : : ] -9A, [ i £ .

conlto ai %9ﬁéélﬁfg§gg£éﬁﬂggghé&g§c %smg }s{\flallil%:hcl)%kn% ftﬂr%?deﬁﬁhlepnﬁ%ggélg q%cl)lrléég] fé)l\r}ﬂérfora
whol e sexdmgle, # siticotorgictfiien fraeddyl QYEY, agdli@naleed fidElEsmaA byt daating H3S0eNnd

t he second capacitance el ectrode 44, and heat treatnent for hydrogenation
i s per fAHngn Stlasg) teetifve madgref HmagsaEsuch ppridoxaBy whicls hhe atbond exft siléron, and
crystal ogfgfc?l%ts aq;aclgb%%c structure and contains hydrogen 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, a2 laminated structure thercof 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 (ransparent
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 fiim 49,



sem conductor |ayer (crystalline silicon film can be termnated with
hydrogen. Note that the silicon nitride film 48 containing hydrogen is
formed and then the heat treatnent for 5 hydrogenation is performed in this
enbodi ment, however, the sane result can be obtained when a silicon oxide
filmis formed and then heat treatnent is perfornmed in an atnosphere
containing 3 to 100 % hydrogen at a tésperature of 350C or nore. In this

case, aahdatcheldl. aActdraligly, s@pes akd ARk aRcHEIAEY &0 TFBdACR FoRSe CHPRRA @A dUE
the case where the silicon nitride filmis enployed and capacitance

bet ween e forarss! isdhe bdypethie lin thesistoseintthe drieéatifonét Eetion 42 aud the n-hpcof
the siligcon.nitride f‘i m'hs about tw ce that of the silicon oxide film
[01151 ‘%H&E@q%ﬁﬁt‘g& 2 P BOdionitrsnsriataing Tha drrinoelpargds ipelg conractadiie
silicong Lt i 8 j I.f51] a rin i.C_Oor.inorgani

i nsul at iﬂn[Eng 115( F rne ét%&Jsdg]tsﬁé Bbr%er %l%{nﬁlg Slglr@glag@ idﬁagljrtl fglﬁf}grrﬁ) &fgtg);lgt%?;aw Be Stgu ‘i‘rlcfi E’Bn

oxi dg f alsidletdRe nbite GYAL, @us bl oMk XodRvdd HEy REPRE DY 150k A% DY LROG 15
(Spin On dass), a filmmade of a material such as siloxane which has a

bond of paiticiveore lamdnatakstgeurasn ahbhckibond, BN, uad 0l ereanatked b diinsrdey doagmn
as a subst'ituent OE furtggr contains at |east one of fluorine, an alKkyl
group, HRd1aFbmaY Be melreehr seRloyed dnsilipsiere o mrevesting Hliffpsie ofathe pdectipded.

ocs (b oery AP0 sefighaie Bt AR & o P RRR i o futloieds wBSulGin

resin, a negpititgp type 20 photosensitive organic resin, or the |ike can be
enployed. In addition, a lowk material can be preferably enployed.
Furtthher, a | hnithasedicondunteudevithecentlingaty lids empaaijracnt, Inot tahipstype thin film
enbodi nent , thbe interlayer insulating film49 is formed by using )

phot os eW&SISeLHny-fipgdhin filgy trgnsistpeis, formeds Hothe driverrizpuio Bortignphxand in the
el ectro ks, fQr in transparent 25 conducti.ve fil uch as
e et PR 47 AEAB SO0 Sy RRTIY: nih 5 A NE S T USRS
shown i enifkife st@fof iBROEAE hn h%&ﬁy@%{Hﬁﬁﬁtdiﬁ&&%%%etr%p%m& e source
region and the drain region are formed by etching 1n the interlayer

insul ating flOl&PKU9, the silicon nitride film 48, and the gate insul ating

film14. Then, a conductive filmis fornmed by 30 using a | owresistance
matléri al wi t FiSCPAEIE drtiHpetions e stormipBokyigndh evhih s tiangmiticdrie aipitdl Hyoagh

?gr rrgg %g&?ﬂgﬁ@gﬁ%&?ﬁ%\% r \(;jvihpcgzl %' streturcd baynghedEgga%itgrlc%cglﬁzgtggfe E%vihg tﬁg h?&? h
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-fayer

25  gate electrode, because the thin film transistors are formed in such a manner that the thin film
transistor with an DD structure is formed, heat treatment for activating impurity is performed,
and then the sccond-layer gate clectrode 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



filmare fornmed in the n-type thin filmtransistors in the driver circuit
portion 42 and the n-type thin filmtransistor 46 in the pixel portion
respectively. The drain electrode 55 is connected to the pixel electrode
50. Note that the source and drain electrodes 51 to 55 may be structured by
5 a single layer made of Al, Cu, or the like, however, they may have a

| am nated structure. In particular, ad@mnated structure in which TiN,

A, Ti N whée il Lﬁtﬁstﬁkﬁﬁﬁ%ﬂ tﬁdﬁgattél;psm@arpg@& L0 Sri e it PRnlAVRS udBY a Bask such

preferably enployed in the case of preventing diffusion of t'he el ectrode
mat er i al asiarpthotd keeisseni conductor | ayer as well the hillock generation due to
stress mgration. [0118] 10 In the sem conductor device according to this
enbodindﬁ?ﬁmﬁﬁﬂmﬁ3b-type thin film transistor but an n-type thin film
transi stor iﬁ &%Uned in the driver circuit portion 42 and in the pixel
portion 45, 8 er, a p-type thin filmtransistor may be formed instead.
In thi s case,Tp; ; ; Ml | 1 TS - 1 ;
betwaen t ho. 1 aapanpeaent UERriBls AR EOL R TRt kisRr ST e bl EoR R
store a apphial withgreédrendsi ONFIGS. t1I0RNSMIOC erhich diffpisX@bm! Pmbogineat Mad¢e?. The
smﬁtchin? el ement, which is structured by the capacitance el ectrode having
the hi glsteps omcionkiCatliOdnatertharsamy asegpesnshiawrt heFﬁﬁeéAaqeﬁrA,athcneme,sdnwdptmnd

drain regio of .th -1y t hi filmtransist , the gate insulating
fiIn114%%?eqﬁ%°?%é%§f&ﬂh1ﬂﬁ%HEFE?%?ﬂﬁ@?mﬁﬁﬁu?ﬁ%ﬁgﬁggnd capaci t ance

el ectrode 44{0ﬁ21[0120] According to this enbodinent, a thin film
transistor w't A gate-overl apped LDD structure and a thin filmtransistor

Wi thoan LDD Folluging teaditc BRoKRIATIGOVEA, Al hsGRITRE FUASTOMIsSformbd Bogt a agidieng
a step. In addition, a material containing as a nmain conponent Al which is

| ow i nsulstiate: adde iasatingefiprer¥ilvie fatmed by awsingle Heptr aremiBipdn bayersalry bsing a

enpl oyed..1 o t he second-layey. 25 gate el ectrqde, because, the thin film
Crane; sodh 8 Jifoad &Sl a6 ek S Thh 1A% e FOUEHeS Berodet

an LDD §§6Mﬁgﬁ@ﬁ¥kﬁCﬂgi na Cgﬁgggggpécﬁor activating inpurity is

perforne en t second- ['ayer el ectrode is forned to formthe
gat e-over | app@@3iDD structure and reduce the resistance of the gate

el ectrode wiring. Accordingly, a |arge-sized image display device may be
proli ded at Buobseguinly, hhitcheatmentajsaipirioroked o er Btipeptate dfi FH°Epeélirartbe gate
superior, in 30 the j e di spl operty. Note that the gate el ectrode ma
h;\F/) e Ionglc%:té ranidﬁﬁvglj(gggg B%Ig%tgggr%mpgeigg oxdized since it 18 covered %vith the insulating film Y

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 treatinent 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 f0124]
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 fitm 701.
Subsequently, the third conductive filin 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



where the LDD structure or the gate-overlapped LDD structure is formed by
using a mask such as a photo resist. [Enbodinent 3] [0121] 5 This

enbodi ment describes an exanple of a thin filmtransistor to which the
invention is applied with reference to FIGS. 10A to I10OC, which differs from
Enbodi ment Mode 2. The steps up to FIG 10A are the sane as those shown in
FIGS. 6A to 8A, therefore, description 3thereof is omtted. FIG |1Q0A

i |1 ustranespdsbe thamBetsleah Bwrige fl @co%ia%em&a]a tahle %@éd\s\rﬁ\gﬂe gmgt Re fothidliCopdroyn

ci
in FIG 10A, an insulating film700 is fornmed over a substrate. The

i nsul at igagaditanne 2BOLrdde 74 math the iaswhugd &ilth 5406 intirpased tth@tbleetivaster sA kypatsiong
a si liﬁﬁ%mtride filmand a silicon nitride film containing Qxygen. As
the for mMingS SEEHBEEd by thg secondriayes sapadiieRceadegrode oD isaratineg Bib 700ead the
[0123] ~heatytreatment .is perfor t ,a tenper.ature of
bs0c ) psBacfiEe BERbbY e Mot SRR Hesti R s REE s Bebing Bitn i
Since i tirdnSis@PWAd §6etbichBe hid@elal 318 Aldodd f ik pof@G. By this heat treatnent,
the inmpurity in the sem conductor layer 1I's acetlvated as well as N in the
channel regi dA12% introduced to the high concentration inpurity region (the

source and drain regions) to performgettering. Note that the heat
treat nent carfMbd Hehf Bensdingystensy apfthgs shivwmdwcknfieml FHg, 9Aame penferaladnin

d | Li ng,.. Sub | third. ive fjl 0l is,f
o0 |95 SRR 00 LSBT o By 4 SRR b et R SES
the thigeeeatuaitupnt 'skéanﬁ%{l&@é.téoae éﬂfd@?%@ b ?qél A zgggﬁséh%?rgaﬂc%lé@?ﬂog%a

barrier filmfornmed by titaniummnitride and the yer forne y

Al o anndh fastHeyerare dlaniodaited andk sbyond-lhpyiate dleftrgd 80Y a codne@Bd A shown
alloy. 25 {0124] Then, a photo resist filmis coated over the third
conduct i EIG| 11 datethatiperebsprescenmaeral 80 deriatisenl semisondyateraysr andsi sfference

Sibs cquinTrg SOA SR SolrBhaaeisy 8° piFiobon At BE Ratrelige may R Fukisd buing
208 ar 6 For eon Goar oiiceciTaRKR B8, Poi A ALY PR, FAFHI AREINE dule)
t he dri electradescuit portion 710 respectively with the insulating film 700
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 so as to cover the pixel electrode 50.
20 Note that the insulating layer 56 can be sclectively 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 element 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 fifler, and
the opposing substrate 59 may be provided with a color filter, a shiclding 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.



37 interposed therebetween while a second-|ayer capacitance el ectrode 709
is formed over a capacitance electrode 714 with the insulating film 700

i nt erposed t herebetween. A capacitor 712 is structured by the second-|ayer
capaci tance el ectrode 709, the insulating film 700, and the capacitance

el ectrode 714. Note that a reference nuneral 711 denotes a pixel thin film
5 transistor and a reference nuneral 713 denotes a pixel portion. [0125]
After that, tfpezspnme steps as those shown back from FIG 9A are perforned
to manufacture a display device. According to this enbodi nent, the

i nsul ating filkm %QGidi gystandeppodsdciiet wednd fepheienthel diyRhsdgahehed,eC tIRees
706 to 708 and the first-layer gate el ectrodes, 10 and a first-layer gate
el ect r odeoBooIURYd avith dlam aaa?{aasfhe?n%&weer@|aehwéd@ym111s atreppedhorct adplal $imaesn

in FIG . t hat a reference nuneral ,h 802 denqtes. a senjconductor | ayer
and a rg?h épé{rﬁgéﬁb#ﬁaﬁ%sr 4r a@ﬁ%'ege’ﬁo‘faggu‘ﬁ’ 8‘641?'589%0@@?"@% é%lghai‘b ¢ sppce tilled
auxi ki aryisif gic;}@[alg_ray be formed by using the second-|ayer gate

el ectrodes 706 to 708, the insulating film 700, and the first-layer gate

el ectrodes. 1613Hnbodi nent 4] [0126] This enbodi nent describes a nethod
for manufacturing a |liquid crystal display device by using a substrate
formed by a mebpEEends @ Visaw bordidrodimeetionisviroided fdthearc anisaropicGontiBctiveAn

i nsul atiing lLayer 56 . called an i gnnent, fi is formed sq as to cover the
pi el el Bet ikEosal 1 Befysed e Yias toetd Hrrefigne fayeimsgs: agpwal sighal and
sel ecti iflor LRLd Bt rQfd- | (Ll e r i ng
e por f DG, o P AR, Rored e 08 g Ry B8R bR pon M Dylipe
Subs@quent | y [0E®]opposi ng substrate 59 provided with an insulating |ayer 57

functioning as an alignment filmand a conductive |layer 58 functioning as
an opposi te 8t abec-fescrbecheshisd atljudd contabHisplytdeidegirpeitled 8Gthvihe khia film

spacer, .and a liguid crystal |ayer is provided therebetween, so that a
liquid SPYEYR a‘ﬁﬁgBF%{?“%ﬁ‘ﬁ-}&“’f&% IG5 Of Mgy sty @8 berpanuleisdt may be ni xed

with a fﬁxhb@dimeﬁ@ﬂ] the opposing substrate 59 may be provided with a color
filter, a shielding film(a black matrix) or the like. Note that the
l'iquid crystplidlipyer can be fornmed by a di spenser type (a dropping type)
met hod or a dipping type (a punping type) nethod in which a liquid crystal
i s }njected Blpsmbngiment describes an example of manufacturing a light-emitting display device
by using the thin film transistor of the invention 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 interfayer 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



30 a capillary phenonmenon after attaching the opposing substrate 59. 38
[0128] In a liquid crystal droplet injection nethod enploying the di spenser
nmet hod, a closed loop is forned with the sealant, and therein a liquid
crystal is dropped once or plural tines. Then, the substrates are attached
in vacuum and cured by ultraviolet to obtain the space filled 5 with
liquid crystals. [0129] Subsequently, 3@ wiring board for connection is

provi dedn Wd dili@h MR SneRReléablyweith IRWAkink b PG5 d %tﬁfﬁ@@_t ween. The
wiring board functions to transmt an external Signal and otential.

Thr ough t he 4083%- descri bed steps, the liquid crystal display panel is
conpl eted. 1Q [0130] By the above-described steps, a [Lguid crystal display
devi ce provi dEASSAUERLLY Resibiepmnifridengxide Sifgios taotilicandoivmiride flmonaiube drrndvivce

of the i i.on n nuf act ured. [.Enbodi qent..5 0131] 15 This
embod: mtDabas it 680 e BRAlAPESHEan B Pty (D 51 gLt SighioF Si9pay?
devige Ry sHSARO Rl ¢ is . Of o iavent 1 oncwW k. n to
Fra s 1a BB G I T Ml SO AR il ARG e
transi slaersis atched.or Nogt thax thbeilidon vRYniaideCtilin ispatictadly fdthed ansuffibRnPihk&iness
portion 151 over the substrate 10. The layout of the thin filmtransistor
and t heto benpeineed dmeliarrously with thyj etehing of the witieg, sdntle baehficiably 4ffogtsr omthe

bitrarjly.determined 20 depending on it ted perf . In thi
amboat niniebi bR TEREr e RO GRS Rl e "ot "Tor i ng the i nterl ayer

i nsul ati ng f;@ﬁm_g, on the assunption that the second conductive |ayer
used as a portion of the gate el ectrode is nade of nol ybdenum and a dri vi ng
trarsi stor 1%RBen,otheanierlghdr RRulaiing gilel @9anpait&nad And Ydchcl! BNt ntad GbiR]
25 In this enbodinment, the interlayer insulating film49 is forned by using
si | oxan&hichgpachhe bighsioppentrationimpudtyacgignnhd? © Kdrespetivedydri ed by heat
treat nent foﬁ)#g mnutes at a tenperature of 50 to 200C, and then baki ng
treatnment is é’ ]oyed for 1 to 12 hours at a tenperature of 300 to 450C so

that the inteplavehelafithal 1inhdch R fRn e E&{tgﬁqtole!%yantdmaﬁenn%hitggﬂrm a source

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 obtained 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



a siloxane filmis forned at a thickness of | umover a whole surface. In
this step, 30 hydrogenation and inpurity activation of the sem conductor

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

simul taneously with the baking of the siloxane polymer. [0133]
Subsequently, a silicon nitride oxide filmor a silicon oxynitride film may
be formed by CVD so as to cover the intgerlayer insulating film49. This

Fil m furtetised FoABblu8 Ane beddnnisdiORP ERoteThAAn D ERYRAL op&gﬁ&te% HlhnGk tE{é@nerau
interlayer insulating filmwhen a conductive filmthat 1s forme ?a er 1S

et ched. heothéght latineuseticibagp thepobyniontritdeingitd theidecpaef shtablisvigoRgpat
sufficient thickness to be renoved sinultaneously with the etching of the
W ring, whic OheRef i ci ally affects on the reliability of a light-emtting
el enent that | r .l.at er . 34]... 10, Then, the inter|ayer. jnsu]atin
filma49 is pat etjrlér)\e gairﬁ%a%é’tr cahé%gﬂ"gmhwgn Rt £ {2?8‘1'@'9 cc\‘tbl?i‘ c‘ﬁ‘“g@agﬁhtﬁﬁ@“ﬁ?@h
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source lightcmitbidg neneria hdviaigranciheeineoide. propetshbewesh el IR nol@Ol 6 BE high

drain el ectrodes, or wirings 161 15 to 167 are forned respectively with a
t hr ee- | BAscud¢ rGa8t be eemploysh: ¢ hinmbiiy berehegiment, wamilomrmolearlar modigtsdBghtreraitting

acked i i d b . [0136] . Sub ntly, of
kel & e AL bR B b R
sem Congiiedifll dBs6RRA N b SbiveNcandl: dtdr n%;ﬁn @ozldn%rgr'iﬁ?]é'%{{ib%% lﬁﬁé'tﬁ:ﬁ not only

described in this enbodinent, a |layer ¢ al ni ng°a ng nat eri-al

i s Handah chgahibetatessl butpiss acforBpaitragesal antheadrg@hRMBAlerivhafd BMinbspanic
light by current flow ng between the electrodes is arranged in matri X.

[0138] ™Materiakcunbe employedi on state of a light-enitting el ement, there are
known a si ngk@t4 xcitation and a triplet excitation, and it is considered
that the lig g i ssion can be obtained through either of the excitation

states. Ther af 9k cicbf§uct] BN iightt-é}ﬁitﬁﬁggllcaﬁtenteﬁé %ltn%d Qassh %taﬁia?l?f%vteﬂgp the

element in
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 clement. 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 (Zn0) is mixed in indium oxide,

20 GZO in which gallium is doped to zinc oxide, ITSO in which 2 to 20 % silicon oxide (§i0y) 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
element 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



the triplet excitation state may be used in conbination in one
light-emtting device depending on the property of the each el enent. For
exanple, in three colors of RGB, an elenent of triplet 30 excitation state
may be used for red em ssion, whereas an el enent of singlet excitation
state may 40 be used for blue and green em ssion. Note that the el enment of
triplet excitation state generally hagihigh |um nous efficiency, thereby
cont ri bmplgyddo thaveles! magss @bolsnd ¥i REoNPlefRE8de [O¥3Fhed A5 thlmit light,
material for a light-emtting elenent, a | ow nolecul ar wel ght

| i ght - erthartiong the metakepi dhe aHohicghtaimheahd atetaleis giotmbd gjuite etivir, tandgthe second
material, or a medium nol ecul ar weight light-emtting material having an

i nt er mediestadgisdpened by gactdas IT%ZQ%\X/T%» g@@ er apihereetal Geclugipg et allev)can
be enpl oyed. hn,fhis enbodi ment, a | ow nol ecul ar weight [ight-emtting
material is énﬁfgyed. The | ow nol ecul ar wei ght material or the

hi ghs nol ecul g4 i i efh i i | .ve a
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al so a ¥mpoliSCeisnatdns at elettrode tar ghinbiticynet £1ptalensiftthpadeviidiQtagadiei improved by
material can be enployed. [0140] A first electrode 168 of the

| i ght - eRFPHPIOHYE sp@ENbakirg.f or med so as to partially overlap the drain

el ectrode 16{ 1(S)f the thin filmtransistor forned through the preceding
steps. The fi? %?]15 el ectrode 168 serves as an anode or a cat hode of the
light-em tti pgEhaMiihis éﬁb%&]ﬁlcﬁﬁ‘%ﬁe iﬁfrst lé?dcﬂgii kg AStdriiSd ARAA e s%u[:%t(ﬁ'lc%r th
a high work function, an alloy, an electrica (fy conduct ve conpound, e
m xtr eclettradveniclan td¥eod ihkkahinsfim efa@kiaoly aknpkaye howsvenrike ffancili@mdef168
about 4.0 eV or nore is an approximate indication of the work function. As
a speci Pk bgdersraddfirst, prdthenrbg elastrades obsticdbin filnz@isisters wmyzinforosd.de) in
which 2 to 2 %fi nc oxide (ZnO is mxed in indiumoxide, 20 GZO in which
galliumis d eé to zinc oxide, ITSOin which 2 to 20 %silicon oxide

(5102 02 AT, ST 0 1, b B LB (Ao,
(Cu), paeadidenid8Pd)Theaimgulbiing it 069 a oEladl a baAk i Apasiion REILt | AANh&Fanic
nitride (TiN), and the |like can be enployed. [0141] 25 On the other hand,
i n ¥he Bawatieg filiargn ergagictinsuledng 6o, caa hrevsdd ani the iasuletingubilie Ta9nc tisothe
gﬁn e?ggl%g{)gélgﬁ:lt @Stljlggrllgcg}é,og s%l?cog o‘%’ fekfirn!lJ r}grtn!aecc)inbyg fCVSD,Sa gi icglrl olxﬁa est)il’m %gatgcli lbgy’
SOG (Spin On Glass), or the like can be used.  As the organic insulating film, a film formed by
using photosensitive or nonphotosensitive polyimide, polyamide, BCB (benzocyclobutene), or
acryl, or a positive type photosensitive organic resin, a negative type photosensitive organic resin,
20 or a material, so-called siloxane, which has a bond of silicon and oxygen as a skeleton structure
and contains hydrogen as a substituent or further contains at least one of fluorine, an alkyl group,
and aromatic hydrocarbon as a substituent can be used. Alternatively, a laminated structure of
them may be employed. When the insulating film 169 is formed 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 electroluminescent
layer. In this embodiment, photosensitive polyimide is employed.
[0145]
Subsequently, deposition of an electroluminescent layer 170 is performed by using a

deposition apparatus while moving its evaporation source. The deposition is performed in a

30 film formation chamber which is evacuated to the degree of 5 x 10~ Torr (0.665 Pa) or less, and



conductive conpound, a mxture of them or the like is preferably enpl oyed.
Specifically, an elenent belonging to group 1 or 2 in the periodic table,
that is, an alkaline nmetal such as Li and Cs, an alkaline earth netal such
as My, Ca, and Sr, an alloy (My-Ag or Al-Li) or a conpound 30 (LiF, CsF, or
CaF2) containing them or a transition netal containing a rare-earth netal
can be 41 enployed. However, in this eybodi nent, a second electrode is

formed tefefaBRMhd dbdi8bbf 10t RSIET AloRr. RGKARERAsitRIn, HREoALhRYcoRPBuAN RiHIEh the
metal is formed quite thin, and the second electrode is fornmed by stacking
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el ect r odight-arhittilge 1dybi, ranf élbenrdn ansdpptiargsSlagay ahe ahogle@ebn injdtlidd]layer) is formed.

Subsequently, an insulating film169 is formed so as to cover the edge of
the fir&lote éhatcthe sHactesg of The clastoluminesgent layer 690 iis noallireitedatc ik loninated
partitign wall, i nor,gani 15 ipsulating film.or an organic insul ati
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pol yi m de, pol yam de, BCB (benzocycl obutene), or acryl, or a positive type
phot osensi ti 846l ganic resin, a negative type photosensitive organic resin,

20 or a material., so-called siloxane, which_has bond of si ljicon
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usi ng a photosensitive organic material, the opening has a shape of which
curhpat uhéckpessiaidOvar.i es continuously. Thus, it is 25 preferable in that

di sconnecti 01?)1%] the filmhardly occur in depositing an el ectrol um nescent

After the efectroluminescent fayer 170 is formed, 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  a top-emission 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 electrode 176 is

30  formed by stacking AlL-Si, TiN, ITSO in this order over the second interlayer insulating film 175,



| ayer. In this enbodi ment, photosensitive polyimde is enployed. [0145]
Subsequent |y, deposition of an electrolum nescent |ayer 170 is performed by
using a deposition apparatus while noving its evaporation source. The
deposition is performed in a 30 filmformati on chanber which is evacuated
to the degree of 5 x 10-3 Torr (0.665 Pa) or less, and 42 preferably, the
degree of 10-4 to 10-6 Ton. In the depgsition, the organic conpound which

i s vapQiowesr, Rmse6d 8 ERABRS DEH I, e AANANGE s?ru?ﬁﬂé Erﬁﬁlﬁgné&g}lggers, or four
direction of the substrate by opening a shutter. e vaporized organic
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transporting er,.a,  light-emtting layer, an electyon transporting
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Furthernore, the electrolum nescent layer 10 170 nmay be forned by a single
| ayer opf dakinxdight fper bothsualtes anshovirs ire FEGdi F@ian he mohwfactnjedchy stackiayer
is fornmed a hole transporting |ayer is

by,CuPc. at a.thick .of 20 e
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layer 1Y050 sarddiZied, Néte 84 ot L CST P8t ddeb rlo® trhRiiR % ghOwRSn bdifg BRCkdY to be
contact with the el ectrolum nescent |ayer 170. In this enbodi nent, the

second aéhigkfimdehagas they tansmits lightehen banpotieked e be tahtbinf filnst Ehaecforegdy

168 seryes.as, the anode. The mat eri al as described previously can be
enpl oye[\g”fnbl?g m‘?ese&a’efﬁéﬁeé‘rtm% 1?&‘? Sy divifigdn AT magdp of Alvmmwamor isinr & uficiant
at a thje kM f second el ectrode (cathode) 171.
Coras)  [EoRroTantnl (A, Ve ol MR SERNG BThL 80t TS Tormed by usi ng
a light-tranguspfing material. Thus, light is taken froma bottom surface

of the substrate. FIG 14 is an exanpl e of
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
apertute ratio.

20 [0151]

The transparent electrode such as ITO and 1TSO, which is used in the dual-emission
structure or the top-emission structure, is difficult to 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  interfacc 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
fo prevent this, it is preferable to provide a material that is less subject to such damage at the
pbsition 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



25 a top-em ssion structure, in which a pixel electrode 176 and source or
drain electrodes 161 to 165, 167, and 173 of the thin filmtransistors are
formed in different layers. Afirst insulating film 174 and a second
interlayer insulating film2175 can be fornmed by using the sane material as
the insulating film1.69 in FIG 13, and the conbination of material can
be freely determned. In this enbodinmant, both of the |ayers are fornmed by
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TiN, 1TSOin this order over the second interlayer In at'i ng
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light-em tting device, which corresponds to FIG 14. = \Wen the nunber  of

i nterl apéra iphelil iat feayiréd | trsbd 20types  ilmctheasedodimang thhainivideo s@nsistot he the

struct uhe]s of. FI GS 15Aa1§[‘,§d, 15B, a light-emtting el ement can be provided

above t HEMeRiHing Flement g ise ro-ypgotransisien) | Howgven by Whgativarhoygelessrihode
t op- em sSi ' ' f_an erture ratio. .20 [0151.] The
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dual - em ssi O[0158}ructure or the top-em ssion structure, is difficult to be
deposited by resistance heating, therefore, it is forned by sputtering or
el edt ron bealhddprar t§ ErmeWigndepusitivec ant Mb@c tsatdufging A1 =i B or more is preferably

employed. 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 (CuFc) 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 simplificd. 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 sificon oxide film containing
nitrogen by plasma CVD.  As for the silicon oxide film containing nitrogen, a silicon oxynitride
film formed by using SiHi, N;O, and NH3, a silicon oxynitride film formed by using SiH4 and
N20, or a silicon oxynitride film formed by using a gas in which SiHy and N,O are diluted with
Ar may be formed by plasma CVD. Alternatively, a silicon oxynitride hydride film formed by

30 using SiHs, NO, and H, may be used as the passivation film 172. Needless to say, the



formed by sputtering or el ectron beam deposition, the surface of the
electron injection layer or an 25 interface between the electron injection
| ayer and the electron transporting |ayer nay be damaged, so that the
property of the light-emtting element may be adversely affected. In order
to prevent this, it is preferable to provide a material that is |ess
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10156]
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 f0157]

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 invention. 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 clement emits light. When the video signal uses the constant voltage, the voltage applied to the



crystallized by laser irradiation. [0154] 25 Subsequently, a passivation
film172 is formed by using a silicon oxide filmcontaining nitrogen by
plasma CVD. As for the silicon oxide filmcontaining nitrogen, a silicon
oxynitride filmforned by using SiH4, N20, and NH3, a silicon oxynitride
filmformed by using SiH4 and N20, or a silicon oxynitride filmfornmed by
using a gas in which SiHA and N2O are ¢igluted with Ar may be formed by
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[Embodiment 6]

[0159]
This embodiment describes a pixel circuit, a protective circuit, and an operation thercof.
[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 gatc clectrode 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 cach 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 cach other. A wiring connected to the gate



using a color filter, a nmethod in which a color having a short wavel ength
is converted into a color having a | ong wavel ength by using a color
conversion filter, and the |ike. Mdreover, a color filter may be used in
order to inprove the color purity. 25 [0157] Note that either of an anal og
video signal and a digital video signal can be used in the Ilight-emtting
di spl ay device having a display functiam of the invention. As for the

di gi tal ele¢ird@OotSthe Aakingt Tl RARME fEtu¥e P hre SR de¥Giptn (O SeRRield bYiwiRRA
signal using current. The video signal input to the pixel uses the

const antFl&zol Magrel bFC itherdeotosillasttate that ¢int wivingn atehfermed) hy déffiaredti lager8€rosl eagknt
emts light. Wien the video signal uses the constant voltage, the voltage
appl i ed®t$the 46 light-emitting elenent or the current flowing in the
light-emtti ienent is constant. On the other hand, when the video

si gnal uses € constant current, the voltage applied to the

l'ighg-emttipgqael ;ﬁf@é‘éhc%n fhace ‘IWA%H HIGOWAGhE TFrE84b3 G 1894 4L D LIQNENT
is constant. The  former one in which the constant voltage is applied to

t he | i ghdricern thid pigeB] edectanhd lefte 4D ands (SaaﬁnﬁdmfléthaWt(Mﬁﬂ)t(ﬂgbe () ARV T8
while the latter one in which the constant current flows in

| i ght - ed#d & ichynne! gt L{1¢0¢ panst 3 glpnmgl width Wol49¢hot the drfle MO"dinie\;éefeml?lst ped

by chantiiap e B 40 TR0 AR roifiPefihont & ther of o

driving neth§ﬁ6§¥ the video signal using voltage and the driving nethod by
a video signal using current can used in the light-emtting display device
andidlo its dthyiFEL nd0hageohest heaisausnfion fegiddnadv@hiroBi 4 kerreof vilne flowing

constant voltage drive and the constant current drive can enployed. [0158]

Accor di #gugh @ediéwcayttmgw@eﬂwoéewémlévtheléfcﬂwhﬂyeog@nﬁe&omu RGF regienanpd

PRk MR T e
S e T RO B S
i n Fl G this/Anbalimegnalln hididod,4b0 oalythnpaivaticesut 0e lbunglso i 4¢dlcdo tybe 4 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 ¢lement 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 clement 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 nccessarily 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



are arranged in the colum direction, and a scan line 1414 is arranged in
the row direction. The pixel conprises a swtching TFT 1401, a driving TFT
1403, a current controlling TFT 1404, a capacitor 1402, and a
light-emtting el ement 1405. [0161] 25 A pixel shown in FIG 17C has the
sanme configuration as the pixel shown in FIG 17A, except that a gate

el ectrode of the TFT 1403 is connected4gp the power source line 1412

arr angedrFi Qb gnd SWeH RS i BN are R tidrally gJ?SviHéd?e' ﬁm%%ﬂhb Bife Ghovd An 306
17C are equivalent circuit diagrans to each other. However, the power

sour ce [li7hehds4th? same pivgd donfiigurigon saFHG. riFcy, ie@tept ¢kt Gl TRY 12106 dndehd sosrline
source line 1412 arranged in the colum direction (FIG 17C) are 30 forned
by conddétf ge additipnally peividedr ent | ayers fromeach other. A wiring connected
to the gate 1@1%ﬁlectrode of the driving TFT 1403 is focused on here, and
description i de separately between FIG 17A and 17C in order to
illustrate t A 4 f i . ay . .
other. [0162]  Ce 1 e Lo SRF PATRFE Uy 5 Sl ity 1% RRAiE B ignanty

1403 angroAdeAl. arvehanthe THRTEH06Ms t8fEd ON, charkBehdll %e1he caphcibanNG] akeit@hirged,
41403) and a channel width W1403) of the TFT 1403 and a channel |ength
41404) Hwdehy whang gl TFBHHONOIAD4)Thef is; herr@i Buppiy 4o dheeligitedfieitting glement 1496

as to satisfy L(.1403) / 1403),.: 41 1,404) =5 to 6000: 1. [0163]
10 The ?ﬁ#?ii@@g%ﬁéf%%% \Qﬂfrpr_avz;’ataﬁjsffé‘ﬁ ﬁ@é! o g SR ﬁﬂﬁ o s ebied on
val ue f bQw,0 rpir Oésﬁgegn&dy IR B LB BloRI ™ HbuhA Q. FIY! §7BNGad Pl 494
operates in-a [inear region an ~controls current 'supply 10 the

|'i ghtt - eliphttéonigrigd goridtcai 405t sitalilthifeoS19 AERE] dholtly MW v@rfitiﬁég‘l?eri(qu{d%r@gig‘&xh@p
that both of the TFTs have the sanme conductivity type, an hey are n-type
TFTs i naretwitiderggiaddherpixels, tharchy dive dwty ratimecandrd inpaevednhancenent type but

al so a deplevh% type TFT may 15 be used as the TFT 1403. According to the
i nvention ha glthe above-nentioned structure, the TFT 1404 operates in a

| i near regio el e | i gt | at k- f TET 1404, doe
ot af feot. avsiFraherguf i 100 AP ml el LRP aR10 YOF RLpd PG o't FCHe
the curgrediged ah Uecodimh kigrectiorg RhiRNhE tseag) ligk U ts 340D cdan PRvdleiEInned by

the TFT 1403 that operates in a saturation region. Accordingly, a display
devisce piapl panplissyitbedwitnhingi TR tIHO1,i theglidualTIFLy 1403, ithp capeeitor 1402, and the
light- emitting clement 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 casc 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



20 by inproving a |um nance variation of the light-emtting el ement due to
variations in TCl' properties. [0164] 1In the pixels shown in FIGS. 17A to
17D, the TFT 1401 is a TFT for controlling input of a video signal to the
pi xel . When the TFT 1401 turns ON and a video signal is inputted to the 25
pi xel , a voltage of the video signal is stored in the capacitor 1402. FIGS.
17A and 17C each show a configurationgn which the capacitor 1402 is

provi degroigdENeine dik8, hdWERL PPaske MWirix ighl-E8H AL dENILS cafBE E MR IGRRAY fhOT
1402 is not necessarily provided in the case where gate capacitance or the
| i ke camnvhieh gwebBET tispedidedt fer aobamaci othe fpassisd ohairbglightvérdietng devied, .thd Bik65]
30 The pixel shown in FIG 17B has the sanme pixel configuration as FIG

17A, exOBPRINE HatO dS 4@tainydr sitcge AT & sehmwrovided far sagly @ixeddi In dirakcisp of a
provided. Simlarly,.. the pixel show.in FIG, 17D t he, sane. pi xel

Cont 1 gul BTG et D5ublcl Tan] Rl o bSipesrded afathe iR EnBIcSR Tager. g6
ar e Add\hQRAIni R Vh8Dinc 160 40 fuakeSx AR &Rl turn

QN OFF bl% thesscan CI i ne 114%:6 I c%mlﬁgfgggﬁggﬁé 8%1??&?%&&%& %{gﬂ(ﬁql%éggcef he TFT
1406 is turng@i7N, charges held in the capacitor 1402 are discharged,
thereby turning the TFT 1404 OFF. That is, current supply to the

|i ght - emi tti Mgs@ibedmert is4scase avhepetheeqoivelent sirappdewyindrley L 4E iggadopted pPRT
1406. Thys,, the TET 1406 .be.cal |l ed an rasi TFT., Consequently, in

t he con?lﬁlfﬁif’é’i P%’Hédegﬁﬁ\%?“i’q% tﬁeéﬁcuﬁ%ﬂ‘&ﬁﬁaﬁ ﬁa'ﬁq‘%ﬁs'lgnéwt‘@eem tting period
can start siﬁﬂhg neously with or shortly after a witing period before

signals are witlten to all the pixels, thereby the duty ratio can be

i nproved. [ OWGFIG. 180 e PFkel4@hawn1403, McGapidior 1408, sh@aal lightenikhhQlaneht
the power source |ine 1411 are arranged in a colum direction, while the
scan | i HOS1areprpwided imagexk! ipertéior d500I Miodésohi61Timal 185aneeprogisleprd shessighed

o1t o 1D, 140, G o 40 58PS St 1402 S S
cont uNBHSTy e, S ATEryrceobin I TERyL ORI hepAEraige i
duty r adenfic@aiicloe 1216 £8686: dkcBlid, DYralt evkc@ody drhBe TikE. The diodes 1561 and
15 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
20 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]
25 Examples of the ¢lectronic device to which the invention can be applied include a video
camera, a digital camera, a goggle 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

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



1406. 20 [0168] As described above, various pixel circuits can be adopted.
In the case where a thin film transistor is forned by an anorphous

sem conductor film in particular, a sem conductor filmof a driving TFT
is preferably formed | arge. Therefore, the pixel circuits described above
are preferably forned to be top-em ssion type in which [ight of the

el ectrolum nescent layer is 25 emttedgdromthe sealing substrate side.

[0169] sGeichs 2aig@t L¥eatiBUiso(DVIZNEnEpiol IdeAyiflEY dEpldySofaf¥ARMiAg BRUS pidduced
that, when the pixel density is increased, it nmay bé operated at | ow

vol t age isegee HIGH.T194stopt Y siebedspeoificexamppisxidreof. [ 0170] 30 Thi s enbodi ment
describes an active matrix light-emtting device in which each TFT is 49
provi ded in éﬁ%f%ixel, however, a passive matrix light-emtting device can

be fornmed as | ko i.Gh.,the.TFT i s.provided per Lum. | n the.passive
mac i x gt o L2 Ao Ne o OREn i BB G R 5 rofY 5Gtek whisk R4
TFT &5 B@ﬁsiﬂ%%ﬁ_}ﬂ%ddigﬂéy 98RIbAPI008! and! DsfedRer G BorP ROGY. |T193h1tn'v€1m&ntfs'lg f&Vice
in which light is emtted to both sides of the el ectrolum nescent | 9er

t he 5 | tlghdisplapentidn 208 caccobding ne neasedntiyn,eyipldogannoe dmpassd \ae wil asd ¥he
light-emitting device. [0171] Described next is the case where the

equi val &ifPlayiquality: ShpRlAriza oFpGirctiaEpplgrigeioptiebe pieyided inlithrdpixelpastiervinduderas
a protegtjve circuit . to the scan,li nd t Si i.n [0172 10

& 158 {nlofe- e ok, B 5 o dle A 1905 plgESimiee Ghetadtir iltpng
el ement ;mad 45 BURIPTR Yihid @Fdd [ RO 1RAer O bndfi

are pr oﬁagedsl% ot ﬁe Isi Jggﬁdérpﬁﬁgglﬁa%gg&%r)% grl y tgr’?hlggl‘ﬁr%%é%ijgiﬁ%néé?%&,
t hel®i opewidtd @l cathd phbBG2ear e each structured based on the above-descri bed

enbodi ment, and each conprises a gate el ectrode, a sem conductor |ayer, a
source el ect f¥dé] a drain electrode, or the Iike. The di odes 1561 and 15

192, 1 SRy PRI SORSBhR It S Sufl G54 1 BulbE 08! My
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 2203, 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  display quality.

[0180]

FIG. 19E shows a portable game 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.



Common potential |ines 1554 and 1555 connected to the diodes are formed by
the sanme |ayer as the gate el ectrode. Therefore, in order to connect to
the source electrode or the drain 20 el ectrode of the diode, a contact hole
is required to be formed in the gate insulating layer. [0174] Di odes 1563
and 1564 provided to the scan |ine 1414 have the sane structure.
[ Enbodi ment 7] [0175] 25 Exanples of the electronic device to which the
invention canfobgi]applied include a video canera, a digital canera, a
goggl e type displa head mounted di splay), a navigation system an audio
r epr oduci ng devba O(t ajvove,atlmamvaummcmhpapp}ﬁctd 8y st @rie, wﬁicnmhgb@«ﬁlcicctronic
per sonal uter, ame machine, a portable information term nal %%
<

a nobi | e‘é‘ﬁ h ﬁ‘f‘“oué g8t dngridition. isplase tsa@ﬁ%ag%@ Y dhiskedevigipnage that

el ectro pr n deV|

recor di ﬂi&d R rﬁo‘(f@gg}:aﬁ()d@%%n b g‘\glilﬂgée Al | s cdb é‘ﬁ gfvv%ﬁ’?‘b%h%ﬁhr\tats
recog di ﬁgghrmﬁggqhgﬁycglugg gﬁ,l@eddl gi tal versatl | e disc (DVD) and provided
with a display of displ ayl ng the reproduced inmage). FIGS. 19A to 19E show
speci f i tEmhadiplees8ft hereof . [0176] FIG 19A shows a light-emitting display
device such as a TV receiver, which includes a 5 housing2001, a display
portion 2003 N a speaker port| on 2004. The invention is applied to the

di spl ay port c n 0.the | entl can b ved as
wel | as the b? ur%%)g’i Sc?@a M ffcwg\ chﬁllﬁ@}“ Fur S(r:l?yrﬁ 3‘?3' B51% § %fe’gve?ﬂg?“bﬁre
provi deghgwh A 2ehnPoption in order to inprove the contrast. For
exanple, a 1/4 X plate film a 1/2 ? plate film and a polarizer film may
be ¥rovi ded [(H8his order in the sealing substrate. Further, an
antireflection filmmy be rovi ded over the polarizer. [0177] FIG
19B shows a %%P}@fﬁﬁbﬂ‘énulﬂéilﬁdghgs a0 petnal tbamgsto;_rlctmhe frogstion sippin g pattern

di spl t 03 di t 21 d t t
2105, - 5B 4G HeCpoBloRY Mol Rl uR Bt st @l b g "

device of thgiggyention is applied to the display 15 portion 2103.
According to the invention, yield can be inproved as well as the display
quality. [OA7@&hpnsistor 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 cach 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 on 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



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

di splay portion 2203. According to the invention, 20 yield can be inproved
as well as the display quality. [0179] FIG 19D shows a nobil e conputer
including a main body 2301, a display pod¥tion 2302, a swtch 2303,

oper at i rhidteyse284 bothn theafirdtiiyear @tk Rluctrod80md HaesdooN® My ataBlebRode are
applied to the display portion 2302. According to the invention, yield can
be i npr dYesdniallyeadded gvith aeitlps adpdypeagoamnitype ippudy] The @est kGRhe hospsctave

ortabl e _gane chi ne i.nc in housi.ng 2401, a display portion 2402, a
g peaker S%Iglrcf)fl%'%%%r%é?m 6%%4%8%@* tﬁ‘éﬁplﬂl@%f aﬁf\éj‘ ‘?“F%‘E@?’BFT]Q medi um | oadi ng
portion 240§91gﬁe invention can be applied to the display portion 2402.
According to the’invention, 30 yield can be inproved as well as the display
qualbsty. 51 HyOid#dind\s sietuif o tidimbeve atmsisw,eatmmi@mnbﬁearamé ic8ghci@nd
quite wi de range of electronic devices in various fields. Tn addition,

di spl ayfergefelasiwagr dlea eeboby-lapes kgatte vieatrpdm asd tlud;a«tm'TChedu;mrelademndagmr(g/ﬁnh
t he product ,can be provided at .| o ost, and g di spl ay .devi ce whic
exhi bi t S6C0Rd 5h gfiwgf‘d‘écf 519 Wﬂ%ﬁef&@w@a%rﬂ@w FEB{WHéi ifragddedgip suppressoq, and

Picture ' [ d I i.hg t.he,.
nvent | noberatd) SR o Bfe ol 261 bRAYIAGh, B AR ks R elifipigme
FI G 21thHeseldbilgtofah cldotiasicdeRice dkinlgiBe ERMBNAE QrSRONRs wWBl1a pattern
diagram of FIG 4. Reference nunerals in the drawing are identical to those

in G 4. [olH8BF] A transistor 550 of the invention is structured by a
| ayer 50l1la and a transistor

E:E)?I}r)]?: :;[ (r)ur;] tC EE})?&ST%S gig]i)]itaﬂlg? 8% g ﬂ%ﬁ{gnﬁt%gg lghf:ct &%e%ﬂncﬁqrmed 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 fransistors 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 fransistors through which current flows in the second
direction and each of which overlaps only the second-layer gate electrode are roughly equal to

25  each 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



the respective gate el ectrodes 502, source el ectrodes 504, and drain

el ectrodes 503 are electrically connected between the two transistors. The
respective drain el ectrodes 503 are not connected in the picture, however,
they are nerged outside the picture to be electrically connected to each
ot her. The sem conductor |ayers 501a and 501b are equal in width. The 20
source electrode 504 is electrically casnected to the transistor conprising
t he sembyooftugicer |ayer 501a through contact holes on the observers' left
as the gate electrode of the sem conductor |ayer 50l1a as the mddle, while
the source electrode 504 is electrically connected to the transistor
conprising the sem conductor |ayer 501b through contact holes on the
observers' right as the gate electrode of the sem conductor |ayer 501b as
the mddle. The drain electrode and wiring is 25 connected on the opposite
side of the respective sem conductor |layers. [0185] The gate el ectrode 502
is structured by a first-layer gate el ectrode and a second-| ayer gate

el ectrode. Respective sem conductor |ayers each of which does not overlap
the first-layer gate electrode while overlaps the second-|ayer gate

el ectrode are added with a p-type or an n-type 30 inpurity at a | ow
concentration. On the other hand, respective sem conductor |ayers each of
52 which overlaps both the first-layer gate el ectrode and the second-| ayer
gate electrode are substantially added with neither a p-type nor an n-type
inmpurity. The rest of the respective sem conductor |layers is added with
the inpurity at a high concentration. [0186] 5 By formng a circuit by
using such a transistor, a variation in parasitic capacitance forned

bet ween the second-|ayer gate el ectrode and the sem conductor | ayer
underlying the second-|ayer gate electrode to which the | ow concentration
inpurity is added is suppressed, and an operation margin of the circuit
can be easily secured. Furthernore, 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 forned
by using another layout. In FIG 22, a transistor 255 of the invention is
structured by 60 transistors each of which conprises a sem conductor |ayer
251, a gate electrode 252 structured by two | ayers, a source el ectrode and
wiring 253, and a drain electrode and wiring 254.



15 [0188] The 60 transistors are electrically connected anong the gate

el ectrodes, anong the source electrodes, and anong the drain el ectrodes
each other, and the 60 transistors are input with the same signal and
output to the sane wiring. In the 60 transistors, a transistor through
which current flows in a first direction denoted in FIG 22 and a

transi stor through which current flows 2004 n a second direction are equal
in nunber. In addition, the total of the width of the respective

sem conductor |ayers of the transistors through which current flows in the
first direction and each of which ovediagsMenly the second-|ayer gate

el ectrode, and the total of the width of the respective sem conductor

| ayers of the transistors through which current flows in the second
direction ang eaC@;Q&mﬂﬂhQ%nﬂ%&k%@ps only the second-layer gate el ectrode
are roughly equal to 25 each "ot Accordingly, a transistor of the

i nventi on nayg mﬂsmmnnnduunrmhmdhvmhe&meﬁﬁeance on deviation of the
second-layer ate el ectr st direction and in the second

in the fi
direction is? ?5?889“5W3ﬁ %ﬂ%$h8¢%§a%éﬁ?8ﬁﬁﬁﬁnal structure for securing an

oper ati on nma girdl-galcGl@&Hode bhéStha R k&Rl M diS: iBRAEdiOhndARAL ilRat ent
Application serial no. 2004-071793 filed in 30 Japan Patent fice on

12t h, Matehosed@logebatweersgniire contents of which are hereby i ncor por ated 53
by 1 ef er encea sc?c% d%aél M%tro%le ove[I &@%géo§1%%kgcon§;et%§ Psgaﬁng W1t ghe IHSU?%I Cofﬂ?rgf;pr

i sl and over ate; a second sem
a f|rstn@m@@m&ﬂ&ﬁﬂkﬁﬂaxgver the first sem conductor |sland with an

insulating fi gﬁ é posed. t her ebet ween; and a second gate el ectrode over
the second s¥ r@ksln st sicapdpeigrt iplapgd sopweisesat iy YourgH regippe fgEsedrain

ther ebefopRAN, ﬁm%ﬁﬁn@l F%%JB&\%EC@%MQ@Q I%%gl!éxﬁannﬁille?ﬁ% !ilﬁ?%@’élg‘nf Irst

source region, first drain region | rst region tween t he
first source whegmm ﬂleeattdomdﬁmmmrshcm aland eghpises a\shtemdlsnuxtcbecgiem;mmcond
sem congduct or. i s| and | $es.a cond_source region, sego
rain region, a secon MRide region be ween the second source reglon an the sccond drain
region,
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 width of the first gate electrode is substantially equal to a width of the
second gate electrode, and

wherein a width of the first channel region is substantially equal to a width of the

second channel region.

2. A transistor comprising:
a semiconductor layer over a substrate;
a first gate clectrode over the semiconductor layer with an insulating film interposed

therebetween; and



drain region, a second channel region between the second source region and
the second drain region, 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 width of the first gate electrode is substantially
equal to a width of the second gate el e@srode, and wherein a width of the
first channel region is substantially equal to a width of the second
channel region. 2. A transistor conprising: a sem conductor |ayer over a
substrate; a first gate el ectrode over the sem conductor |layer with an
insulating filminterposed therebetween; and 55 a second gate el ectrode

over the Ser’rl & Sle f[gr%{e le%Xﬁ%d(WoRer ttfx'ctge geﬁl%gnﬁ{l&t@g r}%#cjr m)vitil Nk r ﬁ9§l§ﬁ|n v film
i ayer conpri t

n
t her ebet ween, &ﬁere t hie "sem conduct or ses a first source
regi on, inkerpeednikrsieygtwesn, region, a drain region, a first channel region
between the first source region and the drain_ region, and a second channel
regi on bet weBheree theeteaHaondiGios daYE FBRPIRY & AESt FPWICR PRGN oR, SCHHEr B9HCE he

FIrst SRUIEE o GIOLAA 18 SREADGARMT ERWEEIIRNGAL SobEeldibahd thomfipct ed
to each oOther, erdin a wdih of tfe first gate el ectrode is substantially
equal tegonwat hsabnd heannsbegin ypayecnghe s¢aoad spuran cegivieanst the dramw thigkpref  t he

first channel.region_s substanti al equal, to a w.dth of the. s
channel  rog; BHOrc DA SURE rapon Bt arigs pR bkt fiy Oty Siaited
sem con@dugtiobthes! ands over a substrate; a plurality of second sem conductor

i sl ands over the substrate; an insulating film and )
wherein a width of the first gate electrode is substantially equal to a width of the

second gate electrode, and
wherein a width of the first channel region is substantially equal to a width of the

second channel region.

3. A transistor comprising:

a plurality of first semiconductor islands over a substrate;

a plurality of second semiconductor islands over the substrate;

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,

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 arc
electrically 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



a gate electrode having a first |layer and a second | ayer, wherein each of
the first sem conductor islands conprises a first source region, a first
drain region, a first channel region between the first source region and
the first drain region, wherein each of the second sem conductor island
conprises a second source region, a second drain region, a second channel
regi on between the second source region and the second drain region,
wherein each of the first source region of the plurality of first

seni conductor islands and each of the sefnd source regi on of the
plurality of second sem conductor islands are electrically connected to
each other, wherein each of the first drain region of the plurality of
first sem conductor islands and each of the second drain region of the
pluralit%tof econd ;gnico ductor islands are 56 electrically connected to
each ot HEFTCHRer BTG i SR Bt he first gate electrode is substantially

equal to a WhilkRiPh Wideh of eEO Akt GalecRLLEdd RARbs@AGhIWhE Rl fo @ Widd bfake t he
first channel region is substantially equal to a width of the second

channel sacepd gafe electrpg andansi st or according to claim |, wherein each of the

first gate e : e el echr [ s | ayer
and a seconduﬁg%g?g%gqﬁgﬁ%h%r%%§?§¥%$gg%§%}ll%%Sdgﬁﬁﬁggﬁ%gigﬁkgyé$ﬁﬁg%%h of
t he firstoghtimnablepioade and the second gate el ectrode conprises a first
| ayer and a second | ayer. 6. The transistor according to claiml, wherein

each of the first source region, the second source region, the first drain
region and the segpud dGabp aé&g?iggéhtrb@éi{ﬂ?ﬂld?TﬁH&eﬂif eRA of IEYRE pdiPUletr¥de

el enent and a p-type inpurity e e transistor according to claim
2, wheraidithe sadondfgatetrdedtiods tompusase fireglaper, andtarsecaeldeyat. sour ce regi on, and
the drain region include one of an n-type inpurity elenment and a p-type
inpurity elenment. 8. The transistor according to claim4, wherein a first

portion wherg theThé iShsiS6MaS@REHELOCIdis ANFhEYRT tRRDIRE fRacond clcaiede Of
the first gate el ectrode and does not overlap the first |ayer of the first
gate el z@@ttg@@@:ond gate electrode comprises a first layer and a second layer.

6. The transistor according to claim 1, wherein each of the first source region,
the second source region, the first drain region and the second drain region include one of an

n-type impurity element and a p-fype 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 impurity element.

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 of an n-type impurity element and a p-type impurity clement 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



i ncl udes one of an n-type inpurity elenent and a p-type inmpurity clenent at
| omer concentration than that of the first source region, the second
source region, the first drain region,5and the second drain region,
wherein a second portion where the second sem conductor island overlaps the
second 57 layer of the second gate el ectrode and does not overlap the
first | Byer odthd igosegandcibatdde #deaidsadf dRAYURS ifdda @R %Mo APodlid YRE
inmpurity elenment and a p-type inpurity el enent at ower concentration than
that of eleteodei insludentheomer @i n-typd emp@APNIHQUTRE 4 BIVRNimp Iy fdldisdnt 0 @i n
region, and the second drain region. 9. The transistor ‘according to claim
5, wher Bt £opgengatign thanothainhthe fitse seemt cagiay ahesedamyiesouenserch RPS tid st
second $a¥ﬁ% of the first gate electrode and does not overlap the first

| ayer of a{EEOn, &Y thgperof d&aiR §d0n-ncl udes one of an n-type inpurity

el ement and a p-type inpurity elenent at |ower concentration than that of
the first source region, the second source region, the first drain region,

and the secofd drain &g rein a secqnd portion where the
seni conduct or’ | ayer 69%$P%§§“¥%§§§§%§ﬁ%0589 t of the second gate el ectrode

and does notwmtewkl st Pértibh Fiterd l@é%'ém@éonhg&gls%_gf?[l;%gg]?{g%th%!sg&gr{dlolgiﬁ%noi[fqgc% udes

the one of an ii-type Inpurity elenent an urity ele

| ower fasngenticattodenaridians ubabvafaptihe fitdt 1§fer SPHICE s £AL Rt ML RRIN G,
source region, the first drain region, and the second drain region. 10

The tr Mgngrope Aopenitdiohgnens aolai priybe imlperiai ¢lcaci Atdwaf cdnbentfdtioatthahaane!
region is equal to a wdth of the second channel region. 11. The transistor
accor dioﬁgh- SEUFGR PEiofnesEepnd sppencgipn tthe fifst detin cdpaomend tregicomd dsirequal
to a mﬁ%&@ of the second channel region. 12. The transistor according to
clain1§, Witerein a total of widths of the first channel regions i s _equal

to a total QfyWidths . ff d nnel .regipns. 13 The transistor
according to cléin1§? ﬁ%@?gPﬁ%ﬁﬁgi@§§§%ﬁ§W8F§?%%YPH@6¥%B%ﬂFéﬁF?wfkwsEOQeast
one sekiecicdnd LA §1B@ ol O4H W@%io‘ﬁtdveﬁﬁﬁ)thcaf%i ‘i’ag%r SR Gecofta Y8 Er%l:tmc{c
camera, a goggle type display, head nounted display, a navigation system
an audirel&Bs the onc 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.

10. The transistor according to claim 1, wherein a width of the first channel

region is equal (o a width of the second channel region.

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.

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.

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



reproduci ng device, a car audi o conponent system a personal conputer, a
gane machine, a portable information termnal, a nobile conputer, a nobile
phone, a portable gane machine, and an el ectronic book, and an inmge
reproduci ng device provided with a recordifig nedium 14. The transistor
according to claim2, wherein the transistor is incorporated into at |east
one sel eptcd@cingAiBea 940MRIS BHRbSLd ' L9tahine. -
carner a, g goggFe type display?ﬁﬁgighﬁgﬁﬁ%ggag%@%@%&?“§5%§f?égbggﬁégvgt%n]
an audi gortabpméeiueiioy taeniate; mabiakopdics, LATPRISIYncSY phamlc FaReSRNA.,
conputer, a game nmachine, a portable information termnal, a nobile

conput efnd ag ohi isiesnend @ ipoiet atpredyanedeomdahproeided aiith AiRceldagtmadiig. book,
and an i mage reproduci ng device provided with a recording nedium 15. The
transi stor according to claim3, wherein the transistor is incorporated
into at |ea fromthe group consisting of a video canera, a

ﬁt one selec#gg ‘ ! , : _ _
digital cankra, a goggli tYPEISiATs Brydingelt GhttledVlFsH! dyic Eansiogat i on
system; li r cin eyi.ce, .a car audio,_conponent system  a

per sonéP@dggg‘n%%tngfO agqé%%%%ﬁ?‘ﬁ% {1 (HG gt COnsising v VB Ea e iial
nobi | e gRERUt£r 1 el 8isBRAON I ne, hi_n dan ..

el ectronic boo%?ggﬁgggﬁ iﬁggg’?%%?633@?%8‘ﬁ%gg%gdgﬁg#?&ga aﬁ@ﬁmaa?éggfbing
medi umrepi6dudingraeviod of @i abBRURGIdNchNG/steal, i Forfdulalbdh ghel, St MmERAPKhS1 NI
the steps of: formng a first sem conductor island ahd a second

seni copdueblonnfoshatinh eueinah a moilbist cangited, armdbil hogat£poiaiid ahhdehabiing over
the first sem conductor island and the second sem conductor island,

f or mi ngnak plestronigpapk,gad an émage repaedushicolevinepretidat witb albgordimgmeatied. t o
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 4q first co n ion to the first sem conductor island and
t he second seniconductgﬁgigﬁgﬁggﬁymﬁgﬁﬁﬁgﬂﬁecﬁwps 1'% F”bég% UESE Yy de as
a maskincagiormad ifd at MasONR ecedrbPBe! 'ir(HH)r i D Shed | npyr iy by
heat treaﬁﬁgnt; 59 formng a secgndgﬁgﬁér d%#%mgﬁggfgaé%ubégﬁxgﬁg%gnd
first-tayan, gageggt eghe afigilanddefiD Bt @NiPlay@ Prb¥RBHEAPULIY ANduaR
n-type inpurity to the first sem conductor
reproducing device, a car audio component 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 medivm,

16. A method for manufacturing a thin film transistor comprising the steps
of:

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 sccond
semiconductor island;

forming a first-layer gate electrode which are electrically connected to each other over
the first semiconductor island and the second semiconductor island;

adding onc of a p-type impurity and an n-type impurity at a first concentration to the
first semiconductor island and the second semiconductor island by using the first-layer gate
electrode as a mask;

activating the one of a p-type impurity and an n-type impurity by heat treatment;



i sland and the second sem conductor island by using the second-|ayer gate
el ectrode as a mnmask so that a first source region and a first drain region
are formed in the first sem conductor |ayer to which the one of a p-type
impurity and an n-type inpurity is addeg t a higher concentration than
the first concentration and so that a sécond source region and a second

drai n regi orfoahefaefBRl-1abed Se& i u r WE .which the one
of a p-type Oi npl%rai ty ang?gn@ﬁe—typwnﬁgﬁh%?nig?%ﬁ&gﬁ?&é&% gher

concent r at i aiddidgane bheof h pstype Qﬁﬁ@:ﬁ?%ﬁ@b&x%iyp‘b MPLAY @Nhk MrQsbAY®hductor
insulating filmso as to cover the first sem conductor |ayer, the second
seni contlust end Ithy eecond kemsémmdndet dyerd bptusing| the tseosiel-lagad ghtbeclgatode as a
insulating film formng contact holes in the interlayer insulating film
tor eaé’l‘ﬁsgéé ks firpfesopioedesiopand e firgirgn regipie asdoonedd sothe destrsegicmndyctohe
first ﬂrai n reiﬁi on and tFe second drain region; formng a conductive film
over t KT A SYIEY dhe PRR OF &t PHigPs ImPHTHN RO #ThirYphéneBibatst added | a6 higher
patternj et.chi the conductive fil o forma wiring, a source

el ectr gleiﬁe]&nggg%f hagatﬂ?}“Qo%oﬁlgg%éagmpoa"tdhsé’ {piak ¢5¢ RBIFR G é‘i‘Ffj 21868k cond
sour ce df:£91r8fkon f@mfydalnn?ceée%ﬁﬁé %grﬁlc%h&?%lj £k ¥ Qxﬂﬂ{ﬂ??ﬁ ednd Qetahs Jl 4 st
drain region and the second drain region, erern the irst *%0r e I’%I on

i's arr angasysandsad h-BediBpOs§diondaed i ght flgher UonkbRraRGCang- higyatsoat e
el ectrode, wherein the second Source region is arranged so as to be

di sposeehcentraidigft si de of the second-layer gate el ectrode, wherein a
first portion where the first sem conductor |ayer overlaps the second-Iaycr
gat e el ect r §d81ingan infeclawprpnstviig e so setoauvepia fion swhevedetier secohc
sem conductor | ayer ver | [F:JS t he second-| ayer gate electrode. 17. A nethod

for natfoPAe URCRBTUCI A RRYEr IOF frdordrayes st cdesipte.sindghe Batedpssgingdfm; f or ni ng
i d d . bstrate: form te i ti fil

he - sem condiniin Sl ORE R FOMT S SinprRGeR Pt & FFe) sp it Beufioiie and

a secopdidu Ei&ts'elz(ﬁﬁfﬁsrou%tr@%%}le,?ﬁcr ﬂgﬁdﬂﬁerrcgfog%ng%c?sécgﬁﬁj Lk Pe%icgn?yer whi ch

overl aps the sem conducto ayer;
forming a conductive film over the interlayer insulating film and within the contact

holes; and

patterning and etching the conductive film to form a wiring, a source clectrode
clectrically connected to the first source region and the second source region, and a drain
clectrode electrically connected to the first drain region and the second drain region,

whetein the first source region is arranged so as to be disposed on a right side of the
second-layer gate electrode,

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 sccond-layer
gate clectrode has the same shape as a sccond portion where the sccond semiconductor layer

overlaps the second-layer gate electrode.

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;



addi ng one of a p-type and an n-type inpurity at a first concentration to
the sem conductor |ayer by using the first first-layer gate el ectrode and
the second first-layer gate electrode as masks; activating the one of a
p-type and an n-type inpurity by heat tggptnment; formng a first

second-| ayer gate el ectrode over the first first-layer gate el ectrode;
formng a s r e secon i S

gate el ect ret‘ggﬂﬁgsd?g@pﬁrs Eaé/gf %cﬁ!)(?e% 4 seecgéﬁ hrstt rTzq{cr atc ¢ ecBrPii BVGtrz%M(% he

sen corgittcﬁn@lndﬂu@/layermlu§bO&la fsfﬂtﬁaidnhéén&%ﬁ)?n% !rayef gate el ect rode and t he
second second-| ayer gate el ectrode as nmasks so ‘that a first source region,

a second souxddimgr egi @i anstypedi@i RAnr 8gyN iApErifyORMBd firdt EdiRenSRHNCANAHCT OF
| ayer to which the inpurity is added at a higher concentration than the

first scomoadectonlaper;byf orimg thg fast fint-bivkayee clengodaticdefsctondsasalaydrggatover
the sem conductor layer, the first second-layer gate el ectrode, and the
second c¥sE8A2Y BYS: gate el ectrode; fornming contact holes in the interlayer
i nsul at'i ng f| .mto ﬁeach ach of the first source ?lon, t he second

it

source regi 6’ﬁ e dheons of 4 I‘E&laé'ﬁa“f‘bffyﬂ?h’@%”ﬁ'd?i’d'&ﬁ@ﬂ gament m over t he

| d
ot o) b dahah R SelodB AT e MeledtinEP BT Rl R el b Le "
el ectrode e'f&%lﬁgC@HcMorﬁP%@@&&ﬁﬂ?réro &%cmee olibe ek T 8k g@gﬁggfﬁrﬁggty gt%?ed t he

second source region, and a drai ectrode el ectrica

drai n ekgirodt; wherein the first source region is disposed on a right S|de
of the drain region, wherein the second source region is disposed on a

| eft si de ofdding tidr@ierofraegritgr, anviher eiypedmbpurist tophe sé@iconthedter i@ by using

sem conductor |ayer overlaps the first second-I|aye gate el ectrode has the
sane sHé?pféfSh§008“ &yﬁhéaﬁcﬁlﬁtmemértée §¢F@ﬂ§én¢<vl§héﬁi@1t gate lclptipdoyemasigsso t he
second s ¢ d-1aye ate electr wherein the first first-|ayer gate

el ect r §HE 2 ﬁ&ft 5ﬁ§f°§e%§ﬁ’& 4 ?%Cpmﬁ) e?%‘fccg%@“e?%tar didn gpgion é'l“’ecf?‘f“i“’éiam yhe

Connecgtgﬁjic? %?o‘f'l ufclrhg erf % thel§m%urt1 5 d % 348d 3t 8 hlgalgc(%ocrogulzcn FatiSn (%han i ]ﬁrst

wher ei n Irst current wdir
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 cach of the first source
region, the second source region and the drain region,

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

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

whereln the first first-layer gate clectrode and the second first-layer gate clectrode are

electrically connected to cach other.



in which a current flows between the first source region and the first
drain region is opposite to a second current flowin which a current flows
bet ween the second source region and the second drain region. 19. The
transi stor according to claim2, wherein a first current flowdirection in
which a current flows between the firstﬁspurce region and the first drain
region is opposite to a second current “flowin which a current flows

bet ween the second source region and the second drain region. 20. The

transi stor act®irdi ngThe tehaikit dccoMiaf € Bladnfil kalerGHRIEM clilc @ISk TBLLIION 1N
which a current flows between the first source region and the first drain
regi on inswhighasiutent flowsabseeom thecfinst smircd te@ion andvihe ¢histalrsiunegion if bpposite
bet ween the second source region and the second drain region.

to a second current flow in which a current flows between the second source region and the

second drain region.

19. The transistor according to claim 2, wherein a first current flow direction
in which a current flows between the first source region and the first drain region is opposite
to a second current flow in which a current flows between the second source region and the

second drain region.

20. The transistor according to claim 3, wherein a first current flow direction
in which a current flows between the first source region and the first drain region is oppositc
to a second current flow in which a current flows between the second source region and the

second drain region.



