WO 2011/ 0047241PCT/ JP2010/ 060938 DESCRI PTI ON METHOD FOR MANUFACTURI NG

SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present invention
rel at es twoaos@wirzenduct or devi ce i ncluding an oxi de semCTaRrziueHe@w3sand a
manuf act uri ng nmet hod thereof. [0002] 10in this specification, a

sem conductor device generally refers to any device which can function by
utilizing sem conductor characteristics: an electro-optic device, a

sem conductor circuit, and an electronic device are all included in the
category of the sem conductor deBDESCRIPFTIBRCKCGROUND ART [ 0003] In
recent years, a technique by which a thin filmtransistor (TFT) is

manuf act ured usi ng a sem conductor thin |ayer (having a thickness of about

sever al _nanongierRoPFOR/ALAVURALA CRING SEMICONDUOTUIIDENACE: Subst rate

having an 20 insulating surface has attracted attention. Thin film
transi stors have been applied to a wi de range of el ectronic devices such as

| Cs or electro-opti ‘1?‘” ces and urgently devel oped particularly as
swit chin %&skm mage di spl ay devices. Various netal oxides are used

for a Va{é(ﬁh of applications. Indiumoxide is a well-known material and
has been‘used as a transparent electrode material which is necessary for

|i qui d 25cryst Zhe gresphtainyenting talated toke.sed@mdyctor device Gghidipg@p|0xids des

exhi bit sem conduct or, characteri sti xanpl es of netal oxides

exhi bi ti ﬁ“d“%ﬁ@%ﬁ‘ﬁ&%Pd?a"8ﬁ%f§“5%§ige??‘§§?‘ch/sé,?e" ‘ungsten oxide, tin oxide, indium
oxi de, zi(ljm)v%ﬁxi de, and the like can be given, and thin filmtransistors in
each of &o ich a channel formation regiaon s for dregsi ng such a net al

oxi d&0exhi bi t i Hythisspecifiertionop semigondpelpy devies sgnesally rdeigyOwAcYiCe
Pat ent  DOGYHEOL Sudctiod b@f lﬁﬁ&id?&hﬁ@&nﬁﬂ&opa%’ﬁéﬁsti&: -an electro-optic device, a

semiconductor circuit, and an electronic device are all included in the category of the

semiconductor device.

15 BACKGROUND ART
[0003] _

In recent years, a technique by which a thin film transistor (TFT) is
manufactured using a semiconductor thin layer (having a thickness of about several
nanometers to several hundred nanometers) formed over a substrate having an

20 insulating surface has attracted attention. Thin film transistors have been applied to a
wide range of electronic devices such as ICs or electrb-optic devices and urgently
developed particularly as switching elements in image display devices. Various metal
oxides are used for a variety of applications. Indium oxide is a well-known material
and has been used as a transparent electrode material which is necessary for liquid

25  crystal displays and the like.

[0004]

Some metal oxides exhibit semiconductor characteristics. As examples of
metal oxides exhibiting semiconductor characteristics, tungsten oxide, tin oxide,
indium oxide, zinc oxide, and the like can be given, and thin film transistors in each of

30 which a channel formation region is formed using such a metal oxide exhibiting
semiconductor characteristics are already known (see Patent Documents 1 to 5 and

Non-Patent Document 1).



WO 2011/ 0047242PCT/ JP2010/ 060938 [ 0005] Further, not only

si ngl e-conponent oxi des but also multi-conponent oxides are known as netal
oxi des. PO 2exapi2e, | nGROB(ZNOM (m ohat ural nunber) haeirag2ao/be@asd ogous
series is known as a mnulti-conponent Oxide sem conductor including In, 5
Ga, and Zn (see Non-Patent Docunents 2 to 4). [0006] Further, it has
been confirnmed that an oxi de sem conductor including such an

I n-Ga- Zn- O-based oxide is applicable to a channel layer of a thin film
transi st pp006ee Patent Docunent 6 and Non-Patent Docunments 5 and 6). 10

Ref Pat ent Do ] 0007 y . 1. '
Pat ot Appl | cal PO ORRGMASERP oAb A B A IPAAE BB hed
Pat ent AEJ%\MS ?E:D al'@xidé’s’Q&ngéZzﬂﬂ‘pA%?mmndpcwelﬂﬁurgl: nuAbEN B8Ging a

Transl at1 on I nt er nati onal plication No. H11-505377 Patent Document

4: JapanbemoRgbhs siried iPkbewn afpphiltisednpentis. oxidoscnsogbutedrdndinpdeunent 5:
Sapanese bl S SbSHATREL 8 210 R 2007 1o3ned Fatent Cocurent ©
Docunent 10d0@§)08]
Further, it has been confirmed that an oxide semiconductor including such an
In-Ga-Zn-O-based oxide is applicable to a channel layer of a thin film transistor (see
Patent Document 6 and Non-Patent Documents 5 and 6).
10 [Reference]
[Patent Document]
[0007]
Patent Document 1: Japanese Published Patent Application No. S60-198861
Patent Document 2: Japanese Published Patent Application No. H08-264794
15 Patent Document 3: Japanese Translation of PCT International Application No.
H11-505377
Patent Document 4: Japanese Published Patent Application No. 2000-150900
Patent Document 5: Japanese Published Patent Application No. 2007-123861
Patent Document 6: Japanese Published Patent Application No. 2004-103957
20  [Non-Patent Document]
[0008]
Non-Patent Document 1: M. W. Prins, K. O. Grosse-Holz, G. Muller, J. F. M. Cillessen,
J. B. Giesbers, R. P. Weening, and R. M. Wolf, "A ferroelectric transparent thin-film
transistor," Appl. Phys. Lett., 17 June 1996, Vol. 68, pp. 3650-3652
25 Non-Patent Document 2: M. Nakamura, N. Kimizuka, and T. Mohri, "The Phase
Relations in the In03-Ga;Zn04-ZnO System at 1350 °C", J. Solid State Chem., 1991,
Vol. 93, pp. 298-315
Non-Patent Document 3: N. Kimizuka, M. Isobe, and M. Nakamura, "Syntheses and
Single-Crystal Data of Homologous Compounds, InyO3(ZnO)» (m = 3, 4, and 5),
30 InGaOs(ZnO);, and Gay03(Zn0), (m =7, 8,9, and 16) in the In,03-ZnGa,04-Zn0
System", J. Solid State Chem., 1995, Vol. 116, pp. 170-178



Non- Pat ent Document 1: M W Prins, K 0. Gosse-Holz, GMiller, J. EM
Cillessen, J. B. Gesbers, R P. Wening, and R M WlIf, "A ferroelectric
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pp. 3650-3652 25 Non-Patent Docunent 2: M Nakamura, N. Kimzuka, and T.
Mohri, "The Phase Relations in the 1n203-&G2Zna4-2Zn0O System at 1350 C', J.
Solid State Chem, 1991, Vol. 93, pp. 298-315 Non-Patent Docunent 3: N.
Kim zuka, M Isobe, and M Nakanura, "Syntheses and Single-Crystal Data of
Honol ogoNenTargmo ubosymenn 20 3VZnNhkamyray N. 3KindizukmydT5Molg) andGM.3dsobe) 3, and
Ga203(Zn§)%m(m: 7, 8, ? and 16).in the 1n203- ZnGa204- Zn(P I%ystem! J.
Solid Stz @tl@qgsmar}d fgyg;ga StRyfturepq ,ncbv&_h 0Z0HS cowgounds, idiuny iron zinc

20117 004 428 (il iethRP ), o nEutiP RaliBl:s Ahd FPREATBAhpchindl!, KEEABUTSURY

Ki m zuka, an sobe, "Syntheses and crystal structures of new
honol o0go (SOLIONSEATHEIBHYSIGS) L993s Wol. 28,¥0.8xppied 7¢321Fe03(Zn0O)",) (m natur al

Vol - o, Rl Pabef Eus PS8 Norngss. 0 Dol Kook ShSshd gy 5%

Ueda, T. Higastioy 2 Tivh-tithd affisistnd f4Brichie@0mn®, sindibichyskdllife t traiRparshtoroxiddor i cat ed
in single-crystalline transparent oxide sem conductor”, SCIENCE, 2003, Vol.
300, pp. sanigondera", SOENCEa2e0R, VDb 30Rerm: 1869-k27Nonmura, H. Ohta, A Takagi,

T. Kamy Hi rano 1 H. » (4RO d.catl of

{r anopar DR TR Eme R X NORERAT OUEER GRS, Rahfs, MRELES s

sem condyekércs RV tdniperatiia4fabNedtion48L trapgpareh FlekBtile BhindiIGE AR iGBrS

| NVENTI ON [ 0009] ) It is an object of é&(ﬁﬂpg@@gnt i gg_eg?i onto
manuf@ct usiag amaTphosy Pxide serpicgrdugtors), SATLIREe 2004 VoL fdackR #STéVFce whi ch
includes a thin filmtransi stor having stable electric characteristics.

[ 0010] In a nethod for manufacturing a sem conductor device which

i ncl udes DASChOSURE OFtINMENEION where a senmi conductor |ayer including a
channel formation region is an 20 oxi de sem conductor | ayer, heat treatnent
whi ch remgi inmpurities such as noisture to inprove the purity of the

oxi de sem condycioy, J)lgé’&rof(th@%}estaﬁteﬁ\b&ﬁmn foomaslEFhtGifeadridoproQide a highly
dehydrogenation) is pérforned in an oxygen atnosphere. In addition, not

onl y 15 npueliablessmicmiducter dwiicet which includes a thin démdemsiston Baung ptablgplactifut  al so
those existing.in a gate insulating |ayer are reduced, and inpurities such
as noi st ﬁﬁ%‘a‘é‘g‘?g‘[c?hg in interfaces
[0010]
In a method for manufacturing a semiconductor device which includes a thin
film transistor where a semiconductor layer including a channel formation region is an
20 oxide semiconductor layer, heat treatment which reduces impurities such as moisture to
improve the purity of the oxide semiconductor layer (heat treatment for dehydration or
dehydrogenation) is performed in an oxygen atmosphere. In addition, not only
impurities such as moisture in the oxide semiconductor layer but also those existing in a
gate insulating layer are reduced, and impurities such as moisture existing in interfaces
25 between the oxide semiconductor layer and films provided over and under and in
contact with the oxide semiconductor layer are reduced. Further, the heat treatment
can oxidize the oxide semiconductor layer.
[0011]
In order to reduce impurities such as moisture, the oxide semiconductor layer is
30 subjected to heat treatment in an oxygen atmosphere after formed, so that moisture

existing in the oxide semiconductor layer is reduced and the oxide semiconductor layer

is oxidized. The heat treatment is performed at a temperature higher than or equal to



25 between the oxi de sem conductor |ayer and filnms provided over and under
and in contact with the oxi de sem conductor |ayer are reduced. Further, the
heat treavoentl/war4oxi di ze the oxi de sem conduct or | ayePCT[JODAP60P38 Or der
to reduce inpurities such as noisture, the oxide sem conductor |ayer is 30
subjected to heat treatnent in an oxygen atnosphere after forned, so that
noi sture existing in the oxide sem conductor |ayer is reduced and the oxide
sem conductor |ayer is oxidized. The heat treatnent is perforned at a

t enper at go@ °Qi gt dowehehan dlie stepimlpoin®, pre¥eradByl highew thad 4PEHnhal Ra G0/ C6a8B8 200 C
and lower than the strain point, preferably higher than or equal to 400 C
and | owetowardhanoer esyakto 709 €0 Aftershe beatitreatmpeahyt it s rgfepabig that the;axide

preferabl e tha he, oxide seri caonduct o y cQo j e/ an
oxygen af%?ﬂﬂ‘i‘?%orﬁl?yeéngﬁ ﬁ%’ﬁrﬂ, ézggg tlr%ti'e ﬁgroggy%?fﬁlﬁjf“?s g%rﬁ %r J’Jg%}ég; é%as
(such as atiedsphére OF nfogem dr a Rlr®P8ds2(such as heliulrortafgon).speci fi cation, the oxygen
at nosphere refers to an atnosphere of a gas containing an oxygen atom

typicall Y0i@lers to an atnosphere of oxygen, ozone, or a nitrogen oxide
(such as nitrogep. i Lir i Qxil L Qi i
dinitrogen tri g’x?‘égpﬁ%gﬁlr'\:?ﬁ?%gg% 0? gﬁﬁa%%??glg{,%%o? %‘?rﬁ’ ta?%ggggyggﬁﬁ%fg?éaes) . The
oxygen 1Qomthiippiie beygenyaterantypidallarefeneta agasnasphere taf agpemrozang, anrer gas
(such as heliumor argon); .in that case, the ar(riDunéﬁ o({.e’%he i nert {%as is

| ess t hamitfagsn oxide uCly 48 RHPAB AoRgXidR BYPEEH UAXtR (BIFPET" MPIPRIYS:

speci fi catd; hgadxidd, & i XY SE QiR PeAtBxidBY WIS bx@fenl S OXi de
sem condgg%lgggepa%xléeg %&F}gﬂ@z%dtegmﬁi&lle ’perf(IJr még% gehyﬁlrg%[i.on or xgee

dehyde ogatmdspbere tnvgr @atain an ineftegas ofl nitwger oha zare gaseauehesn hefigm ofetigamat i on or

onl el 1 o8 et #5k, bRapS ST bk byoe BRIl SORR T A ARER Akl 21 on

or dehydgggenation also refer to elimnation of a nolecule including H OH,
and the |ike for conveni ence. 20[ 0014] | mpurities such as noisture
exi sting[@@3H he oxi de sem conductor |ayer are reduced and the oxide

sem conductor Layer is.oxidiz Jali Y8t
at nospher e, Wn?'t‘:%hlf SRS %aéﬂphgg%%e&%rﬁ?ntgﬁ a:%%[éﬁf%h”%%})ﬁl{[%{/ég@ athinfilm
t r angbst @xideFugdnieéndutioe rigyerabis| i dxidiaéd t kehilehi perfarining r delsidsdtom can be

i nproved b .
w dezydrogenation thereon is referred to as heat treatment for dehydration or

dehydrogenation. In this specification, dehydrogenation does not refer to Aonly

elimination in the form of H; by the heat treatment, and dehydration or dehydrogenation

also refer to elimination of a molecule including H, OH, and the like for convenience.
20 [0014]

Impurities such as moisture existing in the oxide semiconductor layer are
reduced and the oxide semiconductor layer is oxidized by the heat treatment in the
oxygen atmosphere, which leads to improvement of the reliability of a thin film
transistor.  Further, the reliability of the thin film transistor can be improved by

25 forming an oxide insﬁlating layer so as to be in contact with the oxide semiconductor
layer.
[0015]

The oxide insulating layer, which is formed in contact with the oxide

semiconductor layer to which the heat treatment is performed in the oxygen atmosphere,
30 is formed using an inorganic insulating layer, which blocks entry of impurities such as

moisture, a hydrogen ion, and OH™.  As typical examples of the oxide insulating layer,



25 formng an oxide insulating layer so as to be in contact with the oxide
sem conduct or |ayer. [0015] The oxide insulating |layer, which is
formed i rwoantizaes72wi t h t he oxi de sem §onductor | ayer t oPamiJetnio/he@okseat
treatment is perforned in the oxygen atnosphere, 30is fornmed using an

i norgani c insulating |ayer, which blocks entry of inpurities such as

noi sture, a hydrogen ion, and ON As typical exanples of the oxide
insulating |ayer, WD 2011/0047245PCT/JP2010/ 060938 there are a silicon

oxi de | ayteie are asilidoa@xidei lhyerdesiticondetrideyoaide laysd, andst siadked 1dyay/ thereober eof .

[ 0016] After the oxide insulating |ayer serving as a protection |ayer
is formedPl®land in contact with the oxide seniconductor | ayer to which the

heat treatnent Qiét%r Hﬁrgxqa@%gul_?_ﬁ}éé‘ﬁgppsﬁﬁ &9 a;}}rgﬁémﬁra?er ik Yot o 8t

treat ment may perfornmed. at treatnent after the oxide insulating
| ayer setivtomacasvith the oixéietseoricdndyetor lagerf torwigich tre keatitreatmenhis petfomhedh t he

oxi de_semnm conductor | ayer can reduce variation in,electric,chajacteristics
of a ?hi i fq?‘? rﬁxtyg%fhﬁ‘@g erep 8@‘1‘%‘ %ﬁf’\)\i’??‘?t’f‘ﬁ’ét 53y B REFQUPEd-e., %é‘f C‘Te'é‘gst one
of the alayéaf LR okrB ilﬁ%‘ﬁlarti%ﬁ%y)é?%rv{x@%ﬁ_ protection {dyer RoAELIENandf t he

present invention is a nmethod for ‘manufacturing a sem conductor device as
fol | ows: im qatast eviglettho dexilaysemi¢ondagprdayesyeqn deduess variationh iy jclrstrh

i nsul ating surf.agce; .a, ga insulating layer is formed over the gate
el ectrod&HTE&Frégﬁ’Ff’fﬁﬁggiﬁﬂgag??ﬁoéonduct or layer is formed over the gate
i nsul ati pgo17ayer; the oxide sem conductor layer is dehydrated or

dehydrogenated i n an oxygen atnosphere; a source and drain el ectrode |ayers
are fBrnmed oveMiththe gboxedtrichie, @t leagippg OEHeROERIPIORIS @B BE CeR8E8t or | ayer
and an oxb(ﬂ% insulating layer which is in contact with part of the oxide
sem conduc 0|] | ayer is fornmed over the gate insulating |ayer, the oxide
20seni conduct oOnkaymbodiraat dfhthe spesent imvrdtion as B method rfod eanafastusing[ D019]

semiconductor device as follows: a gate electrode layer is formed over a substrate
having an insulating surface; a gate insulating layer is formed over the gate electrode
15  layer; an oxide semiconductor layer is formed over the gate insulating layer; the oxide
semiconductor layer is dehydrated or dehydrogenated in an oxygen atmosphere; a
source and drain electrode layers are formed over the dehydrated or dehydrogenated
oxide semiconductor layer; and an oxide insulating layer which is in contact with part of
the oxide semiconductor layer is formed over the gate insulating layer, the oxide
20 semiconductor layer, and the source and drain electrode layers. .
[0019]

Another embodiment of the present invention is a method for manufacturing a
semiconductor device as follows: a gate electrode layer is formed over a substrate
having an insulating surface; a gate insulating layer is formed over the gate electrode

25 layer; an oxide semiconductor layer is formed over the gate insulating layer; the oxide
semiconductor layer is heated in an oxygen atmosphere; a source and drain electrode
layers are formed over the dehydrated or dehydrogenated oxide semiconductor layer;
and an oxide insulating layer which is in contact with part of the oxide semiconductor
layer is formed over the gate insulating layer, the oxide semiconductor layer, and the

30 source and drain electrode layers. It is preferable that the oxide semiconductor layer
be heated in an oxygen atmosphere at a temperature higher than or equal to 200 °C, and

then slowly cooled to a range of higher than or equal to room temperature and lower



Anot her enbodi nent of the present invention is a nethod for manufacturing a
sem conduct or device as follows: a gate electrode |ayer is forned over a
substrat ewbavivg4ma i nsul ati ng surfacg; a gate insul ati mgTIIR020/06093% Or ned
over the gate electrode 25 |ayer; an oxide sem conductor |ayer is forned
over the gate insulating |ayer; the oxide sem conductor |ayer is heated in
an oxygen atnosphere; a source and drain electrode |ayers are forned over
t he dehydrated or dehydrogenated oxi de sen conductor |ayer; and an oxi de

i nsul ati ypg@gnheyec. which is in contact with part of the oxi de sem conductor

| ayer is formed over the gate insulating |ayer, the oxi de sem conduct or

| ayer, alf¥20he 30 source and drain electrode layers. It is preferable that
t he oxide sem t g

tomper at ar o hi CRepH SO BLA s AR spRefCaRiaRR: BURIIMCPRed
range of bji GIMO;(ZhOY, Q> uahdt o thionfilie nfpasiatonr esiagdtheovien filAD as a

2011/ 0047246PCT/ JP2010/,060938 t han 100 Ch [%0& 'I;Iin]]e oXi ge

sen condsramispndustan layerinjmanafactyred. . Notg thatoM denotes one mefal elemeni X &y 1y

I NMD3(ZnQ) " - i ! N$b SKPMMHS hepphisundglt Mas a 5
seni cond c{acglrt)g g%?alﬁéggnngﬁiggg%t%g@ﬁﬁ%f gk’tﬁgtMEﬂ %ﬁgﬁes gne rreli al el ement
or a pl umaideyoteiGagret M may derexte thesibberammther mntal @emeng jn additignto Gadorco. For

exanple, M enote Ga, or y denpt e .t he above. . anat her al enment
in addi tF’éﬂ‘ﬁnﬁlﬁ% (g%,a“% ﬁﬂl Q&agof?pf‘“gﬁ (?& a%ﬂ‘qﬁﬁr’ (Slt?e @ovaenaxﬁg.scffﬁ?o[“ﬁg‘?[,%r t%agJ above
oxi de Sep}AKANEE bPNiTBYothé rAisRtiongl fetaNielen®i®! € hn tokafesoft iken@dnsitivnal _
el enment, or an oxide of the transitional 10 netal as an inpurity elenent in

addi 10 onmtetal taben imputitysfiementtin addition Hethe aaetal elgmentcostaiisd s Mcaln 8% anong
t he oxi de_sem conductor | ayers jtd f ent ed
by 1 nMD3TATD“HORHYIRE tgﬁ%cg(%{edséa\ﬁlgg%‘%ggtﬁgﬁ@tﬂosr&lg%gse go%rglg)g ?Pﬁgﬁ(g?%%srml a

i ncl udes reskRid8t bySAnRONAG), 0hS0), 66l bridaSsenticdiuCidr ZRhédehecnpbsitionde

sem conductor, and a thin filmof the In-Ga-Zn-0O based oxide sem ¢onduct or
i s ref er fathulbtincledesant loastaRiazas M bis ststeriedntos iam gine I Bpstia0-hasgd roxiden 21

As the oxide sem conduct or.. | 4 hey 0xi Sem r: , any of
the fol | S¥YG CX? ’eang'eanti ﬁnofﬁ%gé)é t?)]fggn'ggini ?g%% ?’élggg%argﬁggwcﬁés geg%r\?gg: an

| n- Sis Zn QARG L Zn A3 bagdi loanihté-orfystablayem- Al - Zn- O- based oxi de
sem conductor; a 20 Sn-Ga-Zn- O based oxi de sem conductor; an
Al - Ga- Zn{®23hsed oxi de semi conductor: a Sn-Al -Zn- O based oxi de

sem conduct or ; 3 e 50-0 ARG 4 Hed TNROBHUE LahicoRRRrdy e RRSGE oxi de

sem conductor;  an oxl'de sem conductor; an | n-0-based oxi de
sem condygd ofollowingn-dRidassethicotiddetosse ndanorigtu cpplicd abebides ZtheD- Hwyed axi de

sem conductor., Silicon oxide may be i ncll ‘foﬁe in the oxjde sem cqnduct or
| ayer. 280-PR&noQrhpscd eride SARHFOPBICPa gl M1 Mt é'%as_gﬁ? ORI AL A (%50))
whi chysu Bﬂfﬁéiﬁﬁ)-ﬁﬁ%ﬁtcﬁkdd sﬁﬂﬁé&x’ﬂu&tﬂ;tah%%h@ﬁ-@%e@m&%ﬂﬁcdlﬁm%r; avher eby

crystallization o e oxi de sem conductor |ayer due to heat treatnment can
be suppr Sas&ldZn-0-bassd prade sebiconduttor; tanelnoZi-dbaseri @ddel semisondugie He in an

crystal| SpehOTaeeh 0y semeSpRinty A Aiianp e SIS seRbalblie Ve an
oxi de sem . enpsied bRide GOMIcBhMIE; h Sn-O-based oxide semiconductor; and a Zn-O-based
oxide semiconductor.  Silicon oxide may be included in the oxide semiconductor layer.

25 - The oxide semiconductor layer includes silicon oxide (SiOx (X>0)) which suppresses
crystallization of the oxide semiconductor layer, whereby crystallization of the oxide
semiconductor layer due to heat treatment can be suppressed. It is preferable that the
oxide semiconductor layer be in an amorphous state; however, the oxide semiconductor
layer may be partly crystallized.

30 [0022]

It is preferable that the oxide semiconductor be an oxide semiconductor containing In,



WO 2011/ 0047247PCT/ JP2010/ 060938 nore preferably an oxi de sem conduct or
containing In and Ga. In order to obtain an |I-type (intrinsic) oxide

sem conduwwOanillmyen, dehydration or dghydrogenat ion is etCraeilves09$0023]
Since a thin filmtransistor is easily broken by static electricity or the
like, it is Spreferable to provide a protective circuit for protecting a
driver circuit over the sane substrate as that for a gate |ine or a source
line. It is preferable that the protective circuit be forned with a

non- | i neafore pesf@Eablyi ancoxidé sgniaonduciod eoseminyhdact 6a.  [M00@4} toTbltaigadne

I nsul ating | ayer. and the oxi de senjconductor. | ayer be,.10. syuccessi vel

pr ocesse&?i(ﬂet{gltm%@ég%deaﬂe%c%‘gp?@g]aé’% drafiong gﬁ?ﬁﬁgef‘a PP IS Sr ocegs,
or succefgdzgj: filmformation) w thout exposure to the air. Successive
treatment W t hout exposure to the air nmakes it possible to obtain each an
i nt er f acSirvet avekin filme tombistor ris wasily hgoKeayley statig ¢lpetrioy @e the tiksondirct or

| ayer, which js not cqntam nated .by.at nospheric conponent.s. or . ity

el enedt s Pfq%?fé{’lf A9 AMAViEHa F}i?‘yﬁ?“"sﬁu‘é‘ﬁe(’éf?oﬁﬂ@?ﬁ}“é %gnﬁhﬁ}{ﬂl 8006‘1]%5%6??3%3

accor di nghyseraleatd bt 8% 4 Pate Nakast £5bEke Gifie OF 1t 1i6 Prdfbrablef thhimhier @ogktsicor can
be reduced. [0025] Note that the term "successive treatnment” in this
speci f i caircuihberfoamed withta nparlinegr element inguding ap opiderseWiroAdUGPLt t r eat ment
step by m@4 sma CVD nethod or a 20 sputtering nethod to a second treatnent
step by EI asma CVD nmethod or the sputtering nethod, an atnosphere in
which a substrahe bdle bRsilapgesiand land dibsposidd saniconductmt dayenaneyl ey a

cont am nant at nosphere such as the air, and is, kg{pt controll.ed to be vacuum

or aA0i newecegrierlnPrASSIRE (1Be PEOGEHY 7Yy grllegy THECTIRE dregfment, AR, SiLBrocess,
at rmspher()?)sméggga‘? %ﬁle%@rl]ﬁéa?ilol}l}; g@g@??tex gsglpé §§ the! 4Rt f OSuBREdsRR WhAthRnt

preventing nois e or o] Ing attached to the substrate
after cl edthedt eXpd8i2@]to the air mékes fibpossible tchebtaiar ¢éagh apfinterfeps bétwsen thee fi r st

treatment step.to the secgﬁg treatnent ,ste n the.sanme Chq?nlﬁ?ngzltédisthl n

the scop&stintaingdayss andghe gride Remiseaducter lpyct MRIGh 8 fpt £of y

speci fi C%{ﬂl%heric components or impurity elements floating in the air, such as moisture or
15  hydrocarbon; accordingly, variation in characteristics of the thin film transistor can be
reduced.
[0025]

Note that the term “successive treatment” in this specification means that

during a series of steps from a first treatment step by a plasma CVD method or a
20  sputtering method to a second treatment step by the plasma CVD method or the

sputtering method, an atmosphere in which a substrate to be processed is disposed is not

contaminated by a contaminant atmosphere such as the air, and is kept controlled to be

vacuum or an inert gas atmosphere (a nitrogen atmosphere or a rare gas atmosphere).

The successive treatment enables film formation while preventing moisture or the like -
25  from being attached to the substrate after cleaned.

[0026]

Performing the series of steps from the first treatment step to the second
treatment step in the same chamber is within the scope of the definition of the
successive treatment in this specification.

30 [0027]
In addition, the following case is also within the scope of the definition of the

successive treatment in this specification: in the case of performing the series of steps



30[0027] WD 2011/0047248PCT/ JP2010/ 060938 fromthe first treatnent step to
the second treatnent step in different chanbers, the substrate is
transf er rwo 2aft@u72the first treatnent ,step to anot her clrawieroiwdobssut bei ng
exposed to the air and is then subjected to the second treatnent. [0028]
5The case where there is a substrate transfer step, an alignnent step, a

sl ow cooling step, a step of heating or cooling a substrate so that the
tenperature of the substrate is suitable for the second treatnent step, or
t he |i keflogsi wieefirst eatinens steprtoathasatonst wgatmant $the i differentt chamtbamsnthest ep i s

paci i § caHe T grapeiome] aler ihe SrpiREaVBEnt Nerk AU GPEOERBRBOH U { ep

using li gggggd RHGE aﬁ'sanaisct!heﬁmﬂ?&t&ft‘éﬁhe YRbn®ledtinRE,. Or resist formation may
be provi etween the first freatnment step and the second treatnent step

irs]_ not w[@(?iSm the scope of the definition of the successive treatnent in
this specificatjon. 15[003 . ccordance w th the se

i nven?ion, a thlh A ?rFatﬁérles?cf‘rSWé{f%}ﬁgmé‘ts Is'tgepeIalelcaihlgln %‘eréthg}{r?éc% g‘ﬁoiwst i cs
can_be napdifrciiks, e step rbfal?e%ﬁﬁgi%ﬂ%@pm% h dub&rdeé 86 ahit thevempérature af the

sem conductor device including a highly reliable thin filmtransistor

havi ng bethstnteds switablecfor tisr sgeonsk treatment stepn obthe hiks bretyrac thgifirs treament-

SR T T A0 i SRRt s i 4 0 20

sem condyghtaienfBMhR@padfiodtidnng to one enbodi ment of the present invention;
10 [0029] .

However, the case where there is a step using liquid, such as a cleaning step,
wet etching, or resist formation may be provided between the first treatment step and
the second treatment step is not within the scope of the definition of the successive
treatment in this specification.

15 [0030]

In accordance with the present invention, a thin film transistor having stable
electric characteristics can be manufactured. In accordance with the present invention,
a semiconductor device including a highly reliable thin film transistor having better
electric characteristics can be manufactured.

20
BRIEF DESCRIPTION OF DRAWINGS
[0031]
In the accompanying drawings:
FIGS. 1A to 1D are cross-sectional diagrams of a manufacturing process of a
25  semiconductor device according to one embodiment of the present invention;

FIGS. 2A and 2B illustrate a semiconductor device according to one
embodiment of the present invention;

FIG. 3 is a cross-sectional diagram of an electric furnace;

FIGS. 4A to 4D are cross-sectional diagrams of a manufacturing process of a

30 semiconductor device according to one embodiment of the present invention;

FIGS. 5A and 5B illustrate a semiconductor device according to one

embodiment of the present invention;



FIGS. 2A and 2B illustrate a sem conductor device according to one

enbodi nent of the present invention; FIG 3 is a cross-sectional diagram of
an el ect rwo20uraoare; FI GS. 4A to 4D ape cross-secti onal Pdiragranseooss a

manuf acturi ng process of a 30 sem conauct or device according to one

enbodi ment of the present invention; FIGS. 5A and 5B illustrate a
sem conduct or devi ce according to one enbodi nent of the present invention;
WO 2011/ 0047249PCT/ JP2010/ 060938 FIGS. 6A to 6D are cross-sectional

di agrans of a RHGSIfGXtai6Dnge pross-essioodl diagrems of aduanufactaing pwcessadradi ng t o
one enbodi nent of the present inventioq?;i 7A to 7C are

] FI GS, .
cr 0ss- sesamisaRductr dgYisraceording tn.engremiqsimeR) of s RIEENEInVENUQL; - onduct or

devi ce accordi pﬂsg.omEmerm@e}dggeéafaﬁaltmggmwratmaﬂwmﬂi@pméas@f&
illustrates a sem conductor device according to one enbodi nent of the

present bewieohduetyr device accordi@Sto Onklerabmlipam of thegreseat mvantéayi conduct or

devi ce accordi t0..one enbodi nen f the present .invention. . 9B1
and om2 111 ust o & WSSEHFT D sEo B ey e RERURRE 5 oS WidRRBs T o
the presgpkediiyrtiben; 10FIGS. 10A to 10D illustrate a manufacturing method

of a sem conductor device according to one enbodi nent of the present
i nvention; FIGS.FP&114and 9AZs iliustrats a SsEHFQWHEIQE tdsVicgedsOBing dor Mg t o

one enbogrlnlggcrﬁtme?li of ﬁ'n% ppésgﬁt%%enltfa}{ GRY |F‘I)@S 9B1 and 9B2 illustrate a semiconductor

device according to one embodiment of the present invention;
10 FIGS. 10A to 10D illustrate a manufacturing method of a semiconductor device
according to one embodiment of the present invention;
FIG. 11 illustrates a semiconductor device according to one embodiment of the
present invention;
FIG. 12 illustrates a semiconductor device according to one embodiment of the
15  present invention;
FIGS. 13A to 13C illustrate a semiconductor device according to one
embodiment of the present invention;
FIGS. 14A and 14B each illustrate a semiconductor device according to one
embodiment of the present invention;
20 FIG. 15 illustrates a semiconductor device according to one embodiment of the
present invention;
FIGS. 16A and 16B each illustrate a block diagram of a display device;
FIGS. 17A and 17B illustrate a structure of a signal line driver circuit;
FIGS. 18A to 18C are circuit diagrams illustrating a structure of a shift resistor;
25 FIGS. 19A and 19B illustrate an operation of a shift resistor;
FIGS. 20A1, 20A2, and 20B each illustrate a semiconductor device according
to one embodiment of the present invention;
FIG. 21 illustrates a semiconductor device according to one embodiment of the
present invention;
30 FIG. 22 illustrates a semiconductor device according to one embodiment of the
present invention;

FIG. 23 illustrates an equivalent circuit of a pixel of a semiconductor device



FIG 12 illustrates a sem conductor device according to one enbodi nent of
the 15present invention; FIGS. 13A to 13Cillustrate a sem conductor
devi ce acwondivmg4120 one enbodi ment of ,the present i nvenPC®OAIP2010/060938 FI GS.
14A and 14B each illustrate a sem conductor device according to one

enbodi ment of the present invention; 20FIG 15 illustrates a sem conduct or
devi ce according to one enbodi nent of the present invention; FIGS. 16A and
16B each illustrate a block diagramof a display device; FIGS 17A and 17B
i |1 ust r ah&oadifif tdiedelsnsboalimentsif gieapresennimvetiongr circuit; FIGS. 18A to 18C

are circuit diagrans illustrating a structure of a shift resistor; 25FIGS.
19A and 19B i | FE&¥-r2t4e t%u%“g"p%ﬁfcat I%Bﬁraé? aasegﬁ?‘?‘{d“F‘Qéi‘éY’SF;aCCOfﬁmg 0PRSS 20AL,

20A2, angmgg‘?n{%ﬁpgf&L?&ggﬁtqﬁ\%nﬁoﬁ’em conduct or device according to one
enbodi ment of the present invention; FIG21 illustrates a

sem conduct or HESS.c25Acamt @5Bgillustrateea escbucindsotor adevidge agnoediegittoi aR&nt i on;
30FIG 22 ill stratﬁe'g a_sem.conduct or device according to one enbodi nent of
the p?es&MPOSIRFERLPS R PIOSPR B IPNy st rates an equival ent circuit of a pixel

of a semi condugf@resdexi e 2R ildLAfA 241 ORGT/1d BRAH Ok AERISBocGieadddj Ng t O
one enbodi nent of the present invention; FIGS. 24A to 24C each

illustrate a sESCHduenb?7Baw cecmekvicws idustiting an sxppplerfirn tebvision
present i 25Ae§$%ti%§l .illustrate a sem conduct or

devi ce aé%\é?‘aitahggmpl&%agi%%gﬂé‘?%rﬁfneﬁ e present invention;
FIGS. 28A and 28B are external views illustrating examples of an amusement
10  machine;
FIGS. 29A and 29B are external views illustrating an example of a portable
computer and an example of a mobile phone, respectively;
FIGS. 30A and 30B show results of a simulation of an interaction of an oxygen
molecule and a surface of an oxide semiconductor layer;
15 FIG. 31 illustrates a structure of an oxide semiconductor layer used for a
calculation;
FIG. 32 is a graph showing measurement results of the oxygen density of the
oxide semiconductor layer; and

FIGS. 33A to 33C illustrate an interaction of oxygen and a surface of an oxide

20  semiconductor layer.

BEST MODE FOR CARRYING OUT THE INVENTION
. [0032]
Hereinafter, embodiments and an example of the present invention will be
25  described in detail with reference to the accompanying drawings. It is to be noted that
the present invention is not limited to the description below, and it is easily understood
by those skilled in the art that modes and details disclosed herein can be modified in
various ways without departing from the spirit and scope of the present invention.
Therefore, the present invention is not construed as being limited to the description of
30 the embodiments and example.
[Embodiment 1}
[0033]
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provided to cover the thin film transistor 470 and be in contact with the oxide

semiconductor layer 403.
[0035]

As for the oxide semiconductor layer 403, heat treatment which reduces
impurities such as moisture (heat treatment for dehydration or dehydrogenation) is
performed in an oxygen atmosphere at least after the formation of the oxide
semiconductor layer. The oxide semiconductor layer 403 after being subjected to the
heat treatment is used as a channel formation region of a thin film transistor, so that the
reliability of the thin film transistor can be improved.

[0036]

Further, after the impurities such as moisture (H2O) are eliminated and the
oxide semiconductor layer 403 is oxidized by the heat treatment (heat treatment for
dehydration or dehydrogenation) in the oxygen atmosphere, it is preferable to perform
slow cooling in the/an oxygen atmosphere or in an inert gas atmosphere. Furthermore,
it is preferable to perform the formation of the oxide insulating layer to be in contact
with the oxide semiconductor layer, and the like after the heat treatment for dehydration
or dehydrogenation and the slow cooling. In this manner, the reliability of the thin
film transistor 470 can be improved.

[0037]

It is preferable that impurities such as moisture be reduced not dnly in the
oxide semiconductor layer 403 but also in the gate insulating layer 402 and in an
interface between the oxide semiconductor layer and a layer that is provided over/under

and in contact with the oxide semiconductor layer 403, that is, an interface between the

)



A sem conduct or device and a nethod for manufacturing the sem conductor
device will be described with reference to FIGS. 1A to 1D and FIGS. 2A and
2B. [ 0034yORBDG/@4724s a pl an vi ew of aI% hin filmtransi stor/Jgaaomnevessuded in
a sem conductor 5 device, and FIG 2B'Ts a cross-sectional diagram al ong
line C1-C2 of FIG 2A. The thin filmtransistor 470 is a bottomgate thin
filmtransistor and includes, over a substrate 400 which is a substrate
having an insulating surface, a gate electrode |layer 401, a gate insulating
| ayer 40gateainswlxtin}e Isenm40anaul ther oxidy eemi@aductod layes cidB candannl idtedace

el ectrode | ayers 405a and_405b. | n additiqn, an oxjde insulaiing | ayer 407
is 10 prBeiwsen thepxidpasulating ]laﬁ?rrfmf7ialngnﬂier%fﬂ§? ?E‘BFO“AYGtOék?é'C‘b%%'n gont gct with
t he oxi dﬁ)(?%ﬂn conductor | ayer 403. [0035] As for the oxide

sem conductor |ayer 403, heat treatnent which reduces inpurities such as
nmoi st ure ( heat Notecetamahe sbwce chetlydiniat ¢loctragie ldpdry H05g camdt 4@Hib) that ages in '
performed in an oxygen at npsphere at |least after, the faornmation of.the oxide
seni cdndGeRtast W‘&}/é\e OXiggSegye “‘é@ﬁf%’f)‘n‘gﬂ;c?rf) ?Ofl“&?ewsm&d’é‘eéﬁi ) B‘éﬁ??{batls

fckeama

subj ect edeitQed dn! Gihih At RiY, | Barkih BnalBANSlcohBRMMAMuAEGON of 2
thin filmtransistor, so that the reliability of the thin filmtransistor

can be i timrbved. Aj 00@6filne oFalkayHdms ingluding ane combinaiion efdthe abeyvesdemgnist ur e
(H20) are elim ngt&ad and the oxi de sem conductor |ayer 403 is oxidized by
the heat MWK (heat treatment for dehydration or dehydrogenation) in
the oxygegoamosphere, it is preferable to performslow cooling in the/an
oxygen atnosphere or in an inert gas. atnosphere., Furthernore, it i

LIt
pr ef 8P ab[Tdetaxigre pempicandustortlaysredQoinchrdingna hzimed fpmation: ©eagn| lé;/fefflnfs% be in
contact & W'ahh (;)Jér?e Oél'agz?iafegl\ﬁf? dyGhRbndudid" - gﬁﬁgte}igt‘?csE | k)g)i@afll&,eraﬂ he heat
r dehydra eh I

treat ment 1" tron or rogenation and the slow cooling. In this
manner, 1RGa-Eh-Oabaskd hyn-ofngteharysthli laydrii$ usetlr ansi st or 470 can be i nproved.
[0037] It is _preferable that inmpurities such as noisture be reduced not

only in {#¥0%0 oxide seniconductor |ayer 403 but also in the gate
insul ating |aygig407aapfl 1D aft choRd-6ckiBRa BREMBRNIlfuSRatiE Q&nﬁﬁffh@t@ﬂﬂ%ﬂ or

| ayer and a |ayer that 1s provided over/undér and in contact with the oxide
seni asndypedass ofahethid €6Bn tiahsistor 470 show mtdGPa24A andReen t he
[0041]
In FIG. 1A, the gate electrode layer 401 is provided over the substrate 400
which is a substrate having an insulating surface.
[0042]

20 Although there is no particular limitation on the substrate 400, it is necessary
that the substrate have heat resistance high enough to resist heat treatment to be
performed later. As the substrate 400, a glass substrate of barium borosilicate glass,
aluminoborosilicate glass, or the like can be used.

[0043]

25 Further, in the case where a substrate having a light-transmitting property is
used as the substrate 400, it is preferable to use one having a strain point higher than or
equal to 730 °C in the case where the temperature of the heat treatment performed later
is high. Further, as a material of the substrate 100, for example, a glass material such
as aluminosilicate glass, aluminoborosilicate glass, or barium borosilicate glass is used.

30 By containing a larger amount of barium oxide (BaO) than boric acid, a glass becomes
heat-resistant and of more practical use. Therefore, it is preferable to use a glass

substrate containing BaO and B,0; so that the amount of BaO is larger than that of



WO 2011/ 00472412PCT/ JP2010/ 060938 gate insul ating | ayer 402 and the oxide
sem conduct or | ayer 403 and an interface between the oxide insulating |ayer
407 and twie 20xie728em conduct or | ayer ,403. [0038] Note rhatrheo®oss ce and
drain el ectrode | ayers 405a and 405b %%at are in 5 contact with the oxide
sem conductor |ayer 403 are formed using one or nore materials sel ected
fromtitanium alum num manganese, magnesium zirconium beryllium and
thorium An alloy filmor alloy filns including any conbi nati on of the
above el ggonts may be stacked. [0039] 10 The oxi de sem conductor |ayer 403
I ncluding_a channel formation region is fornmed using an oxide materi al

havi ng s 4dbnduct or characteristics; typically, an In-Ga-Zn-0O based

non-si ngl e-cr y?\t %}bslr@%eforﬁléﬁi piesh QP4 such as a ceramfid Gbstrhfd, t0 qhdatAr e

cross-sectiona agrans il lustrating a manufacturing 15 process of the
thin fil sulistrates ios taosapphilie shbstraten nfalyGs: ugetl anthe2Ribsfra@4400.  Alternatively] G 1A,

the gate el ectrqde | ayer 401 i 5 proyided over the substrate 400 which is a
substPat é‘f’ﬁ&&i‘zﬁ gg"_ﬁSPK k| ﬁ%"d’rsF‘gce. [ 0042] 20Al t hough there is no
particul agodshm tation on the substrate 400, it is necessary that the

substrate have heat resistance high enough to resist heat treatnent to be
perforned | at eAn mmsulating dass tsemting 493, baseglayers may g pravidegs begwesn the

0003 LSBTl 0T, U RERRAI SO 2 Ty Yo My SRR,
property préventing diffusion of an impurity element from the substrate 400, and can be formed
10  to have a single-layer or stacked-layer structure using one or more of a silicon nitride
layer, a silicon oxide layer, a silicon nitride oxide layer, and a silicon oxynitride layer.
[0046]
The gate electrode layer 401 can be formed using a single layer or a stacked
layer using a metal material such as molybdenum, titanium, chromium, tantalum,
15  tungsten, aluminum, copper, neodymium, or scandium, or an alloy material which
includes any of these materials as a main component.
[0047]
For example, as a stacked structure of two layers of the gate electrode layer 401,
any of the following structures is preferable: a two-layer structure in which a
20  molybdenum layer is stacked over an aluminum layer, a two-layer structure in which a
molybdenum layer is stacked over a copper layer, a two-layer structure in which a
titanium nitride layer or a tantalum nitride layer is stacked over a copper layer, and a
two-layer structure in which a titanium nitride layer and a molybdenum layer are
stacked. As a stacked structure of three layers, it is referable to use a stacked layer of a
25  tungsten layer or a tungsten nitride layer, an alloy layer of aluminum and silicon or an
alloy layer of aluminum and titanium, and a titanium nitride layer or a titanium layer.
[0048]
Next, the gate insulating layer 402 is formed over the gate electrode layer 401.
[0049]
30 The gate insulating layer 402 can be formed using a single layer or a stacked
layer of a silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, a silicon

nitride oxide layer, an aluminum oxide layer, and/or a tantalum oxide layer by a plasma



used as the substrate 400, it is preferable to use one having a strain

poi nt higher than or equal to 730 Cin the case where the tenperature of

t he heat woeatwmst24performnmed | ater is1 igh. Further, aspaTmaR2E0/HE@3%0f the
substrate 100, for exanple, a glass naterial such as alum nosilicate glass,
al um noborosilicate glass, or bariumborosilicate glass is used. 30 By
containing a | arger anount of barium oxide (BaO than boric acid, a glass
beconmes heat-resistant and of nore practical use. Therefore, it is

pr ef er abiCyD metisd, a sgitmiugsnmmcf ar ehedﬂwt aiFor expnBd€) agilcam2@yngnde layer t he
anount of BaO is I geréﬁhan V\02011600472413PCT/ P2010/1060938
B203. [ oMy be formed bypa f“@)‘?ﬂf‘r%“ﬂf‘ngn TROSICR &S COTHUHNG $1AN% o ani ¢
substrat gg; %(M%&,zaﬁdj}ﬁ%géﬂe or a sapphire substrate may be used as the
substrat e 400. térnatively, 5crystallized glass or the |ike may be used.
[ 00451 [0050]An insulating |layer serving as a base | ayer nmay be provided

bet ween the substrate 400 and the qgate el tro r film
has a®function kb ﬁ%&?’é‘ﬁ?isﬁ‘a‘%‘f‘?‘f‘i&‘g‘i %ﬁer ¥R |cﬁ§‘lﬁerrl g e#%‘ﬁl-fmfgr gﬁ?fh
substrat gy400, and can be forned 10 to have a single- Iayer or stacked-1ayer
structure using one or nore of a silicon nitride |ayer, a silicon oxide

| ayer, al@3llcon nitride oxide |layer, and a silicon oxyni tride layer.

[ 0046] el-ect rod . e |l e
ayer or a st bl Ol BHOiE R b XEcoHd i SRR ieOMoRREA U3 gl el
titani ummeghdd)nik Ugn pr&ﬁfub@é (7] pei:ﬁ»nhutrgrstsenspuahﬂmg ro nwhmhpmerargonegmlsyns um or

scandium_ or an alloy material which |J1cl udes cy ?h terial S as a
mai n 1@ onpeirrstyeed and plasma is generated so that dust on a surface of the gate fst ating layer

402 is removed. The reverse sputtering is a method in which voltage is applied to a
substrate, not to a target side, in an argon atmosphere by using an RF power supply and
plasma is generated in the vicinity of the substrate to modify a surface of the substrate.
Note that as well as argon, helium, or the like may be used.

15  [0052]

The oxide semiconductor film is formed by a sputtering method with use of an
In-Ga—Zn-O based oxide semiconductor target. The oxide semiconductor layer is
formed by a sputtering method using an In-Ga-Zn-O-based oxide semiconductor target.
The sputtering method is carried out in a rare gas (typically argon) atmosphere, an

20 oxygeh atmosphere, or an atmosphere including a rare gas (typically argon) and oxygen.
[0053]

The gate insulating layer 402 and the oxide semiconductor layer may be
formed successively without exposure to the air. Successive film formation without
exposure to the air makes it possible to obtain each interface between stacked layers,

25  which is not contaminated by atmospheric components or impurity elements floating in
the air, such as moisture or hydrocarbon; accordingly, variation in characteristics of the
thin film transistor can be reduced.

[0054]

The oxide semiconductor layer is processed into an island shape through a

30  photolithography process, thereby forming an oxide semiconductor layer 430 (see FIG.
1A).

[0055]



[ 0047] For exanple, as a stacked structure of two |layers of the gate
el ectrode | ayer 401, any of the following structures is preferable: a

t wo- | ayerwetzouaur2e i n which a 20 nol ybdenum | ayer is stratkezdio0o@o3san

al um num | ayer, a two-layer structure 1n which a nol ybdenum | ayer is
stacked over a copper layer, a two-layer structure in which a titanium
nitride layer or a tantalumnitride |ayer is stacked over a copper |ayer,
and a two-|ayer structure in which a titaniumnitride |ayer and a

mol ybdenum | ayNextarie it prfedble Atha Isdatclreadmsitr et perdforofedt lonethel axédes, it is

referable to use a_stacked | ayer of 25t sten | ayer .or tungst en

n: tride sepgispndugior fayepin 4“a97§’|ge‘b\m“éﬂsﬂﬁ‘?rﬁ6ﬁ$g% SEW F%%‘r‘?gc?lﬁ pﬁ%OHP‘F W Payer of
al um nu t ' st j el I ird WRdatrd: it ' er.
T L L PR i b e e

el ect r odexidapemicéfductrOiaya]4380mitke ghove atmospleré aanp elapimatedigmugisins Bechf or med
using a Si e layer ar, a stacked |ayer of .a siljicon oxife y . .8 Silicon
nitri "Ele_ P%l&gi‘?geé‘ IPOIHTESITHNER i ’%\%?e,mlﬁo%quf:{oé ga ernﬁ(fianéieg%%z%éhel ayer,
an al uni gL QXA nHENE lay& 0 5o dhdtan! lideNsénticorddcriraydd3a iplobtdired WO
2011/ 00472414PCT/ JP2010/ 66093?3 CVvD nmet hod, a sputtering nethod, or the

li ke. FofscexElfpl1d). a e oxidn somjaendydterelayay &30nmpy e FOs@EEeRyl0abpl2asma CVD
7t ogenipaEaar BRate Of ALORIAT0E, S feormi dh e SPXAREn oF L ||
gat e i nsytAtleRGndnayes mafedial 6186 dkide semiconductor layer.

10 [0056]

The oxygen atmosphere refers to an atmosphere of a gas containing an oxygen
atom, typically refers to an atmosphere of oxygen, ozone, or a nitrogen oxide (such as
nitrogen monoxide, nitrogen dioxide, dinitrogen monoxide, dinitrogen trioxide,
dinitrogen tetraoxide, or dinitrogen pentoxide). The oxygen atmosphere may contain

15  an inert gas of nitrogen or a rare gas (such as helium or argon); in that case, the amount
of the inert gas is less than that of the gas containing an oxygen atom.
[0057]
It is preferable that moisture, hydrogen, and the like be not included in the
‘oxygen atmosphere in the heat treatment. ~Alternatively, it is preferable that the purity
20  of oxygen introduced into a heat treatment apparatus be 6N (99.9999 %) or higher, more
preferably 7N (99.99999 %) or higher (that is, the concentration of impurities be 1 ppm
or lower, more preferably 0.1 ppm or lower). |
[0058]
The heat treatment can be performed by a heating method using an electric
25  furnace or an instantaneous heating method such as a gas rapid thermal anneal (GRTA)
method using a heated gas or a lamp rapid thermal anneal (LRTA) method using a lamp
light. |
[0059]
Here, as one mode of the heat treatment on the oxide semiconductor layer 430,
30  a heating method using an electric furnace 601 is described with reference to FIG. 3

[0060]



Note that before the oxide sem conductor filmis formed by a sputtering
nmethod, it is preferable to performreverse sputtering in which an argon
gas i s 1owpnoriodered and plasma is geper at ed so that dusCToR200/86038CE Of
the gate insulating |layer 402 is renoved. The reverse sputtering is a

met hod in which voltage is applied to a substrate, not to a target side, in
an argon at nosphere by using an RF power supply and plasma is generated in
the vicinity of the substrate to nodify a surface of the substrate. Note
that as wel | aBIGr3an,a seheinatic view tdfethk i dectrimyfutnace $6d. ASha@52403 is The

oxi de sem conductar filmjs rmed b utterin th wi,th use of an
| n- Ga- ZnProvidedRutyds Eéﬁ’?@h?rc%%dﬂ@? W\étfgf ngtl_ng-ﬁhg cgﬁrfqgee' @gm' &ﬂﬁﬁ%‘ﬁ r layer
i s formedobyanhihtd Sitshac" 804 Admdthid i@ préVid&Ri reiaRd (02| 8fd the

sem conductor target. The sputtering nethod is carried out in a rare gas

(typi cal bybsemagofy imtcaosdhieteor aut of0thexhambera0?os Fluether, ther chambgr ABS pher e

including a.rare.gas (typically ar )._and oxygen. [0 ] The gate
i nsul At i gﬁ"’l‘é@@e?’“@o@ fﬁ(fBPﬁleY, 5&?‘%8@(2 r?f‘@oiﬁﬁ 8%%/‘%?“ na>[r/nee(r%§sor;aé>9 The ézrlsnggd
successi yalogutid g the SRBABA 602t thD adsupplySheamse06y e Th lewadvatiomineais Wi t hout
exposure to the air nmakes it gossi bl'e to obtain each interface between

st acked 68y evacuaRs thehickambes 608t Note: that thattempertuse-rise sharasteritissebtsnt s or

inmpurity elements floating n the airn. . such LS Y= 1 o\ on;
accor di n@F t,nc\/'ﬁﬂa&? |6§ afengrgﬁé?bé%ts%tﬁtshﬁhggﬁbaf'a(frheg%lh'irolrﬁ'?i ﬁ/ﬁ]n lﬁragﬁg?‘?%{;r can
be FEdUCQQm &PQ@%L to 20 °C/min, TR 20Yit¥R, BRMeRPBAUTEArop BNRACtérsstips @e@ssed i nto
an i sl and shape through a 30 photollt’hograp y process, thereby formng an
oxi deo seriecoiduaiace 6DRwer préBBatlg set FFlhizhet Man ¢ro@sal] to OND°C/min and lower

2011/ 00472415PCT/ JP2010/ 060938 Next, it is preferable that heat

t r eat nenthaseorsapgide A2dCHMNt he oxi de seni conductor |ayer in an oxygen

at rmspher&)bﬂmg then slow cooling be perfornmed in an oxygen atnosphere or an
i nert gaé at rosphere. The heat treatnment performed on the oxide

sem conduct or  IThy gfas 43@plynnichns &D6viacladesos pgnsr aipphn seircericlds @ pmpsurd ti es

O o e IS T T LS e S0 L LF SRTMSRRS! ol
sem <i9“d3fr‘iE 2nb @%f‘eﬁlt,4§é-1e=fﬁep@fﬁk peslidsRgnkt& tia@)gasl, %Iﬁ)%l)oéﬂué& 618 ng @RAuCt or

| ayer 430 may be crystallized to'be a mcrocrystalline |ayer or a
pol ycr ystchhmberet(2ay #Vith tiei refinatefidn ifspusitics isacte anaoistusp ophydiegethad 8oy eat nent

or a material .of the oxide senjcondu r. Layer. 10[ 005 The_oxygen
at rrpspher"%é}“ahefsel“gr Bcﬁﬁ“‘é‘? ﬁ@%ﬁ h@?gero&gﬁﬁgb)( SoRtaP |p? glé%rcge)x%}gl]ecr? nalfeo_m
typi cal | Yeh6f&l So tifat BRtrHorGsRIAGS fich AXHEGEUrOZANBydrogendintd theagambexi de
(such as nitrogen nonoxi de, nitrogen di oxide, dinitrogen nonoxi de,

di ni t r oge@2tcan bx suppresskidhi t r ogen t et raoxi de, or dinitrogen pentoxide). The
oxyg%B at[ﬂgqsﬁhere may contain 15an inert gas of nitrogen or a rare gas
(suchi¥as Pum or argon); in that case, the anount

In this embodiment, a gas including an oxygen atom is introduced into the

chamber 602 from the gas supply source 611 so that the atmosphere in the chamber
becomes an oxygen atmosphere, and the oxide semiconductor layer 430 which is
formed over the substrate 604 is heated in the chamber 602 heated to a temperature
25  higher than or equal to 200 °C and lower than the strain point, preferably higher than or
equal to 400 °C and lower than or equal to 700 °C. In this manner, dehydration or
dehydrogenation of the oxide semiconductor layer 430 can be performed.
{0063}
According to this embodiment, the oxide semiconductor layer 430 is made to
30 be less-defective i-type by the heat treatment for dehydration or dehydrogenation in the

oxygen atmosphere since the surface of the oxide semiconductor layer 430 can be



of the inert gas is less than that of the gas contai ning an oxygen atom
[0057] ' It is preferable that noisture, hydrogen, and the |ike be not
i ncl uded wo 20ti@oerygen at nosphere in H1e heat treat ment PCAIPENOAGOSE] Y, it
is preferable that the purity 20 of oXygen introduced into a heat treatnent
apparatus be 6N (99.9999 % or higher, nore preferably 7N (99.99999 % or
hi gher (that is, the concentration of inpurities be 1 ppmor |ower, nore
preferably 0.1 ppmor |ower). [0058] The heat treatnent can be perforned by
a heat i ngxidizeti@dd vsy gy iaboeidedito aclefst bua pamtéromr whithithe irpuritiee sush #reat i ng

met hod such as a gas rapid th | ~an eal met hod us eat ed gas
or a | anﬁl(’l‘%‘ﬂﬁedaﬁ‘%é‘r}’ﬁﬁ]gﬁ&nﬁéa etﬁﬁ g“séPa zl?wcp‘# Fg‘i{f“eg[%‘ow] °
Her e, f

S4 81 oxidle sERRbnducEAHt EM@@ Uhe RarindE fSraiBtioA e Okhd ayer
430, 30a ﬁgﬂat gte ?1 %u& ngnarcl: el feﬂgt“ C faur ngcen601 S ldescgl bed with
r ef er encecliabiliy ﬁ éStl{iﬁ)ﬁﬁﬁ}ranMQ@lbk/fOﬂnmnﬂﬁcﬁnpmdlol 060938 FIG 3

Is a schgd%ﬁi‘c view of the electric furnace 601. A heater 603 is provided
out si 3 nber 602 and used for heating the chanber 602. A susceptor 605

on which a subgh gt tRndn® cOHRIMER skSsulh Bt dERadtdnt BE twh pedkelof Gdtar, and t he
substrate 604 is carried into or out of the chanber 602. Further, the

chamber mh applﬁaqsrab\amimd 300t9€ is npasletsatgleyenuhag TS (BreamahDesesptiost i on

nmeans 607 s introduced in e .chanmber 602 I means

506, The SevAleRaRd ABAHEHOs PEVAtTE 9L MBS aepedagt TP Berneh 1

tenmperat Y drrééﬁ PH@H F&(%%ﬁét%& 'tﬁasof’ct hehekefifit ldven WheR G055 BRdsuddmtentlisef er ably

set at higher than "1 Cnin and I ower than or equal to 20

fC/ m mo | pedokiidd amna thlhefllhetrmnswmeludmgghc ldahydrated ios debydrogenated oxidd ectri ¢

| g\r/\gfcte hg%%{g?)g@etﬁpé F;fe%?(?zlsl “\e pfngg e;;r\teltv@ i %;r)peea & aroundoa'Oa) Ellrsnn(r)lt and
detected.

[0065]
Next, it is preferable that the heater be turned off, the chamber 602 of the heat

15  apparatus be held in the/an oxygen atmosphere or an inert gas atmosphere, and slow
cooling be performed. For example, slow cooling may be performed from the
temperature of the heat treatment to a temperature higher than or equal to room
temperature and lower than 100 °C after the heat treatment. Consequently, the
reliability of a thin film transistor to be formed can be improved.

20 [0066]

In the cooling step, the temperature may be decreased from the heat
temperature T, for the dehydration or dehydrogenation of the oxide semiconductor layer
430 to a temperature which is low enough to prevent entry of water, specifically a
temperature that is lower than the heat temperature T by 100 °C or higher.

25 [0067] ‘

The substrate 604 in the chamber 602 of the heat apparatus may be cooled to a
temperature lower than 300 °C, and then, the substrate 604 may be transferred into an
oxygen atmosphere or an inert gas atmosphere at a temperature higher than or equal to
room temperature and lower than 100 °C; accordingly, the cooling time of period of the

30  substrate 604 can be reduced.

[0068]



The gas supply neans 606 includes a gas supply source 611, a pressure

adj usting valve 612, a refiner 613, a mass flow controller 614, and a stop
val ve 615¥7O0I2n11l®412hi s enbodi nent, theu%efiner 613 i s precirdezhivesosssen t he
gas supply source 611 and the chanber 602. Wth the refiner 613, inpurities
such as noisture or hydrogen in a gas which is introduced into the chanber
602 fromthe gas supply source 611 can be renoved, so that entry of
impurities such as noisture and hydrogen into the chanber 602 can be

suppr essed. 20{MRA e heat appardtas hdsiasplentiodefiahatmbes, thaheatrtodatidéntgnditheoxygen
atomis introduced into the chanber 602 fromihe gas supply source 611 so
that theceplingsppaiment gap e prHemRad fb Smaﬁlg%& ¥n iﬂﬁg@é’hé}‘ e? fgfﬁ'd t he
oxi de sem conduGtar. | 4 [ [ 8 is
et od | ORET hicis R 2 ekl igfef WA 2R 16 D60 S4B IQH R BHE
to 200 CiyangraliPpeint bhaie ubstrat, freferitly Mighep Hgiesradajuy] ti 400PCtandriower equal
to 400 C and lower than or equal to 700 C. In this manner, dehydration or
dehyds ogénatdr equaifto 70@ °Oxihd @xilerscminoadeqtor layenAS0 faguedeyer Hee sWopale ifed.

[ 0063] . According to this dj, men t.he oxj.d m.ecqn r |ayer
430 1 & mhed dn 3 evy e SmPabiey e WDy BE B e e ko 6T B30 R

dehydr at {,@Rnfiht 4§ PedfopEd b | RahstdiredNahduyRen tRinsles Mhambes iinc tokggaur f ace
of the oxide sem conductor |ayer 430 can be WO .

2011/ 004 IRASPIRTT/ QI RRO IGHO BTN asRhale.2@da spepndxsharber vhose femPereye Ief ect

or a part.fromwhich the inmpurities suc S I.St4HnEo e] e

det ac hed?"g&ﬁ’% iHgiayal 9109 &‘H"ﬁazmae%@alsgf gg‘%rwge r@gg%é%%gﬁ e ého)?(olr de
sem gondugdifiy ﬂré’aﬁt’lﬁéntzli%oanaéx)%eﬁ RBRGPhert Ur Mt inéd ghs ginfitphérbe TRioughithd ty of a
thin filmtransistor to be forned can be inproved. 5 F0064] The heat

t r eat menabewrmpedsahiovgkmi canehinpiavedat | east one of two peaks of water,
whi ch apgﬁj’a@ at around 300 Cis not detected even when TDS (Ther nal
Desorpti Eectroscopy) measurenent is performed on the oxide

sem conduct or ITay ekidefsemicondictar by thagtbe dubjecidd y dho fen ateatipent on 450 C.

Therefore, even when TDS neasurenment is .10 perfornmed on a thin film
transi st OKygancatmasphgre ?F‘éoifdﬁ%ﬁ%ﬁde’&t%ﬁhedﬂﬁyg?}@@ 9¥idp SERIQBRILLSF 2 ¥iduct or

| ayeqstoy, ?%38 gg ¢, WREr BRWMcaP hre ARl oMM OxidP RERIDndictd RYETin3@P dxyb not
1o /et , it

detec?ed. I's preferable that the heater be turned off, the
chanber GfRospherche ilentinetbgammavsthar, Bowheloting to & hemperature/bigherahamepher e or

0ol i ng. SAYAINE TR RERRGANTY 88 [N (B URET e POTOTRE: TSNS rBKET 0 o
TR R} TEL s o A SRS, Byt A, 100 C
transi st ¢po0p be fornmed can be i nproved.
20 The oxide semiconductor layer 431 after the heat treatment in the oxygen
atmosphere is preferably in an amorphous state, but may be partly crystallized.
[0071})
Next, a conductive layer is formed over the gate insulating layer 402 and the
oxide semiconductor layer 431.
25  [0072]
As examples of a material of the conductive layer, there are the following: an
element selected from Al, Cr, Ta, Ti, Mo, and W; an alloy containing any of the above
elements as its component; an alloy layer containing a combination of any of the above

elements; and the like.

30 [0073]

In the case where heat treatment is performed after the formation of the



20[ 0066] In the cooling step, the tenperature nay be decreased from
the heat tenperature T, for the dehydration or dehydrogenation of the oxide
sem conduwwoanillmyes 430 to a tenperatyfe which is | ow emrougn201e0@o3sy ent
entry of water, specifically a tenperature that is | ower than the heat
tenperature T by 100 C or higher. 25[0067] The substrate 604 in the
chanber 602 of the heat apparatus nmay be cooled to a tenperature | ower than
300 C, and then, the substrate 604 may be transferred into an oxygen

at nosphetendactienlayee it is gasfemblenthpthtbe eonductive dayee haveuheat dsiftance tehawglor equal

to roomtenperature and | ower than 100 C; a r.di ngl he coqling time of
period ofo wHbstard 8ys,Reat reatmeah  ACY “F‘é‘Hﬁ’&g‘gﬁ %gig%fiva’{ﬁges Sich as fow
2011/ 004%&4%5%{{%5 %9119{ tﬁrgggc%g of casy-toV¥beddE NAI e BdcdaP@mMiHaidIAWith a

S,

plurality of c heat treatment and the cooling treatnent can be
per f or medeatsresistiitesopdoctveanaterid,  Aypphe hedtyresistantzconduative anaiptidd rwingh éh i s

heated to fe rature hi gher t r,,eaual to.200 C.an ower t he
straih pB?‘%t mo‘i‘rcr’?’%qwéatg’ﬂb‘gﬁ %’E‘l’e?“yp(gfei‘?%?%%? nﬁi“@)ﬁeérrla%? iy b%r&gg'u%l\fe]te}élgggo C and
lower 5 thafle®trofOitdhiubO(TT}) Canfalurh (Fa)0 kindStes €W)CABHBAE M (MBE chfcifiufror med
over the substrate is heat'ed in an oxygen atnosphere. Next, the substrate

on whi ch(€he neddyriuime A, randt seepdiums (9ar pBralioy contaipiggsanyr pEdhe BRPBUgh a
t f h | . j . t
st R AP P RO E Bl g Eag i 1o o

t enper at dleghenfsd anddARitridd\@ntaifidg Gn@ofithe abswejlantmsiag ivs dnmmehi. ng t r eat nent
in an OX¥§]en at nosphere or an inert gas atnosphere. Through the above
procé8s, [®Mddughput can be inproved. [0069] The oxi de sem conduct or

| ayer may be sgﬂg ggfd@cgeﬁgcqﬁlgﬁgﬁﬁggﬁs APRIEME doRdidife WD aR SLARERNE ©

bef ore process Into t aped oxide sem conductor layer. 15 In
t hat casetchiny! step tthefohmathe t oxadet s@niconductdrelagod ¢@3 sedithosdursce omd| digiy i n t he

oxygen at posphere or .jn an,ipert, gas.Aat phere,..sl ow cool i to a

t enper at G[‘Tg“ﬂqleg kavers ﬁgﬂa gpd e‘@gél(sg%ﬁ@oﬂ?ieg@étf’aq‘ﬁtr 8‘\4\{%834 &R&Pet%é%e 100 C
is perforpRtlondRforSHPat 45 & Erehddalss thaUhe Wxidehgeniiedidudpdi@i UD3 MRth a
phot ol i t hography process is perforned on the substrate. [0070] 20The oxi de

seni déndigodore (4 depessddportionpr t he heat treatment in the oxygen atnosphere
is pref er@wi in an anor phous state, but nay be partly crystallized. [0071]
Next, a N Fctive | ayer is fornmed over the gate insulating |ayer 402 and

the oxide sem qaRQufdeQhsul@itR lafe 407 is formed so as to be in contact with the oxide
semiconductor layer 403. The oxide insulating layer 407 can have a thickness greater
than or equal to 1 nm and can be formed by a method by which impurities such as
20 moisture or hydrogen do not enter the oxide insulating layer 407 as much as possible,
such as a CVD method or a sputtering method. In this embodiment, a sputtering
method is used to form the oxide insulating layer 407. It is preferable that the oxide
insulating layer 407, which is formed to be in contact with the dehydrated or
dehydrogenated oxide semiconductor layer, be formed using an inorganic insulating
25  layer which includes moisture, a hydrogen ion, OH", and the like as less as possible and
blocks entry of them from the outside; specifically, a single layer of a silicon oxide layer

or a silicon oxynitride layer, or a stacked layer thereof may be used.

[0076]

A silicon oxide layer with a thickness of 300 nm is formed as the oxide
30 insulating layer 407 in this embodiment. The substrate temperature at the time of film

formation may be set to higher than or equal to room temperature and lower than or



25[0072] As exanples of a material of the conductive |ayer, there
are the follow ng; an elenent selected fromA, C, Ta, Ti, M, and W an
al | oy cornwaiznimg4may of the above el egents as i ts conpomremtyp2amoevioy | ayer
contai ning a conbination of any of the above elenents; and the like. 30
[0073] WD 2011/00472419PCT/ JP2010/ 060938 conductive layer, it is
preferable that the conductive | ayer have heat resistance enough to

wi thstand this heat treatnment. Since alum num (Al) has di sadvant ages such
as | ow hggfal teSI09t ADCendaixd 100 Penfie ity embogiasnt.t OFlxoforadéon AIf the axsded i n
conbi nation with a heat-resistant conductive material. As the

heat - r esinsulating dyeti#e by therspniering mejfpd gan be erfpragdiim ap gimesRReE M B th Al
any of t f ol | ow i b d. . :

1Y ani ur Qe R e BRI fEbn Befipior EREIAERT B 65 BEIRT o)
neody i uargohdnd 8xbefC aniilicdn(&Gde taget @k lacyliconngeninag temsedhs aitargabove

el enments as 1ts_conponent; _an all oy layer, contajning a conbination of an
LR :

of the aBwrofel Epresrample, g gilicop joxpdefmy ; ifﬂm_ D3 SRytitepRg S nent s
as its ngﬁﬁeﬁ%gﬂmm%@gﬁhﬁfﬁOgg;§“9?‘3q‘*"’%@ﬁ” conductor |ayer 431 and the

conductiv ayer-are etc ching step to formthe oxide _
sem cond{@37d} | ayer 403 and the source and drain el ectrode |ayers 405a and

405b (see FIG 10O . te that onl r.t .of the oxide sem conduct yer 431
i s etched, so TRalXdfe"sXptRe g’é’ﬁfl é@ﬂdﬁ(ﬁ’%‘?ed! @rSpﬁggn%glegh gr gg\\//?‘(a
depr esseg ARfd bPhe: 1ileA7Rlto be in codti& Wit 8 deR§dragitdi didichparoperdd dxidd or med
so as to be 1n contact with the oxide sem conductor |ayer 403. The oxide

i nsull@t i sgmicagdirctordayes 430 hiambisanarves kKirchighlyreliabde thim filn drangistor 79 62M nm and
can be forned a nmeth which inpurities such as 20 noisture or

hydr ogengﬁgm%f)a%%’ﬁ?(g&?ﬁgig@‘de i nsul ating | ayer 407 as nuch as possibl e,
such as @yd¥lp nethod or a sputtering nethod. In this enbodinent, a

sputtering nmethod is used to formthe oxide insulating |ayer 407. It is
preferabl e t halt isrsefgrabre thah sfipmimpigitica puch &?)“H,Zan/rﬁ’ o ﬁ)g{ %8[‘%‘@‘8 iR gheye i n
contact Wil LOG MG ﬁ&gtdargrr by %'Slqgg ?%@%egf( ARG dr RAVhGIn bayer, be
formed using an inorgani |nsuFat|ng 2 ayer wnich i1 ncludes” noisture, a
hydr agen deBydrogdnatiaméh theeoxyighe aasosphas, slewpmetingbe perfdrédc iirdar, the of t hem
fromthe outside; specifijc I@/, a single.layer of.a.,siligcon oxi ge | ayer or
a si | i coformafianof theeonds wsulating layersoaR by in ﬁéé‘i‘“t‘ﬂé*r W5 OX IS SCRUCATLEHOT [ 0076]

A siliconp,pxi \ Rh & R8s ShO 810900, dechiinplyl tRSreliasiligxi de
30i nsul a’?zli)%é g;é?“ﬁ%gl\ﬁ}'tr?latpﬁf% enbodi mant.0 Thg g%bstcratﬂe@fenprerlat ulg})e( at the

time of fof the thiorfitat transisteryd 70eas be improkédgher t han or equal to room
t enper at %(?79?”(]' | ower than or ‘

20 Further, after the oxide insulating layer 407 is formed, the thin film transistor
470 may be subjected to heat treatment (preferably at a temperature higher than or equal
to 150 °C and lower than 350 °C) in an oxygen atmosphere or an inert atmosphere.
For example, heat treatment is performed at 250 °C for 1 hour in a nitrogen atmosphere.
By the heat treatment, the oxide semiconductor layer 403 is heated while being in -

25 contact with the oxide insulating layer 407; accordingly, variation in electric
characteristics of the thin film transistor 470 can be reduced. There is no particular
limitation on this heat treatment (preferably at the temperature higher than or equal to
150 °C and lower than 350 °C) as long as it is performed after the formation of the
oxide insulating layer 407. The heat treatment can be performed without increase in

30 the number of steps by serving also heat treatment in another step such as heat treatment

in formation of a resin layer or heat treatment for reducing the resistance of a



WO 2011/ 00472420PCT/ JP2010/ 060938 equal to 300 C, and is 100 Cin this
enbodi nent. The formation of the oxide insulating |ayer 407 by the
sput t eri nyoreetiod72eaan be perf orned inzlan at nosphere of wPha/JPuilh/oswsry. a
rare gas (typically argon), oxygen, of a mxture of a rare gas (typically
argon) and oxygen. A silicon oxide target or a silicon target may be used
as a target 5 thereof. For exanple, a silicon oxide filmcan be fornmed by a
sputtering nmethod using a silicon target in an atnosphere of oxygen and
ni t r ogentragsparéai conductivellbgeroxi de i nsul ating | ayer 407 is forned by a
sputtering nmethod, a PCVD nethod, or the like so as to be in contact with
t he dehy IH'P‘(lfhmél“aehydrogenat ed oxi de 10sem conductor |ayer 430; in this
manner , wa%grl ghly reliable thin filmtransistor 470 can be manuf act ured

(see FI . [0078] It is preferable that after inpurities such as
H20, H, or OH Anehieadudtor ddviceamddanahod foo nthinafaturing)the seaiieondadiesed by t he
above heat treatnent for dehydration or hyd enation in_the oxygen

15 de rq
at mosbhedeviceswihbedrseiibry wish pdeeagetedIGR 44 F\‘éf“?s apg %I%f%f%ﬁ%f the oxi de
i nsul ati I r | t ' h ' ] HaQfnd ayer,
andt e Fribodiii 3aa8Be Afpicd 15 8 e s EXHEGRE ERRPIe T2
reliabil tdeysimflart fagctionis) ab/itd Bmbbdinsins 1 cand4Rddasaription thegeobis et repedFd]
20Further, after the oxide insulating |ayer 407 is formed, the thin film
transi st #081¥0 may be subjected to heat treatnent (preferably at a

tenperature highe rSAtngR)lzﬁ{ vie@la thid f; ﬁlqragsgoﬂir# 460 Wl ddan a3eRidohdbdlodn

oxygen at nosphere ~or I nert at nosphere. exanpl e, heat treatnent is
per f oo Nnedewte, 2mA FIGf 6B id ahauss-sentienah idiagoge nlagnoephed® oBY1G. H\-hebhe

treatnent, the oxide se 'c_ondl]lﬁ%tor | a e}{. 4 1:I%ni s heat ed whi{yg being in 25
contact WP Hilfh&rapsistae 4RSS 2t Ha‘“r%%r‘ igofim Areyser Aoty melpdes %6 i n
el ectri c sQRRLACASY WhichGS aQubdthfe hiNifg Iah!iﬁ@u‘laftﬁl Subfa6d, 2Adile GROUGE Lgeuiced.

There is no particular Iimtation on this heat treatnment (preferably at the
t enper at 46 B, gayhinsulating layer 471 alsourse 28¢ d@imelgctrasitdpyarnaddazad 49Ppbaand ong as

= P LIRS b Shadds, LIS Ol OBl S R pvEp 07 The
by S5Vi BebviediO1d1@BVert thRaihHR Tilm frafdistoh 60 SARID bé Liahcafiadieith tthe adxfignt i n
formation of a resin layer or heat treatnent for reducing the resistance of
a semiconductor layer 453.
[0082]
In the thin film transistor 460, the gate insulating layer 452 exists throughout
the region inciuding the thin film transistor 460, and the gate electrode layer 451 is
20 provided between the gate insulating layer 452 and the substrate 450 which is a
substrate having an insulating surface. The source and drain electrode layers 455a and
455b are provided over the gate insulating layer 452.  Further, the oxide semiconductor
layer 453 is provided over the gate insulating layer 452 and the source and drain
electrode layers 455a and 455b.  Although not shown, a wiring layer is provided over
25  the gate insulating layer 452 in addition to the source and drain electrode layers 455a
and 455b, and the wiring layer extends beyond the peripheral portion of the oxide
semiconductor layer 453.
[0083]
The oxide semiconductor layer 453 is subjected to heat treatment which

30 reduces impurities such as moisture or hydrogen (heat treatment for dehydration or

dehydrogenation) in an oxygen atmosphere at least after the formation of the oxide



WO 2011/ 00472421PCT/ JP2010/ 060938 transparent conductive |ayer. [Enbodi nent
2] [0080] A sem conductor device and a nethod for manufacturing the

sem conduwwoanii@ogeyi ce wil | be descrifhed with referencePCo/JF20@EB060438 t 0 4D
and FIGS. 5A and 5B. Enbodi nent 1 can™be applied to the sane portion(s), or
a portion(s) or a step(s) having the simlar function(s) as/to Enbodi nent
1, and the description thereof is not repeated. [0081] FIG5A is a plan
view of a thin filmtransistor 460 included in a sem conductor 10 devi ce,
and Fl G &dicSnductrdasgers edictardniglylithg relimbilitprf the rthinDfilnD2rambistelr @ab/be The
thin filmtransistor 460 is a bottomgate thin filmtransistor and

i ncl udesimpr¥ed.a substrate 450 which is a substrate havi ng an insulating
surface, O?bggfgte el ectrode | ayer 451, a gate insulating |layer 452, a source
and drai h €l ectrode | ayers 455a and 455b, and an oxi de sem conductor | ayer
453. I n additi after anpuritiedsuchn asiinatistmg (Ha(@ rared BlimingtedSpyr thei lwatitregmeoter t he

thin filmtransi stor 460 and be in contac ith.the. oxi de sem.conduct or
| ayer® 4550t dehydrafion or ﬁehydf?gef‘ﬁtéo‘b NRY pF?f?WHe\rI%ﬂtsﬁhg toéfd(%ﬁféﬁ‘,m({“ﬁgdaﬁpa o

insul ati gg JAYS" cobred G ithd/sn fok&pgéi%%sphé}e SreSi Ghert 6 Udtho@htRe Thig film

transi stor 460, and the gate electrode | ayer 451 is 20 provi ded between the
gat e i nsptedfi¢rablg tb ppgform Bk fonvhatiore of thssexida msulBtngiyehtd Be i semagt viithe havi ng

an insul gting,surface, The source,and drai r 3 d 455b
are pr ovglfe?fg ‘?/@‘?mlfﬂléd“ﬁg’trjaxeﬁ’szlﬂ PP E‘%ela ﬁregle%g.ﬂr%&t%ﬂ!e@%te ﬁ%ﬁ%%?ndgln

seni condygfiyodcdi®én 488 thé sRIW\GoBBRL; Cacebrdidity, ot ereliatslityadd mig ey efilmd52 and
the source "and drain el ectrode | ayers 455a and 455b. Although not shown, a

wiri hg | pesistps44l} eppibgdmpervse. 25 the gate insulating |layer 452 in addition
| ayer exTAL beyond the peri pheral portion of the oxi de sem conduct or
| ayer 453. [ 00§B¢n, Thesomxdetmdsirainetmtdudt yelsap6a add855tswhichjaecinewntact heat
treat rTentvvi%ll\{h tlhg r(;xide semiconductor layer 453 can be formed in a similar manner to that of the
source and drain electrode layers 405a and 405b described in Embodiment 1.
15 [0086]
FIGS. 4A to 4D are cross-sectional diagrams illustrating a process for
manufacturing the thin film transistor 460.
[0087]
The gate electrode layer 451 is provided over the substrate 450 which is a
20  substrate having an insulating surface. An insulating layer serving as a base layer may
be provided between the substrate 450 and the gate electrode layer 451.  The base layer
has a function of preventing diffusion of an impurity element from the substrate 450,
and can be formed to have a single-layer or stacked-layer structure using one or more of '
a silicon nitride layer, a silicon oxide layer, a silicon nitride oxide layer, and a silicon
25  oxynitride layer. The gate electrode layer 451 can be formed in a similar manner to
that of the gate electrode layer 401 described in Embodiment 1.
[0088]
The gate insulating layer 452 is formed over the gate electrode layer 451.
[0089]
30 The gate insulating layer 452 can be formed in a similar manner to that of the gate
insulating layer 402 described in Embodiment 1.

[0090]



30 reduces inpurities such as noisture or hydrogen (heat treatnent for
dehydrati on or dehydrogenation) in an oxygen atnosphere at |east after the
f or mat i orwof20tie4ti de WO 2011/ 00472422PCT/ JP2010/ 060988TSeM10/060d88Ct Or

| ayer. Accordingly, the reliability of the thin filmtransistor can be

i nproved. [0084] After inmpurities such as noisture (H20) are elimnated by
the heat treatnent 5 for dehydration or dehydrogenation, it is preferable
that the oxide sem conductor |ayer be slowy cooled in the/an oxygen

at nosphere or Arcondudtivedagr at foompth @ver the tgatesinprlatingr lapéred S2oandeprpenssec he

formation of the oxide insulating |layer to be in co ct_ wth.the oxide
seni condit® othe| M:Sﬂéﬁ’ﬁﬂi SAYCE i ‘Egl éj?%/lgrelfﬁéo e?ﬁyefsr gg??reﬂ'}g ﬁ%?b g’éﬁfdr ation
or dehydbg&gﬁ@,ﬁ%ﬁphﬁﬁg}c{:gqseﬂIqa g8yl ing; accordingly, the reliability of
the thin film10transistor 460 can be inproved. [0085] ~ Then, the
source af@9jain el ectrode | ayers 455a and 455b which are in contact with

t he oxi de sem gonductor | ayer.453.can b or LN [Pay! . ] to that
of thé source aRuSYFE Wdecﬁ e g'gd?g grrsgtsﬁﬁgrg?g%%) cfgé% f es%{llnbeg ?%r

Enmbodi mei{ander tho{h8P861he source Mdrairt Blec@odDlages 405assids405bi desatibedl Bgr ans
illustrating a process for manufacturing the thin filmtransistor 460.

[0087] THkambgdimenslectrode | ayer 451 is provided over the substrate 450
which is (ZOQ%? substrate having an insulating surface. An insulating |ayer
serving & a'base | ayer may be provi ded between the substrate 450 and the
gat e el ect r odeNegy ah o#idd scrbfvendase lhyey éy fohaed avdruncgdtoinsolatipg lyerdi2ng

diffusion of an inpurity elenment fromt subst e 450, and can be forned
to hale andithgseurcsyand Braiyeleckade (layres U‘S??G‘(‘:‘ u45§%usaf‘ g‘jr83eess‘?5f‘ r® of a

st i con Nibid depbkidy Rrildad6ABr RiSkFA8h FNER oxiicStdnticORIuBiok Nbfle) B¥ile
| ayer, and a S Ticon 55 oxynitridelayer. The gate el ectrode 1ayer 451 can
be f or neghotolithogiaphy arocawsr(seerFilGo4Bhat of the gate el ectrode | ayer 401

descri be?oddgl Enbodi nent 1.

The oxide semiconductor layer 483 serves as a channel formation region and is
15 thus formed in a manner similar to the oxide semiconductor layer described in
Embodiment 1.
[0094]

Before the oxide semiconductor layer 483 is formed by a sputtering method, it

is preferable to perform reverse sputtering in which an argon gas is introduced and
20  plasma is generated so that dust on a surface of the gate insulating layer 452 is removed.
[0095]

After the heat treatment for dehydration or dehydrogenation is performed on
the oxide semiconductor layer 483, it is preferable that the oxide semiconductor layer be
slowly cooled in the/an oxygen atmosphere or an inert gas atmosphere. As the heat

25  treatment for dehydration or dehydrogenation, heat treatment at a temperature higher
than or equal to 200 °C and lower than the strain point of the substrate, preferably
higher than or equal to 400 °C and lower than or equal to 700 °C is performed in an
oxygen atmosphere. Through the above process, the dehydrated or dehydrogenated
oxide semiconductor layer 483 (a second oxide semiconductor layer) can be formed (see

30 FIG 4C).

[0096]



[0088] The gate insulating |layer 452 is fornmed over the gate el ectrode

| ayer 451. [0089] 30 The gate insulating |ayer 452 can be forned in a

sim | ar meorervmwer2that of the gate i | ating | ayer 402Pdegerilveadssn

Enbodi nent 1. [0090] WO 2011/0047243%%CT/JP2010/060938 A conducti ve
| ayer is fornmed over the gate insulating |ayer 452 and processed into the

I sl and- shaped source and drain el ectrode | ayers 455a and 455b by a

phot ol i t hography process (see FIG 4A). [0091] 5The source and drain

el ectrode | ayeltss $5erabledth46Blpitem, bydrbgenywddithe diksibei netringlgderkbin the t hat of

the source and draip el ectrode | ayers 40 a 05b descy.i L n..Enbodi nent
1. [0092P*¥&8t ?“%ﬂ?Pg?Fdé“ s‘é?n‘ E‘%ﬂﬁdﬁ%ﬁ‘%’r"“ﬁ §§%r&1e?'¥3¥a§f?"r‘re8’ o‘%@?g’gﬁ%“a@‘a{‘e

i nsul at i RGetdY Gy, AR s Iftefdbld gat AU IiRitp D £gaé RoftaBiig ad codygyeratordp5a and
455b, and procesSed into an isl and-shaped oxi de sem conductor |ayer 483

(first onitrdgemamiactarmigas such [aapeliymbyean, phateoniinFesicep iyo grivatyeatingse F G
1)k o A IO Srb I BB3 VeRorighes o™
sem condygia, tha¥ehcedfHtdn SehpufitibsThO dippRNér Ibwel, (ke |preferably 0.1 ppm or
lower).
[0097]
The oxide semiconductor layer may be subjected to the heat treatment in the
10  oxygen atmosphere before processed into the island-shaped oxide semiconductor layer.
In that case, after the heat treatment of the oxide semiconductor layer in the oxygen
atmosphere, it is preferable to perform slow cooling to a temperature higher than or
equal to room temperature and lower than 100 °C.  Then, the substrate is taken out of
the heat apparatus, and a photolithography process is performed on the substrate.
15 [0098]
The oxide semiconductor layer 453 after the heat treatment in the oxygen
atmosphere is preferably in an amorphous state, but may be partly crystallized.
[0099]
Next, an oxide insulating layer 457 is formed so as to be in contact with the
20  oxide semiconductor layer 403 by a sputtering method or a PCVD method. In this
embodiment, a silicon oxide layer with a thickness of 300 nm formed as the oxide
insulating layer 457. The substrate temperature at the time of film formation may be
set to higher than or equal to room temperature and lower than or equal to 300 °C, and
is 100 °C in this embodiment. The oxide insulating layer 457 which is the silicon
25  oxide layer is formed so as to be in contact with the dehydrated or dehydrogenated
oxide semiconductor layer 453. In the process for manufacturing a semiconductor
device, heat treatment for dehydration or dehydrogenation in an oxygen atmosphere,
slow cooling in the/an oxygen atmosphere or an inert gas atmosphere, the formation of
the oxide insulating layer, and the like are performed§ in this manner, the thin film
30 transistor 460 can be manufactured (see FIG. 4D).
[0100]



Bef ore the oxide sem conductor |ayer 483 is fornmed by a sputtering nethod,
it is preferable to performreverse sputtering in which an argon gas is

i nt roducesioant/@@ptasma i s generat ed t hat dust on a ®ariiawao/oéo9sshe gat e
insulating |ayer 452 is renmpoved. [00 After the heat treatnment for
dehydration or dehydrogenation is perfornmed on the oxide sem conductor

| ayer 483, it is preferable that the oxide sem conductor |ayer be slowy
cooled in the/an oxygen atnosphere or an inert gas atnosphere. As the heat
25 treatnent fBurthobghafthr ahé onidcrinsi%'ylgrlag@n%ﬁtﬁ which lig atsiliqoaaaxidnlayar isa

t enper at ure hi gher an_or. eq to 200.C and |.0 t han poi nt
of the sgB'g‘leE’a‘gé th’Brng’eﬁr%{ﬁfs;f’ rﬁ% HB3Y %%%m’]?f? cﬂtadg‘ﬁ? {rf‘)at%'ﬁt 3?53{){3’0% t han
or equal p e $ R S hinoak o above
process, tt"ﬁ)egagehydgg?eﬁaﬁ% ;ldfbogg?laggﬂ;){%égqsgﬂ ggndo-t}ctnor |§¥£e§' 483 (a

second oxinets B@mo:romdumdroratm@sphcr)e cﬁnr lezamhplerbdat( featmgt i ged@med] @#096] WO
2011/ 00472424PCT/ JP2010/ 060938 h i S I%Vyefer bl e t hat m)*lst ur e,

hydr ogen25@n§ f0fel] hRE e 2 Rirogs: RIRRSEETS- ¢ SEIH UENBEWh AP 9% he heat
treatnen erﬂ%{% cﬂx%[}ﬁ%ﬁ}h isHe Qﬁ%fe%ﬁ%aﬁl'c%ﬂtachftﬁ'iH}aé)ﬂld'«ﬂn!(ulaﬂlﬁ g la§er .

pr ef erab The e pur a gas coraining an oxygen atom niftrogen, or
a rare gas7; sa:tcdsrd&ﬁgl)h@hmtmn mexhﬂst;tn@chmcgmtncmbf tetutbindtiimm transastoieéO cancat nment
5 apparatus be 6N (99.9999 %. ar hi gher, refe ably 7 999 % or
hi gher (Phagduced- (HEere SR lﬁ‘ﬁ?roﬁmgi’“?rhﬁ'ﬁl i lhg‘%t tbeé "pﬁrgmeg%"gtfq \f\’lg nor e
pref er ab} % Wer MmeR1330MEYCisOlong a¥ Sf isTRY be
subj ect edef?l%r%[w%ptﬁgg{r t!th?l)({avg)tF uz{lqlgglsjtb ?%3@2?<ygen at norspgjgere It%fore1

pr oc s s egerdforinedt dfeerithd forchasibapé dhorkide issldtingnldyert457. | dherheatl eatimgnt case,

2t s phof bF berlarmgR ARPADEReRt BAPS BIRG Baroe o PRy e R ety o

hi gher t mﬁl&ﬁer%ﬂﬁ%hcﬁ S HR %&ﬁmer@&%alm 4 &mrlayam héﬂQre@tméﬂﬂm
substrate 1s taken out of heat apparatus, and a photol |thography
process relupipgiti reeidtanee oﬁaetrwpmnmoedqup@u%] The oxi de
sem condr@tﬂq | ayer 453 after the heat treatment in the oxygen atnosphere
is prefe j/ i n an anorphous state, but may be partly crystallized. [0099]
15 Embodiment 2 can be combined with Embodiment 1 as appropriate.
[Embodiment 3]
[0102]

A process for manufacturing a semiconductor device including a thin film
transistor will be described with reference to FIGS. 6A to 6D, FIGS. 7A to 7C, 8, and
20  9Al, 9A2, 9B1, and 9B2 .

[0103]

In FIG. 6A, as a substrate 100 having light-transmitting property, the substrate
100 described in Embodiment 1 can be used as appropriate.
[0104]

25 Next, a conductive layer is formed entirely over a surface of the substrate 100,
and then a first photolithography process is performed to form a resist mask. Then, an
unnecessary portion is removed by etching, so that wirings and electrodes (a gate wiring
including a gate electrode layer 101, a capacitor wiring 108, and a first terminal 121) are
formed. At this time, the etching is performed so that at least end portions of the gate

30 electrode layer 101 are tapered.

[0105]



Next, an oxide insulating |ayer 457 is forned so as to be in contact with
the 20 oxi de sem conductor |ayer 403 by a sputtering nethod or a PCVD

met hod. Iwotzhiigoerzvodi nent, a silicon,poxide | ayer with acrhpulkoeasssof 300
nm formed as the oxide insulating Iay%éF) 457. The substrate tenperature at
the tinme of filmformation nmay be set to higher than or equal to room
tenperature and | ower than or equal to 300 C, and is 100 Cin this

enbodi ment. The oxide insulating |ayer 457 which is the silicon 25 oxide
| ayer is fornethsgatasitiog meludingthapate telesirbde lalyer WEhhercapanitoowiring 108,
dehydr ogenat ed oxi de, sem conduct or | ayer 453. | he process for.

manuf act a8t Hy firssepningh itk tno? tegainal 89‘}{1?86?@‘31? F%Bﬁé‘?ﬂ"eﬁdﬂm‘@e"n?&e&‘ﬂ eh or

dehydr oggnag 1R dRodd 143Xy 960 REFBERNA EmbsiRhC 0! K9G bdhdhb/ecamaRiipen
at nosphere ®r an 1 nert “"gas atnosphere, the formation of the oxide

i nsul at i havihgyeat resistahcelieuscdde fanme theegateoslestthdeilayer 0L, anyrofdhe followingin fil m

30 transistor, 460 can be nu tur see, E 4D) . 0 WO

2011/ 90412 A5EbCER JPOHER, sUB948 Fom' Sl ;Gé?f‘f“gmt Lo gmestR (¥ ng
layer 457, Ml defurh S(Mo)S ichi SO KY€ nd Ry Rfiuh S(ND! BRd scdddpurh hSB); fanl Alloy
transi storo\i\@w Urlray( be)§scubj ect eg&?o h(gigt tre%tdr"rent (prefer abl)y at a

t enper at layer hoghagring ray of tksgaatlements 565 s sennpos@Rt; anh aHogsntRinipg an
oxygen at nosphere or an..inert atnps r. . € , t is
per for mogompiRgoEl tosy o e terfenth 1 ARiRl shBRinBAIR (b e GREMTRE

t r eat mentembéeen@xi de sem conductor |ayer 453 is heated while being in
contact with the oxide insulating |ayer 457; accordingly, variation in
el ecPi c[@Wdacteristics of the thin filmtransistor 460 can be reduced.

There is no pagd.lcyl %eldsmahg%g%{ 907 i ichmBE Yved AP BRI Murrhl 6f @ty al (he

tenper ature hi gher than or e ower than 350 C) as long as
it is 10ecretrdbdy hiper Hilt eThehpatef insutatinghyeaf 12hende emed ub ainiitag thamper 457,

The heat treatnent can be perfor wi t.hout [ncrease in e nunber of steps

by sorvi #01hi 8b Thjcgae MebatRE Rl AOAABHERS i EFRERHT" nal BHERSeR: [

formati ofyOfaeinkshr iiﬁgi_@é’ﬁfoﬁsbﬁﬁ%w@s%hﬂﬁnt for reducing the resistance of
c

a transparent conductive layer. [0101] 15Enbodi nent 2 can be conbined with
Enbodbne®10}as appropriate. [Enbodi ment 3] [0102] A process for

manuf act uri ng sem conduct or . devi i hcl udi thin. filmt iLstor wll
be descri bed \M'%f“ne’?ag? $ERdY #a° EISEEEH%E\W%%,% Sﬁfcég.omf{,& I%Sgr%{é,% p@?égond 20
9A1, 9A2,, RiBikneseBH1R%m byQdlPaitering methodn FI G 6A, as a substrate 100 having
light-transmtting property, the substrate 100 described in Enbodi nent 1

can be ude&s appropri ate.

Next, an oxide semiconductor layer (an In-Ga-Zn-O-based non-single-crystal

20 layer) is formed over the gaté insulating layer 102. It is effective to deposit the
In-Ga-Zn-O based non-single-crystal layer without exposure to the air after the
formation of the gate insulating layer 102 because dust and moisture ére not attached to

the interface between the gate insulating layer and the semiconductor layer. In this
embodiment, the oxide semiconductor layer is formed in an atmosphere containing

25  oxygen, argon, or a combination of oxygen and argon under the condition where a target
is an oxide semiconductor target containing In, Ga, and Zn (In-Ga-Zn-O-based oxide
semiconductor target (Inp03:Ga,03:Zn0 = 1:1:1)) with a diameter of 8 inches, the
distance between the substrate and the target is 170 mm, the pressure is 0.4 Pa, and the
direct current (DC) power supply is 0.5 kW. It is preferable to use a pulsed

30 direct-current (DC) power source with which dust can be reduced and thickness
distribution can be evened. The In-Ga-Zn-O-based non-single-crystal layer is formed

to have a thickness of 5 nm to 200 nm. As the oxide semiconductor layer, an



[0104] 25Next, a conductive layer is forned entirely over a surface of the
substrate 100, and then a first photolithography process is perforned to
forma res0O201vmsie4 Then, an unnecesaﬁy portion is rembpCcedPiyo/eto9ss ng, SO
that wirings and el ectrodes (a gate ing including a gate el ectrode | ayer
101, a capacitor wiring 108, and a first termnal 121) are formed. At this
time, the etching is perfornmed so that at |east end portions of the gate
30el ectrode | ayer 101 are tapered. [0105] WO

2011/ 00412 638RHD- 0320 h6n-8mgR3Gystal film withahg dtieknesy ofn) nmak dolimegl usiveg gat e

el ectrode | ayer 101, the capamtor W ring éOB and, t he fI({St termnal 121
inater FﬁcﬂaTGﬁbgfth'bﬁseéé@PﬂeééH"%’é‘ F‘HPW@E&"'& Y AgPultermeamthgd- of t he gate

el ectrodgo er 401 described in Enbodinment 1. As a conductive material
havi ng h a]t esistance is used to formthe gate el ectrode |ayer 101, any of
the follow ng Exiuﬁples eﬂtheaputedngEMth&bimhltlednWpUttbltimmaﬂnO(lTil Whichent al um

(Ta), tungsten bdenum chrom um (Cr neod and
scand? un#‘(g@cf)‘eq“&ﬂcbpw‘iﬁy?%@r 15 ‘gﬁ‘?wgaff’h?r?@“ Wgt)$°‘f WU é%ﬁt?(lgd%‘?gt
conponen e Odv DEEpferiaf Ynetfodt il 8RfAclEh BIERY S;  Of
nitride E:ngﬁl?g‘%:lr% gny of r?%%}g%%glﬁg@%s{ég acs)gtl)ts?nc% onoenlt 1% [ 0106]

Next, a gppliedi msajpalscad\glalnacyleusnlg)a De Homﬁrréduréﬁ'/erAa R fputiesing ipethed inf t he

gate el ectraqde | 101, The gatel 0. 1 b dina
simlar MG s FHAE cafe ?ﬂé“%“ﬂ alf‘?’%g‘sl f%‘g?&" %’%’ %g’g(érsﬁ’“ Lepink
Enbodi memtetHod i3 RfaidlpiuSédigshe éﬁseWh@rd}kﬂh@tal nyed isforagedl ayer 102 is 50 nmto
250 nm 15[ 0107] For exanple, as the gate insulating | ayer 402, a

siliddn ¢XiM¢ | ayer is formed to a thickness of 100 nm by a sputtering

met hod. [0108] Pf%) O%hggnlr?@d)%?@gsuﬁt\gﬁlch% ﬁraﬁ@ntl)flntgr - #uifleleas ed

non- si ngl e-cry over the gat ating layer 102.
It is efnegdrialecdntbedpos be dded. | Wx(Bachmﬂtl-lsamed spnmcnag apparatos,)iayeas of ayer
Wi t hout exf%gsuretothe alr afte thef tlon of atelnsaijat%

| ayer 103iffaentmaterils cambgdsposity ea?rtaé’ F\ n the SIPR & 'Pl?) 1 e PIHFality &
bet ween tkﬂledsQ)Etn‘:r‘até YLt bode OA(@M@J b?@f&cirﬂedlmgéoﬂ‘ih@gzﬁﬁe tif¥ah thd Sanki S

enbodi nent e ox e sem conductor layer is fornmed in an atnosphere

cont abni rba@beroxygen, argon, or a conbi nati on of oxygen and argon under the
conditi o%vﬁﬁ:re a target is an oxide sem conductor target containing In,

Ga, and n- Ga- Zn- O- based oxi de sem conductor target (In203: Ga203: ZnO =

1:1:1)) with aad EE@&E% apffarfiud pobRRd Willea dagh@ngehahyige the danbebaid at e and
the target is 17 he pressure is 0.4 Pa, and the direct current (DQC)

power supiséd, forsa Gagnitwn sputicsing medteedatirea sputigERg APpArRwE pised for an ECR

sputtering method in which plasma generated with the use of microwaves is used
20  without using glow discharge can be used.
[0112] |
Further, as the deposition method using the sputtering method, there are also a
reactive sputtering method in which a target substance and a sputtering gas component
are chemically reacted with each other during deposition to form a thin compound layer
25  thereof, and a bias sputtering method in which voltage is also applied to a substrate
during deposition.
{0113]
Next, a second photolithography process is performed to form a resist mask,
and the oxide semiconductor layer is etched. For example, unnecessary portions
30 thereof are removed by wet etching using a mixed solution of phosphoric acid, acetic
acid, and nitric acid, so that an oxide semiconductor layer 133 is formed (see FIG. 6A).

The etching here is not limited to wet etching; dry etching may be performed as well.



30 direct-current (DC) power source with which dust can be reduced and
t hi ckness distribution can be evened. The | n-G-Zn-0-based

non- si nglwocoygwai24| ayer is forned to,jave a t hi ckness eCTAPIMIH@IZO0 nm

As the oxide sem conductor |ayer, an 2011/ 00472427PCT/ JP2010/ 060938

I n- Ga- Zn- O-based non-single-crystal filmwth the thickness of 50 nmis
formed using the In-Ga-2Zn-0O based oxi de sem conductor target by a
sputtering nmethod. [0109] Exanpl es of the sputtering nmethod include an RF
sputteri fmigpt hod in which a 5 high-frequency power source is used for a

sputtering power source, a_DC sputter.ing nethod. usi a ower, source,
and a pul sed DAsapgtchimng & fordh gey strhifgi 4475 £OBfRIUNG gﬂﬁﬂlﬂ)ﬁc@g’qnﬁ'b SHul sed
manner ugi S (CI9) bofon AlofR Qhlidde RSHRRA(SiELBdMdaybatsed i n

t he case%ﬁl%f‘% Aaggcrlﬂnsul gt %g Ie{lyeroi se ?%?Fr#sd, and a DC gput4 ering nmethod is
mai nl y usedchloridh@CClap s pieferablpusest al | ayer is formed. 10[ 0110] A
rrulti-soréﬁg sputtering apparatus in which a plurality of targets of

di ffe? en lerials can be set can be used. Wth the multi-source

sputtering appali@itdfvely,axdy of the dblidwangdan B @§ddalas gaaBomainiigpfiaoad to be
stacked in the sane chanber, or a plurality of kinds of materials can be

deposi t e(flupyinethastd gas slich cisagagonatetrafieoridentCHa), rulfun flupdde GyEs). 1Mtregember .
[0111] . utterin a Ko'VA ' . e t i nsi de
the ohanBeprids, SNEBLh Fi o RERAAT | CRBE OIS bkl TRBEF oxsis! R7) T
appar at Ugny sethef®pasad towhichpuatecgdsngciras helihn (Huorciggl @Sdyds gizledy aided wi t h
the use of mcrowaves is used 20 wi thout using gl ow di scharge can be used.
[01129 thelike. Further, as the deposition nmethod using the sputtering

met hod, i rg are also a reactive sputtering nmethod in which a target
substance and a sputtering gas conponent are chemcally reacted with each
ot her during dapaké tiiyoetchiog nmthoda atparailet plapoRHd (leagtivie iDBetvbingdfmetkott a bi as

et G an TP Unaudtively Eouplcd pI3HRa) Terng hefRR dafbe' e SHOTHEA ' N0
the layer into a desired shape, the etching condition (the amount of electric power
15  applied to a coil-shaped electrode, the amount of electric power applied to an electrode
on a substrate side, the temperature of the electrode on the substrate side, or the like) is
adjusted as appropriate.
[0117]
As an etchant used for the wet etching, a solution obtained by mixing
20  phosphoric acid, acetic acid, and nitric acid or the like can be used. ITOO7N
(produced by KANTO CHEMICAL CO., INC.) may be used.
[0118]
Furthermore, the etchant after the wet etching is removed together with the
etched material by cleaning. The waste liquid including the etchant and the material
25  etched off may be purified and the material may be reused. ~Collecting and reusing of a
material such as indium included in the oxide semiconductor layer from the waste liquid
after the etching enable efficient use of the resources and cost reduction.
[0119]
The etching conditions (such as an etchant, etching period of time, and
30 temperature) are adjusted as appropriate depending on the material so that the material
can be etched into an appropriate shape.

[0120]



[0113] Next, a second photolithography process is perforned to form
a resist mask, and the oxide sem conductor |ayer is etched. For exanple,
unnecessawg 2pavaieas 30 t hereof are r ved by wet et chiPog/Jexilngeoa3sn xed
solution of phosphoric acid, acetic acid, and nitric acid, so that an oxide
sem conductor layer 133 is fornmed (see . FIG 6A). The etching here is not
limted to wet etching; dry etching nay be perfornmed as well. WO
2011/ 00472428PCT/ JP2010/ 060938 [ 0114] As an etching gas for the dry
et chi ng, a gasNeonthaitntreagmert!for deteydfativinoor dehybmgenhtipass padbrmesd emithy | ne
(C12), boron ch|oride (BCl3), sjlico | aride (S| Cl4). r carbon
t et r achl 8¥idaerpiseadydtor, léyeﬁrlé?erhlﬂ? Ve?fééﬂ?a?fg‘fl(g‘]' ese léonﬁf“fté?f [?Xf”i Wy, any
of the fgLlpw iR nUSRR: Aidest FdsUbSshetd hii&' ihbarehased gas
such as ggrsﬁ(%?%gﬁlr%gfl ?&%el(l%t:ﬁ?@hgﬁﬁﬁ %I{I}uoéi de (SF6), nitrogen
f | uor i detredtfent mrth¢/an bkygenatreodphere. (CHF3) ) ; hydrogen bromide (HBr); oxygen
(02);§an Qj@féljt hese gases to which a rare gas such as helium (He) or argon

S

(Ar) ; and 10the like. [0116] As the dry etching nethod, a
parallel plateypRl Eeaﬁ!ir%gﬁ:ﬂénvﬁ ge%rﬁé&ﬂ'aﬂ%p%ﬁdﬂé)ﬂigﬁér d@in bLRubal dopticvel y
coupl ed plasma) etching nethod can be used. In order to etch the layer into
a desi r ednd howe, thaththeestrahi pajnicefiitie sulstrate; peeferablyrtighst thdneor equa! 15

applied to a coil-shaped el ec de, the anount of electri Q applied to
an el ect rede8ddawer Qanst F‘é‘taét%%(g,&[h Orteé‘ﬁﬂ'é’rea ?tére&}m?'ﬁé“ é?@c%ﬁg&gn t he
substrat g &i fe blSherd, S0 AUt S8daSeARBRARIdrAhFer 1941 Mbtained As
an etchaﬁ?ﬁﬂugle%in §%¥ée?ﬁdéhl\l(l)\gpt§l’)e{at’cﬂi ng, a sol u%i on obt ai ngecf by n‘ixizﬁg 20
phospoor (seedlGdiB)acetic acid, and nitric acid or the |ike can be used.

| TOO7N ETE{”&%CM by KANTO CHEM CAL CO., INC.) nmay be used. [0118]

Furt her ~lthe etchant after the wet etching is renoved together with the

etched mat eri alNeRl aCloRdftve- layd € 3948 Fermlddqising 4 k4 dhaigridl ieeetiehonide and t he
mtertal semiconductor layer 134 by a sputtering method or a vacuum evaporation method (see
FIG. 6C).

15 [0123]

As a material of the conductive layer 132, the same material as the material of the
source and drain electrode layers 405a and 405b described in Embodiment 1 can be
used as appropriate.

[0124]

20 In the case where heat treatment is performed after the formation of the
conductive layer 132, it is preferable that the conductive layer have heat resistance high
enough to resist this heat treatment.

[0125]
Next, a third photolithography process is performed to form a resist mask and

25  then an unnecessary portion thereof is removed by etching, so that a source and drain
electrode layers 105a and 105b and a second terminal 122 are formed (see FIG. 6D).
Wet etching or dry etching is employed as an etching method at this time. For
example, when an aluminum layer or an aluminum-alloy layer is used as the conductive
layer 132, wet etching using a mixed solution of phosphoric acid, acetic acid, and nitric

30 acid can be performed. Alternatively, the conductive layer 132 may be wet-etched

using an ammonia peroxide mixture (hydrogen peroxide:ammonia:water = 5:2:2) to



25 etched off may be purified and the material may be reused. Collecting
and reusing of a material such as indiumincluded in the oxide

sem conduwwoanilmyes fromthe waste liguid after the etclRrcmgrenebéoess
efficient use of the resources and cost reduction. [0119] The
etching conditions (such as an etchant, etching period of tinme, and

30t enperature) are adjusted as appropriate depending on the material so
that the material can be etched into an appropriate shape. [0120] WO
2011/ 00422 @eGoutie2ntiodiaB0elsgrode layerbid®ba andalt0Sbr el thimetching stethyadr at i on

or dehydrogenation i erfornmed on the oxi .sem co tor | 133. It i
pr ef er abPHO8 fegfor?e(’fz‘k?Béldgéﬁﬁ"b%ﬂg'fﬁf‘frg'?y?r (1S %ﬁbegggeﬁbﬁ?'?e@%%ﬁ&ﬂ n an ®
oxygen ahpmsPOQsfiforfucRP laf&' 10928 abRSANErMeAifbR! 4 legibRasdt theadxi@nt in

the/ an oxygen at nosphere. 5[0121&t The heat treatnment is perfornmed at
a t enper sdnmicenchictyindayer 183 botweasqgub¢ sauscoas! draimelestemsrlayaanA03hands 104 n poi nt

of t substrate, .preferall y./y r.than.or .eq . I r than
or eg‘ial ?Soawﬁbﬁkg%}ﬁssexgﬁpﬁ:@' qﬂga&mteﬁ%‘e{?%ﬁ %I(%mlﬂ%ééegg?‘grc gorll%g (ﬁr\gﬁlr in an
oxygen atBeRiahfors 3054 At 103D a4 itliteoi@ichtioshdutoF 1dyay €03 sPpérformabitai ned 10
(see FIG 6B). £0122]. Next, a conductive |ayer 132 is fornmed using a
met ﬂ' drratlmei by dig\asehing; caceriinglys @picad atiancef the gayircg 91 dijn glesods Byehg

met hod o vacuum r at g terial
of the ook ARAERGYRRN A3hO fIE SaSREb oy Hqop it el iy nd 2

sour ce ap@rtidh@bfthe gkl semcohdy@odayia83 anbe d@iffinudescri bed in Enbodi ment 1
can be used as appropriate. [0124] 20In the case where heat treatnent is
perfb(PmaH)l&ﬁer the formation of the

In this third photolithography step, the second terminal 122 which is formed of

the same material as the source and drain electrode layers 105a and 105b is left in a
terminal portion. The second terminal 122 is electrically connected to a source wiring
(including the source and drain electrode layers 105a and 105b).

15 [0127]

By use of a resist mask having regions with plural thicknesses (typically, two
levels of thickness) which is formed using a ‘multi-tone mask, the number of resist
masks can be reduced, resulting in simplified process simplification and cost reduction.
[0128]

20 Next, the resist mask is removed to form an oxide insulating layer 107 so as to
cover the gate insulating layer 102, the oxide semiconductor layer 103, and the source
and drain electrode layers 105a and 105b. A silicon oxynitride layer formed by a
PCVD method is used as the oxide insulating layer 407. The substrate temperature at
the time of the film formation of the oxide insulating layer 107 may be set to higher
25  than or equal to room temperature and lower than or equal to 300 °C, and is 100 °C in
this embodiment. The silicon oxynitride layer which is the oxide insulating layer 107
is provided so as to be in contact with the exposed region of the oxide semiconductor
layer 103 between the source and drain electrode layers 105a and 105b; accordingly, a
highly reliable thin film transistor can be manufactured (see FIG. 7A).
30 [0129]
Next, heat treatment may be performed after the oxide insulating layer 107 is

formed. The heat treatment may be performed at a temperature higher than or equal to



conductive layer 132, it is preferable that the conductive |ayer have heat
resi stance high enough to resist this heat treatnent. [0125] Next, a third
phot ol i t WQraptwp4Trocess is perfornmed,to forma resist mwagkpPznoo@s3g hen an
unnecessary portion thereof is renoved by etching, so that a source and
drain electrode | ayers 105a and 105b and a second term nal 122 are forned
(see FIG 6D). Wt etching or dry etching is enployed as an etching nethod
at this tine. For exanple, when an alum num|ayer or an alum numall oy
layer is15(3ed adé1dvts tR@SHOCIC itear GRyeen dAddosphi@t o€t litrogn ushogphareni Byd

sol ution of phosphoric acid, acetic acid, and nitric 30 acjd can be

per f or methe heat weatmenty gheyoxide serpigprrivstarJeyer 403 is heedwhile beipgrin €ppt3eY usi ng

an ammoni a, per oxi de. m.xt ur .0 e i de; a —c B 2 to
V0 Sors) B EE T TS FsbbI8h (REP R thESIRTE Blsfut s Bf 3/ hird)
layers 16Ha tansistbP8sh bd improved eid-Virfagios tie the dectdx phaederigigs of tlef sanfee oxi de
sem conductor |layer 134 is partly etched; consequent | ¥ an

. | d
sem condean be reduges  Idrerg is neppasticidey, hnptation; o) tus heat g tHWnbfpc%’)F(tlﬁ@%Bk Alde

sem condyct.or |ayer,.1 ' lo 105
i 030 e GlagtANEE AR iR B0 1SAESRUT0Y, (i 3sE-eTLs iR det o 10
sour ce apgfshhRidrfel @kd FarfRatibRYERE: d0ida insuthtihgSbyant7t h&heedtetreamesonduct or

| ayer 103 is perforned at a tinme by dry etching; accordingl an end
portion &dn bmeﬁrﬁfﬁmﬁéé‘”@ﬁ“ﬁ#‘lﬁi"fﬁse@ﬂég‘i pyaker|of gicps EESWQMISQ%‘%hHC%@FP'i on of

the sourge. or ' : ' | |
{he oxi dgn %ng)rt#cg(%%' L&g?t(l) ?scf-éa?gr@at%j%)én?{noﬂagggl(ﬂ{ & ﬂekﬂqgﬁ{‘gi:r El)lgaztg{éqnﬂ&fttfblors of

. ayer conti nuous. nthis
t hi r do pheddaking hegresistayicesofeptraitsharestamadutctivedasienal 122 which is formed of the
sane rratg(;i al as the source and drain el ectrode |ayers 105a and 105b is
left in &8 ninal portion. The second termi nal 122 is electrically

fg;gfgt i%g)é%ﬁaﬁ%ggﬁ %evﬂfg){[/ggrf%da% {4 A tARsISOMT TR niknaknab@ct r ode
[0131] ' | |
Next, a fourth photolithography step is performed to form a resist mask. The
15 oxide insulating layer 107 and the gate insulating layer 102 are etched to form a contact
hole 125 that reaches the source or drain electrode layer 105b. In addition, a contact
hole 127 that reaches the second terminal 122 and a contact hole 126 that reaches the
first terminal 121 are also formed in the same etching step. FIG. 7B is a
cross-sectional diagram at this stage.
20 [0132]
Next, the resist mask is removed, and a transparent conductive layer is formed.
The transparent conductive layer is formed using indium oxide (In;Os), indium
oxide-tin oxide alloy (In;O3-SnO,, abbreviated as ITO), or the like by a sputtering
method, a vacuum evaporation method, or the like. Such a material is etched with a
25  hydrochloric acid-based solution. However, since a residue is easily generated
particularly in etching ITO, indium oxide-zinc oxide alloy (In;03-ZnO) may be used to
improve etching processability. In the case where heat treatment for reducing
resistance is performed on the transparent conductive layer, the heat treatment can also
serve as thermal treatment for improving the electric characteristics of a thin film

30 transistor and the variation in the electric characteristics of the same.

[0133]



By use of a resist mask having regions with plural thicknesses (typically,
two | evels of thickness) which is formed using a nmulti-tone mask, the
nunber ofwoesiig4Tmasks can be reduced,, resulting in simpCriPEAdI/Pe0OsRLSS
sinplification and cost reduction. [0%58] 20Next, the resist mask is
removed to forman oxide insulating | ayer 107 so as to cover the gate

i nsul ating layer 102, the oxide sem conductor |ayer 103, and the source and
drain electrode | ayers 105a and 105b. A silicon oxynitride |ayer formed by
a PCVD net hod Nextys €dthashotdizhaptapls stepsislpatfonged tyferm40EsistTinesks ul@enat e
tenperature at the tine of the filmf rnatiog of th X‘Qf 'nsulﬁSLng | ayer
107 may B UBRECESSITHPYIION 15 3empygd by e@%ﬂ%& sp dh3toh R ﬁ%&?‘a qulyen P iower

t han or qu%h to 300 C, and is 100 Cin this enbodinent. The silicon
oxynitrid% ayer which is the oxide insulating layer 107 is provided so as
to be in[@aajact with the exposed region of the oxide sem conductor |ayer
103 between the sour, nd.drain_electrode | ayers 105a.and 1Q5b;
accordingly, ahhihéfhf‘ﬁg rfg‘Pfoé’gtP‘gr"lerr??qs?n? F@FéesﬁaB?c‘@éﬁs E‘gﬂ}?gn‘{‘j?*é&%r ed
(see Fl Geapiior %%g%@landmpa%lu&%c?@ﬂ%fpﬁ_ i) ﬁP@ﬁéﬂ&W&sdﬁﬁn@aﬁ&d | ower
t han 350 %?ln an oxXygen atnosphere or a’'nitrogen atnosphere. By the heat

t r eat ment(2 akthenxille iswivitingraier 167 irl thy eapaciar pastipe ateagedips 2 diclssirisg i n

cont act ¥6é$ the oxide insulating |ayer 107; accordingly, the electric
characte lcs of a thin filmtransistor can be i nproved and variation in
the el ectric chafsfisd, igtthisSifed phdielithagiaphy erp, the firediaaihal TRE &R itlse NO

particular limtation on this heat treatnment (preferably at the tenperature

hi gh&® t benond teranal| 122 qrq soversdayith | thessist mask.auherely Hanspaisgt sendugtiyeg

perforned aften t r J 4 lde. i | ol 1DBREudNd 1avihe heat

treat nen ayglgnl eangglrz %fgn%g(] 1&@??2{&51%1 ﬁslngéggg{s?se inﬂ*éttﬁaté’k%%er o‘% st ezl S by

fser ving aps f@mhem eﬁdh&i&l et anl a;arm:twra wiring th?tdla usesl fm:a:onnerca'an watht an n
ormation of a resin |ayer or heat treatpent for 10r i n resi stance

of a trakBfar dhe EABRRATE SPAIYAYS ?‘WO@O ormpd &Y&ha}ehgrsgg"dv’gn%%&&sﬁ a thin

filmtransialgsn ky%irﬁ@gl&ﬁoﬂ?mépmﬁ%ﬁ&m 1043 Hpubeerinind (foiJ%&tB wiring,

phot ol i t hography step is perforned to forma resist mask. The 15 oxide

i nsultat i Ale| @ymspardft7 combictine lgweer €12 Sorimedi oger| thgesecond tesminat dX2dstd form a

contact hole 125 that Heach S LQ? sogrce or.dngjg el ec aoqg I%Ier 105b. In

addi t i on coBpeclioR teppimabelectiosis Whigh fungtonsas ap ipul LKBURA! P62 SYHST WL and a

cont act m@t;,%]l% that reaches the first termnal 121 are also formed in the

same etching step. FIG 7B is a cross-sectional diagramat this stage.

20[ 0132] Nekig tlte, resifemasksis gemavesk and a ceassroeciionalndiagramy af thip staga is

conduct i | ayer,.is formed.,.The tran [ uctive layer is forned

usi ng i nﬁgrf%xi‘%gfé(’? N2039 ,thﬁsﬁf?igﬁ%g%xsggré@{}%rﬁ%%de al l oy (1n703-Sn02,

abbr gyi at[@g;ns | TO, or the like by a sputtering nmethod, a vacuum

evaporation nethod, or the like. Such a material is ?tched with a
FIGS. 9A1 and 9A2 are respectively a cross-sectional diagram and a plan

diagram of a gate wiring terminal portion at this stage. FIG. 9A1 is a cross-sectional
diagram along line E1-E2 of FIG. 9A2. In FIG. 9Al, a transparent conductive layer
155 formed over an oxide insulating layer 154 is a connection terminal electrode which
25  functions as an input terminal. Furthermore, in a terminal portion of FIG. 9A1, a first
terminal 151 formed using the same material as the material of a gate wiring and a
connection electrode layer 153 formed using the same material as the material of a
source wiring overlap each other with a gate insulating layer 152 interposed
therebetween, and are electrically connected to each other through the transparent
30 conductive layer 155. Note that a portion where the transparent conductive layer 128
and the first terminal 121 are in contact with each other, illustrated in FIG. 7C

corresponds to a portion where the transparent conductive layer 155 and the first



25 hydrochl oric aci d-based sol ution. However, since a residue is easily
generated particularly in etching ITO, indium oxide-zinc oxide alloy

(1 n203- ZrnvdP 20yo0b24used t o i nprove etgﬂ ng processabi | i PET/IP10/h@98%aSe
where heat treatnment for reducing resistance is perforned on the
transparent conductive |ayer, the heat treatnent can al so serve as thernal
treatnent for inproving the electric characteristics of a thin film
30transistor and the variation in the electric characteristics of the sane.
[0133] En#Al 13 D84 T2 dGRREWithRA0H 0fhe6 DOBIS:. 9A1. Next, a fifth
photolithography step is perforned to forma resist mask. Then, an
unnecess 3 ortion is renoved by etching, so that a pixel electrode |ayer
110 i's formed. pldid I rBNE d irbldsddlicin iidehaB LAPEYIARI ORGSSE a usddr age
capacitor is formed wth the capacitor wiring 108 and the pixel electrode
| ayer 11@jringtewhinahpdrtien géich is deftdrentifrog thepeef the Zatgnwiringdermind @ortipul at i ng

| ayer_107 in the Ltor portion.are used.as, g.die i [ In
o 17 onfustietet i FREF EansBarhy: nopRaget-SRufi® fiskrat SEFG B BRI "ang
the 10 sgeApdnt ¢ 0FNG FIE28B2r eICRNEOBY, Nirhddphieat éoxdiativerTagds, 158Hemeday
transparent conductive layers 128 and 129 are left in the term nal

port i onsovere axideniopdating layesriddds p vennegtion ermiml glgetradegviyigh funclipieasys an
| ectrod i L] hat _i. f i . \M
o 2t 0, il 3 OB SR ) iy

i've over t I’st termnal 121 is a
connect i edinied ﬁﬁ]'n%ahe SAIRE hiatial whitehniterigltofahes gate wiring ixplotated befomadndof  a

gate wring. 15 The transparent conducéiipve, Lei%:e[%ﬁw fornmed over the second
t er mial oyeriapped avithyarieendo erpgiaki 138) Which dg elstricatty Gonperied 1 ASSHWECSn | nput

term nal jof, 1 withth ‘ggtevﬂlgljlzﬂih aIFQ%SIQh interposed MeXdbeth 2. I 8L SlecliBdKlalysr

removed, and”a cross-sectlo iagramat this stage is FIG 7C. A plane
vi ew at b6 ds stoaglectiicallgsgmmdded do RhG coDfaamdial 150, and Ficgmcitgnforand 9A2

are respectively a cross:-secti.qnal di agra d a.pl.a i.agr a f.a gate
Wi ng | BIRERIE e R G ads 1R 1 et T o BT 1
di agram Q‘S?'ikgselt k'8 phitafid dofferbit@rdiehat lof td ecof¥brmial 150)Siél &floatiapduct i ve

| ayer 155 formed over an oxide insulati n? | ayer 154 is a connection
t er milhal GNRcor 6dé \Fiecsecond tarmindl b9 iaslentri¢aliy gonpegied futhe YRpsPAERhore, in

a termnal portion of_Fl 9ALl..a fir.st eq! rmed using the sane
mat eri al C%CP“[CH eﬁﬁfreﬁsawﬁb?heé’x e iasyle t?qgﬁéfeéﬁggleé%b%g}&é% ion el ectrode |ayer
153 for ing the sane material as the material of a source wiring

overlap each other with a gate insulating |ayer 152 interposed

ther ebet ween, Arplurslity ef gaie WirdRgs| ouemWEEIEs ANdFaRALIOT SiHRES TRPEAGHCE he
e S LSS T N, BRI 0 Lt
W t h2gac heédns potehtial b tid gale iwirifg, Ghe F€ond nerasiparatishe sanze patedtiabras wieer e t he
transpar escr)]\grcg (v)vqgrlljgc,ttlhe\:/ ?hildaeéglin%ﬁgt t Q%a&lg %ozein{iglt as the capacitor wiring, and the
like are arranged. The number of each of the terminals to be provided may be any
number; the number of each terminal may be determined as appropriate.
[0140]
25 Through these five photolithography steps, the storage capacitor and a pixel
thin film transistor portion including the thin film transistor 170 of a bottom-gate
staggered thin film transistor can be completed using the five photomasks. By
disposing the thin film transistor and the storage capacitor in each pixel of a pixel
portion in which pixels are arranged in matrix, one of substrates for manufacturing an
30 active matrix display device can be obtained. In this specification, such a substrate is
referred to as an active matrix substrate for convenience.

[0141]



WO 2011/ 00472433PCT/ JP2010/ 060938 term nal 151 are in contact with each

other in FIG 9Al. [0138] FIGS. 9B1 and 9B2 are a cross-sectional
di agram awo 2a11ploare4vi ew of a source V\Mi ng term nal por PCOIPAND/O0938S
different fromthose of the gate wiring termnal portion 5 illustrated in

FI G 7C, respectively. The cross-sectional diagramof FIG 9Bl is taken
along line F1-F2 of FIG 9B2. In FIG 9B1, a transparent conductive |ayer
155 forned over an oxide insulating |layer 154 is a connection term nal

el ectrode whi ci therade efmamdactaring) pu bctivermatnial liquidiciiybtal display deGc@Bny, i n t he
term nal portion, an electrode |ayer 156 for usi ng the sane terial as
t he nmat eAftiye Batixpubsite apd 2 ountes SPB%@E%BIOHE%W%& wmﬁcggé'%‘arm th a

second t oIy | GAniS1iGi@ Chystat MyeY iRAPHSQ! theteb@wReS OUNGE thitrd N,
with a gg@{eﬂeﬁﬁé&%‘g{sﬁ%} ﬁayer 1@62 i)ﬁt eransled her ebetevveenf.: The el ectrode

| ayer 156ommonotleatalet electsicilly conmetadetb tthe tcountse edastroderan thel cawger and a
capacitor for preventing ngise .or stati lectrjcity.can be formed,if the
pot ent i aPulisirateqs Pg%vé‘i"fjr%ﬁéaleaﬁ%‘?'e i'?%"’f §‘ﬁ’§§?tet Fea? E%%&?F%‘Inald? l??trel?acehr}'t from
that of ph6csREQInd BoMdR! cldafdde SY Proaded H0fiel tBEmindBpsRBn. OThd fdbrthThe
second termnal 150 is electrically connected to the transparent conductive

| ayer 15%rmirah is peovidedce thatstheagommon algeirodesis sehég adbtoderatentiab sudy as A
pluralit &&\gé ﬂ@f\p W rings, source wrings, and capacitor wirings are

provi ded 8 i'hg on the pixel density. Further, in the term nal portion,
the fi rs{om!m' nal at 20 the sanme potential as the gate wiring, the second
termnal at the sanme potential as the source wiring, the third te,rg?enal at

the 3&ne pot enpitgmatiely.pepizelsiectrode may b oyeriappgd pvith 3 gate wiring of 3 BiXged. The
b b . i . a f '
nunber o d]glgegnhtotfgeh]ﬂ(%l w&;&yl%gg& dhanmgna ¥iaded §g§%ﬁnmt ya%wm osdd

e
number of rm nal etermned as a pri at 140] 25Thr ough
t hese fi ver¢bdeotehj sdthatr agpbmge taasitort withait o cappeitonwatig aan baformedpi xel thin
filmtransistor portion including the thin filmtransistor 170 of a
bottom gé‘?]égit aggered thin filmtransi stor can be conpleted using the five

phot omasks. Byyfip Q&?Jenlﬁlattrﬁeli(id]ji Rrystdl Bidplay§dvideD pix@dN dlckhiGdes tavfang@l mapaci t or
p

in each pixel of a pixel portion i'n which'pixels are arranged in matrix,
one @6 smimtix ateedrivor tardispfagca displyy patteg0aptd vereemt rypecifically, apltags/ice can
be obtai ne

e oDt e Rk, SRS 8 g UGBy 0 Bk GBI W o o
pixel electrode to perform optical modulation of a liquid crystal layer provided between
the pixel electrode and the counter electrode, so that this optical modulation is
recognized as a display pattern.

20 [0144]

In displaying moving images, a liquid crystal display device has a problem in
that a long response time of liquid crystal molecules causes afterimages or blurring of
moving images. In order to improve the moving-image characteristics of a liquid
crystal display device, there is a driving method called black insertion in which black is

25  displayed on the whole screen every other frame period.
[0145]

In addition, there is a driving method called double-frame rate driving in which
the vertical synchronizing frequency is increased to 1.5 times or more, preferably twice
or more to improve the moving-image characteristics.

30 [0146]
Further, in order to improve the moving-image characteristics of a liquid

crystal display device, there is a driving method in which a plurality of LEDs



WO 2011/ 00472434PCT/ JP2010/ 060938 In the case of manufacturing an
active matrix liquid crystal display device, an active matrix substrate and
a count erweubsitaoat2e provi ded with a cgunter el ectrode areTherdedsowss each
other with a liquid crystal |ayer interposed therebetween. Note that a
common el ectrode electrically connected to the counter electrode on the
counter 5 substrate is provided over the active matrix substrate, and a
fourth termnal electrically connected to the common el ectrode is provided
in the t@ight-palittingdiddes). or Bhgufatityr ofEX &ighti soatces sreprsed tajfsamspsurfage lighle conmon

el ectrode is set tog.a fixed tenti al h D 0 V. 142
10Al t er ngRUY ety b%F?‘Hrgk’e;m)‘(. F%ﬁ%tolf nééﬁﬁ?ggé’eésé?%ﬁgéo%c? 1 %gaﬁet“hewyri ng of
a pixel aﬂb?g?gerfogntiﬂ@mﬁhéﬁlliglﬁih iPGnOMrAHE phriill| 24 the shrddRNigansbudcegat e

i nsul ating I nterposed therebetween, so that a storage capacitor
wi t hout thrempamioteokinds pf hEDs amayblee fissdrand/or [ap 143) emitting veldtei Nght meayrbex 1 qui d

crystal displ devi ce,. pi xel .. el ectrode ranged in..15 ' driven

to dibpl drth sk mptogaed of TEF Ghe Sarel aiEPadaiy et butiforl 1P
bet ween gn$fd 6ELEDs Rax Bk sgh@RbRisdPwaR dhatif@mnbesptRhEsbdoideor of adrpindi ng to
the pixel electrode to performoptical nodulation of a quuid crystal |ayer

provi dedctystahdayert hAcgsirdiag o Bds dsivingamsthode [dddmcar bs) rattly odyEnedseffs hat

i i opl MrotgRnah b e R AAPLT s Ao A S AR, B Peulll 34

I'n displ I'ng i mages, I qui ay device S a problem
in that gade@TQispRyRQEEniagehavifg hilarge parcoy sthidh biadkes displayeduses af t eri mages
or blurring of noving inmages. In order to inprove the noving-imge

char 3t ef9¥lcs of a liquid crystal display device, there is a driving

met hod cal | ed Pkg&hﬁ%ﬁéﬂﬂhgﬁ %l%{%&%pﬁ% d.iﬁil%ysc ArRYiesd oPB 1ighfs whol e

'&
screen every o perio : addition, there is a
driving eitabdispiy ddvideubich- s amwingimeagdr charagteristicuh¢anhbe Hmpyesiedi sl

O g e BRI ch Rl TR T 5 e o0l v
[0148]

15 The n-channel transistor disclosed in this specification includes an oxide
semiconductor layer which is used as a channel formation region and has excellent
dynamic characteristics; thus, it can be combined with any of these driving methods.
[0149]

In manufacturing a light-emitting display device, one electrode (also referred to

20 as a cathode) of an organic light-emitting element is set to a low power supply potential
such as GND or 0 V; thus, a terminal portion is provided with a fourth terminal for
setting the cathode to a low power supply potential such as GND or 0 V. Also in
manufacturing a light-emitting display device, a power supply line is provided in
addition to a source wiring and a gate wiring. Accordingly, the terminal portion is

25  provided with a fifth terminal electrically connected to the power supply line.

[0150]

Further, in manufacturing a light-emitting display device, a partition may be
provided using an organic resin layer between organic light-emitting elements. In that
case, the organic resin layer is subjected to heat treatment; therefore, the heat treatment

30 can also serves as heat treatment for improving electric characteristics of a thin film
transistor and reducing variation in the electric characteristics of the same.

[0151]



WO 2011/ 00472435PCT/ JP2010/ 060938 (light-emtting diodes) or a plurality of
EL |ight sources are used to forma surface |ight source as a backlight,
and each woght/weznce of the surface :%]é ght source is i n#epanzaonéog3sdri ven
to performintermttent lighting in one frane period. As the surface |ight
source, three or nore kinds of LEDs may be used and/or an LED emtting
white light may be 5 used. Since a plurality of LEDs can be controlled

i ndependently, the light em ssion timng of LEDs can be synchroni zed with
the timng of TR uwadf amoskidatdnpioomfuctor fogaithdn Cilp Stanbistoayeads todedoctitiong t o
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di spl ayi i LOQ; r i i i ¥y
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char act eokiglt isemicohdctdr lguérd Thysfat, dsapcandudtovideeice sihith msludes/highlyi mage

characteristjcs, can be i.nproved a ompared to those of conventi.onal

i qui CF%}?E’ I aﬂ? sfﬂmayaa%%tseg?‘“%%&g‘ T fg"fﬁg ﬁg%ﬁ‘g?fﬁsg'lcs t“faﬁﬁt%ei ?t“?)vr“ﬁ)e i scl osed
in this gpgehd ﬁﬁﬁéﬁh% ediRCepaEan R ApRarhide it WHHOME WelhOpoinBIE theWohfiltidns used
as a channel formation region and has excel |l ent dynam c characteristics,;

t hus, it chambepés deordaserber ahigh-parity exide semjeondlurctor tggatet hods. [ 0149]

I n manuf ?ﬁjﬁil ng a light-emtting display device, one el ectrode (al so
referred 0 as a cathode) of ‘an organic light-emtting element is set to

a | ow power SUBE| thePAERNirtRNeAUOR B 66Xt Wenlcodduttbtidayed inettid akgdgmorti on
is provided with a fourth term nal for setting the cat h%de tQ.a Iovgepower
suppl§ peteesphere, sleetricachagqtsristicy of theathip film FapHistat cait i9FStaPiizegntndeni t ti ng

di spl ay devices, %ﬁ QQM\@IEt (RUBEY dan'delfteveht r.O\Iﬂcg&Qliﬂﬁ, a semi@AALLbPRe G @
source Wiring and a gate wring. Accordingly, the termnal portion is
25pr ovi dextlwdifiga dighly tdliabkr thimfilm edassistor balihgy betten edestrédichagactéristippomy  suppl y
line. [0150] . Further, in manufacturing a light-emtting display
devi ce, &eprvidedi on may be provided using an organic resin |ayer between
organi c Id')gﬁt]-em' tting elements. In that case, the organic resin layer is
subj ect e(g to"heat treatment; therefore, the heat treatnent 30can al so
serves as heat Embedinmant 8 daorbeiimplanvintayl inl appraprigtectoartination; with any ethern t hin
film . . .
embodiment described herein.
[Embodiment 4]
[0154]
Described in Embodiment 4 is an example in which the manufacturing process
20 is partly different from that in Embodiment 1. In Embodiment 4, an embodiment in
which heat treatment for dehydration or dehydrogenation is performed after the
formation of a source and drain electrode layers 405a and 405b is illustrated in FIGS.
10A to 10D. In FIGS. 10A to 10D, the same reference numerals as the reference
numerals in FIGS. 1A to 1D denote the same portions as the portions in FIGS. 1A to 1D.
25  [0155]
Similarly to Embodiment 1, a gate electrode layer 401, a gate insulating layer
402, and an oxide semiconductor layer 430 are formed over a substrate 400 having an
insulating surface (see FIG. 10A).
[0156]
30 A source and drain electrode layers 405a and 405b are formed over the oxide
semiconductor layer 430, and part of the oxide semiconductor layer 430 is etched, so

that an oxide semiconductor layer 441 is formed (see FIG. 10B).



transi stor and reducing variation in the electric characteristics of the
sane. [0151] WD 2011/00472436PCT/ JP2010/ 060938 The use of an oxide
sem conduwOan1foou72a t hin filn1transis§pr | eads to reducPCOIP2O10/060938

manuf acturing cost. In particular, the heat treatnent for dehydration or
dehydr ogenati on reduces inpurities such as noisture and inprove the purity
of the oxide sem conductor |layer. Therefore, a sem conductor device which
includes highly 5 reliable thin filmtransistors having better electric
charact e[0137] cs can be provided w thout using a special sputtering

apparatus in which the dew point in the formatjon chanber is_decreased or a
hi gh-purity oxNeg, éte‘ﬁi%‘ifﬁﬁﬂg‘ﬂbf‘t hegt é‘éﬁt?ne[“&ig@?foféﬁlly ! elé“tp‘?rf(gg’teﬂe‘?ﬁ of the
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oxi de s emecﬁ?égé; Eet;o-;?rc?li]cgﬁ‘,ﬁ il:#% }[4»?? AR YIREEHuIQE: ardt dRFPNEA R de ShRES BO3a and

characteris mtransistor can be stabilized and increase
in of f cy0fterih hinesxygén catmokgheps. ev Fhise ticatAtreatngnhgieyforms sdalydiatidncenr

device including a highly reliable.thin fil ransi s§ ar hayi bett er
el ect?i chWéif%&?P%tF‘?“sfrg?:%‘%Bhﬁnbt € ;s %ﬂ‘?%@f&?flai%é@mf?an%‘ﬁ{]gg QA e
i mpl em%”%&Hmhﬁh&&%%ﬂ@%@m%ﬁ%aﬂ@&é PG O, apy Diaesriaboberd soarte grpcri bed

herein. [Enmbodi ment 4] [0154] Described in Enbodinent 4 is an exanple in
whi ch t hdraimpletaodeulayerg 405 verd 403tp it is preferable i ngecd wagteripl witahhas heat

Enbodi nent . 1. | n Embodj t 4, a nbodj ' ich heat treatnent for
dehydr at fﬁﬁ%ﬂce&%egbggag't’l%thsqcs agé‘% g{rcﬁgtma {l’ed\ré/EI li"ﬁ'e formation of a source
and drai pp@lggctrode | ayers 405a and 405b is illustrated in FIGS. 10A to
10D. In FIGS. 10A to 10D, the sane reference nuneral ggas the reference

numed@l s in FI bsxt, 2a oxiflerinselaling yema0 % niorped 69 ahdo Be 1t centagh vith ke i
FIGS. 1A to 1D . Sj i Boda; d
C%ei’l}l&%gé‘lgf (l,ﬁyieh 610? é))yeé @h%tgé'rlnﬁn%@th%mdd PRVD InetRod Mifhiofi €Ct rode

| ayer 4087% gaté 1 nsu an oxi de sem conductor | ayer
430 are Egporact wvhe ait aftebdierleaetrddtehtay iThg exide insulhting lagerst(Ff imdernigke Fl G
104 so as to be in contact with the dehydrated or dehydrogenated oxide semiconductor layer
403 by a sputtering method or a PCVD method. In this manner, a thin film transistor
15 470 can be manufactured (see FIG. 10D).
[0159]

It is preferable that after impurities such as H,0, H, or OH included in the
oxide semiconductor layer are reduced by the above heat treatment for dehydration or
dehydrogenation, slow cooling be performed. After that, the formation of the oxide

20 insulating layer so as be in contact with the oxide semiconductor layer, and the like may
be performed; accordingly, the reliability of the thin film transistor 470 can be improved.
[0160]
Further, after the oxide insulating layer 407 is formed, the thin film transistor
470 may be subjected to heat treatment (preferably at a temperature higher than or equal
25  to 150 °C and lower than 350 °C) in an oxygen atmosphere or a nitrogen atmosphere.
For example, heat treatment is performed at 250 °C for 1 hour in a nitrogen atmosphere.
By the heat treatment, the oxide semiconductor layer 403 is heated while being in
contact with the oxide insulating layer 407; accordingly, variation in electric
characteristics of the thin film transistor 470 can be reduced.
30 [0161]

Embodiment 4 can be combined with Embodiment 1 as appropriate.



[ 0156] 30A source and drain electrode | ayers 405a and 405b are forned over
t he oxi de sem conductor |ayer 430, and part of the oxide sem conduct or

| ayer 430wO=0ated, so that an oxi de,sem conduct or | ay@CTAR2010/86008% med
(see FIG 10B). WD 2011/00472437PCT/ JP2010/ 060938 [0157] Next, it is
preferable that heat treatnment and slowly cooling be performed on the oxide
sem conduct or | ayer 441 and the source and drain el ectrode | ayers 405a and
405b i n an oxygen at nosphere. This heat treatnent perforns dehydration or 5
dehydr ogffrabedimehtr Hat ment on the oxi de sem conductor |ayer 441, so that an
oxi de sem cqonductor |layer 403 is forned (see FIG 10C). As a material of the
source a[\Q}6§ ain electrode | ayers 405a and 405b, it is preferable to use a

mat eri al whi chahasiAGRilicor Aesica g o Methdl Sfop dinutdcRRnFERE semitoidador ungst en
or nol ybdenum [0158] 10Next, an oxide insulating |layer 407 is formed so as

to be indewiod sl beidekcribed vosh thbersngei todfifhudl.or Emhgdimenpd cay bg applied tx i ng

nmet hod or, a PCVD net hod wi-t hout ,exposure the air_.af t

t r eat frenthe SARE 8%"88@' ’n?u?&oﬁh(ﬁ'(ﬁaﬁe? Sgﬁggst)i Vi f’ilrrll‘;'os “gl(l)lsrggu ntcgg%éflg%‘{mcont act
wi t h t he pdgardhat & daref the byceipageRiedd isnot égeardl conduct or | ayer 403 by a
sputtering method or a PCVD nethod. In this manner, a thin filmtransistor

15 470 cdHW6B¢ manufactured (see FIG 10D). [0159] It is preferable
that after inpyrijties s . , I i nGgl yd ' iOXI

sem conduct or aghé?elepeq%gﬁg%éd%gys erpé ?\jed Q(éiat& tg?e%X?ﬁlteP%"?or g‘éhaydr ation
or dehydeegRiavé tyer s09Vis peotidat sbes perdverlapd. gaté ekctrodealayet HO1 fand it i on of
the oxide 20 insulating layer so as be i

L . in ntact w.th the.oxjde
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reliabilti t bdiBed 1| m transistor 470 can be inproved. [0160]
Furt her, llrg%(?g%edttﬁgreo%vg% ‘insulating layer 407 is formed, the thin film

transi st 0164T0 may be subjected to heat treatnent (preferably at a

tenperature hi r _t.han or equal, 25 to 0 C.a ower. t han 35 in an
oxygen at m)sphgr 1335 aCfrHSf'P%fglé?ﬁalaﬂﬁ?ﬁS?Br?ﬁ'& tgﬁbﬁgébg%ﬁt%r, J?ﬂe%}:fglugefdecl)éfta‘msnt i's
per f or mede@icor@iitdr deficel MRAMIA Al trAhdiSIONETY i8larFRRBEsAe thBy filnh ralg@br
treatnent, the oxide sem conductor |ayer 403 is heated while being in

cont a6t \and includes,oniet e sibsttatead(0ghich jer suBate daringdinipsujatingzuriaes, dbe i n
electric ggtg%ﬁe%?rtogé ia%tgri EOSL, gfga ekhelsd[lmnng lgyi/f,!r%EI {0 %kﬁlte%'émf'c%gd&&& lgferr@g,uced'
a source and drain electrode layers 405a and 405b, the oxide insulating layer 407, and
the conductive layer 409. The conductive layer 409 is provided over the oxide
insulating layer 407 so as to overlap the gate electrode layer 401.
20 [0165]
The conductive layer 409 can be formed using the same material and/or method
as that/those of the gate electrode layer 401 or the source and drain electrode layers
405a and 405b. In the case where a pixel electrode layer is provided, the conductive
layer 409 may be formed using the same material and/or method as that/those of the
25  pixel electrode layer. In this embodiment, a stacked layer of a titanium layer, an
aluminum layer, and a titanium layer is used as the conductive layer 409.
[0166]
The potential of the conductive layer 409 may be the same as or different from
that of the gate electrode layer 401, and the conductive layer 409 can be serves as a gate
30 electrode layer. The conductive layer 409 may be in the floating state.
[0167]

In addition, by providing the conductive layer 409 so as to overlap the oxide



30[ 0161] Enbodi nent 4 can be conbined with Enbodi nrent 1 as appropriate. W

2011/ 00472438PCT/ JP2010/ 060938 [ Enbodi nent 5] [0162] A sem conduct or
devi ce amsioaonemd f or nanuf acturi ng t he sem conduct or PAEMPR0/060038 be
described with reference to FIG 11. odinment 1 can be applied to 5the

same portion(s), or a portion(s) or a step(s) having the simlar
function(s) as/to Enbodi nent 1, and the description thereof is not -
repeated. [0163] A thin filmtransistor 471 shown in FIG 11 is an

exanpl e {hat vhihelgar e%éﬂdﬂ@la?h’ﬁﬂl@}iﬂd the @Bndective Myie£l400 &4n tiSsehvesavarghep a gate
el ectrode | ayer 401 and a 10 channel region of an oxi de sem conductor |ayer
403 wi t helgetreslei layeri nEhe eaniduetivedgyar 499 mayrhedp pheslloptingstaliaet ween. [ 0164]

FIG 11 'to';wa} cross-sectional diagramof the thin filmtransistor 471

i ncl uded*in la sem conductor device. The thin filmtransistor 471 is a

bott om gat e t himaddition, tbygsrevidingr thd Soadudtiveltdyerl d89 soaeto avarldpsthe atxéde4 00
which is a substrate having an, insul ating surfac&? t.he gate el ectrode | ayer

401, @ gearaicprigloadayeg 408y wra Rigs-terppraatyre sy tett Cisrtaties, refenrd o2 4
source agg tgétglcf)ér‘]r uaﬂﬁﬁihg?ﬁe }eﬁxggg é‘@rﬁgﬁﬂqﬁ 4t9a§f§ist&r1h§1eQPﬁing)léi Welhgalémy | ayer

407, and the ctive’l ayer conductive layer 409 is provided
over t hethexhiefilimnsansistardg1 bafoes amDaftes theaBT test canchd coptroled. gdngagicsbarr ode

e, mat B HROUAAT Shange ok She HacsPAR, YIS 640 PY FHECgR s GRCEPONBe Mo d01
o e B IaE o AR 4 Qoo HOSy T bigecgaR Mhere
usi ngp't hgplﬂmo Rt Rikd Blsetabd20V. me{ hod as that/those gf t he 4

[0168]

Embodiment 5 can be combined with Embodiment 1 as appropriate.

[Embodiment 6]

[0169]

15 A semiconductor device and a method for manufacturing the semiconductor
device will be described with reference to FIG. 12. Embodiment 1 can be applied to
the same portion(s), or a portion(s) or a step(s) having the similar function(s) as/to
Embodiment 1, and the description thereof is not repeated.

[0170]

20 A thin film transistor 472 shown in FIG. 12 is an example in which a
conductive layer 419 is provided so as to overlap a gate electrode layer 401 and a
channel region of an oxide semiconductor layer 403 with an oxide insulating layer 407
and an insulating layer 410 interposed therebetween.

[0171]

25 FIG. 12 is a cross-sectional diagram of the thin film transistor 472 included in a
semiconductor device. The thin film transistor 472 is a bottom-gate thin film transistor
and includes, over a substrate 400 which is a substrate having an insulating surface, the
gate electrode layer 401, a gate insulating layer 402, the oxide semiconductor layer 403,
source and drain regions 404a and 404b, a source and drain electrode layers 405a and

30  405b, the oxide insulating layer 407, the insulating layer 410, and the conductive layer

419. The conductive layer 409 is provided over the oxide insulating layer 407 and the



25pi xel electrode layer. In this enbodi nent, a stacked layer of a titanium
| ayer, an alum numlayer, and a titaniumlayer is used as the conductive

| ayer 409WO[20180}724 The potentilﬁJ of the conducti PeTiIR020/06008 may be
the sane as or different fromthat of the gate electrode | ayer 401, and the
conductive layer 409 can be serves as a gate 30el ectrode |ayer. The
conductive |layer 409 may be in the floating state. [0167] WO

2011/ 004724PCT/ JP2010/ 060938 39 that of the gate el ectrode | ayer 401, and

t he condd@t sre foaved 0d@othe axxidsesesmicorelics layegat ¥ i lpeafenbldcthatahefore aihe

conductive | r 409 y.be in th |.oatin te. 67 ddifion, b
provi di n@gﬁrﬁgggmwp%ethf aguee fﬁg ‘%%mafgglf’gs Z‘\bg? |a5<b[4ﬁjj% 1'15?{ Pfggtgleln is”
sem condyGkmeliayein 8%ysen! RnfdsPeds ah@ TRET 8low RodlingEB& peAbimdd BT aienay t er
referred to as a BT test) for examning the reliability of a thin film

t r ansi st oxygenhtmodphersioolad inasl gasgémesphetse thin filmtransistor 471 before
and teE0 %Hg BT test can be controlled. In particular, the anount of
chan ot0k t hreshol d voltage can be reduced in a -BT test under the

fol 1 owi ng condin {13 embB@intdubSthe aotrde eafidedRI rezibss 8@4a bl 364 Greapscht he
voltage to be 10applied to the gate is set to -20 V. [0168] Enbodi nent 5
can be clorriedaging 2 Enirbasrdrrodycrystalline lpyeh oF @Ansbase miStCcRstlling layer: 69]

and are formed under a film formation condition which is different from that of the
oxide semiconductor layer 403 and each have lower resistance. Further, in this

10 embodiment, the source and the drain regions 404a and 404b are in a polycrystalline
state or a microcrystalline state, and the oxide semiconductor layer 403 is also in a
polycrystalline state or a microcrystalline state. The oxide semiconductor layer 403
may be crystallized with heat treatment to be in a polycrystalline state or a
microcrystalline state.

15 [0174]

In this embodiment, the insulating layer 410 which serves as a planarization
layer is stacked over the oxide insulating layer 407, and an opening which reaches the
source or drain electrode layer 405b is formed in the oxide insulating layer 407 and the
insulating layer 410. A conductive layer is formed so as to cover the opening formed

20 in the oxide insulating layer 407 and the insulating layer 410 and is etched into a
predetermined shape, so that a conductive layer 419 and a pixel electrode layer 411 are
formed. In this manner, in the step for forming the pixel electrode layer 411, the
conductive layer 419 can be formed using the same material and method as respective
those of the pixel electrode layer 411. In this embodiment, indium oxide-tin oxide

25  alloy containing silicon oxide (In-Sn-O-based oxide containing silicon oxide) is used to
form the pixel electrode layer 411 and the conductive layer 419.

[0175] »

The conductive layer 419 can be formed using the same material and/or method
as that/those of the gate electrode layer 401 or the source and drain electrode layers

30  405a and 405b.

[0176]

The potential of the conductive layer 419 may be the same as or different from



15A sem conductor device and a nethod for manufacturing the sem conduct or
device will be described with reference to FIG 12. Enbodi nent 1 can be
appl i ed twothe/®arz portion(s), or {Prti on(s) or a stepfgp2thendmss t he
simlar function(s) as/to Enbodi nent 1, and the description thereof is not
repeated. [0170] 20A thin filmtransistor 472 shown in FIG 12 is an
exanpl e in which a conductive |layer 419 is provided so as to overlap a gate
el ectrode | ayer 401 and a channel region of an oxide sem conductor | ayer
403 wi t htran oﬁxhd@aﬂerﬂb&tﬁﬁk Naydra4tdt AB€ condudiveilagarl 449 oap bayserved 16 a

i nterposed therebetween., [0171] 25FI G 12 is Cross-s i onal  di agram of

t he t hi nsgconsnete ghesiredolayery 2 Th corinctve fayer @rﬁlﬁbﬁ%\%ﬁ%h%‘é‘ﬁ e The thin
filmtragps 1or 472 is a bottomgate thin filmtransistor and includes,
over a substrate 400 which is a substrate having an insulating surface, the
gate el ectrodeH ax;tﬁﬂiom}(by pravidixgetht mondutiva dayicatéd sd @ to oherlapxthgepxide

sem conduct or er 403, so inre n nd .404b g Source
and d? ai PeTBICE e aly%fyépé %5&’“&38‘%&‘3‘@% ‘?hﬁ gﬂ' 8@“‘ g Apiser r%nl Syer 407,
the insu @ﬁhﬂ&d' ayer 410, and the conductive layer 419. The conductive

| ayer 409 is provided over the oxide insulating |ayer 407 and the WO
2011/ 004 2U/8DPCT/ JP2010/ 060938 404b are fornmed over the oxi de seniconduct or

layer. It is _p eferabl gkgghﬁbef IHE%}M ?if derFxﬁla%r 9Qte0f t he source

and drain regi rned in an oxygen
at nosphqumgmn{ehm sI ow cool i ng be perfor rred in the/ an oxygen at nosphere
or an inert gas atnosphere. 5[0173] In this enbodi nent, the source
and 0 ai l0¥78¢i ons 404a and 404b are each forned using a Zn- O based

pol ycrystalli n?n E Scrlln?ent %H;‘PI )gagﬁlﬁ,% gh é‘)'?{fog thfnnl?ln{ ﬁ)(ﬁsrlst@lnfhf@r\@llf or ned

under a filmfornma |on con rent fromthat of the oxide
sem condbeidescribay asing FBGANIB A aciBavidd mﬂ@ns sresiampaofa tdpuviewerf,a thin t hi s 10

enbodi ment, the source and the drajn regions 4g.and 404b are in
pol ycr y's £ tFansistaragressstectonsl Mgy P@ﬁéﬁqﬁeag‘@%'zz of YghiER, Sorgspgads f
sem Condﬁ&op 3BAY Hesdbrdi fr BrtRdditler® PAS VA" ¥dndplk i MEwhicht Balfilumais not
m crocrystal ' ne state. The oxide sem conductor |ayer 403 may be

crystial | icartdined iharhexitle sangiaomizator fayehef the thin fibhtransistoal4ihe state or a
m crocr y%laéoljl ne state. 15[0174]

In FIG. 13A, a gate electrode layer 1401 is provided over a substrate 1400.
Next, a gate insulating layer 1402 is formed over the gate electrode layer 1401, and an
oxide semiconductor layer is formed over the gate insulating layer 1402.

20 [0181]

In this embodiment, the oxide semiconductor layer is formed using a
Sn-Zn-O-based oxide semiconductor by a sputtering method. Gallium is not used for
the oxide semiconductor layer, so that an expensive target is not used, which leads to
cost reduction.

25  [0182]

After the film deposition of the oxide semiconductor layer or after the
patterning of the oxide semiconductor layer, it is preferable that heat treatment be
performed for dehydration or dehydrogenation in an oxygen atmosphere and then slow
cooling be performed in the/an oxygen atmosphere or an inert gas atmosphere.  As the

30 heat treatment for dehydration or dehydrogenation, heat treatment at a temperature

higher than or equal to 200 °C and lower than the strain point of the substrate,



In this enbodi ment, the insulating |ayer 410 which serves as a

pl anari zation | ayer is stacked over the oxide insulating |ayer 407, and an
openi ng WNDchivmwarhes the source or drain el ectrode | ayecT48Zbo/H@9sor ned in
t he oxide insulating |layer 407 and th¥ insul ating | ayer 410. A conductive

| ayer is formed so as to cover the opening forned 20 in the oxide

i nsul ating | ayer 407 and the insulating |layer 410 and is etched into a
predet ermi ned shape, so that a conductive |ayer 419 and a pi xel el ectrode

layer 41ldrefirsbly Qﬁ%ﬂ%ﬁ’-thhﬁ‘ drNéqualmed 360, °G and Newst &anf 6f efe41Mongol e @i xel
el ectrode |l ayer 411, the conductive layer 419 can be forned using the sane
mat er i al pafuimed: hbhe hsatrtesaproenti inean: pxygen etmesphersi isepertormed opdbe oxider 411,

In this enmhodi t, indj,umoxide-tin oxide 25 I t AinRi ki con

oxi de (| W_Hgﬁqrd?lgg)g éﬁyeéx*hﬁéebé'or?{lgfnl% Yy °§ﬁgi Sce(r)nnlc%n%uﬁ% li%gerl]ulggg ‘?ge odrlm t he

pi xel el egAy odg thig¥Mboditent it dxide Sepmidorduicioe 1dyRy €403t 9n a [iéroblystalline  The
conductive 1layer 419 can be forned using the sane material and/or nethod as

t hat /& hosiete®r 1n dpolyanystallinestatyde | ayer 401 or the source and drain

el ectrodslégg ers 30 405a and 405b. [0176] WO

2011/ 004 PCT/ JP2010/ 060938 that of the gate el ectrode |ayer 401. The
conducti ve | ayNext4aThemitl peotseiondsyeasi 448 5S¢ poovidegladre and éctomae widy dre.  The
conductive |layer 419 nmay be in_the fl?lati ng state.

0177 I n
addi t i onoxigg semispndnetgr daver ddiducihe echenged rpratestian, lé)éert]o‘glgv%qnl BIFVEMe oxi de
5 sem co : QYo ' it
transi st g&%ﬁ%%@%?ﬁ?‘#&% él:izlﬂﬁl[1 %ﬁfl%l%}%@@h& %%l%modfj#e%%lﬁgg ?aﬁc%gé)ggr?bi ned
wi t h1Embstep nefn forining @ spnwpr amt elraif Eregmois nk416a7hnd O[406Y 9performed laten

Enbodi me 7, an ex .e of a.channel -sto in fil.mtransistor 1430 wil|
be descri "e‘ﬂfoﬂ%ire‘ilf‘g‘eag@g?y ‘ifféhe fhgn %Eﬁ?‘aﬁlﬁogggq?ngﬁ POYSie of a top view of
a thin fidigyjransistor, cross-sectional view along dotted line Z1-Z2 of

whi ch corresponds to FIG 13B. Described in Enbodinment 7 is an_exanple in
whi ch gal | i um The whanneb queteetionednyen 1448 onpxides Earmed ndgeessivelyaglder gt t he

thin fil H;'alltyrcl?artll%lrl%tr %h}cﬁggéna{igrg‘ §v9t}1

out exposure to the air; in that case, each interface

15 between stacked layers, which is not contaminated by atmospheric components or
impurity elements floating in the air, such as moisture, hydrocarbon, or the like, can be
obtained, so that variation in characteristics of the thin film transistor can be reduced.
[0185]

The channel protection layer 1418 which is an oxide insulating layer is formed

20 by a sputtering method, a PCVD method, or the like so as to be in contact with the
dehydrated or dehydrogenated oxide semiconductor layer 1403, so that the thin film
transistor including the dehydrated or dehydrogenated oxide semiconductor layer 1403
as a channel formation region can be manufactured.
[0186]

25 The channel protection layer 1418 can be formed using an inorganic material
containing oxygen (e.g., silicon oxide, silicon oxynitride, or silicon nitride oxide). As
a manufacturing method thereof, a vapor phase growth method such as a plasma CVD
method or a thermal CVD method, or sputtering can be used. The channel protection
layer 1418 is subjected to etching to be processed into a predetermined shape. In this

30 embodiment, the channel protection laycr. 1418 is formed in such a manner that a silicon

oxide layer is formed by a sputtering method and processed by etching using a mask



In FIG 13A, a gate electrode layer 1401 is provided over a substrate 1400.
Next, a gate insulating |ayer 1402 is fornmed over the gate el ectrode | ayer
1401, andwearrooiod24sem conduct or Iayql is formed over tireTgR2080/H60988 at i ng

| ayer 1402. 20[ 0181] In this eé%odinent, t he oxi de sem conduct or

| ayer is formed using a Sn-Zn-0-based oxi de sem conductor by a sputtering
method. Galliumis not used for the oxide sem conductor |ayer, so that an
expensive target is not used, which | eads to cost reduction. 25[0182]

Af t er t hiyrinked by papwsittogiphef t he oxi de semi conductor |ayer or after the
patterniqﬂ of the oxide sem conductor layer, it is preferable that heat

t r eat nent §@]perforned for dehydration or dehydrogenation in an oxygen

atmospher e andnt{ieh <3l i GPall oifis REIGOIRAA06H ald Al SR IR \ctiniBS Pher e
or an inert gas atnosphere. AS' TRe 30heat treatment for dehydration or
dehydr ogprotdction layee 418 raadtthe pkidatsemidoadypmontayere143ghdn thinambodineaptal  t o

200 C and |l ower than the strain int of the supstrate, WO
2011/ D04 %E4pTrES @él@fﬁ%@%@%“g&eﬁeﬁ’ a{)“l@gﬁgh?f@h AN 309400 ¢

and | owep,;t5alQfiing 44 ' dia ﬂgo.%a&éj g&gi@gmﬁe 18, Wit is’ @ARB®RMdEN an

oxygen atnns%ﬂere I'S ornmed on th e sem conductor |ayer, thereby
fornmi ng depositiode corditionnddiffecant | frper tha0depasisionr| @ndigiaps ph thei Pxide

enbodi nent,. t he oxi de 1 conductar, | ayer 1403,is in._a mcrocrystalline
Satate oPmiROBuSE ey A0 AP v o SRt RoF s gl ToWleP SRt
prot ect i AkelAKGEly 1tht &olifee RHin@\dr&lf de &Bn 14062 hn@OIF0EE tmai b forimed @xingean
sem conductor | ayer 1403. The channel protection |ayer 1418 can prevent

damage (Akdn-Qdasalduaonsinglactystan tlayesk neenaiging t sitiigsBnm it alts et@hant in

hi [ f.f dx a4 i 1406 d 1406b
per 1 or ned At oeEmeR it PR By R A ZOR REDOTY DR o

1430 can[dsg} mproved. [0184] The channel protection |ayer 1418 may
be formed successively after the dehydration or _.dehydrogenati on w t hout
exposure to t hNew ra; sdurcet elagtradgsleyereRaiande flgiie electrode” layer 1405b are

formed over the source region 1406a and the drain region 1406b, respectivély. In this
15 manner, the thin film transistor 1430 is manufactured (see FIG. 13B). The source
electrode layer 1405a and the drain electrode layer 1405b can be formed in a similar
manner to the manner of the source region 1406a and the drain region 1406b.
[0189]
By providing the source and drain regions 1406a and 1406b between the oxide
20 semiconductor layer 1403 and the source and drain electrode layers 1405a and 1405b, a
good contact can be made between the oxide semiconductor layer 1403 and the source
and drain electrode layers 1405a and 1405b, resulting in higher thermal stability than in
Schottky junction. Moreover, the resistance of the source and drain regions 1406a and
1406b is reduced, so that high mobility can be maintained even with a high drain
25  voltage.
[0190]
The source and drain regions 1406a and 1406b are not necessarily provided.
[0191]
Further, after the channel protection layer 1418 is formed, the thin film
30 transistor 1430 is subjected to heat treatment (preferably at a temperature higher than or

equal to 150 °C and lower than 350 °C) in an oxygen atmosphere or an inert atmosphere.



15 between stacked | ayers, which is not contam nated by atnospheric
conponents or inpurity elenents floating in the air, such as noisture,

hydr ocar bwo,20ovooutre | i ke, can be obt al'wed, so that vari &CIran2016/060938
characteristics of the thin filmtranSistor can be reduced. [0185] The
channel protection |layer 1418 which is an oxide insulating layer is forned
20 by a sputtering nethod, a PCVD nethod, or the like so as to be in
contact with the dehydrated or dehydrogenated oxi de sem conductor |ayer
1403, soFéthexamiphs htdtitieafhdntid peafosmsd ar 230U fudilrigut irea ditdogen atmedphere.

dehydr ogenat ed oxi de sem conductor | ayer 1403 as_a_ channel fornation region
can be nBruhadert Gertmeny; g ovidesemiqonfwaer ket 4493 Bnhsatsdehilg Pgingaip pe

fornmed usj -] i b t @i44H. N . j | oxi de,
G011 con. Stk Nk ARE R TRioRIliBh 10A1 241Y, (cOMRRY Liridiion B Kl DX €
t her eof , clarattqristicpbfithe thinofilnh trandistor] 1470- barabe sedpteals nd'h€xéDis met pryticdar a

thermal CVD nethod, or sputtering._.c be used. The channel protectjon |ayer
1418 s GmeTpGen B this DertHFaHBORt (PR By b Lo RS REASKR T Gal Shape. | n
this 30 odi | . Pr ti an i : uch a
manner oy & Do Pveh Hn TR, ashhoRl Bl Boplebd e o ol e

pr ocessechdayelgprofectigh Ligentd 8. nadbk heMOreivhadtQad hpepBcnid RPAbo 96ee8 f or med

by photolithography. [0187] ) Next, a source and. drain regi ons 1406a
and 1406 theenyabsreef Yers bY ﬁé“’é‘}gaﬁ]ﬁ%ﬁ‘eﬁ? geamenbip pagrher ?ﬁﬁé“éﬁ&s QW%‘ oxi de

sem condyclifnd & fméc')tbelel)fzile ihh%gr%meﬂitfﬁﬂﬁent Forl RBuSRLIHe GeAftEn @l G a
regi ons 140ba and 1406b are ?or d using a Zn-O based mcrocrystalline
| ayetO or transpare@t tradectivedhyerr yst al | i ne | ayer, which is fornmed under
deposi ti ﬁﬁ?gfndi tions different fromthe deposition conditions of the oxide
sem cond | ayer 1403, and are oxide sem conductor |ayers having | ower
resi stance. Al EgbB&kehel ¥an bBEmpRUTARAAN ApFroptihte (BHIbARASIoR ¥fPardN6thdrA06b may
be formed using an

embodiment described herein.

[Embodiment 8]
15  [0193]

=

A semiconductor device and a method for manufacturing the semiconductor
device will be described with reference to FIGS. 14A and 14B. Embodiment 7 can be
applied to the same portion(s), or a portion(s) or a step(s) having the similar function(s)
as/to Embodiment 7, and the description thereof is not repeated.

20 [0194]

A thin film transistor 1431 shown in FIG. 14A is an example in which a
conductive layer 1419 is provided so as to overlap a gate electrode layer 1401 and a
channel region of an oxide semiconductor layer 1403 with a channel protection layer
1418 and an insulating layer 1407 interposed therebetween.

25  [0195]

FIG. 14A is a cross-sectional diagram of the thin film transistor 1431 included
in a semiconductor device. The thin film transistor 1431 is a bottom-gate thin film
transistor and includes, over a substrate 1400 which is a substrate having an insulating
surface, the gate electrode layer 1401, a gate insulating layer 1402, the oxide

30 semiconductor layer 1403, a source and drain regions 1406a and 1406b, a source and

drain electrode layers 1405a and 1405b, the insulating layer 1407, and the conductive



10Al - Zn- O based non-singl e-crystal |ayer containing nitrogen, that is, an

Al -Zn- O N-based non-single-crystal |ayer (also called an AZON | ayer).

[ 0188] WO 20118124 a source el ectrod;f5 | ayer 1405a and &Curarno/edoess r ode

| ayer 1405b are formed over the source region 1406a and the drain region

1406b, respectively. In this 15 manner, the thin filmtransistor 1430 is

manuf actured (see FIG 13B). The source el ectrode | ayer 1405a and the drain

el ectrode | ayer 1405b can be forned in a simlar nmanner to the manner of

t he sour tger BHi%n Thé @6aduntise 1dyer tHOi is providedrover hehinsulQingIdyeBy 4@7 svasdi ng t he

source and drain reagi ons 14Q6a 3@? 1406b between the oxide 20 sem conduct or
4ar.

| ayer 148R0%HaP thietdoeleetiodsdayes#dln el ectrode 1 ayers 1405a and 1405b, a

good conL@@g can be nmade between the oxide sem conductor |ayer 1403 and the
source a lain el ectrode layers 1405a and 1405b, resulting in higher
t her mal st abi | Irt this érebodimeSg siotilakly t¢ Embodiment Vpthewxide sepreonduetpslaypte of

the source. and,drain regions,.1406a 1406h is re : t | gh

mobi 1 Pty nlRmEL oYL tht SR AL RYRR ?W{ ﬁltgz hi'gfy SaVsk rﬁ““g §%§ﬁ°§§°§‘? 1?@@*’9%1‘9The
sour ce angosl feofR&l 8V thdBRiic aBRichABEROA§eN Ot Rasteferbdld thyit pefowd ded.

[ 0191] Further, after the channel protection |ayer 1418 is forned,

t he t hi nafted the Sommation of tthe sawrgpandsdrgimjegions d4P6n prch14Q0be Beatdreptment & er abl y
t at t ure. hi th . . -
oxygen aprogitar o 5 Shed Ahdbadl 4Bl héh Uk Lol b iRFoRAN weobydn | 1, 21

per f or medxpden2ib@oépherty oranlingtt gisrtmosphereogen at nosphere. By the heat
treatnent, the oxide sem conductor |ayer 1403 is heated while being in
cont a8t W¥H1t he channel protection |ayer 1418; accordingly, variation in

el ectri ¢ char ag f5J shiifimpkt, (HeSobrdk tnd blaM IcLRAS 106K anlti¥066 Hirked dveluced.

There is no particula ation on this heat treatnent &preferably at
t he tenpeieataxide hseyhieonduoton dayeeqli03 t ael1%achC fomaied ousing t haln3Btbagyd as | ong

as it is perforned after t (é rimation of t.he channel protectijon l.ayer
1418. Thé‘“ﬁré’ﬁiysigﬁ%%i%eﬁtoré - %angrgo&%s&alw? Hgﬁrta";anaé? gogsnggiuﬁd?ﬁeﬁlﬁﬁnber of
steps by fs&farioR SoRdifien Waddh isdefdBRTiom tha B tHeesxisd Qnisoikfucks 14yenl403 eat ment
in formation of a resin layer or heat treatnent for reducing the resistance
of al5 and each have lower resistance. The oxide semiconductor layer 1403 is in an
amorphous state.
[0198]
The conductive layer 1409 can be formed using the same material and/or
method as that/those of the gate electrode layer 1401 or the source and drain electrode
20 layers 1405a and 1405b. In the case where a pixel electrode layer is provided, the
conductive layer 1409 may be formed using the same material and/or method as
that/those of the pixel electrode layer. In this embodiment, a stacked layer of a
titanjum layer, an aluminum layer, and a titanium layer is used as the conductive layer

1409.
25  [0199]

The potential of the conductive layer 1409 may be the same as or different
from that of the gate electrode layer 1401, and the conductive layer 1409 can be serves
as a gate electrode layer. The conductive layer 1409 may be in the floating state.
[0200]

30 In addition, by providing the conductive layer 1409 so as to overlap the oxide
semiconductor layer 1403, in a bias-temperature stress test (hereinafter, referred to as a

BT test) for examining the reliability of a thin film transistor, the threshold voltage of



10t ransparent conductive layer. [0192] Enbodi ment 7 can be

i npl emented in appropriate conbination with any other enbodi ment descri bed
her ei n. [Wwotzodioeerzs 8] 15[ 0193] A sem conduct or @eviJemiene938 net hod
for manufacturing the sem conductor device will be described with reference
to FIGS. 14A and 14B. Enbodi nent 7 can be applied to the sane portion(s),

or a portion(s) or a step(s) having the simlar function(s) as/to

Enbodi ment 7, and the description thereof is not repeated. 20[ 0194]

A thin fiHerthinrfilnstraisistor 1431 befocarand afteFihE BT %4t ¢an bercoattalgsl.e i n which a
conductive |l ayer 1419 is provided so as to overlap a gate el ectrode |ayer
1401 andl®9%hannel regi on of an oxi de sem conductor |ayer 1403 with a

channel prot ecggf, Bif?giflﬁféf%eﬂs% SAthpfwhidh W g’&er{l{{”'ﬂifkéi‘é’rﬁrf_r&ﬁ@fG.i er ppsed

t her ebet ween. 14A 1s a cross-sectional diagramof the thin
filmtradescsiption b8 FIGi néAuckrdbé applicdetoi the rrdmet mortioi(s), cs.a portion(s) orfa | m
stor and incl ydes,, over a

SubSt? at SeRBOBAVIRE dis OV BIEGTHER B HUPnd A LE (BtorRon FesdS Rote G &
el ectrodg. .a¥gr 1401, a gate insulating layer 1402, the oxide 30
sem conductor |ayer 1403, a source and drain regions 1406a and 1406b, a
source afi202tai n el ectrode | ayers 1405a and 1405b, the insulating |ayer
1407, and the S.Ot %llj Cfflrinvterans\l/gt)orz?iﬂ (s)l(l)c)Avanzéllrf' %I:I)gr /121521%13011/ 999:351@ in which a
conductive layer 1409 is provided so as to overlap a gate electrode layer 1401 and a
10  channel region of an oxide semiconductor layer 1403 with a channel protection layer
1418 and an insulating layer 1408 interposed therebetween.
[0203]
In this embodiment, similarly to Embodiment 1, the oxide semiconductor layer
is formed over the gate insulating layer 1402. 1t is preferable that before or after the
15 formation of the oxide semiconductor layer, heat treatment for dehydration or
dehydrogenation is performed in an oxygen atmosphere and then slow cooling be
performed in the/an oxygen atmosphere or an inert gas atmosphere.
[0204]
In FIG. 14B, the insulating layer 1408 is stacked over the insulating layer 1407
20  which serves as a planarization layer.
[0205] '
In FIG. 14B, a source and drain regions are not provided, and the oxide
- semiconductor layer 1403 is directly in contact with the source and drain electrode
layers 1405a and 1405b.
25  [0206]
Also in FIG. 14B, by providing the conductive layer 1409 so as to overlap the
oxide semiconductor layer 1403, in a BT test for examining the reliability of a thin film
transistor, the threshold voltage of the thin film transistor 1431 before and after the BT

test can be controlled.

30 [0207]



| ayer 1419. The conductive |ayer 1409 is provided over the insulating |ayer
1407 so as to overlap the gate electrode |ayer 401. [0196] In this

enbodi mrerwQ 28iwniokeal y to Enbodi nment 14 t he oxi de sem comduaPzMONEYsR 5 iS
formed over the gate insulating |ayer 9402. The source and drain regi ons
1406a and 1406b are forned over the oxide sem conductor layer. It is
preferable that before or after the formation of the source and drain

regi ons 1406a and 1406b, heat treatnent is perforned in an oxygen

at nospher e andEfibedintdn®8/ cawbé ingleientpé if appreyiiatacdohisihationoxiyiyeny athemspher e
or an inert gas atnosphere. 10 [0197] In this enbodi ment, the source
and drai gmpe tdesgribed heiein1406b fornmed over the oxi de seni conduct or | ayer
1403 are %%gl 5 using a Zn-O based microcrystalline |ayer or a
Zn-Obasé po‘i‘ycry alline layer and are formed under a filmformation
condi tiofo2@8jch is different fromthat of the oxide sem conductor |ayer

1403 15 and each_have | ower resistance. The oxi de sem cond ftl or | ayer 1403
is indan anor phbEmbediment 9 @1 ggpmple in Whl?ﬁ‘néhecﬁﬂlféflff’i‘%@aﬁﬂélyfg CERHOBLN be

formed ugl 1 nQ/:Qr S whi f eigate
el ectr odzﬂﬁ@g%ég?g%%?oﬁkﬁ%hgghﬁcgélgngggéégﬁﬁbegl &?ﬁgﬁ%&%@@ygd@ 11205a and

1405b. | Enibodimand cahdeeapaligd tocthe sirec portide(s),arar partdon(s o aisiep(s) eaying
conductive |l ayer _ 1409 y . .be formed usi t he sane material  and/ or met hod
as t hat / thfodmilay fUPFFéO%?T@&‘O Embopiimas I ”5{;‘3@? Q‘?Sﬁ"%‘?‘b‘hsﬁggﬁi“r?éﬁetpf’atsd'st acked

| ayer of rgogohtani umlayer, an alum numlayer, and a titaniumlayer is used
as the conductive layer 1409. 25[0199] The potential of the
conduotive | ayér tHiéGSnbudymére, ithis prafeeatde that htiaf treaterent oo dehydsationf ox he gate

Gl ot r od@ePEYRenHOL b RRITRGS Pyl B8 /APBENTH TS A JUF) (@ ate

i ng St at e.

[0200] 3QLHicBAGiddRyerlY pRieéHhduthth SloROEsbliaE Ibe e foyfed kih8/as @xgger O
overlap the oxide sem conductor |ayer 1403, in a bias-tenperature _stress

test (hemtnosphtreror arfinsry gas alongsphere-BTThesbeat tragtmentsparformed wometheddisshbi | ity
of a thi r(])xwel srgmticr:oa}l ﬁ'ct%)} ?ar)fer tup Che !Mo%% rL?Jngsp\ﬁ%}et @aqpel%inate impurities such as
15  hydrogen and moisture existing in an oxide semiconductor layer 430.
[0210])

Next, a second oxide semiconductor layer which serves as a source and drain
regions of a thin film transistor is formed over the first oxide semiconductor layer, and
then a conducive layer is formed.

20 [0211]

Next, the first oxide semiconductor layer, the second oxide semiconductor
layer, and the conductive layer are etched in an etching step to form the oxide
semiconductor layer 403, a source and drain regions' 404a and 404b, and a source and
drain electrode layers 405a and 405b. Note that only part of the oxide semiconductor

25  layer 403 is etched, so that the oxide semiconductor layer 403 has a groove (a depressed
portion).
[0212]

Next, a silicon oxide layer is formed as an oxide insulating layer 407 so as to

be in contact with the oxide semiconductor layer 403 by a sputtering method or a PCVD
30 method. As the oxide insulating layer 407, which is formed to be in contact with the

dehydrated or dehydrogenated oxide semiconductor layer, is formed using an inorganic



WO 2011/ 00472446PCT/ JP2010/ 060938 the thin filmtransistor 1431 before and
after the BT test can be controlled. [0201] FIG 14B illustrates an
exanpl e wNpchivw4partly different fromp FIG 14A. The de®cCripraiancooss Fl G
14A can be applied to the sane portidﬂ%s), or a portion(s) or a 5step(s)
having the simlar function(s) as/to FIG 14A and the description thereof
IS not repeated. [0202] Athin filmtransistor 1432 shown in FIG
14B is an exanple in which a conductive |layer 1409 is provided so as to

overl ap ﬁlsﬁlﬁfiﬁ% lyee Whameintiayey mbhike, anBydtodéh 0ha0RE] andgiedikeods lass oxi de
sem conduct or elﬁler 1403 with a channel protectjon |ayer 1418 and an
i nsul at i pesibig/and blads dntiyef shene frophibie oyistdes specifjapay Silicon oxidg ayenerg

enbodi nent.,. sim.l.arl v L ent -3 . O il ) I [
formed off& m?%@“@%%%%F%gﬁFQ%?%%“Fé@3%mT%g§q&$%9$gﬁ%$%%g¥gﬁf%9Fﬁéﬁx efgfe or
after thﬂm&ﬁﬁﬁgkﬁaﬁion of the oxide sem conductor |ayer, heat treatnment for

dehydration or dehydrogenation is perforned in an oxygen at nosphere and
t hen &1 ol#2d8bl i ng be performed in the/an oxygen atnosphere or an inert gas

at nosphere. [0204] ... . . . %ﬁﬁl t [ ' yer S
stacked over tﬁgc %’ﬁ‘é‘ﬁﬂé‘?‘.“%‘b“% }'f grr E@?&? \Eﬁi@ﬁasﬁ‘%‘zﬁég‘% éﬂ"gr gn%érgiéggt I on
layer. [ @Rl or the likelsd alt&be 1d Bontactsuitlr the dehylrdiedion dekyirogenatedeoxindet
provi ded, and the oxide sem conductor. | ayer

wi th t hesamigerductosdaysr 4105 pdbatadhin lgyg?fsS_iSl‘zlré*oaé ; aagljfrﬂggﬁt)@i‘é’g?%‘%g%} ot
2 ot LR 00 R ot o |
reli abi | ntaypufattueed (s¢enF¥G.115).t r ansi stor, the threshol d voltage of the thin
filn1traﬂihiior 1431 before and after the BT test can be controll ed.
In this structure shown in FIG. 15, the source and drain regions 404a and 404b
are formed using any of the following; an In-Ga-Zn-O-based non-single-crystal layer;
an Al-Zn-O-based non-single-crystal layef; or an Al-Zn-O-based non-single-crystal
15  layer containing nitrogen, that is, an Al-Zn-O-N-based non-single-crystal layer.
[0215]
The source region is provided between the oxide semiconductor layer 403 and
the source electrode layer and the drain region is provided between the oxide
semiconductor layer 403 and the drain electrode layer.
20 [0216]
It is preferable that the second oxide semiconductor layer used as the source
and drain regions 404 and 404b of the thin film transistor 473 be preferably thinner than
the first oxide semiconductor layer used as the first oxide semiconductor layer used as a
channel formation region and have higher conductivity (electrical conductivity) than the
25  first oxide semiconductor layer.
[0217]
Further, the first oxide semiconductor layer used as the channel formation
region may have an amorphous structure and the second oxide semiconductor layer used
as the source and drain regions may include a crystal grain (nmanocrystal) in an
30 amorphous structure.  The crystal grain (nanocrystal) in the second oxide

semiconductor layer used as the source and drain regions has a diameter of 1 nm to 10



30[ 0207] WD 2011/00472447PCT/ JP2010/ 060938 Enbodi rent 8 can be

I npl emented in appropriate conbination with any other enbodi nent descri bed
herein. [Wotzodiewerzs 9] [ 0208] 51 n Enbgdi nent 9, an exanpCe/JpPinhéooss t he
structure is partly different fromthat described in Enbodinent 1 will be
described with reference to FIG 15. Enbodinment 1 can be applied to the
sane portion(s), or a portion(s) or a step(s) having the simlar
function(s) as/to Enbodi ment 1, and the description thereof is not

r epeat ednm|, 6p@]ly hbout Xm0 émbndi nent, it is preferable that heat treatnent
for dehyfldaigkon or dehydrogenation be perfornmed in an oxygen atnosphere
after a 14% oxi de sem conductor |ayer is patterned and then sl ow cooling

be performed ipuxttllﬂ:?,/ %rgﬁa/eﬂae%gmpﬁm Qhfer A0788 fériRA! tHEARINGIP &Rhge: The
heat treatnment pertorned on the first oxide sem conductor |ayer in the

above at #B3 phagrbe sugjnctedi toheatitreatinepu(preferablysal aempera®@raigherghan emwfuabi st ur e
existing in_ap oxide semc yetor layer 430. [0210] . t d
oxi ded® seffl E%ﬂ]g@l@f‘é fOWefpn \%1%‘?0&5 Tpity Béy‘ﬁg aémgg%xpg:eo ahBges? ﬂ&l&)é(s@f‘%‘%ssg? 02

thin L1 Bt CANSSNAR: § SR e fiRlea P od b6 B 1M S IRRRGMS Bherky o

and then a conducive lTayer is torne 11] the first oxide
sem condBgt @k Heay @reatnidhg theaxidt semidendietur daywmdl30is henyeel while deirfpein
O Sy oSS obo . S Bl Bl S O st
o, U P G TIh g g s g, ot L oy o
| ayen040P0218$ a groove (a depressed portion). [0212]
Embodiment 9 can be implemented in appropriate combination with any other
~ embodiment described herein.
[Embodiment 10]
[0220]
15 In Embodiment 10, an example will be described in which at least a part of a
driver circuit and a thin film transistor disposed in a pixel portion are formed over one
substrate.
[0221]
The thin film transistor disposed in the pixel portion is formed in accordance
20  with any of Embodiments 1 to 9. Further, the thin film transistor described in any of
Embodiments 1 to 9 is an n-channel TFT, and thus part of a driver circuit that can
include an n-channel TFT among driver circuits is formed over the same substrate as
that of the thin film transistor in the pixel portion.
[0222]
25 FIG. 16A illustrates an example of a block diagram of an active matrix display
device. Over a substrate 5300 of the display device, a pixel portion 5301, a first scan
line driver circuit 5302, a second scan line driver circuit 5303, and a signal line driver
circuit 5304 are provided. In the pixel portion 5301, a plurality of signal lines are
provided by being extended from the signal line driver circuit 5304, and a plurality of

30 scan lines are provided by being extended from the first scan line driver circuit 5302

and the second scan line driver circuit 5303. Pixels each including a display element



Next, a silicon oxide layer is formed as an oxide insulating |ayer 407 so
as to be in contact with the oxide sem conductor |ayer 403 by a sputtering
nmet hod orwa 2PGU4R2@ net hod. As the ox'cfpe i nsul ating | ay@cT402010/04008% i S
formed to be in contact with the dehydrated or dehydrogenat ed oxide

sem conductor |ayer, is fornmed using an inorganic WO

2011/ 00472448PCT/ JP2010/ 060938 i nsul ating | ayer which includes noisture, a
hydrogen ion, ON and the like as |ess as possible and bl ocks entry of them
from t heareudrsinged is peatiikiatdhteysectorsi 0ff tenscarilites |amgethe gignal dinks.cobheni tri de

oxi de | ayer is d. ilicaogn .nitride lLayer maybe stacked . oxi de

i nsul at i g}@)s}fé ég_aggf@éi%fplay device *Ish‘émB%t%%a ?1%'3%5& ForgF ?598 1956651@501‘ or med
by a spubdifli NebntBilBOsk a BodtleY R RtAQAconRECtiddEpdriibie siich A%a fléxible printedont act
wi th the dehydrated or dehydrogenated oxi de sem conductor |ayer 1403, so

t hat a t birenif (HP@)t r ansi stor 473 includi ng the dehydrated or dehydrogenat ed
oxi de se@zéggductor | ayer 403 as a channel formation region can be
10mantf a d (see FIG 15). [0214] In this structure shown in FIG

15, the sourcepapd. dbAl thel gl San 14 Hrivancird43B0ar thefsecamcscurs ling deimgr of t he
followi ng; an In-Ga-Zn-O based non-single-crystal |ayer; an Al -7n-0O based
non- si ngFiecuit §33annd theesignab ling dripgr reng 594 g fasmed oMy the SAPE SURSRE oy er
cont ai ni it [ an - £1- - S| e al: | ayer.
[ 0215] SS0d"a4 fﬁ%sgghkgg{orn e%?.ool n i@krﬁfd(;r&%gdﬂﬁi%qmeée}ﬁ%@e&gﬁ?dﬁ %slg%ﬁgléronduct or
| ayer 408irafid ahdi¢heslikid ahiel et prodizlet asxernalydist deeradsed, whiclyileads ite qostovi ded
bet ween the oxi de sem conduct or er 403 and the drajn gl ectrqode.| ayer.

| a)
20[ 039 6] reduction. |Kurther, the,pphey of ‘?%%‘gs {7 EMeCOBBREO8, TR B ORI YY * | ayer
used as Lhg; EqeROHe HEBlIM PP BNFe R4 waRE A@Hr @frcdiPR préviled for Me

f
transi stor be pretrerably ‘thinner than the first oxi de sem conduct or
| ayer usedtsale dhehd isnbstratexi5300,s ehichoherde ttor imprpeemenseof she acliabilithieor
I(ﬁ;gﬁ{ Ihgrilmlrn%%rtr)lgnte})r%(tjheh}%\e/ﬁ hi gher conductivity (electrical conductivity)
[0224]

15 As an example, the timing control circuit 5305 supplies a first scan line driver
circuit start signal (GSP1) and a first scan line driver circuit clock signal (GCLK1) to
the first scan line driver circuit 5302. Further, as an example, the timing control circuit
5305 supplies a second scan line driver circuit start signal (GSP2) (also called a start
pulse) and a second scan line driver circuit clock signal (GCLK2) to the second scan

20 line driver circuit 5303. Further, as an example, the timing control circuit 5305
supplies a signal line driver circuit start signal (SSP), a signal line driver circuit clock
signal (SCLK), video signal data (DATA) (also simply called a video signal) and a latch
signal (LAT) to the signal line driver circuit 5304. The clock signals may be a
plurality of clock signals whose periods are deviated from each other or may be

25  supplied together with an inverted clock signal (CKB). One of the first scan line
driver circuit 5302 and the second scan line driver circuit 5303 can be omitted.

[0225]
FIG. 16B shows a structure in which circuits with low driving frequency (e.g.,
the first scan line driver circuit 5302 and the second scan line driver circuit 5303) are

30 formed over the same substrate 5300 as the pixel portion 5301 and the signal line driver

| circuit 5304 is formed over a substrate which is different from that of the pixel portion

5301. With this structure, a driver circuit formed over the substrate 5300 can be



25first oxide sem conductor |ayer. [0217] Further, the first oxide
sem conduct or | ayer used as the channel formation region may have an

anor phouswetzouawure and t he second oxg e sem conduct or PayarP2ueee9ss t he
source and drain regions may include @ crystal grain (nanocrystal) in an
30anor phous structure. The crystal grain (nanocrystal) in the second oxide
sem conduct or | ayer used as the source and drain regions has a dianeter of
1 nmto 10 nm typically about 2 nmto 4 nm [0218] Further, after
ll:) he O)l:() | dﬁ)rhigﬂlﬂsﬁltﬁi anhin filne trad€istoi withdowedficltfefetthmobility an canzpas¢dstothatd 73 may
e subjected to heat treatnent, (preferably at, a tenperat.ure higher.than or
equal 5 Pbalsesigtoplermedyising hsinelssgyey! %eﬁxswdaﬁ&?ge %FPﬁ%E%‘Pie%%a?e p

ni trogenynt GHSRRGHE 'diégl?ar%gmlr@duch@ﬁ‘tintth@%ﬁﬁﬁﬁ off SstdpS! feausmsh af cgn0 C for

1 hour in a nitrogen sphere. By the heat treatnent, the oxide

sem condimpovementdn y#lS or thetlgkatoan bukchievadei ng in contact with the oxide

I nsul ati ?(?% I i}yer 407; accordingly, variation in electric characteristics of
the thinl¥420k transistor 473 can be reduced. 10[ 0219] Enbodi ment 9

can be inpl enef},ethih KiARRAERD @dsLrib@IRi a0 bf Bfbodiclendy te9 iedn wokadeent
descri bed herein. [Enbodi nent 10] [0220] 15In Enbodi nent 10, an exanple

will be d&crlbEHGS.nAMninshl 8, dnexemple ofos strusturg agd operiatien pEasignahldne t hin
filmt ragﬁllvgrtc%rcm Iw%fl)&sfs"%rlnpedausgllgxa%ln-&%&ﬁél%la{s%eg&fbg&d over one substrate.

[ 0221]
[0227]

10 The signal line driver circuit includes a shift register 5601 and a switching
circuit 5602. The switching circuit 5602 includes a plurality of switching circuits
5602_1 to 5602 _N (N is a natural number). The switching circuits 5602_1 to 5602_N
each include a plurality of thin film transistors 5603 1 to 5603_k (k is a natural number).
An example in which the thin film transistors 5603_1 to 5603_k are n-channel TFTs will

15  be described.

[0228]

A connection relation of the signal line driver circuit will be described by using
the switching circuit 5602_1 as an example. First terminals of the thin film transistors
5603 1 to 5603 _k are connected to respective wirings 5604_1 to 5604_k. Second

20 terminals of the thin film transistors 5603_1 to 5603 k are connected to respective
signal lines S1 to Sk. Gates of the thin film transistors 5603_1 to 5603_k are
connected to a wiring 5605_1.

[0229]

The shift register 5601 has a function of outputting an H level signal (also

25 called an H signal or a high power supply potential level) to the wirings 5605_1 to
5605_ N in order so as to select the switching circuits 5602_1 to 5602_N in order.
[0230] |

The switching circuit 5602_1 has a function of controlling electrical continuity
between the wirings 5604_1 to 5604_k and the signal lines S1 to Sk (electrical

30 continuity between the first terminal and the second terminal), namely a function of
controlling whether or not to supply potentials of the wirings 5604_1 to 5604_k to the

signal lines S1 to Sk. In this manner, the switching circuit 5602_1 functions as a



The thin filmtransistor disposed in the pixel portionis fornmed in
accordance 20 with any of Enbodinents 1 to 9. Further, the thin film
transi st owodesiowitzed i n any of Enbodipnpents 1 to 9 is anPoToR2Mmed093FT, and
thus part of a driver circuit that can include an n-channel TFT anong
driver circuits is forned over the same substrate as that of the thin film
transistor in the pixel portion. [0222] 25FI G 16A illustrates an exanpl e of
a bl ock diagram of an active matrix display device. Over a substrate 5300
of the didgltary @amhagtheahpi fih traosistosnS@B01 to 2603 rkseach dawe [ai fuactimi ofer

ircuit 5302, Line dri i rcuit 5303 bgnal Ji
G ver  cRoRnE S S GORBUNUEReT R EgrSible YEPes n05908 ST I 'y of
signal | hpes gl iR Q%;}a@ﬁ?leéom RESH SaflyeNHREEK IR MR thdriRoltd ver

circuit 5304, "an urality of 30scan |ines are provided by being

ext endedstdppyrthelirerefpacive potntials of thir imimngsciG0dul tto 5809 katedtheldespsetdved scan
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t he scanskiN@Fusdtiont iea Svidral | ines. The substrate 5300 of the display
device is connected to a timng control circuit 5305 (also called a
control | §238F a control 1C) with a connection portion such as a flexible
printed circui F " 0223 i i ne
driver circui tﬁg%o'gf%) Ylﬂgo é‘%ﬁ%n‘l t%g%%T/H iﬁgng‘#ﬁq\(feﬁg@% iO?(IE:*%i ‘E’irg%g,%ﬁdwt he

si gnal | 5p@4 @i T8E videbCsifiial AROA(DAEAY B are dnalvg sighhlecarassporalifys to amags5300 as
t he Eq!)xel portion 5301. Therefore, the nunber of conponents of a driver
circlPt dna or peimagesighRl BHMaR%Ca5¢ovi ded external ly is decreased, which

| eads to @%l 10 reduction. Further, the nunber of wirings in the

connect i [)n portion due to extension of wirings is decreased as conpared to
t he case wher eNaxtgoparetiorc bf thei signad lipe dviveiecirdudtr int HE. duidsvidiebeodesctieed

substrate 530Q, which leads to i. v nt.o h eliability .or

i mpr overré‘ﬂ&‘ 82“?’?1"@ 19; 3 tigning éﬂ]‘%&s? : e}fbk‘b‘?‘eﬁl{"h@ Eramplg of gl

circuit 230615HRYut A5 ard Gighls V) 11 fon@dE iVRI'shbivin UThe Sigabls Sougniato ( GSP1)
and a first “scan li'he driver circuit clock signal éGCLKl) to the first scan

| i neldlr i Sent_oi are exampe0f output istgmals of theashife regifinre 001 jaad therfignglscYdata di
ircuit 53 | i d N i ver. cjreui A te 6] GSP2
(ol S0 caft v s FamRle 3 “ARetfe iRy BEh 4 inpl b wihdlsiseBu Ny £ .57

signal (&6bK2). tOnd bRerarmqpdiod Gfhe2fgnal life delvérvsircuiticontspondSdonefgatd her, as
an exanple, the timng control circuit 5305 supplies a signal line driver
circuit selaetiongegind|in pdswplay devidegnEpr exampleyong gatecselection Pefaskiy dividaeh)
(SCLK), videq .si ta (& I : . i S and a
| at ch si éﬁglpefliﬁﬂ%ﬂﬁheTfsllpgér@?dslﬁn%Gr r :av r&?ﬁsgﬁrs?rIS%{ﬁﬂgd}ﬁgh%F%&:

si gnabs (BATAYt@piRtlsimselécgedoows] ock signal s whose periods are deviated from

each other_ or may be
{0233]

Note that as for the components shown in the drawings in Embodiment 10,
distortion in a signal waveform and the like are exaggerated to be shown for clarity, in
some cases. Therefore, there is no limitation on the scale of the components.

25  [0234]

In the periods T1 to TN, the shift register 5601 sequentially outputs an H level
signal to the wirings 5605_1 to 5605_N. For example, in the period T1, the shift
register 5601 outputs an H level signal to the wiring 5605_1. Consequently, the thin
film transistors 5603 1 to 5603 k are turned on, which brings electrical continuity

30 between the wirings 5604_1 to 5604_k and the signal lines S1 to Sk. At that time,
Data (S1) to Data (Sk) are input to the wirings 5604_1 to 5604_k, respectively. The

Data (S1) to Data (Sk) are written into pixels in a selected row in the first to k-th



25 supplied together wwth an inverted clock signal (CKB). One of the first
scan line driver circuit 5302 and the second scan line driver circuit 5303
can be omwvoted/oof225] FI G 16B shows agstructure i n whi ®@aTOP200WDE0938M t h | ow
driving frequency (e.g., the first scan line driver circuit 5302 and the
second scan |line driver circuit 5303) are 30 fornmed over the sane substrate
5300 as the pixel portion 5301 and the signal line driver circuit 5304 is
formed over a substrate which is different fromthat of the pixel portion
5301. W tdlutnink shistighitheitrrespeatiel thirefilng itraasistorsf $#03et to §603_khe Thuhysn thet e 5300

can be WD 2011/00472451PCT/ JP2010Q/ 060938 .forned. using a thin film
transi st BeriQdst o videosgna fl‘ft%%BA%‘gbfsl WHlenntq e pixe ntt%e Tellu%ﬁteléo‘f’wa

transi st : j i ngl e crystal sem conductor. Accordingly,
Sy RN £ oLy

i ncrease | | _ e display device, reduction in the number of
steps, r@Mssiion in cost, inprovenent in yield, or the |ike can be

achieved. 5 [0226] .. ., _The i.n i transistor desctibed in any of
Embod? nents 1 %@S ‘g"ﬁ“ég &‘rﬁieﬂ-slﬁ’?étajﬁ'f‘ ({)‘ﬁ%ltﬂ W—"fet]’is.f’erlai,&?“é%l& y f? éfoaue{lrllnseisanpl e of
a struct YL Bl JRRR! Akimimbet oﬁviﬁé(ﬂﬁ@hal'dafbe(]m r thé h@sbér offieingd sanl Or ned
using an n-channel TFT I's described.” [0227] 10The signal line driver
circuit becédted aThisi the nwegbestafrcopsertioando an exforeadiciiguidicar Betredwsd. The

Swi t chi ircuit 5602 includ | i . SWi t.ohi e C Ui
5602 N ( Refthera Btk Vi SEP RS & Bl Borcd PiuBhicy ¥t EORRE, FiR i 9072t 1
each i nchbgied @anBeWxadnided amd inkiitiichey of Wriing bStidessipiScan teprbbitedk (k is a

natural nunber). An exanple in which the thin filmtransistors 5603 1 to
56031R al@3®]channel TFTs will 15be described. [0228]

Note that as the shift register 5601 and the switching circuit 5602, a circuit
including the thin film transistor described in any of Embodiments 1 to 9 can be used.
In that case, all the transistors included in the shift transistor 5601 can be n-channel
transistors or all the transistors included in the shift transistor 5601 can be p-channel

15 transistors.
[0237]

An embodiment of a shift register which is used for part(s) of a scan line driver
circuit and/or a signal line driver circuit will be described with reference to FIGS. 18A
to 18C and FIGS. 19A and 19B.

20 [0238]

The scan line driver circuit includes a shift register. The scan line driver
circuit may also include a level shifter, a buffer, or the like in some cases. In the scan
line driver circuit, when the clock signal (CLK) and the start pulse signal (SP) are input
to the shift register, a selection signal is generated. The generated selection signal is

25  buffered and amplified by the buffer, and then supplied to a corresponding scan line.
Gate electrodes of transistors in pixels of one line are connected to the scan line. In
order to turn on the transistors in the pixels of one line all at once, a buffer which can
supply a large current is used.

[0239]

30 The shift register includes first to N-th pulse output circuits 10_1 to 10_N (N is
a natural number of 3 or more) (see FIG. 18A). A first clock signal CK1 from a first
wiring 11, a second clock signal CK2 from a second wiring 12, a third clock signal CK3



A connection relation of the signal line driver circuit wll be described
by using the switching circuit 5602 _1 as an exanple. First termnals of the
thin fil nworangiogt2ers 5603 1 to 5603k5 re connected to PETPRVLNI@IFE ri ngs
5604 1 to 5604 k. Second 20 terminals of the thin filmtransistors 5603 1

to 5603_k are connected to respective signal lines Si to Sk. Gates of the
thin filmtransistors 5603 1 to 5603 k are connected to a wiring 5605 1.
[ 0229] The shift register 5601 has a function of outputting an H

| evel si goal a(third avitihg 4l land aafourh silorkasigoal GKH i fgdm poferthswispigy 14etent i al
|l evel) to the wirjngs 560 to 5605 N in der select .t he
ot Cohi nEsRAE P b6 Sau ooV th pulbepaprtispe J0F o 30 Fof e Hi Reitte i g

circuit ofile, , BA Ungtnpaife SPN(R Held 15k PuRES FofAh fEANWiANY 1Y iPet ween
the wirings 5 Ogiﬁ 1tego 5604 _k Iémdethe (si grnal I?nes’ Si to Sk (erlmegctrilcal 30

cont i nui inpubet the mst tpakse outpyt ciraritithdl  Arsigrah&onetbe pulse eptpuheirquit indhe| y a
function of .control)in et her or not to suppl ntjal s .of the wrings
5604 1 tBr%’BD‘&jia&eoéﬂf% g\é\gg"r?glﬁd |3 PEYI085 stage éig%am?hﬁ ‘ir?gr(’ﬁé? a ‘H’n‘é‘aw
switchin ' ' 6 f t4 DA KR 45 aRet to) 018 060938
sel ector(.;;lu Bértcﬁfer,Oﬁetﬁéntjorr\ieﬁ{??itlbgnﬁ??cgﬁ)ﬁétdc{ﬁs&g%%%_l ?’Z 5603_k each have a

f unct i onpolse catput oirtiinip t secandollatenstagaiui A pignak fremrthe tlird pulse petput ve
wirings 5604 1 to 5604 k and.theiy respective signal Lines.S t nanel y
 funct i GROUF 0o dtR Tty Srasiephen e BT p¥E o Broni 7 iipebtontl
potentia (trdifedit 10694thhe 10 %@gﬂlfohp Heh@ilsD)-KIE HIISE butpat orégnal
lines Si k?%qjg&#@émthdilggﬁa?ger, :aacﬁ 0 thre thi n@lf i ? m tﬁransi ts{)'?ors 5603 _1 to
560316 f a0cli+Qpin d& staganiva btag¢sD2fedr] the n-th pulse hotpet chetit W0 de(hsisignal dat a
(DATA) is input to each of the wirings 5604 1 to 5604 k. The_vi grefo si gnal
dat a ( DAFAled anewi stags siggak OYHan+2Hris dus tRIHE g -thoPylSraQEPYCTE Mt &ri%Sh | nage

o 9m LR Ge bR pre oy Y IGRRREDR A0 Sy st e
chart inphls&olfifat cimouiklotHe Brevivns exdfopltiee oéxtsstapeadms! Soedontl qutpuBsignaN and
signals \(/goarge%ﬁ(l)ndtir?g c\)/r(ljea(t)faOIkJTi a) tsthWJf (I\}Sp (\avh?cihglrs] ae‘esctrﬁ:%ﬂgl'clomtle%ted to another
15  wiring or the like are output from each of the pulse output circuits. Note that as shown
in FIG. 18A, the next stage signal OUT (n+2) is not input to the last two stages of the
shift register; therefore, as an example, a second start pulse SP2 may be input to one of
the last two stages of the shift register and a third start pulse SP3 may be input to the
other of the same.
20  [0240]
Note that a clock signal (CK) is a signal which oscillates between an H level
and an L level (also called an L signal or a low power supply potential level) at a
constant cycle. The first to the fourth clock signals (CK1) to (CK4) are delayed by 1/4
period sequentially. In this embodiment, by using the first to fourth clock signals
25 (CK1) to (CK4), control of driving of the pulse output circuit or the like is performed.
Note that the clock signal is also called GCK or SCK depending on a driver circuit to
which the clock signal is input; however, description is made here using CK as the clock
signal.
[0241]
30 Each of the first to N-th pulse output circuits 10_1 to 10_N includes a first

input terminal 21, a second input terminal 22, a third input terminal 23, a fourth input



15 Sout N are exanpl es of output signals of the shift register 5601 and the
signals Vdata_| to Vdata_k are exanples of respective signals which are

i nput t o wheowaoitgs 5604_1 to 5604_ One operation peciradzmb/ososs si gnal
line driver circuit corresponds to one gate selection period in a display
device. For exanple, one gate selection period is divided into periods Ti
to TN. The periods Ti to TN are periods for witing video signal data 20
(DATA) to pixels in selected rows. [0233] Note that as for the
conponentesmixiab@, a fifthhiapuolr @whingk 25,na Endd @dipue nérmify] 26, sbdatscoomd outputsi gnal

wavef dthe lik ted to b f 1
Cases. | TifEPERbIE CeeaPol SR nd W st iaRHaATEAak f (Bsependipbh il ahent .
[0234] 14 hie tﬂﬁallﬁﬂﬁ t'&hmm Faret et iyt cornﬁgét@d & Qf- {IRSAMERS ErihY

outputs an Hlevel signal to the wrings 5605 N. For exanple, in
t he peri wirinlgs, 11t toe14hi Far exagipl, én HGOlSlbuthpLﬁust mWUthr@m?Il 2 ofrthe first t he

wiring 5605 1. Co L he thin f t P 2603 k

furnetl oRUSGRIIEH BREndD_Lralearedy teBrctsd b Lo a5t Bubtdun ekedol finRlk "s60a ¢

to 5604_{crAfd bhof shedidl phisd8sips cifcit 0. 1/ clebiditally Eohnedddd & histcdr@ Dat a

(Sk) are input to the wirings g604 1 to 5604 k, respectively. The Data (SI)

'{A% 2Dgt1 i/ ngr)g a2eand }thet third imput girénad 33nof theeFiest thader GUPYNCIGNE 191s#S to k-th
472453PCT/ JP2010/ hi

i1 m trafrerareoaesaed | gedpd Wtk MR IS hobasRgRnsicor 100 5

si gnal dﬂfelaseé@ﬂ-rﬁlsd 6ut]M|’1tl ¢itcan 10nRds elketricaie bsnnentetl he tixesezohd ovitingvl2,
sequenti a ever colums. [0235] 5By t d
t oqu(eI glepécmgi g{mn,t éq:ri[qualoip 9{') plm.rf,&coag puYgel odtlr)]\% (\:/1{'culet010S |2g12ae|:1egrai}:a y( DATA)

connected to the third wiring 13, and the third input terminal 23 of the second pulse

output circuit 10_2 is electrically connected to the fourth wiring 14.
[0242]
In the first pulse output circuit 10_1, the first clock signal CK1 is input to the

15  first input terminal 21; the second clock signal CK2 is input to the second input terminal

22; the third clock signal CK3 is input to the third input terminal 23; the first start pulse

SP1 is input to the fourth input terminal 24; the next stage signal OUT (3) is input to the

fifth input terminal 25; the first output signal OUT (1) (SR) is output from the first

output terminal 26; and the second output signal OUT (1) is output from the second
20  output terminal 27.

[0243]

In each of the first to N-th pulse output circuits 10_1 to 10_N, as well as a thin
film transistor (TFT) having three terminals, the thin film transistor having four
terminals described in the above embodiment can be used. In this specification, in the

25 case where two gate electrodes are provided with a semiconductor layer interposed
therebetween in a thin film transistor, one gate electrode under the semiconductor layer
can also be referred to as a lower gate electrode and the other gate electrode over the
semiconductor layer can also be referred to as an upper gate electrode.

[0244]

30 In the case where an oxide semiconductor is used for a semiconductor layer

including a channel formation region of a thin film transistor, the threshold voltage may

be shifted in a negative or positive direction depending on a manufacturing process



descri bed above, the nunber of video signal data (DATA) or the nunber of

W rings can be reduced. Thus, ‘the nunber of connections to an external
circuit ocso2ba/00etuced. Further, by V\gé ting video signalPSTUB200/RE@38 per a
plurality of colums, witing tinme of period can be extended and
insufficiency of witing of video signals can be prevented. 10 [0236]

Note that as the shift register 5601 and the switching circuit 5602, a
circuit including the thin filmtransistor described in any of Enbodi nments
1 to 9 ctherdof udkds, itnist peiferablsethatlthe tthin filmnastisos in nehgheah joxidehe shift
transi stor 5601 can be n-channel transjstors qr all, th ransi st ors

| ncl udedsSTHORHRCEIT Pt ok & CPBPNRGAT BT BEuEel L FReRcl oA SRS

[0237]  phave a QRucRITL UHiFBMHe tRiesiblS Dbltdge’ @ibet@ntrvidh The thfesKb Vol ¢ (s) of
a scan line driver circuit and/or a signal line driver circuit will be
descr i bedf thetthinrfdfretransistorthaving@Esur tegmingls cag be soetratledo begpredriermam:d

20[ 0238] The scan, line drjver cifcuit jn i i ster. The
scan 71 i n¥alyf ibVéionEPl?‘EER{le Hﬁ&‘i“%"f@sx of 1S 1o§&™ §aieee\(}é¢i%?§ia$fi é)? ,tﬂ%ué‘ﬁe?f%{re, or the
like in sppgodeases. In the scan line driver circuit, when the clock signal
(CLK) and the start pulse signal (SP) are input to the shift register, a
sel ecti of02dbynal is generated. The generated selection signal is 25
buffered and applified by the buffer n h Le ondi ng
scan | ne. Gat Segh e EigtRls SO P s B PR R Bl refELRAP

connect eg ghawhif FSGaRB Wilkbe dedcrifedeavit fdreriod to FIG.NBCA.r ansi stors in the
pi xel s of one line all at once, a buffer which can supply a | arge current

i s uded. [QW939] 30The shift register includes first to N-th pul se output
circuits 10_1 1 J . . I f 18A) .
_1 5 nglfyé\l eéék\?lul’f arc‘?ntq'aila{ &l shBWahe gldi 18¢ RCIARS st l(osﬁlgrté%h@ )

:
A first clock sSIg roma tirst wrin 1, a second clock signal CK2
from a seamidoni 31 rRg41.2, Signilkior poeleo clpplyy gro&inti@l3are \Wapplied to the first to

2011/ 00472454PCT/ JP2010Q/ 060??8 froma third. wigin 1%19 nﬁ(il a fourth clock
si gnal Clirteengiiransisiors o tufs thog iBO‘é{?feS“QH{XgHee{& tf’g"ht’ aﬁf SPVELSURPPh pul se
out put ci i:11S ] i fi b STISER ahR¥Wehd BowerG . A
start puPé{eéH{éiglV%g)_gsi %‘@P ﬁ%fgr ? ‘EVB%{@@?M l;l%emggg???tﬁh th‘réi ng % i's uip%gﬁt to

t he 15r spotentideVoGtipsupmiedcand a power suppdy tinelS3 fte ovhiethe thitd peweusupaty circuit

in the 5 previ stage.(the,signal called a previous stage Sign

(n-1)) (ﬁgﬁegt‘aaI% t?rsélgpﬁﬁ%#rb&er% THagritufe, Klatge (éféﬁ%l’ Y& éfpgﬁop qt%'\}\%lr O{)r‘lrarn or
equal toeéc\ﬁpdv&?er!sﬂﬂ&l? 1f€ it PEG.N8 s RY SR wAY IHRUrsChdwdtisupply poleatisieyDmd or

| ater stage.” A sighal fromthe third pulse output circuit 10 3 in the stage

two stagéshigherdhart oreeqirpktotthpsdcord pewerusupplyrpotantiah YO ang the, peeond govele fi r st
pul se out

pul se_out iy Goleittai vaLit highPthahhe thifd SRR hpAY oRfhublMv35: ¢ Aihge out put
20 the first to fourth clock signals (CK1) to (CK4) are signals each of which alternates
between an H level signal and an L level signal at a constant cycle; and the potential is
VDD when the clock signal is at the H level, and the potential is VSS when the clock
signal is at the L level. The potential VDD of the power supply line 51 is set to be
higher than the potential VCC of the power supply line 52, thereby reducing the
25  potential applied to the gate electrode of the transistor without adversely effecting the
operation; thus, the shift of the threshold value of the transistor can be reduced and
deterioration can be suppressed. It is preferable that thin film transistors each having
four terminals be used as the first transistor 31 and the sixth to ninth transistors 36 to 39
among the first transistor 31 to the thirteenth transistor 43. The first transistor 31 and
30 the sixth to ninth transistors 36 to 39 are transistors by which the potential of a node
connected to one electrode of a source and drain electrodes needs to be changed by a

control signal to a gate electrode, and increase in the response speed to the control



10 10 _(n+2) in the stage two stages after the n-th pul se output circuit
10_n (the signal called a next stage signal OUT (n+2)) is input to the n-th
pul se outywototaog1zet . A first output ﬁs}'gnal (cor r espondipad@/Jeria0/060988UT (1)
(SR) to QUT (N (SR)) to be input to The pulse output circuit of the

previ ous and/or the next stage and a second output signal (corresponding
one of QUT (1) to QUT (N)) which is electrically connected to another 15
wiring or the like are output fromeach of the pulse output circuits. Note
that as sipealrinput tblthe 28, elédnmdaebiteadt af) thesi gymlp r@lifrg ohH #@) on-eurmait) camput t o
the | ast two stages .of the shift gl ster; ? as_an eéanglle, a
second sfedpge ppaliunctipn ofgh %é’“lsﬁpﬂ‘!t tto CHRML. of AEtares oYt Uing YL LIBE ¢ he
shift re . Iy AP cdntrollBg, @t ihgr of the
cane. 207 pBEy ﬁa&lﬁ%féﬁgﬁ’éﬁ%@t“h?éﬁ*%??*’éﬁ?‘“( G T

osci | | at ¢ rhafusetdon afithel pulse eutpancirauit danbeveduc¢dl so called an L signal or a
| ow povve[ ]opl y potential level) at a constant cycle. The first to the
fourth clG&dl s gnhals (CK1l) to (CK4) are delayed by 1/4 period sequentially.
In this enbodi fpRiG 18¢, é’ﬁi’s’ﬂ@krﬁlhﬁl bf the trirktQranSidior B1 G4 Eledtrisdlin@nsiectéd to CK1) to
(CK4), control of driving of the pulse output circuit or the like is

per f or methe piva supaty lihe ¢l @deccmdgwanmab ofithe figw | traagistaridlots destrigadbendi ng

on a driver cjr.

descri pt FEH*® F@dﬁ& 1rﬁ3?rgulaa (ﬂkg tlhqpatiﬁﬁ%bg cqgldsa% %ﬂgm %ﬁf&%%l*:gg h of the
first toehkfibdePandsm nﬁiﬁep gite Qld’cﬁUdld)i)f 1Hb first raddistdt 3Nl dietedcallyfdonsdctédnput
termnal 21, a secon nput term nal a third input t

fourd® i tm@ufourthemmtﬁanmlzal 245 A f‘tshtei“ﬁﬁlﬁ of the $pepRd tpgsistor g? F%ae‘aﬂfglﬂ

t erm nal e t input
t er mi nal %Tfec?ﬁcelo ?éecﬁwdé} g@w{ﬁ%rst% %a &?g ,t angaﬁﬁéﬁé Q&ﬁ@l}rgggg%EE g% Iéﬁsnal 23
are el eCErebﬁﬁb]ﬂy/c@ﬁﬁdedt@thetfﬂstaenynmﬂ dfhhae fhinthstransistdr 3Qy ard a\gate nlgstrade t 0 14.

For exanple, in FIG I Ist th irst .5 pulse
out put cPf &g secopd 1‘311%‘5"8{ éét‘?l ["&Wcﬁn}ﬁ(‘f tegdtot‘bg?tﬁ }?ﬁ%iogf’ @tf’? fPTHY the
second i '&B{&st&eﬁn nﬁlflrs?(?te:%mﬁlhﬁ thd {hld PilsREOr®3tipeleckichliy cénnklted tb $he
electrically connected to the second wiring 12, and the third i nput

t er mihal fi28 ioputtthenihal 21, qm;llassecom parminsl rof (the thiol transistey] 3% is tleetricgily

connected to the third wirin ion.,. nal 21
of the s&BYGte d?élée{ﬂ ﬁ‘Pu‘cﬁgFBﬂf“t i‘?o ‘g%s %aflro:?(t:a ﬁrOﬁ}ﬂéct)}r%géei%:tto ¥e§£ ngo t he
second WefekfEally coﬂchkHQO IRCHGWerl supplly HRrIB, ﬁﬂ(ﬂ adecaid tkhﬂnsle(ﬁf(lﬁd fourtis e
output circuit 10 2 is electrically connected to the third wri ng 13 and

the thir cﬂranmgx 34 Esraksatragally Topectaddo sheclinstowppidermynal A6 & fisttermmal of § g
electric nnec iRet3E pul se
out put ci ec ftﬁ Q%Sli or (t:}' ﬁe’gfeltle:&gfgaﬁyo Enéglégn&gth%:i’f “I[eg%? 1 tlﬂlf oﬁ?hege%@ﬂ irst

i npuiot endriri@l of the il tEmcismd 36I1@©lecﬁlognyxlcoﬂ@tddstoltheplgatetabedtﬂmde ofciond i nput
termnal 22; the third clock S|‘gnal CK3 is i n&ut 54 nput

term nal sgndtnsisiqis32 apdthe gafeseleaiode; of fhey, “Po‘rT%§t9’ t*H‘dl Apite

term nal | ) tthe fodriteinpiif defninaput

t erm nal %étm{l{gf ?’gxﬁf %ﬁ‘g‘%ﬁ‘tﬁj %lrlfggneé ca(l?’ Co?ﬁe(déal)[)l%ltsé g%t pultnbf rom tnhe first
out put t @am Aafirs? Germamed of lthe smdotrdnsmo:p% i elgotaical} Forneyted o dhe power r om t he

second Zgu&? ;qlrjlte Stzegrgego%ld termle 02f tﬁl sixth transistor 36 is electrically connected to

25 the gate electrode of the second transistor 32 and the gate electrode of the fourth

transistor 34, and a gate electrode (a lower gate electrode and an upper gate electrode)
of the sixth transistor 36 is electrically connected to the fifth input terminal 25. A first
terminal of the seventh transistor 37 is electrically connected to the power supply line
52, a second terminal of the seventh transistor 37 is electrically connected to a second
30 terminal of the eighth transistor 38, and a gate electrode (a lower gate electrode and an
upper gate electrode) of the seventh transistor 37 is electrically connected to the third

input terminal 23. A first terminal of the eighth transistor 38 is electrically connected



In each of the first to NNth pulse output circuits 10_1 to 10_N, as well as
athinfilmtransistor (TFT) having three termnals, the thin film

transi st owohauvoegr2tour term nal s descrd bed i n the abovePprerbeziiiveswiscan be
used. In this specification, in the 25 case where two gate el ectrodes are
provided with a sem conductor |ayer interposed therebetween in a thin film
transi stor, one gate el ectrode under the sem conductor |ayer can al so be
referred to as a | ower gate el ectrode and the other gate el ectrode over the
seni conducther gdtaykictroden ofiltwoseoend ehavisterd32 and shegate pydentrogatof the datrthode.
[0244] 30In the_case where an oxide sem copductor js used for .a

sem condHarg§tor %‘fpé‘lﬂgian%qtﬁakeﬂﬁo‘% d?ﬂ&?fﬁ’egat? SEﬁﬁ?‘iSeo?f‘dr HrRRe" &F%ael?%'ioﬁe*i | m
transi st gf glet E&gg&h{rﬁﬁ%@ér%y@d EREFICHRY chfhethridf thafle isBedhdNRgat teyiml 2posi tive
di rection dependi ng on a manufacturi’ng process WO

2011/ 004 Thé F6RCEMhR20 DO/tH60HBB transistonf39 Bhelsctrically soprestedr tgbihe sererd t he

thin filmtransistor in which, .an i de_senl conductor i .

seni cdndifiPyR Pg% tr‘ﬁshgﬂ?éﬁt?f& 1aa'5jﬁt§ﬁ rsi%?m‘ﬁg]? Wﬁlf"iﬂoo% tfr?ee gsfl'(%ﬂ&l Erggsélgtg{ é?’rau cture
wher e t hgedohll @shithdl of Phd Maeh €aRisks I90Bteltricaly cdifectdarieshopate erRctragre of the
thin filmtransistor having four termnals can be controlled to be a

pr edet er of thedthixdvtzangistasy33canst the| gaten gleetrdepef; hattenth (teapsigtor e apdy gty at e

el ectrode, and/ oy the u e C . : anpl e
of a spegielc{}% R g@?r%%gggareeano &t#é)%gg?tg[e&%ﬁtg %fat()fctpcr gﬁllwl?ﬁ\%\ﬁc "?;sf shown
in FI G 1§BeMitricalde comfeeted t@cthwi golwer atipplgrie 52 FA Girstl@EninaDpd 2bienth

The pul se output circuit which is shown in FIG 183? i ncl ude‘f fi rsi }o

t hi r #@entrnyistahd( s deciricpilyrconnesteddp e fiEst fipuptspmin abypq sPepRd Pt @f ar e
suppli ediﬁcotegtll\etrafﬂs{,\sﬁfr 40%s e _c{ﬁc‘iﬁgtcgnﬁercﬁastb hOEeord ohPufRrhiAlD? HaAver
supply line to Ich a tirst power supply potential VDD is supplied, a
power sugple\eldctrode 52 thectemhitcansiatos 40 dn dleptoinally sonmottgd 16 theaseeond tgmiiaC | s

supplied, _.and a _power s ly, Line 53 to ich a third power. suppl
pot ent i alPf %§§“P%h gwmtqrgﬁ? I%bés,t ?%f%aa rﬂ*ﬂ%é#?@@ﬁ%ﬂ“ﬁ? Wfﬁsee Sgt\%ggnysuppl y
pot ent i aleoofeckaGH tWe\r/%%m& Yink 5B€a sdeofd fermfal bSthaldvehthavmsistonal fid r st

i

power supply potential S higher than or equal to the second power
supplly petestrically cod@ctaddto: the seeensh duipvtrvtarminab 7’y apdtacgate glecyode of thg gher
than the thir ower suppl teptial VSS h h edirs fourth
clock si§ é{F‘étﬂ(‘g?{T}S{qrokl{)ﬁ(ﬁegg}Cgﬁ%icé’ na Cs?,e %eédslﬁﬁeog&{g\hﬁl%%og?t%é {rlllgt stgg&gdet ween

an H | evelan&itenab andthedgntd elebtyéde off B Aburtt trénsisters3antA iy ltermimal df tthe
potential is VDD when the clock signal is at the Hlevel, and the potenti al

i s VSS witeplfthhsansistnrid % isgelastrirallyaconngeted tp dije powen supply difei 2\ASEPHt t he
power supply Li [ . hj.g : t ' he
power sugwnqli%gthgéwe?%%ﬁé %/lg)tr0 g?&cisnggétﬂég%c%%%gﬁtgitgrﬁlgf)g&cl&%ot u% he gate
el eciepodeerafindl 29, aridain giats teluictrodld bbthe taclfibrtsmbigtoe #R éc tleagicolhecampectad ton;

thus, the shift of the threshold val ye of .the transi,stor, can,be reduced and

det eri or Ahg Eate elentrorde Ehpolomes galg electrodeansl the MpRe| g3t Flsgtrade) ft the Spyen
transi st Qfaﬁ%iﬁt%i: B7haxieng £ Mthalldt/he fﬁgjée%nﬁxetréiﬁ%ﬂ)ra@ i§ BRcirichlPy cddndered & or 31

and the sixth to ninth transistors to 39 anong the first transistor 31
to the thhe peveertsapplydingissSt asechdd tefimndliof she thirtaenthstramsis®r 43rigl elgetrictlly si xt h

to ninth transistors_.36 to 39 ar ansi st or which fhe nt.i.al of a
node confeBRELFY:!S t%%%rséf"éte’t'ﬁ'%ﬂ%’nglf%a ag%algaté: ei‘?fr‘g%ﬂ? 8# ﬁ'eetf"étg?@ggégél%{greds to
be chgnged iPyicaircMNy Edinestediiheldatetel&iiode Ehe téwadfite éb¢ddeane @scupper t he
response speed to t’he control
gate electrode) of the seventh transistor 37.
[0248] _
In FIG. 18C, a connection point of the gate electrode of the third transistor 33,
the gate electrode of the tenth transistor 40, and the second terminal of the ninth
30 transistor 39 is referred to as a node A. In addition, a connection point of the gate

electrode of the second transistor 32, the gate electrode of the fourth transistor 34, the

second terminal of the fifth transistor 35, the second terminal of the sixth transistor 36,



WO 2011/ 00472457PCT/ JP2010/ 060938 signal input to the gate el ectrode of
each of them (steep rising of the on-current) can reduce nal function of the
pul se outwototiaogzst . Therefore, by uging thin fil mtramrsrarmeoe@assh havi ng
four termnals, the threshold voltage can be controlled, so that the

mal functi on of the pul se output circuit can be reduced. 5 [0247] In
FIG 18C, a first termnal of the first transistor 31 is electrically
connected to the power supply line 51, a second termnal of the first
transi st the ikt itemehat adfr the adighth aoinsistor S8, tand dhd igatet elearade ] thefelevrstni nt h
transistor 39, and a gaée el ectrode (a |l ower gate el ectrode and an upper
gate el ebapgyen 4l refige f"r%‘ta‘ﬂdﬁﬁ%i stor 31 is electrically connected 10 to
a fourth(ﬁmft termnal 24. Afirst termnal of the second transistor 32 is
el ectri c<[;1 y connected to the power supply line 53, a second term nal of

t he second trahsFKL d9A32ighalsevledt aiedaputyorcutpue do/Egmt thetfirst inputstermiaphi nal of

the ninth trapsistor 39, and gate. el ectrode of e_segaond transispor 32
is el?ct Eil éaﬁﬂyf %‘n‘t‘?B‘(‘ft tgming! 25,9%?3“&‘] Qtppt rEmial ?E’em}(gﬁ're tsf?cénrcgﬂ% ‘sl{ or 34.
A first (snfaial7 ehed ke Hhisk butpransicaitOdesédbdds with eefdrénmal oy FIDNIBET i£d t o
the 15 first input termnal 21, and a second termnal of the third

transi st epplB8 tp shecfirstpulsecaiitpyt cirowit 8@t letieshowme first output terminal 26. A
first term T\I of the fourth transistor 34 is electrically connected to the
power sui)(ggfg) line 53, and a second termnal of the fourth transistor 34 is
el ectrically cepaghaily, the firbeclbel signalUCKUtis inpurrioee @6t inpuf terminal @i i nal  of

the fifth transistor 35 is electrically connected tqQ t ower s ly line
53, Aa0sedhsnspcond clockisigapl GK2;indnputitp he secrud dapyt teyminal rﬁl; g‘t"t\l\ﬁﬁ“&a‘ﬂg‘g‘

t ed-. . t i 2 t
connect edi iy ERS 9y i HE!hRd Tt 14t 2901 SrBPILS KOMpRoARe i oat ©

el ectrode transi stor , and a gate el ectrode of the fifth
transi st éapuBferiminat Rd¢theineat Stygecsigmed QW (3)ois it fo thet fifth input tarminal 281 24. A

pover sut oot priavegns] LR chRE ol m InChEF Qi ierCagaRaghy . '
el ectri C@Ldo}ﬁd%ﬁgigfggﬁﬂ duTeh ik B@th@ﬁ&th@g&bﬂdi&ngﬁt tth@inglerond transistor 32

and the gate e de of tHe fourth transistor 34, and a gate el ectrode (a
| owensgaf@djectrode and an upper gate el ectrode) of the sixth transistor

i I i I .ed the. fifth | . i . i
T )t R SOPRRE Pt Aok B 4 .

power SupRiey aldrilf, v a 3o@@E.0NThd BTl tradiston das @seniidonduaosiswhichdy i s
electrically connected to a second 30 term nal of the eighth transistor 38,

and a gatcharsicbrsigiandis fomnadoife regign overlanped auth e gatenanhpareng ahichllows r ode)
of the seventh trapnsistor.37 is e i gal ed t wrgl, 1 nput
term nal %5 A t@’? rds}?mtaél(ran‘tlh%aﬁolug {hﬁ(g}ggigl t‘lﬁ%{u{rfeg%g@%o%%% ikglﬂgfﬂé}gt% cally
conneot edont¥Ming e Péténtd B ST £atE2 OHEYEDEGiASS thet soutdeeandahe dalie of thedhimf t he
second transistor 32 and the gate el ectrode of thg fourth transi stélg({ 34,
and a gatfdmdransistos may(interehapsc depeadiag athogache Bs ORFRIS PIAHIon 84 1 ode)
of the eighf hit listo 6 it SR RICRGs hQohre€ of @GREAN. | Nput
t erm nal t%mgel'hfeﬁ?istpgltﬂé%ﬁ%grﬁ% I?il)tfqg:délﬂg&ﬁl:t lrtl(%lﬁ transi st%r g9 is electrically
connect edlereforg repimaritin&idnéngranalsowfce tand a dragyt ater st gialedn sVUrcgramdihe

second terminal of the second transistaqr 32, second termpal of the ninth
transi st §FaiBdn SQMe Cagepy ﬁnctgf‘tl ?S%Jﬁﬁﬁwrgge’t%letﬁzh%3?‘5cee?ré(§{hfod§%m6?a)i e third
transisst QLrA3d 38 Gst Girdatdnighlsid Adeothér thBRot efdyhbd kefBEéd tdhs 40secamtl a gate
el ectrode fa | ower gate el ectrode and an upper gate el ectrode) of the ninth
transi st demfifali s el ectrically connected to the power supply line 52. A
first termngl of the tenth 10 transistor 40 is electrically connected to

t he firsda%ﬂﬁut termnal 21, a second termnal of the tenth transistor 40
i's electricall yn FeOSE@Cshd WA, hecap bR thagWeprévillal for patforZning abdowtraat e

el ectrode of the tenth transistor 40 is electricallg connected to fhe
second t expefatigh with thaaode Ay in the Aeating yateggFurther; insarderdp hepp thegroteniial

el event h transistor. 41 j. i cal 7 lyy |ine
o e i R piag Pty B B Lo ey O BRI bR BANGTINCHRRY, |
connect edniybd previlegond out put termnal 27, and a gate el ectrode of the

el eventh transistor 41 is electrically connected to the gate el ectrode of

t he secorl2¥¥ansi stor 32 and the gate el ectrode of the fourth transistor

34. Afirst termnal of the twelfth transistor 42 is electrically connected
to the power supply line 53, a second terminal of the twelfth transistor 42
is electrically connected to the second output 20 termnal 27, and a gate
el ectrode of the twelfth transistor 42 is electrically connected to the
gate electrode (the | ower gate el ectrode and the upper gate el ectrode) of
the seventh transistor 37. Afirst termnal of the thirteenth transistor 43

e b o — o -




[ 0248] In FIG 18C, a connection point of the gate el ectrode of the
third transistor 33, the gate electrode of the tenth transistor 40, and the
second tewoiznalooef24t he ninth 30 transistor 39 is referr@dTUB2E806950de A,
In addition, a connection point of the gate el ectrode of the second
transistor 32, the gate electrode of the fourth transistor 34, the second
termnal of the fifth transistor 35, the second term nal of the sixth
transi stor 36, WO 2011/ 00472459PCT/JP2010/ 060938 the first term nal of the
ei ghth transi sFié 13B shewsla timengcliast of] ashift oxgastarfinelndingtha/pintahity efapidsest or 41
Is referred ta as a node [ 49] Fl G 19A ¢ch are jinput or
out put 1 BPHOHE SFPYRE FIGUA. ot ees here 474 AR ERPRY 4 SR WP nal

25, the fjiy&iciRiitPypedidd 61 mab1(2619aai§Ch {di8caeetend peviblhd agsdiHodad2 B when
the pul se output circuit described wth reference to FIG 18C is applied to
the firsgatpstlsgiompepad- circuit 10 _1 are shown. [0250] Specifically, the
first C|B%% fignal CKl is input to the first input termnal 21; 10 the
second ¢ ﬁ signal CK2 is input to the second input termnal 22; the third
clock signal CKSshéwn RPRIG.119A g dibibr @aﬂsnmmgt\ehcmergate B3upplied withithie pul se
is input to the fourth input termnal 24; the next stage signal OUT (3) is
i nput t osaceed ppwemsupply RoOtenial VL] offers ativ?éltqgef descobechhelowibsfire apdeien) (SR

i s outpu JnSt out put term nal 26; and the second out put signal
QuT (1) EEB& @pnt%beefrgr%mthe second output term nal 27. 15[ 0251] Not e

that a t[02s5fil mtransistor is an elenent having at | east three termnal s
of a gate, a drain, and a source. mitr nS|sto

sem & nduct or Imthgsasewhere fbe pig ‘i’%‘&?séﬂfrgg W;“bsrerﬁ?&? § ﬁCt%?dFéﬁ F‘&? 18@&1 M pped

with the dal?}ﬁv wwvﬁcmam NERAI bhthetiode ™ AdcleAgdgur ce
t hrough t c%n annel eqlﬁlg'iﬂgr?ocanl be cont rl%ﬁs ed by 20 ccontrol i ?\g th§£W

pot ent i atheoﬁodtdﬁrapgmsmtlohbﬂe pagémtiak of h@OBI@Q rehicla i therrgcendatermanal phéhet hi n
filmtransistor, Lnterc ange n n.the str rating
condi t i ofrst érﬁHS‘ftﬂre IMEECases Pl ¢ lﬁ‘n% tg%rf‘ul SRR éjuptp ) éo%‘;t?)? icult to
define WThExh the fRstSRHNARA] OF the ﬂmltmnsﬂﬂwraaf @amcly @@l goveerf upplyi bid 5¢, as a
source and a drain are not called a source and a drain in sone cases; in

t hat 1zaseomenio ssrenasi the souree icrethe Sheretose,dndhe Hest Hrpsisiondl, ajareediasef er r ed
toas af] lfwg%fppmeﬂaandQngs DR 0IN HredsNE A5 e d PRV S thEbRETRE thdsdiRc2 Second

terninal '°
and between the gate and the drain, which may cause deterioration of the transistor.

The ninth transistor 39 whose gate electrode is supplied with the second power supply
potential VCC can prevent the increase of the potential of the second terminal of the
20 first transistor 31 while the potential of the node A is increased by the bootstrap
operation. In other words, by providing the ninth transistor 39, a negative bias voltage
applied between the gate and the source of the first transistor 31 can be reduced.
Accordingly, with the circuit structure according to this embodiment, the negative bias
voltage applied between the gate and the source of the first transistor 31 can be reduced,
25  so that deterioration of the first transistor 31 due to stress can be suppressed.
[0256]

The ninth transistor 39 may be provided so as to be connected between the
second terminal of the first transistor 31 and the gate of the third transistor 33 through
the first terminal and the second terminal thereof. In the case where a shift register

30 including the plurality of pulse output circuits shown in this embodiment is used in a
signal line driver circuit having more stages than a scan line driver circuit, the ninth

transistor 39 may be omitted and the number of transistors can be reduced.



In FIGS. 18C and 19A, a capacitor may be provided for performng a
bootstrap operation with the node Ain the floating state. Further, in
order to Wweepitideer2pot enti al 30 of theﬁpode B, a capacit ecTormieb@oss ode of
which is electrically connected to the node B nay be provided. [0253]

FI G 19B shows a timng chart of a shift register including the plurality of
pul se output circuits shown in FIG 19A In the case where the shift
register is a scan line driver circuit, a period 61 in FIG19B is a
vertical [0287]ace period and a period 62 is a gate selection period. 5

[ 0254] As shown in FIG 19A, the ninth transistor, 39 ose gate is
supplied with Mensaocexde 66%%-5}0“8%% s ‘bSSfigf[Hf iSeIpIcoRuchr l@?’%rs\z;\%vtiﬁtéé s
descri beg, ! teeﬁép&,ftﬁé iR PRt BOBESubRRt SIRAER NP Rim ARGShr & Bt t he
case where the ninth transistor 39 whose gate el ectrode is supplied wth
t he secorndiupaiyeon-curpgmk yandofieldt ¢ffict i@dilitys carh be pocreaseilajang fthe I&gﬁ'@d@f Ais

increased by the bootstrap operatian, the potential of .a sourc Lch is

t he s%coﬁﬁ_‘"%;%rraﬂf”hélm ‘f‘ﬁ‘gasfeﬁr 'é“fcof‘ﬁ%lgi oRgrnPn; i3 &1 uelgc %%5 r?%l\l\llgg?' hi gher

than therhi rcﬁ%regoﬂfeﬁet&‘i’(ﬂmi&l RORN tlaadistYP R rmbdeusing B dxiides terhiebiduetdr, of the

first transistor 31, nanely the power suppIY line 51, 15 cones tQ serve as
a

t he sour edidhhisreosed Phapplication dfrp high patensial e Ahes pate plectrpde,yis| malkin as

vol tage is_appli ed. t signifi £5S | | d: bet he gate
and the SRPEBOn G BAbshetnteregisies b NERERm P RER] Sfthr TITHER R

det eri or g{diowhéed tHehfrst pevngi SﬁEplly-poTehﬂial‘lVﬂﬂm is supphieds tooa pd@embupply Lind

el ectrode is supplied wth the second power su %Oyospotenti al . VCC can
prevéfit which therseeond pefwer SEPRIYROHNiAl V tsh“é‘PE’g APIRUATPREEALQH CanRe 2
first tr i r i i : b Shd y the
boot st r aBeaBielt o otk 38 BRERbIRRY 1Rl b Hn e R e e o 30,

a negat i yelubéd3So voit thegdrcajpjohn bamiebtneieed.t he gate and t he source of the
first transistor 31 can be reduced. Accordingly, with the circuit structure
accordi né03(5§]t hi s enbodi nent, the negative bias voltage applied between the
gate and the spypconeh at BRide cothedtiNSichhRIed3b Banteecls@diiged, widbses t hat
deterioration of the first transistor 31 due to stress can be suppressed.

[ 02565  supplied Tithergate Hectrededthet lowesgaterglectiedepanshthel @ap@cgas?selﬁﬁrqﬂéf%nnect ed

b h d termupal of the fi ' . . f th
hi 10t r SCIeSER CaabERF 37 oba, e Tped bl SRR 283h¢ ik 0% by A ) 11

thereof . iJ fupplid e galeedictidyds ltihe Howa%afsé Electadlci andl thielupygerigae geasrodk) ty of
pul se output circuits shown in this odinent is used in a signal |ine

driver ciof ¢ cighthyirangistrr 38 dreughsthersgrond tpah tarmingl dei apethe plogkiistgnat he
ninth tr ar]lslcl:hsgsogup%?lemé/ tlpeegﬁmeietcﬁgd@@tﬂetl%epgﬂp%ﬁecﬂgdé raﬂ@%héhﬁﬁe? é%f’é’ be

reduced. ¥
20 electrode) of the seventh transistor 37 through the second input terminal 22 and the

clock signal which is supplied to the gate electrode (the lower gate electrode and the
upper gate electrode) of the eighth transistor 38 through the third input terminal 23,
respectively, a similar operation effect can be obtained. Note that in the shift register
shown in FIG. 19A, In the case where after the seventh transistor 37 and the eighth
25  transistor 38 are both on, the seventh transistor 37 is turned off and the eighth transistor
38 is kept to be on, and then the seventh transistor 37 is kept to be off and the eighth
transistor 38 is turned off, a decrease in the potential of the node B, which is caused by a
decrease in the potentials of the second input terminal 22 and the third input terminal 23,
occurs twice because of a decrease in the potential of the gate electrode of the seventh
30 transistor 37 and a decrease in the potential of the gate electrode of the eighth transistor
38. On the other hand, in the shift register shown in FIG. 19A, as shown in the FIG

18B, in the case where after the seventh transistor 37 and the eighth transistor 38 are



WO 2011/ 00472461PCT/ JP2010/ 060938 [ 0257] When an oxi de sem conduct or
is used for sem conductor |layers of the first transistor 31 to the

t hi rt eentwotzoamwirsor 43, off-current pf each thin fil mpCranziigbe@wsscan be
reduced, on-current and field effect bility can be increased, and the
degree of 5 deterioration can be increased; accordingly, malfunction in a
circuit can be reduced. The degree of deterioration of the transistor
formed using an oxi de sem conductor, which is caused by application of a

hi gh pot Béthi g, tHeoset érth gahsistel 8T tig ket to bs os ad kthe cightbripasis®od8s timedat of
the transistor formed usjn nmor phous sil'cog. Thergfore, eﬁgn when t he

g a [
first po@dyansiiben theseyeath frapsi 718 tumpd,pif agd thy cighiB PSSO AP IS KPR t 0 10
whi ch th gkgag t bahti hS nS&PB! WhRkh ifcaustd bkh
operati oﬁe ?gﬁﬁ%gﬁg@r@f{% med, }eé%éé&ttﬁgtphgh%ée{rqﬁ?égomr’ gﬁgpllicﬁsﬁ%s%\hﬁ ch are
| ead i n db@essks inithe pozemtibls ofableisednd suput beaminah@2cinddbé thinlamputeterminal

i ni aturized. [0258] .E iri jon d hat th
R e e R e R T e A i
el ectr Odﬁﬁﬁﬂ{igﬁﬁk‘?st&p@@ris QtBagh eCThaeRYe, Okith ke TRUBH Clockragfl Sieh &7

e

t hrough t ird 1nput termnal 23 and the cl ock signal ich is supplied
to the ganpplied ¢ctheqmate ¢ledtendediberloyar gate Elsetrodsdandathel upprs gafspdectipsepof

el ectrod of t ei.ght ransi stor. 38 thro X0 i i nal 22
ar e the. Slecekent Gthiah P e s S e blepEiy 27 End RIS ey sl O
gate el egd Mbﬁﬁcdiﬁ)dthé telfdBiode #the 10erelctieatrle i thdepse\partdledtrodsli st or
37 through the second input termnal 22 and the cl ock signal which is

suppl® ed of dhe (eighga teansistes (38 Haoyghehe srepd gapw tsrabR} dde VaH#AM& Wper gate
el ectrode), of. .t el ghth. i g term nal 23,
respecti \9éﬁe§1{1al§?glfcrﬁlq%gré]lgtﬁé¢da1? {j’gth&é{' ﬁ §g%ﬂ£§%&§g&%§@%£ﬁe@%@&t hat in the
shift regpz9¢r shown in FIG 19A, In the case where after the seventh

transi stor 37 and the eighth 25 transistor. 38 are bath qn, the seventh
transi stor 37 {0 thigpanpepeip %ﬂ&r‘?‘ilzlué‘f‘%ﬁ’i’*ﬂdl rﬂéenQPEﬁPB?lség the t%étpf’“tPpre on,

and then térﬁlglgﬁ 9% &k fihd %:%g?# 6&@[13 Rfminal ¥ERle Kept RO TS 11 dad AR GhnhI

transi st or is turne i

ecrease in the potential of the node B,

whi chsi s ic mgakdybypplidieor thaswde B; takeorgiogkn makfusctiin ofhe pulse ontput aisenit
termnal 22 and the third input termnal 23, occurs tw ce because of a
decr ease SPhYE HPPESEShti al of the gate el ectrode of the seventh 30

transi stltf@z@ﬂ and a decrease in the potential of the gate el ectrode of the
eighth transistor 38. On the other hand, in the shift register shown in FIG
19A, as $mhedimentt K¢ ¢anChba gmplamentese in appropatee campwation ovitle\asht pther

transi stor  37. an? t he ejghth transistor 38 are WO '

2011/ 004 FIPEIHER. 3928%98%6@38 both on, the seventh transistor 37 is kept
to bgoon[gmoailﬁféneiqhth transistor 38 is turned off, and then the seventh
transistor 37 is turned off and the eighth transistor 38 is kept to be off,
the frequ@Hdy of decrease in the potential of the node B, which is caused
by the decreasgs,.t Ng i i e nd the
L e R b

pot ent i alfooh driver girtwit,edoe thiat adsendtortductoeidghict havimgsa stisptay3finctond éalseased.

Th f , With of the cl k si . which | lied.t h t
el oCt 1 odGEeTb 1 BbAgley deuicer cadieamiagtiedy, p fan o Sfisof vl 4 ¢ ne
Seve@Fh tcfri@ﬁrsi:i%u@tr usglf% 5 YAl thRistdl dafl beBHhed 6Verth@lardSsidiflate 8 thd ock

signal which I's sup ed to the gate el ectrode S}t he | ower gate el ectrode
and t he sphstratgeftapirtigortians) thapasystére-opipgnelitan baeblatedr 38 t hr ough t he
second | rt&gz]t ermnal 22, variation in the

The display device includes a display element. As the display element, a

liquid crystal element (also referred to as a liquid crystal display element) or a

30  light-emitting element (also referred to as a light-emitting display element) can be used.
Light-emitting elements include, in its category, an element whose luminance is

controlled by current or voltage, and specifically include an inorganic



potential of the node B is reduced; thus, noise can be reduced, which is
preferable. [0259] In this manner, in a period during which the

pot ent i alwoabitdoe72fti r st out put term 26 and t he secomdTOB2EOD60VER M nal
27 are kept at the L level, an H level signal 15is regularly supplied to
the node B; accordingly, malfunction of a pulse output circuit can be
suppressed. [0260] Enbodi nent 10 can be inplenented in appropriate

conbi nation with any other enbodi nent described herein. 20 [ Enbodi nent 11]
[0261] electrolurAinebient (EIL)ml¢mans¢Is¢)nganib§3In©lnmﬁ@tc@mdélé ldkad bushernore,@ pi xel
portion further for river.cir ctor. device
havi ng a ﬁ&ébl"ﬁ“\‘"&%‘?%ﬁoﬁgﬁgﬁ chay ﬁ%é’od"t %eggc S%fa‘f%s%"lc Vo 2‘“&?8&? ®&n be
manuf act g8t usEgr t hernore, part or whole of a 25driver circuit using a thin
filmtransi stor can be fornmed over the sanme substrate as the substrate of a
pi xel pof63h, so that a system on-panel can be obtained. [0262] The

di spl 2Y devi ce, i ude el t LI'BP | i qui d

crystal el emaelt“ a?lg eg- lﬁlgf ?pl%}g& ocea“slglgg qﬁ?ﬁ%lcrys h%@d‘?ls 1%’1% émant) or

30 | i ght seamddt ind9nRUEIFERWhicH S0IC &f e like itcdudisg & contiler fsrlhbﬁntétgoﬁi tepl ay

el ement) can be used. Light-emtti ng el enents include, in its category, an
a

el enent panste Thendipplay é‘eY1§e alsatrelgtes dor apyelement sHpstiste, yelichy gerrespapds
speci 11 c@ie ¥okD ¥ Jgfﬁ'@an NaisHy Sdhdht ibaRbleRdU MRARALNARE brile 8B he an

organic enen I nor e, | spl ay whose
contrast dlisplasz ldaige canldyth@ alealeacsubstrate fis pmvjdedumilh asar foc supplyingicokentcan be
used [ 02 the display element in each of a plurality of pixels. Specifically, the element
substrate may be in a state after only a pixel electrode (also referred to as a pixel
electrode layer) of the display element is formed, a state in the period after a conductive
layer to be a pixel electrode is formed and before the conductive layer is etched to form
the pixel electrode, or any of other states.
15 [0264]
Note that a display device in this specification means an image display device,
a display device, or a light source (including a lighting device). Furthermore, the
display device also includes the following modules in its category: a module to which a
connector such as a flexible printed circuit (FPC), a tape automated bonding (TAB) tape,
20 or a tape carrier package (TCP) is attached; a module having a TAB tape or a TCP at the
tip of which a printed wiring board is provided; and a module in which an integrated
circuit (IC) is directly mounted on a display element by a chip on glass (COG) method.
[0265]
The appearance and a cross section of a liquid crystal display panel, which_is
25 an embodiment of a semiconductor device, will be described with reference to FIGS.
20A1, 20A2 and 20B. FIGS. 20A1 and 20A2 are each a plan view of a panel in which
highly reliable thin film transistors 4010 and 4011 each including an oxide
semiconductor layer formed over a first substrate 4001 which is described in
Embodiment 3 and a liquid crystal element 4013 are sealed between the first substrate
30 4001 and a second substrate 4006 with a sealant 4005. FIG. 20B is a cross-sectional
diagram taken along line M-N of FIGS. 20A1 and 20A2.

[0266]



5In addition, the display device includes a panel in which the display

el enment is sealed, and a nodule in which an IC or the like including a

cont rol | ewoi2e1mouTted on t he panel. The di spl ay devi ce a&C3aPr0a)/640838 t 0 an
el ement substrate, which corresponds to one node before the display el enent
is conpleted in a manufacturing process of the display device, and the

el ement substrate is provided with neans for supplying current 10 to the

di splay elenment in each of a plurality of pixels. Specifically, the el enent
substrate may ihe bénlant 4005 @ pni)t/eledmmlsgqudi a<pilxelelb<Hﬁ0m 402 émd secanclimar red to

| el ectrod f th t t i
f‘ﬁeapé"r.xéav%f eruin, J08hdhe Peprogpied” Dt fist wapee DB de the FEifba and
before thg, MSF%réﬁd&rO\}e? thed ﬁ%@ﬂp&rﬁoﬁ QD02 Lhe il sah 1RkakivePEReuiOr any

of ot her state e that a display device in this
speci f i cd4004n T’immfereaﬂlem:mj(pomcmmw? agd thecsean lantdths\rﬂr&ycméw(léeare aealed | i ght

source (including a,.lightin deV| r S ce al so
i ncl u@eg tqagther M‘&‘owlﬂb‘grfﬁ%ﬁe@yqr %’sb%gt %S{V 53‘&5‘@8} o %eﬁ md@\%
connect oh,$ifelyeBshdBsubltfaté BbGs. PrA @igﬂﬂt 16der diiliet cﬁmoosahttap@ormwmmtgad
bonding (TAB) tape, 20 or a tape carrier package (TCP) is attached a

nodul e hamg}egcalsfﬁhlsemaﬁped'mtoralﬂyepOata poalycrypiglline sgmicondaicior i laYes OV 3 ng

di rect |y RitHlca e Pedhie] B afbulft o 27 opILFRERR HGEAE el

[0265] Tb@nanﬂeabgmtaamdta)osrmsthaeﬁsusomnieeoauquu d crystal display
panel, which is 25 an enbodi nent of a sem conductor device, wll be
desca? bed0 7 h reference to FIGS. 20Al, 20A2 and 2013. FIGS. 20Al and 20A2

are each a pl a%,y g{%ﬁts g %tnc'u W%Iattonloahte/caﬁleb@at ﬁctthbﬂ laftldtmr

transistors 40 I'nc ud| ng an oxi de sem conductor |ayer
f or med oviecuiawhichst smahﬁelyafbnneu)@ﬁd wiQG mathath acvirbbending Methodi mﬁAtB 3 and a

liquid crystal] elenept 4013 ar etween the fir ubst 30 4001
and a se&ﬁﬁlﬁf’ds&bétlggg% Cﬁ’i‘) 8 thﬁiggﬁidllﬁ% "F?’@mé%% fé“%t‘“ 1ng

Cross-seg Oyahmmlntdtl%dvhﬁhmalﬁm illdSfatesoditexdple [ 0266]
WO 2011/0 72464PCT/JP2010/ 060938 he seal ant 4005 is provided to

sur r a6ind of npiurthg thersignehlintolveaniicuit 4¥Brby 4 FeBamathesk circuit 4004 that are
provi ded @/@a the first substrate 4001. The second substrate 4006 is
provided[ t he pi xel portion 4002 and the scan line driver circuit 4004.

Therefore, theTnkypslel E@xrtfohomoéaﬁa tieétah e Yeiger dirdag mompetswdw@wrtthectoo4 are
seal ed 5 toget her W|t a liquid crystal layer 4008, by the first substrate

4001, t hélrsteatﬂaﬁ@tmm eagfd lmﬂw%écﬁh'ﬂalgmﬁt thip eﬁlZ!DGB‘nSWO&ﬁ grlG- 170% dri ver
¢i reuit @ﬁ%rah: e lhm i ucgsﬂ&)lr 816 n%lmldqn(fﬁ%éfx SYBiBh 94008 Uhid e dhyer or a

pol ycrystl sem con ayer over a su Pe separately prepared is
mounted iffimardneitor@0di frickidedtin fHe(Slﬁfhﬁ lire dévr@ircsiti 4004 N ¥ dtebtyort insulgimg ant

4005 over the first substrate 4001. 10[ 0267 ) e t there is no
parti cul dsyers 420200412 bﬁretmewé%%ét%'h %g@sﬁo%@%@@lr cuit which is
separ atellg Sﬁrmed and a COG nethod, a wire bondi ng nethod, a TAB net hod,

e

or the li an be used. FIG 20Al illustrates an exanpl e of nounting the
signal |ine driAsahe diin €ilmttraffio®rd4018 moﬂhtthodlln&ﬂm tﬁmgs@omludmgm rates

ﬁgt ﬁégnplo?u eSSecr)rfucon ugttolr r]gyetrhv%hlsclxginadescnb%ﬁ iim%g)di(r:ﬂern? lé' can 03 b;)fof"edTAB

25  Alternatively, the thin film transistor described in Embodiment 1 or Embodiment 2 may
be employed. In this embodiment, the thin film transistors 4010 and 4011 are
n-channel thin film transistors.

[0270]
A pixel electrode layer 4030 included in the liquid crystal element 4013 is

30 electrically connected to the thin film transistor 4010. A counter electrode layer 4031
of the liquid crystal element 4013 is formed on the second substrate 4006. A portion
where the pixel electrode layer 4030, the counter electrode layer 4031, and the liquid



[ 0268] The pi xel portion 4002 and the scan line driver circuit 4004
provi ded over the first substrate 4001 each include a plurality of thin
filmtramsosbowee72fl G 20B illustrateg,the thin film traosiss2ae/oe030
included in the pixel portion 4002 andithe thin 20 filmtransistor 4011
included in the scan line driver circuit 4004. Protection insulating |ayers
4020 and 4021 are provided over the thin filmtransistors 4010 and 4011.

[ 0269] As the thin filmtransistors 4010 and 4011, the thin film

t ransi st ofysiahtdyer#0Q8 averhypiahe anethicc oomesponds toathe liquidi astalselemensrdddéd i n

e T AL L B A
enbodi magﬁosvi& gng%%iaﬂ Ai\Bédlmrfgr gp&i @Gﬁraﬁlddfm%sﬁfmn%(?%r A083 Respbanes), thin film

transi st : ] pi xe ectrode | ayer 4030 included in the |liquid
crystal disalating 123@1 3032 aBbthelinsidatingdhyey 4033 sedht Buiction ahen alignmanit fijm.

transi st 010. A caounter el.ectrode layer 4031 .of, t |, guj I

el onoht - 40 oY g onR o pdiet TSl 1 Bt Ohrogt MULASIEE
pi xel el gt sqmifer! Ateodd WRRr 4DBE wadUhe GhsuBAtiipt agéts 4039 @nd 4033 inefpdséde
l'iquid WD 2011/ 00472465PCT/ JP2010/ 060938 crystal |ayer 4008 overl ap one

anot her ¢herebstpesnds to the liquid crystal el ement 4013. Note that the pixel
el ectrodi #Fﬂ er 4030 and the counter electrode | ayer 4031 are provided with
an i nsul Q é | ayer 4032 and an insulating |ayer 4033 respectively, the

i nsul ati ng | ay®loted@athafidsttsibstiars400dtandghd secend sil3Bate #4006 tambe inade ef an
alignnent film 5 The liquid crystal Layer 4008 i s,sandw ched, bet ween the

pi xelOe| @as.odectplayEypicadyo Hnaleshesteddhintcelrmife @ MSUFay e AS4PEYG t4h t he
i nsul at i : i i 22 t hat
I nsul atl @%e{%%é?—rréinf’oqg% 19&1c§?§ﬁ1é} Qfaf'er, R ﬁﬁeﬁlﬁ%%gvm fﬁrﬂbZ {ably'é'@t%ﬁf 18

the first s rate 4 and 't econd substrate 6 can be nmade o

gl ass, ndilml or dnyqurylid feyin f8maianbessedst eel ), ceramic, or plastic. As plastic,
a fiberglass-reinforced plastics (FRP) plate, a polyvinyl fluoride (PVF)
film a é@?@ster film or an acrylic resin filmcan be used. [0272] A

col umar spacers 4fdAnirSspakr A0NS s bbtained B¢ stveivet &idtiing oPén ARulatifglakt ng

| ayel’15 and is provided in order to control the distance (a cell gap) between the pixel electrode

layer 4030 and the counter electrode layer 4031. Note that a spherical spacer may be

used. The counter electrode layer 4031 is electrically connected to a common potential

line provided over the same substrate as the substrate of the thin film transistor 4010.

With the use of the common connection portion, the counter electrode layer 4031 can be

20 electrically connected to the common potential ﬁne through conductive particles

provided between the pair of substrates. Note that the conductive particles are
contained in the sealant 4005.

[0273]

Alternatively, a liquid crystal showing a blue phase which leads to the need of

25  an alignment film may be used. A blue phase is one of the liquid crystal phases, which

is generated just before a cholesteric phase changes into an isotropic phase while

temperature of cholesteric liquid crystal is increased. Since the blue phase is only

generated within a narrow range of temperatures, a liquid crystal composition

containing a chiral agent at 5 wt% or more is used for the liquid crystal layer 4008 in

30 order to improve the temperature range. The liquid crystal composition which

includes a liquid crystal showing a blue phase and a chiral agent has a small response

time of 1 milliseconds or less, has optical isotropy, which makes the alignment process



15 and is provided in order to control the distance (a cell gap) between
the pixel electrode |ayer 4030 and.the counter electrode |ayer 4031. Note
that a spmeroual4mpacer may be used. e counter el ectrede/JPapencdsE3l i s

el ectrically connected to a common potential |ine provided over the sane
substrate as the substrate of the thin filmtransistor 4010. Wth the use
of the common connection portion, the counter electrode |ayer 4031 can be
20 electrically connected to the common potential |ine through conductive
parti cl eanpyedyd, dad hbesd swalhvichengaigle ddpesddiser at es. Note that the conductive
partlclei aaf contained in the seal ant 4005. [0273] Alternatively, a liquid
crystal Ko ng a bl ue phase which leads to the need of 25 an alignnent

filmmay be us@d. chndliMEntPHERR freseah tnvehiibdiRan albdi vk sgplRtiab PhsaResve Whi ch
I's generated just before a chol'esteric phase changes into an isotropic

pﬂasgl whiliqeidt @ygpardspayedoicectra wats8ectivel liquid erystal display device;@s evplleas.a Si nce
t he ue phase .is.only nerated wthin a narrow range of tenperatures, a
liquid ct gﬁ‘%‘lss‘ﬁ%}’rﬂ‘b‘gFfﬁ%ﬁ%%ﬁ?’%%‘fcﬁg a chiral agent at 5 w%or nore is

used for[@jvglliquid crystal layer 4008 in 30 order to inprove the
tenperature range. The Iig;id crystal conposition_which includes a |iquid
crystal show nénaexsmpie phthediquid) ceystahdisplaydfaine Willsbedeserbed FewBighse ti ne

o Lot RT3 b B G bl RiEe b o7t
vi ewi ng apwkiagdepan@ene efiltdrp28d]an electrode Myeenballforeatdisplay klenpnesent
or 107 QSR o Bl Pagt Rie Py SE OISR dowse e poligne Bl 1! ©°
Stransm ?r?zéyvﬁe | drOtiich Oy ffe@inn®! $RIcAYr HRYsEHtrate. The stack structure of the

polarizing plate and the coloring layer is not limited to that described in Embodiment 11

and may be set as appropriate depending on materials of the polarizing plate and the

coloring layer or conditions of manufacturing steps. Furthermore, a light-blocking

15 layer serving as a black matrix may be provided.

[0276]

Over the thin film transistors 4010 and 4011, the protection insulating layer
4020 is formed. The protection insulating layer 4020 is formed using an inorganic
insulating film which includes impurities such as moisture, a hydrogen ion, and OH" as

20 less as possible and blocks entry of them from the outside; specifically, a silicon nitride
film, an aluminum nitride film, a silicon nitride oxide film, an aluminum oxynitride film,
or the like is used. The protection insulating layer 4020 is an insulating film having
light-transmitting property. In this embodiment, a silicon nitride film is formed by a
PCVD method as the protection insulating layer 4020.

25  [0277]

The insulating layer 4021 is formed as the planarization insulating layer. As
the insulating layer 4021, an organic material having heat resistance such as polyimide,
acrylic, benzocyclobutene, polyamide, or epoxy can be used. Other than such organic
materials, it is also possible to use a low-dielectric constant material (a low-k material),

30 a siloxane-based resin, phosphosilicate glass (PSG), borophosphosilicate glass (BPSG),
or the like. Note that the insulating layer 4021 may be formed by stacking a plurality

of insulating layers formed using any of these materials.



[ 0275] An exanple of the liquid crystal display device will be
described in which a polarizing plate is provided on the outer side of the
subst r at ewQanittdog72¢i ewer side) and a | oring | ayer (colpcm/JPrdiv/esop3sand an
el ectrode | ayer used for a display elenent are 10 provided on the inner
side of the substrate in this order; however, the polarizing plate nmay be
provided on the inner side of the substrate. The stack structure of the

pol ari zing plate and the coloring layer is not limted to that described in
Enbodi ne[02781 and may be set as appropriate depending on materials of the
pol ari zing plate and the col oring I,aiyer aor .condi tions .g)f manuf aclt uring
steps. Furt her Ntedhat gilogane-Basgd RGsHyiS pgesin fermeddisingaysiloxane matgpal 484 'y nay
be provi | . ol [ i ' i 3Rc1addad 011,

t he prot g@ﬂf“&nlgigtég‘]ﬁllagg ihr?émlggygrofg)%gh?'sn%ér %Bé%ﬁé}ﬁideg?ﬁlzg{ﬁ?on ?(Elgsjufati ng

| ayer 402Qubssitdent ardrgasicngroe (d.gpargalkiycgionp ok an iary gidupionaifbiere groupdes
inpurities such as noisture,. a drogen ion, and OFF as 20 | ess as possible
and b?oc e@F&“PV%T’“RW’éﬁf‘f‘?‘H‘r‘hat D&t Pde; specifically, a silicon nitride
film an @27? inumnitride film a silicon nitride oxide film an al um num
oxynitri &e flm or the like is used. The protection insulating |ayer 4020
i s an insul ati Whetkii$ no paviculgr limgtation em thermethpd fprfpapiagthe insylatipg layer

enbodi ne a, siljcon nitrid ilmis f

prot ect | ghmf;rﬁeﬁ?’ﬁiﬂ?%ﬁn Iaa{ﬂ}aet?mjdg ?@g[%%@&hba% a%pﬁi%%é@%{hggi %sz)gﬁer 4021
I's fornechefifod, Respi 8bdinigZ@tined, 4 dippindt methol Ay 8prayAvatile nictiaud, atdroplet ayer
4021, an organic material having heat resistance such as pol yimn d?’

acrylc, dissharee methodue&nan 1pEtRethad, scaengpiniing coffsehRriRfiigy O éﬂﬁl&e tthan such
organic teri {L. ] I i.b e ' ' ant
mattg erial t é%%%l\?é'ﬁen%%uedrhisaglaa) ?&é(gq%%gi + g%ggog- ’aas g‘a&ér?}é\gcigér%‘,él’ g?\%g%%ggieflqiéiat e

gl ass ( P8fe) likdednolpdossdho Tht ibaking sepasfsth¢ BRB8GYing dayer H21 iakse.seiNss @s thrat t he

FTBINE TR M NT 6 R TR e I T

2011/ 004%@@3&&?&%@%{:}& 160938 [ 0278] Note that a sil oxane-based
resinis aresin formed using a siloxane material as a starting materi al

and havi j289]Si - O-Si bond. The sil oxane-based resin may include as a
pybet i uent an Rl Sane SRS o 0 AL i SHoge 0, 04 gl © @
There i s pROfRREl! Gdth@ra |1ight-traddntiRingn cohfictT®d hastefiglr shd &k Nadivie oxidall ati ng
| ayer 4021; depending on a material thereof, a nmethod such _as a sputtering
met hod, a&nnEddgBINEsen oxidepindium aincyidreeqniaining tengsinRxide irdEm exidsy ay
coating rcr:grtxtglcx)l?ﬂg Etag{ugp(l))?lhe, indium tin oxide containing titanium oxide, indium tin oxide
20  (hereinafter referred to as ITO), indium zinc oxide, or indium tin oxide to which silicon
oxide is added..
[0281]
A conductive composition containing a conductive high molecule (also referred
to as a conductive polymer) can be used for the pixel electrode layer 4030 and the
25  counter electrode layer 4031. It is preferable that the pixel electrode formed using the
conductive composition preferably have a sheet resistance of 10000 ohms per square or
less and a transmittance of 70 % or more at a wavelength of 550 nm. Further, it is
preferable that the resistivity of the conductive high molecule contained in the
conductive composition be 0.1 Q-cm or less.
30 [0282]

As the conductive high molecule, a so-called n-electron conjugated conductive



10 di scharge nethod (e.g., an inkjet nethod, screen printing, offset
printing, or the like), a tool (equipnent) such as a doctor knife, a rol
coater, awvountidiomr2soater, a knife co r or the |ike camCiharPeed:093he
baki ng step of the insulating | ayer 4021 al so serves as the annealing step
of the sem conductor |ayer, whereby a sem conductor device can be

manuf actured efficiently. 15[0280] The pi xel electrode | ayer 4030
and the counter electrode |ayer 4031 each can be forned using a

| i ght - t r polgmiet tchmecoseduc tisvexangiles thekeofutheraard pdiyaniliogiatea slgrivativei ng
tungsten oxi de, indium zinc .oxide containing.tungsten .oxide, ingdi um oxide
cont ai ni H§TeCtt ROYYRYFEO P’d%?leﬁlYf’divﬁ rﬂ“irF‘#E 8 p Hﬁg@‘?ﬂ? gf ﬁi%&v?ti“fearﬁf’ﬁ Kide,

i ndi um t g Mhdef o of RRkEkinad bthemShRy thetikto as | TO, indium zinc oxide,
or indiumtin oxide to which silicon oxide is added.. [0281] A
conduct i {838pnposi ti on containing a conductive high nolecule (also referred

and the 25 coulht MGt s Phyiahei 951 ol Spf il 8¢ Sy BCT, C50

el ect r odgri{Q'ciRgit Y60 that ReFofRETIphiavdy, andPIRSdan dine AFieéredirhitd0bavetle Sheet
resi stance of 10000 ohns per square or less and a transmttance of 70 % or

nore at RBixakpatiend®0? Bomz8dFP(d018urther, it is preferable that the

resisti vtdz§4gf t he conductive high nol ecul e contained in the conductive
conpositton be 0.1 Qcmor |ess. 30[0282] WO

2011/ 00472468P&TéohR2Aiba/ RANM3B elotrydee#0xais fuemed adingAthe esemrepéasiuttiver eof |
there are polyaniline or a deriyative thereof, I ngl e ar der,i vative
t her &df , 13561 3 the B’d‘ﬁbﬁé‘:‘&dedaﬁ_é t“ﬁ@é\ﬂ ed Hé&’@é’ﬂ}‘ﬁg‘i&g{x'c%ﬁﬁﬂ’ﬁgﬁ’@?dt%_ or
mor € KiNflgmtlal EREBACHIAC i orinkl Gsink AeiAIncToAdadi 1420 as Asdibd Slddghn Si gnal s
and potentrals are supplied to t%e signal line driver circuit 4003 that is
f or med seleatradedhyers afidie tlie fdmdranbistoe4dtli.ver circuit 4004 or the pixel
portion ﬁ&%ﬁ froman FPC 4018. [0284] A connection term nal el ectrode 4015
is forne ing t he sane conductive 10 | ayer as the pixel electrode |ayer

4030 included iRe Ebektisiiedmtifay sledrodd] T8N chtQikZall p6nmtciedrtoianatmighlect r ode
4016 is forned using the sanme conductive |ayer as a source and drain

el ectd odendudgdrin thefFACh#0 18 thrpugh papniselrepie e@idugtivelayer 4019.
[0286]
Note that FIGS. 20A1, 20A2 and 20B illustrate an example in which the signal
line driver circuit 4003 is formed separately and mounted on the first substrate 4001;
however, Embodiment 11 is not limited to this structure. The scan line driver circuit
20 may be separately formed and then mounted, or only part of the signal line driver circuit
or part of the scan line driver circuit may be separately formed and then mounted.
[0287]
FIG. 21 shows an example in which a liquid crystal display module is formed
as a semiconductor device using a TFT substrate 2600 which is manufactured according
25  to the manufacturing method disclosed in this specification.
[0288]
FIG. 21 illustrates an example of a liquid crystal display module, in which the
TFT substrate 2600 and a counter substrate 2601 are bonded to each other with a sealant
2602, and a pixel portion 2603 including a TFT or the like, a display element 2604
30 including a liquid crystal layer, and a coloring layer 2605 are provided between the
substrates to form a display region. The coloring layer 2605 is necessary to perform

color display. In the case of the RGB system, respective coloring layers corresponding



[ 0285] The connection termnal electrode 4015 is electrically
connected to a termnal 15 included in the FPC 4018 t hrough an ani sotropic
conduct i WweOl2a11én047819. [ 0286] e that FIGS. 20APCTAPAA/660d3820B
illustrate an exanple in which the signal line driver circuit 4003 is
formed separately and nmounted on the first substrate 4001; however,

Enbodi ment 11 is not limted to this structure. The scan line driver
circuit 20 may be separately forned and then nounted, or only part of the
si gnal | toeololsi ofaed,cgreen)iand biluepae tpravfidédhfor sespectivengixelsi vBolatzing platestay be

tely forned and thep mounted, |0287] .  FIG 21 |
" whi ch 2800 eyt veioR A bt rpudeb phside e T HBBIaRRRyr
devi ce Ushdheolhlr SHREAE 2661 2608 eMNofifbe!ifcl FRAU @ LRMAGEOP60WRAZD! O { e

manuf act uri ng net disclosed in"this specification. [0288] . FIG 21
i |1 ustratefectve plaanmP6HE. ofA airbuigboardc26i2tialcodnenédato avydding Ciicnit \jiertadn t he

TUFT substrate 2 and a ¢ ter substrate 2601 ar ded .t ach ot her

with 2 séé‘ﬁgﬁfﬂ‘?g&% S‘ré}ﬁ&a%?_ %@éﬁf"b‘éﬁ & %ﬁ%‘?‘}%dﬂ"f‘%é’f’ﬁ‘ iir@aaa“ﬁr—‘?ablrest e |ike,
a di spl ayy@hAIMERuIAACH as? chRtFdl eftuifora bowier dufdelesicait. | Blyepolaiifig platol or i ng
| ayer 2605 are provided between the substrates to forma display region.

The col orichghé dyqrid 2898ali dayae arays Reystaekegemithr i tetardation; plateaynteipes¢the case
of the % tem respective coloring |ayers corresponding WO
2011/ 004 75K %EFP:]PZOlO/ 060938 to colors of red, green, and blue are

provi ded[¢dxg9) r espective pixels. Polarizing plates 2606 and 2607 and a

diffusion plate 2613 are provided outside the TET subst r,g’ie ggoo d the
counti®r subst r Hewetheeliquid grysfa hisplay medulena T davisted dematiox mMete #ube 2610

and a refl egtive . %?o]d%- CEF€ U finRO k8142 hSheS OHYaE! eFh LIV W ring
circuit lgrlfq‘{ll{c?n&gpéﬁlgfé 0 theﬁlrFl:rms:uEsltn?gt(’gl ZdG(E)h(]%@ttchr gzgh a flexible wiring
board 26@@uhidorhaialvedizal digneendrmade, e iPVAU(pattsuehvertical atigninenf) moidecari t or a

Do ot ackdN; eriely, vimmeiae gt vt il Podben KBRS oror
the i quipgefinpsi@) MHotR! an MPLE! ffer@elbblrict iigi®dcrySEB! infodel0ake, AFLG PS
15  (antiferroelectric liquid crystal) mode, or the like can be used.
[0290]
Through the above process, a highly reliable liquid crystal display panel can be
manufactured as a semiconductor device.
[0291]
20 Embodiment 11 can be implemented in appropriate combination with any other
embodiment described herein.
[Embodiment 12]
[0292]
In Embodiment 12, an example of an electronic paper will be described as a
25  semiconductor device of an embodiment of the present invention.
[0293]
The electronic paper is also referred to as an electrophoretic display device (an
electrophoretic display) and is advantageous in that it has the same level of readability
as plain paper, it has lower power consumption than other display devices, and it can be
30 made thin and lightweight.
[0294]

Electrophoretic displays can have various modes. Electrophoretic displays



(i n-plane-swi tching) node, an FFS (fringe field sw tching) node, an WA
(multi-domain vertical alignnent) node, a PVA (patterned vertica

al i gnnentworzodeno42a ASM (axi al ly synnﬁ}ric al i gned m cr eceapPono/nedss an OCB
(optical conpensated birefringence) node, an FLC (ferroelectric liquid
crystal) node, an AFLC 15(antiferroelectric liquid crystal) node, or the

| i ke can be used. [0290] Through the above process, a highly
reliable liquid crystal display panel can be manufactured as a

seni condomitain deplucality [ 02 Siicr@2@psvbesdidispersed. linc an silgentnpt earesoludel ieach

[ Ehodi rtirospuiaovisgring fist pidel i TR B ing g il

el ect r onjyqidhaRE he PitlvelyPehaBRICT m%pgﬁn%aggleém K0 €8 HeOmhiceeMpSiRes) theln

enbodi ment of the present Tnvention.” [02 ) The el ectronic paper is
al so r ef partielgs tim tlaxs magToedpsules opiverintopposiiesgifestionfetd eash (theredndcanty pvor et i ¢

di splay) and |§ advantageous in that.it. has,th V, Pt
as pl Y nc‘g‘gbgif G I?a“t’iggs g?) & EhEepe Elgﬁs‘ﬁﬁﬁ?}agﬁ&t ﬁgﬁt%&t'%etrﬁé ﬁistp‘fag@&%gvi ceg,
and it capd R s8&n idldyl dack Béhthih Pidriéit ahd do hO2AEVe wilhbdut an electric field.
2011/ 00472470PCT/ JP2010/ 060938 contain a pIuraIit% of m crqgcapsul es

\Z

di sper seMargover,dhe fieshparsicles ang thet seconshpasticles bavsshitierenteolara (¢ithsgons ekt
particles ich ar iI{ively charged and second particles which are
0 B B

negati vel™y" X v appl ying an electric field to the mcrocapsul es, the

particl eppag3]t he mcrocapsul es nove in opposite directions to each other

and (1)8 'y the Thus, an electrophoretic display is a display that utilizes a so-called
dielectrophoretic effect by which a substance having a high dielectric constant moves to
a high-electric field region. An electrophoretic display device does not involve a
polarizing plate which is involved in the case of a liquid crystal display device.
[0296]

15 A solution in which the above microcapsules are dispersed iﬁ a solvent is
referred to as electronic ink. This electronic ink can be printed on a surface of glass,
plastic, cloth, paper, or the like. Furthermore, by using a color filter or particles that
have a pigment, color display can also be achieved.

[0297]

20 Further, a plurality of the above microcapsules is arranged as appropriate over
an active matrix substrate so as to be interposed between two electrodes, so that an
active matrix display device can be completed, and display can be performed by
application of an electric field to the microcapsules. For example, the active matrix
substrate obtained by using any of the thin film transistors described in any of

25  Embodiments 1 to 9 can be used.

[0298]

The first particles and the second particles in the microcapsules may each be
formed using a single material selected from a conductive material, an insulating
material, a semiconductor material, a magnetic material, a liquid crystal material, a

30 ferroelectric material, an electroluminescent material, an electrochromic material, and a

magnetophoretic material, or a composite material of any of these.

[0299]



S color of the particles gathering on one side is displayed. Note that the
first particles and the second particles each contain pignent and do not
nove wi t wotzoamoet2ectric field. Mreaoyer, the first par®Pcrliexiana9sshe
second particles have different colors (either one of which nay be
colorless). [0295] 10Thus, an el ectrophoretic display is a display that
utilizes a so-called dielectrophoretic effect by which a substance having a
hi gh dielectric constant noves to a high-electric field region. An

el ect rophor et i EIG] 2Dl iflystelass @etivkoagatriet e]entwmiivepzqaepodsalahzéxugnmé abk anvhich is

involved in the case of a liquid crystal lay, d . 15A
sol ut i onsein'ﬁcmuéwr@ﬁ\é‘%bo@é‘“%ﬁ?‘d@&%‘é@?é "E‘ it '%?pgf%g‘g’d?‘k gngF is

referr edo% Qmﬁnﬁfa% £&d Pl lﬁaﬁr{EF suﬁﬂérstoeihgf: bf o fhlﬁ 'Tﬂmct"i‘ﬂls%rpdéseﬁl%él an a

surface ass astic paper, or the like. Furthernore, by using
a col or Enibb&ﬁnamt baamdl @s highlyt rhblaabde ahipi dilmntransigborincdidipg agn awideal so be

R e e T R N e b S e

inter 1003891z{;is‘&B\?ﬁ'&dtame%ﬁlcﬁlhpﬁﬁfsnst&cssﬁfMIEnada;dﬁﬁém\lg matrix display device
can be conpleted, and display can be perforned by application of an

el ectri C[G3|09]d to t he mcrocapsul es. For exanple, the active matrix

substrate obtaj usi n t AS des; ed in
any of 25 ErrbaJHFI éorilctpc? nyﬁ?%e use%gI F@%B’g f & IS, ﬁé‘ﬁ?e‘ f‘gpagrtlcl es
and the Eﬁi@ﬁﬁgﬂbﬂﬁﬂlsprdyesg/sﬂeﬂl t iEherbagstinpapsiudisplayraysten abfebetol kbl ng a
single material selected froma conductive material, an ipsulatin

mat el al thhsmhﬁ%% ®artichs gagh eplogd inblagkyansk white atecaranged hetpiegja (f%é‘r yst al
mat eri al rg’cp IO gﬁc? %t §3081aﬂT%ie%{rb@é ’I%QE WHiEF Gf Lefégl‘rw £§Bis iRbefkal . an

el (E‘CtI’OCﬁle oretic materi al or a corrp05|te

mat eri al dﬁf)layré]/enﬁﬁnt tdﬁd&@otcﬁlﬂﬁD@ijﬁference is generated between the first electrode layer
and the second electrode layer to control orientation of the spherical particles, so that

display is performed.

15 [0301]

The thin film transistor 581 formed over a substrate 580 is a bottom-gate thin
film transistor and is covered with an insulating layer 583 which is in contact with a
semiconductor layer. A source or drain electrode layer of the thin film transistor 581 is
in contact with a first electrode layer 587 through an opening formed in a first electrode
20 layer 587, an insulating layer 583, and an insulating layer 585, whereby the thin film
transistor 581 is electrically connected to the first electrode layer 587. Between the
first electrode layer 587 and a second electrode layer 588 formed over a substrate 596,
spherical particles 589 each having a black region 590a, a white region 590b, and a
cavity 594 around the regions which is filled with liquid are provided. A space around
25  the spherical particles 589 is filled with a filler 595 such as a resin.  The first electrode
layer 587 corresponds to a pixel electrode, and the second electrode layer 588
corresponds to a common electrode. The second electrode layer 588 is electrically
connected to a common potential line provided over the same substrate as the substrate
of the thin film transistor 581. With the use of a common connection portion, the
30 second electrode layer 588 can be electrically connected to the common potential line

through conductive particles provided between the substrates 580 and 596.
[0302]



WO 2011/ 00472471PCT/ JP2010/ 060938 FIG 22 illustrates active matrix
el ectroni c paper as an exanple of a sem conductor device. Athin film
transi st owo38/se2d in the sem conduc,f r device can be mamuPz00/060938 i n a
manner simlar to that of the thin fi transi stor described in Enbodi ment
1 and is a highly reliable thin filmtransistor including an oxide 5

sem conductor layer. The thin filmtransistor described in any of

Enmbodi ments 2 to 9 can also be used as the thin filmtransistor 581 of
Enbodi ment 12. [nfsR30Qf the twistingl hall,edneeltctayphorepiapdemdént chh @Glsdbe ssedn dAxanpl e
of a display device using a twisting ball display system The tw sting ball
di spl ay gy@rp@ansuléff@mgtad%amﬁ'éf pbebauh 1 oy 200 wyHe g trapspatept BQuidach
colored in.hl ack, and i.te ar g ] j I yer and
o seconaPBidR SR, W pRifh QAL R, RERRRE arkld Black BRI ANRIEY S

el ement , a@néhcapuited)tis alsedli fhethenarerdcapuds evhidheid jrevided rbetwrenf the first-

el ectrode | ayer and the second el ectrode ] ayer to.c ,nf r .ol gl[i nt ati on of
t he shhetlestpdedayerianf dhe sesond glggtrogded pyes, whed ?S’e‘l"chdPFrg‘G d i3 gppjiggletween The
thin film.t | [ i e thin
i1 m ¢ v o RO 1534 abd IR E1c A Rl b R B e A o
cont act wilatk ndcrepaiticles thoveao opposite sides Swur exhatheay i thatewhite eobleck eaper  of
the thin filmtransistor 581 is in.contact. wth.a fi r%itl eg(g‘c{.roﬁide | ayer 587
t hrough Bf ditplanelg Pofiselayglement; ysing this Aringtple 3pap fesroBloretic, display | at i ng
layer 583 ARfaf] s ftablafllicaled @%@tforﬁ@?apéme’fﬁ@h’le&mgyhbmti& display tlemdad St or
581 is electrically connected to the Tirst electrode |ayer 587. Between the
first0el dat higher reflyatancs8iamam tiquidseystal dlisplascelemeet, hud dus 5eeapgiaredishver a

substrate 596, spherical particles, 589 each havij I 90a, a
white redi ‘Hwe?ﬁ?é%?" %rﬁog%‘ﬂ?né&f“%ragg%ﬁ Stpr%ag' éde}g?lgﬁ%l gﬁiﬁ?{)@? £se"(zl?iln;sél ed with
liquid agn PR daf additisnas@n avieansbwldr it et spppted asl the displayl gatiog%n s
filled with a filler 595 such as a resin. The first electrode | gyer 587

cor r espofiage whichphascheer|displaysd once san teemaipiagid- o ASERIBIELY, |2adisplagssy
corresponds to C I I |

el ectri cz’arfl?%/e %agﬁ?]ee%}p%g rktvgh SP%nggigﬁn%d(ﬁ%rz%&g{éqfaﬂ@%?ggﬁéefgﬂg{%lrs(%ﬁ%ﬁsarre
subst s at enagdetrbRmed ks sifmplyeasd display ténice 61 d senticandscor devisBirovided withee use of
a conmon connectjon portion, the 30 _second el ectrode |ayer 588 can be

el ect ri c8isplpaydsriselis diptansed ﬁ@“’c@i’rﬁiﬁﬁﬁ“‘b&’?‘éﬁ‘?“ﬂe'l i ne through conductive
parti cl e?% vi ded between the substrates 580 and 596. [03021 WO

2011/ 004 PCT/ JP2010/ 060938 Instead of the twisting ball, an

el ect r ophor et i Thedughetite abovealpsacebs ashighlyA refiableo cdgetiohis Ipapdrngam ki anet er
of about 10 urn t 2oogﬁ. mijn V\:Hi ch transparent liquid, positively-charged
white mi (Erfaé‘fflgﬁ Teq 32 €, ‘E)O"r‘illé‘ﬁtgf $efS - charged bl ack microparticles are
encapgul %@, is used. In the mcrocapsule which is provided between the
first 5 e eltrode | ayer and the second el ectrode |ayer, when an electric
field is appli EhbodimentA2ichebé implemented in eppsopripeeombigationevith apnethel ect r ode
| ayer, the bng te g1 cr.gg(ﬂﬁti.cl es and the black mcroparticles nove to

opposi t e “BPGE §eCHRE "G er . so that white or black can be displayed. A
di spl ay ¢EmBBaiment13lg this principle is an electrophoretic display el enent
and is generally called electronic paper. The el ectrophoretic display

el ement 10305}as hi gher reflectance than a liquid crystal display el enent,
and us, an ayxi|l| | S URE S r n } i ¢ 1w, and
2" 8B1'ay port T cxibisc bPk tishi LRARAESERMy ARG WARTGL TSR 35 T hen
power i s semicoadygidri @dvice t e di dipphy plentenonipcladed nage displayn dexvicebeen

di spl ayed. once  can be maintai ned. Accordi ngly, di.spl ayed i nage n be
stored eight-pmittng glamegh yilizige erdﬁ%‘\ﬁo Ry B %SEB?%II'?EH’@PH@F“I‘{ i ch

Light-emitting elements utilizing electroluminescence are classified according to

whether a light-emitting material is an organic compound or an inorganic compound.
30 In general, the former is referred to as an organic EL element, and the latter is referred
to as an inorganic EL element.

[0306]



15 may be referred to sinply as a display device or a sem conductor device
provided with a display device) is distanced froman electric wave source.

[ 0303] WO 2011ftloszagh t he above process, a hi ghly rel i alpCe/Jeteebeo9ss c paper
can be manufactured as a sem conductor” device. 20 [0304] Enbodi ment
12 can be inplenented in appropriate conbi nati on with any ot her enbodi nent
described herein. [Enmbodinent 13] [0305] 25An exanple of a light-emtting
di splay device will be described as a sem conductor device. As a display

el enent i ncl udkdan rorgardé Sl alenttayi bye applidatight ofeari violtagey telac lighttenitting zi ng

el ectrol um nescence is described in Enhodi ppnt 13. Q h -gnii I ng el enents
utili zi ngledert elegirons anddiolssaze separatqly, Mypqie . HOm ARAS nge‘{"B WEE%%E‘YSI :

i ght- e”b&ﬁt%)iﬂfh ”migﬁﬂ-élhnﬁr_?g Bk aRic ORI fouR@RRLAGRE fRWs! NTHERNHKE ceREROUNd.
30l n general, the former 15 referred to as an organic EL element, and the

| atter i geleatfons andiholes)ascambingysodbatithe Bghteimittingtorgdnigoshpound is excited.

2011/ 00472473PCT/ JRP2010/ 060938 I n an_organi L el emen .

appl i 2at %ﬁﬁz t-emijting ab%é“‘ccoc"é“ﬂ‘%“gﬂt‘?‘aﬂiSBP i%%mg?cgﬁtgﬁet YO’ tl!e‘%te?(%éleg 53%‘8’ hol es
are sepapat@yyemife 1ight. f [Wing 1Baduch Of nRlcR&lismdass lighcerittigy elemeantai ni ng a
Ilght-en1tt|gg organi ¢ conpound, and current flows. Then, the carriers

(el ect r ondemgerbitotas lasw)Tenteexsitaliorelighi e miting elament ght - eni t ti ng or gani ¢
conmpound g@ r]exci ted. 5 The light-emtting organic conpound returns to a

gr ound s{ X1t rom the excited state, thereby emtting light. OMmng to such

a mechani sm tirhé indrgiiic BDiclémdigs eleaimsifiet aceatimprtedhdinelament structures
current-excitation light-emtting el enent {030

10 into a dispersion-type inorganic EL element and a hm-fi?r]n inorganic EL element. A
dispersion-type inorganic EL element has a light-emitting layer where particles of a
light-emitting material are dispersed in a binder, and its light emission mechanism is
donor-acceptor recombination type light emission which utilizes a donor level and an
acceptor level. A thin-film inorganic EL element has a structure where a light-emitting

15 layer is sandwiched between dielectric layers, which are further sandwiched between
electrodes, and its light emission mechanism is localized type light emission that utilizes
inner-shell electron transition of metal ions. Description is made using an organic EL
element as a light-emitting element in Embodiment 13.

[0308]

20 FIG. 23 illustrates an example of a pixel configuration as an example of a

semiconductor device which can be driven by a digital time grayscale method.
[0309]

The structure and operation of the pixel which can be driven by a digital time
grayscale method will be described. An example is described in Embodiment 13 in

25  which one pixel includes two n-channel transistors using an oxide semiconductor layer
in a channel formation region.

[0310]
A pixel 6400 includes a switching transistor 6401, a transistor 6402 for driving
a light-emitting element, a light-emitting element 6404, and a capacitor 6403. A gate

30 of the éwitching transistor 6401 is connected to a scan line 6406, a first electrode (one

of a source electrode and a drain electrode) of the switching transistor 6401 is connected

to a signal line 6405, and a second electrode (the other of the source electrode and the



The inorganic EL elenents are classified according to their el enent
structures 10 into a dispersion-type inorganic EL elenent and a thin-film
i nor gani cwakogleweat . A di sper si on-typ i norgani ¢ EL el ecEaP20he/860a38
light-emtting | ayer where particles of a light-emtting material are

di spersed in a binder, and its |ight em ssion nmechanismis donor-acceptor
reconbi nation type light em ssion which utilizes a donor |evel and an
acceptor level. Athin-filminorganic EL el ement has a structure where a

| i ght - eniltain elgctidlel) af ee svatchangdvinsistont G401 ieeanndited exa igate dfdhetransisiti ch ar e

further sandw ched bet ween el ectrodes, dits_light em ssj chanismis
I gcal i zeé4Q%/fV9¥é drivpgithe heltsmyting element; | i fégi!'tf Hﬁb'regéﬂ?éﬁwr@?@%?‘? lVfl}‘galnsi t : on
¢ tal R y : )

or meta 1Heoﬁglg-éé>@§ﬁgnekhﬁﬂt ii$ OREIRASIA F%\gégg ]gﬁgw;e lak S40FMERbugS the

light-emtti t in Enbodi ment 13. } OFIG 23 illustrates an
exanpl e odpaaitqr 6463, g firdt iclpatradd ofithe drisingdransisios 6402 is eoapecteshioube pewelevi ce

whi ch_can b riv y digita i me .grayscal e n [ ] . The
struct ur é“lﬁﬂiﬁqﬂ‘ﬁeggqfow%oﬁ T%ﬁ mi)ieie&ma%io?ha‘gaha%sgﬁ (té‘frllgggzn tﬁi%?vg}%it Gl tinme
grayscal gopEih@thgveldmdie Hessinehied. oha Eitngle@rade (sdr tloeodeh dibindi ment
13 in 25 which one pixel includes two n-channel transistors using an oxide
sem condlightesmittingelemanta64Man de sedopd rrlactigde o0& gho Heghtramiting element 6404, y o
6400 i ncludes a,sw tchi {.S 6 , i I . dfJ ving a
i ght - onFRErRgRs Wi leERSACRl, P cpdriEo Ehe aba Rk akcdly T
6403. A gairRcia to @tomhpnotdneibl Ing froeidsd evathdshiie substcoainected to a scan
line 6406, a first electrode (one of a source electrode and a drain
el ecﬂ?odé@-”lé] the switching transistor 6401 is connected to a signal line
6405, and a se t GthR Rt B&hmBh cidfodOBE0E) RIREliEMUAnRG: t he VO
2011/ 00472474P§$}}%§!O§'8/58§%338 A(;r aitrg elrgct reodef of ?aﬁe SW t]chi ng transistor
6401 i s eknract4dlt isceatogalow péwertrmpplyapraémiabr TheORW powead supplyi potansial
light-em tting elengnt. The gate of the transistor, 6402 for driving the
1 gt - o ot Uaneniat ppeecapbepdenta DR PRt E ¢ pRECes i ugh « e
capaci t 0g4@A03poraxhmpR!l GNIP6E D MfagbelsBEasttht Yow polveR&ppBL potedifhl? Tl
connected to the power 5 supply |ine 6407, and a second el ectrode of the
t r angb st diffe4@2 bebveedrthe high powst Suppy petentialiang thg lonepewersupplymotantial t o a
first electrode ixel..el ectrode), of t ight.-em t1] e 6404. A
second eI‘%@PPlbﬁle(tgfﬁ(‘? hlég%ﬂt"le 'tu-ngrr%’lf ?‘Flrl\tg%g?%rrsgnﬁ ag%%égﬂoggpgfﬁgﬁsg gﬁea comon
el ect r 0dgjofdBRittidd) R 1aIITA08) Sdiefedsethe4Bhticmiringctlemend bY0L emivcligd. to a
comon pofenti al ine.agrovi ded over the same substrate, 10[0311 Not e
F

that t he Thesosashepatentiabde setsomibpt Bieediffcsrnice dadssenother high) PRI BRPlY i ng
element Dofiluibi>aiPihel B gbﬁ%g&ﬁymmahwfsgg&% it or! Bl Q8 P RGar P LPDT Y

pot enti alP® ower rsupp potenti a? Ichis supplied to
t he powerhreshold yoltagoef wQipht-Emittieg alepleat 64BMD or O V may be set as the |ow
power supgléhpotenti al. The 15 difference between the high power supply
pot ent i all the | ow power supply potential is applied to the

light-emtting hE Wah§5br bAGMor (K RigARe 1iBRt-emitti
light-emtti ng@%@ﬁ atgjfé(%é?&%ée%ty tﬁe i E;ht - em'rt ti gigége?e@ngtn%mlfsﬂlfn4 emts

light. Thisnenezalsedas @mtistituté for shet capaciton 4803, ke elipaéitaréi02 corebaemittedhe hi gh
povier SURRLY. BotenbiAce 3P the ishsisfol dA02%0r HPRE AndRERUmiftlng delfhE) t han

or equal
25  be formed between a channel region and a gate electrode.

[0313]

Here, in the case of using a voltage-input voltage driving method, a video
signal is input to the gate of the transistor 6402 for driving the light-emitting element to
make the transistor 6402 for driving the light-emitting element completely turn on or off.

30 That is, the transistor 6402 for driving the light-emitting element operates in a linear
region, and thus, a voltage higher than the voltage of the power supply line 6407 is
applied to the gate of the transistor 6402 for driving the light-emitting element. Note



20t hreshol d voltage of the light-emtting el enent 6404. [0312] When
the gate capacitance of the transistor 6402 for driving the light-emtting
el enent iwWoOusHMo&R4a substitute for t capaci tor 6403, pCharzape@Pior 6403
can be omtted. The gate capacitance of the transistor 6402 for driving the
light-emtting elenment may 25 be fornmed between a channel region and a gate
el ectrode. [0313] Here, in the case of using a voltage-input voltage
driving nethod, a video signal is input to the gate of the transistor 6402
for dri vihagatvbRagde grbitertihn bi aguat ke (pomter supphpkive vbkageraNsi aftthe trausis?orf or
driving the light-emtfing el ement caonpletely turn on..or . 30 That is,

t he trané‘i‘@(ﬁ?l'%{ﬂ’(.‘)‘g%%‘&glﬁﬁ’?}ﬁﬂ‘é e?%‘éeﬁcﬁn;gﬁ?vlé%y tp ¢h gjenal é‘ﬂ%ﬁ&;ggjper ates in a

| i near rf@ilgg, and thus, a voltage higher than the voltage of the power
supply |fne 6407 is applied to the gate of the transistor 6402 for driving
the |ight-eniti thy eseméntsingNat enalyyDgpAysdal® Gzerog7 BIFETd pbAba dinBbIBE: t hat a

vol tage greater tha equal .t wer ..suppl. g, vol t + t he
t rans? st yﬁ%gez"\‘e 0 d%eﬂlﬁﬂae t%e?ﬁ(ogﬁ%‘-“éﬂ?‘% taFﬁé Igpé%%n%afl ?e?%rggb%%@&%{ o the
si gnal | tRfghftGRputld?3imhls, In the case of using an anal og grayscal e
met hod i nst ea '0? the digital time 5 grayscal e nethod, the sanme pixel

confi gur §8318h as in FIG 23 can be enployed by changi ng i nput of signals.

0315 n,t he case of i h | t
reater than ot ULaRe &8 o, B ol EaflsiicHe Moy SRl TEIRE indh 4| BO®
6404 + Vehuadto {fBevdrd R0Bag! cFrthERGR-ehiittingrelemént iGAQA t1é, bf thhttraasistbt 6407
element) is applied to the gate of the transistor 6402 for, drivi q t he
| i ght0 emert¢rngn&r@mtem%@gfe&w}fsm¥%‘§&> e gatfeof thgHiansisior #h’é % enent
6404 ref gr.s; . [ j ' - i

re ggmggg@%lggﬂé%ﬁgﬁ évaellfa@ﬁ@' Thg 96l %Ql_tigérBfﬂﬁE‘g@ht anfkirdelhdas at

| east a oltage. By 1 nputting a video signal to enable

the transié4 efer§402 voltageltad obtap 4 Hesired dirningndet, and dncludsmehicastn tpyeant e in a
saturation regjo current can be. supplied tqg.15 the |j ~em tiing el ement
5404 1 n psholt volsey B enafiiet Sioce SRR gt Triisile” Ba0p oridhii g

el enent ?lﬁsnli%'ﬂl%hﬁ&ﬁg' dleth&ift t8 dpbiaft! inONsdt@AtioN regidi cRftMdande QipplieEtddover
supply line 6407 is set to be higher than a gate potential of the

trandbst tie dliteniigtingd elewienty 6604 | Ingpnder that t the graasisies 402 Jop csivingk the deo
7902l B Do R SR B3] RS A PRk Y otton
et hod cagppIe 1R8r¢407Edet to be higher than a gate potential of the transistor 6402 for
driving the light-emitting element. Since the video signal is an analog signal, current
in accordance with the video signal flows in the light-emitting element 6404, and the
20 analog grayscale method can be performed.
[0316]
The pixel configuration is not limited to that illustrated in FIG. 23. For
example, a switch, a resistor, a capacitor, a transistor, a logic circuit, or the like can be
added to the pixel shown in FIG. 23.
25 [0317]
Next, structures of the light-emitting element will be described with reference
to FIGS. 24A to 24C. In Embodiment 13, a cross-sectional structure of a pixel will be
described by taking an n-channel TFT for driving a light-emitting element as an
example. TFTs 7001, 7011, and 7021 which are TFTs for driving light-emitting
30 elements used for semiconductor devices illustrated in FIGS. 24A to 24C can be
manufactured in a manner similar to that of the thin film transistor used in a pixel,

which is described in Embodiment 1. The TFTs 7001, 7011, and 7021 are highly



[ 0316] The pixel configuration is not limted to that illustrated in
FIG 23. For exanple, a switch, a resistor, a capacitor, a transistor, a

| ogi ¢ ci rwoi2011/008728he | i ke can be add to the pixel sheem/JPm16/HEBIZ3.

25[ 0317] Next, structures of the light-emtting elenent will be described
with reference to FIGS. 24A to 24C. In Enbodi nent 13, a cross-sectional
structure of a pixel will be described by taking an n-channel TFT for
driving a light-emitting elenment as an exanple. TFTs 7001, 7011, and 7021
whi ch ar eclifibles thior fillii viragsistorghteaehni including3Oare| exidat seipenddater layer.

sem conductor devices illustrated in EFI.GS. 24A tp. 24C b fact d
in a manAdematixelyqthe; thin Ifl‘;'i‘ ’?“SESF%I ysae 014 Ipfﬁefr‘é{ﬁ‘és‘f cﬂcﬁg{]@gg lgﬁgng' § xglrfa

whi ch i's Bledlas ah§@f HRTPFTOb1, 701 Lande70217021 are
hi ghly \%%ﬁ)?g ‘?‘00472476PCT/rH% %10/ 036 938 reliable thin I}l | mtransistors

each i nc[@dBhg an oxi de sem conductor layer. Alternatively, the thin film

transjistor used in a pixel ich is. de 2to 9
can b2 enpl oyeg’l %‘gerawxgﬁcﬁlfﬁn?ﬁ% d;%mstﬁeibgbﬁt e‘“‘RH‘g ??Lem{%gggg} %%]Er)lfsor der
to extragle ddgdBlanghd ERRode @aRshE 1ghtint A @Rintfilin Gaigtoreaiid, a Hight @aistingone of

t he anode and the cathode transmts |light. Athin filmtransistor and a

| i ght - enclenientjare Ifemadtovar a sekstiated  dvkightzmitiingielement cap havgia o emission
el ement a0V Znkfhi Fgg,wlf SLPRAS NGIH fhe a{w@e Ppodito the FELEACL L

through ? tom em ssion Structure

i n whi chpbitght emfss@iftsﬂﬁﬁhﬂd ih hwhigh hligh eis sentfaated thwoughethOsurfacksarr ahe si de,

or a dual em ssion structure_in which light | tracted throu ghthe
B digh supH

surfale oppsyate tde,qor pelual, ganissipnestayrtpre h‘@ whic t gh expact &Si de.
The above;ggsc E)gg&ﬂe Pio*Ghe GABEHAUT Al A SARaRE PRI Shbstate stdeg htpgem tting

el ement havi ng these em ssion structures.
above- descrlbed plxel configuration can be applied to a light-emitting element having
any of these emission structures.
[0319]
15 A light-emitting element having a top emission structure will be described with
reference to FIG. 24A.
[0320]
FIG. 24A is a cross-sectional view of a pixel in the case where the TFT 7001
for driving the light-emitting element is of an n-type and light is emitted from a
20  light-emitting element 7002 to an anode 7005 side. In FIG. 24A, a cathode 7003 of the
light-emitting element 7002 is electrically connected to the TFT 7001 for driving the
light-emitting element, and a light-emitting layer 7004 and the anode 7005 are stacked
in this order over the cathode 7003. The cathode 7003 can be made of a variety of
conductive materials as long as they have a low work function and reflect light. For
25 example, it is preferable to use Ca, Al, CaF, MgAg, AlLi, or the like. The
light-emitﬁng layer 7004 may be formed using a single layer or a plurality of layers
stacked. When the light-emitting layer 7004 is formed using a plurality of layers, the
light-emitting layer 7004 is formed by stacking an electron-injection layer, an
electron-transport layer, a light-emitting layer, a hole-transport layer, and a
30  hole-injection layer in this order over the cathode 7003. Note that not all of these
layers need to be provided. The anode 7005 is made using a light-transmitting

conductive material such as indium oxide including tungsten oxide, indium zinc oxide



[0319] 15A light-emtting elenment having a top emi ssion structure will be
described with reference to FIG 24A. [0320] FIG 24A is a

cr oss- secwpandlooyizew of a pixel in thfa7 case where the TPTTAPLA0HE@W3Kri vi ng
the light-emtting elenment is of an n-type and light is emtted froma 20
light-emtting el ement 7002 to an anode 7005 side. In FIG 24A, a cathode
7003 of the light-emtting elenment 7002 is electrically connected to the
TFT 7001 for driving the light-emtting elenent, and a light-emtting |ayer
7004 andinchalirgn adegstéd0ixidy, eindivac keslei including Gladimm wtﬂe, tidBumatih gukéde7 003.

The cat hode 7003 can be made of .a v. r| et |ve terj.als. as Iong
as they Hslnding igpupperde.jpdivmatin gxige IB%t{IerlrF% ?—'8? @ 4{ % i's

pr ef erab%ﬁdf:%rqﬁcﬁu%m Mide feAbhichbifiSon &hhb is @ed he |ike. The Ii ght em tt' ng
| ayer 7004 nmay be formed using a single layer or a plurality of layers

st acked. [0A2¢h t he |i ght- emttlng Iayer 7004 is formed using a plurality of

| ayers, the light-emtti 004. .i or t in

el ect?on-i nj ec?‘“ﬁkher’l %féf‘ﬂ’%gn%%e‘ét?r VIdFﬁfé’H rpg{ra l?P('gyd%r‘?d‘dg I %Sﬁrb ditqn | ng
layer, a76igd g-folAQBRGAE ah d¥@hic REE AM3EE pdigintidé, RicBtic] polyhmidel epoxyf & s or der
over the cathode 7003. Note that not all of these |layers need to be

pr ovi dedtheTlfke, amdnsgando Bsplating ftm. a5 erganic PprypoXapgn shiig P’ieFnga'?!%HH’&éllq ve
t | d
V0 2011/ BEN0n TR STl b B skt HARPRERLAS R b SRR B D e

i ncl udi ngartitibA0om ieXbeited hndi tiltedt Surfaoe ivdth cmimdusnguwmwml tlmthmch i ndi um
tin oxide (hereinafter referred to as é{?h mé'é‘bﬁj dfe i ndi um
tin &&i dé’hﬂ? aphQipseaptive FibppgEal is ug t T%?E?“ taiféerp ° ;OBﬁ‘r“glat i on
7009 is prayi Q?lgczﬁl"lféo dcathode 7003. The partition 7009 is forned using
an organic resin m poI yi mde, acrylic, polyam de, epoxy, or the like,
an inorgfd82]insulating film or organic poI ysiloxane. It is preferable

that the partifjon 7009 be forned hot o S|t|vere3| material so
that a sidewal H‘%f lightzrmifiing; ﬁl%ﬂenfogéii?s ‘?"8 Pr%'lf‘9 0at 1T%#E ‘gﬁ?r aghee with
continuo ‘lﬁgh@é’lﬁl\fﬁﬁyl’a?er 004115 arfaRiched beWnEhahé cithed O FI3dndi the afiizi 7005Rt er i al
is used for the ition 7009, astegﬂof formng a resist nmask can be

oni t 1&d. If @82ake of the plxalhélmtragfrdt ingfFHGk zﬁgh@téﬁrﬁmﬁeﬁoﬁf}ndb‘? Hghtoaniding o a
region Wh%r engﬂﬁ)i[tﬂg g'gt@%gde gymdlcagag%y'ai a%%({ﬂWl ched between the

cat hode ?
[0323]

Next, a light-emitting element having a bottom emission structure will be

described with reference to FIG. 24B. FIG. 24B is a cross-sectional view of a pixel in

20 the case where the TFT 7011 for driving the light-emitting element is of an n-type and
light is emitted from a light-emitting element 7012 to a cathode 7013 side. In FIG

24B, the cathode 7013 of the light-emitting element 7012 is formed over a
light-transmitting conductive layer 7017 which is electrically connected to the TFT

7011 for driving the light-emitting element, and a light-emitting layer 7014 and an

25  anode 7015 are stacked in this order over the cathode 7013. Note that a light-blocking
film 7016 for reflecting or blocking light may be formed to cover the anode 7015 when

the anode 7015 has a light-transmitting property. For the cathode 7013, various
materials can be used, like in the case of FIG. 24A, as long as they are conductive
materials having a low work function. Note that the cathode 7013 is formed to have a

30 thickness that can transmit light (preferably, about 5 to 30 nm). For example, an
aluminum film with a thickness of 20 nm can be used as the cathode 7013. Similarly

to the case of FIG, 24A, the light-emitting layer 7014 may be formed using either a



15In the case of the pixel illustrated in FIG 24A light is emtted from
the light-emtting el enment 7002 to the anode 7005 side as indicated by an
arrow. [O803p11/004724 Next, a light-emdting el enent haviPeg/Ja2iené9ss
em ssion structure wll be described wth reference to FIG 24B. FIG 24B is
a cross-sectional view of a pixel in 20 the case where the TFT 7011 for
driving the light-emtting elenent is of an n-type and light is emtted
froma light-emtting element 7012 to a cathode 7013 side. In FIG 24B, the
cat hode §ifgl8 lafer bhe pluraity o€ hiytisistagked. e riEhetan®dd 201 sisfnot reqdired, tor transmit
light-transmttin ondyctj ve | 7017 whicgh is electrlcal connected to
the TET BaNabgen B Fumed osing i ERas e G abehE R S G T IR T g
layer 70gfG 304 arAs?tﬁe ngnqﬂeckmg-ﬁh@vm@taaﬁmdmeh tdficetsAigheEarbitiseli fier cat hode
7013. Note that a light-blocking film7016 for reflecting or blocking Iight
may be fexamge;t hnvcawe rit isheotahimited 1@ 25melk filmheFemexinple 15 1¢sis tg which
Ilght tr smItln r.t é: the cat hode 7013, various materials can be
used,® Cll(ﬂlgf‘}?g (%ficéﬁ' ?Z’ 4 | ong as they are conductive materials
haV| ng aLdﬂ W] wor k functl on. Note that the cathode 7013 is formed to have a
t hi ckness that can transmt |ight (preferably, about 51t0 30 nm. For
exarrpl e, an al Buthenns Partitioni T 9aist Provided 9yen thepeondyriive, layer JQE@ akhet he
cat hode 70 C | ayer
7014 may FRLtpR P9 iforked B Bn SRMCesil A ef polyififuc, Mo IARY, | 2VE
st acked. egdyg, amrothe lmalSan dnorghnic esulatieg tfidmt ranergaticl | glyslloﬂaud: chnisbe
formed using aelﬂpq?ht transnmittin uctive materjal |1 l{he case of

FI G YA précrab] Sheepagtitien (Hg h@'ngFﬁl usng 2 PhRIpsensifiNe E‘P‘f‘“} ’é‘Pﬁeé‘é ®Pht can
be used f Q[.GXATR ‘7’(‘519 s tf ﬁhﬁedné%t a filtdd §uRfhct in% dﬁhﬁt!md(s'clumatd: er
exanple, aresinto pi gnents are added can al so be used.

[ 0324] In the chserwhege a mom@msnmeanslﬂ @tgeriad isusod fetelie pasition FB1Y arrdercef ve

| ayer 70 The artl ion .7019.is formed using an organic resin film of
pol yi ni dgom’é‘&%@f st mﬁf)‘??fé‘rh fanitt %oxy, or the like, an inorganic insulating

f| I'm or (@8fnic poI ysi | oxane. is 10 preferable that the partition 7019
be forrred usi ng ?hot osensi ti ve resin material so that a sidewall of the
partidion 7019Th@ ghtmttalg Zlamant e 0L r ¢Qaresptids h te ot FeRIRIUSWRGIRvECUr e. I n

7010, " UERR AR HlSiGER R The By RS pl e e BRAS: 1 0"

l'i ght - emid thertﬁs@beﬂerﬁlxemnest@wdrmsn@naslatI@gha is emited fedrertke tiplet-emitting
light-emtting | ayer 7014 is sandw ched between the cathode 7013 and the
anode 70&Bmeph7Q1Rdo theseathode (7843 pidg as indiqatedehy AnadraWs F| G 24B, |ight is
emtted Ld rg]the light-emitting el ement 7012 to the cathode 7013 side as
i ndi cate y an arrow. [0326]

Next, a light-emitting element having a dual emission structure will be

described with reference to FIG. 24C. In FIG. 24C, a cathode 7023 of a light-emitting
element 7022 is formed over a light-transmitting conductive layer 7027 which is
electrically connected to the TFT 7021 for driving the light-emitting element, and a
light-emitting layer 7024 and an anode 7025 are stacked in this order over the cathode
25 7023. Like in the case of FIG. 24A, the cathode 7023 can be formed using a variety of
conductive materials as long as they have a low work function. Note that the cathode
7023 is formed using a thickness that can transmit light. For example, an aluminum
film with a thickness of 20 nm can be used as the cathode 7023. Like in FIG. 24A, the
light-emitting layer 7024 may be formed as either a single layer or a plurality of layers
30 stacked. The anode 7025 can be formed using a light-transmitting conductive material
like in the case of FIG. 24A.
[0327]



20Next, a light-emtting el ement having a dual em ssion structure wll be
described with reference to FIG 24C. In FIG 24C, a cathode 7023 of a

l'i ght - emwoizng/eheaent 7022 is formed,pver a |ight-trangseirupmgoeessduct i ve

| ayer 7027 which is electrically connected to the TFT 7021 for driving the
light-emtting elenent, and a light-emtting | ayer 7024 and an anode 7025
are stacked in this order over the cathode 25 7023. Like in the case of FIG
24A, the cathode 7023 can be formed using a variety of conductive nmaterials
as | ong as t heFutterea pattaionwid29 isuprovided .oviothe ténductivee layat H0%8 703 i s

formed using a_thickpess.that can transmt. Light, .For exanmpl e, an. al um num
{1 mwi ¢ Ron 7% S BTaRa i i b SR S ooy fidRe T H
24A, theebdghtreffiet fiké)9ad QM&fgaIYiQZﬁlsﬂHﬂn?Q’ilﬁQrdfedrg,aﬁicebblbﬁloxﬁnéi ngl & | ayer
or a plurality of layers 30 Stacked. The anode 7025 can be fornmed using a

| i ght - t r preserable ithay theopratiden Y2 9rhet fermed uding @ phetosansitive sesimmateria syihat [ 0327]
Further, a.partition 7029 | rqvided ov e Cti Ve y. 7. The
part i ?i ofA® 'Q'thog “?eo?i}’r"g@%Z%lsca} Y dgae?nz} gft?&eglfr%a%giqﬂﬁﬂ é()of]&g%(}l%icr?rllk g‘?[%'acr ylic,
pol yam de, theRase/whére atphdtdsers@iveasih At iCuded Foul tht ipagition [7029,ar step @aNi C
polysiloxane. It is preferable that the partition 7029 be fornmed using a
phot osen&irminga resist mapkpeay hegmidledt hat 5 a sidewal | of the partition 7029 is
f ormed aio%agj/ilted surface with continuous curvature. In the case where a
phot osensitive resin material is used for the partition 7029, a step of
form ng a resi The Mighkemitingdelearent 7622 chOS&PBhdsT e alregion -velmir¢ thengatbodenent

7022 corresponds to a, regjon ere e cathaode _10 7023, the lig t-en‘itting.
| ayet® 70§Q?£éh%l 1‘%%3‘8“‘6%1378‘2%&‘1&% ﬁf@gaﬂ];tsﬁﬁ"lﬁ?la‘? i ﬁgmt,‘%fset?‘bfhet he
pi xel il t L FIG i j b t2et-LhAhk ehi Ng
el ement %%Zor f{ﬁg)ee gltel}qmtﬁ %{gtﬁgdlgtﬂ%iz‘% lgsglﬁélgrga{é\lg@?rffghggﬂ%gte%lozf ge}é% !as

i ndi cat ed023/tocratintte.anpd32875 side and the cathodecl03 side agringdiedted By andwesrent i s
descri bed jn,Enbodi nent 13 as a 15 light-emtting elenment, an inorganic EL
0%

el enent e provided as a light-emtting elenent as well. [0330]
The exanpl e i sAtgsegH BAdotganihiELh cRmdeit Nis f ddsbribddams | BhbédifentT B3 &ora dri vi ng
a light-emtting elenment) which controls the driving of a light-emtting

el eméht lightbonisting eleimeal, [ap inorganict BH olesnen cap| hgnproxided tas my lightesrpitiing
however, a stg\%sct ul!e may be enployed in which a TFT for current control is
connect e§ BEMWEYt'he TFT for driving the light-enitting el enent and the
I'i ght - em[0330pg el ement. [ 0331]

The example is described in which a thin film transistor (a TFT for driving a
light-emitting element) which controls the driving of a light-emitting element is
20 electrically connected to the light-emitting element; however, a structure may be
employed in which a TFT for current control is connected between the TFT for driving
the light-emitting element and the light-emitting element.
[0331] _
Note that the structure of the semiconductor device is not limited to those
25 illustrated in FIGS. 24A to 24C and can be modified in various ways based on the spirit
of techniques described in this specification.
[0332]
' Next, the appearance and a cross section of a light-emitting display panel (also
referred to as a light-emitting panel), which is an embodiment of the semiconductor
30 device, will be described with reference to FIGS. 25A and 25B. FIG. 25A is a plan
view of a panel in which a thin film transistor and a light-emitting element are sealed

between a first substrate and a second substrate with a sealant. FIG 25B is a



Note that the structure of the sem conductor device is not l[imted to those
25 illustrated in FIGS. 24A to 24C and can be nodified in various ways
based on wbeosiosi2s of techniques desgyibed in this speecijezun/omsy 0332]
Next, the appearance and a cross section of a light-emtting display panel
(also referred to as a light-emtting panel), which is an enbodi nent of the
sem conduct or 30 device, will be described with reference to FIGS. 25A and
25B. FIG 25A is a plan view of a panel in which a thin filmtransistor and
a |i ght - enoss-sdctignalldéageamn takee abmgllimd HotofEKR 25A1 | r st substrate and a second
substr at ith a sealant. FIG 25Bis a WD 2011/00472480PCT/ JP2010/ 060938
Cross-se al diagramtaken along line H1 of FIG 25A. [0333] A

seal ant 4505 i A gpsian 4508 it groii‘rt[erd(w%drraurﬂi %PixepﬁéﬁlbiiWSGEOSZgna& ligaadkived ne
driver circuits 4503a and 4503b, and scan [ine driver circuits 4504a and

4504b, whirahits2A3836 apd As0Adans sqan dlirfe; driver giinsyity 35%4%961145%? ézﬂu?h AEn, a
Sgcor%r ;sg‘g)st tevlcjf1 gsgﬂgagara?v%%ogﬁ%dd{u fi E@&ghdg srtljafén4 (;\hf?eds' gnal

l'ine da an escan I ne r| CII’CUItS

4504a andveﬁﬂél xc 104502, the sidial pnmtha@frbmcsms@wand nmsbsalgmla stdme
driver circuits 4503a and 4503b, and the scan |line driver uits 4504a

and 45o4bngd§vgretaw@as fodda sk 45(4bn  Acperdingly, Abopixel,porting 455# dfe sighak rate
4501, thg,s ?ﬁl/é}}tj Ar92s0 5% ’H‘}d%oﬁ' eanﬁqth?& fﬂ?ﬁgrf vat @u@iﬁQQSOhﬁ ahd 49(54?; erabl e
ay de us package

t hat adlsp Vi ce protective film
(such asam d&@lﬂdltdigptlfdr lwithoa filler 4807 dy itlkd Btst suhs&rbtleeﬂfSK)ésihn sf:alhmt)45@5 andcover
material with halr ess and it S|f|cat sot at the
di spty HE’VT’Q?@“ “‘?ﬁS‘late é{%ﬁg egt o Prefealygt é‘i‘td% ay f?)'é%% ackpges

portion Aalidq) Wag ﬁ%twé e d(gﬁthQJa%bﬁ(ﬁH%tfﬁmﬁoﬁﬁum%oﬁQﬁﬁbl@fhdni he scan
line driver CI rcwt 4504a and 4504b provi ded over the first substrate 4501

each i ncfilrik on aptayeniniateriabfwitth highf alt-trghtneﬁssanslt little degpsifigation; s thaf the
transi stqr 45 ie(le ortion 4502 and a thin film

o .
transi st }Sp&i‘géﬁvﬂcﬁ&ﬁﬂ?ggﬁp‘?lsﬁd E%@egl‘lénal Tine driver circuit 4503a are
iIlustrajesksps an exanple in FI G 25B.

15 The pixel portion 4502, the signal line driver circuits 4503a and 4503b, and the
scan line driver circuits 4504a and 4504b provided over the first substrate 4501 each
include a plurality of thin film transistors, and a thin film transistor 4510 included in the
pixel portion 4502 and a thin film transistor 4509 included in the signal line driver
circuit 4503a are illustrated as an example in FIG. 25B.

20 [0335]

As the thin film transistors 4509 and 4510, the highly reliable thin film
transistor including the oxide semiconductor layer described in Embodiment 3 can be
employed. Alternatively, any of the thin film transistors described in Embodiments 1
and 2 can be employed. The thin film transistors 4509 and 4510 are n-channel thin

25  film transistors in this embodiment.

[0336]

Further, a protection insﬁlating layer 4543 is formed over the thin film
transistors 4509 and 4510. The protection insulating layer 4543 is formed using an
inorganic insulating film which includes impurities such as moisture, a hydrogen ion,

30 and OH™ as less as possible and blocks entry of them from the outside; specifically, a
silicon nitride film, an aluminum nitride film, a silicon nitride oxide film, an aluminum

oxynitride film, or the like is used. The protection insulating layer 4543 is an



20[ 0335] As the thin filmtransistors 4509 and 4510, the highly
reliable thin filmtransistor including the oxide sem conductor |ayer

descri bedwprroBmventtnent 3 can be enplrfcgl%ed. Al ternati vel yCTARY10H600582 t hi n
filmtransistors described in Enbodi ts 1 and 2 can be enployed. The thin
filmtransistors 4509 and 4510 are n-channel thin 25filmtransistors in
this enbodi nent. [0336] Further, a protection insulating |ayer 4543
is formed over the thin filmtransistors 4509 and 4510. The protection

i nsul at i figulaiy@filnd haGing Sighoramehittiag peopartyi nhr thisrnebadiraeritad sitigorf niknidenhi ch
includes inpurities such as noisture, a hyd,rog]gn ifm, i‘ﬁ and OFF as | ess as
possi bl efiimés formed By a RGKD grethodeanthe gpiechen piselatipglaverB¥3s i cal 1y, a silicon
nitridenId3I3qL an alum numnitride film a silicon nitride oxide film an

al um numoxyhitride film or the like is used. The protection insulating

| ayer 4543 is 7he indainy] Iay&O4GAR48 iRt 2P PldatisfRdgnsulatingdayeng Astha havi ng

light-transm ttin roperty. In this epbadi t, asilicon nitride filmis
fo?rref'd b}l‘salamm%é?‘ﬁg@’ %%{é?@mp‘i“a&eélé‘t F%‘ﬂ“% ﬁg%}l IesistRges SV 2 BOlNIMAgR37] The

i nsul ati ?&#i&%flzﬁéﬁbhl@né ochi8S R cPbANEdn BcRhde@N Oty tindni sugh bedsaic As the
[

5 insul ating 'l ayer "4544, an organic nat€rial having heat resistance such as
pol yi m deateaialsy itiis alsb @nssily ¢ oseua lomedielsotricaapnstant matespld Jowdnmpierighed.

O her than,such organi.c terials, it i SSi .

ow di ol BSUPTEE AL e HRear iAo PR RERp ol 438 Brsc).
resin, pbparhas | Notd fadlRSasuldtBg)layd asap hesopinhtd By stagkiaga {IERGS) , or
the like. Note that the insulating |ayer 4544 may he fornmed by stacking a
pl ur 20 i t pf ngwating\kayersfpmmeed usingranyiod these matarials- aly this enbedimephpeplighs. |'n
this enbodinent .. acrylic i ed as the insulating | ayer 4544. [0338]

Mor eover }lserdearsgédelﬁlgeanlférpélyglsﬁ%gll denotes a light-emtting element. A first
el ectrodg)33ayer 4517 that is a pixel electrode included in the

light-emtting element 4511 15 is el ectrically.connected,to a s ce
el ectrode | ayeM%‘FOVST’dP%WCQI”é‘&’cef%c#éifé{‘?B?te_%f’ l_f e ti“ﬂgfeiki“Pr‘?“(t}l'r a‘_r?}lsjfigr?t or
4510. NOteFecltrﬁget la?ea’%{?ﬁ?' ¢l LEa ?ifxelt Q€ctiddd el ed¥dtib kﬂ&]i@it-@ﬁﬁﬂﬁ%g‘éﬁ:ﬂent 3snot

limted tot S structure described in Erbodinent 13, which includes
t he fbr sis ébaritalyd®nhegtet tokbsonrcearieatiode layet ana dede elaetradgylayer o5 e thimd a

ey a8 EATaRRE o0 ARG 8 RuCH of fie gt dhiddnd Vel '45iT %5 B ™o
limited to the stack structure described in Embodiment 13, which includes the first
electrode layer 4517, an electroluminescent layer 4512, and a second electrode layer
4513. The structure of the light-emitting element 4511 can be changed as appropriate
20 ° depending on the direction in which light is extracted from the light-emitting element
4511, or the like.
[0339]
A partition 4520 is formed using an organic resin film, an inorganic insulating
film, or organic polysiloxane. It is preferable that the partition 4520 be formed using a
25  photosensitive material to have an opening over the first electrode layer 4517 so that a
sidewall of the opening is formed as an inclined surface with continuous curvature.
[0340]
The electroluminescent layer 4512 may be formed with a single layer or a
plurality of layers stacked.
30 [0341]
An oxide insulating layer may be formed over the second electrode layer 4513

and the partition 4520 in order to prevent hydrogen, moisture, carbon dioxide, or the



20depending on the direction in which light is extracted fromthe
light-emtting el ement 4511, or the |ike. [0339] A partition 4520 is
formed uswogoarmosrzganic resin film ag), i norgani ¢ i nsul aPCmgPLi10/050988
organi c polysiloxane. It is preferable that the partition 4520 be forned
usi ng a 25photosensitive material to have an opening over the first

el ectrode | ayer 4517 so that a sidewall of the opening is fornmed as an

i nclined surface with continuous curvature. [0340] The

el ectrol Uke ﬁeﬁxccﬁlltﬁrldgayerigm&hﬁtth@plmrﬁéﬁhhd with a single layer or a
p!uralltﬁ? | ayers stacked. 30[0341] WO 2011/00472482PCT/ JP2010/ 060938
like frolf¥dleri ng the light-emtting el ement 4511. [0342] A

vari ety of sigRa, g. Wﬁﬁ@ﬁﬁ%ﬂ%&ﬂﬁ%ﬁ a?é’%ph@dj td e lsiablisk@divericiuitly | ver

circuits 4503a an the scan line driver circuits 4504a and 4504b, or
t he pi xel5@Rar srido#S(Bb4 BE2schn dime FlP@sr ¢BAQSts 400da 48d 304D,0a4tbE pixel portign

connecti ctr 4515 is forned using the sanme conductive
| ayer® asag@#egf’ﬁ“rébaése‘gég? F‘b‘ggﬁl Byer 4517 included in the Iight-enitting
el enent and a termnal electrode 4516 is forned using the sane

conductlve I yer as the source and 10drain el ectrode | ayers included in the
thin filmtrandi gzrmpctmognn{r@gqh:}:trode 4515 is formed using the”same conductive

layer as the first electrode layer 4517 included in the light-emitting element 4511, and a
terminal electrode 4516 is formed using the same conductive layer as the source and

10  drain electrode layers included in the thin film transistor 4509.

[0344]

The connection terminal electrode 4515 is electrically connected to a terminal
of the FPC 4518a through an anisotropic conductive layer 4519.
[0345] v

15 As the second substrate 4506 located in the direction in which light is extracted
from the light-emitting element 4511 needs to have a light-transmitting property. In
that case, a light-transmitting material such as a glass plate, a plastic plate, a polyester
film, or an acrylic film is used.

[0346]

20 As the filler 4507, an ultraviolet curable resin or a thermosetting resin can be
used, as well as an inert gas such as nitrogen or argon. For example, PVC (polyvinyl
chloride), acrylic, polyimide, an epoxy resin, a silicone resin, PVB (polyvinyl butyral),
or EVA (ethylene vinyl acetate) can be used. For example, nitrogen can be used as the
filler.

25  [0347]

If needed, an optical film, such as a polarizing plate, a circularly polarizing
plate (including an elliptically polarizing plate), a retardation plate (a quarter-wave plate
or a half-wave plate), or a color filter, may be provided as appropriate on a
light-emitting surface of the light-emitting element. Furthermore, the polarizing plate

30 or the circularly polarizing plate may be provided with an anti-reflection film. For
example, anti-glare treatment by which reflected light can be diffused by roughness of

the surface so as to reduce the glare can be performed.



The connection term nal electrode 4515 is electrically connected to a
termnal of the FPC 4518a t hrough an ani sotropi c conductive |ayer 4519.

[ 0345] 15%e 20hiwogeeond substrate 4506 iocated i n the di PeTtIPTNONEVIShi ch
light is extracted fromthe |ight- en1§ ing el enent 4511 needs to have a
light-transmtting property. In that case, a light-transmtting materi al
such as a glass plate, a plastic plate, a polyester film or an acrylic
filmis used. [0346] 20As the filler 4507, an ultraviolet curable resin or
a thernof@8ing resin can be used as well as an i nert gas such as nitrogen

. F | PVC chl
gE)O%/QSQQ nor aeg?agpg&%r{g‘erdé'é’ C" B%% O ﬁq 3!*‘%5‘“ FB‘? BIE‘(%\C TS | ene
vi nyl acgg?zioa éﬁfﬁﬁ&ﬁ? nﬂﬁlege anﬁﬁteﬁxm}lger B}Ju'i@%ﬂn&ﬁﬂsﬁ% 18gleasr Etﬁﬁ

filler needed, an optical | m such as a po ar| zing
pl at e, asmrconﬂna:tdr;lapmloaa lpmlyng/s[;alllateese(mmﬂudonlgyamver asp\tsmtfl Seyarp@l)arl zi ng

plate), a retard |on Iate uar ate or ate) or
a col or PIIPREE: ﬂ?o%lgzllqud %EE‘BF%FF &C“b‘ﬁ"épf‘ ‘Pﬁ‘e ?’ﬁ?‘.g“ sur f ace
of the |ight nﬁéﬂdrwepenehwtparfmaéw R Ebe k@@mayafdrﬁlwgarﬂl aloanQ. or the
circularly polarizing plate may be provided with an anti-ref|lection film

For exanmBmbodimerit-13liames ltmlé@ttnﬁhﬁtﬂwﬂmmﬂblﬁtf@téql IneRlGSy 26 Agmd 26Bn be di f fused
by rough% of the surface so as to reduce the glare can be perforned. WO
2011/ 004 ApCT/ 3P2010/ 060938 [ 0348] The signal line driver

circuits 4503aTanshghS@abatane froeess,carhiphlyerdinbi¢elightientttinigs diéplagapamet 4504b
may be nmount ed as §r| ver circuits formed using a Si ngI 8 crystal
seni @®nddlightremitipgpanel) as HEmisoRductor deyige CARBARNIATEESY ayer over a
subst rate 3%% arately 5Sprepared. Alternatively, only the signal |ine driver
circuits art thereof, or only the scan line driver circuits or part
t her eof may be Eathodimdre |19 cﬁmbm‘aﬂplamdntmbmaMOprammmmonl\&lth gnyothet i mi t ed
to the structure ill ug Jlat ed in FIGS. 25A and 25B. [0349]
embodiment descn ed herein.
[Embodiment 14]
15 [0351)
A semiconductor device disclosed in this specification can be applied as an
electronic paper. An electronic paper can be used for electronic appliances in a variety
of fields as long as they can display data. For example, an electronic paper can be
applied to an e-book reader (electronic book), a poster, an advertisement in a vehicle
20  such as a train, or displays of various cards such as a credit card. An example of the
electronic appliances is illustrated in FIG. 26.
[0352]
FIG. 26 illustrates an example of an e-book reader 2700. For example, the
e-book reader 2700 includes a housing 2701 and a housing 2703. The housing 2701
25  and the housing 2703 are combined with a hinge 2711 so that the e-book reader 2700
can be opened and closed with the hinge 2711 as an axis. With such a structure, the
e-book reader 2700 can operate like a paper book.
[0353]
A display portion 2705 and a display portion 2707 are incorporated in the
30 housing 2701 and the housing 2703, respectively. The display portion 2705 and the
display portion 2707 may display one image or different images. In the case where the

display portion 2705 and the display portion 2707 display different images, for example,



Through the above process, a highly reliable light-emtting display panel
10 (light-emtting panel) as a sem conductor device can be manufact ured.

[ 0350] WO 2011E02di nent 13 can be i enented i n appr opCraP®1¢osmssnat i on
wi th any ot her enbodi ment described herein. [Enbodiment 14] 15[ 0351]

A sem conductor device disclosed in this specification can be applied as an
el ectronic paper. An electronic paper can be used for electronic appliances
in a variety of fields as long as they can display data. For exanple, an

el ect r oniext papls displaydicorapdispkg pootiamoretheaight sidadthe displaycpartion 7¢bok), a

poster, an_ advertisepent i . vehicle 20such trai I spl f
vari ous EI(- #6) ang graghics cay Bﬁ&?p]@&?‘ﬁ?n %ﬁlsgt/g‘irﬂ??‘z"%?n @‘%Q%P@%é&%ﬁﬁ?ﬁ?ﬁf °
appl i ancgémioﬁ zbbt%plr@tzgp in FIG 26. [0352] FIG 26 illustrates an
exanpl e an e-book reader 2700. For exanple, the e-book reader 2700

i ncl udes[@5Hpusi ng 2701 and a housi ng 2703. The housing 2701 25 and the

housi ng 2703 ' ith hi 2 h n ! .
can b? openedagﬁ?ﬂ %ﬁﬁggﬁgﬁﬂ%eﬁaﬁ@% ?‘ﬁ‘gg‘%%iﬁg‘gst“gf&g% gsp%g?l?gé( g{ﬁ@haﬁ:r 2700
St UCt Ur §perhfiéh BoRidaKardeAdelike? 7 ¥r @REmPRE R Bosirge 220 pép proviedkwith G353] A

di splay portion 2705 and a display portion 2707 are incorporated in the 30
housi ng PO@dr swidch RE21hansonstatEROSY $ESpacPrafker 72 handgthsdikey d¥ith itk 2705

o0 L1 ShBhY AR Rl S PR 0 KPR, il RSl o= I
di spl ay e fils gl benpgeRled fonr thesanp| sarfadiOa Bik1diggldy PORIDAGTY he2D1LEInG60938
10  Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a
terminal that can be connected to various cables such as an AC adapter and a USB cable,
or the like), a recording medium insertion portion, and the like may be provided on the |
back surface or the side surface of the housing. Moreover, the e-book reader 2700 may
have a function of an electronic dictionary.

15 [0355]

The e-book reader 2700 may have a structure capable of wirelessly transmitting
and receiving data. Through wireless communication, desired book data or the like
can be purchased and downloaded from an electronic book server.

[Embodiment 15]
20 [0356]

A semiconductor device disclosed in this specification can be applied to a
variety of electronic appliances (including amusement machines). Examples of
electronic appliances include television sets (also referred to as televisions or television
receivers), monitor of computers or the like, cameras such as digital cameras or digital

25  video cameras, digital photo frames, cellular phones (also referred to as mobile phones
or mobile phone sets), portable game consoles, portable information terminals, audio
reproducing devices, large-sized game machines such as pachinko machines, and the
like. |
[0357]

30 FIG. 27A illustrates an example of a television set 9600. In the television set
9600, a display portion 9603 is incorporated in a housing 9601. Images can be
displayed on the display portion 9603. In this example, the housing 9601 is supported



text can be displayed on a display portion on the right side (the display
portion 2705 in FIG 26) and graphics can be displayed on a display portion
on the | evo2eiww42the di splay portiong2707 in FIG 26). POBSRI016/BI0G3L26
illustrates an exanple in which the housing 2701 is provided with an
operation portion and the |ike. For exanple, the housing 2701 is provided
with a power switch 2721, an operation key 2723, a speaker 2725, and the
like. Wth the operation key 2723, pages can be turned. Note that a
keyboar dby astand 86050 devi ce, and the |ike may be provided on the sane
surface ﬁ% %Ee di splay portion of the housing. 10 Furthernore, an external
connect i B#8kr ni nal (an earphone termnal, a USB termnal, a term nal that

can be connectggh foRvisidi RUICERRINAR opeffedaFitiRn HperatdnivitchasTdhahddshgcabl e,
or the like), a recording nediuminsertion portion, and the |ike may be

provi ded9al ohe sbparite sempteceontiolleh 86 H). d Channéls @ad golume caibbg icatroliash eover

h -b der ..2700 h f [ I I.Cy.di el :
151 odss) i o85St 50y IR ST s BMhe B @S0 BaP et et A Y

wi 1 el essing diggis Pbiitioh 9503 kdn bR CdnMbI. dFuatherhiurouGb rimobe @esrollanvéldi cat i on,

desired book data or the |ike can bﬁigurchased_and downl gaded from an

el ect r onimay be providad Aith a displaydostion 9605)fopdisplagige data output Arogp Hiedem@tsct or

devi ce dj.s S in this specification can be applied to a variety of

eIectron?%ﬁgﬁﬁfﬁgﬁges (i ncludi ng amusenent machi nes). Exanpl es of '

el ectronjo3sappl i ances include television sets (also referred to as

televisions or_television receivers), nonjtor .of conputers or the |ike,

cameths such aNow;ithatithe t“tl,%i’ﬁ%?’éée@lﬁaéi‘sgﬁrf’&degg" ! ﬁ@ﬁggﬁ‘nﬁr“&’sd? iaﬁﬁff}é?l phot o

frames, gell %ﬁ DR el 3R RerPlRiVisith bdadst QR BeSreBHIOEIES FRLthERRILLE phone

sets), portable gane consol'es, portable information term nals, audio

r epr oducivhen diey tedegsion aetgR608) iseedbngested trnehdomusunicationanetorkhby arede@ihi nes,
a.teleyision set

and the |ike. [0357]1 30FIG 27A il]ustrates qn, X ke f'ver Lheyis _
9600. | n™iIiEst EPUGFUomYia dhs moder, o ‘HP%Q‘T?%’? Ko g’g %B‘%@' P of (MO ated i n
a housi ngheRPQL trad¥BGRS MdteBival] bitayeetceivetshor dieslie))aPOsdnmini0adh | n
this exanple, the housing 9601 Is supported by a stand 9605.
15  can be performed.
[0360]
FIG. 27B illustrates an example of a digital photo frame 9700. For example,
in the digital photo frame 9700, a display portion 9703 is incorporated in a housing
9701. Various images can be displayed on the display portion 9703. For example,
20 the display portion 9703 can display data of an image shot by a digital camera or the
like to funétion as a normal photo frame.
[0361]
Note that the digital photo frame 9700 is provided with an operation portion, an
external connection portion (a USB terminal, a terminal that can be connected to various
‘25 cables such as a USB cable, or the like), a récording medium insertion portion, and the
like. Although they may be provided on the same surface as the display portion, it is
preferable to provide them on the side surface or the back surface for the design of the
digital photo frame 9700. For example, a memory storing data of an image shot by a
digital camera is inserted in the recording medium insertion portion of the digital photo
30 frame 9700, whereby the image data can be downloaded and displayed on the display
portion 9703.

[0362]



[ 0358] The tel evision set 9600 can be operated with an operation
swtch of the housing 9601 or a separate renpte controller 9610. Channels
and vol urwocan/dog72¢ontrolled 5 with operation key 96@@TOP20t1/@60088 Ot €
controller 9610 so that an i mge di splayed on the display portion 9603 can
be controlled. Furthernore, the renote controller 9610 may be provided with
a display portion 9607 for displaying data output fromthe renote
controller 9610. [0359] 10Note that the tel evision set 9600 is provided
with a recei veThe aliginilqiptoafidnten2700 kmy Mivieha tshrectugc eapable, of wieslesshi

tel evi si on broadcast can be recejved, Furth t he, t el evj si t
9600 | o HBMTHBMEAISeCEUBRARHI o LTS MTISH EOBPRIA AN Jestisd iopage dati °" >

connect i pf, id @ow16ad¥BIS B dRPRY¥RY (fromtransmitter to receiver) or two-way
(between transmtter and receiver, between receivers, or the like) data

communi cfi363h 15 can be perforned. [0360] FIG 27B illustrates an

f digi tal, nh f . ' i gi.:
Frame 5700, o B pRayRidirooh B pibussiity SRR dorhab Ao debh@s ' ©

Vari ous hiR@s9SANnde Bdush . OThé RBusih &PISRY aRA198H D ared R dectbdwithxanpl e,
20 the display portion 9703 can display data of an image shot by a digital
caner a ofontgetion pestion 98%Hse poie besopenad apdirlopetbt A displa Portsids2and a "ot e

that the digital.,. f 14S: PRQVY ' Rat i tion, an
ext er nal {5BARRYBh 587 48 Redtgtinl R hilRihe"bie) R4 IREBLAIRE D1
connect egespectivalyl Ols additiofiatHeeporsabld) amuisamdibBnachiniee jllwstratethainl FIKE)28Aa

recordi ng mediuminsertion portion, and the |like. Althaol b

pr ov?%ed“lﬁ#‘q@ﬁé SPaRKST QBF‘?%‘C@B%S at‘ﬁ%"%i“&ﬁ?%“’ﬁd??%?ﬂ P?‘ic‘)‘%gg Sgg’g‘b@é eet 0

provi de t he: si f ; i dess f the.
%ﬁggw’aﬂé 1@%%81?6%% (%?g&%ﬂ&h‘f(@?%&?h‘rcfoﬁﬁ&tlt)ﬁrteltntﬁ‘ﬁal 68879 O e

di gi tal For npl e, a nmenory storing data of an inage
shot by sembgb888 (x serspmhawing rsfnckeh pfi mdasuringctoret, rdis mgnt, ipesigioni on

PO Sl S BB, AGoLhET% AHBROER s IR, Shiace b
digital plghQidt amperatite MeNehiRYIE s@bstdnteiCidind, ¢RRAMNaediths, WeletkiesEel,
transmitting and receiving data. Through wirel ess communication, desired
i magéb datcarreadvdiage elaetnaprert @db@io@,iﬂ;m gp}@dl_umidity, gradient, oscillation, odor,
or infrared rays), and a microphone 9889), and the like. It is needless to say that the
structure of the portable amusement machine is not limited to the above and any other
stfucture provided with at least a semiconductor device disclosed in this specification
can be employed. The portable amusement machine may include other accessory
20 equipment as appropriate. The portable amusement machine illustrated in FIG. 28A
has a function of reading a program or data stored in a recording medium to display it
on the display portion, and a function of sharing information with another portable
amusement machine by wireless communication. Note that the portable amusement
machine illustrated in FIG. 28A can have various functions without limitation to the
25  above.
[0364]
FIG. 28B illustrates an example of a slot machine 9900 which is a large-sized
amusement machine. In the slot machine 9900, a display portion 9903 is incorporated
in a housing 9901. In addition, the slot machine 9900 includes an operation means
30  such as a start lever or a stop switch, a coin slot, a speaker, and the like. It is needless
to say that the structure of the slot machine 9900 is nbt limited to the above and any

other structure provided with at least a semiconductor device disclosed in this



[0363] S5FIG 28A illustrates a portable anusenent nmachi ne including two
housi ngs: a housing 9881 and a housing 9891. The housi ngs 9881 and 9891 are
connect edwoizbti/m4ennecti on portion 9893 so as to be opeagdrPando@bsssed. A
di splay portion 9882 and a display portion 9883 are incorporated in the
housi ng 9881 and the housing 9891, respectively. In addition, the portable
anmusenent nmachine illustrated in FIG 28A 10 includes a speaker portion
9884, a recording nediuminsertion portion 9886, an LED | anp 9890, an i nput
means ( agpeeffeatibn enaykiseyerfploed. a Tensietchadring 8906 may i88@ik, othersanessorP888 (a
sensor having a function of measuring force, displacenent, position,

speed, aftEPBEBLISARPIORAEEI ar vel ocity, rotational frequency, distance,
light, | i[(%g g magneti sm tenperature, chem cal substance, sound, tine,

har dness, eI5 ctric field, 15 current, voltage, electric power, radiation,
flow rate, hunFHGRPA igapdispertive gson illuatrating, ammplmfﬁmgkmﬂmw-), and a
m croghog{& 9&389), and the like. It is needless to say that the structure of
t he port %l anusenent machine is not linited to the above and any ot her
structure provigdeg yéddbltohpnst of FREMRONAY Rbusipvo30a Kivind @sdisplayn t hi s
specification can be enployed. The portabl e anusenent machi ne may incl ude
ot her acpesmar$3030ansaibottermt heusingp having:a keiyBogsd (346 an Argdapnea¢h machi ne

illustrated in Fl G 28A has a functi ing a tored
o recOUT Y eanm vineh B e Bt LEGRL Wil SRR ARy 01 TG

of shari mguding 930mt iTHR pktableadniphes op BIC. 29Aecan o sememicnfaritangingy and r el ess
comuni cati on. Note that the portabl e anusenment .npchi ne ixlgljti%t rated in FIG
28A d8n hathe case ousing the keyheard for Hprpt. \he hings wijhis;Qpepefb and theisor Can 0364

FI G 28B i t e . sl ot machi ne 9900 which is a

| ar ge- si 2@&?20&@&%5@&%W%£0?23t 1e sl ot machi ne 9900, a display portion
9903 is i[@uyjporated in a housing 9901. In addition, the slot nmachi ne 9900
i ncl udes an operation ans 3 such as a start |eve St switch, a
coin slot, a sﬁéél@é’?t,"“‘anﬁ‘a‘s_f"rgengkgl.cr"ldfs PsPHRRA dedcs 33@6613‘7??%‘5%%{‘#@”
structur ‘?rllp?ﬁ chil®e ?e% > hh B8diB8R G0 ke B]bodrd30ed Ferthdiewh&iPuR dsglayany

other structure provided with at |east a sem conductor device disclosed in

t hi s 15WOpdtioh/ 303 794 8T ThpPpand, d00p8t easced peartoamed Ry taughing papifdhed. The

sl ot machj.ne 9900. .may..J ncl yde ot her essnr uj nt: npropriate.
[0365] FI pg"’gAp? o p@%g’é@?‘i“v 0%}“&5% Ustis %ﬁgérgﬁggé%?f‘%}cgggf aldf)'grtabl e
conput er .gu& @38@PU or hard 4Rkt B fditicih ke bewa theusing IBOLimdiles anbthpr housi ng
9301 having a display portion 9303 and a bottom housi ng 9302 having a

keyboar d d88i0d, foarcxemple, ap exdernaloganaectinp perbBHY intonwhich a,RPMMRERICAHOR onnect s

h h [ 93 [ ¥ bl f
FI'G 20n GanEsBtoRRs et pgp CRLIRAGHR Y USBRindciaport abl € computer o

20 [0368]
The top housing 9301 further includes a display portion 9307 which can be

housed therein by sliding toward the inside of the top housing 9301, thereby realizing a
large display screen. In addition, the user can adjust the orientation of a screen of the
display portion 9307 which can be kept in the top housing 9301. When the display

25  portion 9307 which can be housed the top housing 9301 is a touch input panel, data
input éan be performed by touching part of the display portion 9307 which can be
housed in the top housing 9301.

[0369]
The display portion 9303 or the display portion 9307 which can be housed in
30 the top housing 9301 are formed using an image display device of a liquid crystal -
display panel, a light-emitting display panel such as an organic light-emitting element or

an inorganic light-emitting element, or the like.



10 in the case of using the keyboard for input, the hinge unit is opened
and the user can input |ooking at the display portion 9303. [0367]

The bot t owphougion249302 i ncl udes a poghiting devi ce 9306 Pairmobibehssdat a

i nput can be performed, in addition to the keyboard 9304. Further, when the
di splay 15 portion 9303 is a touch input panel, data input can be perforned
by touching part of the display portion. The bottom housing 9302 incl udes
an arithnetic function portion such as a CPU or hard disk. In addition, the
bott om hf&0hg 9302 i ncl udes anot her device, for exanple, an external

connection porj 9305 into ich a c | {on cable conformable to
conmuni cati on bl %‘ﬁb‘é‘?"d gheoﬁg‘\glb%ﬁrrfpél?‘?%g ,1@2%5/9 A ¥388Y 1d28 wilh'% H56Vtop
housi ng QR@ thef i AT cdnnCléives talevikidR! RYadeastitb Uispl30an igeorctie dispidpused
therein by sliding toward the inside of the top housing 9301, thereby

real i zi ngodionar detettivisidmarogdeasegan bp veatehed; o the: wholgsssreea0f thajdisplayt he

orient ation. of screen of the di. Vi : j 0 i t in
t he t%p 98{5‘??#@339(}?98 %Sltl{ire‘g ar's p{hgyhlg%'r Eﬁ%{r??\llhg% é@@g&\%ﬂlhgﬁ&cgﬁu housed
the top bowshid HRAbltohs héusinpuadn ¢dpded. panetat cakel ehel hipgd uials i@ gpenddr ned by

touchi ng part of the display portion 9307 which can be housed in the top
housi ng 9nddisplap want performed on the fisplay; Rogtion, 9305, pRdopegalipn of onfya cigewty ay
portion Oy i . i ) i d

st ng. anto i ML RARICRRIONBERTs Bertbitfed, ARecIBk PO S RuRpfior S4T™

| i ght - erbt suppgesded pl thy npaivalm swhich dsuseful dogthaiportablglaomputet whogp Wttersent  or
an inorganic light-emtting elenent, or the like. [0370] I n

addi llf)on,caRaﬁgy&%P’f‘ﬁ ‘e conputer of FIG 29A can be provided with a receiver
and the kﬁ#ﬁ and can receive a tel evision broadcast to display an i nage on
t he display &ortion. A tel evision broadcast can be watched on the whol e
screen of the HIGR9Byis%H peospective Ve illesirating anisyampledif agcollulan phore thahge uni t
whi ch connects the toB housitqﬁ}gQSOl Qvnpht he bottom housi ng 9302 closed. In
that cas&®YSHECH WEE Of the WS G2 ¥BUN&S and display is not performed on the
di spl ay peg#2jon 9303, and operation of only a circuit for displaying the
tel evision broadcast is perfornmed; therefore, power consunption can be
suppibssed to This eallwlanphongrinendessthgsieflopvingsra maim hedy yHieh awhyleber whose

battery %81%%%?cia{ign id%v}c.le ”fh&l‘ﬁﬁ'mg[a(ﬁ@&s‘t a telephone function, and battery; a band
portion 9204 by which the main body is worn on the wrist; an adjusting portion 9205
for adjusting the band portion fixed on the wrist; a display portion 9201; a speaker
9207; and a microphone 9208.
20 [0373]
The main body includes operating switches 9203. The operating switches
9203 serve, for example, as a switch for turning on a power source, a switch for
changing display, a switch for instructing to start taking images, or as a button for
starting a program for the Internet when the switch is pushed, which enables different
25  functions to interact.
(0374}
Data Input to this cellular phone is operated by touching the display portion
9201 with a finger or an input pen, operating the operating switches 9203, or inputting
voice into the microphone 9208. Note that displayed buttons 9202 which are
30 displayed on the display portion 9201 are illustrated in FIG. 29B. Data Input can be
performed by touching the displayed buttons 9202 with a finger or the like.
[0375] |



FIG 29B is a perspective view illustrating an exanple of a cellular phone
that the user can wear on the wist |like a wistwatch. [0372] 15This

cel lul ar whans/iowkudes the foll ow nggga main body whi clrCirmeuoies9zs

comuni cation device including at | east a tel ephone function, and battery;
a band portion 9204 by which the main body is worn on the wist; an

adj usting portion 9205 for adjusting the band portion fixed on the wist; a
di splay portion 9201; a speaker 9207; and a m crophone 9208. 20[ 0373]

The mai n body Futhandthe mpiarbadynmchules e hases? partionh@206pimchdinggas wnagshes 9203

serve, for exanple,. as a switch for furning on.a .power urce, a switch for
changi ngP¥KLP %&“SJO%W‘{VE ngsn 1Mase PLER Pi?}'ﬁgtr S’héc?‘dg(t?oqrbfﬁistﬁ{fuigﬁﬁﬁgg{eraor as a
but t on f @iys S{cAkd eRBténiB rieﬁgamghar. INWfe kifHt @& RhmWASHLITIBE i Wbt fdtessariBushed,
whi ch enables different 25functions to interact. [0374] Dat a | nput

to this pwmividddar phone is operated by touching the display portion 9201
wth fd%; or an input pen, operating the operating switches 9203, or
i nput ing ce into the m crophone 9208. Note that displayed buttons 9202

which are 30 dThelceMddr pRodehBludirated dy RIGS 29Bris P2Olidar @ithl 4 uedehvatrad d N FI G
29B. Data I nput can be perfornmed by touching, the displayed buttons 9202
with a fteleasion praafeast pcbtheqlikgyad Can display an magerfay the displayanostion, 89034 nel udes
a canera I L.nchudi an'% Ik P55 f vergring an

i mge of bggééoebﬁg%? %Ql\gﬁ?fcaﬁ H#s;éc@gsrt'rrel t ro%lgﬁﬁé;&ciglrlrera ﬁ%ﬁ@sutggaéﬁ% ectronic
i mge si @0Blis pidoidediwidi a idemocydeviee pak the dike isschnasta memesys and £an prondided.

5[ 0376] . he cel l.ul ar phone iJlustrated in . FIG 29B is.p ided with a
receit¥er 'Q¢vigion LFWF@(W\“P% BEORs qceﬁlﬁgrlﬂq‘%e, _‘lgﬁﬁa‘fgﬁn (Fﬁgplrz% ¥ i mage
on the displ 2%nBRSH bOdEtAAE 10%ti6E ffbHialEn SudidsqyPSi On broadcast. In
addition, the cellular phone illustrated in FIG 29B is provided with a

menory d¢@37d¢ and the |like such as a nenory, and can record a 10 tel evision

broadcast in the nmenory. . The cellul ar. phone il lusirated, in,.FH.G 29B may
have a functio o'lmal%tcéﬁ‘fl% eY‘(‘J“éaQttl i aoﬁfq‘[}‘ﬁf (o4 F}ﬁ{ fibsﬁfa%' RACh & Hplten ]
display panel such as an organic light-emitting element or an inorganic light-emitting
15 element, or the like is used as the display portion 9201. The cellular phone illustrated
in FIG. 29B is compact and lightweight and the battery capacity of the cellular phone
illustrated in FIG. 29B is limited. Therefore, it is preferable that a panel which can be
driven with low power consumption be used as a display device for the display portion
9201.
20 [0378]

Note that FIG. 29B illustrates the electronic apparatus which is worn on the
wrist; however, this embodiment is not limited thereto as long as a portable shape is
employed.

[Example 1]
25  [0379]

The interaction between an oxide semiconductor layer and an oxygen molecule
was calculated using first-principle MD (molecular dynamics) simulation. In this
example, CASTEP produced by Accelrys, Inc. was used as the calculation software.
The calculation conditions were set as follows: the NVT ensemble was used, the period

30 of time was 0.5 picoseconds, and the temperature was 350 °C. As the calculation
method, a density functional theory with the use of the pseudo-potential plane-wave

method was employed. In addition, GGA-PBE was used for a functional.



An i mage display device of a liquid crystal display panel, a light-emtting
di spl ay panel such as an organic light-emtting el enent or an inorganic

| i ght - emwoOi2ng/0%72¢l ement, or the i i s used as the dipspliagoiposovsson 9201.
The cel lular phone illustrated in Fl 29B i s conpact and |ightwei ght and
the battery capacity of the cellular phone illustrated in FIG 29B is
limted. Therefore, it is preferable that a panel which can be driven with
| ow power consunption be used as a display device for the display portion
9201. 20[0386J 8] Note that FIG 29B illustrates the electronic
apparatus which i.s worn on the w

) {st; however, thi odi nent i s not
limted theret® HYs |e3#gPles a3 HBPPARYS STHCARE foyg%ﬁo%gpé%ﬁagmse 1%]
25[ 0379] gallium atordd1€ 21 ZHEABHE] £ 4EEWRERM afdsO¥AsIRcd a8Th caRGlEbRmddey6r and an
oxygen rf%? ecul e was cal culated using first-principle MD (nolecular

dynani csjn K6AQIsatfacen. The primigvelattineused oasEralglaiuicsas dieckagelar sadid | nc.

het dh | oWih dmensiars i o (AL M Recn 00 B, b PRt BOuRR tanafip YRS o
pi cosecopdy, f@N@et nteigxr}'p eFik UsfviRISsc3ided Gurfase et ab Cwhizhi AN odBidiod, a
y

density functional t with the use of the pseudo-potential plane-wave
met hod wamleenielioyddéd was waekdibelpwn, GGA- PBE was used for a functional. WO
2011/ 004é)?3éngCT/JP2010/ 060938 [ 0380] In this exanpl e, an anorphous
structur med of 12 indiumatons, 12 galliumatons, 12 zinc atons, and

46 oxygen at onpioM\aBALKEHEs af imtigidtse batHeanrfavslef tholoxie sefidonduttdalger The
primtive lattice used for the calculation was a rectangular solid 5 with

di met&i oamd dhe loxygemnmalegule2digpasgd 2ing ghen yicinitypf i thgi surfsanehathe QFf ti on

was used for the boundar - [ to \Aﬁ(;: h an
oxygen nﬁ?“élgﬂ?(glclmsf?a &gedlyl \%}/ag&%ssgtgg%%f:%\%ﬁl g[dbégg%ﬂéf g%‘ég%\&g ov(\irg' aIrll1 initial
state of 3gBetiRubkpgn fioldcie BXadsortadnby ahelunttal of ajersuffdceand thtbeoxadeygen

nol ecul e di sposed 1.n the vicinjty of t surface of the oxide sem conductor
Taver - Ermichmesdnisr oEiR seyen] ROk e eruseomalepy b Ba e R G 308,
t he oxygggﬁp&?&}hldg‘ is adsorbed by the netal of the surface of the oxide
sem conduct’or [ayer. The coval ent bond of the oxygen nol ecule did not break
wi t hism O[@8R) coseconds. 15[ 0382]

However, an oxygen atom is more thermodynamically stable in the state of
being adjacent to a metal atom rather than in the state of being bonded to an oxygen
atom. Further, as is seen from the structure model made using the measured density
value of the oxide semiconductor layer, the space inside the oxide semiconductor layer

20 is too narrow for the oxygen molecule to diffuse into while keeping the covalent bond.
Thus, oxygen atoms are diffused into the oxide semiconductor layer when they come to
the thermodynamical equilibrium.

[0383]

Next, a diffusion phenomenon of oxygen in an oxide semiconductor layer

25  including a region with a high oxygen density and a region with a low oxygen density,
which is caused by heat treatment, was calculated. The results are described with
reference to FIG. 31 and FIG 32. In this example, Materials Explorer 5.0
manufactured by Fujitsu Limited was used as the calculation software.

[0384]

30 FIG. 31 shows a model of an oxide semiconductor layer that was used for the

calculation. In this example, an oxide semiconductor layer 701 had a structure in

which a layer with a low oxygen density 703 and a layer with a high oxygen density 705



However, an oxygen atomis nore thernodynam cally stable in the state of
being adjacent to a netal atomrather than in the state of being bonded to
an oxygerwatomoofuat her, as is seen fgomthe structure mOGAP20T80E9385i ng t he
nmeasured density val ue of the oxide sem conductor |ayer, the space inside

t he oxi de sem conductor layer 20 is too narrow for the oxygen nolecule to
diffuse into while keeping the coval ent bond. Thus, oxygen atons are
diffused into the oxide sem conductor |ayer when they cone to the

t her nodyaentackéd.equi | i brium [0383] Next, a diffusion phenomenon of oxygen
in an ox&ﬁgs em conductor layer 25 including a region with a high oxygen
density region with a | ow oxygen density, which is caused by heat

treat ment, wasggahé Wyet Keh a 169 0x9seH dehsity P03Qn GhoBstbudisirtictiRffermpares to FI G
31 and FIG 32. In thi's exanpl e, terials Explorer 5.0 manufactured by

Fujitsu L5 imdiwu atoaes, 48 galliam athmscHl zing atomsnansioT4 quyigen a0OBEM3s eBaPYSd3 1 shows
a nodel B& oxi de sem conductor | ayer that was used for the cal cul ation.
In this §ﬁgle, an oxi de sem conductor |ayer 701 had a structure in which

a layer with aphome Wﬁﬂﬂth@ﬁ%ﬁt&yﬁ&ﬁd@ﬁdy 05 pyreamuiphbussthicgire damngein
density 705 are stacked. [0385] For the layer with a | ow oxygen

density 9H35 indiuanstomoud stlliwet dpmss &7 AdRE atomss and {16, AX¥ECHHOMESVRFal | | um
at ons, 1§mé#$§datons, and 54 oxygen atons was enpl oyed. 5[0386] For
the | ayer ‘a high oxygen density 705, an anorphous structure fornmed of
15 i ndi ufo3d7pns, 15 gallium atonms, 15 zinc atonms, and 66 oxygen atons was

h She ot ot Pty ghe ey o5 s ovade seiicanauibr g8 70T WRTRNYERRp. | 2ver

[0388]

Next, classical MD (molecular dynamics) simulation was performed on the
oxide semiconductor layer 701 under conditions of the NVT ensemble and a
temperature of 250 °C. The time interval was set at 0.2 femtoseconds, and the total

15  calculation period of time was 200 picoseconds. For the metal-oxygen bonding and
the oxygen-oxygen bonding, a Born-Mayer-Huggins potential was used. In addition,
motion of atoms at the upper and lower ends of the oxide semiconductor layer 701 was
fixed.

[0389]

20 Next, the simulation results are shown in FIG. 32. A region from O nm to 1.15
nm along the z axis indicates the layer with a low oxygen density 703, and a region
from 1.15 nm to 2.3 nm along the z axis indicates the layer with a high oxygen density
705. The oxygen densify distribution before the MD simulation is indicated by a solid
line 707, and the oxygen density distribution after the MD simulation is indicated by a

25  broken line 709.

[0390]

As for the solid line 707, the oxygen density in the layer with a high oxygen
density 705 is higher than that at the interface between the layer with a low oxygen
density 703 and the layer with a high oxygen density 705. On the other hand, as for

30 the broken line 709, the oxygen density in the layer with a low oxygen density 703 and
the oxygen density in the layer with a high oxygen density 705 are even.

(0391}



Next, classical MD (nol ecul ar dynam cs) sinulation was perfornmed on the
oxi de sem conductor | ayer 701 under conditions of the NVT ensenble and a
t enper at Wwe 20f/@5024C. The tinme intery, was set at 0.2 PewiJezaeo6d3ss and
the total 15 calculation period of timne was 200 pi coseconds. For the

met al - oxygen bondi ng and t he oxygen-oxygen bondi ng, a Born- Mayer - Huggi ns
potential was used. In addition, notion of atons at the upper and | ower
ends of the oxide sem conductor |ayer 701 was fixed. [0389] 20Next, the
si mul ati on r esBions ther sbakpitncannbe-foBnd3Rat # thegiast wheonth® owpgen dendiy nm
along the z _axis . indicates the |layer with | ow oxygen density 703, and a
regi on f AiSHPELEE it HRgven i‘?‘g t?ﬁﬁté?l@ﬁétrf‘ﬁérezoé%z iayieﬁ |’@’aat low PH@CM%?% th a
hi gh oxy i - ' | $daltin BMtrhAks ey gneditige MD

ol Tl ot | o S B D

di st ri bufioonthafitigher tdeasityDregiomtoahé¢ bowdrglensitii regiond s¢yhag tl)zlasox»rggnmna;it)ne 709.
[ 0390 As for the solid |ine 707, the oxygen density in the |ayer
with & hPHPERFY®h density 705 is higher than that at the interface between
the layefoagbfh a | ow oxygen density 703 and the layer with a high oxygen
density 705. On the other hand, as for 30 the broken line 709, the oxygen
density in t heThapeygenidiffusion etuthek imeris dlistnied solmatically HeFIGS @334 ensi ty

in the | i.th i g i F
the abovaiCi ¢ Orgbrpzl S HERuPLONe ok of0% Snledifhor WdEALL e G, FTOM
distri bgBBAyl ilﬁ7tggQN(ﬁi§ dthﬁml ﬁlhEI(BB_afanféta?]_t(l\ﬁc)tisubendﬁd toh@gyltgaye{g)%\iﬁ the ? | ow
oxygen densi t an e layer with a high oxygen dens , _hea
tr)e/g_ﬁ@renpxw_ﬁﬁéicﬁkm lﬂYeFf—’%}e/ Negnine 988y r‘S)égWén‘?%p“r‘bE)%U%“Fd’fg&ﬁe | ower
density b&i i‘&?qxic%ﬂd&é?@rtlaﬁgztﬂ’?()/ﬁﬁﬂ _3§B_rlﬁ11§tbéte§ ah%@&é%%nﬁ&ﬁﬂuctblpﬁ%ﬂ 715

The oxyg usi on at time is illustrated schematically’in FIGS. 33A

to 33C. Gxwhich ox§gennvudsrbal ta satalf(Me ob thearxidexdetdcadniton ndfterdhat) yer 711
(see FIG, 33A). |[n th de sho in FlIG.33A .. metal (M), s bonded.to
xygen ( Bumrinifhe 3i5oabt EEn BRSPS Tl R {MeF GRBRTEI, 713 | 5
adsor bed yanotile ssiichbagf i laldlearri iR s&eiH GRNHsas oF thaygide séhiconttetssB
illustrates an oxide sem conductor l|layer 715 in which oxygen is adsorbed to

met all5 ( Midyeoin tht éoroxofcrm gt atao6eeorIG. A3€kr that, it is found that the
adsor bedmgen makes ion bonding with a netal ion (M) contained in the
oxi de se ductor layer and diffuses to the inside of the oxide

sem conduct or  Thatl iay@e sirfictbReinfvKioh €e GidOKKgatinglay6t 6B B fohfred 83 @e
oxide semiconductor layer 403 as described in Embodiment 1 makes the oxygen density
increase at the interface between the oxide semiconductor layer 403 and the oxide

20 insulating layer 407, so that oxygen is diffused toward the lower oxygen density in the
oxide semiconductor layer 403; accordingly, the resistance of the oxide semiconductor
layer 403 is increased. In this manner, reliability of a thin film transistor can be
improved.

[0394]

25 This application is based on Japanese Patent Application serial no.

2009-164134 filed with Japan Patent Office on July 10, 2009, the entire contents of

which are hereby incorporated by reference.



[ 0393] That is, the structure in which the oxide insulating |ayer
407 is formed on the oxide sem conductor |ayer 403 as described in

Enbodi nrerwoRoneoer4t he oxygen densi ty9§ ncrease at the i mrCenPaaeodessreen the
oxi de sem conductor |ayer 403 and the oxide 20 insulating |layer 407, so
that oxygen is diffused toward the | ower oxygen density in the oxide

sem conduct or | ayer 403; accordingly, the resistance of the oxide

sem conductor |ayer 403 is increased. In this manner, reliability of a thin
filmtransistor can be inproved. [(@34IM85This application is based on
Japanese Patent Application serial no. 2009-164134 filed with Japan Patent
O fice on July 10, 2009, the entire contents of which are hereby

i ncor por at ed bl’.Aﬁfeﬁfo‘ﬁ%Fmam@_&&hM%asemicoﬂducﬁ‘)rr&{'i&@,d:ohﬁfrisﬁﬁﬂllf acturing a
sem conductor device, conprising: formng a gate el ectrode |ayer over a

substrat e havi foyming a gate eletirods lgyerioncea skuataibaying ap ansulating gudadeng | ayer
over the gate glectrode lLayer.: form ng.an oxi.de senjconductor |ayer over
the gate insul%ﬁ‘?ﬂf?% :&Hs}iﬁggﬂ%&r?ﬁgﬂgﬁa _eelg(gtfﬂdeoiaﬂytfﬂ’ctor | ayer in an
oxygen at mosphgirfing £ Hid@sehisoidueRr BiYer Veritlie gitemsilageg la?yxers over the
oxi de sem conductor | ayer; 10form ng an oxide insulating [ayer which is in

contact with pheatingithe drddesantieonsBaios HyaUEL aBOXYEGAMOSPRETEt he gat e
7 bl SR IEIRASL BE 2 e SRy o
at nosphelgegr an inert gas atnosphere. 15
10 forming an oxide insulating layer which is in contact with part of the oxide
semiconductor layer, over the gate insulating layer, the oxide semiconductor layer, and
the source and drain electrode layers; and
performing a heat treatment in an oxygen atmosphere or an inert gas
atmosphere.
15
2. A method for manufacturing a semiconductor device, comprising:
forming a gate electrode layer over a substrate having an insulating surface;
forming a gate insulating layer over the gate electrode layer;
forming an oxide semiconductor layer over the gate insulating layer;
20 heating the oxide semiconductor layer in an oxygen atmosphere, so that the
oxide semiconductor layer is dehydrated or dehydrogenated;
forming a source and drain electrode layers over the oxide semiconductor
layer;
forming an oxide insulating layer which is in contact with part of the oxide
25  semiconductor layer, over the gate insulating layer, the oxide semiconductor layer, and
the source and drain electrode layers; and

performing a heat treatment in an oxygen atmosphere or an inert gas

atmosphere.

30 3. A method for manufacturing a semiconductor device, comprising:

forming an oxide semiconductor layer over an insulating layer;



2. A nethod for manufacturing a sem conductor device, conprising: formng a
gate el ectrode | ayer over a substrate having an insulating surface; formng
a gat e i ns0l2ativoeg72hayer over the gat egfl ectrode | ayer; POTAPIY0/660988Ki de
sem conductor |ayer over the gate insulating | ayer; 20heating the oxide
sem conductor |ayer in an oxygen atnosphere, so that the oxide

sem conduct or | ayer is dehydrated or dehydrogenated; form ng a source and
drain el ectrode | ayers over the oxide sem conductor | ayer; form ng

an oxide insul ﬁ‘éalltlﬂg thePdGde Ml&fﬁldu&o‘r [hyEPfﬂta%Q;x yBéd AnfRpher®f the oxide

25sem conduct or over the gate insulating |ayer, the oxide

sem conduct or foampéng aaﬂ@drqehmct dimie elestradeidayers everctheogreide sg@icondugior
performp a heat treatnent in an oxygen atnosphere or an inert gas

at mosphe “%:303. A nethod for manufacturi ng a sem conduct or devi ce,

conpri sing: f ofdiinig am oridedasating geuwhivh ik dy eontaviewithrpartnsfuthataxade | ayer ;
WO 2011/004724 PCT/JP2010/ 060938 .heati ng, t he. oxi de sem copducto Iayer in
an ox¥gefFmaic fa rlayers Qyexithg nsuiapg aé'eéﬂhe gride emncoRfpdioh aIy&'yéP‘i er the

oxi de segdgoNshiCdiQin dl@Yi®le layers; and formng an oxide insulating layer which
is in contact with part of the oxi de 5sem conductor | ayer, over the

i nsul ating | ayperforpmieg g ibgat é@m%@lﬁd@c%roxwmam&ﬁﬂh@cfﬁem an inert gas
atmosphere.

10 4. A method for manufacturing a semiconductor device, comprising:
forming an oxide semiconductor layer over an insulating layer;
heating the oxide semiconductor layer in an oxygen atmosphere, so that the
oxide semiconductor layer is dehydrated or dehydrogenated;
forming a source and drain electrode layers over the oxide semiconductor
15 layer;
forming an oxide insulating layer which is in contact with part of the oxide
semiconductor layer, over the insulating layer, the oxide semiconductor layer, and the
source and drain electrode layers; and
performing a heat treatment in an oxygen atmosphere or an inert gas

20  atmosphere.

5. The method for manufacturing a semiconductor device according to any one
of claims 1 to 4, wherein a temperature at which the oxide semiconductor layer is heated
in the oxygen atmosphere is higher than or equal to 200 °C and lower than a strain point

25  of the substrate.

6. The method for manufacturing a semiconductor device according to any one
of claims 1 to 4, wherein after the oxide semiconductor layer is heated in the oxygen
atmosphere, the oxide semiconductor layer is held in the oxygen atmosphere.

30
7. The method for manufacturing a semiconductor device according to any one

of claims 1 to 4, wherein after the oxide semiconductor layer is heated in the oxygen



source and drain electrode | ayers; and performng a heat treatnent in
an oxygen atnosphere or an inert gas atnosphere. 104. A nethod for

manuf act wong11z08eai conduct or devi ce, g conpri si ng: form RGTAR200XDEHO38

sem conductor | ayer over an insulating |ayer; heati ng the oxide

sem conductor |ayer in an oxygen atnosphere, so that the oxide

sem conduct or | ayer is dehydrated or dehydrogenated; form ng a source and
drain el ectrode | ayers over the oxide sem conductor 15| ayer; form ng
an oxi deatmusphet,ithgoxidy semighndiictardayenisdwid mcan ingrt paspimpspifera. he oxi de

sem conductor |ayer, over the insulating |ayer, the oxide sem conductor

| ayer, and the source and drain el ectrode | ayers; and perform ng
a heat treatnent in an oxygen atnosphere or an inert gas 20 atnosphere.

5. The method for manufacturing a sem conductor device according to any one
of claimse 1 to 4, wherein a tenperature at which the oxi de sem conduct or

| ayer is heated in the oxygen atnosphere is higher than or equal to 200 C
and lower than a strain point 250f the substrate. 6. The nethod for
manuf acturing a sem conduct or device according to any one of clainms 1 to 4,
wherein after the oxi de sem conductor layer is heated in the oxygen

at nosphere, the oxide sem conductor layer is held in the oxygen atnosphere.
30 WD 2011/00472495PCT/ JP2010/ 060938 at nosphere, the oxi de sem conduct or

| ayer is held in an inert gas atnosphere.



