WD 2011/ 046025PCT/ JP2010/ 067195 1 DESCRI PTION LOd C Cl RCU T AND

SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] One aspect of the
present iwoentivam2sel ates to a logic circuit including achiyetde/esfiect

transi stor formed using an oxi de semicbnductor. Further, one aspect of the
present invention relates to a sem conductor device including the logic
circuit. 10[0002] Note that a sem conductor device in this
specification indicates all the devices that can operate by using

sen conductor characteristics, anggetpepTioONepti cal devices, sem conduct or
circuits, and electronic appllances are all included in the category of the
sem conduct or devices. 15 BACKGROUND ART [ 0003] Much attention has

been paid to a tec f ] i i j r (TFT), by using
a thin sem conduct w¢ﬁ?hwﬂ@%mejﬁﬁhﬁ%ﬁ¥ﬁéﬁhaw ng an

20i nsul ating surface. Athin filmtransistor is used for a display device
typified by a liquid crystal television. A silicon-based sem conduct or
naterﬁalﬁé&ﬂNUQmLEQHdDWBterlaI for a thin sem conductor filmapplicable to
athin f% ]ran5|stor. O her than a silicon-based sem conductor materi al,
an oxi de ‘senrconductor has attracted attention. [0004] 25As a material for
the oxide sen Cpedaptarof thenpresantdinvamibna reidterd ad 16 todictit nigelating #xi de as
its conmpaonent are known., Further, a thin f|In1tranS|stor formed using an
aror phoudielkeflet transisier Losmed yriag an oriderssmisagdusion JW%OE%?%H@@%O%?.S. ty of

less t harf)réggﬂtqn(/é}l'ﬁ%n rSatdh #Fd Q55 0oddiRice '&Ev@@ﬁf&ﬂﬁi’fﬁgﬁh& lég?c ikcuid Ref erences]

10  [0002]

Note that a semiconductor device in this specification indicates all the devices
that can operate by using semiconductor characteristics, and electro-optical devices,
semiconductor circuits, and electronic appliances are all included in the category of the
semiconductor devices.

15
BACKGROUND ART
[0003] _

Much attention has been paid to a technology of forming a thin film transistor
(TFT), by using a thin semiconductor film that is formed over a substrate having an

20 insulating surface. A thin film transistor is used for a display device typified by a
liquid crystal television. A silicon-based semiconductor material is known as a
material for a thin semiconductor film applicable to a thin film transistor. Other than a
silicon-based semiconductor material, an oxide semiconductor has attracted attention.
[0004]

25 As a material for the oxide semiconductor, zinc oxide and a material containing
zinc oxide as its component are known. Further, a. thin film transistor formed using an
amorphous oxide (oxide semiconductor) having an electron carrier density of less than
10'® /em?® is disclosed (Patent Documents 1 to 3).

[References]
30  [Patent Documents]
[0005]
[Patent Document 1] Japanese Published Patent Application No. 2006-165527



30[ Pat ent Docunents] [0005] [Patent Document 1] Japanese Published Patent
Application No. 2006-165527 WD 2011/ 046025PCT/JP2010/ 067195 2 [ Pat ent
Docurent WD 20mpme@se Published Patent Application No. 2006xefihbB&19Pat ent
Docunent 3] Japanese Published Patent 2Application No. 2006- 165529

DI SCLOSURE COF | NVENTI ON 5[ 0006] However, a difference fromthe
stoichionetric conposition in the oxi de sem conductor arises in athin film
formation process For exarrpl e, electrical conductivity of the oxide

sem Condlffzﬁorgt Or(ffler g Qt’]d.lua ese f)lrilt)qls 8¢ Paent% oprPg%Mtl&i ﬁﬁ?’oo%fle%we” Fur t her,

hydr ogen HPH ox1°de” sem ¢ mduring the 10

f or mat i ofpQénttiRuimRh3 ]flapafcb©Piblished Patyeplidhtidty Mo 02(06- 1(65)529)0nd and serves
as an el ectron donor, which is a factor of changing electrical

conductivity. Furtherrmre since the 0-H bond is a polar nolecule, it

serves a%l§CL%%@% ﬁWl%N’Pﬁ)I@har acteristics of an active device such as a

thin filmtransistor nanufactured using an oxide sem conductor. 15[0007]
Even shefi000syi ng an el ectron carrier density of |less than 1018 /cn8, an

oxi de semnm conductor is subst ant i ali1 e oXxi de seni.conduct or
Therefore, an BSWEV$: rdadiffergnce, t %3“‘6? MELTICH CAMPPSItion r"én&‘F sPxfe

di scl osedehfdohdiRtdrabass Bo%uﬁﬁﬂtﬁmsfoﬁﬁﬁ[bno%@eé‘sed FSUeRapleOWIRRi@f f ratio
of the thin P Imtransistor is due to large off-state 200urrent [ 0008]

The on- okéndugtivity iof tlae nwrids Lﬂemlmnduﬁar abangcs dug de thé exceswior cshﬁﬂ@p@r afi on of

amrcwt inclu nfllmt istor wih a. becorres
unst abl e & hgf“qg PY%H?CQ F}g\}\gn tﬁ‘%?&}“‘&&%”’f‘”“ uaﬁre o‘?fd-’uﬁ%

current ; férfiSion REWRE thik TRMSEHITAS i |aﬁrb)d?'§eﬁ (O)-Bpdogen [I3PB8)d and served & ai ew of

t he foregoi ng probl ens, an object an enbodi ment of the present invention

is to suglecsen daners vhich s énfa@tpr &f |changing ietectrical icadusdvity aF yriieAmene} m
transist gfncé ﬁ{erﬁﬂl B'(?ﬂcﬂg a%la(.pﬂl(ggcﬁéa; rﬁl &%g légg.l?ﬁctog’(g{\g%g& characteristics of

an active device such as a thin film transistor manufactured using an oxide
semiconductor.
15 [0007]

Even when having an electron carrier density of less than 10'® /em?, an oxide
semiconductor is a substantially n-type oxide semiconductor. Therefore, an on-off
ratio of about 10° of the thin film transistor disclosed in the Patent Document has been
obtained. Such a low on-off ratio of the thin film transistor is due to large off-state

20  current.
[0008]

The on-off ratio is a measure of characteristics of a switch. Operation of a
circuit including a thin film transistor with a low on-off ratio becomes unstable.
Further, current flows excessively due to large off-state current; thus, power

25  consumption is increased.
[0009]

In view of the foregoing problems, an object of an embodiment of the present
invention is to suppress a malfunction of a logic circuit including a thin film transistor
formed using an oxide semiconductor.

30 [0010]
Further, an object of an embodiment of the present invention is to reduce power

consumption of a logic circuit including a thin film transistor formed using an oxide



WO 2011/ 046025PCT/ JP2010/ 067195 3 sem conductor. [0011] According to
an enbodi nent of the present invention, a logic circuit includes a thin
filmtransobowosb@si Ng a channel formation regi on fornmedceaPrgo/esTioxi de 5
sem conductor which is nade intrinsic &r substantially intrinsic by
removing inpurities (e.g., hydrogen and water) having possibilities of
bei ng el ectron donors (or donors), and has an energy gap | arger than that

of a silicon seniconductor. [0012] Specifically, a logic circuit includes a
thin fllnltran 3 having a channel 10 formation region fornmed using an
oxi de senﬂ?gﬁa of in which the concentration of hydrogen is set to 5 x
1019 /cnﬁomm]less preferably 5 x 1018 /an or less, still preferably 5 x

1017 /cnB or less to renove hydrogen or an 0-H bond |ncluded i n the oxide
seni conduct or , AgRerd if}ﬂem@aremb@ﬂ“%g of the I?rﬁseélétnvﬁ?}l‘g” 2 lagyq gurpwpinchydes as g

pref erab It1>(1n5ﬁ 19&1?514’(&”%a9 lh Séh%}ilng’l[ Q ion reg}g &Gl pOﬂhet he
2 e nmor e, era

oxi de sem conductor 1s set y 2.5 nor e,
sti | | 5pr atmicahdyct& wehichiis madelmmmedUMSmnaﬂ}chmnsmby tein&B/anamy)urlties
hydr ogen) , 1Dble. Further rier den

h f d .. t f
the. ox 0k Be M TBRHLETLISPY rebintng o igp ootk ogron daters B dpBrrabegy % °

1012/ Ca0hn bty ofPbARL b that of a sTi2En SHioRUIcG oxi do sem conduct or i s
used for a channel formation region of a thin filmtransistor. Accordingly,

even in {6@2dase where the channel width is 10 nm the drain current of 1 x

vor tagea) s o 8BRafuR R ToBR i ke SRR ankisth Hili®n Yo 02

enbodp mefématioh tegibh Femidd umgeaﬁ ioRfel endcdrdgitor & whwht thie rvbhuditﬂaﬁom o1fh| n
filmtransistor and a capacitor having termnal g.ong of which is

el ectri caviispgemisrasttaedixt1 o/cmd e lashi prpferablhp du’g%t/cphtoé lgpsg stélamrneffgatéy ate by

t thin filmt t he t hi

f:JIrm ??a sf‘s{d?e/ ’ BBH%@?OU%%SE}Y%CBX?%%?&&{ 58{@ (i?%‘%edvﬁ} ﬁ{]a ’ﬁy%rggenl "
concent r aLh,08n @lctar, Indlfid LakRl QARG T8 et td QOLED* /MO or less, preferably 5 x 10"

2011/ 046025PCT/ JP2010/ 067195

/em? or less.
15  [0013]

The energy gap of the oxide semiconductor is set to 2 eV or more, preferably
2.5 eV or more, still preferably 3 eV or more to reduce as much impurities (e.g.,
hydrogen), which form donors, as possible. Further, the carrier density of the oxide
semiconductor is set to 1 x 10" /cm® or less, preferably 1 x 10" /em” or less.

20 [0014]

The thus purified oxide semiconductor is used for a channel formation region
of a thin film transistor. Accordingly, even in the case where the channel width is 10
mm, the drain current of 1 x 107 [A] or less is obtained at drain voltages of 1 V and 10
V and gate voltages in the range of -5 V to -20 V.

25  [0015]

That is, an embodiment of the present invention is a logic circuit including a
thin film transistor and a capacitor having terminals one of which is electrically
connected to a node which is brought into a floating state by turning off the thin film
transisor. A channel formation region of the thin film transistor is formed using an

30 oxide semiconductor with a hydrogen concentration of 5 x 10" (atoms/cm’).

[0016)



4 Note that in this specification, the concentration is neasured by
secondary ion nmass spectronetry (hereinafter referred to as SIMS). However,
there i s wo2bimi4s@si on particul arly when descriptions ofcoupanoneasur ement
met hods are made. [0017] 5Further, a skn conductor device including the
logic circuit is also an enbodi rent of the present invention. [0018]

I n accodance with an enbodi nent of the present invention, a logic circuit
includes a thin filmtransi stor having a channel formation region forned

usi ng an oxi de C Qr - . an L4ar i ) .one of
which is br ougygo{)ﬁ %‘?f)q“a‘%%d%%‘?ﬁ%“‘g‘f gkegc@;g&?ﬁértfgmsgﬁ%ﬁd?ﬁféfﬁ ﬁoﬂaétﬁllgnﬂ
transi st aiass Ipetroniets (Rawinafiadiefdrasd tosaseBIMS)L d éloseners thredel ¢4 no limditation educed
hydr ogen concentration. Specifjcally, the h¥dr gen concentration of the
oxi de sePRESH@LY enidesasipliong)aloother BrASHISRENt BEtHOdS are mafe- when there is no
el ectric (ﬁdlqbd, t he oxi de sem conductor serves as an insulator or a 15
sem COﬂdlECtO which is close to an insulator (the sem conductor which is
cl oses5t 0 an i nEultldrpra issmsubdecot idevicg acludusgil the ologic Threnief isr elsoofuf - st at e
current of the thip filmtr.ansistor can be reduced. Thus, the | eakage of
el ectri c6‘31}'?811‘6?96“%Pgﬁh&?rqsﬁmt‘ﬂ‘ée“@&ﬂaci tor, through the thin filmtransistor,
can be s Ressed. Thus, a malfunction of the logic circuit can be
prevented. Further, a period where the one term nal of the capacitor is in
20 a floating bt acedenee Withnad embedignent wf ghé dresgpt tyentieie Hlogecirglit ¢ | nes

of data rewjting tg the ¢ citaor I ferred . g | can be
r educed. ‘?%@f@]aqﬂm film t}}anmﬁ%%ﬁf v&%ﬁ%érhga,nﬁ%ihﬂe)&éﬁgo&rgg@g %%ﬁsﬁﬁﬂcﬁggi% nt

whi chio f | eavRicondudes; hitDa Capicit6ihdvimatermidalsathe of avhidir 8 bagbugh inte edlsatingn of
off-state current _of the thin filmtransisior. 25 Thus, K power consgrrpti on
of the | &glecbyituming offatheidny SlmcErnsistay EEbOPSHR seiepRdsetopRAAPNEIIF 0020]

FI GS. 1A&§ﬁféiécﬁlc Jer%f-hr Catued!! gh%;]gr béﬂc@ﬁl{rz{tﬁ)tn' NOSAXAERIIES R hiyAogEd er S,

and 30FI an are tim ts illustrati'ng the exanples of the

i nver t er sondeh@Rion2éf the Aidasemizondudtdr diagr OIS (atbinsktr poi hays carsinphess of

! nverter ?}i H.S ?’Alic%riéle 1eilcr1 Cltjllet oggd%gggnrl?cgrlxéu%%c}rr getrivgsg agnane)gr?su altgr %fr g shift
r egi st er NEHJS AAGCC ’

15  semiconductor which is close to an insulator (the semiconductor which is close to an
insulator is substantially an insulator). Therefore, off-state current of the thin film
transistor can be reduced. Thus, the leakage of electric charge stored in the capacitor,
through the thin film transistor, can be suppressed. Thus, a malfunction of the logic
circuit can be prevented. Further, a period where the one terminal of the capacitor is in

20 a floating state can be made long. In other words, the number of times of data
rewriting to the capacitor (also referred to as refreshing) can be reduced.

[0019]
Furthermore, the excessive amount of current which flows in the logic circuit

can be reduced through the reduction of off-state current of the thin film transistor.

25  Thus, power consumption of the logic circuit can be reduced.

BRIEF DESCRIPTION OF DRAWINGS
[0020]
FIGS. 1A and 1C are circuit diagrams illustrating examples of inverters, and
30 FIGS. 1B and 1D are timing charts illustrating the examples of the inverters.
FIGS. 2A to 2D are circuit diagrams illustrating examples of inverters.

FIG. 3A is a circuit diagram illustrating an example of a shift register, and FIG.



WO 2011/ 046025PCT/ JP2010/ 067195 5 3B is a timng chart illustrating the
exanpl e of the shift register. FIG4A is a circuit diagram

i Il ust ratwogoam4encanpl e of a shift register, and FI G 4Bcrapa1b/ieénissy chart
illustrating the exanple of the shift *¥egister. FIG5A is a plan view
illustrating an exanple of a thin filmtransistor, and FIG 55B is a
cross-sectional viewillustrating the exanple of the thin filmtransistor.
FIGS. 6A to 6E are cross-sectional views illustrating an exanple of a

met hod f . . | 0. L] i . FIG7A is a plan
view ill éshtlgg%gg gl!g\g&e@%?rtg?&é@c}pe giéfnlgﬂl%\{)ﬁﬁlér%ﬁ%ﬁge& or, and FIG7B is a
cross- sect i onaFIG.idewisid diteaitrdiddrarg illistradngapkerampletolia shift registdrnantdrEksi st or .

10FI GS. 8A to 8E are cross-secfional vi jJlustrating an exanple of a
met hod f 4P iRARKHAR FRAT Wgstaatmgitﬁe PrAAIE pLihe shifegistcr. FIGS. 9A and 9B are

cross-secti onakyyisoVg ol didd'Sikhalihfehiny apRk&fpRlofhthi i FdsleRSARt BIGS -

FIGS. 10A to 10E are cross-sectional "views illustrating an exanple of a
met hodl 15Bds awenssHsentionali vigw allustriating therexamplesif sheothin film transifpiGS. 11A to 11E

are cross-secti | vie illustrating an e |l e of a net,hod for

Tyt notor g B 6 16 PR ars citSt-aftiphdl VitwS e an RedipIg Dhaghghod

Cr 0SS- Segdd Raifact@iSa thid ffh tahdifter, an exanpl e of a nethod for nanufacturing
athinfilmtransistor. 20FIGS. 13A to 13D are cross-secti onal views

i | lustrating afl@x#nislaelaf vigwriusitsting ep exemple #f edhindfgmptransistors andFIG.
1St it g ol B BRE B GRORIL Rt 10, 20 crarm
il lusorati ng eFEGDI 85 tOBE aedTtoessketibnal ibdeillusestingaad ekdriple HBB mathad
Cross- se%(grirggn%lfac\&ﬁenvg;tlhlinugltng etartali'lsrils Orf?my of the exanples of the
FIGS. 9A and 9B are cross-sectional views illustrating examples of thin film
transistors.
FIGS. 10A to 10E are cross-sectional views illustrating an example of a method
15  for manufacturing a thin film transistor.
FIGS. 11A to 11E are cross-sectional views illustrating an example of a method
for manufacturing a thin film transistor.
FIGS. 12A to 12D are cross-sectional views illustrating an example of a
method for manufacturing a thin film transistor.
20 FIGS. 13A to 13D are cross-sectional views illustrating an example of a
method for manufacturing a thin film transistor.
FIG. 14 is a cross-sectional view illustrating an example of a thin film
transistor. .
FIGS. 15A and 15C are plan views illustrating examples of semiconductor
25  devices, and FIG. 15B is a cross-sectional view illustrating any of the examples of the
semiconductor devices.
FIG. 16 is a diagram illustrating an example of a pixel equivalent circuit of a
semiconductor device. |
FIGS. 17A to 17C are cross-sectional views illustrating examples of
30  semiconductor devices.

FIG. 18A is a plan view illustrating an example of a semiconductor device, and

FIG. 18B is a cross-sectional view illustrating the example of the semiconductor device.



sem conduct or devi ces. FIG 16 is a diagramillustrating an exanple

of a pixel equivalent circuit of a sem conductor device. FI GS.
17A to 1ACoane/msmss-sectional views illustrating exanplpes/et010/067195
30sem conduct or devi ces. FIG ¥Ais a plan viewillustrating an

exanpl e of a sem conductor device, and FIG 18B is a cross-sectional view
illustrating the exanple of the sem conductor device. WO
2011/ 046025PCT/ JP2010/ 067195 6 FIG 19 is a cross-sectional view

|1 le .
15 ustr at e exansred br s SR aRd Ak B8 4o Barbd e TR R e

exanpl es dewfnc(sem conductor devices. 5FIG 22 illustrates an exanple of a
sem conductor device. FIG 23 illustrates an exanpl e of a seni conduct or
devi ce. FEyS5 204 and 200 illysteate gxamples 9 SFHE‘EQ&‘IdECtm YSrti on between a

source and a dpgsd) Qfs §HdS1B V%l'hg’t{’a?tééiéi’ﬁplfeé’éﬁ%ﬁnéb%‘dﬁ&oﬁ@e\%@sde seni conduct or.

FI G 25 |IIustrates a state ere positive voltage 1s applied to the drain
side bn 10 Fl GFR4.22 illustratesith@8amplAfarsdm®Bdacter daveregy band di agrans of a

MOS structure transi stor. faornmed. usi,n oxi de sem conduct or,
where a positig&}%ﬁ%%ﬁ?&&@xf‘@pﬁﬂ’gla'S@W‘WPE&%‘%} !%t a negative gate
vol tage is appFi@da(ifth{aated@Band structure of a portibbetlvebh b Wshrc@bi® a Ardia b

structure of a portion between a source and a drain of 15a silicon MOS
t r ansi st @MOS transistor formed using an oxide semiconductor.

FIG. 25 illustrates a state where positive voltage is applied to the drain side in
10 FIG 24.
FIGS. 26A and 26B are energy band diagrams of a MOS structure of a MOS
transistor formed using an oxide semiconductor, where a positive gate voltage is applied
(FIG. 26A) or é negative gate voltage is appiied (FIG. 26B).
FIG. 27 illustrates a band structure of a portion between a source and a drain of
15  asilicon MOS transistor.
FIG. 28 is a graph illustrating initial characteristics of an example of a thin film
transistor.
FIGS. 29A and 29B are top views of an element for evaluation, which is an
example of a thin film transistor.
20 FIGS. 30A and 30B are graphs illustrating Vg-Id characteristics of an element

for evaluation, which is an example of a thin film transistor.

BEST MODE FOR CARRYING OUT THE INVENTION
[0021]

25 Hereinafter, embodiments of the present invention will be described in detail
with reference to drawings. Note that the present invention is not limited to the
description below, and it is easily understood by those skilled in the art that a variety of
changes and modifications can be made without departing from the spirit and scope of
the present invention. Therefore, the present invention should not be limited to the

30  descriptions of the embodiments below.

[0022]

Note that since a source terminal and a drain terminal of a transistor change



FIG 28 is a graph illustrating initial characteristics of an exanple of a

thin filmtransistor. FIGS. 29A and 29B are top views of an el enent
for eval maDI20n/049d25ch i s an exanple of a thin filmtrangcsiere10BOmdssS. 30A
and 30B are graphs illustrating Vg-1d characteristics of an el ement for

eval uation, which is an exanple of a thin filmtransistor. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0021] 25Herei nafter, enbodi nents of the present
invention will be described in detail with reference to drawi ngs. Note that

the pres I;nvent i ' t,lim -1 | pL. e -+ angd it IS
easily u?géeerngpl (%o(gﬁ Eh%r%"rl%tsuggstk% PF%%&%E%%@%, 9 ﬁ?ﬁé& méé gg}‘%eit@wgg(ﬁbﬁa{%\ges and
nodi f i cadiffioslt cadefiee whith 18id sanie cemparal iong dramntetrthimak pi Thietefared irs dope of
the present _invention. Therefore,. tEe resent invention. shoul d nob@be
limted eRecifiation oresef AptotERsstegning é“‘gr?b‘i‘&“rr?ﬁf‘g‘a &1 & ."f‘gé%‘f a st

2011/ 046 /1832010 e 14N r ; ; ting
condi ti og%élgn at}@eﬁfei é@@g%}%ﬁ%%f gr%ﬁég?ésdt ébr fag]i% gi&gﬁgi?ﬁ%ﬁftfoﬁ Eﬁgggﬁ]ng whi ch
i s a Souheeitafterri nal or a drain termnal. Therefore, in this specification,
one of a_s ice terminal and a drain termnal is referred to as a first
term nal (¥frdlthe other thereof is referred to as a second terninal for

di stinction, SRgfei@fth€lsize] @2@ickness of aNRyer, 1d¥ad rkdi6n SdfZéacht fichiré ckness
of a layer, or a region of each structure illustrated in draw ngs or the

li ke in dhistdicdendmvingseorahe dikeireembedimenisas pxdgegrated foppimpligtrdn soper ef or e,

nbodi fth . ] i . lim . )
oot et O hOGGRL SARRAMAIEOLH SRR, bk Bt 6 Lo, 1

o) as , 'second",
and ¢ hi Fdrthé{ i théespetificatisie brdifalavmibdrearhusi"6ifstgfeeugnd Qrapdieiitds ,arand t he

terms douge?it inI (i)rr(]lje;[ t(E g\?oig chpni(i)gieorrllt asmgxygmcacglilg(?rlleln s, al[l(? %%Efl 1erms do not limit the
components numerically.
[0024]
(Embodiment 1)

15 In this embodiment, examples of logic circuits are described. Specifically,
examples of inverters each including a thin film transistor having a channel formation
region which is formed using an oxide semiconductor are described with reference to
FIGS. 1A to 1D and FIGS. 2A to 2D. | |
[0025]

20 FIG 1A is a circuit diagram illustrating an example of an inverter of this
embodiment. The inverter illustrated in FIG. 1A includes thin film transistors 11 to 14
and a capacitor 15. Here, the thin film transistor 11 is a depletion type transistor and
the thin film transistors 12 to 14 are enhancement type transistors. Note that in this
specification, an n-channel transistor whose threshold voltage is positive is referred to

25  as an enhancement type transistor, and an n-channel transistor whose threshold voltage
is negative is referred to as a depletion type transistor.

[0026]
A first terminal of the thin film transistor 11 is electrically connected to a
wiring for supplying a high power supply potential (Vpp) (hereinafter, such a wiring is

30 also referred to as a high power supply potential line).

[0027]

A gate terminal of the thin film transistor 12 is electrically connected to a



(Enbodi ment 1) 15In this enbodi nent, exanples of logic circuits are

descri bed. Specifically, exanples of inverters each including a thin film
transi st owohlauimagr2a channel formation regi on which is fecrgduensrgoan oxi de
sem conductor are described with refeence to FIGS. 1 Ato 1D and FIGS. 2A
to 2D. [0025] 20FIG 1A is a circuit diagramillustrating an exanple of an

i nverter of this enbodinent. The inverter illustrated in FIG 1 A includes
thin filmtransistors 11 to 14 and a capacitor 15. Here the thin film

transi st Qirin 1for% WY ﬁﬁ' Qﬁntl ARdisAeRL g ije{"e'il}ehrt@ $istors
AR A | BRR R e bt ¢

12 to 14 are €hRa rans ors. |s specification,
an n- chaamelhpdtrs@ﬁl sihey; amﬂ(zsﬁrst beresdud lod th@lthlag"elm &ammmt lms elscmealdgrred to
25 as an enhancenent type transistor, and a %ha transj stor whose

t hr eshol GOWF‘FQ@%E‘ E%teﬁ@@%i{lﬁl\?édPsse‘l‘%ﬂé?méﬂaltogﬂéf‘st 5 Fré‘ﬁ‘%‘hr {ly
tranmstg; g 0026] A first termnal of thethlnfllmtransistor
11 is electrically connected to a wiring for supplying a high power supply
potensi al (VDDA gdnertﬁhﬁMltmfrthesthiIhﬁhnW'ranbisg)rils% BOelkstucalbf eonmedtetidoass a hi gh

power suppl. ot ent i al n 011/ Q46025PCT/ JP2 7195 8
BT g Sbride, fRisgrty P muis el A P lgpieh bl B AFE 1 SBGIRCEAN g 1 s

al so ref gnigd sfgaal%em fil3Ptekmilafethe kil Slm t@ﬁ@s@rﬁsﬁﬂle&ﬁéa{nywméﬁted he thin
filmtransistor IS electrically connected to a 8ate term nal and a

second t &y arfesand @mmrlaéOfmerthmﬁlm nrmwgr'rrsltzeanchqsec[og m]nusaAogsheethtneﬁlm naI of

the thin_fil C t

suppl yi nga%SI{)p?ﬂ i %ﬁ%ca%qsﬁ) m(eﬁe(raeéonag)? é’ fSPQ,#%; \/\éj Bwap Ealjl S pr ef erred
to agoa pbltlﬁ:ﬁiﬁals(il/g{)adheﬁeiﬂuﬂ)ar such iar ﬁflmigefsmlﬁtﬁlrefexfred o ab hl I’(bw‘ powert supphyi st or 13
is electrically connected to a second termnal of the thin filmtransistor

12, and BowBédA@eterminal of the thin filmtransistor 13 is electrically
connect efo Hg) @ wiring for supplying a | ow power supply 10 potential (Vss)
(hereinafter; such a wiring is also referred to as a | ow power supply

pot enti al | i nef.gate terminal of the thin film transistor 14 is electrically connected to a pulse

signal line, a first terminal of the thin film transistor 14 is electrically connected to the

15  gate terminal and the second terminal of the thin film transistor 11 and the first terminal
of the thin film transistor 12, and a second terminal of the thin film transistor 14 is
electrically connected to a wiring for outputting an output signal (hereinafter, such a
wiring is also referred to as an output signal line).

[0030]

20 One terminal of the capacitor 15 is electrically connected to the second
terminal of the thin film transistor 14 and the output signal line, and the other terminal
of the capacitor 15 is electrically connected to a low power supply potential line.

[0031]
Note that the thin film transistor 11 is a depletion type transistor in which the

25  first terminal is electrically connected to the high power supply potential line and the
gate terminal is electrically connected to the second terminal. That is, the thin film
transistor 11 is maintained in an on state in any period. In other words, the thin film
transistor 11 is used as a resistor.

[0032]

30 Further, in this specification, the high power supply potential (Vpp) and the low
power supply potential (Vss) may be any potentials as long as the high power supply
potential (Vpp) is higher than the low power supply potential (Vss). For example, a
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033] 5Next, .an_operation of the circuit jllustrated in FI
d W} t hin a period Tl,p the potentials of the input sngnaH (IN) and t{1e pulse si%nal (98)

are increased to a high level. Therefore, the thin film transistors 12 to 14 are turned on.
Thus, the node A and the one terminal of the capacitor are electrically connected to the
low power supply potential line; i.e., the potential of the node A and an output signal
(OUT) of the inverter are decreased to a low level. Electric charge is not stored in the
capacitor 15. |

[0035] _

In a period T2, the potential of the pulse signal (PS) is decreased to a low level.
Therefore, the thin film transistors 13 and 14 are turned off. When the thin film
transistor 13 is turned off, the potential of the node A is increased to a high level.
When the thin film transistor 14 is turned off, the one terminal of the capacitor 15 is
brought into a floating state. Therefore, the output signal (OUT) of the inverter is
maintained at a low level.

[0036]

In a period T3, the potential of the input signal (IN) is decreased to a low level,
and the potential of the pulse signal (PS) is increased to a high level. Therefore, the
thin film transistor 12 is turned off, and the thin film transistors 13 and 14 are turned on.
Thus, the node A and the one terminal of the capacitor 15 are electrically connected to
the high power sﬁpply potential line through the thin film transistor 11; i.e., the potential
of the hode A and the output signal (OUT) of the inverter are increased to a high level.
Positive electric charge is stored in the one terminal of the capacitor 15.

[0037]
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reference to a timng chart in FIG 1B. Note that FIG 1B is illustrated
whil e a node where the gate termnal and the second termnal of the thin
filmtramnsoowo4ddes the first termnal of the thin fil mptrarsitebemosl2, and
the first termnal of the thin filmtda@nsistor 14 are electrically
connected to each other is regarded as a node A 10[ 0034] In a
period Ti, the potentials of the input signal (IN and the pul se signal
(PS) are increased to a high level. Therefore, the thin filmtransistors 12
to 14 are turn l; paci t or
are electrically connec%]gclJ r%lh? gﬁo@v“g%\%‘é‘ﬂg‘ﬁgg‘ﬁ“&@‘{)me‘ﬁgu‘%fgrﬁe.} Egﬂﬁ?. e.
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are decreased to a |low |evel. Electric¢c charge i tored in the
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i s tusnedatomb/cmhier lpas, and ivdkn dferé tenoneelarié fiek, nhecameks sgnitonduchirgbrveevel .

V\henthethlnfllmtran5|stor 14|§q&1urndoff 1 he one term.nal, of the '
capaci t ofS 88 Ipgilaier, oA semigogductey whichny desgite dnrinsplatos (the SeUCQNIPHGE si gnal
(OUT) of ifi§ i '31’0%5 E@ﬁnih uldRr ﬁibgﬁﬂtlﬁl ﬁl ﬂnQNYatlo elTheEe@&%%ff-%ﬁ'té"c&reﬂ?“ od
T3, the potenti al e 1 nput signal ecreased to a |l ow |l evel, and
t he pot enf thel thof ﬁlmaapsui;tsehssnggldie (lﬁﬁylellfgrmatmnetas@d ﬁ)r.m@d hsigh theegragle
Therefore, the,thin film of f t he Jilm

h
transi st orRiceaducoy can bzfrréh'll(if he tﬁel’llﬁﬁ’%agtetjﬁrln glﬁ%tﬂg ¢ ar§ﬁ hrough %khia M i nal

of the Cﬁmﬁ(ﬂahggtoﬂ_meegﬁbﬁ@geﬂl caI I y connected to the high power supply
potential line through the thin filmtransistor 11; i.e., the potential 30

of the ntB8A and the output signal (OUT) of the inverter are increased to

cCapaci tor 15 [ G086 71 BaicleBEa) GuBuRer it U bIE gRA St 13, 0F o

t he pl ur ahidhyisoforméd nsihg lthe bxide sesicndudtod thed kel of thunge riv goteatialofn 4 hi s
enbodi nent hannel for rratl on region_i s for med_ usi ng. an .0x
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e oo a2 SRECRRAGL A Abhip PR Gbt %?E’?é?%n%?‘ By BRSO aRI & here

i s no el eclfunctidn ef dhe timertexicde ‘tzaepretycmtddtctﬁmrﬂmr ﬂespamoChwhems theabne or a
seni conduct o ich is n..J ns | at or seni c ct or is

cl ose t o' rfarHV\IEThﬁtCBPa‘ithr ESB%’ant? QUipg aé%cqnntéel}?%[éolf)?g dwg#’? state
current gfimbheotttithé Jfidatd &m&iﬁg% fHe dapudifdg 15 idse haanad tofz@ rreﬂésvhmg cagi on
formed using the oxide sem conductor can be reduced. Thus, the Ieakage of
el ectri cberesiuged.t hrough the thin 10fil mtransi stor can be suppressed.

[0038) 10039

Further, a channel formation region of the thin film transistor 13 which is

formed using the oxide semiconductor can reduce a through current which flows from
the high power supply potential line to the low power supply potential line in a period
where the potential of the input signal (IN) is at a high level and the potential of the
25  pulse signal (PS) is at a low level (i.e., the period T2). Thus, power consumption of
the inverter can be reduced.
[0040]
Note that the inverter of this embodiment is not limited to the inverter
illustrated in FIG. 1A. An example of the inverter which is different from the inverter
30 illustrated in FIG. 1A is described below with reference to FIG. 1C.
[0041]
The inverter illustrated in FIG. 1C includes thin film transistors 21 to 24 and a



For exanple, with a channel formation region of the thin filmtransistor

14, which is fornmed using the oxide sem conductor, the |level of change in
pot ent i alwonoa/q@ensod where the one term nal of the capacirtezo1dbe7iiss i n a

floating state (i.e., the period 15 T2}, such as increase in potential in
the period T2, can be suppressed. Thus, a malfunction of the inverter can
be prevented. Further, the period where the one term nal of the capacitor
15 is in a floating state can be nade long. In other words, the nunber of

times of it | . Fo . .
refreshi tt:g%{] e Ijrléég’guig‘gégl.lﬁ ?&8@'@%& oA l&dﬁtﬁ%et&jﬁé ggrg:sﬁsg%llnagldq %trhrlr%ti on
regi on ofilhh@ntikiors 2 ford4taraeshasitemerit 3ypehtrankisioss.f or mred usi ng t he oxi de

sem conductaor can reduce a through current which flows fromthe high power
supply prQﬁﬁiii al line to the | ow power supply potential line in a period
where the pot eﬁtﬁl‘g{steﬂfl'n%h@f fh@p?fﬁfn fRORsistdr™ i Bledkrical cBihecRMab adfigh t he
potential of the pu1 se signal (PS) 1s at a low level (i.e., the period
T2) . Fhupowposupplygmtsttiaplineon of the inverter can be reduced. [0040]

Not e thai tlgf inverter of this enbodinent is not limted to the inverter
illustral®in FIG 1A An exanpl e of the inverter which is different from
the inverter 3@'%@éhﬁﬁhﬁ@fﬂl@tlﬁ‘h@lm'tﬁnbﬁto@'%%élE&ﬁczﬂB‘ @Mn¥éibdd £p@kENce to
FIG 1C. [0041] 2011/ 046025PCT/ JP2010/ 067195 11 capacitor 25. Here, the
thin fil sgnaldmsi andos fisst termingl gEhedhindtm: tygnsistor 2R 4$ eleefricallicanpectedina f i | m

transistors.22.1q 24 are han . St4ars. [0042] A
first tePRCAEM qciaflﬁg Sf’%@ﬁ%&?@?’?ﬁ?&?‘ﬁ@ﬁ {i%&?gégre ectrically connected to
a high Spwpaa] supply potential line. [0043] A gate term nal of the
thin filmtransistor 22 is electrically connected to, a pulse signal |ine,

and a first tefngaiatersinalpf thejthinsfilnyrapsusier 43 s elestrically cgprgeiqdyfq o
connecte . 1 nal -3l Of ot | i

transi st glrphgilgn%g?]gbaﬁfﬂ%hm@Bgﬂlgé?lgqggﬁﬁ%lﬁg r(?? 1’? ﬁlgc%lﬁ?lrll}; {‘:}ih{lh%éﬂtelriggnsi stor
23 i s el estedndakinyinglooiithe ttheid filo tansistrd2, sndaaecdridermmal of the thier fiimmal  of
the thin filmt sistor. .23 is electrically conpected. a second term nal
of the t HRRSPY # Selgairealig Somnsoled i alow sewkrsipBPhediaT i find e Chin £11m

t rangs st 04@2 is electrically connected to a | ow power supply potenti al

i ne. 15[0045]

A gate terminal of the thin film transistor 24 is electrically connected to a pulse
signal line, a first terminal of the thin film transistor 24 is electrically connected to the
second terminal of the thin film transistor 22 and the first terminal of the thin film
transistor 23, and a second terminal of the thin film transistor 24 is electrically

20  connected to an output signal line.
[0046]

One terminal of the capacitor 25 is electrically connected to the second
terminal of the thin film transistor 24 and the output signal line, and the other terminal
of the capacitor 25 is electrically connected to a low power supply potential line.

25 [0047]
To put it simply, the inverter illustrated in FIG. 1C is a circuit in which the thin
film transistor 13 in FIG. 1A is replaced with the thin film transistor 22.
[0048]
Next, an operation of the circuit illustrated in FIG. 1C is described with
30 reference to a timing chart in FIG. 1D. Note that FIG. 1D is illustrated while a node
where the second terminal of the thin film transistor'22, the first terminal of the thin

film transistor 23, and the first terminal of the thin film transistor 24 are electrically



A gate termnal of the thin filmtransistor 24 is electrically connected to
a pulse signal line, a first termnal of the thin filmtransistor 24 is

el ectri cavbypoowneest ed to the second term nal of the thipaTiiPRomv/é7assi st or
22 and the first termnal of the thinl2ilmtransistor 23, and a second
termnal of the thin filmtransistor 24 is electrically 20 connected to an
out put signal line. [0046] One termnal of the capacitor 25 is
electrically connected to the second termnal of the thin filmtransistor
24 and th ther term nal of the capacitor 25

i s el ect r‘?né]ae eg%%%heg?eedé {eggrde@gga%gﬁ%g supply potential Iine. Io25[0047]

To put ifoedpply, the inverter illustrated in FIG 1Cis a circuit in which

the thin filmtransistor 13 in FIG 1A is replaced wi,ith the thi ' m
transistor 22.17pperd Kbythe Pﬁ'ﬁnB‘ﬂéPﬁf}}edﬁp'&fs%rﬁ‘g(w)raé‘g ithe py F%%‘ﬂ“gt(éé in FIG

1C is deggr Wi B 1er?ﬂg,@f i hRe tGhasthr 'ﬂtﬁ'ﬁa}Ptux%H t hat
FIG 1D ?%lh%}ﬁ%gt r%t g?‘w&ﬁ'e a (ftrpvxﬁeeré tl sec%tﬁcf term nal of the thin
fil m3rafbusttie n@k, Btahé thd omwtrnmai m&ﬂhe@hpachter 2hiare ¢ledtrcdlhyaemsinstted t®3, and
the first, term nal of the th| fllmtr nsi st or %f are eI ctr| al |

a
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node B. EORAIDUT) of the irﬂeﬁerpcﬁé tedeasfd td AW RN 'Eﬂ:é’tn@t:hér@@ld iR 4iored gnal
(I'N) and the pul se signal (PS) are increased to a high level. Therefore,

t he t hi niffthe gapactos2st ors 22 to 24 are turned on. 5 Thus, the node B and

t he one E nal of the capacitor 25 are electrically connected to the |ow
power (&r@potential line; i.e., the potential of the node B and the

out pud SI gnal QA fricall T3, ke potvraral of therpalsdainab@sy id dectedsadid £losd levéll ectric

charge is not stored in the capacitor 25. [0050]
Therefore, the thin film transistors 22 and 24 are turned off. When the thin film

transistor 24 is turned off, the one terminal of the capacitor 25 is brought into a floating
state. Thus, the output signal (OUT) of the inverter is maintained at a low level.
Note that the potential of the node B is at a low level.

15 [0051] _

In a period T6, the potential of the input signal (IN) is decreased to a low level,
and the potential of the pulse signal (PS) is increased to a high level. Therefore, the
thin film transistor 23 is turned off, and the thin film transistors 22 and 24 are turned on.
Thus, the node B and the one terminal of the capacitor 25 are electrically connected to

20 the high power supply potential line through the thin film transistor 21; i.e., the potential
of the node B and the output signal (OUT) of the inverter are increased to a high level.
Positive electric charge is accumulated in the one terminal of the capacitor 25.

[0052]

In each of the plurality of thin film transistors included in the inverter

25 illustrated in FIG. 1C, a channel formation region is formed using an oxide
semiconductor. The oxide semiconductor is an oxide semiconductor with reduced
hydrogen concentration.  Specifically, the hydrogen concentration of the oxide
semiconductor is 5 x 10" (atoms/cm3 ) or less, and when there is no electric field, the
oxide semiconductor serves as an insulator or a semiconductor which is close to an

30 insulator (the semiconductor which is close to an insulator is substantially an insulator).
Therefore, off-state current of the thin film transistor having the channel formation

region formed using the oxide semiconductor can be reduced. Thus, the leakage of



10ln a period T5, the potential of the pulse signal (PS) is decreased to a
| ow | evel. Therefore, the thin filmtransistors 22 and 24 are turned off.
When t he wbi2nifdsaborst r ansi stor 24 is turned off, the onertcenmmebeds t he
capacitor 25 is brought into a floatidg state. Thus, the output signal
(QUT) of the inverter is maintained at a low |l evel. Note that the potential
of the node Bis at a |ow | evel. 15[0051] In a period T6, the
potential of the input signal (IN) is decreased to a low level, and the
pot enti al . 1 ' | S) 1S 1 hi gh | evel . Therefore,
t he thi ne%el%Fr}ﬁ {B?i%éf@?gl?h%&ﬁ}nsﬁl u?rrarx]ﬂesgst%%%gl%g%géhr%%e ‘hin filmtransistors 22
and 24 arfeo3xrned on. Thus, the node B and the one term nal of the
capacitor 25 are electrically connected to 2Q0the_high.p r supply.
potential |ineFehexupple: withiahehannel farmation regies} ob the fh“é%\,ﬁttﬁaé‘sﬁg’(rezrﬁi al of
the node ., iR hS QMR selrfitShulbr, A€ 14vRY 6F tRingR'if doRkigPRES 1O @
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t he capapetiod where thOor2ferthinakaftthe chpaciter 21 isrimkiftoating statei qanfbelsnppressedi st or s

included_in the inverter.25.illustrated in FIG 1C a channe ormat i on
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t he hydrogen concentration of the oxide sem conductor is 5 x 1019

(at ors/ crigta rewriting o, the napaghen? (adsogefesred ¢o ad wéreshing)dap|bg reduged.oxi de
sem condiﬁéﬁa serves as an insulator or a sem conductor which is close to
an 30 in ator (the sem conductor which is close to an insulator is

substanti al | y @&arthdis dl chianiel . fofatic edogon of fthes tdh efilenitrangistoo D2t WikichHsn film
transi stor having the channel formation region forned using the oxide
seni conddemmsd usig the oxileeatconibeter cary edugs g slygugh curpgyt which flows from
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Thusysa e ihvaed:icanbOfeduf&l. i nverter can be prevented. Further, the period
where the node Bis in a floating state can be made | ong. In other words,

t he nunb¢P05f tines of data rewiting to the capacitor 25 (also referred to

as refreshing) n he r.educed 054] . 10Fur t.her . channel .fornatiqQn region
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FIG. 1A is replaced with a thin film transistor 31 which is an enhancement type
transistor. Similarly, FIG. 2B is a circuit diagram in which the thin film transistor 21
included in the inverter illustrated in FIG. 1C is replaced with a thin film transistor 41
which is an enhancement type transistor. Note that a gate terminal and a first terminal
25  of each of the thin film transistors 31 and 41 are electrically connected to a high power
supply potential line.
[0056]
Although a capacitor is included in each of the inverters, each of the inverters
can be operated without the capacitor. FIG. 2C illustrates a circuit diagram in which
30 the capacitor 15 is removed from the inverter illustrated in FIG. 2A. Similarly, FIG.

2D illustrates a circuit diagram in which the capacitor 25 is removed from the inverter

illustrated in FIG. 2B.



15t he inverter can be reduced. [0055] Al t hough a depl etion type
transistor is used for athin filmtransistor which is electrically

connect edwoaotiiacizsgh power supply potential |ine in thecravaniesozan
enhancenent type transistor can be uséd for the thin filmtransistor. FIG
2A is a 20 circuit diagramin which the thin filmtransistor 11 included in
the inverter illustrated in FIG 1 Ais replaced with a thin film

transi stor 31 which is an enhancenent type transistor. Simlarly, FIG2B is
a circui t[ocfjsi./j}gram in which the thin filmtransistor 21 included in the
inverter “illTustrated in FIG 1C is replaced with a thin filmtransistor 41
whi ch is an enfihiRcsibdimént @an be dmplesiented iNcipprdphiate congahaionewith aay ofind a
first termnal 25of each of the thin filmtransistors 31 and 41 are

el ect ri cHaphersmpodinggnts-o a hi gh power supply potential |ine. [0056]

Al t houghgsgapacitor is included in each of the inverters, each of the
inverters can be operated wi thout the capacitor. FIG 2C illustrates a
circust Embodimenm2whi ch 30 the capacitor 15 is renoved fromthe inverter
illustrated in FI.G 2A. Sinmlarl FI D.illustrates a.circyit .diggramin
whi ch the capal} th eﬁ’é’o?’én"’lné Igsy &fotghceclrﬁ‘{} r?rgrfeisfrl"tifgt r Psﬂgffﬁ FI G 2B.
WO 2011/ Qﬁzﬁl%’léf oA /slﬁﬁzxgélg{epﬁga%ﬁ5nc]lﬂdibQQﬁe71nvener in EfhBb&nRAD P dird@&dcribed be

i npl enented 1 n appropriate conbinati on with any of the other enbodi nents.
[ 0058] 5 withrrbfscinee ta FIGS. 3A and 3B and FiGS. ditrodid¥ent , exanpl es of | ogic
circuits &{Sﬁ described. Specifically, exanples of shift registers each

i ncl udi n& ]e inverter in Enbodinent 1 are described with reference to

FI GS10 3A and 3R shittirdgistes. of 4ifis afodithenf HehRles 2 GAuralityfof puigioatpex civoéuitshi s

embod negtwiiﬁ?lgl flélc'i es.ﬁppaiyfrr)llguar tallrsit tchclO(f sigrijall S((eZKolljl,t \E)v }chciis re elgtrggaily connected to
odd-numbered pulse output circuits of the plurality of pulse output circuits (hereinafter,
such a wiring is also referred to as a first clock signal line); and a wiring for supplying a
second clock signal (CK2), which is electrically connected to even-numbered pulse

15  output circuits of the plurality of pulse output circuits (hereinafter, such a wiring is also
referred to as a second clock signal line). Further, an input terminal of each pulse
output circuit is electrically connected to a wiring for supplying a start pulse signal (SP)
(hereinafter, such a wiring is also referred to as a start pulse line) or an output terminal
of a pulse output circuit of a prior stage.

20 {0060}

A specific example of a circuit configuration of a pulse output circuit is
described with reference to FIG. 3A. Note that pulse output circuits 110, 120, and 130
are illustrated in FIG. 3A.

[0061]

25 The pulse output circuit 110 includes thin film transisors 101 to 104 and a
capacitor 105. Here, the thin film transistor 101 is a depletion type transistor, and the
thin film transistors 102 to 104 are enhancement type transistors.

[0062]

A first terminal of the thin film transistor 101 is electrically connected to a high

30  power supply potential line.

[0063]

A gate terminal of the the thin film transistor 102 is electrically connected to a



a wring for supplying a first clock signal (CKl), which is electrically
connected to odd-nunbered pul se output circuits of the plurality of pul se
out put ciwouwbig46izer ei nafter, such a wiring is al so refecrgddiooesssa first
clock signal line); and a wiring for $&pplying a second cl ock signal

(C1(2), which is electrically connected to even-nunbered pul se 15 out put
circuits of the plurality of pulse output circuits (hereinafter, such a
wiring is also referred to as a second clock signal line). Further, an

i nput ternin a u | caly d to a
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is also r:@drer:reedo h@at&&er&uﬁilaihﬂ apet@ad tbmnﬁz)l (xfltheallhlroﬁtnptrhnstmmr’r]()"lal of a pul se
output circuit of a prior stage. 20[0060] A specific exanple of a
circuit E¥¥H guration of a pulse output circuit is described with reference
to FIG 3A. Not [

illustrated i nﬁ#%gﬁh&%ﬁ%&%ﬁ%%@ t{)agl g%)%ég%%u%lé%%aé%%n%%e%? fl‘ﬂrc?tes thin
fil msraonkickeigaalllitk, a(ﬁr§1(1émanal of thapae filrotrahfiStor HA3 & eledtacallyi qpnhédted

transistor 101 i.s a .dep e transi and t thin fi.lm.,.

transi st 5 & s§epad ttSmTBSl ‘?fté H@?ﬁ‘St?@E@O@Pgﬁsﬁeg? Ee"nfrﬁ‘t!)@g]‘he thin

A first hﬁﬁrﬂ@aﬁﬁkmpioj ia%réct}idaui/ ichfndct-ans h%@ owﬂsu\%ryeﬂ)&@ﬁﬁdr Gagél y connected
to a high 30power supply potential |ine. S

2011/ 04608®PLT/ JP2010/ 067195 15 start pulse I|ne and a first termnal of

the thin film sistor m nal
and a second t r%’?rp tSVm&al ‘gfotﬁ lﬂn ?hfﬁ{anmg r arllbsjél1 gsteg%]&ﬁtﬁg’ “[Oglﬁ%ﬁlﬁk rtg{
t er mmal ctk tsiggat Ming, fad & fifseiehadlroflhd thin €l Chransisedrl wmmalecmean;t 0 a

first 5clock srqnal I|ne afirst termnal of the thjn filmtransistor 103
i s el ect FPESFey te damaate dermipalanddhe sacand taimpanl off the ithing o, transisios {Ghsi st or

102 con S TP Ay BEGhigod (on (aneBtor 10 1 el ectricall
[0066] ' |
One terminal of the capacitor 105 is electrically connected to a second terminal
15  of the thin film transistor 104, and the other terminal of the capacitor 105 is electrically
connected to a low power supply potential line.
[0067]

That is, the pulse output circuit 110 illustrated in FIG. 3A is formed using the

inverter illustrated in FIG. 1A.
20  [0068]

Note that "input terminal of the pulse output circuit 110" refers to a terminal to
which a start pulse signal (SP) or an output signal of a pulse output circuit of a prior
stage is input, and "oufput terminal of the pulse output circuit 110" refers to a terminal
from which a signal is output to a pulse input terminal of a subsequent stage. That is,

25  here, the gate terminal of the thin film transistor 102 is electrically connected to the
input terminal of the pulse output circuit, and the second terminal of the thin film
transistor 104 and the one terminal of the capacitor 105 are electrically connected to the
output terminal. In the case where components corresponding to the output terminal
and the input terminal are not given, the gate terminal of the thin film transistor 102 can

- 30 be referred to as the input terminal of the pulse output circuit, and the second terminal

of the thin film transistor 104 and the one terminal of the capacitor 105 can be referred

to as the output terminals of the pulse output circuit.



A gate termnal of the thin filmtransistor 104 is electrically connected
to a first 10 clock signal line, and a first termnal of the thin film
transi st owo207/d460268l ectrically connected to the gate tewrgraroiene19he
second termnal of the thin filmtrand¢stor 101 and the first term nal of
the thin filmtransistor 102. [0066] One term nal of the
capacitor 105 is electrically connected to a second term nal 150f the thin
filmtransistor 104, and the other term nal of the capacitor 105 is

el ectri Cf(%(L@é]connect ed to a | ow power supply potential line. [0067]

That is, e’pul se output circuit 110 illustrated in FIG 3Ais forned

usi ng the i nveatspecifit klisiit edrdigurdtiohldbthe pulseOhtpitcBicuit 120 is sikilae td that " i nput
termnal of the pulse output circuit, 110" refers tq a te mnall\kito whi ch a
start pupg@eélubﬁ?é’l“tl(‘%wc‘ﬁfl%%{?t igtdessriptian I%P‘szﬁ?ﬂr%eé tBE}Ffﬁut S Halt of a
prior st ﬂgzg)dls% St i Lﬁ{]%%%ﬁ%nﬁﬁéﬁtﬁ@ uld ol ARG 10 B4t af iplti t 1107
refers to termnal ?rom ich a signal Ts output to a pul se input

t er mi hal teviirl o decpusntutpitageuit TI2Atis ekctrizblin eomectedgo gbe eutput termanal of t he

thin filmtransi stor 102 i.s ectrically connected t input term nal of
the. pul sBF 8 pabe orwulipreiit oD ARG el by deSoBRrds gkl (o A ) 4

transi st @mid cancpbAdin® 6 tHeQbMAhinal toQkhith eheCARAEIOLPEIghMCH B i€t i cal |y
connected to the output termnal. In the case where conponents

cor r espotipwipetantputeironit it termi nal and the input termnal are not given,
t he gated(ﬁ@in' nal of the thin filmtransistor 102 can 30 be referred to as
t he inpu{ m nal of the pulse output circuit, and the second term nal of

the 1din fil m Thabstst confipdatidng of palse vatpue circiiad whichtdie selseqeitttornthed 05 can
be referred to as the output termnals of the ﬁul se ouf put circuit WO

2011/ 04602I5PeTPYPeitetd 58 7re thegmatssihpse of the pulse oyt Fireurts; k1@ ang 120.
conf i gur g{LAap,Of L ta?so?f%gﬁﬁ tiﬁ BHS B¢ :r%t%héﬁ: Y therk20 Fufth&! B8 ligderibeq LBdVe, @he t N

pul se out put cI'rcui e description 1s to be referred to here.
Not e t habdd-hempered utsatquiiut inceits areldéctrisallyi ¢dnaeated td thenditsh elogkilsignabut put

circuit 110 i hat an input 5 term nal .of. the | se qutput ciycuit 120 is
el ectri cdPf )f‘ngotﬁ?ﬁeeé’f:’é'd‘“{“gg‘ieﬂep‘gﬁﬁ ﬁﬂ{p"?é:ﬂrﬁi‘ﬁsalareogpef%a@%Icg’gn%%?({)?ﬂ B v cui t
110 apd tdhahd bidek s@afnfhec! ock signal (CK2) is input to a term nal :
corresponding to the termnal to which the first clock signal (CKl) is

i nput i n[@07é] pul se output circuit 110. [0070] 10The circuit configurations
of pul se out puf\le)((:ti, ra%ué)gesrat\llc\{r]li 6f Re Girdlh Slﬁgs%{]aEeCf n tﬁé 3A is described with
reference to a timing chart of FIG. 3B. Note that specific nodes of the circuit in FIG.
3A are denoted by C to G for convenience, and the change in potential of each node is
20 referred to in order to describe the timing chart of FIG. 3B. |
[0072]
In a period tl, the potential of the start pulse signal (SP) is increased to a high
level. Therefore, the thin film transistor 102 is turned on. The thin film transistor
101 is a depletion type transistor in which the gate terminal is electrically connected to
25  the second terminal. That is, the thin film transistor 101 is maintained in an on state in
any period. In other words, the thin film transistor 101 is used as a resistor.
[0073] |
In a period t2, the potential of the start pulse signal (SP) is maintained at a high
level. Therefore, the thin film transistor 102 is maintained in an on state.
30 [0074]
In a period t3, the potential of the first clock signal (CK1) is increased to a high

level. Therefore, the thin film transistors 103 and 104 are turned on. Further, the



pul se output circuit 120 are the sanme as those of the pulse output circuits
110 and 120. Therefore, the description is to be referred to here. Further,
as descriwedonbav®s t he odd- nunbered pul se out put circuipts/Jrzeomesreest rically
connected to the first clock signal |ilhe and the even-nunbered pul se out put
circuits are electrically connected to the 15second clock signal I|ine.

[ 0071] Next, an operation of the circuit illustrated in FIG 3Ais
described with reference to a timng chart of FIG 3B. Note that specific

d f .Ci it G f i epce, d
e chandRleRidgiThs ik Pufst SpuitsPL § SARRLEH F X il ey | TheRIYSILBREC,  FUC

the tim M@mcChadsist® 162 Gs IBainfadf2d2in an on statd) &R ited nbdes, Ct hed Idteat i al of
the start pulse signal (SP) is increased to a_high |level. Therefore, the
thin fil gleeingaly serprected tojte {qy RewelHPPishRoteRfial ey he-t hamotentials ofghe i s a

depl eti O@"@%@%‘%‘{]ﬁrﬁé aécq%aswtov@iomegﬁle gate termnal is electrically

connect e e second termnal. That is, the thin filmtransistor 101
is mabnt §0¥8¢H in an on state in any period. In other words, the thin film

transistor 101 is used as a resistor. [0073] . n eriod t2, the
potential of tHe2 BERR t4pﬁﬁe§§’te§’ﬁ“§ﬁ°af%f §L’§t cr"é’l‘ﬁtﬁnﬁlc %Glﬂbds g‘f’gﬁasﬁﬁg%a BVel .
Ther ef or gyef herdehithrel Hehin MRS iraks®ors 83 iafid To4 RicAtuiRd ! AMuRNhehdle.
30[0074] WD 2011/ 046025PCT/ JP2010/ 067195 17 potential of the start pul se

si gnal ( $P elestrivallptcanmrstdap the highpower supplsT hetential line thiough Hierthin film

transistor 102 s maintain LN an .qn state.. Th t-he nodes n are

el ectri cgrlaf’i}StB’E)L@e@ngmt %Ocﬁﬁ% 'ﬁn%r\ﬂ)"%}g\kgﬁp asﬂ%%i“;% Sg%?’en TS | ien%o;%l%fag.o P t he
pot empi akife Rfde (R iNQERSd o 2RkhDev3, ind €led preithl bOthe odwD 1€\WRlintafmk QTS|

In a period t4, the potential of the first clock signal (CKl) is decreased
to a | owldveledel. Therefore, the thin filmtransistors 103 and 104 are turned
of . Thusrto 7‘6"1"19 node Cis electrically connected to the high power supply
pot enti al qi e through the thin filmtransistor 101, and the node Dis
brought into alf 4 patiod e, sheapatentibhaf thesstart pelsp oigaalt (SR) iodectdrs¢dhd mboe C i s

ncreased Lo g high Ievel. and the potgatial of bhe node s mintgined at
15  the second clock signal (CK2) is increased to a high level. Therefore, the thin film
transistors 113 and 114 are turned on. Thus, the node F is electrically connected to the
high power supply potential line through the thin film transistor 111; i.e., the potential
of the node F is increased to a high level. Therefore, the thin film transistor 122 is
turned on.

20 [0077]

In a period t6, the potential of the second clock signal (CK2) is decreased to a
low level. Therefore, the thin film transistors 113 and 114 are turned off. Thus, the
node F is brought into a floating state; i.e., the potentials of the nodes E and F are
maintained at a high level.

25 [0078]

In a period t7, the potential of the first clock signal (CK1) is increased to a high
level. Therefore, the thin film transistors 103, 104, 123, and 124 are turned on.
When the thin film transistor 104 is turned on, the node D is electrically connected to
the high power supply potential line through the thin film transistor 101; i.e., the

30  potential of the node D is increased to a high level. Therefore, the thin film transistor
112 is turned on. The potential of the node F is maintéined at a high level; therefore,

the thin film transistor 122 is maintained in an on state. Thus, the node G is



[ 0076] In a period t5, the potential of the start pul se signal (SP)
is decreased to a low level. Therefore, the thin filmtransistor 102 is
turned ofwo 2burtubes, the potential of 15 the second cl oekrapgnebe7i3K2) is
increased to a high level. Therefore, 18he thin filmtransistors 113 and 114
are turned on. Thus, the node F is electrically connected to the high power
supply potential line through the thin filmtransistor 111; i.e., the
potential of the node F is increased to a high level. Therefore, the thin
filmtra L e

pot ent i a?ﬁec ? {Pé%élé%% cI g% 0‘9%?é?E‘?‘%@}m}egnﬁégﬁéégééﬂeegbggﬁl%\%fldé?/el

Ther ef or apdd Gds Htureaséd toa lomaleselst ors 113 and 114 are turned off. Thus, the
node F is brought into a floating state; i.e., the potentials of the nodes
E and F 8% %mintained at a high | evel. 25[0078] In a period t7, the
potential of t C r el

Ther ef or e, theh?te?'uI)%lljiofﬁilt i !hg?shezl:ng{]%}rtgé ﬁo%hdfgiigﬂ%z@éﬁqs Hﬁ’czrgasgérl g&% Lﬁed on.
When §heldvel.n Thekaffmter almes itlsih ofilod Grankistorud 63d 1R, 128hendoti# Bre surs¢cdeoffr i cal | y

t he .hi | i the t fil
Cransi st SYhepghe Syndfm Prities A KE S8 Wmedidni BerEURFEnsdaTed 2 i gn
level . T'&%"lﬁél%@weﬂéﬁﬁ fyfoential Fd ﬂ@dlfgh&h@ﬂurlﬁﬂn kBindistbP €01, @Rd thehdde® ent i al

of the node I's main alned at a high level; therefore, the thin film

transi st or bronghti istontie flcating dtateqy arhusnthstnades CrandsD arpansiwgmedsaf ¢ higho

2011/ 046025 C;é[ﬁPZ 1067495 . 1 ically . .copngct t wer
supply pg ﬁ Ql?] thm t;ljm tﬁaﬁ%gtﬁgﬁtg%tﬁgﬁun}ép ‘?@r &l% 'ggd Geil ?glee(%t?\gaal ed to a
| ow h@VekondedRdW tlhd”lhlghﬁ)@KMeﬁ@up'}ﬂy pbftﬁtlﬂolﬁrﬁﬂﬂhhaighaﬁe thie filiv ®anssta@cik1si gnal
(CK1) is decreased to a low 5 level. Therefore, the thin filmtransistors
103, 104i-e1the potgagahofshepede G iningreassd towhigh feNel- thin film transistor 104 is
t ur ned OF ofhe node Cis electrically connected to the high power supply
potentia ql e through the thin filmtransistor 101, and the node D is
brought into theapbiat i9% thespatemial Ofitie, secdred clodesig@ald KD inimesreas¢dtoad ned at

a high | evel the thin filmtransi.stor 3 s, t.ur ned off node G
is elect F‘fgg‘alelv\é}hl e the i m dragRsOBnd ff%f)p st Bpgd, pn |Iﬁg t hr ough
the §4in Bﬂahﬂ&ltdf%h&de% lsl%&mtam&i at 4 Figh RVeERb itk 1 thmﬁhﬂtmﬂsﬁot $12
mcreasedtoa hi gh I evel . [0080] Inaperlodt9 the potential of

t he secofrdmeintattedsingnain S(C@KZ)Thlss, theoradas Bond&° are elaghridally sonnerteshtefte e, t he
thin fil v Bg&grl ésl}p?)[y po]texﬁla?lﬁge 111e4 fie po%en[le% £ Ak no&g E and F are decreased

to a low level. Therefore, the thin film transistor 122 is turned off. Further, the

potential of the start pulse (SP) is increased to a high level again. Note that the
20 operation accompanying the increase in potential of the start pulse (SP) in periods
subsequent to the period is the same as the operation in periods subsequent to the period
tl. Therefore, the description is to be referred to here.
[0081] v
In a period t10, the potential of the second clock signal (CK2) is decreased to a
25 low level. Therefore, the thin film transistors 113 and 114 are turned off. Thus, the
node F is brought into a floating state; i.e., the potential of the node F is maintained at a
low level. Further, the node E is electrically connected to the high power supply
potential line through the thin film transistor 111; i.e., the potential of the node E is
increased to a high level.
30 [0082]
Regarding the operation in periods subsequent to the period t10, the

aforementioned operation is repeated. Therefore, the description is to be referred to



15 potential of the node Dis maintained at a high level, so that the thin
filmtransistor 112 is maintained in an on state. Thus, the nodes E and F
are el ectwocalilogeennected to the | ow power supply potemrcirapr2did/ne19s . e.

the potentials of the nodes E and F al® decreased to a | ow | evel.

Therefore, the thin filmtransistor 122 is turned off. Further, the
potential of the start pulse (SP) is increased to a high I evel again. Note
that the 20 operation acconpanying the increase in potential of the start
pul se (S &ein peri ods subsequent to the period is the sane as the operation
in periods Subsequent to the period ti. Therefore, the descriptionis to
be referfqem3jo here. [0081] In a period t 1 0, the potential of the second

clock signal (Cl(2) is decreased to a 25 |o evel . Therefore, .t.he thin
filmtransist op@gelﬁ'@t é% C?ﬁ??&“‘é‘lse(etgur??@a?‘&rf th‘dg a?q’lgg H’é[‘ﬁle? smbt_P?)ught
into a fl ﬁﬁé'oﬂﬂ)u% ittt éregzé%viﬁéhe iP8tdePtd AairRhint fAComtpatesignal Sf %ﬁélﬂhﬁ‘l‘sé“w at a

IowIeveIp urther, the n Ei1s electrically connected to the high power
suppl § pougpot ¢iaduitl i ne through the thin filmtransistor 111; i.e., the
potent i al%gﬂ the node E is increased to a high level. 30[0082] WO

2011/ 0460¥5BET/ 3P2010/ 067195 19 here. [0083] Note that the

capacitors (e. ¢ eachadtant pRiralk9f tHidTilnPirshsistéry ihdlededdiadhé Ehifthegigwet 8¢ out put
circuits are provided in order to maintain an output S|%nal of each pul se
Sout put  ¢his embpdinjepogughannel formatipnergeionos formesdpnsimgnn pyidesemigondyqterm
transistggs nlcdleuggrgl' 'oHdL;cher Slp : % St sg%ic&fldutcmrs v@{fp C}g&%gt h%@rgggﬁlnnel
formation fedion g formed using an oxi de sem conduct or. e OxI

senm g¢ondyehdhtratioran Spstifiealde theClodowsnwoneértiation df cledotiglel sagieonditor is
concentration.  Specifi c%lgly, t he hydrogen concentration qf the oxide

seni conddcorl0i’s (@oms/emib of al%ﬁsﬁ'@‘%ﬂ)’h@r thagsis gagelgpies fipldy dbp soxide

electric sé %hg%c}%ﬁse%is g? aﬁ?ﬁgtuga?&d&cg Qéfnilig?ﬁd{ﬁfor%@tpig a&léij;gta?lringtfvl\ﬁ T

sem conduclJPor ose an i nsu or (the sem conduct or ich is
cl ose to(the sensicidraiuctor i whishibist eloké abl an dnsulatenllisitsmbjtantitlgr ed dneylatof)f - st at e

current of the thin filmtransistor ving the channel formatjion 15 region
formed udihegiarpeotstate curmtcefthscthyr ?‘gﬁntrﬁ@%“gd%é‘&ﬁt ghannel, formatipn, 40 of

el ecygic r{%&{ mhggcﬁ%mhfef@d@éﬁ bdinibbhdiicidraan rt RiuGRN B8us URPIERAEH of [ 0085]

For exanp anne ormation region of the thinfilmtransistor
104, whi eleciris dhargeelirough thg thindiloxtrabsistrwhe baduppressed.t he | evel of change in
pot ent i al[OO%fS]t he
For example, with a channel formation region of the thin film transistor 104,
which is formed using the oxide semiconductor, the level of change in potential of the
20 node D in a period where the node D is in a floating state (e.g., the periods t4 to t6),
such as increase in potential in the periods t4 to t6, can be suppressed. Thus, a
malfunction of the shift register can be prevented. Further, the period where the node
D is in a floating state can be made long. In other words, the number of times of data
rewriting to the capacitor 105 (also referred to as refreshing) can be reduced.
25 [0086]
Further, a channel formation region of the thin film transistor 103 which is
formed using the oxide semiconductor can reduce a through current which flows from
the high power supply potential line to the low power supply potential line in a period
where the potential of the start pulse (SP) is at a high level and the potential of the first
30 clock signal (CKI) is at a low level (e.g., the periods tl, t2, and t4). Thus, power
consumption of the shift register can be reduced.

[0087]



20 node Din a period where the node Dis in a floating state (e.g., the
periods t4 to t6), such as increase in potential in the periods t4 to t6,
can be suppresgrc?2sThus, a mal function of the shift regipsirar2mencies
prevented. Further, the period where 2he node Dis in a floating state can
be made long. In other words, the nunber of tines of data rewiting to the
capacitor 105 (also referred to as refreshing) can be reduced. 25[0086]
Further, a channel formation region of the thin filmtransistor 103 which

is formed usi ”ﬂJo{ehtﬁatocﬁé %ﬁ%@%%t{é?@ﬁﬂ&?st&ﬁbdgﬁ’rﬂfﬁtqgﬁmixf}ﬁéech{oqﬂg BhifYEgist Which

flows fromthe high power su y potenti ine to ow power- supply
pot ent i alllusirated imFEG. Ber. i okh eaerpde dhihe pbifiengiser whicht ik difftrenttfrqputlesh{fEP) i s

at a high lLevel and th tenti of .the firsi 30cl ock signal is at a
Mo | ovaresiserg lustiied B EBS EREnd 3m % gostined vif elofue I Haahdihoe i on o
the shiftmﬁ@Pister can be reduced. [0087] WO 2011/046025PCT/JP2010/067195
20 Note that the shift register of this enbodinent is not limted to
the shift regi $heshiftirkgister dlugttated irFFIG. 43incladesepappoetpolf citduis 2h0.f220r egi st er
whi ch is_di rept fromthe shift,reqgister. illustrated i4,Fl 3A and 3B

i s descr F’E)(Lég ﬁn teﬁjer RIS QWRH! ¢iECu Y gﬁfﬂdﬁ%gxlﬁg?m[tﬁ’é’éléfm e'%s |4f€fn%raegi st er
i1 ustratgfdcitéyr T05C 4Rré B¢ HEE FilBUISCis@E RP UGS £ dESIbtidibtype Grandid@r, aaddhe230. The
pul se output circuit 210 includes thin filmtransisors 201 to 204 and a

capaci t othinbn tyapsigtorst 102 te B0 are qnhpngeriest pefrappstorss a depl etion type
transi st (m9?nd the thin filmtransistors 202 to 204 are enhancenent type
transistors. " [0089] 10A first termnal of the thin filmtransistor 201 is
el ecloi cal | y carirstatenindlofahdihid fipowansistopp lyiseidcaidaliglcohnaceed th @08EH

A gate term nal of the L@&zthin filmtransistor 202 is electrically
connect eBOYE SYPPlyRofentiphline- si gnal line, and a first terminal of the thin
filmtrapgiogtor 202 is electrically 15 connected to a gate ternmnal and a
second termnhal of the thin filmtransistor 201. [0091] A gate
termi nal of thé gate terrhinhhoff thetlyd dirofiln? @3nsistorP@L isrdlectti¢allycaonnentedetd & 0 a

o PUGRE oS o LD 0 L P AR P
202, 1;andcénnsee@ fsla bae Wriahal @hd b Reconbitéindindl B the thin film transistor 201.
[0091]

A gate terminal of the thin film transistor 203 is electrically connected to a start
pulse line, a first terminal of the thin film transistor 203 is electrically connected to a
second terminal of the thin film transistor 202, and a second terminal of the thin film

20 transistor 203 is electrically connected to a low power supply potential line.
[0092]

A gate terminal of the thin film transistor 204 is electrically connected to a first
clock signal line, and a first terminal of the thin film transistor 204 is electrically
connected to the second terminal of the thin film transistor 202 and the first terminal of

25  the thin film transistor 203.
[0093]

One terminél of the capacitor 205 is electrically connected to a second terminal
of the thin film transistor 204, and the other terminal of the capacitor 205 is electrically
connected to a low power supply potential line.

30 [0094]

To put it simply, the pulse output circuit 210 illustrated in FIG. 4A is a circuit in

which the thin film transistor 103 included in the pulse output circuit 110 in FIG. 3A is



20 transistor 203 is electrically connected to a | ow power supply potenti al
line. [0092] A gate termnal of the thin filmtransistor 204 is

el ectri cavbyoooneested to a first clock signal |ine, anecaibrmensies m na
of the thin filmtransistor 204 is el@&ttrically connected to the second
termnal of the thin filmtransistor 202 and the first term nal of 25the
thin filmtransistor 203. [0093] One term nal of the capacitor 205
is electrically connected to a second termnal of the thin filmtransistor

204, and r - Ii-nal . apacitor 205 is electrically connected
to a |owr%°éﬁa\%€§w§ﬁ‘ﬁg% @‘%@ﬁﬁaﬁéﬁt’??ﬁ. 30[0094] WO

2011/ 0460mBBLT/ JP2010/ 067195 21 replaced with the thin filmtransistor 202.
[ 0095] FIG4B.is a timng . chart illustratin n opersati f the
circuit in FIGIQAB Nbeél@lﬁ&_t%glgéﬁv&twaen&@&e@emﬂ%ﬁ @Frc G 1p _ﬁ% 4A are
denot ed Pbé%é'{hﬁps cifiRoBQIVaRE BRGE: inF16N4A hREIHBRASE H b LIsebnivatiefle, €ach

node is referred to in order to describe the timng chart with reference to
FI G 8B. ajd@®6dhange in potemtiad of @n¢lododd is, refemed gotie otdealto desaribe the imingul se

signal (SP). is,increase 0 high level. Therefore, the thin film
transistgkﬁﬁwghF@gﬁﬂgﬁgﬁqghggThus, the node His 10electrically connected
to the | pypogpwer supply potential line; i.e., the potential of the node H

is decreased to a | ow | evel. [0097] In a period t12, the potenti al
of the start pliaperiddgdki the gptentiial qfghanstart pulge signal (BPY K inesgased tygdigh s, t he

potenti alevgf. t’lk]l%req’gr%? tlll_é ltlﬁn nﬁﬁl{]tt(%hglstgr aZt03ais|tB}%eldegx§| *Thus, the node H is
10 electrically connected to the low power supply potential line; i.e., the potential of the
node H is decreased to a low level.
[0097]

In a period t12, the potential of the start pulse signal (SP) is maintained at a

high level. That is, the potential of the node H is maintained at a low level.
15  [0098]

In a period t13, the potential of the first clock signal (CK1) is increased to a
high level. Therefore, the thin film transistors 202 and 204 are turned on. ‘Further,
the potential of the start pulse signal (SP) is maintained at a high level, so that the thin
film transistor 203 is maintained in an on state. Thus, the node I is electrically

20 connected to the low power supply potential line; i.e., the potential of the node I is
decreased to a low level.
[0099]

In a period t14, the potential of the first clock signal (CK1) is decreased to a

low level. Therefore, the thin film transistors 202 and 204 are turned off. Thus, the
25  node I is brought into a floating state, so that the potential of the node I is maintained at

a low level.

[0100]

In a period t15, the potential of the start pulse signal (SP) is decreased to a low
level. Therefore, the thin film transistor 203 is turned off. Thus, the node H is

30  brought into a floating state, so that the potential of the node H is maintained at a low
level. Further, the potential of the second clock signal (CK2) is increased to a high

level. Therefore, the thin film transistors 212 and 214 are turned on. Thus, the nodes



15[ 0098] In a period t13, the potential of the first clock signal
(CK1) is increased to a high level. Therefore, the thin filmtransistors
202 and 294 2ari4bo2sned on. Further, the potential of thecsurzdiopearhse signal
(SP) is maintained at a high level, s@2that the thin filmtransistor 203 is

mai ntained in an on state. Thus, the node | is electrically 20connected to .
the | ow power supply potential line; i.e., the potential of the node | is
decreased to a low | evel. [0099] In a period t14, the potential of

the first i i X T r t he
thin fil r%atg’lﬁi%g‘fe:%%%k%lgzEga')‘nlﬁb%ggg}?iﬁggcrbﬁgﬁr g?é‘?%hﬁ%‘,%t lﬁ@%ﬁf e
brought itmhdilm trdrsstarry] 1 st.af the potentibktof tthe ngdesdrinddf aof intfeasadader high s

mai nt ai ned at | ow | eyel .. [Q100 . Iln a period 5, the potential of
the start®y EI s@_’eé? F?altxféﬁn %ﬂ&lﬁ?&?@&oge%?%* E’IB Peveflts ér%ﬁ%&g,‘sthe_
thin filRdhRAAY ThRectldSiol the 16K HRWeP Shipply Tﬁ%&mihlhﬁnéa qde tht pdteRRaltiraght into
a floating state, so that the potential of the node His maintained at a

| ow | Bvelnod§lins fdesreasedho plomelavélal of the second cl ock signal (CK2) is

increasei lt(fol a high level. Therefore, the thin filmtransistors 212 and 214
are turn gl |1| Thus, the nodes WO 2011/046025PCT/JP2010/067195 22 J and K

are electrical kﬂaﬁ@tﬁkﬂﬁﬂ%@ﬂletf@ténﬁﬁlMtﬁ@sé&ﬂ@blo‘ék@iﬁnﬁl Bt dedredsed € 4 hr ough
the thin filmtransistor 211; i.e., the potentials of the nodes J and K are
i ncr easedoW devgl-hi Hhereferee the thi fikip dragsistore2 thand 214 aer tugnedioft. sp thatghe g
turned o . d rd.cal o r
supply p%’? %%HJ %1(1 Ilkigﬁeel;qgﬁgg 5?fotsar]g$%%%<asha;%€aly%‘%’ ?‘r@]g’%geﬁ‘géfé%ft“%?ﬁé%%vﬂ ggeggd to a
| ow hevelK afeGAdlifained at a higinleselpend the poldntiat bfthp aloda i ialmaidtainbé aszbond cl ock
signal ( 2? is decreased to a low level. Therefore, the thin film

transi st €212 and 214 are turned off, so that the nodes J and K are

br ought i[@f@]a floating state. Thus, the potentials of the nodes J and 10 K

are mai ntained at a high level, and the potential of the node L is
mai nt ai ned at I hearibédykl, the potential of the first clock signal (CK1) is increased to a

high level. Therefore, the thin film transistors 202, 204, 222, and 224 are turned on.
15 When the thin film transistors 202 and 204 are turned on, the nodes H and I are

electrically connected to the high power supply potential line through the thin film

transistor 201; i.e., the potentials of the nodes H and I are increased to a high level.

Therefore, the thin film transistor 213 is turned on. Thus, the node J is electrically

connected to the low power supply potential line; i.e., the potential of the node J is
20  decreased to a low level.

[0103]

In a period t18, the potential of the first clock signal (CK1) is decreased to a
low level. Therefore, the thin film transistors 202, 204, 222, and 224 are turned off.
When the thin film transistors 202 and 204 are turned off, the nodes H and I are brought

25 into a floating state. Thus, the potentials of the nodes H and I are maintained at a high
level.
[0104]

In a period t19, the potential of the second clock signal (CK2) is increased to a

high level. Therefore, the thin film transistors 212 and 214 are turned on. Further,
30 the potential of the node I is maintained at a high level, so that the thin film transistor
213 is maintained in an on state. Thus, the nodes J and K are electrically connected to

the low power supply potential line; i.e., the potential of the node J is maintained at a



[0102] In a period t17, the potential of the first clock signal
(CK1) is increased to a high level. Therefore, the thin filmtransistors
202, 204,wd2811/m0025224 are turned on. 15 When the thin fchartmensiist ors 202
and 204 are turned on, the nodes H and1 are electrically connected to the
hi gh power supply potential |ine through the thin filmtransistor 201,

i.e., the potentials of the nodes Hand | are increased to a high |evel.
Therefore, the thin filmtransistor 213 is turned on. Thus, the node J is
electric tent | TS afal t he
pot ent i aﬁ%?evtgﬁgﬂ %gﬁ fsttE;Ilgl)ﬂlsatl g)gtdﬁg}ééd%g?g%d?%pﬁk?léﬂg l%eli:@cll'[ Ogg%ffolreﬁhe In a
period tfifn fﬂmetrqnsns'emﬂizahs winedhet.f | Flats, ﬂlleomkleblgrewctr(c@lﬁ)cohmccbddpehsed to a
Iowlevel. Ther ef or theaHunfll transi sto 2, .204, 222 nfi 224 are
turned. ofd™ POWERSUPRLY RAIFHial {inch ic-dhe PORBRY 56 nORF basmainedpé aldlont . (he
nodes H gRg) | F%ﬁelbrtwg&rem?ai olf@ﬁ@stanfduget(spg 1§ﬁlelteesethBLasmghhevacatf;§iﬂtl al's of
the nodes Hand | are nmaintained at a high |evel 4] n a period
t19, & heNptﬁttbnitﬂlabp@fatlomeC®em©nﬂng Itlnfcllncmamalpoe@ltle <)f the Staﬁcmé@s(éd?) i a hi gh
| evel . Ther ef or anS| stors 212 ur ne

Far ther . Pergls Eseghf b The'plsiod s uhe e O T PRl nastiol SRS C0 | <o
that t hegtehjefiodi t11m ITheRSore! @ désediptisn b beatfofed toheke. on state. Thus, t he
nodes J and K are electricall y connected to the | ow power supply potenti al
line; i.B105lhe potential of the node J is maintained at a WO

2011/ 046025P J node K
i s decreased t%) agg %Wt?e’vté?go%‘ﬁ%érlg) 61[&6:%’6%%) d agﬁf %}1@??1{{%@?%@%%%%?&%

t ur ne@ ofdw leVbls, THekeforepthe thini ﬂlnetrenﬁstomé!lawnd(mnem adnedaoffheThmgvtlm)wer
supply pot ntial |in otenti al ode L.is ined at a
ow | ovenodesdandds are Qqﬁeu%ﬂeﬂeﬁﬁqaﬁag Sife A {esgﬁﬁgep?tswal? Qm’ﬁdp &ed to a
hi gh | evel,fgair®mamtRELattNBlv 16V operation acconpanying the increase in
potential of the start pulse (SP) in periods subsequent to the period is

t he sane[®961 he oper ation in peri ods subsequent to the period t11.
Therefore, the,description is ere. . [0105 eriod
{20, “t he- pot enRPEraBE" Hec SpBBHNG B SR gHteapel H the HeM 4200 B 2 10

| ow {pVehforehaiivhed Sperfiéh isiepedibd. M THeATBIeS Ry Gesefipti@nes ®1¥e adferréditned of f .
Thus, the nodes J and K are brought into a floating state. As a result, the
pot enti ah®&eof the nodes J and K are naintained at a low | evel . [0106]

[0107]

Note that the capacitors (e.g., capacitors 205, 215, and 225) included in the

pulse output circuits are provided in order to maintain an output signal of each pulse
20  output circuit.
[0108]

In each of the plurality of thin film transistors included in the shift register
illustrated in FIG. 4A, a channel formation region is formed using an oxide
semiconductor. The oxide semiconductor is an oxide semiconductor with reduced

25 hydrogen concentration. Specifically, the hydrogen concentration of the oxide
semiconductor is 5 x 10" (atoms/cm®) or less, and when there is no electric field, the
oxide semiconductor serves as an insulator or a semiconductor which is close to an
insulator (the semiconductor which is close to an insulator is substantially an insulator).
Therefore, off-state current of the thin film transistor having the channel formation

30 region formed using the oxide semiconductor can be reduced. Thus, the leakage of
electric charge through the thin film transistor can be suppressed.

[0109]



Regardi ng the operation in periods subsequent to the period t20, the

15af orenenti oned operation is repeated. Therefore, the description is to be
referred wo 2bewm60250107] Not e that the capaci PorgP{R0/067195
capacitors 205, 215, and 225) included4in the pulse output circuits are
provided in order to maintain an output signal of each pul se 20out put
circuit. [0108] In each of the plurality of thin filmtransistors
included in the shift register illustrated in FIG 4A, a channel formation

region is forngd: Ugdmfle 2RitRX %ﬁa%ﬁﬁm}yh%ggm I e WinGiny GRSFAHO0Y64 07 1S

an oxi de sem (_:onduct or wmth reduced 25 hydrogen concentrati on.
Speci f i cathigh ig foemkg asingethe eadeesenmiadridoctonfthe hevebxf dbarpennqataitiat ar ai s 5 x

1019 (at ons/ | .and 1t i Lectrjc.field, i d
sent condaers vk fe a1 i Hoatt el Ta o oiF Sttt brit st eid e ndse 't o
an insul a1®ko {dohesusk ik desrdhet O podbitial i TheChe@RAs it PL, M, 1115 U0LBL &E., Icdn be

substantially an insulator). Therefore, off-state current of the thin film
t r ansPst ouppressedg Thus, 8 mealfheiction phrihe dwft 3egisteytambé praventedisi Furthenethoxi de
sem condygi. n r ced. Thus. t | eakage .of elecgtric charge,through
the thi nlf)% %?%V@r%%en@?s%oggqé ggn 6e&°sa§8% rsgages &0 BT S]IOH%CIH otlier Wordg’ the

2011/ 046@2hiBer 60 fizied of 6t 19arififg to the cdpatit@XIN(aBo réfekieddo &b aé&hirfgdr mat i on
region of the thin filmtransistor 204, which is formed using the oxide

sem cond§a® Bs reduegd. | evel of change in potential in a period where the node
I isin zltofllo ating state (e.g., the periods tll, t12, t14 to t16, and t18
to t20), "such as decrease of potential in the periods t11, t12, t19, t20,
etc. 10can be FBushgpaachsmel fohusionareginf efntbiei thin Gfm tthemsistor f202r whicktier can

be prevented., Further,.the periood where the node | is in a floating state
Can be. mitEGIIE B oidecierligingicioy A FrgHeiR BPUER FRECRSISH BOWEFIR | ng 1o

the capagd Righ 20%ef Jpp® pikAtidIamet tﬁ@lo&@{)&e&muﬁagl)y SAntRE 1ihE fHG Priod 0110]
10Further, a channel formation region of the thinfilmtransistor 202 which

i s formedvhge thg poteatiahafdke startinadsadSE) tsrat edngh leelcandahe poonadl of the Brst whi ch

flows fr h i r. suppl otential .line..to,.the w r I
potentia chi(ﬁ%n?ln(@gﬂggﬁoadl%vwﬁg‘r% (gﬁ’éﬁbeoqe fif Qﬁ,%l?,{lﬁgogi ara{‘g%etgéi gllg) yi S
at aibi giThuspelventshstgtipwbLihtishift efistehead bé fldueddock signal (CKl) is at a

|l ow | evel (e.g., the periods tll, t12, t14 to t16, and t18 to t20). 15
Thus, poWItonsunption of the shift register can be reduced. [0111]

Although a depletion type transistor is used for a thin film transistor which is
electrically connected to the high power supply potential line in the above-described
shift register, an enhancement type transistor can alternatively be used for the thin film

20 transistor. That is, the inverters illustrated in FIGS. 2A and 2B can be used for the
pulse output circuits of this embodiment.
[0112]

Although a capacitor is included in each of the pulse output circuits of the shift

registers, each of the shift registers can be operated without the capacitor. That is, the
25  inverters illustrated in FIGS. 2C and 2D can be used for the pulse output circuits of this

embodiment.

[0113]

This embodiment can be implemented in appropriate combination with any of
the other embodiments.

30 [0114]
(Embodiment 3)

In this embodiment, an example of thin film transistors included in the logic



Al t hough a depletion type transistor is used for a thin filmtransistor
which is electrically connected to the high power supply potential line in
the abovewdestwisbed shift register, an enhancement typePCTARZIIGDENITAN
alternatively be used for the thin fi¥m 20 transistor. That is, the
inverters illustrated in FIGS. 2A and 2B can be used for the pulse out put
circuits of this enbodinent. [0112] Although a capacitor is included in
each of the pulse output circuits of the shift regi sters, each of the

shift reg;r %rﬁ@&il @ntopé’rr]?rhﬁgdliﬂeh@?}étde%é}?oeﬁapaC' tor. That is, the 25

I nverters | ustrate In FIGS. 2C and 2D can be used for the pulse out put
ci rcui t s[@fl51 his enbodi nent . [0113] Thi s enbodlnent can be

i npl emrented in_a riate n with f th ' ts.
307 0114] " ( EnbodiREHBodE, of i Cirg Riso ARFUFPT 25 SR Tle FRERARTI
transi st gfig filAGndRHr | 'oP tﬁl.b Bmb6diirfent MQ&@&%%%@Q?@&@TJ&B&Q@@/ 8AGLHASHS
circuit in Embodi nent or Enbodinent 2 is described. [0115] One

enbod&nenmiBKﬁh6ﬁwmeH | mtransi stor and a manufacturing nethod of the thin
filn1traﬂ§i§ or of this enbodinment is described with reference to FIGS. 5A
and 5B 548 FIGs. 6A to 6E. [0116] FIGS. 5A and 5B illustrate an

exanpl e of a pFRESr 53t rau@t 5Be ilRdar @ﬁOSﬁmﬁﬁétbDﬂﬁhﬂaﬁﬁuﬁhHMﬁeOﬁn@.éhin
filmtransistor. Athin filmtransistor 410 illustrated in FIGS. 5A and 5B
is one Opro&;ﬁpc@\gp@ styetire of aihip S tegngistor. A thin film transistor 410 illustrated

in FIGS. 5A and 5B is one of top gate thin film transistors.
10 [0117]
FIG. 5A is a plan view of the thin film transistor 410 having a top-gate structure
and FIG. 5B is a cross-sectional view taken along a line C1-C2 in FIG. 5A.
[0118]
The thin film transistor 410 includes, over a substrate 400 having an insulating
15  surface, an insulating layer 407, an oxide semiconductor layer 412, a source or drain
electrode layer 415a, a source or drain electrode layer 415b, a gate insulating layer 402,
and a gate electrode layer 411. A wiring layer 414a and a wiring layer 414b are
provided so as to be in contact with and electrically connected to the source or drain
electrode layer 415a and the source or drain electrode layer 415b, respectively.
20 [0119]

Although description is given using a single-gate thin film transistor as the thin
film transistor 410, a multi-gate thin film transistor including a plurality of channel
formation regions may be formed as needed. |
[0120]

25 A process of manufacturing the thin film transistor 410 over the substrate 400
is described below with reference to FIGS. 6A to 6E.
[0121]

There is no particular limitation on a substrate that can be used as the substrate

400 having an insulating surface as long as it has at least heat resistance to withstand
30 heat treatment performed later. A glass substrate formed using barium borosilicate
glass, aluminoborosilicate glass, or the like can be used.

[0122]



10[ 0117] FIG5A is a plan view of the thin filmtransistor 410
having a top-gate structure and FIG 5B is a cross-sectional view taken

al ong a IwoeoGlo4@2si n FI G 5A. [0118] The thin fil mtranecsuezoidddrissncl udes,
over a substrate 400 having an insul a$ng 15 surface, an insulating |ayer
407, an oxi de sem conductor |ayer 412, a source or drain electrode |ayer
415a, a source or drain electrode | ayer 415b, a gate insulating |ayer 402,
and a gate el ectrode |ayer 411. Awring |layer 414a and a wiring |ayer 414b

are provided S tﬂ@teh@e}ﬁ%r@%@Rlﬁeﬁl&ea‘f"ir%%nit%ﬁpp&%&ﬁlteail;ﬁ@ll %ﬁﬁ;@ga@ﬁs&&% to the

source or drain electrode layer a an e source or el ectrode

| ayer 41hdving & spsiatpoiteloy 73@0C 01 higher is preferablyt dsed gh titgdassispbstrare. | SAga ven
using a single-gate thin filmtransistor as the thin filmtransistor 410, a
mul ti - gamateria] off themelasansybstrafe, ian@lassi mgtesiabsyeta ast pluspinesilicate | 818y mat i on
regi ons . o n I: S Qf fa i t he
Chon r 1 Ao St et B B b3S icar ieoERE° R ex MBI ANGHE 10, |1

r ef er @ncby tonthin{sy, babifint axibE(B4@)lahtl] boron oxide B¢ so thahthepamdunt of BaO is

limtation on a ubs%ra e that can be used as. the substrate 400 having an
| nsul at | et ham it 98 BGiga Slass supgatess catsipisiahang oLimats REEUEY Wit hst and
30 heat trh&@fdéf,n& ghesd Eysiefd dRtdhing B4l 8489 BIRSIT Baf teOhiBEht WH B4D har i um

borosilicate as al um noborosilrcate gl ass, or the |ike can be used.
[0122] |Aeze2 Oty thagd FoOeiy prefetdtdy 084195 26 When the tenperature of
t he heat 67{3 tment performed later is high, a substrate having a strain
poi nt of[ § C or higher is preferably used as the glass substrate. As a

mat ejd al of t hRogl MEE st 6fHR, glassHubStatdRE&Iriball abued) aasubairatei fogsmed i cat e
gl ass, al um noborosilicate glass, or bariumborosilicate glass is used, for
exanpl e. usipg an insulatas, h ab A ceramin bRt LHAGHIZEEDIERPT 8 saPidicsHbHA Y e

5200 o B0 QU Sy L8500 o 0y ke

substrate heat -resi st e practicalf use. ere , a glass
subst r at Btilt ahéraativehy apddstit balstiBR203 tholikdatn HehsediavappromiatdaO i s | arger than
t hat of [I%)Zlgg] is preferably used.
15 First, the insulating layer 407 which serves as a base film is formed over the
substrate 400 having an insulating surface. As the insulating layer 407 in contact with
the oxide semiconductor layer, an oxide insulating layer such as a silicon oxide layer, a
silicon oxynitride layer, an aluminum oxide layer, or an aluminum oxynitride layer is
preferably used. Although a plasma CVD method, a sputtering method, or the like can
20 be employed as a method for forming the insulating layer 407, the insulating layer 407
is preferably formed with a sputtering method so that hydrogen is contained in the
insulating layer 407 as little as possible.
[0125]
In this embodiment, a silicon oxide layer is formed as the insulating layer 407
25  with a sputtering method. The substrate 400 is transferred to a treatment chamber and
a sputtering gas from which hydrogen and moisture is removed and which contains
high-purity oxygen is introduced, whereby a silicon oxide layer is formed as the
insulating layer 407 over the substrate 400 with the use of a silicon semiconductor target.
The substrate 400 may be at a room temperature or may be heated.
30 [0126]
For example, a silicon oxide layer is formed with an RF sputtering method

under the following condition: quartz (preferably, synthetic quartz) is used as a target;



[0123] 10Note that, instead of the glass substrate descri bed above, a
substrate fornmed using an insulator, such as a ceram c substrate, a quartz
subst r at eyvoanti@4s@pphi re substrate, may be used as the ®albgprEav/es719s
Alternatively, a crystallized glass oB7the |ike nmay be used. Still
alternatively, a plastic substrate or the Iike can be used as appropri ate.
[0124] 15First, the insulating |ayer 407 which serves as a base filmis
formed over the substrate 400 having an insulating surface. As the

i nsul ati | ayer, 407 i n, cont oM th t ide sem ¢ an
oxi de i nén% %Hgﬁﬁte ﬁ%@@?ra%lﬁ%ﬁ gdsg adm’st}hfei%%%’cgﬁed%eﬁ%a@grsgggﬁg% |%g%y{§{: Hitride
| ayer, ampthal R disERCRY 1§60 AUE the Prestiire ik L0 IPAMURX ¥Rt (rici Sivdr yfethe i ligh
preferably used. Al though a plasma CVD nethod, a_ sputtering nethod, or the
| i ke canfizaudnsynoptessedrcass d-hkWictndf be atwpsahets ishan pwrasphare fgniaiiag 407,

t he i nsul_at I 7l - j,t I hod so
that yaPsusing el ARY abR, BAEREC AR o BlaR % Y1 (dach SOW Il 29 8
possi Bl e The Oth@khessnoft thes sitioho dixideniayem issi100 aon. oXNotke tHagyinstedds of quarel as t he

insulating lLayer 407 25 wth a sputtering nethod., The substrate 400 is
t r ansf er k&gferably Yptgtienguarteha N5i3EReh © ”E’Ft‘égFii g fgieeest r"éﬁ‘f%ﬁi‘*&ﬁgﬁydr ogen

and moi Stik6y LRide GIRY S @ﬂfézdwhkgfa Edhd 8ad)io@Ps b & Yo GRLA Gk

i nt roductggl,cgr\)\k?e]rdgb?%a glf I'con oxid F‘aye%lg?s’ogg% med aslt he&}%nsul e){ ie?lg | ayer
407 over ahdergsnlrssisedt e 400 with the use of a silicon sem conductor target.
The subs&&l@éﬁ 400 may be at a roomtenperature or may be heated. 30[0126]
WO 2011/ 5PCT/ JP2010/ 067195 27 the substrate tenperature is 108 C the

di st ggce bet wes (e asdIBhE riadiBatdRdlalere40 A Qptefbiabl forRedi whikh E@hovifig 60 MM
the pressure is 0.4 Pa; the electric power of the high frequency power
sour ce | snoist@rekigmaining tinethettraatpéendr chambernn Bhisds fove Pecvertitga hyidiegebxy gen and

argon (the,flow ratio.of . r 19157 . f te is 25
scom . 5P b Pl st dRin bRoB Bl i s i REg JyRYAOTE, 5 P2
instead ¢d12gyartz (preferably, synthetic quartz), a silicon target can be
used as a target used when the silicaon, oxide Ia¥er icg fgr nmed. As a

meR cary

sputtering gas!t FRGHETCHPVAMHKEE IFEANEE 1B f> P CRfERIenf 0127]
10, bR e B bl Py S8, O SLoRai ) o
pr event i tiganiyml rsobjématicn pyrdp ax pteferablypysedin dFurtliest air evacngimnbeiingaydwet @i ned i n
the i nsuluiirb(i) ggmlpa&g\l;idélg Zv'ith a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as
water (H,0), and the like are evacuated, whereby the concentration of an impurity in the
20 insulating layer 407 formed in the deposition chamber can be reduced.
[0129]

It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed
by a level of ppm or ppb, as a sputtering gas useci when the insulating layer 407 is

25  formed.
[0130]

Examples of a sputtering method include an RF sputtering method in which a
high-frequency power source is used as a sputtering power source, a DC sputtering
method in which a DC power source is used, and a pulsed DC sputtering method in

30  which a bias is applied in a pulsed manner. An RF sputtering method is mainly used in
the case where an insulating film is formed, and a DC sputtering method is mainly used

in the case where a metal film is formed.



[0128] In order to renove noisture remaining in the treatnment chanber, an
entrapnent 15 vacuum punp is preferably used. For exanple, a cryopunp, an

i on punp,woroa/d4sd2ani um subl i mati on punp is preferably meedpr2dtunéhes, an
evacuation unit may be a turbo punp pP®vided with a cold trap. In the
deposi ti on chanber which is evacuated with the cryopunp, a hydrogen atom a
conpound contai ni ng a hydrogen atom such as water (H20), and the like are
evacuat ed, whereby the concentration of an inmpurity in the 20 insulating

| ayer 40 Ofﬁlrred in the deposition chanber can be reduced. [0129] It
is prefe albl to use a high-purity gas fromwhich an inpurity such as

hydr ogen, wat ein additipdy cheyé igrabsepa owlthyartd eputteringnepmaats in wbichemt r at i on
expressed by a | evel of pam or pph, as sputteri as. used when .t he

i nsul at i ﬁb"%/l%ﬁ/’é’lf taggetsof d?@“?’&rrﬁéar.‘alf Gi%gf B Wi g%aﬁ%ﬂﬁb‘%"“é?e %P"‘gtﬁﬂf‘g ering
met hod i QEbAiales FimSlor SRFErER HhietdIPs 08k fofm¥iiche @adkedlin fHeAAHRGYmBEYET
source is used as a sputtering power source, a DC sputtering nmethod in

whi chs a DCplucaldindsefmeaterials canclet, disehdrgedgot Sleal fadm@atipnat deisage mmeniodh¢ n 30
which a bias s .,applied in a pulsed manner. An RF sputtering nethod is

mai nl y u§%‘ﬁefl?‘?nfl??£ case where an insulating filmis fornmed, and a DC
sputterigggqgthod is mainly used in the case where a netal filmis forned.
WD 2011/ 046025PCT/ JP2010/ 067195 28 [0131] In addition, there is also
a nul ti - sour celns pdditien.i thereagsp ar snuitsTing apparatys proyvideds Withya sragngl giistem of
differen teri set ' p r ar at us,
i1 of i BeeitER o REn S tor % biehtfor Mpllcrl inERpBEuld S e

chanber , appaeatup whichl is ksedforah HER eputtdrimigaacthdi irdivhicharlgpadh produded| with
formation at the sanme tine in the sane haaﬁb r. [0132] I n addi tion,
there ar éheausgBﬁﬂl‘gPWﬁﬁesde%daWﬁ@%Pﬁvgﬁgﬁv St ‘magnet systeminside the
chanber, (yyf\}g?:h is for a magnetron sputtering nmethod, and a sputtering 10
appar at u£ ch is used for an ECR sputtering nethod in which plasma
produced with Fithammersfs adepasitionanethed using awputtesing rugthedy thgrowredilschar ge.

reactive sputtering method in which a target substance and a sputtering gas component
15 are chemically reacted with each other during deposition to form a thin compound film
thereof, and a bias sputtering method in which voltage is also applied to a substrate
during deposition.
[0134]
Further, the insulating layer 407 may have a layered structure in which for
20 example, a nitride insulating layer such as a silicon nitride layer, a silicon nitride oxide
layer, an aluminum nitride layer, or an aluminum nitride oxide layer and an oxide
insulating layer are stacked in this order from the substrate 400 side.
[0135]
For example, a sputtering gas from which hydrogen and moisture are removed
25 and which contains high-purity nitrogen is introduced and a silicon target is used,
whereby a silicon nitride layer is formed between a silicon oxide layer and a substrate.
In this case, the silicon nitride layer is preferably formed while removing moisture
remaining in a treatment chamber, similarly to the silicon oxide layer.
[0136]
30 In the case of forming the silicon nitride layer, a substrate may be heated in
film formation.

[0137]



[ 0133] Furthernore, as a deposition nethod using a sputtering

nmet hod, there are also a reactive sputtering nethod in which a target
substancaverzdnammstterl ng gas conponent 15 are chem calrcy/JrPzacheddsm t h
each other during deposition to form 89t hin conpound filmthereof, and a
bias sputtering nethod in which voltage is also applied to a substrate
during deposition. [0134] Further, the insulating | ayer 407 may have a

| ayered structure in which for 20 exanple, a nitride insulating |ayer such
as a siltcon nif gl Mite it Shdi 60 hNifiédnifinRid Afel A¥Pihe SlicdH HTHAUM
nitride layer, or an alumnumnitride oxide |layer and an oxide insulating

| ayer ar dayst aas:p@dlded ashthe insulieingf lapen 40ve tbmlsxbbomhﬁnd@d)a}sr doad the $i3i&dn For

exanpl e, a utterl s.fr. whi d d t d 25
and o AR Fen B GRE i Pac ol eSOk RGO T SaE e BT £ ar ge
is used, cHISB&EDY AReSh Eﬂnﬁféﬁn Ighg ESlRaihRY HitrdgenfiOiRdulAMHBER sBicoh hitsigsd oxi de

| ayer and a substrate. In i's case, the silicon nitride |layer is
pr ef b ablayef by fosmiednbing ar%hm targetroiosnteddn tharireatment ¢hanzber,randtthemtthe hanber |

| arl th i d | 013 301l n th f f th
i1 con HRitrd tes e pe Qb et mPUFhe, D S b ok ahd e, e AP0 157,
WO 2011/ 48925 Rcdd I68F0h0/a08{dd028e layer. Sihte thesitioge nities dayiehendtthek of

the silicon nitride layer and the silicon oxide |ayer is provided as the

i nsul at | Adiceryaxidesdayer cpp by formsd sHceessyely W@Pu%hﬁmgh@m@ﬁ?q torthesditde | ayer
can be f t f 1 I ol 4 eat ment
chanber. %&tﬁgle\yastug%uétgﬁlﬁ%&g%@ gﬁ)q@?nfaﬁgb{]p%%g%gq?%&lﬁ#roﬁgﬁ f:lgrst a
si |l i eon muffacedd the diligoamitrgleflgyeed using a silicon target nmounted in the
treat msn; lﬁgin‘oer, and then, the sputtering gas is switched to a sputtering
gas cont 1 g oxygen and the sane silicon target is used to forma silicon
oxi de |ayer. STR&E ahbRi®l et @ndietbF HRE id RYAEd B tHidkgeSd bff ZRM 18000Gn ayer
can be fornmed successively w thout being exposed to the air, inpurities
such as elisogarventhe gatsiinsulatingdlayertsl®/pr event ed from adsor bing onto a
105urfac?01%f9]the silicon nitride |ayer.

15 Further, in order that hydrogen, a hydroxyl group, and moisture be contained in
the oxide semiconductor layer as little as possible, it is preferable that the substrate 400
over which the insulating layer 407 is formed be preheated in a preheating chamber of a
sputtering apparatus as pretreatment for film formation so that impurities such as
hydrogen and moisture adsorbed to the substrate 400 are eliminated and evacuated.

20 Note that a cryopump is preferable as an evacuation unit provided in the preheating
chamber. Note that this preheating treatment may be omitted. Further, this
preheating may be similarly performed on the substrate 400 over which the gate
insulating layer 402 has not been formed and the substrate 400 over which layers up to
the source or drain electrode layer 415a and the source or drain electrode layer 415b

25  have been formed. |
[0140]

- Note that before the oxide semiconductor layer is formed with a sputtering
method, dust attached to a surface of the insulating layer 407 is preferably removed with
reverse sputtering in which an argon gas is introduced and plasma is generated. The

30 reverse sputtering refers to a method in which without application of a voltage to the
target side, a high frequency power source is used for application of a voltage to the

substrate side in an argon atmosphere so that plasma is generated to modify a surface of



[ 0138] Then, an oxide sem conductor filmis fornmed to a thickness of
2 nmto 200 nminclusive over the gate insulating |ayer 407. [0139]

15Furt herwoiniioees t hat hydrogen, a hydroxyl group, an®CwoPIoDe14re
contained in the oxide sem conductor B&yer as little as possible, it is
preferable that the substrate 400 over which the insulating |ayer 407 is
formed be preheated in a preheating chanber of a sputtering apparatus as
pretreatnment for filmformation so that inpurities such as hydrogen and

OISt ur eqaiSRLRED. { Rolc P YR30 Lot Whc’ SnfbHl-02k sfleind AHRSHREED, 20

Not e tha{ a cryopunp I's preferable as "an evacuation unit provided in the
pr eheat i heliunh antespherdlaincoxylgen atniusphqye advelat likgmby bauseint nmay be omitted.

Furt her, tQii preheating may be simlarly perforned on the substrate 400
over whi EH¥he gate insulating | ayer 402 has not been formed and the

substrate 400 PNEloxYMAI EdhibEYdRicRr URydrOist RBmE@ULEIE OspieRhp REBEA." OliRe | ayer
415a and the source or drain electrode |ayer 415b 2% havée been forned.

[ 01409 Noside tstrmicobddatorelayéreis dwinatel wing aw ftGat &n-O-based oxkilefsomigsadugton a
sputteri met hod st .attached to.a surface of t | nsulating |ayer 407
R G T ek R e R H A2 S R
i nt r oducegniefttuetorS MByédrs AENSHLAn-ObBed0 HENET Semiddutii@st Nthyesf edrs to a

met hod in which without application of a voltage to the target side, a high
f r equencpl$isnér-Osbased e 9ddess sgmicandugpr i daeron aof Sa-Alofn-Ggleased tqxdde

SUbsty 2 Gy s 3 820, DAL 038 LAl pTE PSPt o
i nst e@md ofidaseraicgaducedrimgpar &l-Za-Oibised geide at mixopbecter, lagerhal InnGrtasetbspher e,
an Oxyge(r)lxi%;[: rsrgr?l1pcrc1)g(riuec’torolrayetzr!1 g Slni-(giaggdy O)Piﬁe légnen%on t?c%élrlllayer, or a Zn-O-based

oxide semiconductor layer. In this embodiment, the oxide semiconductor layer is

formed with a sputtering method with the use of an In-Ga-Zn-O-based metal oxide

target. Further, the oxide semiconductor layer can be formed with a sputtering method

15 in a rare gas (typically, argon) atmosphere, an oxygen atmosphere, or a mixed
atmosphere containing a rare gas (typically, argon) and oxygen. In the case of
employing a sputtering method, a target containing SiO; at 2 wt% to 10 wt% inclusive
may be used for film formation.

[0142]

20 It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed
by a level of ppm or ppb, as a sputtering gas used when the oxide semiconductor layer
is formed.

[0143]

25 As a target for forming the oxide semiconductor layer with a sputtering method,
a metal oxide target containing zinc oxide as its main component can be used. As
another example of a metal oxide target, a metal oxide target containing In, Ga, and Zn
(in a composition ratio, In;03:Ga;03:Zn0 = 1:1:1 [mol], In:Ga:Zn = 1:1:0.5 [atom]) can
be used. Alternatively, a metal oxide target containing In, Ga, and Zn (the composition

30 ratio of In:Ga:Zn = 1:1:1 or 1:1:2 [atom]) may be used. The proportion of the volume

of a portion except for an area occupied by a space and the like with respect to the total



The oxi de sem conductor layer is formed wwth a sputtering nmethod. The 5
oxi de sem conductor layer is forned using an | n-G-Zn-O based oxi de
sem conduwwoanilayes, an | n-Sn-Zn- O based oxi de sem condectrardieyenys an

I n- Al - Zn- O based oxi de seni conductor Bhyer, a Sn-Ga-Zn-0-based oxide
sem conductor |ayer, an Al -Ga-Zn-0-based oxi de sem conductor | ayer, a
Sn- Al - Zn- O- based oxi de sem conductor |ayer, an |In-Zn-0O based oxi de

sem conductor |ayer, a Sn-Zn-O based 10 oxi de sem conductor | ayer,

an
Al -Zn- O j 1 - 0- j ] duct or
Cayer, a ot Sibednarbaar ek Skl Blisg Rfbrdr & AARETIEMESE HRIVEAT
sem condygidertarey 8¢ 90 Phtd NG Yeimbrdiveppieferale, IxViie ee anthsiveor Wialyer i s
formed with a sputtering nmethod with the use of an |n-Ga-Zn-0O based netal
oxi de t athsaise ofthetetal oxidetagget wathdugh BH sefaca dense ayide semcoBduatef AT i t h a
sputteri ToM) ] hod 15 in a rare gas (typically, argon) atnosphere, an oxygen
at nosphere, or a m xed atnosphere containing a rare gas (typically, argon)
and oxyg@m44in the case of enploying a sputtering nmethod, a target
containing Si02 at 2 ww%to 10 w % i nclusiv be used for film
formation. [014b§ sobsitgate s held A fERagment @é@%agﬁ%/lﬁrﬂnﬂﬁ? miycs%greﬁ?% %hi ch an

L mpuri ty sSieRN8S 0¥ $ich ﬁggeél %ﬂ%ﬁis@a&xlara FQRPedOs ilRYSHUCEE it themoved

to a conCentration expresse evel of ppmor ppb, as a sputtering gas
used whetresthmentxhatebes eftoro owbiok tremainingemoissure ds roethg fe01ov8d, aBlAtheaoxide get f or

form ng the oxjde seni copductor |ayer, wifh sput.t eri ng _net hod,..a net al
oxi de '? argeo %"ﬁf(ﬁisl?ﬁeﬁés %’Wﬁ 8%‘?0‘5 égbsl\f“rtaée %%&Eg}?ﬁgﬁéﬁfl Iﬁ%f%l R, As
anot hier exadP! GoOfenfoeBhdist@r¥i fthaidhgeah, the FBitdlenOXhalRbéraragetnttpiteat Ni Ng
In, Ga, and Zn (in a conposition ratio, 1n203: Ga203: ZnO = 1:1:1 [noI],

| n: Ga: Znvacusm] pomp {saprsfrably arsede Hoegxamplee pneyPRUERE;, Ay I9R(PHMPoXATdR t ar get
cont ai ni In .an . [LhO tj.o - Ga.- =+ 1.1 or
1:1:2 [ap1 gdrr'rlﬁm r?ay IIB%Ioglség?é%‘{:gmgér}gﬁggﬂS%%n n%‘ﬁ’g{eﬁeanv%\%%%{b&%l e{zglg?ltqjeo% except
for an anebo pampireddey withspeslé tapd Ihthel delesitibi bhamstspadiich @ ¢vaeudted al WO
2011/ 046025PCT/ JP2010/ 067195 31 vol une of the netal Oéi de target forned

(al so r ePaihrtBe|cRYSPWEP; HRY4IPESN Ftgmea gemppund containigg a f‘%%e@é‘f‘)"%i Uels o5 t o

0 | i 0, 0/h.1 4 1 i f h
100 ¥ | Qg 't(l\é{?@é?ﬁl\‘c,?\feﬁ]r@%%bﬁy, gﬁo % dothpdAnd cdpthinflgusiatbon Mbhd), dddhéifiRe Of the

nmet a e 11l rat'e, a dense oxide sem conductor |ayer
i s fornedre &a0datd], whereby THeecawbigtatianeofi an fnaputity nn dhe pawle rmenticanductber kept

under reduce ressure, a .sputterin s fromwhich rogen an | Ssture
are renpVAE fjoé"%teﬁl“? g?ﬁfké’ﬂmflﬁ? Gg?ﬂféer?ﬁagg’ter’r‘ﬁﬁi‘fceghaﬁ%?u%gﬁtﬁ\qﬂﬂ E%g?ago?‘ﬁ!ai ni ng
NDi St Ur ewihsn MR JGdd LERVGHRucBP iyt férrede sem conductor layer is formed over
the substrate 400 with the use of a netal oxide as a 10 target. To renove

moi st ur e[dléfhi ning in the treatnment chanber, an entrapment vacuum punp is
2 1B S5ty ShuBSRTL RS SELSRAR B MBI B dAROND
turbo puProhOngReatiive! theadistahst bdtapen the substrsiepadithé aigahiaddenmphheh is
evacuated with the cryopunp, a hydrogen atom a conpound contai ning a
hydr ogenPEs8¥§ is Qch Pas the electric power o the DC power source 1s 0.5 kW, and the
atmosphere is an atmosphere containing oxygen and argon (the flow ratio of oxygen to
argon is 15 scem:30 sccm). It is preferable that a pulsed DC power source be used
25  because powder substances (also referred to as particles or dust) generated in film
formation can be reduced and the film thickness can be uniform. The oxide
semiconductor layer preferably has a thickness of 5 nm to 30 nm inclusive. Note that
the appropriate thickness depends on an oxide semiconductor material used and the
thickness may be selected in accordance with a material.
30 [0146]

Then, in a first photolithography process, the oxide semiconductor layer is

processed into an island-shaped oxide semiconductor layer 412 (see FIG. 6A). A resist



15 water (1-120), (nore preferably, also a conmpound containing a carbon
atom, and the like are evacuated, whereby the concentration of an inpurity
in the oxwoeosesmenduct or | ayer fornmed in the depositi eoTokzorves7igsan be
reduced. The substrate may be heated %hen the oxi de seniconductor layer is
formed. [0145] 20An exanple of the deposition condition is as follows: the
substrate tenperature is roomtenperature, the distance between the
substrate and the target is 60 mm the pressure is 0.4 Pa, the electric

power of 1le ¢bXe R éﬁiﬁhﬁ%?%;ﬁegoo 2oty Floag%ﬁ?ﬁjo&&?& Be ifGrmfA \ﬁﬁlrgmsphef e

r
cont ai ni ng oxyggn ggéhar gon owratio o gen to” argon Is
sccm 30 agink)et hdthods pPWaérethehtdstithak isfqed edthD@ jpkjve mettods @ phdtemasled 25

because powder substances (also referred to . as ,particles or dust) generated
in film ot theesfprepmapiaguense sats eabs eftsethi ckness can be uniform The

oxi de segmq(’a\;igduct or layer preferably has a thickness of 5 nmto 30 nm
i ncl usive. te that the appropriate thickness depends on an oxi de
sem cdnduct or Nateghatahe etscbohgarfdhe dnade binsikomBstordgyeb snaydiealy etthing, astor dance

with a material . 30[.014§]. 2011/,046025PCT/ JP2010/ 067195 32 mask for
formng EYBIIEsPRR -éWaeﬁ‘ghn%%‘é’eé%WB%nduct or layer 412 may be forned with
an i nkj eL()lmg] hod. Wen the resist mask is fornmed with an inkjet nethod, a

phot omask is” not used; therefore, manufacturing costs can be reduced.
[0147] 5Not e t Aatthe pishimgcgasfgr dfy etgbingxs ¢as senfriabidehionre (daimerhasede dry

etching, wet etching. o ot r -¢hi - et oJ1l] 014
As the eg%sn?lhcg' agsacshq or {]Crl é)'lta (r:(%ll %‘885§95§§132§2¥é§‘?’n?*ﬁ%‘9{% opll“ﬁfe(}r éeron
(chl o i nethasleddgasCls)) ¢hpreferaly asddne (C12), boron chloride (BCL13), silicon
chl ori de éSi Cl4), or carbon 10tetrachloride (CCl4)) is preferably used.

[0149] [0149] Alternatively, a gas containing fluorine (fluorine-based gas

such as carbon fdiyof i : ; i ) I for
fluoride (NF3) é‘tgﬁﬁﬁélﬁl %ég%n(%gﬁl%gg Cﬁ%% )(;hhﬁ@f(ijér ggsgﬁ argosrlrlicgeés( 9H£B§(§h oxygen
(02); antetafluotides €Cigasedfur dluahide [{SBs)r nitwgeafluttds (hs)aser trefluaromethane or

argon ( AE&HQ);%%%%& %Eontnjgig (LIEB‘?)% og(ggenbﬁ)zy;sa%gf'of [t}(l)elsgoglases to which a rare gas
15  such as helium (He) or argon (Ar) is added; or the like can be used.
[0150]

As the dry etching method, a parallel plate RIE (reactive ion etching) method
or an ICP (inductively coupled plasma) etching method can be used. In order to etch
the film into a desired shape, the etching condition (the amount of electric power

20 applied to a coil-shaped electrode, the amount of electric power applied to an electrode
on the substrate side, the temperature of the electrode on the substrate side, or the like)
is adjustea as appropriate.

[0151]

As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic

25 acid, and nitric acid, or the like can be used. Alternatively, ITOO7N (produced by
KANTO CHEMICAL CO., INC.) may be used.

[0152]

The etchant used in the wet etching is removed by cleaning together with the
material which is etched off. The waste liquid including the etchant and the material

30 etched off may be purified and the material may be reused. When a material such as
indium included in the oxide semiconductor layer is collected from the waste liquid

after the etching and reused, the resources can be efficiently used and the cost can be



As the dry etching nethod, a parallel plate RIE (reactive ion etching)

met hod or an I CP (inductively coupled plasna) etching nethod can be used.

I n order wo2etialacizie filminto a desired shape, the etclrcmgpoamndéitioon (the
anmount of electric power 20 applied t83a coil-shaped el ectrode, the anount
of electric power applied to an el ectrode on the substrate side, the
tenperature of the el ectrode on the substrate side, or the like) is

adj usted as appropriate. [0151] As an etchant used for wet
etching, | ur&cred sol ution of phosphoric acid, acetic 25acid, and nitric
acid, or thel'ike can be used. Alternatively, |TOO/N (produced by KANTO
CHEM CAL[@G3]) INC.) may be used. [0152] The etchant used in the wet etching

is renoved by eaning together wth the material which,is etched off. The
waste |iquid irﬂ}? Gtﬁlhf{% Gopgitions (su6h as AR cfqhantygic F’igéfm%dmgtt%‘ﬁg?fa{;‘fg Fay be

puri fi ed,g08HLie]yRE fdPlepRRYin® ©n tRe Safkrial 6 thal (HERS@dd #missifducs 1dyadi um
i ncl uded 1n Fhe oxi de sem conductor |layer is collected fromthe waste

| i qui @ afambe etabedetodiave g desicedrsbapeed, the resources can be efficiently used
and the Tﬁ 47 €8N be WD 2011/ 046025PCT/ JP2010/ 067195 33 reduced. [0153]
The et chi Git%onditions (such as an etchant, etching tinme, and tenperature)

are appropri at @i ¥hiddirHbdBeeAtS ARO BxidE 9¥micoadusdeldyat iS Prédesdedt fiko ake de
sem conductor |ayer 5 can be etched to have a desired shape. [0154

In this étnsdshened oxidpecmiconductaripraifddovish 2l vusteiching ﬁwﬁ@és\sléldamﬁ]@dt he
.5 038 BRSO S Ty iy i g T o i
et chaoat . [0155]

In this embodiment, the oxide semiconductor layer 412 is subjected to first heat
treatment. The temperature of the first heat treatment is higher than or equal to 400 °C
and lower than or equal to 750 °C, preferably higher than or equal to 400 °C and lower
than the strain point of the substrate. Here, the substrate is introduced into an electric

15  furnace which is one of heat treatment apparatuses, heat treatment is performed on the
oxide semiconductor layer in a nitrogen atmosphere at 450 °C for one hour, and then,
the oxide semiconductor layer is not exposed to the air so that entry of water and
hydrogen into the oxide semiconductor layer is prevented; thus, the oxide
semiconductor layer is obtained. Through the first heat treatment, dehydration or

20 - dehydrogenation of the oxide semiconductor layer 412 can be conducted.

[0156]

The apparatus for the heat treatment is not limited to the electric furnace and
may be the one provided with a device for heating an object to be processed, using heat
conduction or heat radiation from a heating element such as a resistance heating element.

25  For example, an RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid
thermal anneal) apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be
used. An LRTA apparatus is an apparatus for heating an object to be processed by
radiation of light (an electromagnetic wave) emitted from a lamp such as a halogen
lamp, a metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium

30 lamp, or a high pressure mercury lamp. A GRTA apparatus is an apparatus for heat

treatment using a high-temperature gas. As the gas, an inert gas which hardly reacts



10[ 0155] In this enbodi ment, the oxide sem conductor |ayer 412 is
subjected to first heat treatnent. The tenperature of the first heat

t r eat mentwoohiigbes t han or equal to 400 C and | ower thaoTgrP20acuetot o 750
C, preferably higher than or equal to3400 C and |ower than the strain point
of the substrate. Here, the substrate is introduced into an electric 15
furnace which is one of heat treatnent apparatuses, heat treatnent is
performed on the oxide sem conductor layer in a nitrogen atnosphere at 450

C for oneg.hour .. i ' or. ' ed to
the air g\’é&taﬁa({bj%gg? 9@@&%@%98&&%&’1@%@%@&9 ?ﬁ%hogstd%fgx%{(nl (%{:d %gén%ag)c%ﬁ%ct or

| ayer isapirgueidwdd. t hus, the oxide sem conductor |ayer is obtained.
Through the first heat treatnent, dehydration or 20 dehydrogenati on of the

oxi de setf@dhduct or layer 412 can be conducted. [0156] The apparatus for
the heat treat pEniyntH1d s th# gilrrsttﬁféatteeénhen@b@aw ma%/faerﬁz%ﬁnequ Wovke the

one provided wth a device eating an object to be processed, using
heat &ondbetsilostrater isheatsfereedi andi put ihrapminarthgaatwingh dhe beert heated tag hagh

resi stance heating el enent, 25 For anpl e, ‘an RTA (rapid. thernpl . anneal)
appar at uEe_n%R?é%ur&s‘%ap%@R%im(ws Qé‘ﬁ?@gi%wg%ﬁﬁqal oSS, f‘(‘éb‘pﬁﬁgfﬁ??fga&ataﬁﬂ‘ LRTA
(1 anp raehtdomﬂefimh %&n%l  RRPALA! MsitddPd Rehidts @npditubdTASRPR@NABIES 1S an
apparatus for heating an object to be processeéd by radiation of Iight (an
el ect r omhipghatinperatire heat tieatneeht fir mshoat imep such as a hal ogen | anp, a netal

hal i de Iﬁg[% a xenon arc |anp, a carbon arc |lanp, a high pressure sodi um 30
| amp, or mgh pressure nmercury |lanp. A GRTA apparatus is an apparatus for

heat 14 r eat ment Nefel thgt f fhi Fistt IRAP Gtahiehe igRSprefdfabld)thag ddter iy dro@nt ags whi ch
hardly reacts WD 2011/ 046025PCT/ JP2010/ 067195 34 with an object to be

pr ocessethedlike be nesdnclpdedhimpiitoges i sare rgasr gl rmsorelian, Jreeng 95 a89Bh as
argon | SA%%S]%tiVél?,li{) Q preferable that nitrogen or a rare gas such as helium, neon, or argon
introduced into an apparatus for the heat treatment have a purity of 6N (99.9999 %) or
more, preferably, 7N (99.99999 %) or more (that is, an impurity concentration is set to 1
15  ppm or lower, preferably, 0.1 ppm or lower).
[0159]

Further, the oxide semiconductor layer might be crystallized to be a
microcrystalline film or a polycrystalline film depending on a condition of the first heat
treatment or a material of the oxide semiconductor layer 412. For example, the oxide

20 semiconductor layer may be crystallized to become a microcrystalline oxide
semiconductor layer having a degree of crystallization of 90 % or more, or 80 % or
more. Further, depending on the condition of the first heat treatment and the material
of the oxide semiconductor layer 412, the oxide semiconductor layer may become an
amorphous oxide semiconductor layer containing no crystalline component. The oxide

25 semiconductor layer might become an oxide semiconductor layer in which a
microcrystalline portion (with a grain diameter greater than or equal to 1 nm and less
than or equal to 20 nm, typically greater than or equal to 2 nm and less than or equal to
4 nm) is mixed into an amorphous oxide semiconductor.

[0160] |
30 Alternatively, the first heat treatment may be performed on the oxide

semiconductor layer which has not yet been processed into the island-shaped oxide



For exanple, as the first heat treatnent, GRTA may be perfornmed as foll ows.
5 The substrate is transferred and put in an inert gas which has been

heat ed t owe 2biighacizenperature of 650 C to 700 C, heated Por/JsEM@peiiosTi nut es,
and transferred and taken out of the iBAert gas which has been heated to a
hi gh tenperature. CRTA enabl es high-tenperature heat treatnent in a short
time. [0158] 10Note that in the first heat treatnent, it is preferable that
wat er, hydrogen, and the like be not included in nitrogen or a rare gas
such as RetfdiiludGORyed1 AT IR Mhac dasErdit e kst Hobt irSathfl ShAMRLAAL
nitrogen or a rare ggs such as he I'um neon, or argon introduced into an
appar at ugalfenrout bfthh dedtirtgrapatrasstant a\phowlithographygro®@hs (sperfossdl. o9 or nore,
preferablé ZN (99.99999 % or nore (that is, an inpurity concentration is
set to 1l l56lépm or lower, preferably, 0.1 ppmor |ower). [0159]

Further, the oxihd§esedEaadURYAlg drPdBdct BF aBydeftion’ dSdeBliilogichtioR dAethd

m crocrystalline filmor a polycrystalline filmdepending on a condition of
t he fBr stoxhdsssemicasdtictentayor may baperfoanedodt anfyeofdhé ulovang bomeyse ater thayer

412. For ex le, th i de 20 sem conduct or . | r,..may he crystallized to
becore » S ErRErperipr s e B dndiee sl Aty e G e o
crystal | izt ia@ fitine@ v te 6EE sericof@uctorOlayéid 2; andrafiee h, gate RRAMLIAG on t he
condition of the first heat treatnent and t%e materi al of the oxide

seni condddtesis forged over the soneceglqcreds ayprynidthe dein plggtaededayerbecone an

anor phouzog@]de sem conductor |ayer containing no crystalline conponent.
The oxid sem conduct or | ayer m ght becone an oxi de sem conductor | ayer
in whdbch a m ciNegt, asdoatiudtive Iyt tis formediover the dnsalatingi layoetd67 agd el exide han or

equal to 1 nmand | ess an_or equal.tq 20 nm _ typicall) eater than or
equal to S_E‘“FFHP&W&OII laxer 1&an TE‘F’ Céag‘éqt“’f’ ga)@r A3y be ¥‘§Ff‘3?gd” ﬁ¥1ht I §%21RlSr Bhous
oxi de serheRRiYGhQhod bOA G R IRpEansh Inttlod. 1ARahE haktial6fithe CbERIcERAL MBY

be perforned on the oxide sem conductor |ayer which has not yet been
pr ocessedayent thexeharei &1l glethenhaplectedxfrate AW 2 (u/ Ty 602 MG Te) B20ar0 067195 35

sem conductor. layer 412. .1n that case fter the first heat treatnent, the
subst r at dedipg, B o 168 spoi’, el 50 4B ke, LESHher B AERTE CRAGT Aphy
process isslefed froh@engdneded hlaghbtuieaitconiedt eeyltiuadhd gofilmehhe & usdd.
dehydrati on or dehydrogenation on the

The conductive layer may have a single-layer structure or a layered structure of two or

more layers. For example, a single-layer structure of an aluminum layer including
silicon, a two-layer structure in which a titanium layer is stacked over an aluminum
layer, a three-layer structure in which a Ti layer, an aluminum layer, and a Ti layer are

20 stacked in the order presented, and the like can be given. Altemativeiy, a layer, an
alloy layer, or a nitride layer of a combination of Al and one or plurality of elements
selected from the followings may be used: titanium (Ti), tantalum (Ta), tungsten (W),
molybdenum (Mo), chromium (Cr), neodymium (Nd), and scandium (Sc).

[0163]

25 A second photolithography process is performed. A resist mask is formed
over the conductive layer and selective etching is performed, so that the source or drain
electrode layer 415a and the source or drain electrode layer 415b are formed. Then,
the resist mask is removed (see FIG. 6B). Note that the source electrode layer and the
drain electrode layer preferably have tapered shapes because coverage with the gate

30 insulating layer stacked thereover can be improved.

[0164]

In this embodiment, a titanium layer is formed to a thickness of 150 nm with a



5 oxi de sem conductor |ayer may be perforned at any of the follow ng
timngs: after the oxide sem conductor layer is forned; after a source

el ect rodewbayervo4ezd a drain el ectrode |ayer are fornmed ecenpPiheccnsde

sem conductor |ayer 412; and after a gate insulating layer is forned over
the source electrode |ayer and the drain electrode |ayer. [0162] 10Next, a
conductive layer is forned over the insulating |ayer 407 and the oxide

sem conductor |ayer 412. The conductive |l ayer may be forned with, for

exanp! &, o8, Boub LRAAP IIRHU AL of AP UNEREXAROEA ATRhE Whrc e b0

mat eri al conductive yer, there are a enment sel ect

Cr, Cu, ¢Ekctrddelapdr,416b. W an all oy including any of the above el enents; and
the like. Further, one or nore materials 15 sel ected from manganese,

magnesi uﬁ?mfﬁrconi um beryllium and thorium nmay be used. The conductive

| ayer may havemtéihaghﬁférﬁ}éeéndsezt5&1§$ ¢bdiRbnLarte BRIRA A&l dppedpHag & tHapo oOr
nore | ayers. For exanple, a single-Tayer structure of ~an alum num | ayer

i ncl usli nehesixidecsemicendueior layget 12sis notrearoyed andtliechsuatingtlayer 40V uagerth¢ s
t acked over an. al ym num | I t hree-l.ayer str,uct i i Ti
isayer, aﬁX Fﬁ?ﬁl}‘fﬁf# Cé?fgfwerg%glgano?iexP%i?g?thﬁgh‘?%éltdﬁ%tk‘%(r:}%éﬁ?? '\F,lyghegdt’]dgr |

presentefgieand the like can be given. Alternatively, a layer, an alloy

| ayer, or a nitride |ayer of a conbination of A and one or plurality of
el enent s sel eclredhisr mbodingny) 12owlindayermip meedsasd:the | ¢opdpetive( film, amnt al um

(Ta), tu V L . 1 ] » and
scandi u mﬂ?'é%%n'fj\(;%aé%{r%g@%%g@% gi}%ﬁ%&sﬁ}%@ H%oglgg aé’%é B?Igggg%@%%%%rz fred. A
resi s mask ahSarhmbniadhyalregent peroxidadiehitione(al ayeureaof] asmionid, i wateetandi ag i s
perfornmed, so that the squrce or drain el ectrode | ayer 415a and the source
or drai nhydregsn praexide selptiongs usedaspg elbant Then, the resist nask is renoved
(see FI GL: 1&B)- Note that the source electrode Iayer and the drain el ectrode
| ayer pr (%er bly have tapered shapes because coverage with the gate

30i nsul ating | Nyter tst dokihd sehend: phetolithmgrapby i processednly] par64jf theyyxide

2011/ 046025PCT/ JP2010/ 067195 36 sputtering nethod .for, the source. or_drain
el ectr odéer?‘éE?Ié(iucEJfgléyeJn%Ztlffeetgl?)‘iﬁi? ggle&grabyd?rgioﬁlég | FRHERCHon Jayer PERe 3 o165
Not e14 hatrdRE €4 depressed PofidH) inighCON Hirink@NSTHE eesadimisk @edforapRhiaprhat € so
that 5 the oxide senm conductor |ayer 412 is not renoved and the Insulating
| ayer 40%ouregier draineeleptiode layend berind dhosoures errdrainelecirodetayepobagaben t he

conduct | o(ai'mlegxgl{h allns in?(}e(f rr]neeghod[. OWJn the resist mask is formed with an inkjet method,
a photomask is not used; therefore, manufacturing costs can be reduced.
[0168]
20 Ultraviolet, a KrF laser beam, or an ArF laser beam is used for light exposure
for forming the resist mask in the second photolithography process. A channel length
L of the thin film transistor to be formed later depends on a width of an interval between
a bottom portion of the source electrode layer and a bottom portion of the drain
electrode layer which are adjacent to each other over the oxide semiconductor layer 412.
25  Note that when light exposure is performed in the case where the channel length L is
shorter than 25 nm, extreme ultraviolet with extremely short wavelengths of several
nanometers to several tens of nanometers is used for light exposure for forming the
resist mask in the second photolithography process. Light exposure with extreme
ultraviolet leads to a high resolution and a large focal depth. Accordingly, the channel
30 length L of the thin film transistor to be formed later can be set to 10 nm to 1000 nm
inclusive. Thus, the operation speed of a circuit can be increased, and further, an

off-state current can be significantly small so that low power consumption can be



In this enbodinment, a Ti layer is used as the conductive film an

I n- Ga- Zn- O- based oxi de sem conductor is used as the oxide sem conductor

| ayer 412y02011areo2an ammoni a hydr ogen peroxi de sol uti onpCa/Jretio/oe7@90f
ammoni a, water, and a hydrogen peroxi @ solution) is used as an etchant.
[0167] Note that in the second photolithography process, only part
of the oxide sem conductor |ayer 412 is etched, whereby an oxide

sem conductor |ayer having a 15 groove (a depressed portion) mght be

f or med. @Fﬁe{?engi st mask used for formng the source or drain electrode

| ayer 415a and the source or drain electrode | ayer 415b may be fornmed with
an i nkj efor®hod. Wien the resist mask is forned with an inkjet nmethod, a

phot omask is n used; theyrefore, ufacturing costs can be r ced.
[0168] 20U tr aﬁeesi,étgat%w ting dafer %@2% ?‘B'meSrPV F ) swCe et §8ﬂst§a f or
l'ight eXRefRiIsemi@ndhQbia 41IgetHees%hl%E_o%§ehn eRckbE RGNS PARE BL isbiiegr aphy

process. A channel length L of the thin filmtransiStor to be forned |ater

dependls ondmimgldettodeflayen 4i bbb e HIG.I6€)ween a bottom portion of the source

el ectrod(i wer and a bottom portion of the drain electrode |ayer which are
adj acent ¢ ach other over the oxide sem conductor |ayer 412. 25 Note that

when |ight eXpQ‘ﬁé”theiiﬁsﬁﬁfﬁgQ'é?adtdzrbahr& forned Wil £sihfe-1afanatuteagih L is
shorter than 25 nm extrene ultraviolet with extrenely short wavel engths of

several hastdestaiciire qsigvayapl @ sHiconfoxidm bayex dr silicen nyude fayer| 3 ghicoxposur e

for form . j St K i . d oli mgg . Li ght
exposure o\%ﬁ%&%}({aﬁ%’% Urer a\l}lltﬁ?%a'lta ‘?{1%2%26% SR &;%i %lh}nr es ofb%?l}é 0%§§ﬁ§§t§ ar ge
f ocallo depldsmaAC¥Driethgd,ya spieriapanstedd, 30 thetigé.h Nowefthhhehet daiteninsulating

Thus, -t hESpAVE RS GDe P BR 21 BUHE beReB s e ducket AU DEIHEE - an
g;‘;' E teat Q0% UHRERS hGARPE aS 1AM {d SRGbleY IR ca30 WHRL a kRitoR QWREe 16RASYMPLIT ON

formed with a sputtering method, a silicon target or a quartz target is used as a target
and oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.

15 [0171]

The gate insulating layer 402 may have a structure where a silicon oxide layer

and a silicon nitride layer are stacked from the side of the source or drain electrode layer
415a and the source or drain electrode layer 415b. For example, a silicon oxide layer
(SiOy (x > 0)) with a thickness of 5 nm to 300 nm inclusive is formed as a first gate

20  insulating layer and a silicon nitride layer (SiN, (y > 0)) with a thickness of 50 nm to
200 nm inclusive is stacked as a second gate insulating layer over the first gate
insulating layer; thus, the gate insulating layer with a thickness of 100 nm may be
formed. In this embodiment, a silicon oxide layer is formed to a thickness of 100 nm
with an RF sputtering method under the following condition: the pressure is 0.4 Pa; the

25  electric power of the high frequency power source is 1.5 kW; and the atmosphere is an
atmosphere containing oxygen and argon (the flow ratio of oxygen to argon is 1:1 (each
flow rate is 25 sccm).
[0172]

Then, a third photolithography process is performed. A resist mask is formed
30 and selective etching is performed to remove parts of the gate insulating layer 402, so

that openings 421a and 421b reaching the source or drain electrode layer 415a and the



WO 2011/ 046025PCT/ JP2010/ 067195 37 achi eved. [0169] Next, a gate
insulating layer 402 is formed over the insulating |ayer 407, the oxide
sem conduwwoanileayes 412, the source or drain el ectrode lpayar20ddbai9and t he
source 5or drain electrode |ayer 415b38see FIG 6C). [0170] The gate
insul ating | ayer 402 can be formed with a single-layer structure or a

| ayered structure using any of a silicon oxide layer, a silicon nitride

| ayer, a silicon oxynitride layer, a silicon nitride oxide |ayer, and an

The | § ke ot & S RoctotE 1Bt 11 B PRV, TR Offed Ree I RED 0P, T ormedt wi th

a sputtefor]net hod so that the gate insulating | ayer 402 contai ns hydrogen

as little as pgssible. In the case where siljcon oxide |layer js forned
Sth a Sputt er HREhAIchBEONdCGYY FYeh et ov the Blari e ST b7 abdh s a

target awtwﬁ%fazﬁamwﬂbgﬁfe e ORYESR lﬁ?&ﬁﬁ%ﬁlthé' 1a8&s@14a

sputtering 0171] e gate insulating |layer 402" may have a

st r uchur endiédle age Sortiedan ofowth plapelithagrdply pidcesson Nuite thati@ teaigemask e
stacked fromthe side,of .the source ar, dr.ain el ectrodg | aver.,,415a, and the
sour ce o™ ;Erﬂ t??"B?‘LE’t‘tPc?&e‘ Jﬁ%ﬁﬂﬂl&’ SbfewEBrt 3 I“éa,Sf; 35 Ormed MDA BYT oy er
(SO (X methhd) a phbtdnskt R ok D8 tHekeforeNah @fadfing Bbdtdedntss ré@uded. formed as a
first gate 20 insulating layer and a silicon nitride layer (SiN, (y > 0))

with a t9Mhess of 50 nmto 200 nmm inclusive is stacked as a second gate

insul ating | ayer ovep t LISt | 108G, ' t e
i nsul ating | ayglrm}\%i:rt ﬁ‘eaggf%%lg{}ﬁoéise gg’%‘? dfgéﬂh%h%%l%éyﬁoﬁsﬁﬂgg%ﬁ 4? %]ID ggﬁ
enbodo memt, foamad Withoa sixglddayenyseruciuse fopraniayeted atridrirekusiss any dfOfetain wi t h
an RF sputtering nethod under the follow ng condition: the pressure is 0.4

Pa; the ZBILIL pydhcapRRlyddspump dtaiyR. CRIOFIRRe AR, URASITe HUNEUE, K\ and
the at mogRes €ndsiiyifiufl %ﬁp&%ﬁuﬁ)%ﬂ' M 'lﬂp?xﬁﬁgl%ﬂalamﬁlQhﬁ{i%%gft(Ii‘fetl{els@W ratio

of oxygen to argonis 1.1 (eac owrate 15 25 sccnm).

Then, a miaterchlydsat mhintdoogoagity process is perforned. A resist mask is

f or med 32€ﬂg selective etching is perforned to renove parts of the gate

i nsul at i Iéyer 402, so that openings 42l1a and 421b reaching the source or

drai 5 el ect r od@slaawetiafdratruefige bhéach\¥PtRDdaké CALRSE Y IPAA0HA HE tidhg 38

layers 414a and 414b, for example, a two-layer structure in which a 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, or a two-layer structure in which
20 a titanium nitride layer and a molybdenum layer are stacked is preferable. As a
three-layer structure, a stack of a 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 is preferable. Note that the gate electrode layer may be
formed using a light-transmitting conductive layer. A light-transmitting conductive
25  oxide can be given as an example of the light-transmitting conductive layer.
[0176]

In this embodiment, a titanium layer is formed to a thickness of 150 nm with a
sputterirng method for the gate electrode layer 411 and the wiring layers 414a and 414b.
[0177]

- 30 Next, second heat treatment (preferably 200 °C to 400 °C inclusive, for

example, from 250 °C to 350 °C inclusive) is performed in an inert gas atmosphere or



source or drain electrode |ayer 415b, respectively, are fornmed (see FIG
6D). [0173] Then, after a conductive layer is formed over the gate
i nsul ati ngol2ayansee2®2 and in the openings 421a and 421b, pcigpgat/esradect r ode
| ayer 411 and the wiring |layers 414a 8%and 414b are fornmed in a fourth
phot ol i t hography process. Note that a resist mask may be forned with an

i nkj et nethod. When the resist nmask is formed with an inkjet nethod, a
phot omask is not used; therefore, manufacturing costs can be reduced.

[0174] F%BW&“?;%E gﬁﬁvmé’spﬁérg.‘:t Tlﬁdﬁ)ié Wiodihent 2k 0EnY 'hieeflgtrle& hs i¢14a and

414b can a single-layer structure or a layered structure
usi ng anyedbrnigdtiala niwdghi adhsspherdat 250 10| fybomnhuur. t Thasucund hed teatment
tantal um tungsten, alum num copper, neodynm um and scandium and an all oy
mat er i al Maydewsriognehsftar nrofesteverasating laygor 3 phaiapzatinnisstaiing lpper?s] 15As

a tmo-lamﬁhwagﬁ%ﬁmgmﬁgq%Tig&g?Q&4§@e gate el ectrode |layer 411 and the

W ring |ayers 4a an or exanple, a two-layer structure in.which a
nmol ybslen(on78hyer i s stacked over an alum num |l ayer, a two-layer structure

in which a nolybdenum | ayer is stacked over a copper |ayer, a two-layer
structure in whighergheat treatingnt |axy b¢ Barfergiedrat & Oa&t%ﬁ’%rﬁ\ﬁmvswq BONGyver s

st acked I .a ta0- ne i :
t1 ¢ an unp o o SRRESnch g in off i, 18 hel Healicnt FIYIR JeROMRERT SR o
a t hree- heatimg teinpaatwre e, Alembiadty, ahe gollowmgt chiange yre theoheating uaippereturari t ri de

| ayer, an alloy laye f alumnumapd silicon or an all.oy |ayer _.of alum num
and t1 t aRairhe Sonducteq Pl imeS fepeaiciy: (B beaiite BmprrLe isincaged from 4

pref g5 abl &m Mﬁferﬁtﬁf@ttoﬁk@m?%ﬁirgbp 00 Q% DY OF ifENsi Rl OhER dedt €488 t&
light-transmtting conductive layer. Alight-transmtting conductive 25

oxi de  can rbemgemperange.anfetenphs leht trbanenyhiay theapesforined ngderom dedutceds e

| ayer. [0176 In.this enbodinent, a.titaniumlayer is formed to a

t hi cknes Breé?‘Li'SOUﬂﬁlﬁr\fdi regpcgd foﬁf‘fr&rt}‘gﬁﬁat%tt%‘ﬁcqng?e sﬁ?ﬂge‘éﬁt e el ectrode |ayer
411 and Ph@9¥ﬁri”9 | ayers 414a and 414b. [0177] 30Next, second heat
treatment (preferably 200 C to 400 C inclusive, for exanple, from250 Cto
350 C i ncl usi véhrough ghe fabovedteps, the thire filmg ransastomn ¢ ph aneluding the oxide

2011/ 046025PCT/ JP2Q10/ 195.3 n _ox n..das,at posphere., I n,thi

ot moficondutlet 1k 42 18 Sinich, BR cREenERu S B AYIRER, Hicturdc midlid or L
at 250 Chjdrbxide6s feduéed chileFBERIsBERIG. 0B at MR thimfiym RRnpistot at0resh B ter a
protective insulating |ayer or a planarization insulating |layer is formed

over theusesd as tha shin rfilas tepgiston includsdomy ghe logic circuit in Embodiment 1 or
Embodiment 2.

[0180]

20 A protective insulating layer or a planarization insulating layer for planarization
may be provided over the thin film transistor 410. For example, the protective
insulating layer may be formed with a single-layer structure or a layered structure using
any of a silicon oxide layer, a silicon nitride layer, a silicon oxynitride layer, a silicon
nitride oxide layer, and an aluminum oxide layer.

25 [0181]

Although not illustrated, the planarization insulating layer can be formed using
a heat-resistant organic material such as polyimide, an acrylic resin, a benzocyclobutene
resin, polyamide, or an epoxy resin. Other than such organic materials, it is also
possible to use a low-dielectric constant material (a low-k material), a siloxane-based

30 resin, PSG (phosphosilicate glass), BPSG (borophosphosilicate glass), or the like.

Note that the planarization insulating layer may be formed by stacking a plurality of



Further, heat treatnment nay be perforned at 100 Cto 200 C inclusive for
one hour to 30 hours inclusive in the air. This heat treatnent may be
per f or mredwaton/dssoeed heating tenperature. Alternativel ypcrhedaebdosd ng
change in the heating tenperature may4de conducted plural tines repeatedly:
the heating tenperature is increased froma 10 roomtenperature to a
tenperature of 100 Cto 200 C inclusive and then decreased to a room
tenperature. Further, this heat treatnent may be perfornmed under a reduced

pressur e?]ns gﬁé%ﬁgﬁ?ﬂ“ﬁ&%ﬁﬁﬁ‘wﬁm*%t |%’i ng tinme can be shortened.

[0179] Throu ove ste the thin m transi stor 410 including the
oxi de 15[Gi82] conductor |ayer 412 in which the concentration of hydrogen,

noi sture, hydrjde, or hydroxide iis reduced can be forned (,see FEl E). The
Thi o ET it anoE! BAL 2 8lokane- et Tetin OTEThonan 1 o TP Trufmect S0 V] uded

in the | gghf firmedi sihp EMRAGkdRMasdd OhafeRROUsMBNtstAting O 4fkdrial OA PROt ecti ve
insulating layer or a planarization insulating Iayer for planarization may
be provi didekape-basedhresinhingy fin¢lnde anrmegatiograupo(e.&opn allayipgreup ohanpaist ect i ve

<17 et ur Baef Koo S5t #oup & et Moaghfe B Sent S bty e 27 2°

silicon ewyidrbwgle | ayer, a silicon nitride oxide layer, and an al um num
oxi de layer. 25[0181] Al t hough not illustrated, the planarization
i nsul ati @Sﬁhyer can be fornmed using a heat-resistant organic material such

as pol yi m de, i Fesim: e i 1 or an
cpowy Tesin. of B Kol ERh i e CRTAE nRMCRC R o BRI O 20
a | ove di alselating tayenaad st foltatvirtg mbthod of ewalks camt ter ¢émplpyedadepiehding oe-thased
30resin, PSG (phosphosilicate gl ass),  BPSG rophosphosili cate gl ass), or
the || Kemaggiol ATREhoq chss ASRRTISTIRgG %ﬁthpﬁlrsm éﬂsﬁ?ﬁ@gﬁ%@éﬁp}%va%g msthiode by

st acki ng, it AbibY, Pfpray @2 0% HAHED 25 PGS 82048496 FRRAR 4. NuhRfet N

| ayers fg?#@(‘jj%si ng ’anypr%)}/% hleée_nat eri al s.pl[ 0182%1% &ﬁogt e thgjt a

si | oxanenisti®ddsaresi printiogr ersyfbatiprinting), araspel supk hsiglidaejomkigfe, ordi censerd f or ned
usi ng a sil oxane-based terital as a starting material.The 5 sil oxane-based
resin mad PR GAUCLAT B FEERF P oup (e.g., an alkyl group or an aryl group)

or ajfl ugy@4proup as a substituent. Mreover, the organic group may include
a fluoro group.

Moisture remaining in a reaction atmosphere is removed as described above in
forming the oxide semiconductor layer, whereby the concentration of hydrogen and
hydride in the oxide semiconductor layer can be reduced. Accordingly, the oxide
semiconductor layer can be stable.

20 [0185]
The logic circuits in Embodiments 1 and 2 including the above-described thin
film transistors can have stable electric characteristics and high reliability.
[0186]
This embodiment can be implemented in appropriate combination with the
25  other embodiments.
[0187]
(Embodiment 4)

In this embodiment, another example of thin film transistors included in the

logic circuit in Embodiment 1 or Embodiment 2 is described. The same portions as
30 those in Embodiment 3 and portions having functions similar to those of the portions in
Embodiment 3 and steps similar to those in Embodiment 3 may be handled as in

Embodiment 3, and repeated description is omitted. In addition, detailed description



[0183] There is no particular limtation on the method of formng the

pl anari zation 10 insulating |ayer, and the foll ow ng nethod or neans can be
enpl oyed wependi4s@son the nmaterial: a nmethod such as a gpuwupani/ngi1vet hod,
an SOG nmet hod, a spin coating nethod, 44 di ppi ng net hod, a spray coating

met hod, or a droplet discharge nethod (e.g., an inkjet nethod, screen
printing, or offset printing), or a tool such as a doctor knife, a roll
coater, a curtain coater, or a knife coater. 15[0184] Moi st ure

remai ni NgeiR Gl S‘Pﬁcjn?ri‘s Lopshpgre is renoved as described above in formng
t he oxi de  sem conductor layer, whereby the concentration of hydrogen and

hydri de i[@188he oxi de sem conductor |ayer can be reduced. Accordingly, the
oxi de sem conduyct or | ayer can be abl e.. 20[ 0185 . The lagic circuits
i n Embodi nent s ea%bog_lmﬂm d’i‘%{j’a{é tfésaét@raeier%ééa&tww merh??itqfafhgi stors
can_have gh diinerflsRid: 'of GhiS RALBEMRIE & dSeriRiiowith Wterchtd ROFIGY. YA dA1AS]

Thi s enbodi nent can be inplenmented in appropriate conbination wth the 25
ot her 5enmbodi FH@Mt&A to 8EL87] (Enbodi nent 4) In this enbodi nent, another

exanpl e {)lgtfin filmtransistors included in the logic circuit in
Enbodi me or Enbodinment 2 is described. The sane portions as 30 those in

Enbodi ment 3 apf Py AddoTs ilhﬁt&t@&nfe&%?ie%f?a Shrir lsfictli® dnd@SRodifscbiighapor ti ons
i n Enbodi nent 3 and steps simlar to those in Enbodi nent 3 maé be handl ed

as i n Enswastwieraf azhindfen transistare d Adbidilnpransistors 69l lustraged ip K1GE AT A iaad
detail ed-gdascri gfgog%ate\{\ﬁ)ln%ﬁgnl{r&%gp&gfﬂl JP2010/ 067195 41
10 [0190] |
FIG. 7Aisa plén view of the thin film transistor 460 having a top-gate structure
and FIG. 7B is a cross-sectional view taken along a line D1-D2 in FIG. 7A.
[0191]
The thin film transistor 460 includes, over a substrate 450 having an insulating
15 surface, an insulating layer 457, a source or drain electrode layer 465a (465al and
465a2), an oxide semiconductor layer 462, a source or drain electrode layer 465b, a
wiring layer 468, a gate insulating layer 452, and a gate electrode layer 461 (461a and
461b). The source or drain electrode layer 465a (465al and 465a2) is electrically
connected to a wiring layer 464 through the wiring layer 468.  Although not illustrated,
20 the source or drain electrode layer 465b is electrically connected to a wiring layer
through an opening formed in the gate insulating layer 452.
[0192]
A process of manufacturing the thin film transistor 460 over the substrate 450
is described below with reference to FIGS. 8A to 8E.
25 [0193]
First, the insulating layer 457 which serves as a base film is formed over the
substrate 450 having an insulating surface.
[0194]
In this embodiment, a silicon oxide layer is formed as the insulating layer 457
30  with a sputtering method. The substrate 450 is transferred to a treatment chamber and
a sputtering gas from which hydrogen and moisture is removed and which contains

high-purity oxygen is introduced, whereby a silicon oxide layer is formed as the



of the same portions is also omtted. [0188] One enbodi nent of a
thin filmtransistor and a manufacturing nethod of the thin filmtransistor
of this ewbadimani2sis described with reference to FIGS. péAvIRIId0/GB1% and
FIGS. 8A to 8E. [0189] FIG 7A 4Ad 7B illustrate an exanple of a

pl anar structure and a cross-sectional structure of a thin filmtransistor.
Athin filmtransistor 460 illustrated in FIGS. 7A and 7B is one of top
gate thin filmtransistors. 10[0190] FIG 7A is a plan view of the

thin file i r i eqgt r&; LS, a
Cross-sec S?'%?\igg l |egv%5?g)8{gﬂaiél%ggpaéé ??%ga%lth-éIﬁ%gﬁtggﬁé@%@[‘egﬁb%ﬁ% Ze thin
filmtrageeferaily 4G@héticuadizy, Avarspattgitpsgasabrygbhlorhamixgl gas ofnswyient i ng 15
surface, an insulating | ayer 457, a source or drain electrode |ayer 465a
(465a1 aAtd ag8RMUsedn oxi de seni conductor |ayer 462, a source or drain

el ectrod?Ollggg'er 465b, a wiring |l ayer 468, a gate insulating |layer 452, and
a gate electrode | ayer 461 (46la and 461b). The source or drain el ectrode
| ayer5465a ( 46B6arl exanspld,6saiticon oxedeelayer saformed ovitteen &F sputtering rmethod ayer

464 th t i ri.ng | ay. 468. Alth h t il t ed 04h
or i ai ngRPr SHlTiRg apRiBer e PurbLYT B e st e NS B AL yer
t hrough §¥htﬁ’cﬁﬁ: |38z RriRE thd shb\@rattaemipeRtit 3 1 0Q°CaMe didake Hebidalthe A

process of manufacturing the thin filmtransistor 460 over the substrate
450 i s degstrateemdizbe tangati(the T-8fdestansekist @ mhGshe prissuge 8£0.4 Paf degdgetric

the subsPPYFE ORBE 1 TEUGFPCnERr S PSS f &y BYOIe P ERMEre Bt mont

a si ho conmpshRGe lcar@iningotypenand asoh lighel floswtatibi oT@xy @ateto aAfoh i$Q: Weath a

sputtering nmethod. The substrate 450 is transferred to a treatnment chanber

and a_spifoweteteniy 23asscm-ond Whihigknpsscr{dhe milispr oxigie daxsr és 120 pBrpINYE B3H whi ch
contal NS;,qead of quartz (preferably, synthetic quartz), a silicon target can be used as a target
used when the silicon oxide layer is formed.
[0196]

15 In that case, the insulating layer 457 is preferably formed while removing
moisture remaining in the treatment chamber. This is for preventing hydrogen, a
hydroxyl group, and moisture from being contained in the insulating layer 457. In the
deposition chamber which is evacuated with a cryopump, a hydrogen atom, a compound
containing a hydrogen atom, such as water (H,0), and the like are evacuated, whereby

20 the concentration of an impurity in the insulating layer 457 formed in the deposition
chamber can be reduced.

[0197]
It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed

25 by a level of ppm or ppb, as a sputtering gas used when the insulating layer 457 is
formed. ' ‘

[0198]
Further, the insulating layer 457 may have a layered structure in which for
example, a nitride insulating layer such as a silicon nitride layer, a silicon nitride oxide

30 layer, an aluminum nitride layer, or an aluminum nitride oxide layer and an oxide

insulating layer are stacked in this order from the substrate 450 side.

[0199]



hi gh-purity oxygen is introduced, whereby a silicon oxide layer is forned
as the WO 2011/046025PCT/JP2010/067195 42 insul ating | ayer 457 over the
subst r at ew0201v446025t he use of a silicon target or a quarczJepnebemsdl y
synthetic quartz). As a sputtering ga$3 oxygen or a mixed gas of oxygen and
argon is used. [0195] 5For exanple, a silicon oxide layer is formed with an
RF sputtering nmethod under the followi ng condition: the purity of a
sputtering gas is 6N, quartz (preferably, synthetic quartz) is used; the
substrate tenp el : t nd t he
target (the T- g&zﬁiwgni)}\éé é)sl)lggergt% %%%ﬁﬁwg@%?% I'S Oﬁlggug%@%h%ﬁgl%e%t ric
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argon i smi‘ ‘%g( @alirop %Fg%é?f %9 e&?&?ﬁee Ct"r‘i‘i it Lyerygnd 4, subsfratec o

oxi de | ayfthi %asjeo%enmlc&jphﬁn@lé‘ﬁyef 'iksfn%?egalﬂg' fOHAEd While8mBYMB! rkmafiniy heti c
quartz), a silicon target can bé used as a target used when'the silicon
oxi deb | agwistirs if @ tneatthenf Ce@@ier, Sihilarhietthe siiegn oxide laysul at i ng | ayer 457 is
preferabhﬁﬁbgrned whil e renoving noisture remaining in the treatnment
chanber is for preventing hydrogen, a hydroxyl group, and noisture

from bei ng conNakthadondudthe lapsisafolniél bddtethe 4hsulatiny laher depasd i Bkt chanber
which is evacuated with a cryo a hydrogen atom a conpound. caont ai ni ng

a hydr ogéhptahfbﬁgrashncnr%ssmtw (rpanb) A gerist sk 15 ermadeovey dbqi serelictiviher eby
20 the CRYEeId LA OdiRe iTpYfhited, ol tg%g%e%h?ée' &gihlaﬁygfecf}é(? ffred I n

t he depos Eancbe reduced. eto
use w0 hi gésapuand 5&6@331sf foomedvhi Thengrthé mmstlrha}sksmcﬂmaﬁedhxghfeoﬁk(h 8Aptdt, a
hydr oxyl group dride .is renoved to.a onc ration expressed. 25 by a
| evel of SEPH & craiﬁasecaen & dh g &oyrAg op deaip Llst SR DAL &B%t%ﬁaf iSyer 457

is formegividdd1B@ever, the solres bP@fain LRErbASIKY &L 44341 lagd %55&‘575 a{r@dhtﬁﬁﬁﬁs a
Iayered structure in which for exanple, a nitride I nsulating @émbisuch as
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15  can be improved.

[0201]

As the material of the source or drain electrode layer 465al and 465a2, there
are an element selected from Al, Cr, Cu, Ta, Ti, Mo, or W; an alloy including any of the
above elements; and the like. Further, one or more materials selected from manganese,

20  magnesium, zirconium, beryllium, and thorium may be used. The conductive layer
may have a single-layer structure or a layered structure of two or more layers. For
example, a single-layer structure of an aluminum layer including silicon, a two-layer
structure in which a titanium layer is stacked over an aluminum layer, a three-layer
structure in which a Ti layer, an aluminum layer, and a Ti layer are stacked in the order

25  presented, and the like can be given. Alternatively, a layer, an alloy layer, or a nitride
layer of a combination of Al and one or plurality of elements selected from the
followings may be used: titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo),
chromium (Cr), neodymium (Nd), and scandium (Sc).

[0202]

30 In this embodiment, a titanium layer is formed to a thickness of 150 nm with a

sputtering method for the source or drain electrode layer 465al and 465a2.
[0203]



[0199] WO 2011/ 046025PCT/ JP2010/ 067195 43 For exanple, a sputtering
gas from whi ch hydrogen and noi sture are renpbved and whi ch contai ns

hi gh- pur iwg 2nittiseeen i s i ntroduced and a silicon target pcs/aesradpsmder eby a
silicon nitride layer is formed betwedh a silicon oxide |ayer and a
substrate. In this case, the silicon nitride |ayer is preferably forned
whi |l e renoving remai ni ng 5noisture in a treatnent chanber, simlarly to the
silicon oxide |ayer. [0200] Next, a conductive layer is forned over
the [nsulall Ao rhayeh okik BRfkdhdhdiboha m@rf&JrﬁéthQVtﬁ@mesPBPfﬁﬁﬁo'ﬁ)OHﬁﬁf or med.
A resist mask is tormed over e conductive | | ayer and selective etching is
per f or nednclesivet bredr uhhgammsuhtmg lalyeai 45 7ehret theostaird¢eaye drali9) eleBGade dapdr 465a2
is forneg. Tngug}gg resist mask is renoved (see FIG8A). It seens in cross
section 48°3%andfo5agurce or drain el ectrode | ayer 465al and 465a2 is

di vi ded,; ver, the source or drain electrode |ayer 465al and 465a2 is a
continuous |ayer. Note that the source electrode |ayer and the drain

el ect bode | ayeiThpnm efasr atiige hsemicordystord layrapds lﬁ@u&dseandower agesqmtl‘ﬂ] t he

gate insulati. ayer stacked ther.eover. e i

%o the mtrarlEPetPhy aRelhy ce oPUdF arishBLERSSehy B PikEse ooz,
there ar eslaf- ﬁia?é’@ﬂhd@ 8bMdo8audtéraay A 462Qsee €1G. §B). T thl%mb@dnﬂé}ht aheal | oy
including any of the above el ements; and the like. Further, one or nore

mat eri al oxisle] wsmieendueiom layen garfesaed »othnagputering methadowithrthe isey®l PRim  and
thorlun1%EX}Qg BSE. od TAE %?QQQQ?& e layer may have a single-layer structure
S

or a Iayere ructure o nore | ayers. For exanple, a single-I|ayer
st rueour €02065] an alunlnun1layer including silicon, a two-layer structure in

which a titani i S cked over an um num | a,three-| ayer
structure in %ﬁ%tfﬁe }SaEFé‘? in 3 freafmeRtrm bﬁ{/ng?pt 'ﬁ’rﬁlﬂ 5edPFeq BRSPSy %y
stacked g eirfe&ﬁgcgag?fom whidH ﬁf&ﬂé&pan@ﬁﬁls&\!ﬁ% dré K&m&RA REn@OUREd into the

Al ternati a layer, an a | ayer, or a nitride |layer of a conbination
of Al andreamnoucthhbwrafromywbtbh erbmmmg medsiteret is befngoremaved s and dwi oxjide may be
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titampsumyl @Rt 1TFo t@h&Rd nioistaret RiakiiRS Sn ahe kAt Vdhambar, Semuexﬁt@rpnmt met hod
for the source or drain electrode |ayer 465al and 465a2. [0203]

2011/ 046028RAT/PIPPOBOPEEFaly used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. Further, an evacuation unit may be a

turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

20  water (H,0), (more preferably, also a compound containing a carbon atom), and the like
are evacuated, whereby the concentration of an impurity in the oxide semiconductor
layer formed in the deposition chamber can be reduced. The substrate may be heated
when the oxide semiconductor layer is formed.

[0206]

25 It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed
by a level of ppm or ppb, as a sputtering gas used when the oxide semiconductor layer
is formed.

[0207]

30 An example of the deposition condition is as follows: the substrate temperature

is room temperature, the distance between the substrate and the target is 60 mm, the

pressure is 0.4 Pa, the electric power of the DC power source is 0.5 kW, and the



44 Then, an oxi de sem conductor layer is forned to a thickness of 2
nmto 200 nminclusive over the gate insulating | ayer 457 and the source or
drai n el ewonodesb@yer 465al and 465a2. [0204] 5Then, anproxiJjgmieesrigonduct or
|l ayer is fornmed and in a second phot o#Pt hography process, the oxide

sem conductor |ayer is processed into an island-shaped oxi de sem conduct or
| ayer 462 (see FIG 8B). In this enbodi nent, the oxide sem conductor | ayer
is formed with a sputtering nmethod with the use of an In-&-Zn-0-based

met al oxi s r i i nt
chanber I?gﬁ;;(t)gpgﬁgg% alrr1 é%(%égé% r°8’s“§hnr‘%%gb§yg§g ?? g r?éidr?\lgmg%a}s?@\%’?gﬂrl#\?\ﬁ? %}f\g%ﬁ%nrsogen
and noi stargoa iarlé scempdfestcing. i Htisquiefemdld thiapa tpudsed rl2@tposver sctmetberustd om

whi ch remainin isture is in e ed, and . the aoxi de senj gonduct or
aver | < Cae PoBReosdistnkes Lt FrthEaT S e whrpiiner o) GeogRisd B M0k de as
15 a tar g&natib ERMBYErcdBESE Whe TheMAIM| thitkinBsst Bsh tHeeahiTBih. ClaBEDSKIde an
entrapnment vacuum punp is preferably used. For exanple, a cryopunp, an ion
punp, 5 or semicpndusitertayaipréfersblyokasputhickingsspfe mdb |39 s dnplusiee: t iate than
Concuct’ S UAeTRY uiFih=l B9 P aR RSB S B S o
conpound tiekiiess Maf Be selbdted DURBoAMNE withi6 fnatgial0 water (H20), (nore

pr ef er abl al so a compound containing a carbon atom), and the like are
evacuat et0208fher eby the concentration of an inpurity in the oxide

sem conduct or I N SRS a : e The
substrate may L@Xﬁéae{ngﬁ gllrl1t’ ttﬁé;eoom dgé{sl%h‘l&(g:hocg(gulé?g{ 1{ y%ér%gsleg1 E{gfﬁg%.
[02060 2landishapededadabimiconducsa laydri 4§R-pitln atwet gichidg owethodi with amixegurity
such as hydr.ogep, ter, a, hydrox oup, ar. hydride is renoved to a
concentré‘%ﬁPBﬁ‘ggglﬁ;}o\é\g%%ﬁW’&X?tMY@géB , 6‘?“‘16?)%",‘6'83315' sputtering gas used
when t he @gigqie sem conductor layer is forned. [0207] 30An exanple of the

deposition condition is as follows: the substrate tenperature is room
temperat ure, tNexditka axide spaicoaductonlaysufheld rsasubjeated tohlrst degfefredtmeo mm

o ana. THe ey dnit o iR B Bo i £y Bl bt R BOF Sl ©-°

15  to 400 °C and lower than or equal to 750 °C, preferably higher than or equal to 400 °C

and lower than the strain point of the substrate. Here, the substrate is introduced into
an electric furnace which is one of heat treatment apparatuses, heat treatment is
performed on the oxide semiconductor léyer in a nitrogen atmosphere at 450 °C for one
hour, and then, the oxide semiconductor layer is not exposed to the air so that entry of
20  water and hydrogen into the oxide semiconductor layer is preQented; thus, the oxide
semiconductor layer is obtained. Through the first heat treatment, dehydration or
dehydrogenation of the oxide semiconductor layer 462 can be conducted.
[0210]
The apparatus for the heat treatment is not limited to the electric furnace and
25  may be the one provided with a device for heating an object to be processed, using heat
conduction or heat radiation from a heating element such as a resistance heating element.
For example, an RTA (rapid thermal anneal) apparatus such as a GRTA (gas rapid
thermal anneal) apparatus or an LRTA (lamp rapid thermal anneal) apparatus can be
used. For example, as the first heat treatment, GRTA may be performed as follows.
30  The substrate is transferred and put in an inert gas which has been heated to a high

temperature of 650 °C to 700 °C, heated for several minutes, and transferred and taken



at nosphere i s an atnosphere contai ning oxygen and argon (the flow ratio of
oxygen to argon is 15 sccm 30 sccm. It is preferable that a pul sed DC
power souwwoeobe4smeed because powder substances (al so refrerezhiv/os7ass
particles or dust) generated in film#®drmation can be reduced and the film
t hi ckness can be uniform The oxide 5 sem conductor |ayer preferably has a
thi ckness of 5 nmto 30 nminclusive. Note that the appropriate thickness
depends on an oxi de sem conductor naterial used and the thickness may be
sel ected |, NAGROGAANCE Whidh RasMBlch! hdted {00208h temperatyre. |GRTAhables

enbodi nent, the oxidé sem conéuct or layer 1s processed into the 10

i sl and- shahetdmpxiatiee beatitreatmttue iroa sHoaytene.462 with a wet etching nethod with
a m xed f@d%l on of phosphoric acid, acetic acid, and nitric acid as an

et chant . 9] Next, the oxide sem conductor |ayer 462 is subjected
to first heat NoRahIER! the His KeaRestdlcH, §t Rfprbfefable AR Ivatck SRfdIEIN, b t he
first heat treatnment is higher than or equal 15 to 400 C and | ower than or
equal 5 t othesbkeCbe progfineluded, ithniregen tdram rare gaguaich tas bpd@me nead, powegont han t he
strain pqint of the.substrate. re, the substrate is ntroduced into an
electric FﬁF}?EX%lyWﬁ 1TR© eéabgﬁglaégﬁﬁogg? of Feat it uét}b%%ﬁ%{f uses ,gH’n%ra%rg?é eat nent
i's perf oifiIR[AuE TnftarPXpeatas Br SRNALHE lrRhtnlcRY Bhvd 4 parityl STENI E9D.FIIIDBPBEr € at
450 C for one hour, and then, the oxide sem conductor |ayer is not exposed
to the aimorserethablyeAN(99.699P ohat moreatiaat iy dn amewrity eooceantratiox isget to 1

sem conduct or | ayer Ls lﬁr (;D\f/{ant ed; ,thus, the oxide sem conductor |ayer is
obt ai nedPPRA AOWH: PRETALLY. H%‘Htorllq"éeéinent, dehydrati on or dehydrogenati on
of the ogozqg]sem' conductor | ayer 462 can be conducted. [0210] The appar atus
for the heat treatnment is not limted to the electric furnace and 25 may be
the one provi dBertiyirt hey ekadé csentienmdyetar j lageramighf et crystablizedr deebSetl, usi ng
heat conducti o r heat radiatio h I e . SUC

resi st anglelcrﬂ(éré/?tfl ﬁﬁleg?\éeﬁeoﬁ% p?—lg‘r:rygt%g{r}r%{%%ra%%%cg\g% r%gpa}n?d&[ tgérhngf ﬁ%nﬁresgl )

appar at Useft rehtn@st ar £hRriaDesthe aridd sthbhdhct@riagal ) apparatus or an LRTA
(lanp rapid _thermal anneal) apparatus can be used. For exanple, as the
first hel218teatment, GRTA may be performed as fol |l ows. 30 The substrate is
trangferred an - ke ' . t '

t errngr ature of gg%g%%tl}éq%g p%,hgﬁtg%t%gﬁ%t?g t@%‘é@?i?&%ﬂﬁlﬂ}%@gor lg%% I{?érygﬁ%f erred
and t akeperfoied@ihlthe 4&RI2SEfIdohBEGG0la9&7dBish has not yet been processed into the

island-shaped oxide semiconductor layer. In that case, after the first heat treatment, the
substrate is taken out of the heating apparatus and a photolithography process is
performed.

20 [0214]

The heat treatment has an effect of dehydration or dehydrogenation on the
oxide semiconductor layer may be performed at any of the following timings: after the
oxide semiconductor layer is formed; after a source electrode layer and a drain electrode
layer are formed over the oxide semiconductor layer; and after a gate insulating layer is

25  formed over the source electrode layer and the drain electrode layer.
[0215]

Next, a conductive layer is formed over the insulating layer 457 and the oxide
semiconductor layer 462 and a third photolithography process is performed. A resist
mask is formed over the conductive layer and selective etching is performed, so that the

30 source or drain electrode layer 465b and the wiring layer 468 are formed. Then, the

resist mask is removed (see FIG. 8C). The source or drain electrode layer 465b and the



46 out of the inert gas which has been heated to a high tenperature. GRTA
enabl es high-tenperature heat treatnent in a short tine. [0211] Note that
in the fiwetohemtosreatnent, it is preferable that watercrhyzinogemys and 5
the like be not included in nitrogen éf a rare gas such as helium neon, or
argon. Alternatively, it is preferable that nitrogen or a rare gas such as
hel i um neon, or argon introduced into an apparatus for the heat treatnent
have a purity of 6N (99.9999 % or nore, preferably, '7N (99.99999 % or

more (1 h%rih%iai@f%mﬁfl ibk YornRAGRMHe Phh@Hal shdS&ipssnitarRPME of B&burce
preferably, 0.1 ppmor”lower). 10[0212] Further, the oxide

seni condwe dmin tlagtesdertayprtidobal and415all i zed to be a microcrystalline | ayer or
a pol ycr)ia%fé | ine | ayer depending on a condition of the first heat

t r eat ment la material of the oxide seniconductor | ayer. [0213]

15AI ternati vel Yu tHi©\@mbbdiffent) @aitadin@abyERns fi¥met K8 a WHCKR:sS BM SPARUGKIPE | ayer
may be perfornmed on the oxide sem conductor |ayer which has not yet been

pr oce§sedpittarmgtiethod fartbe stvageeer dinincrlectrods dryatitieTtornd thg aviring layeidhs. case,
2l ter g, [t Sl S8R otllf BUOSRBLE ot AR lasgh algat 1 N9

appar at us" and a ograpny process i s perfor

heat tready¥enbsdlamdadbsad had theodoutteiyrdiraihiclttrote (bl d6 31y o @it e @chihfe oxi de
sem conductor | ayer may be performed at _any of the followi hg timngs: after

the oxi déclsehiioplatherorraeagretrainsclegtrofedtayert f@3al andoifiad ig e 63mRI@s Payer and
a drain %hﬁ‘s‘%&rﬁﬁﬁﬁ thP¥irle A fhaf OF Hﬁ%gg}’c%rorhﬂﬁnoéfé&ﬁdé ‘?%’e? qBSHICt Hlerdsgyeer s and
after a gate 1nsulating layer 1s 25Torned over the source el ectrode | ayer
and tibhe dheaivirirg lrgér 4R isl prperded [o@2d & Jportion of thhlesetirce arclvaid uad¢dtrode llayeer i s
formed ov, the.insulating | ayer 457 d the i de sem conduct or | ayer 462
and & t hiPEZIGHE 15 RFGFEF BBABS oxie samreheEtr e 4ot Reasnti 85 or e
over the sgQREUEHiatfelediySde BRE 453k Eahd Y6521 GomNEingSetBIRId WhéPthe sd@ck Bat the
30source or drain electrode |ayer 465b and the wiring | ayer 468 are forned.

Then, t hdraiesiestrogmidyer $6penpoiched. sda the casegg) usimp alifdesemtcmalsriald rvahiph
el-ectr Od%rgv?(yeeﬁigﬁ'gagct?vqgl rtagg of MQ scz)gr]é%‘/ogépag’nz gllgc(:"tl-éd]eplg)(i)e]fg{@g Zolgx% source or
15  drain electrode layer 465al and 465a2 in the etching step, the wiring layer 468 which
protects the source or drain electrode layer 465a2 in etching is not necessarily provided.
[0217]
Note that materials and etching conditions are adjusted as appropriate so that
the oxide semiconductor layer 462 is not removed when the conductive layer is etched.
20 [0218]
In this embodiment, a Ti layer is used as the conductive film, an
In-Ga-Zn-O-based oxide semiconductor is used as the oxide semiconductor layer 462,
and an ammonia hydrogen peroxide solution (a mixture of ammonia, water, and a
hydrogen peroxide solution) is used as an etchant.
25  [0219]
Note that in the third photolithography process, part of the oxide
semiconductor layer 462 is etched, whereby an oxide semiconductor layer having a
groove (a depressed portion) might be formed. The resist mask used for forming the
source or drain electrode layer 465b and the wiring layer 468 may be formed with an
30 inkjet method. When the resist mask is formed with an inkjet method, a photomask is
not used; therefore, manufacturing costs can be reduced.

[0220]



47 wiring |layer 468 may be formed using a material and steps simlar to
those of the source or drain electrode |ayer 465al and 465a2. [0216] In

t hi s enboworeno4e@st i t ani um |l ayer is fornmed to a thi ckness/iseto1db&rissn with a
5 sputtering nethod for the source or48rain el ectrode | ayer 465b and the
wiring layer 468. In this enbodinent, the sanme titanium/layer is used for
the source or drain electrode | ayer 465al and 465a2 and the source or drain
el ectrode | ayer 465b, so that the etching selectivity of the source or

drain electrod e%(ﬁée atét ﬁéﬁl]atlﬂg%}y%pagg i$ ?orhp:g Ve thePRsQhtind RS ERAST ahé y the

sane as that o ource or aln electrode layer 465b.” Therefore, 10 the
wi ring | aykle séfiondugorduyaadohe soacpor diaomeledtradhdaysod6sad and 465a2 rthe

el ectrode | ayer 46532, ich is not, covered wth the oxide sem conductor
| ayer 4630UEH0 ‘?ré\f'eﬁ?"tﬁo\#gllas}@h?‘ ’B?dﬁ\eéwﬁm%llaé@f‘r‘%e | ayer 465al and 465a2
from bei pgpgfched when the source or drain electrode layer 465b is etched.
In the case Of using different materials which provide high selectivity

rati o5of the sdbe getednsuatmignapdretraadebel fayoed »éthin singleHayes stimewreoer 45 drai n
el ectrode | ayer 465al and 465a2 i.n the.etching si.e th i ring layer 468
whi ch pr ygﬁet)ésStfur‘f gdﬁ’tngeané’ro@? Sicon, Q ‘?er gaé(gr’l a§;§$§ﬂ4ggg§e }i\g Bt cfsﬁh%ni s not
necessar okynifideViadgd a {iflédh’ hitride oxide laj! @nd hat alififin ax&dealgercvithi 19
conditions are adjusted as appropriate so that the oxi de sem conductor

| ayer 46plasmafoYDrmahodar wpHisTing encthert prtthe dike.qyRpte; thatethg gade insplating g
Rabet ; ; § : ) e
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| ayeno 46252 aontams hydragen as higtilr agpessibpds. 0Xindhe sadeuwhare a(sdlicinxexide fibh i@mmoni a,
wat er, and a hydrogen peroxit?le solution) is used as an etchagnt. égg[eozw]
Not e t haforPsdihigh @ HPRECTHIRIREIRP b SIS {ATBT ST A QUArEARTECHIS 1578 26,4 Geect

sem condygs ptukaygls o 82yich BUGHYA is r 8ol e om conduct or | ayer

havi ng a groove (‘a depressed portion ormed. The resist mask used
for fornlG@2{ he source or drain electrode | ayer 465b and the wiring |ayer

468 may be forped w th an. 3Q inkjet t hod. Wen the resj.st nmask,i.s fornmed
with an inkjet %S#Sd?suiaqwﬁg%&g‘?g nilaé%f: atfélélﬁ&n? WE‘Freefao?lL,l?on ’ﬁ‘?} BsPhr i ng
cost $5 Capnd# silieek fREde 102 stad¥Od R HKRAGELHRRT selirdddi0d A El&hrod8 layer

Next, a gate insulati ng | ayer 452 is fornmed over the insulating | ayer 457,

the oxi dé6%dnindotfded mad theaspurcesp Arainipdectiode dayen ot ailp thiscahodieentager
oo 20085 U SPYSFED LS FELAPAR LRSS A
si ngl e- | andér thé foltdwihg cohdidion: the pressure is 0.4 Pa; the electric power of the high
frequency power source is 1.5 kW; and the atmosphere is an atmosphere containing
20 oxygen and argon (the flow ratio of oxygen to argon is 1:1 (each flow rate is 25 sccm).
[0223]
Next, a fourth photolithography process is performed.b A resist mask is
formed and selective etching is performed to remove part of the gate insulating layer
452, so that an opening 423 reaching the wiring layer 468 is formed (see FIG. 8D).
25  Although not illustrated, in forming the opening 423, an opgning reaching the source or
drain electrode layer 465b may be formed. In this embodiment, the opening reaching
the source or drain electrode layer 465b is formed after an interlayer insulating layer is
further stacked, and a wiring layer for electrical connection is formed in the opening.
[0224] |
30 Then, after a conductive layer is formed over the gate insulating layer 452 and
in the opening 423, the gate electrode layer 461 (461a and 461b) and the wiring layer

464 are formed in a fifth photolithography process. Note that a resist mask may be



| ayered structure using any of a silicon oxide layer, a silicon nitride

| ayer, a silicon oxynitride layer, a silicon nitride oxide |ayer, and an
al um numwei2da/d4enzger with a plasma CVD net hod, a sputtercmgprmad/herdys or the
like. Note that the gate insulating | 4er 452 is preferably formed with a
sputtering nmethod so that the gate insulating layer 10 452 contains
hydrogen as |little as possible. In the case where a silicon oxide filmis
formed with a sputtering nmethod, a silicon target or a quartz target is
used as g} 496G ap%geﬁ gqef@cﬂj. 935 n& @t @ngﬁq? frBRA vith aﬁsﬂ%@ﬁqe&od,
Sputtering target. e gate insulating layer 452 may have a

st r uct ur e phbtemaskissidt uswal) thexéfdee, mayefactbfing aosis earshd iedecedni t ri de | ayer are
st acked hg%glthe side of the source or drain electrode | ayer 465al and
465a2 and% source or drain electrode |ayer 465b. In this enbodinment, a
silicon oxide FayRl the gheldiBGole 18et 6T M8 2@ 4618 ardinthviviiing yBF 464
sputtering net hod under the follow ng condition: the pressure is 0.4 Pa;

t he ebectan be fowed with tahsingle-dayet stryctarecyr pdayeredsgimuctuse jusing, @ykafjmaiall t he

at nosphere is,an atnosphere cont.aining 20 oxygen.and argon (t flowratio
o "oxy germaiesialy i 1% HpistEnfRn VB gt Sy ofigha plimbbl (20
a fourt hcghpet, ohdddyRmimpP A}d casdEeS, iand PAT fallbyBdlateAalr @fliddingragk ofStHesd Ned and
sel ective etching is perforned to renove part of the gate insulating |ayer
452, so tigtarialias@oedinegmpeBeteaching the wiring | ayer 468 is formed (see

FI G 8D). t hough not illustrated, in form ng the opening 423, an

openi ng 1eac ing the source or drain electrode |ayer 465b may be forned. In
t hi s1i@nbodi nenin, thishemlogkmeinga tiesmddmn hayet efosmned tea dricldess of El0auh vathea | ayer
465b is fornmed after an interlayer insulating |ayer is further. stacked, and
& wi r1 ngsPuyBne fsiiod BE the s BB A0) ST aaR 6l b JEHRADCT 02241
30Then, agier a conductive layer is fornmed over the gate insulating |ayer

452 and in the opening 423, the gate el ectrode | ayer 461 (46la and 461b)
and the ¥22i7hg | ayer 464 are fornmed in a fifth photolithography process.
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| ayered structure using any of netal materials such as no|ybdenum

tit ani unPerEHPSAilb MR ABeTPhersRgSP@NnC fon enn e Taipiseen K%Hﬁﬁm?m and

igﬁgghgmnﬁ%g pgﬁoﬁﬁécpéﬁe%tp%&&ive' iﬂﬁhé{mgrlgyé?r&‘ a%flantaﬂgﬁﬁmrmélﬁa{th%l 1ayét3s @ main
f(;rmed over the thin film transistor 460.

20  [0228]

Further, heat treatment may be performed at 100 °C to 200 °C inclusive for one
hour to 30 hours inclusive in the air. This heat treatment may be performed at a fixed
heating temperature. Alternatively, the following change in the heating temperature
may be conducted plural times repeatedly: the heating temperature is increased from a

25  room temperature to a temperature of 100 °C to 200 °C inclusive and then decreased to
a room temperature. Further, this heat treatment may be performed under a reduced
pressure. Under a reduced pressure, the heating time can be shortened.

[0229] |

Through the above steps, the thin film transistor 460 including the oxide

30 semiconductor layer 462 in which the concentration of hydrogen, moisture, hydride, or

hydroxide is reduced can be formed (see FIG. 8E).



[0226] 10In this enbodinent, a titaniumlayer is formed to a thickness of
150 nmwith a sputtering nethod for the gate el ectrode |ayer 461 (46la and
461b) andwoOhelwvd4sizag | ayer 464. [0227] Next, second healPCriezatimesmos
(preferably 200 C to 400 C inclusive, 50or 15 exanple, from250 Cto 350 C
inclusive) is perforned in an inert gas atnosphere or an oxygen gas

at nosphere. In this enbodi nent, the second heat treatnent is perfornmed in a
nitrogen atnosphere at 250 C for one hour. The second heat treatnent may be
per for rreci zegot er a protective insulating |ayer or a planarization insulating
| ayer is ?or |]nad over the thin filmtransistor 460. 20[0228] Furt her,
heat treat ment AmytebtvesilatimpellyatorkGarfarizaticilidsatinglayei foeplhoarizatien hour to

30 hours inclusive in the air, This _ heat treatnent may be rformed at a
fixed hedbayrRs RIeVges QY the (hjg filgp Hansige 460 r@_thoaglti B0 eS8 OPFipRe _
heat i ng tr@e{mﬁlrgalhygcﬁlr@% BEin AL e ePhéKAinal bigSmaPe &t 8 ¥mbddigeheat i ng

tenperature IS increased froma 25 roomtenperature to a tenperature of 100
C to 200 the bpaiings rasehingdht sewrcdarrdraisededtwda lapwmaSbnpdoaned & theugateer |

this heat_ treatnent y .be perforne nder ar ced pressure. Under a
Feduced frelledee 3 IR R Ge Tt Bogh AP e g Pagag 16ver ANFA 2
Through tvﬂﬁn?h@é@ fot eRsirichDNEoddebtlod td M §ARNE oF Afaif Gfeckrog UslierAcEHEs OXi de
30sem conductor” | ayer 462 in which the concentration of hydrogen, noisture,

hydri de, fonmedyidthedngaings r educed can be forned (see FIG 8E). WO

2011/ 0465@25;31 / JP2010/ 067195 50 [0230] A protective insulating |ayer
or a planarization insulating |layer for planarization may be provi ded over
the tibi n fil m MdgiaieStemhindfdin Atdabiotgitmospheré isusinoatdds desoribgkatiovg i eachi ng
the source aor drain_electrode | ayer 465b nmay be fornmed. Ip this enbodi nent, .
5 the opd?imHBe rthaEKidsgsaHeondygios dlpy whesshy @eee?%@éat}ogy hydsegen 809 or ned

in the gqlgHadshliRl Rl hGEortREtor i Q&?tb‘accl:eid\ﬂ@ed. NALBEdifdly! tgeobxidand the
pl anari zation layer, and a wring |layer for electrical connhection to the
sour ce orsedicanduotdrddir cualebelstapb. 465b is forned in the opening. [0231]

[0232]

15 The logic circuits in Embodiments 1 and 2 including the above-described thin

film transistors can have stable electric characteristics and high reliability.
[0233]

This embodiment can be implemented in appropriate combination with the

other embodiments. |
20 [0234]
(Embodiment 5)

In this embodiment, another example of thin film transistors included in the
logic circuit in Embodiment 1 or Embodiment 2 is described. The same portions as
those in Embodiment 3 or Embodiment 4 and portions having functions similar to those

25  of the portions in Embodiment 3 or Embodiment 4 and steps similar to those in
Embodiment 3 or Embodiment 4 may be handled as in Embodiment 3 or Embodiment 4,
and repeated description is omitted. In addition, detailed description of the same
portions is also omitted.

[0235]

30 The thin film transistors of this embodiment are described with reference to

FIGS. 9A and 9B.
[0236]



10Mbi sture renmaining in a reaction atnosphere is renoved as descri bed above
in formng the oxide sem conductor film whereby the concentration of

hydr ogen woadotiydsizde i n t he oxi de sem conductor fil m carcvaprrdoces

Accordi ngly, the oxide seniconductor fll mcan be stable. [0232] 15The logic
circuits in Enbodinents 1 and 2 including the above-described thin film
transi stors can have stable electric characteristics and high reliability.

[ 0233] Thi s enbodi ment can be inplenented in appropriate conbination

with the other 04lj teh - . F:r;rtqud r thd $h;
enbodi nent, angﬁggr g)é@?rpgl%el%g{r?%%%%% tré%%irgseftg%ns? ! Ftrﬁgﬁtﬁrggg) fidril&cl ?Hré | ogi c
circuit ifimBEehedtorent THe thin Rirhardhinsistors 225 andld36 in BEGS. Thend Heangarath ons as
t hose in Enbqdi.nent 3 or Enbodi nent .4 and portions having functions simlar
L 0% hos 6 096 Bif fm SRR S BRH BC G oRRYSHT i T e S
simlar teohRsSel eEMQ%&f@@fecéﬁo&&aF&bom ment 4 may be handled as in
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Enbodi nent 3 or odil nmen , and repeated descriptionis omtted. In
addi tb5on[0285f ai | ed description of the sane portions is also omtted. [0235]

30The thin filmt Si st of .t hi nbodi nent are.descri bed.wi th reference
Co PGS oA anih oo 28 2O s s4 DFD ASRCTPSBE 10RSE Ar el ahf' CLPas
9A and 9khd thintfilnh dbRsiSsAMRemd W6 G OpRvERAVeNa instlatifd Wyes42f whiva it hi n

filmtransistors. The thin filmtransistors 425 and 426 in FIGS. 9A and 9B

are each fgmedgiver dsiticen sybstratadePst ors where an oxi de semi conductor |ayer is
sandw ch?&g?t ween a conductive |layer and a gate el ectrode | ayer. 5[0237]

10 In FIG. 9A, a conductive layer 427 is formed between the insulating layer 422
and the insulating layer 407 over the silicon substrate 420 so as to overlap with at least
the whole oxide semiconductor layer 412.
[0239]
Note that FIG. 9B illustrates an example where the conductive layer between
15 the insulating layer 422 and the insulating layer 407 is processed like the conductive
layér 424 by etching and overlaps with part of the oxide semiconductor layer 412,
which includes at least a channel formation region.
[0240]
The conductive layers 427 and 424 may each be formed using a metal material
20  which can resist temperature for heat treatment to be performed in a later step: an
element selected from titanium (Ti), tantalum (Ta), tungsten (W), molybdenum (Mo),
chromium (Cr), neodymium (Nd), and scandium (Sc), an alloy film containing a
combination of any of these elements, a nitride containing any of the above elements as
its component, or the like. Further, the conductive layers 427 and 424 may each have
25 either a single-layer structure or a layered structure, and for example, a single layer of a
tungsten layer or a stack of a tungsten nitride layer and a tungsten layer can be used.
[0241] |
A potential of the conductive layers 427 and 424 may be the same as or
different from that of the gate electrode layer 411 of the thin film transistors 425 and
30 426. The conductive layers 427 and 424 can each also function as a second gate
electrode layer. The potential of the conductive layers 427 and 424 may be a fixed
potential such as GND or 0 V.



In addition, in FIGS. 9A and 9B, a silicon substrate is used as a substrate
and the thin filmtransistors 425 and 426 are provided over an insulating

| ayer 422wehnoin4s®sf ormed over a silicon substrate 420. pc@2B8hoadhss Fl G 9A,
a conductive layer 427 is forned betwe&n the insulating |ayer 422 and the
insul ating | ayer 407 over the silicon substrate 420 so as to overlap with
at | east the whol e oxi de sem conductor |ayer 412. [0239] Note that FIG 9B
illustrates an exanple where the conductive | ayer between 15 the insul ating
| ayer 42ﬁ”%’ the insulating |ayer 407 is processed |like the conductive

| ayer 424 by etching and overlaps wth part of the oxide sem conductor

| ayer 412, whi Eh:cir'ra:cbhuieaexa?iticlseaﬁtthea toihafitre| trimistet | 426 randi 426 caf2Bd] The
conducti ve Iafgrs 427 and. 424 X (ije formed using a netal nmaterial 20
whi ch cafoptediedpyit yetiredayegs %i f4%at ment to be performed in a |ater
step: an @j Eznt selected fromtitanium (Ti), tantalum (Ta), tungsten (W,
nnlybdenun1? chromum (Cr), neodym um (Nd), and scandium (Sc), an all oy
film&ontaini n@hm aobrsimenti cm bé 1mpyentmtetlhmsqambmmcgmbmamon rwitle the
contalnln qﬁ W% t he above elements as its conponent, or the like.
Further,0 BOfiERSve | ayers 427 and 424 may each have 25either a

si ngl e- ngﬂa structure or a layered structure, and for exanple, a single

| ayer of a tungsten |ayer or a stack of a tungsten nitride |ayer and a

t ungst en(Erabedimentid)be used. [0241] A potential of the conductive

el bt rode 1 ayeP s Tpodiieht Rn e o Py A B%ue! ARG he 1T 0t ©

condugt i vlecdltal‘yiEHxﬁbcﬁRxﬁerarldorﬁBﬂb@cﬁmeﬁmh debaibefiuncti on as a second gate
el ectrode | ayer. The potential of the conductive |ayers 427 and 424 may be
a fixed P¥fehtial such as GND or 0 V. WD 2011/ 046025PCT/ JP2010/ 067195 52

[ 0242] Bhsgﬁ@g&ig?afaﬁgttﬁm fifnk fﬁ%ng{toﬁ AL E%zﬂmﬂcltdﬂr%r RABHbE ke 425 and

426 can be control he conductive layers 427 and
thin film transistor of this embodiment is described with reference to FIGS. 10A to 10E.

[0246]

15 FIG. 10E illustrate an example of a cross-sectional structure of a thin film
transistor. A thin film transistor 390 illustrated in FIG. 10E is one of bottom gate thin
film transistors and is also referred to as an inverted staggered thin film transistor.
[0247] '

Although description is given using a single-gate thin film transistor as the thin

20 film transistor 390, a multi-gate thin film transistor including a plurality of channel
formation regions may be formed as needed.

[0248]

A process of manufacturing the thin film transistor 390 over a substrate 394 is
described below with reference to FIGS. 10A to 10E.

25  [0249]

First, after a conductive layer is formed over the substrate 394 having an
insulating surface, a gate electrode layer 391 is formed in a first photolithography
process. The gate electrode layer preferably has a tapered shape because coverage
with a gate insulating layer stacked thereover can be improved. Note that a resist mask

30 may be formed with an inkjet method. When the resist mask is formed with an inkjet
method, a photomask is not used; therefore, manufacturing costs can be reduced.

[0250]



[ 0243] 5This enbodi ment can be inplenented in appropriate conbination with

t he ot her enbodi nents. [0244] (Enbodi nent 6) In this
enbodi nenvo 2an/@s@spl e of thin filmtransi stors incl ude#gcirapriheos7gs c 10
circuit in Enbodinment 1 or Enbodi nent52 is described. [0245] One

enbodi nent of a thin filmtransistor and a manufacturing nethod of the thin
filmtransistor of this enbodinent is described with reference to FIGS. 10A
to 10E. [0246] 15FIG 10E illustrate an exanple of a cross-sectional

structure of arhfin L%g@&ﬁsgﬁ@&gg? oftalsfibliratd ) LRSSl A8 i Xdpbikdwist T at ed

in FIG 10E is 6née o om ga mtransistors and is also referred
t o as an 3bhhevingdinshadaargeshrfabe as lodgnast it das asteast. hdaOR4idlance to withstand\l t hough

description is given using a single-gate thin filmtransi.stor as,.the thin
20fi | mt hsaistfr%qtraﬁme,%for@e pter-. g‘gtgiﬂsg mhstate dornesduying SrrinmbarasiHepte

plurali téla@%, ARRPErofifEATR G128 of i 1R aHBY uB&.f Or med as needed. [0248]

A process of manufacturing the thin filmtransistor 390 over a substrate
394 i5 d¢e2ylilbed below with reference to FIGS. 10A to 10E. 25[ 0249]

First, after a gonductive |layer.is formed oyer .t he .substrate 394 having an’
i nsul ating sur @Fgﬂﬂﬁgeﬁeéat%’l)éeocftt#eo%? Frﬁ?g}enggirf?rglefjg?tﬁﬁﬁ high. 2 sfulﬁ?t??e

phot ol i t RRGLARRMaRPRHRDE 730 BE W aigheRlsGrifeRBBy LRURE R AhRIsabinAtdIasAa t aper ed
shape because coverage with a gate insulating |ayer stacked thereover can
be i npr owexkriaNotfe thdraglass s@sirste, reaglassOmateyiabesuthr are dlwhinhsilieate nilpss:

hod. he r.esi K.is f . W I nkj hod,
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10  in general, by containing a larger amount of barium oxide (BaO) than boron oxide

(B,03), a glass substrate is heat-resistant and of more practical use. Therefore, a glass
substrate containing a larger amount of BaO than B,0j; is preferably used.
[0252]

Note that, instead of the glass substrate described above, a substrate formed

15  using an insulator such as a ceramic substrate, a quartz substrate, or a sapphire substrate
may be used as the substrate 394. Alternatively, a crystallized glass substrate or the
like may be used. Still alternatively, a plastic substrate or the like can be used as
appropriate.

[0253]

20 An insulating layer serving as a base layer may be provided between the
substrate 394 and the gate electrode layer 391. The base layer has a function of
preventing diffusion of an impurity element from the substrate 394, and can be formed
with a single-layer structure or a layered structure using any of a silicon nitride layer, a
silicon oxide layer, a silicon nitride oxide layer, and a silicon oxynitride layer.

25  [0254]

Further, the gate electrode layer 391 can be formed with a single-layer structure
or a layered structure using any of metal materials such as molybdenum, titanium,
chromium, tantalum, tungsten, aluminum, copper, neodymium, and scandium, and an
alloy material including any of these materials as a main component.

30 [0255] _

As a two-layer structure of the gate electrode layer 391, for example, a

two-layer structure in which a molybdenum layef is stacked over an aluminum layer, a



[0250] WO 2011/ 046025PCT/ JP2010/ 067195 53 There is no particul ar
limtation on a substrate that can be used as the substrate 394 having an

i nsul ati igoxurfmersas long as it has at | east heat resi gtcagemiv/ocass hst and
heat treatment performed later. A gla8 substrate forned using barium
borosilicate gl ass, alum noborosilicate glass, or the |like can be used.

5[ 0251] When the tenperature of the heat treatnent perforned | ater
is high, a substrate having a strain point of 730 C or higher is preferably

d i | |
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used. [025 Note t'hat, instead of the glass substrate described above, a
subst § at end artungstenilsyarsire gtackedi in prefenable. s dshn deeealayer grictureubsiackaelea a

art bstrate, or apphi. bst b d .- te 394.
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appropri at e. 02513\)]] 20An insul ati ng | ayer serving as. a base | ayer .may be
provi dedPiséeraklen Nete thatibe gateelestade lyer may §afermedaisingsylight1aspmyyng * The

base | ay Cta ( i i I an. | ] ment
fromt hegé%dglgﬁ},%%a&&%ﬁ R@Hgltaggr%ﬁﬁlgg %%%g{lgvﬁf)#ﬁé g&s?én ]l%gr-l Fg%g%k&sl%{glgétgur e or
a | ayer echedightrtdatisraittitgd cogpdactiveddyea silicon nitride layer, a silicon oxide

| ayer, a (§i I Hcon nitride oxide layer, and a silicon oxynitride |ayer.

25[ 0254] [0256 Further, the gate electrode |ayer 391 can be forned with a

singl e-layer s{pAckpy gat@rnsalaﬁegfﬁa&&dmti& ‘ﬂ&h&éﬁ%lvléxsih@%a&rﬁle&xfodgﬁy@} 39mterials

2

such as nol ybdenum titanium <chfomum tantalum tungsten, alum num
copper, t®3dynmi um and scandium and an alloy material including any of

tZB(]a_?_/e OzggggL%%%%@t%d%&%&%&%gtdan%%[f%gr?lg(l wit\t/l\% single-layer structure or a
15 layered structure using any of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide layer, and an aluminum oxide layer with a
plasma CVD method, a sputtering method, or the like. Note that the gate insulating
layer 397 is preferably formed with a sputtering method so that the gate insulating layer
397 contains hydrogen as little as possible. In the case where a silicon oxide layer is
20 formed with a sputtering method, a silicon target or a quartz target is used as a target
and oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.
[0258]
The gate insulating layer 397 may have a structure where a silicon nitride layer
and a silicon oxide layer are stacked from the gate electrode layer 391 side. For
25 example, a silicon nitride layer (SiN, (y > 0)) with a thickness of 50 nm to 200 nm
inclusive is formed with a sputtering method as a first gate insulating layer and a silicon
oxide layer (SiO, (x > 0)) with a thickness of 5 nm to 300 nm inclusive is stacked as a
second gate insulating layer over the first gate insulating layer; thus, the gate insulating
layer with a thickness of 100 nm may be formed.
30 [0259]
Further, in order that hydrogen, a hydroxyl groﬁp, and moisture might be



54 two-layer structure in which a nol ybdenum | ayer is stacked over a copper
| ayer, a two-layer structure in which a titaniumnitride |ayer or a

t ant al umwotnidascd2ayer is stacked over a copper |ayer, a&comdieyemn9s
structure in which a titaniumnitrideddayer and a nol ybdenum | ayer are
stacked, or a two-layer structure in which a tungsten nitride layer 5 and
a tungsten | ayer are stacked is preferable. As a three-layer structure, a
stack of a tungsten layer or a tungsten nitride layer, an alloy |ayer of
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| ayer®d sppaigusiee pratieagnentfonfilm fematioarsookpdenpuifies sueh 8s hydregempad i de

| ayer, a_silicon o itpide lavenhqgsa Sili ni;tride [ I d an

al uni nunfBSYE %r&avﬁ% {hﬁ’ Sgbf}f%% 3'84 e ﬁegcﬁn _dae V%g‘hatt %gr ﬁ%ﬁ t?r%‘? %%%‘?Qpr t he
l'i ke. Notg thdptehbdihigddt 80 POIY 480 P0Untad e, pp&érably Pei@ickioy°d fch®eew th a
sputtering nmethod so that the gate insulating |ayer 397 contains hydrogen

as |itt| dogsthapgsirgopmp jis pieerabls esdnegvaceation| wrib prayidedein| thy dreliestio® f or med
with a sputterin thod,,a silicon tar o] a ar | d as a
ﬁféan& . %\Icgg Qlaﬁ,i t)l(lbs d%rehegt?l}g 61%}2}812ént 39 graghfieh: glf}krtéfseﬁaﬂﬁg

target a ge gas o n and’argon I's use

sput 1@r i pghg@mg ARSI similarly pdifiengdt en iths shigstiarg 3Dayeer Ihichmay ddde a
structure where_ a silicon nitride |ayer and a silicon oxggge | ayer are

stacked fsBiingERYgaEY st berdeformybindige subsigte 340VSE WAIANBYES UR%? | i con
nitrlde \SHEL clbcttdd latel 395dnld iath Aedifdf KRRP SN hadd HAER ffined0 N 1l sl ve
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silicon o360 | ayer (SiOx (x > 0)) with a thickness of 5 nmto 300 nm
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the gate insulating |ayer 397 and an oxi de sem conductor |ayer 393 to be

formed | fd26d]as little as possible, it is preferable that the substrate 394
over which the t | ect rode .l.ayer. 391 is,for -0r _the substr 394 over
whi ch | ayers ulblgfeotg?tﬁbee%&gt 3 ?’Hgfl %{Pﬁcﬂﬁc}chyel?yeégggésr e r?l(e)(? Wé%i %%’“%%‘g%at ed in
a preheapiefhdc hastragiched tda Sifidefitlitgodte MiIating 145eR3970ik prdferablyasmoved fil m
formation so that inpurities such as hydrogen and noi sture adsorbed to the
subst r at &itBggverse spytieringtin vhisk ap\pEzaRagasds ieducedgad plasma is genergted.

Pr enggti R [ ehQlnfudhe4Rel1ol AR Y whRhElARBR dpphiSllich drd viiedto a
i ncl usi ve. te that a“cryopunp 1s preferable as evacuation unit
pr ovi dedtdrget istide, a1 RE@atviengourtmizhred fdapplidakiah of hiveltjgesthassubstepte sidaiment nmay
be omtted. Further, this . ) ‘
an argon atmosphere to modify a surface. Note that instead of an argon atmosphere, a
nitrogen atmosphere, a helium atmosphere, an oxygen atmosphere, or the like may be
used.
25  [0262]

The oxide semiconductor layer 393 is formed with a sputtering method. The
oxide semiconductor layer 393 is formed using an In-Ga-Zn-O-based oxide
semiconductor layer, an In-Sn-Zn-O-based oxide semiconductor layer, an
In-Al-Zn-O-based oxide semiconductor layer, a Sn-Ga-Zn-O-based oxide

30 semiconductor layer, an Al-Ga-Zn-O-based oxide semiconductor layer, a

Sn-Al-Zn-O-based oxide semiconductor layer, an In-Zn-O-based oxide semiconductor

layer, a Sn-Zn-O-based oxide semiconductor layer, an Al-Zn-O-based oxide



10 preheating may be simlarly perfornmed on the substrate 394 over which an
oxide insulating |ayer 396 has not been formed and the substrate 394 over
whi ch | aywooup4taesa source el ectrode | ayer 395a and a ecaimoebectyode

| ayer 395b have been forned. [0260] 56 Then, the oxide

sem conductor |ayer 393 is forned to a thickness of 2 nmto 15200 nm

i nclusive over the gate insulating |layer 397 (see FIG 10A). [0261]

Not e that before the oxide sem conductor layer 393 is forned with a
sputteri . t  atit asl tQ,: j: | ayer
397 is p?eg?lg?%%ggnrlg#%\/gﬁ I\I/l\n%tf Egs%gv(gxrlg%%%&?tﬁ gl#(?gr)\rgra?ﬁr’ %?@r? g?\%gra%%%ggasyi S
i'nt r oduc semiaonduyetoadager,ics agbmErasetioxide sdheondwtordayespuli thisi engbad@rhenmts t o a
met hod in which, wthout lication of a voltage to a target side, .an ItF
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at nosphere, a nitrogen atnosphere,” a helium at nosphere, an oxygen

at nosbhecas bofortnied Witlke sputtering metkatl in26{00 @29 (tTpicallyx iatkony etmaesphetacaor | ayer
393 is formed with,a s ri hod. . OXi ]
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sem condt)@tégij | ayer, an | n-Zn-0O based oxide sem conductor | ayer, a
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| ayer 39@r&et cataidéng 10l Gectandi Zh(if a $pnpbsitiom eative 106t GapOaZn@r=e1 g asmol],
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cont ai ni hgGa:Zngr &:1¢bS [qtempi canlbeyusedyr g/ghgmatm‘@lbwg@tﬁf. o¥ige target canlaingng
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The fill rate of the metal oxide target is 90 % to 100 % inclusive, preferably, 95 % to

C

99.9 % inclusive. With the use of the metal oxide target with high fill rate, a dense
oxide semiconductor layer is formed.
[0264]

20 The substrate is held in a treatment chamber kept under reduced pressure, and
the substrate is heated to room temperature or a temperature of lower than 400 °C.
Then, a sputtering gas from which hydrogen and moisture are removed is introduced
into the treatment chamber from which remaining moisture is being removed, and the
oxide semiconductor layer 393 is formed over the substrate 394 with the use of a metal

25 oxide as a target. To remove moisture remaining in the treatment chamber, an
entrapment vacuum pump is preferably used. For example, a cryopump, an ion pump,
or a titanium sublimation pump is preferably used. Further, an evacuation unit may be
a turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

30  water (H,0), (more preferably, also a compound containing a carbon atom), and the like

are evacuated, whereby the concentration of an impurity in the oxide semiconductor



[0263] 10As a target for formng the oxide sem conductor |ayer 393 with a
sputtering nethod, a netal oxide target containing zinc oxide as its main
conmponentwoaniigsazsed. As anot her exanple of a netal oxipde/Jpangesziosan oxi de
sem conductor filmformation target cgﬁtai ning In, Ga, and Zn (in a
conposition ratio, 1n203:Ga203:ZnO = 1:1:1 [nmol], In:Ga:Zn = 1:1:0.5
[atom]) can be used. Alternatively, a netal oxide target containing 15 In,
Ga, and Zn (the conposition ratio of In:Ga:Zn = 1:1:1 or 1:1:2 [aton]) nmay

be used. ﬁTﬂefoIér%léci i yeaegf)si{i&? cHEhBEr 3% ibdGedREge! B%}\?}Fﬁg?%%&gigéggti% by

i ncl usive, prefera , 95 %to 99.9 %inclusive. of the netal
oxi de t aspeteringt While glenfovirlg metigyrearaiemsiegomi the sreatineoh dhamber [usypgr ai s

formed. [0264] 20Th Ibstrate is held in.at t t ch . kept d
Feduced SPODUIPAS SHFRIA ETURHONE AR G KT RROT FERbATAILRETS] 8
tenper at UaepOhighOWRhn bP&haf Robm ERBGande SRITOWRE tHAG 4983Cf r om whi ch hydrogen

and noi sture are renoved 1s introduced Into the treatment chanber from
whi ch5r ef@6a%ilng noi sture is being renoved, and the oxi de sem conduct or

| ayer 393 is fqrned oyer.the substrate. 394 w t he .use of met al ., 25 oxi de
ne’ s target . TOTTBHERF NS QGRS ARG IF A° [HIOEs B s he an
ent r apneRfibsyateliid the lgdtSs P0G hfh 28k Yrdisad is H8PLURAEGric PoWEYOPMETHC an i on
punp, or a titanium su%l i mation punp is preferably used. Further, an

evacuat i eawansqureeai (o k¥, and e Pmepplsro (s aneekygen htmospberg (thealfow rate ohe

deposition ch ich. s evacuated with.t cryopu a hydrogen atom a
Compound KU iR HE 1lldb edraBloEt s Malrie DS sRET BhTRe o) heq e

pref gpablywdel Sds@néRrRabREICRANGIR Rirh@tion ¢ai BeRedticedand A filrA Shickdkels ar e
evacuat ed, whereby the concentration of an inpurity in the oxide

sem condgat be unifgynp o 1liheoardde srparruduemr d4e6 prefgably has a thickness of 5 nm to
30 nm inclusive. Note that the appropriate thickness depends on an oxide

semiconductor material used and the thickness may be selected in accordance with a
material.
15  [0266]

Examples of a sputtering method include an RF sputtering method in which a
high-frequency power source is used as a sputtering power source, a DC sputtering
method in which a DC power source is used, and a pulsed DC sputtering method in
which a bias is applied in a pulsed manner. An RF sputtering method is mainly used in

20 the case where an insulating film is formed, and a DC sputtering method is mainly used
in the case where a metal film is formed.
[0267]
In addition, there is also a multi-source sputtering apparatus in which a
plurality of targets of different materials can be set. With the multi-source sputtering
25  apparatus, films of different materials can be formed to be stacked in the same chamber,
or plural kinds of materials can be discharged for film formation at the same time in the
same chamber. ’
[0268]
In addition, there are a sputtering apparatus provided with a magnet system
30 inside the chamber, which is for a magnetron sputtering method, and a sputtering

apparatus which is used for an ECR sputtering method in which plasma produced with



57 filmformed in the deposition chanber can be reduced. By performng
deposition by sputtering while renoving noisture remaining in the treatnent
chanmber usoOngi46250puUnp, a substrate tenperature when wPhe/Jexi10e67195

seni conductor layer 393 is forned cand5be hi gher than or equal to room
tenperature and | ower than 400 C. 5[ 0265] An exanpl e of the
deposition condition is as follows: the distance between the substrate and
the target is 100 mm the pressure is 0.6 Pa, the electric power of the DC

power Sour g e%,’??ngg“)ﬁwsfggg%%f‘pﬁ‘r‘?ﬁﬁ%ﬁggw&disﬁﬁﬂ&'oxygen at nosphere (the

flowrate o Xxygen i's eferable”that a pul sed DC power
source b¢0269¢d because 10 powder substances generated in filmformation can

be reduced and the filmthickness catg ‘Ee .uni form. The Ex(# de sem gonduct or
| ayer pref er abFyrtheggiors, ahp dgppsiiongpetgod psing a sputifring Rethad JRere gpalsa fiat ¢ he

appr opr i Eéa%tiw%g};@ﬂﬁg nfBRENHSWRIEh AaXd bsBREE m&ymt@ﬁng%a%m ontped and

the thickness be selected in accordance with a materral. 15[ 0266]
Exanpb es atf chensqallytreadteigwith tehddothacdwrig dapostHos pufarar 4 thin gempohd flowhi ch a

hi gh-f . ' . g DC
Cput  er | RS RGeS LR Fretar Sudn-balaee s, 2B Bifte I Puntec

sputteri ggripeldpedition. Whi ch a bias is applied in a pul sed manner. An RF
sputtering method is mainly used in 20 the case where an insulating filmis
formed, &W¥0h DC sputtering method is mainly used in the case where a mnet al

filmis fornmed 026 A e J: Iz ce
sputtering appgpé’ﬁgz%%co\?\ﬂipgﬂgogtp urptgﬁf)g(i/ce(gﬁﬁ{ea?)gg ?@?Oﬁ%%?%ﬁfg?%t erials
can e s prod¥sséd irie amisland-sieped exRieweindcandgcetab laypp3®a(ses FIG 10B). ofA
different materials can be forned to be stacked in the sanme chanbey, or
plural kst Basknfar chorming Ehgnlsﬂ?é‘doﬁﬁ"%%‘?ﬁlaf’ﬁ’élﬂ FeFHCAUROF JrYREt 3Gh may E"ﬁe sane

time in (46,3 | e@hgmﬁféﬁ&aetﬂﬁﬁ&iméﬂh@%ﬁ@tin%k it ReRRA Hifh h MR hREJA

appar at us prov magnet system 30 I nside the chanber, which is for
a magnet aphowmpuask errongsade theoeforeamdnafastpring eosthcprapgraduteds whi ch is used for
an ECR sg%ggi ng nmethod in which plasma produced with WO

2011/ 046 / JP2010/ 067195 58 the use of mcrowaves is used w thout using

gl owygli schar gepn the case of forming a contact hole in the gate insulating layer 397, the step
may be performed in forming the oxide semiconductor layer 399.
[0272]

Note that the etching of the oxide semiconductor layer 393 may be dry etching,
wet etching, or both dry etching and wet etching.

20 [0273]

As the etching gas for dry etching, a gas containing chlorine (chlorine-based
gas such as chlorine (Cl,), boron chloride (BCls), silicon chloride (SiCls), or carbon
tetrachloride (CCly)) is preferably used.

[0274]

25 Alternatively, a gas containing fluorine (fluorine-based gas such as carbon
tetrafluoride (CF,), sulfur fluoride (SFs), nitrogen fluoride (NF3), or trifluoromethane
(CHF3)); hydrogen bromide (HBr); oxygen (O,); any of these gases to which a rare gas
such as helium (He) or argon (Ar) is added; or the like can be used.

[0275]

30 As the dry etching method, a parallel plate RIE (reactive ion etching) method

or an ICP (inductively coupled plasma) etching method can be used. In order to etch

the layer into a desired shape, the etching condition (the amount of electric power



[ 0269] Furthernore, as a deposition nethod using a sputtering

nmet hod, there are also a reactive sputtering nethod in which a target

subst ancewendiia4spat t eri ng gas conponent 5 are chem cal lpgTieznb/esr1vs t h each
ot her during deposition to forma thiA9conpound filmthereof, and a bias
sputtering nmethod in which voltage is also applied to a substrate during
deposition. [0270] Then, in a second photolithography process, the oxide
sem conductor |ayer 393 10 is processed into an island-shaped oxide

sem Cond'dﬁ};lférd tbaay&ril-s’fl%&:c{ S18&rdde Ghe Lunt 6¢ El%&ﬁ%bo%? kpflRa th ahrAdgolibe.
i sl and- shaped oxi de sem conductor |ayer 399 may be fornmed with an inkjet

met hod. Whdlre substratesidet thedelperstufoofithd elictiode on jthek jubstrate tsidsdor thediks) onask

i s not usggﬁ$%h refore .Fanufacturing costs can be reduced. [0271] 15In the
case of f% 35 APRMPEAIC hol e in the gate insulating |ayer 397, the step
may be pegfmgjnmed in formng the oxide sem conductor layer 399. [0272]

Note that the etchin%»of t he oxi de sem conductor |ayer 393 may be dry
etchihg, wet efshnstchantuseddor wetyetdrirgiargixgd golnion et phashborioafid arstic

As the e in for, dry hi ng, S {:0L0g [

(chl or néﬁﬁa@dggig B, U o kf < sy %?%%?gﬂélgh}@% PBesd O |1 con
chl ori de KANTD4HOHEMIC aAr@ONINES) magtBearsedle (CCLl4)) is preferably used.
[0274] 25Al ternatively, a gas containing fluorine (fluorine-based gas such
as carbof%’dlraf| uoride (CF4), sulfur fluoride (SF6), nitrogen fluoride

(NF3), or tri Hl"HQEQH%tQﬁ?% R( {HR3) etcHiyg ﬁsoa:ﬁxbgga gsg} cf#&nid(gﬁrg%ahaxma Mhd 02) ;

any of these gases to a rare gas suc Ium or argon (Ar) is
added) omatdnal Which santched ofs e The[W&#SliqE0Ascludieg dhe/ctehaitiand the tiatadial a

paral Lol Ol S L SRy Gl B0 A Sal eI, Syl AP it L
indium included in the oxide semiconductor layer is collected from the waste liquid
after the etching and reused, the resources can be efficiently used and the cost can be
reduced.

15 [0278]

The etching conditions (such as an etchant, etching time, and temperature) are
appropriately adjusted depending on the material so that the oxide semiconductor layer
can be etched to have a desired shape.

[0279]

20 Note that it is preferable to perform reverse sputtering before formation of a
conductive layer in the following step so that a resist residue and the like attached to
surfaces of the oxide semiconductor layer 399 and the gate insulating layer 397 can be
removed.

[0280]

25 Next, a conductive layer is formed over the gate insulating layer 397 and the
oxide semiconductor layer 399. The conductive layer may be formed with a sputtering
method or a vacuum evaporation method. As the material of the conductive layer,
there are an element selected from Al, Cr, Cu, Ta, Ti, Mo, or W; an alloy layer
containing a combination of any of these elements; and the like. Further, one or more

30 materials selected from manganese, magnesium, zirconium, beryllium, and thorium may
be used. The metal conductive layer may have a single-layer structure or a layered

structure of two or more layers. For example, a single-layer structure of an aluminum



the layer into a desired shape, the etching condition (the anount of
electric power WD 2011/046025PCT/JP2010/ 067195 59 applied to a coil-shaped
el ect r odeyotzbe/memant of el ectric power applied to an elpecurmdeocmt he
substrate side, the tenperature of thélel ectrode on the substrate side, or
the like) is adjusted as appropriate. [0276] 5As an etchant used for wet
etching, a m xed solution of phosphoric acid, acetic acid, and nitric acid,
or the like can be used. Alternatively, |ITOO/N (produced by KANTO CHEM CAL

CO., INCL ma e used. [0277] T . [:n. .t | |
removed tg'@/‘f‘dp_éﬁﬁpﬁéﬁ't%%é{w&la ertSEI%tC ﬁég%%f#ﬁpéﬁﬂ%}l%?%{w%mg{eghmgggﬁ ;‘5 . The
a1 1 e ey Do T auoed, han st ot 1 auch. ae ind,
1 en a eria
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and the f(l:a&gf a%lgaglo elg éﬁ%c%gﬂn%?%%ggftam%n{ T{ﬁgﬁé?lcﬁ%ang&cﬁ%l?lﬁlﬁgf{sﬂiﬁ
as anset elatvhts edlehéddrom e fallolvingsipeayatbar eedatianappr @p); i tanteluyn {8ust ed

depending on the materjal so that the.oxi sem,condu | ayer n be
et ched tg“%éﬂ‘?B @Vﬁe‘g?]ﬁ’ége"élﬁh 0)yf 6‘?‘7@‘]‘“’56&& PRIy Cd\@s’p?%%/«gcr%(éﬁlént 0
perform rgéégarse sputtering before formati on of a conductive layer in the
fol |l ow né tep so that a resist residue and the |like attached to surfaces

of the oX028d]sem conductor |ayer 399 and the gate insulating |layer 397 can
be renoved. [028

i nsul ating | ay t?‘%g?Pigﬁﬁl{%gap@girbgégetgée}r%e%%%'ﬁé?'g?qr%i%ﬁg%@gégrf e%c(g%gﬁct I ve
| ayeq o mayhdoddRt iR 1kt Bnds@lbdtivieedtetifig is performed, so that the source electrode
layer 395a and the drain electrode layer 395b are formed. Then, the resist mask is
removed (see FIG. 10C).
[0282]
Ultraviolet, a KrF laser beam, or an ArF laser beam is used for light exposure
15 for forming the resist mask in the third photolithography process. A channel length L
of the thin film transistor to be formed later depends on a width of an interval between a
bottom portion of the source electrode layer and a bottom portion of the drain electrode
layer which are adjacent to each other over the oxide semiconductor layer 399. Note
that when light exposure is performed in the case where the channel length L is shorter
20  than 25 nm, extreme ultraviolet with extremely short wavelengths of several nanometers
to several tens of nanometers is used for light exposure for forming the resist mask in
the third photolithography process. Light exposure with extreme ultraviolet leads to a
high resolution and a large focal depth. Accordingly, the channel length L of the thin
film transistor to be formed later can be set to 10 nm to 1000 nm inclusive. Thus, the
25  operation speed of a circuit can be increased, and further, an off-state current is
significantly small, so that low power consumption can be achieved.
[0283]
Note that materials and etching conditions are adjusted as appropriate so that
the oxide semiconductor layer 399 is not removed when the conductive layer is etched.
30 [0284]
In this embodiment, a Ti layer is used as the metal conductive film, an

In-Ga-Zn-O-based oxide semiconductor is used as the oxide semiconductor layer 399,



met hod or a vacuum evaporation nethod. As the material of the conductive

| ayer, there are an el enent selected fromA, C, Cu, Ta, Ti, M, or W an
al | oy | aywo 20omi46028i Nng a conbi nati on of any of these el ecenapaio/esTdIs he
|ike. Further, one or nore 30 materiaP$ sel ected from manganese, nagnesi um
zirconium beryllium and thorium my be used. The netal conductive |ayer
may have a single-layer structure or a |ayered structure of two or nore

| ayers. For exanple, a single-layer structure of an al um num WO

2011/ 046QRP R TAmMeRMONRESIIO pbBxide! Bt LhiGuRd bf GRTInorda, [ WRtet, AT a
structure in which a titaniumlayer is stacked over an alum num | ayer, a

t hr ee- | apgdrogen peroxide solutiom) is bseal aFianledghent. an al umi num | ayer, and a Ti
| ayer arm&ts cked in the order presented, and the |ike can be given.
Al ternati j/l a layer, an alloy layer, or a nitride layer of a conbination

of Al and one MotPltkttain the Phird pHoRBISaptS! pedcesh, f oy paie of otk oykiags nay
be used: titanium (Ti), tantalum (Ta), tungsten (W, nolybdenum (M),
chr ond ums¢raicpnduseasolarerusdq Ndytehesh ovhesehyd aw px{dscsemip@rigetor Aayenihaying a

hot ol i t | r resist.. [ 10 the
Conduct | $Rav e a et Geg SPridhy BenP by Rimett, " PRL Risisf R oo REB(BUGR 2,

el ect r odeouray electd@dealaggrdi IShand ithe drad eletteadiclalary3a5bIRDdbbaf@mkedwigdan Then,
the resist mask is renoved (see FI G 10C). [0282] Ultrav‘iyi)l et, a KrF | aser
beam or HgctApgthod s Whem e reaist ek 15 fornjedgiith an inkdetmaethed, photamask iy ¢ he

resist nnﬁﬁﬁsje@; th&%fc}r@,i&&&M%@%é&@%ﬁﬁ}%)‘ecﬂfc@&es5- A channel length L of

the thi mtransistor to ornme ater depends on a width of an
i ntei@al [B286\een a bottom portion of the source electrode |ayer and a

bottom portion,of the drain . electrode | ayer which are, adj.acent. to, each

ot her over theT%fP@estgﬁ@B}PﬁﬁegﬁhO&M?g/?@é.St%tlg%Bﬁ‘?to QFraphY, §lePex pos ur e
i s perf oefBigimay BepdfsrmeRatetht iSe SMARRRL nlaSio Brihel ubi%ﬁ%hﬂtﬁlii&bne?ﬂlatsman 25
nm extrenme ultraviolet with extrenely short wavel engths of several

nanonet emidhoisse lightbxposhes sk dhiowgh avhich dighs isatransmittedyke asxipolveea f or
form ng EJPu?:;(llh? SOIfSﬁ’lte%ﬁlé ! rSiB&e tr?éi%tg%nggslg Fgljrﬁetdh&glligg%uﬁfﬁ@(ﬁg %ﬁasklc‘jlllaghz% ar ge

exposure w extrene ul'traviole 0 a hi gmreso Ion an

f ocalis deplufalitAo€ eHicknegdey andl ban bh Arthet chaiggd fin bhape byheriohhingfetdhing, thasi st or
to be fornmed |later can be set to 10 nmtao 1000 nmi nclusjve. Thus, the
250per at Fist sk Faprbequsedring plusalify o stelupg tapa to awevide difcaent pattesst - st at e

current il"ﬁus, a resist mask corresponding to at least two kinds of different patterns can be
formed by using a multi-tone mask. Accordingly, the number of light-exposure masks
can be reduced and the number of corresponding photolithography steps can be also
20 reduced, whereby simplification of a process can be realized.
[0287]

With plasma treatment with a gas such as N>O, N, or Ar, water adsorbed to a
surface of an exposed portion of the oxide semiconductor layer may be removed.
Alternatively, plasma treatment may be performed using a mixed gas of oxygen and

25 argon.
[0288]

In the case of performing the plasma treatment, the oxide insulating layer 396
is formed without exposure to the air as an oxide insulating layer which serves as a
protective insulating layer and is in contact with part of the oxide semiconductor layer

30 396 (see FIG. 10D). In this embodiment, the oxide insulating layer 396 is formed in
contact with the oxide semiconductor layer 399 in a region where the oxide

semiconductor layer 399 does not overlap with the source electrode layer 395a and the



significantly small, so that | ow power consunption can be achi eved. [0283]
Note that materials and etching conditions are adjusted as appropriate so

t hat the wwi2dei/|@enzsconduct or | ayer 399 is not renpved wremJptao/oemeiict i ve

| ayer is etched. 30[0284] WO 2011/ 046925PCT/JP2010/067195 61 and an

ammoni a hydrogen peroxide solution (a m xture of ammonia, water, and a
hydr ogen peroxi de solution) is used as an etchant. [0285] Note that in the
third photolithography process, only part of the oxide 5 sem conduct or

| ayer 399 i.s etchqeg, V\ﬂ? eby an oxi de sem conductor |ayer having a groove
(a depr eS@yelggradedmyer é‘ﬁt be formed. The resist mask used for forming the
source ef@gobyode | ayer 395a and the drain electrode |ayer 395b may be
formed wth an inkjet nethod. Wen the resist mask is forned with an inkj et
met hod, a phot brthilenbodiroentythe dubstiater BWiarver wiichdfyess up torge ddandssheped be
reduced. 10[ 0286 To.peduce t he er. of  phat onasks.. sina
phot ol it R%‘@L afﬁﬂ’&}éoélpg%?r é"tyéhﬁﬁg’ ysoﬂil{acep%lg#}gord’ﬁel IR % % égaéx‘?%fe Cgr&?é;si st
mask £ or e 8950 Bav@ bedh formicdnie hemed oo térbiperatiiicgbit a Gxesatar dfbsivet hr ough
which light is transmtted so as to have a plurality of intensities. Since
a resi st thandi00f°6r ansbia eputieging gas ifriom whish lseeenpodanaistups gregemoyedand

t hi cknesses and can.be further changed in shape.hb erforn e ing, the
Fosi st nadinaniE higkalily AbrERaRRSshest SRR RECLOEELIGHGY &
di f f er entilipad baOfayerisng Adéfe&iis forfiled las GRroxedepiandativg gerad96l east two ki nds

of different patterns can be forned by using a nulti-tone nmask.
Accor di nf13?0]1 t he nunber of |ight-exposure masks can be reduced and the

numnb of corr i it . 0) iced,
Wher Sy si ol | Foroatghél LN SAR BREY SR ERS) WA A DELRRBHREL. |
pl asma t mediodentwhich thegpuyig of acputasiniAfs iNAN, aboAm-dapetisilicadsangbe@hd 0 a
surface of  an, exposed portion of the oxide sem conductor |ayer e
r enoved. TeAjstigitn iy 9-QbEyemh Isaussd. the distansh betwgeniiie Blg?sfrﬁﬁer?é‘dt 'taﬁéeq?f'réjxed gas
of oxygep: . . . 1 bl asna

Cr eat montiseRE 1280 B ine BRile 1 .4 Pa, U AR AORer iy (P DR oo 18 e
air as ad kW 4ifl thesitthesphe@ is ayierxygbn atinssphere Jtirsoxygpn dloactdty é 10ed)at i ng

| ayer and is . in contact. with part of the oxide sem congucf;t or.. |l ayer
15  The thickness of the silicon oxide layer is 300 nm. Note that instead of a silicon target,

quartz (preferably, synthetic quartz) can be ﬁsed as a target used when the silicon oxide
layer is formed. As a sputtering gas, oxygen or a mixed gas of oxygen and argon is
used.

[0291]

20 - In that case, the oxide insulating layer 396 is preferably formed while removing
moisture remaining in the treatment chamber. This is for preventing hydrogen, a
hydroxyl group, and moisture from being contained in the oxide semiconductor layer
399 and the oxide insulating layer 396.

[0292]

25 In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. Further, an evacuation unit may be a
turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

30  water (H,0), and the like are evacuated, whereby the concentration of an impurity in the

oxide insulating layer 396 formed in the deposition chamber can be reduced.



30 396 (see FIG 10D). In this enbodinent, the oxide insulating |ayer 396
is formed in contact with the oxi de sem conductor layer 399 in a region
wher e t hewoxnde4s@si conduct or | ayer 399 does not overl apCriipPiiv/he1sour ce

el ectrode | ayer 395a and the WO 20116846025PCT/ JP2010/ 067195 62 drain

el ectrode | ayer 395b. [0289] In this enbodi nent, the substrate 394
over which layers up to the island-shaped oxi de sem conductor | ayer 399,
the source el ectrode | ayer 395a, the drain electrode 5 | ayer 395b have been
f or med ii?ﬁ?ted to roomtenperature or a tenperature of |lower than 100 C
and a sp(t) ering gas fromwhich hydrogen and noi sture are renoved and which
cont ai ns hi gh- plotd that aisythe noxide iimdutatidgcleger 39f) a sdiconcaxynitadgdayer,samsed,
whereby a, silicon, oxide | ayer . having.a. defect i .orned . as the oxid

i nsul at i ARINAYEX ?yqroazbé B PX %ﬁ@{ew&ﬁﬁl ¢ BB bSﬁSECEIW‘Sts%P? is
formed wWtdyigeddWxigdaf¥r sputtering method in which the purity of a
sputtering gas is 6N,” a boron-doped silicon target (the resistivity is 0.01
K2-cn$y i $029%4¢d, the di stance between the substrate and the target (T-S
distance) is 89 mm the pressure iis 0.4 Pa, t ectri r, of .the DC
power source i 5UBgEfeat [fRAtMERt MaNbE ;?ﬁéfpg“‘f%ataﬂ)%o%@e%ddamgﬂﬁél?eeo’fl fe
oxygen flir%Yi’la'iiﬂ%Qay‘e? 3580 the bide it dukide I8yeP 39D NRe $h lcbR@tt With@ach ayer is
300 nm Note that” instead of a silicon target, quartz (preferably, ‘

synt het i othguarSinde tharoxide inseldting layer 8P§an thisenbodementthas i lot @6@6&5@ | ayer

et LS A e S S e

pref ggab |h¥dﬁdU B6iainétl tretheesadd BemiFBh&ICkIrdlay@ MIoN¢angbd diffued to et sriaé
chamber. This is for greventi ng hydrogen, a hydroxyl group, and nojsture
from bei ingulating daeed 9% sotthat thy impuURE 1 the Qkide semicopdrcionlryen PG mn Bki de

i nsul ati?.g,ﬂ#gy LeapPb. [0292] 251n order to renpbve noisture reneining in the
treat ment chanber, "an entrapnent vacuum punp is preferably used. For

exanpl e, [@298] yopunp, an ion punp, or a titaniumsublimtion punp is
preferably use Furt her, an evacyation ynit may b turbo punp provided
with a cold t rib‘."ugiﬁ tpﬁé‘balé‘bégqp?’i Eﬁ%rfﬂ@r tfml%/fﬂf Sgge‘\‘}glblg'é‘ge@‘ev&’gﬂ?t he
Cr Y ORKIND serflicHYAIREGRY R BONin WHHTE EBHcnPAtich B REdBadhy MAGER, BydHBe, HCh as
30 wg?er s% H200'§{, and£5{ he Iilrlze are evacuat eél, V\hfeig%b%&%{he conce%trati on of an
i mpur i t y hiydrokide isreddeedicas bk dotimeg (see/idG. 306).f or med i n the deposition chanber

can be I’f&é%?d
Moisture remaining in a reaction atmosphere is removed as described above in
forming the oxide semiconductor layer, whereby the concentration of hydrogen and
20 hydride in the oxide semiconductor layer can be reduced. Accordingly, the oxide
semiconductor layer can be stable.
[0297]
A protective insulating layer may be provided over the oxide insulating layer.
In this embodiment, the protective insulating layer 398 is formed over the oxide
25  insulating layer 396. As the protective insulating layer 398, a silicon nitride layer, a
silicon nitride oxide layer, an aluminum nitride layer, an aluminum nitride oxide layer,
or the like is used.
[0298] |
The substrate 394 over which layers up to the oxide insulating layer 396 have
.30 been formed is heated to a temperature of 100 °C to 400 °C, a sputtering gas from

which hydrogen and moisture are removed and which contains high-purity nitrogen is



WD 2011/ 046025PCT/ JP2010/ 067195 63 [ 0293] Note that as the oxide

I nsul ating |ayer 396, a silicon oxynitride |ayer, an al um num oxi de | ayer,
an al um nwonoxynasizsi de | ayer, or the |ike may be used i metraaezhiobe7idre
silicon oxide |ayer. 5[0294] F@#t her, heat treatnent may be
performed at 100 C to 400 C while the oxide insulating |layer 396 and the
oxi de sem conductor |ayer 399 are in contact wth each other. Since the
oxide insulating layer 396 in this enbodiment has a |lot of defects, with
this healndddatdahl a sARoh IPIdohductéicirgeeisikell, feby IPLLA firidk 1YLOXY
group, or 10 hydride contalneg I n the oxide sem conductor |ayer 399 can be
di f f used fermedhas thrimietectneuinatlatige layge39896Insthis bast, theeproteptivd ingulating he

oxi de sem co ctor lLayer 399 can.be further reduced. .[.0295]

Thr ough THET agbvs BERETY e, Mhip, 1A ST SO HRE PO AT oxi de
15 sem cepalHkdrofimilaNeto $82xide inblilaingligraopcentrati on of hydrogen

noi sture, hydride, or hydroxide is reduced can be fornmed (see FIG 10E).

[0296% [0299] Mvisture remaining in a reaction atnosphere is renoved as

Gesrt e, oo By W S AR Ao, FETLARPINE! ol R

concentration Of ydrogen an ( _ semton | ayer
can be rgduGetheatlgadr ONYL o 400e°©@%h dBrERE heNHUete RMRting dlydhe3gst abl e.
[ 0297] A protective insulating |ayer nay be provided over the oxide

i nsul at i nderehy diydragan ohmwatesepoidinedin the: oradg seseicendugior ilaysncan badiffusgdr 398
I's for mago %%egxi ehglé@?éﬁ%elsag%. ' N3 ﬂlla?tcﬁs%g hleaﬁé%ép%%g 'is'S ‘I‘??[i xéelegssgx!’il?f,pl%g%)h\rllgd

I nsul ati ng T"ayer con nitride on ni oxl1 de

| ayeno aafted forthation ofithe oxide idyRIing &yenB967i num ni tride oxide |ayer, or the
like is used. [0298] The substrate 394 over which layers up to the oxide
insulatiﬂ?qp£yer 396 have 30 been forned is heated to a tenperature of 100

Cto 400 C a fpktc8sd Wherd @R i oxide layer is formed as the oxide insulating layer

396 and the silicon nitride layer is stacked thereover as the protective insulating layer
398, the silicon oxide layer and the silicon nitride layer can be formed with the use of a
15 common silicon target in the same treatment chamber. After a sputtering gas
containing oxygen is introduced first, a silicon oxide layer is formed using a silicon
target mounted in the treatment chamber, and then, the sputtering gas is switched to a
sputtering gas containing nitrogen and the same silicon target is used to form a silicon
nitride layer. Since the silicon oxide layer and the silicon nitride layer can be formed
20  successively without being exposed to the air, impurities such as hydrogen and moisture
can be prevented from adsorbing onto a surface of the silicon oxide layer. In that case,
after the silicon oxide layer is formed as the oxide insulating layer 396 and the silicon
nitride layer is stacked thereover as the protective insulating layer 398, heat treatment
(at a temperature of 100 °C to 400 °C) for diﬂhsing hydrogen or moisture contained in
25  the oxide semiconductor layer to the oxide insulating layer is preferably performed.
[0301]
After the protective insulating layer is formed, heat treatment may be further
performed at 100 °C to 200 °C inclusive for one hour to 30 hours inclusive in the air.
This heat treatment may be performed at a fixed heating temperature. Alternatively,
30 the following change in the heating temperature may be conducted plural times

repeatedly: the heating temperature is increased from a room temperature to a



whi ch hydrogen and noi sture are renoved and which contains high-purity
nitrogen is WD 2011/ 046025PCT/ JP2010/ 067195 64 i ntroduced, and a silicon
sem conduwwoanittas@st i s used, whereby a silicon nitrideprcayezoioserioy med as
the protective insulating |ayer 398. $& this case, the protective
insulating layer 398 is preferably forned while renoving noi sture remnai ni ng
in a treatnent chanber, simlarly to the oxide insulating | ayer 396.

5[ 0299] In the case where the protective insulating layer 398 is

formed,  (heauitaai® 204 by HeaaflouPhd &OrdlD € 4 RehPsuibhe

protective insulating layer 3 ere ogen or water contalined in the
oxi de seRukstdukit Oheadt ayatmetnmag btk fierfoaded ainidle aoxedbeed needsatel bgfokayer. | n

that case, heat treatpent i s . not necessarily performed 1Qafter  formation of
the oxi dg"m’ﬁ%‘ﬂ a%‘ ths Xt @%ulaz;g@.lamso@pﬁerareguceﬂrpr?%%%rec%@ cRRg ME R si | i con

oxi de | ayerhbenkr ”ﬁqﬁlaﬁlist héxt Rehierdt NG (Bl 18h 13%G5t0B 26h BRGhoHASS b con

nitride layer 1's stacked thereover as the protective insulating’layer 398,
t he sb| i Therefore,delidbalterof drecthinhiglns irhnsistor qantbeiiniprdvager can be formed with
t he use ({3 15 common silicon target in the sane treatnent chanber. After
a sputte rqg] gas contai ning oxygen is introduced first, a silicon oxide

layer is formegidithRTeRamig fﬁ%retaét!i&?&tn{&?l%@@s tefndvBe it Fealing e ehadarber ,
and then, the sputtering gas is switched to a sputtering gas containing
ni t r ogensemigondvstos daser siclydinga ckangek formatignergeion aver thegats inpwafingnlayen de

| S i 1icon. oxi i lof i b
g N

hydr agencarist edusidur e can be prevented from adsorbing onto a surface of the
silicon oxide layer. In that case, after the silicon oxide layer is forned
as the ol38ali nsul at i ng layer 396 and the silicon nitride layer is stacked

thereover as g REAREGLAY, n'cglrsyéje?tfg???élﬁﬁﬁ:ﬁlrﬁs)gba hnds" MBS LBl @

tenperature of 100 C to 400 usi ng rogen or noi sture contained
in 25 t hehizhi dbins efiing onchosistors | agerfotmed) heofoxiqiéd | nxystaht idsgldyaymanelss

pr ef er abl rformed, [ 0301] After the pr.otect.ive. insulating | L is
f or med, F\%%F(ﬁf‘?‘é‘}ff‘ﬁaé‘ﬁt‘ﬁsr?i@ 13%“615% rc{lﬂg?y gY‘F?fr H¥ge a&lecir@filcc“{ko%édggg‘lﬁencl usi ve
for pne BOME HPatie RIS Lah BE piibMfed &t 4 RénRidture U400 IhRRIHBNEafTRY be
performed at a fixed heating tenperature. Alternatively, 30 the follow ng
change i als¢ he apylili to gnanefaoairaigisteps veerde glasnsibstratd withur thicknessesf Irmpeat edl y:
the heat })rngngl?er;pa%[izg sl,Juriee o% ?onlggf: {h(?agslegl {srl?se .a ﬁloa(l)cmitgcglr,r%&rcgta rgf t&l(e) a%ove

steps can be performed at a treatment temperature of 400 °C or lower, display panels

can be manufactured without consuming much energy.

20 [0304]
The logic circuits in Embodiments 1 and 2 including the above-described thin
film transistors can have stable electric characteristics and high reliability.
[0305]
This embodiment can be implemented in appropriate combination with the
25  other embodiments.
[0306]
(Embodiment 7)
In this embodiment, an example of thin film transistors included in the logic
circuit in Embodiment 1 or Embodiment 2 is described.
30 [0307]

One embodiment of a thin film transistor and a manufacturing method of the



WO 2011/ 046025PCT/ JP2010/ 067195 65 tenperature of 100 Cto 200 C inclusive
and then decreased to a roomtenperature. Further, this heat treatnent may
be perforwedoundensa reduced pressure before formtion eCTuURBI10N7TAES
insulating layer. Under a reduced pre€8ure, the heating tine can be
shortened. Wth this heat treatnent, the thin filmtransistor can be
normal ly off. 5Therefore, reliability of the thin filmtransistor can be

i nproved. [0302] Moi sture remaining in a reaction atnosphere is

ed. ] _ _ _ _ ! |
removed iy, fﬁgﬁlq}aﬂgsttopg{ i ég%&mmgﬁég%eéq m}{%fefvsﬁeé Loireg 31 5 MNe

formati on region over e 1nsulating [ayer, ereby the concentration
of hydro@e308and hydride in the oxide sem conductor |ayer 10 can be reduced.
[ 0303] The_ ahove s can be used for manufactyre of backpl anes

h st e a
(substrates ovEFORhiléntor HitEn‘ ]I’JFWFF@F‘%@F‘B\%&@ PE- 1SR PITBFUC At 'R ryst al
di splay panst sistg%.ec,& k8h WSS SR\ 303N IMtRAATIS, 119 TRV ARV bREStsIST NG

electronic in the like. 15 Since the above steps can be perforned at a
t enpes at thie fidrh t#@SstOrsomdlipalso refetred/ tocasanahwuted staggered ddn fidmrirensif@ect ur i ng
st eps th@i gl ass substrate with a thickness of 1 mmor snmaller and a
si de of | 8r than 1 mis used. In addition, since all of the above steps

can be perfor MaA%thadghAddséBstidER loivieRMRRIpH difide BhteARR finDirads@i6ias thd Gk ay
panel s can be manufactured w thout consum ng nuch ene[ﬂ%y. 20[ 0304]

The | ogi filwi trangistos 310, BEnpulii-gasetteinifilan drapsistae ingdediag aheluebsy ef ¢bannel bed
thin fil ?J%rtmra%tr;%i St Or{s%%% f&%@d gﬁ_ﬁ%)edgd_el ectric characteristics and high

I
reliability. S enbodi nent can be inplenented in
appr opr i §030¢onbi nation with the 25 other enbodi nents. [0306] (Enbodi nent
7) In this enbodi menf, an exanple of thin filmtransi stors i.ncluded
in the |ogic cAREAFSS Pg fupBg the thap %Eﬁﬁﬁaﬁlﬁ@ﬁél over adsiratg Qo 130[ 0307]

described below with reference to FIGS. 11A to 11E.
[0311]
First, after a conductive layer is formed over the substrate 300 having an

15 insulating surface, a gate electrode layer 311 is formed in a first photolithography
process. Note that a resist mask may be formed with an inkjet method. When the
resist mask is formed with an inkjet method, a photomask is not used; therefore,
manufacturing costs can be reduced.

[0312]

20 There is no particular limitation on a substrate that can be used as the substrate
300 having an insulating surface as long as it has at least heat resistance enough to
withstand heat treatment performed later. A glass substrate formed using barium
borosilicate glass, aluminoborosilicate glass, or the like can be used.

[0313]

25 When the temperature of the heat treatment performed later is high, a substrate
having a strain point of 730 °C or higher is preferably used as the glass substrate. Asa
material of the glass substrate, a glass material such as aluminosilicate glass,
aluminoborosilicate glass, or barium borosilicate glass is used, for example. Note that
by containing a larger amount of barium oxide (BaO) than boron oxide (B,0O3), a glass

30 substrate is heat-resistant and of more practical use. Therefore, a glass substrate
containing a larger amount of BaO than B,0; is preferably used.

[0314]



WD 2011/ 046025PCT/ JP2010/ 067195 66 thin filmtransistor of this enbodi nent
is described with reference to FIGS. 11A to 11E [0308] FIGS. 11A to
11E il | uswoava/mmo2exanpl e of a cross-sectional structurecofypzo1o/bémos il m
transistor. Athin filmtransistor 3167illustrated in FIG 11D is one of
bottomgate 5S5thin filmtransistors and is also referred to as an inverted
staggered thin filmtransistor. [0309] Al t hough description is given
using a single-gate thin filmtransistor as the thin filmtransistor 310, a
mul ti - gate thifcld bl thead 8t tle HBG] ellBoteAicBliibel ddoVe.Of seRARStorhed mat i on
regi ons may be forned as needed.”10[ 0310] A process of manuf act uri ng
t he t hi n ubingmntinsulatossuch a8aCemaumee substratost qedarty YDSirate, atesepplordsubstratey Wi t h
reference t . 11A to 11E. [0311] First, .ter a conductive, | [

for mea oo sl st el sEtyadlival el Sk e BKE

el ect r odendyayaise®ll is formed in a flrst phot ol i t hogr aphy process. Note
that a reS|st mask may be forned with an inkjet nethod. Wien the resist
mask $s 1@¥ldd with an inkjet net hod a phot omask is not used; therefore,
nanufacturing e reduced. Ther e, |

limtation on St%%‘%?%% gaxeﬁastem% B gsgldlagsr t"haé'g l‘?s? ef%ai)%t@%gﬂg\[}? ng an

i nsul at i ggbstdtef 30® afd then@teaslettodeakyat 3|1BaSThd”Nba§e Iagei hhaacRmensiigh to

wi t hstand heat treatnment perfornmed |ater. gl ass substrate formed using
bari um brysntingdiffusignof en impuriyRieBedram é%ﬁ gubgiratg $000and; ¢ b fogmedin be
used. [0 r d,l ater
is high, %é@sauﬁﬁgm Z{E;Séetr E‘Z\‘}‘}‘ﬁ{gg)‘g a?‘%?%?%g%%%t%% %Pﬁtﬂ%’ %aag)grmﬂ}ng[ﬁ%({eﬂég%r ef erably
usedlas sihieonybzids laehatsilatoa nitfide axidaisrer,and afsilidoa oglaissdedapst rat e, a gl ass
mat eri al &ﬂgw as alum nosilicate glass, alum noborosilicate glass, or

bari um bé& flicate glass is used, for exanple. Note that by containing a

| arger amount efi g ihd %h@@éiﬁo&gﬁgrilh%%rﬁﬁn&mzﬂﬁ acBeR3layeBst@cARS

30substrate is heat-resi stant and of nore practical use.” Therefore, a glass
substr at er a layered structure using any of metal materials such as molybdenum, tltanlum

chromium, tantalum, tungsten, aluminum, copper, neodymium, and scandium, and an
15  alloy material including any of these materials as a main component.
[0317]
As a two-layer structure of the gate electrode layer 311, for example, a
two-layer structure in which a molybdenum layer is stacked over an aluminum layer, a
two-layer structure in which a molybdenum layer is stacked over a copper layer, a
20 two-layer structure in which a titanium nitride layer or a tantalum nitride layer is
stacked over a copper layer, a two-layer structure in which a titanium nitride layer and a
molybdenum layer are stacked, or a two-layer structure in which a tungsten nitride layer
and a tungsten layer are stacked is preferable. As a three-layer structure, a stack of a
tungsten layer or a tungsten nitride layer, an alloy layer of aluminum and silicon or an
25 alloy layer of aluminum and titanium, and a titanium nitride layer or a titanium layer is
preferable.
[0318]
Then, the gate insulating layer 302 is formed over the gate electrode layer 311.
[0319]
30 The gate insulating layer 302 can be formed with a single-layer structure or a
layered structure using any of a silicon oxide layer, a silicon nitride layer, a silicon

oxynitride layer, a silicon nitride oxide layer, and an aluminum oxide layer with a |



containing a larger anount of BaO than B203 is preferably used. [0314] WO
2011/ 046025PCT/ JP2010/ 067195 67 Note that, instead of the gl ass

subst r at ewdestwisbed above, a substrate formed using an iPosUuPatiOD673Ch as a
ceranic substrate, a quartz substratef8or a sapphire substrate nmay be used
as the substrate. Alternatively, a crystallized glass substrate or the |ike

may be used. 5[ 0315] An insulating | ayer serving as a base | ayer nmay
be provi ded between the substrate 300 and the gate el ectrode | ayer 311. The
base | ay S of fhds o} dr it ment
fromtheBr&lS@gtgg{%jf lll[g%t&)dcp lé%gn mécd]Id V\flltghllgéIS|§OIﬁgxi Ber s%(lglgégfure or

ia | ayer edxﬁlixfrmietluya msy bg famyed)favlth aspllasma)lﬁl\ﬁD tméthled MaﬂeSr}haoiﬁynl ambn oxi de
ayer, a silicgn nitride oxide_|l aye i co nitride |

[ 0356] *nittoger 4 fgpostion Ega EoubasinodRe g S eh et BRI { h

si ngl e- | gyefs R0 46! 560 B achgwﬁm it the! 643eMehedS tHR RN hsOfatilE lkr 5B €1 al s

such as nolybdenum titanium ch romum tantalum tungsten, al um num
copped, heavaljayered) strantire (aamdomdrgatammsummgﬂa)eelr Ivath anghickness of Aainuth BeP any of

th t
of ¢ he. GaPLTELBEE o QeTTel e T P Ve deves it # Mt Rl A B T

whi ch a ppd ¥RAAROHEE, qylegx et acked over an al umi num | ayer, a two- Iayer
structure in which a nol ybdenum | ayer is stacked over a copper l|layer, a 20
t wo- | ayet0320tucture in WhICh atitaniumnitride layer or a tantalumnitride

layer is stac k%‘e h?vgmbgdl %B 4 51:11g% den rfd@ol#'é}yl%{w 54 Efcgﬁ&s JF Waeh a

titaniumnitri ayer ayer are a two-| ayer
St rugd ur thahror\whidl o 400 wAg Bt formed hs ihderateaineulatinipllager 30y sitha plasner CHile
stacked is preferable. As a three-layer structure, a stack of a tungsten

| ayer ormﬁflodngsten nitride layer, an alloy layer of alum numand silicon
or an 25 ﬁ]y | ayer of alum numand titanium and a titaniumnitride |ayer
or a tit n| um |l ayer is preferable. [0318] Then, the gate insulating |ayer
302 is forned Ghay, ahhexidpatemicodrettictondayer 3p8ris Farined| 03 diickness of 2 nm to

200 nm inclusive over the gate insulating layer 302.
15 [0322]

Note that before the oxide semiconductor layer 330 is formed with a sputtering
method, dust attached to a surface of the gate insulating layer 302 is preferably removed
with reverse sputtering in which an argon gas is introduced and plasma is generated.
Note that instead of an argon atmosphere, a nitrogen atmosphere, a helium atmosphere,

20  an oxygen atmosphere, or the like may be used.
[0323]

The oxide semiconductor layer 330 is formed using an In-Ga-Zn-O-based
oxide semiconductor layer, an In-Sn-Zn-O-based oxide semiconductor layer, an
In-Al-Zn-O-based oxide semiconductor layer, a Sn-Ga-Zn-O-based oxide

25  semiconductor layer, an Al-Ga-Zn-O-based oxide semiconductor layer, a
Sn-Al-Zn-O-based oxide semiconductor layer, an In-Zn-O-based oxide semiconductor
layer, a Sn-Zn-O-based oxide semiconductor layer, an Al-Zn-O-based oxide
semiconductor layer, an In-O-based oxide semiconductor layer, a Sn-O-based oxide
semiconductor layer, or a Zn-O-based oxide semiconductor layer. In this embodiment,

30 the oxide semiconductor layer 330 is formed with a sputtering method with the use of
an In-Ga-Zn-O-based oxide semiconductor target. FIG. 11A corresponds to a

cross-sectional view at this stage. Further, the oxide semiconductor layer 330 can be



30The gate insulating |ayer 302 can be formed with a single-layer structure
or a layered structure using any of a silicon oxide layer, a silicon
nitride Iwpeni/|e®sl i con oxynitride |layer, a silicon nittcrdeandeadd ayer,
and an al um num oxi de layer with a W®2011/046025PCT/ JP2010/ 067195 68

pl asma CVD net hod, a sputtering nethod, or the |like. For exanple, a silicon
oxynitride layer may be fornmed with a plasma CVD nethod with Si H4, oxygen
and nitrogen for a deposition gas. For exanple, the thickness of the gate

| nsul at | '?Qnﬁe%]y& #qgﬁtgg% 5&99 gﬁmtgﬂggﬂg Qt%%sbﬁ'erg e pWhere

the gate I'ns ure a second Tgat e
i nsul at i ngnbspiiere, w zi hnﬁedtzhmkpiﬁﬁesccmftalﬁmgmmm @aQtylpmalln,cargxm)\aad mygd:rac ked
over a first gate insulating layer with a thickness, of 50 nn1to 200

i ncl usi vén theoxpasgpgﬁmpg)yxr[mggg]ttermg method, 2 tgraeh ctaREA Rt 2 W78 19 |1Qon

oxynitride,la havi f smaller 10 than or equal to 100 nm
Is for rreﬁé’sm%éﬁléwﬁg%aé’ | nussﬁﬁE P(fl ng gnﬁge{%on?,oz with a plasma CVD net hod. [0321]
Then, san [gxi4ge semi conductor |ayer 330 is formed to a thickness of 2 nmto

200 nminclusive over the gate insulating |a er 302. 15[0322] Not e
that before t hé\smad@etsfehfmw&teowlfiw@mcs qtey lﬁmrnﬁﬂ; \mtbh'vl WIS er i ng

met hod, qust o AttAGKEM 8033 Ubh @i LLink BEidI3L Sisi il cBibBSerk 24§ be 30411 S
Gl e e s f

preferably renove erse sp ering in which an argon gas Is
I nt r oduced smdthep egatiple iof agﬂe‘lﬂr(ﬁm&ﬁitargﬁqtméﬂahbxuda sdrgatctonfairang &, §o) and
at nosphere, a nitrogen atnosphere, a_helium at nosphere

atnnspheﬁ@(“b?C9W@°$VQ%“ﬁ@yhb@3G@éa3ZP@32§Plﬂﬁgﬂb%ﬁﬁ@ %?égaéﬁgﬁgﬁ?layer
- i zn SRR, B0 Aol SRR BbAZ o SRR, G R e
sem condg6in@ositidy &itio 6 BNG4EEAn Zn1:O:bas &d :Ddteia]) may be used. The fill rate of
the metal oxide target is 90 % to 100 % inclusive, preferably, 95 % to 99.9 % inclusive.
With the use of the metal oxide target with high fill rate, a dense oxide semiconductor
layer is formed.
15  [0325]

It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed
by a level of ppm or ppb, as a sputtering gas used when the oxid¢ semiconductor layer
330 is formed.

20 [0326]

The substrate is held in a treatment chamber kept under reduced pressure, and
the substrate temperature is set to 100 °C to 600 °C, preferably 200 °C to 400 °C. Film
formation is performed while the substrate is heated, whereby the concentratioh of an
impurity contained in the oxide semiconductor layer formed can be reduced. Further,

25 damages due to sputtering can be reduced. Then, a sputtering gas from which
hydrogen and moisture are removed is introduced into the treatment chamber from
which remaining moisture is being removed, and the oxide semiconductor layer 330 is
formed over the substrate 300 with the use of a metal oxide as a target. To remove
moisture remaining in the treatment chamber, an entrapment vacuum pump is preferably

30 used. For example, a cryopump, an ion pump, or a titanium sublimation pump is

preferably used. Further, an evacuation unit may be a turbo pump provided with a cold



25 sem conductor |ayer, an Al -G-Zn-0O based oxi de sem conductor |ayer, a
Sn- Al - Zn- O- based oxi de sem conductor |ayer, an |In-Zn-0O based oxi de

sem conduwwoanilayes, a Sn-Zn- O based oxi de sem conduct oPClrayany/0em9s

Al - Zn- O based oxi de seni conductor |ayé?, an In-0-based oxide sen conduct or
| ayer, a Sn-O based oxi de sem conductor |ayer, or a Zn-O based oxide

sem conductor layer. In this enbodinent, 30 the oxide sem conductor | ayer
330 is fornmed with a sputtering nethod with the use of an In-G-2Zn- O based

oxi de_ S et ONIk Qlepb AHi6F kharlibé wiif i UAGIRANG U yBAARS; SBsklogaa! Vi ew
at this stage. Further, the oxide sem conductor |ayer 330 can be "WD
2011/ 0460R5RETHonRROLd cOBZhdTg HBydrogereatomi sichaassywatert @.0Ng(maet Ipoeferablya rar e

gas (typigcally, argqgn t nospher.e, an_oxygen nosphere, . qr l X

o oS perBo st FoaiiRg SRt il e JGaRs curraaisdy yBeoby i he case
of enpl o¥bignRatfdb 1 B ini}Ehrite e ox et RIEIRINdGEBE &g&l foemad QR tRtdegosMida t o 10
wt % i nclusive may be used for filmformation. 5[0324] As a target
for fornthanbercamke thdusesdyi conduct or | ayer 330 with a sputtering nethod, a
nmet al oxbﬁ& arget containing zinc oxide as its nmain conponent can be used.
As anot her Z anple of a netal oxide target, a netal oxide target containing
In, Ga, and ZnAgqieRamplastihs dépositiohaloh@itioh 12 83folaRe3théiidtance -bktvleehnid | |
In:Ga:Zn = 1:1:0.5 [atom) 10 can be used, Alternatively, a netal _oxide
target cosHpiiang thetargss is Jomum, the preseBeiud b thaptherelgotic Bewerpfdhe BIC = 1. 1: 1

or 1:1:2 T { i t is 90

hto LooPHRrmartie o0 SEW: R e dooylel 3Gyl AnaphE: (BEGR FRERE (o2 of

t he pet abxypende 10argpt Indis prdférgblefthatl a palsed DIC pense sexte be anad becatset or

| ayer is formed, 15[0 t is.preferable to use a_high-purity gas
g‘Hﬁ‘?ﬂeéSr _

T om i BRVGT ShpaRIee Eeatialsdds TpUIBHEHn Gal by Fodwor) 8y T
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20[ 0326] 30Thems ulrdtsivt. e Nothethat ithe aapprematate nthickhessb depdodpt omnateroxideluced
pressur e’serr?iggnductor material used and the thickness may be selected in accordance with a
15  material.
[0328]
Then, in a second photolithography process, the oxide semiconductor layer 330
is processed into an island-shaped oxide semiconductor layer. A resist mask for
forming the island-shaped oxide semiconductor layer may be formed with an inkjet
20 method. When the resist mask is formed with an inkjet method, a photomask is not
used; therefore, manufacturing costs can be reduced.
[0329]
Next, the oxide semiconductor layer is subjected to first heat treatment. With
the first heat treatment, dehydration or dehydrogenation of the oxide semiconductor
25 layer can be conducted. The temperature of the first heat treatment is higher than or
equal to 400 °C and lower than or equal to 750 °C, preferably higher than or equal to
400 °C and lower than the strain point of the substrate. Here, the substrate is
introduced into an electric furnace which is one of heat treatment apparatuses, heat
treatment is performed on the oxide semiconductor layer in a nitrogen atmosphere at

30 450 °C for one hour, and then, the oxide semiconductor layer is not exposed to the air so

that entry of water and hydrogen into the oxide semiconductor layer is prevented; thus,



the substrate tenperature is set to 100 Cto 600 C, preferably 200 C to 400
C. Filmformation is perfornmed while the substrate is heated, whereby the
concent r avoaniafs6@8 i mpurity contained in the oxide sempcwordziad/os71dyer
fornmed can be reduced. Further, 25 daffhges due to sputtering can be
reduced. Then, a sputtering gas from which hydrogen and noi sture are
renmoved is introduced into the treatnent chanber from which remnaining

noi sture i s being renoved, and the oxide sem conductor |ayer 330 is forned

over the sUbakAhfordRt i&{kr%@?ié‘éﬁaﬂ d?ﬁggﬁ@?l”%i de as a target. To renove
g etr er, an

nmoi sture remaining 1nt eat mrent cha ntrapment vacuum punp is
preferabl§338) used. For exanple, a cryopunp, an ion punp, or a titanium

subl i mati on pu is preferably used. Further, an,evacuation unit may be a
turbo punp pro %IéHPWtPFI?%f tE‘B?{]ﬁat W@t’?@ﬁ‘ﬁé‘%b%@@ﬁ%%ﬁﬁf@#@? trap.
In the degpy Sdettheenéﬁrt%gnﬁammeﬁée RYBEMHM Witdh 18 B@pﬁdcxggea%r;gahéaydrogen

atom a conpound co ining a hydrogen atom such as water (H20), (nore

pr ef 5 abkgnduatiemorheao radidatiod fooom & heatinggelement shdnasat wsistanembieating elanieat.ar e
evacuat eg, wher eby t c nce(ﬁratilon of can inmpurity in t@ﬁﬂﬁ ide .
seni condti8t §FAPRY=f1 f i1, therraalyanisal AppATaRIS, ﬁ'b rédc gg?seﬁad)é%d.
[0327]  thermal ﬁ&eﬁ%%ﬁbﬁtt@fortaﬁﬁLR@’Roﬁdrﬁp ?4pi€ WRHal @findaP) @fpafahd emSbe t he

di stance between the substrate and the target is 100 nm the pressure is

0.6 Pa, uas. elfscLRITA apparstusofs aheapmetyoisrheabng @s abjech 6 br\Rroeaseed: he
t here,.j f 10 ' 09%.
f‘ X mosp e?af%léu%ga& ﬁ@gtg(%g e%ﬁ%ggggé&pgﬁeﬁ b4 rf?qbﬁﬁ all %&ﬁy&%‘ hafd L

is preferable pul's source be used because powder

subst@nc &sngg anestal ledide tarhp,| arehon ant lamip, & amrbbe arcdlampes highrédsaref sodium
t hi ckness can be uni form The oxjde sem conductor | ayer preferably has a
t hi cknes &g} & HHgh PresuisHmERENL SRR, NGREA PRRAIAS ISa3h PR3 HE & ek kness

depends %atﬂﬁnpﬁgilgga SRIH-CAPRHRLR calBE £E R pddSHHirRAGak Mhil UGN SedtRY bE
sel ected Iin accordance wth a 15material.
with an object to be processed due to heat treatment, such as nitrogen or a rare gas such
as argon is used.
15 [0331]

For example, as the first heat treatment, GRTA may be performed as follows.
The substrate is transferred and put in an inert gas which has been heated to a high
temperature of 650 °C to 700 °C, heated for several minutes, and transferred and taken
out of the iﬁert gas which has been heated to a high temperature. GRTA enables

20  high-temperature heat treatment in a short time.
[0332]

Note that in the first heat treatment, it is preferable that water, hydrogen, and
the like be not included in nitrogen or a rare gas such as helium, neon, or argon.
Alternatively, it is preferable that nitrogen or a rare gas such as helium, neon, or argon -

25  introduced into an apparatus for the heat treatment have a purity of 6N (99.9999 %) or
more, preferably, 7N (99.99999 %) or more (that is, an impurity concentration is set to 1
ppm or lower, preferably, 0.1 ppm or lower).

[0333]

Further, the oxide semiconductor layer might be crystallized to be a

.30  microcrystalline layer or a polycrystalline layer depending on a condition of the first

heat treatment or a material of the oxide semiconductor layer. For example, the oxide



[ 0328] Then, in a second photolithography process, the oxide

sem conduct or |ayer 330 is processed into an island-shaped oxide

sem conduwwoanilayes. A resist mask for form ng the islardTghzpedsioss de

semi conductor | ayer may be forned witf2an inkjet 20 nethod. Wen the resist
mask is fornmed with an inkjet nmethod, a photomask is not used; therefore,
manuf acturing costs can be reduced. [0329] Next, the oxide sem conductor

| ayer is subjected to first heat treatnent. Wth the first heat treatnent,

dehydr at ggrgifggd&?&y%ﬁge%&i o %Iéys;meax itgebmec%%fcwry%éuh@y@ﬁdgan be

conducted. The tenperature”of t Irst heat treatnment 1s” higher than or
equal tosdfilohdrinst lapmeliavitipn depree gif adrydtailiZ&dnGof 90 &4 er afry, dri §hés ot han or

equal to 400 C and lower _than the strain point of the substrate. Here, the
subst r at &qre. i Furtheg depending gn she eqndition; of tﬁa fig deatrsatmentang fae apth@it

treat ment,rgpp ao{x?&eu&ﬁﬁi’coﬁ'(ﬁﬂort faG8 RO toxidke Pﬁﬁfceﬁmgoroﬁgéﬁﬁlagxi)&%me an

semi conductor Tayer In a nitrogeh atnosphere at 30 450 C for one hour, and
t hen, 5t hamoxphdas seide semnitoadwrtor ayee containigg nesyystaHhetcompheendi r Teooridat entry

of water and hydrogen into the oxide sem conductor, |ayer is.prevented;
thus, WEFBiseR ‘GEEOZ@&CT might o besoms7 A9 0% eaﬁe%}ﬁoﬂgucé‘é’)r/nﬁ%yﬁﬁdllﬁt”gl}/‘a? ayer 331
is obtai %&o&@%ﬁllﬂe%&ﬁ? (witR338hin diameter %fé%te@@l@ﬁf&té!ﬁlaf & 1 e afe Biss

treatment is not limted to the electric Turnace and may be the one
provi ded thantdr equaldoi20eni,dypihallt gnegtenthanlof equaltto 2en prdless thad or gqual do heat

4 nm) is mixed into an amorphous oxide semiconductor.
10 [0334]
Alternatively, the first heat treatment of the oxide semiconductor layer may be
performed on the oxide semiconductor layer 330 which has not yet been processed into
- the island-shaped oxide semiconductor layer. In that case, after the first heat treatment,
the substrate is taken out of the heating apparatus and a photolithography process is
15  performed.
[0335]

The heat treatment having an effect of dehydration or dehydrogenation on the
oxide semiconductor layer may be performed at any of the following timings: after the
oxide semiconductor layer is formed; after a source electrode layer and a drain electrode

20 layer are formed over the oxide semiconductor layer; and after a protective insulating
layer is formed over the source electrode layer and the drain electrode layer.
[0336]

In the case of forming a contact hole in the gate insulating layer 302, the step

may be performed either before or after dehydration or dehydrogenation of the oxide
25  semiconductor layer.
[0337]

Note that the etching of fhe oxide semiconductor film is not limited to wet

etching and may be dry etching.
[0338]

30 The etching conditions (such as an etchant, etching time, and temperature) are
appropriately adjusted depending on the material so that the material can be etched into

a desired shape.



5 conduction or heat radiation froma heating el enent such as a resistance
heating el enment. For exanple, an RTA (rapid thernmal anneal) apparatus such
as a CRTAvOgas/mepsd thermal anneal ) yparatus or an LRPATgPzNMOs7AE d

t hermal anneal ) apparatus can be used’® An LRTA apparatus is an appar at us
for heating an object to be processed by radiation of |ight (an

el ectromagnetic wave) emtted froma | anp such as a halogen 10 |anp, a
netal halide |anp, a xenon arc |lanp, a carbon arc |anp, a high pressure
sodiun1lggP9 or a high pressure nercury |anmp. A GRTA apparatus is an
apparatu ol heat treatnment using a high-tenperature gas. As the gas, an
inert gas whi cNextpesondictivedayier v fdrmad ooby thetgatoinselapng tayss 802 due tho heat

treatment,. such. as, nitroge r rar as .such a on,is,used, 15[0331]
For - exanpide SuicPRutirStt af Thédiiudie RIS A bR M AR e o1 1 ohs.
The subspfediof drSa vh@Rid @v4 atﬁiﬁdmﬁﬂfod' N ABMhé BOAErA AT hbi ehdharehags, heat ed
to a high tenperature of 650 Cto 700 C, heated for several mnutes, and

t r anst er thete awdam @Ik@mrmﬂeleofedt fiemi Abr €1,g88, Whi &h Mas obe¥h anealtaydlayer a hi gh

t t bI hor t
tieg.er ?Ou mmg a co %tgos (ﬁO Oghrt'el’? G%E 't dp‘etalrkeat %rrghﬁgrnb?él S%B?e?(rer abl e

that wat giaterialsderegRa fro@mdlahgalekd Iﬁeagheslmﬁ; znrmhmeleférymurm Andoiefiu@rmay r ar e
gas such as helium neon,. argon. Alternatively, is preferable that
ni t r ogenb@Pksed- r Ahe cgaductiye ﬁ‘lfa@%h‘?‘@rﬁ Slﬂéléﬂayeérstrﬁ‘itﬁ’@rpr% ayplicd SHUEWEE i nto an

appar at use Iv%?NL ?@Eg@&%r S8 'E%Q&l ﬁgdlglféyefr YtrBEmfNof 27 -aRRRRu 1a9Er MO €,

preferably % or an inpurity concentration is
set 10 linpjudingr silicwgra tvpo-tdyer aﬂnmqture(lnlwhxpm atitanowne ddyer [iY3@8ked over an

Further, the oxjde se nduct or | ayer t,.be cr taII| ed to be a
50m o 0Ty 14HE RAYEF DY SOF Ry iTh fhkS Fafh A IpERRHS T ST

condi ti oRy&f akNeackbd $ thesidet pRAAEBNanA thd 1R @NIKR! giftn.t h&ItEmhERLY, a
sem conductor l'ayer. For exanple, the oxide

VO
2011/ 046e&sPaT allPe dayst, 08 721 8t las'errw%@nqmbtn@nom aj andwnb@rmlyrghm of zed to

becone a_m crocr |ne oxXi sem conduct or n

crystal I?lf'gf?%nse}c;ef 630 r@mo}hengggo“”%‘c’ B5Yo5'¢ us?r%re lll—'lmr??:g? gangl%lpe gﬁa [0} on t he
condig i ofungdted fte)f iniciybdeaain (M@)atdlmhluaﬂqct)bexea@@mam@)‘ dnldescaxdiden

sem conductor |ayer, the oxide sem conductor |ayer nmay becone an 5

anor phou@%m de semi conductor |ayer containing no crystalline conponent.

The oxid 6}(;" conductor |ayer m ght becone an oxide sem conductor |ayer in
which a mcrocrystalline portion (wth a grain dianeter greater than or
equal to 1 nmldrndal esstnichfiis perf@gied| aftep fAfination dfy fiecadndyctives liyer, it isan or

equal to 2 d less than o ual to 4 n is mxed in r phous
oxi de. seRELEHRIE e LRI layerhave hept et wmpghttﬁew\g%@n thecheat
tr eajgrentedpfieithe Oxi de semiconductor |ayer may be perfornmed on the oxide

sem conduct or Iayer 330 which has not yet been processed into the
i sl and- slf@ptd oxi de semi conductor |ayer. In that case, after the first heat

S TURMRLEN T T NE N R LN S R
the conductive layer and selective etching is performed, so that a source electrode layer
315a and a drain electrode layer 315b are formed. Then, the resist mask is removed

25 (see FIG. 11C).
[0342]
Ultraviolet, a KrF laser beam, or an ArF laser beam is used for light exposure
for forming the resist mask in the third photolithography process. A channel length L
of the thin film transistor to be formed later depends on a width of an interval between a
30  bottom portion of the source electrode layer and a bottom portion of the drain electrode

layer which are adjacent to each other over the oxide semiconductor layer 331. Note

that when light exposure is performed in the case where the channel length L is shorter



[ 0335] The heat treatnment having an effect of dehydration or
dehydrogenati on on the oxide sem conductor |ayer nay be perforned at any of
t he fol | omonrgivd4m2egs: after the oxi de sem conductor | aper/Jpmibosmed; after
a source electrode layer and a drain étectrode 20 |ayer are forned over the
oxi de sem conductor | ayer; and after a protective insulating |layer is
formed over the source electrode |layer and the drain el ectrode |ayer.

[ 0336] In the case of formng a contact hole in the gate

I nsul at i pgylBYRE 3Hme uEniIEPVIREx(REnAG SR WBk1EhdhEST REEAT RarBineatrd €7
dehydration or dehydrogenation of the oxide 25 sem conductor layer. [0337]
Not e t hato tdveradtanisi afpandmetess ioxised fadight enphsuteofor fipmmng shevoetsist mask el t o wet
et chi ng gnd y,be. dry etching. [Q33 30The et chi ng condi.tions uch as an
et chant , a’@t%ﬁarﬁ’aoﬁoﬂlﬂﬁ’éra&’h& pf%‘%f)ser gilﬁli%]ee)"pg?‘ge %@r%@%t@&?"‘gfﬁf[}égéﬁ’ a

dependi ngioteédMtidTPARY 4 RiroeSRochinddptih. NeA dmtdh 1g,l the @Ramfe] Einghed of Mthin desi red
shape. 2011/ 046025PC‘I§JP2010 067195 73 [0339] ) Next, a conductive
| ayer5 i sfilmtrapsistoy & be fremgd daten epnheaset tyl ¢ agpete 1999 naminclusiveox fhus, the

sem conduct or | ayer, 331. .The nquctiyve |layer e f i .
sputteri ﬂﬁerﬁ%?rhg ec()ir og av‘él(r:cuuﬁtm% vgoﬁornﬁel %er(lf1 rfaglfi hgﬁg%ﬁegsm} %@%%F \(,a%ru?jlaéfl?clﬁ t he
conduct i Vignifiyly srhall, RetiRat fdve pawerdopsBiipticiedaddeedhievedn AL, Cr, Cu, Ta, Ti,
Mo, or V\{ an_all oy layer containing a conbination of any of these el enents;
and the 193¢d] Further, one or nore materials sel ected from manganese,
Mmagnesi um  zI r gl 4 mg‘,%ﬁwsldn‘dr@tclﬂzqg chitfifidn %ﬁ'l@%d%e% 10 tecgfﬂdgt' ve
filmnmay have a single-layer structure or a aye%e structure of two or

nor el ay greaxideemaoradpttor lagers3 ¥1gh aet myeved whene thercondictoan lajenrs atched! ayer 10
including¥§iiicon, a two-layer structure in which a titaniumlayer is

st acked dfl an al um num | ayer, a three-layer structure in which a Ti
llayer, an al ummnyps| @yBbdintad @ T la3¥eris anfdshdchrRd cbRdiuchife Oager an
presented, and the |ike can be given. Aternatively, a layer, an alloy

| ayer, oln-Garin-Oihieed ayide sgmlc@ngw Basedas dic gyide pemigardustordayar 33l y  of

el ements_sel ected framthe foll ow ngs.may be. d 1] LU | tantal um
(ray - 1e2e B rERo by dkekeo izt CRBI R BT bRl i et “and
scangy Unhyde6gen ped34@¢ solution) is used as an etchant.

[0345]

Note that in the third photolithography process, only part of the oxide
semiconductor layer 331 is etched, whereby an oxide semiconductor layer having a
groove (a depressed portion) might be formed. The resist mask used for forming the

20  source electrode layer 315a and the drain electrode layer 315b may be formed with an
inkjet method. When the resist mask is formed with an inkjet method, a photomask is
not used; therefore, manufacfuring costs can be reduced.

[0346]

Further, an oxide conductive layer may be formed between the oxide

25  semiconductor layer and the source and drain electrode layers. The oxide conductive
layer and a metal layer for forming the source and drain electrode layers can be formed
successively. The oxide conductive layer can function as a source region and a drain
region.

[0347] _

30 When the oxide conductive layer is provided as the source region and the drain

region between the oxide semiconductor layer and the source and drain electrode layers,

the source region and the drain region can have lower resistance and the transistor can



If heat treatnent is perforned after formation of the conductive |ayer, it
is preferable that the conductive | ayer have heat resistance enough to

wi t hst andwoOhe11nged2s20 treatment. [ 0341 A third poouetdd/bagssaphy
process is perforned. A resist mask i $2formed over the conductive |ayer and
selective etching is perforned, so that a source el ectrode |ayer 315a and a
drain electrode | ayer 315b are fornmed. Then, the resist mask is renoved
25(see FIG 11C). [0342] Utraviolet, a KrF |aser beam or an ArF | aser beam

i's used for.lddRlnaspqpure for formng the resist mask in the third
photolitr(l) grraaepaﬁy gp(rasgces's. A channel length L of the thin filmtransistor to

be fornmed0348jer depends on a width of an interval between a 30 bottom
portion of the_source el ectrode |ayer apd a bottam port.i of the drain

el ectrode | ayerO Rt G sumben of Ofoénaég% ﬁngtsﬂeé’F IB\f'ng“ftﬂg&B%thy Step,

sen condyghfe thAy B¢ pdikmelitith thBake ¥hereslst ARtk SRRE WsRgiaSmELhAE Mgk i n t he
case where the channel length L is shorter WD 2011/ 04%025PCT/JP2010/ 067195

74 than 28icnis exdigheaxpasiner maslothrough whidk lightrisl (rarsmgtted wenas| lengvesa of
several n nggﬁto r‘i‘&"to seves.al tens of napoe

. i d, f i
for formP rnglttle?‘fas J0pG, 4 rﬁ%lStt et p c??g{lsﬁ?gg%gl?lagﬂtyngrméslkgms e e

M-t a process.” Li ght

exposur e phirility @f thickiR s¢ek tahd ¢aud be furtiR@ dhariged dn Bhape bygsefouhingretetifg,ahe ar ge
focal depth. Accordingly, the channel length L of the thin 5 film

t ransi st &sist gnask qaprbrensedainet plugelityofsedehing steps e nrovide cefterant PAtCIS: ve.

Thus, € heyDe] <0t ARAEMHordlir! (o4 fenf AP Rin0 G CRGEn: BRlrlEkDBL, an

off-state current is significantly sma so that | ow power consunption can
be athi efathed[td34a]g a single multi-thind maskhat Acrmtdingly) the amchbet oflighy-exposiir¢ i ons
are adjusted as riate so that 10 the i de, sem conduct or | 331 is

not 1 e REKYFAR Y teduces Aicthy pumbey, af cqrtespendiag phytghlarranhy siebs pal be; §

embodi Megfse r@ulbd, VEBEby! stmpRREhtdBA of APreceBimlbealla4er . an | n- Ga- Zn- O based
oxi de sem conductor is used as the oxi de sem conductor |ayer 331, and an

ammoni a W&Obgen peroxide solution (a mxture of ammonia, water, and a
Next, plasma treatment with a gas such as N>O, Ny, or Ar is performed. With

15  this plasma treatment, water adsorbed to a surface of an exposed portion of the oxide
semiconductor layer is removed. Alternatively, plasma treatment may be performed
using a mixed gas of oxygen and argon.

[0350]
After the plasma treatment is performed, an oxide insulating layer 316 which

20 serves as a protective insulating layer and is in contact with part of the oxide
semiconductor layer is formed without exposure to the air.

[0351]
The oxide insulating layer 316 can be formed to a thickness of longer than or
equal to 1 nm with a sputtering method or the like as appropriate, which is a method

25  with which an impurity such as water or hydrogen does not enter the oxide insulating
layer 316. When hydrogen is contained in the oxide insulating layer 316, entry of the
hydrogen to the oxide semiconductor layer or extraction of oxygen in the oxide
semiconductor layer by the hydrogen is caused, whereby a backchannel of the oxide
semiconductor layer comes to be n-type (to have a lower resistance) and thus a parasitic

30  channel might be formed. Therefore, it is important that a formation method in which
hydrogen is not used is employed so that the oxide insulating layer 316 is formed

containing as little hydrogen as possible.



15 hydrogen peroxide solution) is used as an etchant. [0345] Not e
that in the third photolithography process, only part of the oxide

sem condwwoanilmyes 331 is etched, whereby an oxi de sempcwomdziad/os71dyer
havi ng a groove (a depressed portion) /i ght be forned. The resist mask used
for formng the 20 source electrode |ayer 315a and the drain el ectrode

| ayer 315b may be forned with an inkjet nmethod. When the resist mask is
formed with an inkjet nmethod, a photomask is not used; therefore,

manuf act yijspg costs can be reduced. [0346] Further, an oxide conductive

| ayer may be” fornmed between the oxide 25 sem conductor |ayer and the source
and drai n el eclr thiteerhzydement, Thidicox pxiide dayied iscfiormed foay thickmash of 306tman a$ ayer
for form.,nng the. sour.ce, and ai.h el ectrode l.ayers,can be fornmed .
successi Vi %ﬁ‘deTWéulSQP%i@y%%E{MftF\?esﬂu e E‘ﬁh‘o un?PF SH Sgréueateg‘(?ﬁﬁagge Mgi on
and a dr gif £&@gHteA - md iehe3 QYRS dghfl to ¥ iR téiRpaatald At IbR¥ethah &r gfuayi ded as
the source region and the drain region between the oxi de sem conduct or ‘

| ayer5 antb 30k °C and de thindmiodinrent|ied 00 Sfe (Thysilzontoxedesloyerceanrtggioomedind t he
drain regli.@n can _have | ower .resi st ance andl he tr nsti stolggcan WO

2011/ 046 BHBPE TP SIG FRIADAN 7o T ok, BRIl JHeUP e oS iETgrn OXyEen o
reduce t B@ndigﬁgi‘@,r oPfa BRI ABREpheRUos e Rive | ghs A(tRNGAIBR] ik GRYTr BN YxpdedD,

etching may be perforned with the use of a resist mask forned usi n%ta
mul ti - t oFerthersk sibicow pxide itarget driaghlicandpegstiean baausedtasadargst- wicglxpmples i s

transmttfed.so as.to,_have ral it f .l Lt | I mask

f or med u]g}}enséllcé’ nrﬂ]‘lléﬁ l-a?' %ncea netn%g? QHH%JS u%?f%gg lrllafpl}l ? z}(/l-ﬁ%tf ‘!VI?IE Fde' E{ﬁtgeg'glggméatﬁga zrgn be
further ehamgeghérd coh@pendyxypenfaad mithgea! CThagxide irsulaikigdayerBdk vddch be used
in a plurality of etching steps.to provide different patterns.. Thus, a

resi st nisstorwgd fa<pBiaes witht e pxidessEpicongictar daerdp Hrseieh ichhi Wetths can

be 10 foy, n-t&éﬁEébpﬁat@ aﬁ'gramsqs ﬂgggé,gfggrig Hmhowé%@i;sﬂhwiswonﬁ&guﬂhﬁmef of

| i ght - exposure nasks can be redu t'he nunber of correspondi ng
phot ol i t Awgnaghmic sineystingataybe thdtsdoes enhi cehtaimhierpabtics isngl iaf i meisiuon of a
process lcl)?({]rogeen iro(r:';,a almldZ Slql_ and blocks entry of such impurities from the outside, typically, a
15 silicon oxide layer, a silicon oxynitride layer, an aluminum oxide layer, or an aluminum
oxynitride layer.
[0353]
In that case, the oxide insulating layer 316 is preferably formed while removing.
moisture remaining in the treatment chamber. This is for preventing hydrogen, a
20  hydroxyl group, and moisture from being contained in the oxide semiconductor layer
331 and the oxide insulating layer 316.
[0354]
In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pﬁmp, or a
25  titanium sublimation pump is preferably used. Further, an evacuation unit may be a
turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as
water (H,0), and the like are evacuated, whereby the concentration of an impurity in the
oxide insulating layer 316 formed in the deposition chamber can be reduced.
30 [0355] .

It is preferable to use a high-purity gas from which an impurity such as



[0349] Next, plasma treatnment with a gas such as N20, N2, or Ar is
performed. Wth 15 this plasma treatnent, water adsorbed to a surface of an
exposed pwotbom4ei2s5t he oxi de sem conductor |ayer is renmpeedr20Abbenssati vely,
pl asma treatnent may be performed usifdg a nixed gas of oxygen and argon.

[ 0350] After the plasma treatnent is performed, an oxide

i nsul ating |layer 316 which 20serves as a protective insulating |layer and is
in contact with part of the oxide sem conductor |layer is forned w thout
exposure h&@ro?té‘li Watkr, allQdrRkb1 group, or IYARIdEXE fndvRE W icoREnkANSE exphbsse@n De
formed to a thickness of Ionger than or equal to 1 nmwth a sputtering

met hod orbytaHevdl ok ppasr pppraspr spattering\gasaised whan thetdxadk DSulafinghlayérn i 1an
impurity _ such as water or hydrogen does not enter the oxide insulating

| ayer 315‘.’ en hydrogen is contained in the oxide insulating |ayer 316,
entry of [¢3ss)hydrogen to the oxide sem conductor |ayer or extraction of
oxygen in the oxide sem conductor |ayer by the hydrogen is caused, whereby
a backchannel dfext hecond deatsrpatment (pretarabilny200 Contes 400 e irclusiyse foro have

a | ower resistapce th arasi ti.c 3Q channel .m ght be fornmed.
Ther of or example; Bomasmrituin 238 ML A8 anS oo an L AR ATHSIBESh i s not

used is %HB&%??P%&%&B ePé)eF%%ieQé‘mbl@,S%%%Eéd?ﬂ HedV GLatireht IsSetBFAESin a
containing as |ittle hydrogen as possible. WO 2011/ 046025PCT/ JP2010/ 067195

76 [ 0352hitrogen atmbsphetei & 250176 fareme, hoar. si With ahe sedodé heatytecatmentf bearesl to a

t hi ckness of 200.nm as_the qxide insulating |layer 316 with a sputtering
met hod. FARIed whils BIE of Higyuridg srmaicp ‘qurﬂi‘)?e&r(?rﬁ g %awasgn RSES ihan or

equahgt 0 hRENWRME LR Iddlifs g I 316han or equal 5 to 300 C and in this
enbodi nent, is 100 C. The silicon oxide |layer can be formed with a

sputteri f@BXtthod in a rare gas (typically, argon) atnosphere, an oxygen
at nosphere, or m xed at nmosphere of..a rare gas (;typicall argon) and
oxygen. Fur t he? ITo4el i oe 3%PH el Srige soiontionatt heisp (bterdailocdsed as
a target thacey, c6¥@EMd Be nithee Sihkh Geat t@atient! fay @¢hydedtioacorf dhy@dgeisitiog i
silicon target with a sputtering nmethod in 10 an atnosphere containing
oxygen anerfermadgyethe fomeedowiide sqmisomductardayeay eFhemy theygriide insylating fayer i n
cont act wi e_0x] ] Gon i egl hoh i s | n
oxygan: al} i inyepe 30 BRNGHAL WrfBhGhcrh ek SHRBMUIP plef oFIET, e
i s fornedxidsisegicondudior Bigar & sehstivelli iRtan ayygen tekadss doas. nAE acenilgithe
inpurities such as .noistur

such i npGRanFkformation f?@%giégagrﬁ{p?&gﬂe@&}lﬁgé g%%@%%ﬁ?ﬂﬂ%%ﬁ}@ﬁ%éﬁiy , %
§|><|ylr1::?P| 8 I étyféf"} .qﬁatl A%E" a hih-RENEhEL WA iR %%Ea vict Radhighb Eifrier
concentration than at least the channel formation region 313 and overlaps with the

20  source electrode layer 315a and a high-resistance drain region 314b which has higher
carrier concentration than at least the channel formation region 313 and overlaps with
the drain electrode layer 315b are formed in a self-aligned manner. Through the above
steps, the thin film transistor 310 is formed (see FIG. 11D).

[0358]

25 Further, heat treatment may be performed at 100 °C to 200 °C inclusive for one
hour to 30 hours inclusive in the air. In this embodiment, heat treatment is performed
at 150 °C for 10 hours. This heat treatment may be performed at a fixed heating
temperature. Alternatively, the following change in the heating temperature may be
conducted plural times repeatedly: the heating temperature is increased from a room

30 temperature to a temperature of 100 °C to 200 °C: inclusive and then decreased to a

room temperature. Further, this heat treatment may be performed under a reduced



[ 0353] In that case, the oxide insulating |ayer 316 is preferably
formed while renoving noisture remaining in the treatnent chanber. This is
for prevewDi2og/hyadsogen, a 20 hydroxyl group, and noi st ece/JPzoamdéresng
contained in the oxide sem conductor [8yer 331 and the oxide insulating

| ayer 316. [0354] In order to renove noisture remaining in the
treat nent chanber, an entrapnent vacuum punp is preferably used. For
exanpl e, a cryopunp, an ion punp, or a 25 titanium sublimation punp is

pr ef er abl . vac i - UNj vi ded
N th s oot e Reroky TorRlion B R AA s Rl o 2 ot R BREY G

cr yopunp heatingytithe g&mnbatlwttenad.c oWjthuthid heantredtmienig hpdiogelr sgeatrodicedfresmich as
wat er (H20), .and the ]ike are eyacuated, whereb he concentratiaon of an

i mpur i ty HeoXideseaRrRUCtos favst fn eloéy’érm%li%“\go‘?}‘%daiuﬁ tg?lg“’&lgﬁi%faf‘?‘é‘i‘?rchanber
can be re B@ﬂomﬁa@[ 053P 5] Theffofd i B 9P B PR #afGddOan e yHoRLEN,

wat er, a hydroxy roup, or hydride I's renoved to a concentration expressed
by a bevéVherfa gifpomoxidpbayenbavdng puott afrdefegtyimaised esl thetmeamdet insulatmigilayer,

i nsul ating,| r 316 is forned. .] 0356] xt, second heat, treat nent
(prefer at’ﬁgh t%;g‘e@f FEAmsat @nitery iWég afg‘yhkgré)ﬁswgl,sg‘f?&ﬁti‘y%y EIB'P38b C

i ncl usi vy dfide RehthREdEH {he &idé Remiconasctat MBePNAhebO diffike@X¥08R Gdde

at nosphere. For exanple, the second heat treatment is performed in a

ni t r ogen insulatisgHayes satthatsthe Ampyrityoinethoenide wemisondusterclaysidcancke furtheat ment
heat is ?é)d?ll iéad whil e part of the oxide sem conductor |ayer (a channel
formation r(g%l'on) is in 10contact with the oxide insulating |ayer 316.
[03570 [0359] Through the above steps, the oxide semni conductor |ayer has a

| ower resistance, that is, caones_to _be n-type when heat treatnent for
dehydr at i on orNG?nQE?toé@nﬁ‘?mB%i%‘epb}g\‘e‘dfeﬂét&n‘i?n drpi8 feEeRd 1gRi dand tLe

sem cond ere%ihlﬁﬂ&r $0 I&er%ﬁ%ornhﬁ ¥ {rfhe 0k @hliBshdudiof 'iay%ﬁo{-/ecrlaﬁ)ﬁfn ith N

contact w e oxl de sem conductor layer. Accordingly, part of the oxide
sem condtiet dmin eyarodedager| HSbi(ard vhe souace drgtysie leyeredSak treliabilitpofghe esul t

t he channel formation region 313 ovyerl. in ith the te el ectrode | ayer
503 beconE AimiiRasORrin W trpred *S5re BREhOSy Lormne Ve ARk EesRiagRs ARET 10
whi chis hasedib I Bemb, BRY dilutfurE ORCEISBiathéPh WhiRR cBhdicB@iifes bhtheGhanRelctrbag mat i on

region 313 and overlaps with the 20 source el ectrode | ayer 315a and a
hi gh- r esilayenhbd, thedhigh-resifitanee d1ain reghorc bl 4ba and thetrhianted formation segiemB it i on

SRR S e T e R X
steps, tBperhtel Wvithi thedtdiReRkcBbEY 1a3d03 159 dosifeteell (oS wirmgot t&Pplying a high
power supply potential Vpp, the high-resistance drain region serves as a buffer and an
20 electric field is not applied locally even if a high voltage is applied between the gate
electrode layer 311 and the drain electrode layer 315b; thus, the withstand voltage of the
thin film transistor can be increased. |
[0360]
Further, the high-resistance source region or the high-resistance drain region in
25  the oxide semiconductor layer is formed in the entire thickness direction in the case
| where the thickness of the oxide semiconductor layer is 15 nm or smaller. In the case
where the thickness of the oxide semiconductor layer is 30 nm or larger and 50 nm or
smaller, in part of the oxide semiconductor layer, that is, in a region in the oxide
semiconductor layer, which is in contact with the source electrode léyer or the drain
30 electrode layer, and the vicinity thereof, resistance is reduced and the high-resistance

source region or the high-resistance drain region is formed, while a region in the oxide

semiconductor layer, which is close to the gate insulating film, can be made to be i-type.



[ 0358] 25Further, heat treatnment nmay be perforned at 100 Cto 200 C

i nclusive for one hour to 30 hours inclusive in the air. In this

enbodi nenvo 2beat4ei2seat ment i s perfornmed at 150 C for 10roouprmi0/démiss heat
treatment may be perforned at a fixed7®eating tenperature. Alternatively,
the follow ng change in the heating tenperature may be conducted plural
tinmes repeatedly: the heating tenperature is increased froma room 30
tenperature to a tenperature of 100 Cto 200 C inclusive and then decreased
to a roo jéfli\gperature. Further, this heat treatnent may be perforned under
a reduce 2011/ 046025PCT/ JP2010/ 067195 78 pressure before formation of
t he oxi de i nsulAapratectivayiesulatingldayea meyl beeddditiesslyr &rntedeoverathengxitle ne can

be shortened.. Wth thj at treatnent, hydrogen is.introduced fr t he
oxi o, SeEGHABCEYST 5 er o PH ot QUISCRLGAE 1y ot 45 AP dg ol hi
filmtragsiktiap h&Rode &QW&ﬂu&‘teﬁ% meltt Bf fERrablechd 2BbrnidtionGhethb® of hi n

filmtransi stor can be inproved en a silicon oxide layer having a |ot of
def ecks ithe protedtivg inshleting layer bersuseaef mgh Ipagdnctivigy. t Thehprotenéeg insuletingrent , an
i mpurity,such as hydrogen,. noisture. a hydroxyl aup,., ar hydride. .contai ned
i the ot s BRmed MR b teal toSifadhe tiver Hbish o5 ot ShiptB MRS | ng

| ayer soshdheds &B‘i@tdrm}ldrrd&ehﬂoﬁ,%d@Hdﬁné BIYckOBRAHESPihebttBn thaBulRict UT t her
reduced. 10[ 0359] te that by formng the high-resistance drain

r egi on -3forexample, tahsilieinghitnidesiagera ao @lwoipngenitids ayes a4uljcannnitride oxdele

sem conductor | ayer overl appi with the.drain electrode |layer 31 (and
the sour Hebra R BiB ARV B IndiEliSyed’ IR U RRpomA R R o1 o
can be i priteed insudeiigflagal h Yrotbytiveohsilagnd kgend@his Rensl animg 4lkificen 15
region 314h, the structure can be obtained in which conductivities of the
drain el Bitfdolasen (§§FIG1Hp. t he hi gh-resistance drain region 314b, and the
channel I(%r6 tion region 313 vary in a stepwi se fashion. Therefore, in the
case wherfe the thin filmtransistor operates with the drain el ectrode |ayer
315b connect edir this embodingertt,othes sydsirgieng0( oveg lwhidhwdayesupplty thot @nde al VDD,
the high:resi.stance drain region serves as a buffer and apn 20 electric
field isinislatingRyeedlq brvgbegn Bregdit h%atfma @w@wa@gepg lg‘gp?it%ég etvieen the

gate el e I : r.aj r r ol '-tg%?- he
o t i ancp U Bife ¥ Sror iy B T InBHoRIEL R Forh SR it Which Whfins o)
Fur t her , highepuhity hitrogen &t iatraducsdianden siBeprotarget ist used,hwlgrebyes sdicamagride ai n

regi on ig 25.the oxide,sem conduct O[agl ayer Ihf forrrestﬁiéi n th%Senti re

t hi cknes@YEF iefTm5A asntheproleglve fimalating HAYS i Bk ndR dhist casprethg,drgisctive

sem condygh@ing a¥RE 308 kopreferly SBRhéE® whileNreénfiR i 8RiWMAR RnldkGng Hhckness of
the oxi de semi conductor layer isS 30 nmor larger and 50 nmor snaller, in
part of trbameri chambenisinaitadlyao dire dxigeinsulating layer 3i6n a region in the oxide
sem %(fndﬂ)cj%gf | ayer, which is in contact with the source el ectrode | ayer or
t he ai

: Although not illustrated, a planarization insulating layer for planarization may
be provided over the protective insulating layer 303.
[0364]
The logic circuits in Embodiments 1 and 2 including the above-described thin
25  film transistors can have stable electric characteristics and high reliability.
[0365]
This embodiment can be implemented in appropriate combination with the
other embodiments.
[0366]
30 (Embodiment 8)

In this embodiment, an example of thin film transistors included in the logic



30 electrode layer, and the vicinity thereof, resistance is reduced and the
hi gh-resi stance source region or the high-resistance drain region is
fornmed, wDI2e112046@gi on i n the oxi de sem conductor | ayer pcebPmho/ner1gd ose to
the gate insulating film can be made80 be i-type. WO

2011/ 046025PCT/ JP2010/ 067195 79 [0361] A protective insulating |ayer
may be additionally formed over the oxide insulating |ayer 316. For

exanple, a silicon nitride layer is formed with an RF sputtering nethod. An
RF sput t kg il BhBO@niedt PoEERILBAINGNRS jfddsefip@i i on method of 5 the
protective insulating |ayer because of high productivity. The protective
|nsulat|d@3¢@yer is formed using an inorganic |nsulat|ng | ayer which does

not contain i rities.such as_no en 4 gn,. and bl ocks

entry of t _hesn%" '?“rs‘ilém%rﬁt j i i firPL{ ‘ﬁ%l'@}{‘g ‘ffﬁ‘gﬂﬂ?ﬁ fethed ‘?fn‘gs an

al uni nUMRhtAlindeankBYRbF s SrabbdigRnfis dEicEiBe@WitGelriRE to BIGSI1TAIBYRDNI t 1 i de

oxide layer, or the like is used. In this enbodinent, as the 1lOprotective

i nsul Bt i 1g348yer, a protective insul ating |layer 303 is forned using a

silicon nitrid a 3 dinent, the
%Id} }ﬁ%l I]is ﬁgtes )ga}’ﬁ%up le 0%91 %ls—s ctional s}t grfﬁ% gq%

substrate 300 over ayers he oxiI de 1 nsu |ng ayer have
been f or nedsister. heatita filn teankistyp S6AtiNNseratzd ui(mGCl 21 iAéHe oF borodbgapthiher i ng

gas from whi ch hydrogen and isture are re and whi ch contains

hi gh- puri tvtmnﬁwé Fhich 1eepeshi Chanmelprgiestivs H frapgjgler faksore egmereby a
Silicon Bl brddfndi 3 hid iR iRCsR). VP iPHIOS FELIAE1d B BlVeASd bA¥RLred 03 I
this case, the protective insulati’ng layer 303 Is preferably d while
renD\IDngtlnrmfdmmaasns@nal ning in a treatnent chanber sim | arI y to the oxide
insulatiigﬁgﬁyer 316. 20[ 0363] Al t hough not illustrated, a

pl anari z insulating |ayer for planarization may be provided over the

protective i nsuli@bigiiddsedption3@EivdnQRfifla single-gate thin fill@ahsd@brCasGhé st S i n
Enbodi ments 1 and 2 including the above-described thin 25filmtransistors

can have fmatsansistaredqls jacmakgate tthini Bim dgmgipier ingdedipg |4 plyrality pf chages)
IPLZrenb %ﬁg@ F%&&IBﬁg%?phﬁgggggga&@dappropr|ate conbi nation with the

15 [0370]

A process of manufacturing the thin film transistor 360 over a substrate 320 is
described below with reference to FIGS. 12A to 12D.
[0371]

First, after a conductive layer is formed over the substrate 320 having an

20 insulating surface, the gate electrode layer 361 is formed in a first photolithography
process. Note that a resist mask may be formed with an inkjet method. When the
resist mask is formed with an inkjet method, a photomask is not used; therefore,
manufacturing costs can be reduced.

[0372]

25 Further, the gate electrode layer 361 can be formed with a single-layer structure
or a layered structure using any of metal materials such as molybdenum, titanium,
chromium, tantalum, tungsten, aluminum, copper, neodymium, and scandium, and an
alloy material including any of these materials as a main component.

[0373]

30 Then, the gate insulating layer 322 is formed over the gate electrode layer 361.

[0374]

In this embodiment, a silicon oxynitride layer having a thickness of smaller



30 (Enbodinent 8) In this enbodi nent, an exanple of thin filmtransistors

i ncluded in the logic WO 2011/ 046025PCT/JP2010/ 067195 80 circuit in

Enbodi nrerwoXoowo40modi ment 2 i s described. [0367] PCT/J€ra0/e6TheRd i ment

of athin filmtransistor and a manuf8ktturing method of the thin film
transistor of this enbodinment is described with reference to FIGS. 12A to
12D. 5[ 0368] FIG 12D il lustrates an exanple of a cross-sectional
structure of a thin filmtransistor. Athin filmtransistor 360 illustrated

in FIG i omg i ' - ' . ' | &gl l ed a
channel %lfagto(g%@%lg{oﬁ fr?f’% Fﬁ m %%%%hgt%ﬁf fflgﬁwg%ﬁg %?’gt'rs%%%tltg%g%niﬁannel -stop
thin fil methodnsi stor), and is also referred to as an inverted staggered
10thin filmtransistor. [0369] Al t hough description is given using a

singl e-gf¥>hin filmtransistor as the thin filmtransistor 360, a

mul ti-gate thi @P&L |am8&fd@@§ﬂn§§oﬂﬂuét5ﬂ[h%kgiiE‘ﬁ)rﬁheH|t6’E%iElEﬁéSQBfEHﬁQBQIOOfn% mat i on

regions may be forned as needed. 15 70] A process of manufacturing
t he thi nirfclusinet ovenshesgate i1B0Gitiog dayea 332 nd rpaveesgd0nfosardiskbodisbapkdoexidev wi t h

reference to FIGS. 12A to 12D. 37 First, after ondugt j.ve er is
for med oveRCp °95b1§¥qrafPea %?6“%&’8???1}_1}5’@ Y RIS Hcat iﬁg&%?mg‘&%{ne L?{ ate
el ect r odgxidayRmidlubtdr 18/eFad foincdl hithsh sphiedilg hRewdanky tBe ABesst. alot e
that a resist mask nay be formed with an inkjet nethod. Wen the resi st

mask i s {rofasth-(Fhasehmetahriide targethod, a photomask is not used; therefore,
manuf act wﬁgﬂ costs can be reduced. [0372] 25Further, the gate el ectrode
| ayer 361°C be formed with a single-layer structure

10 In that case, the oxide semiconductor layer is preferably formed while

removing moisture remaining in the treatment chamber. This is for preventing
hydrogen, a hydroxyl group, and moisture from being contained in the oxide
semiconductor layer.

[0377]

15 In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a ‘cryopump, an ion pump, or a
titanium sublimation pump is preferably used. Further, an evacuation unit may be a
turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

20  water (H;0), and the like are evacuated, whereby the concentration of an impurity in the
oxide semiconductor layer formed in the deposition chamber can be reduced.

[0378]
It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed

25 by a level of ppm or ppb, as a sputtering gas used when the oxide semiconductor layer
is formed.

[0379]
Next, the oxide semiconductor layer is subjected to dehydration or
dehydrogenation. The temperature of first heat treatment for dehydration or

30  dehydrogenation is higher than or equal to 400 °C and lower than or equal to 750 °C,

preferably higher than or equal to 400 °C and lower than the strain point of the substrate.



or a layered structure using any of netal materials such as nol ybdenum
titanium chromum tantalum tungsten, alum num copper, neodym um and
scandi umwendiznae@s! oy material including any of these watrgr2mbss7ass a mai n
conponent. [0373] 30Then, the gate in8ulating |ayer 322 is forned over the
gate el ectrode layer 361. [0374] WD 2011/046025PCT/JP2010/067195 81 t han
or equal to 100 nmis fornmed as the gate insulating |ayer 322 with a plasm
CVvD nmet hod. [0375] Then, an oxi de sem conductor layer is forned to a

thi cknesg.0f ye QBktae 20RRBARI ihdHMSEMRC AYrRhce WRicHE End HSIHaRikitthehayer 322
| fan -shaped oxi 3

and processéd into an 1s e sem conductor layer in a second
phot ol i t hmrapdey, paotredsent is petfosnahimtherande, setieonductde layemncomitthogeror | ayer

is formed with a sputtering nethod with the use of an In-Ga-Zn-0Q based
metal oxPEROSPaETg St A5P0%7 6 aen hom apd dBle the REIdg,SeRUCAHER ABMTE LSO ayer i s

Ao 2 ! . | OXT7UE :
prefera L,ﬁ?rsg({ I&’B;‘ﬁ}e"‘é]f s§ thdt %Yﬂxgﬁ"h%bxshﬁﬁ ﬁy&ar%g% EHtGQﬁxé Bxfd@%eﬁﬁ&%ﬁﬁaﬂnt

chanber. or preventi rogen, roxyl group, and noisture
from Hei ragercio previented; thos,tahexode sdmicadicondyet B2 is abemed (@8 FIG. 54N order to
renmove ngkgbﬁre remaining in the treatnent chanber, an entrapment vacuum
punp is rably used. For exanple, a cryopunp, an ion punp, or a

titani um sublixeli gAsAY MRatnP Wether @RlskciHser,0 AW, bh @l is perfenrRaAUatvign unit
may be a turbo punp provided with a cold trap. In the deposition chanber

whi ch i sthés/plesma éxtatmenit, water adspdedrip,a surfagel 06 go rexpesseh pastiero ah thgrexide

cvacuat et PIGHBLEIS) TES Tt reertt artiraby S Blasfsireym i ehs Be gl

sem gpndugh®s nlirdEgasioFoRPERN dhdtafgondeposi ti on chanber can be reduced. [0378]
[0381]

Next, after an oxide insulating layer is formed over the gate insulating layer
322 and the oxide semiconductor layer 332, a resit mask is formed in a third
photolithography process. Selective etching is performed, so that the oxide insulating

15 layer 366 is formed. Then, the resist mask is removed.
[0382]

In this embodiment, a silicon oxide layer is formed to a thickness of 200 nm as
the oxide insulating layer 366 with a sputtering method. The substrate temperature in
film formation may be higher than or equal to room temperature and lower than or equal

20 to 300 °C and in this embodiment, is 100 °C. The silicon oxide layer can be formed
with a sputtering method in a rare gas (typically, argon) atmosphere, an oxygen
atmosphere, or a mixed atmosphere of a rare gas (typically, argon) and oxygen.
Further, a silicon oxide target or a silicon target can be used as a target. For example,
the silicon oxide layer can be formed using a silicon target with a sputtering method in

25  an atmosphere containing oxygen and nitrogen.

[0383]

In that case, the oxide insulating layer 366 is preferably formed while removing
moisture remaining in the treatment chamber. This is for preventing hydrogen, a
hydroxyl group, and moisture from being contained in the oxide semiconductor layer

30 332 and the oxide insulating layer 366.
[0384]



It is preferable to use a high-purity gas fromwhich an inpurity such as
hydr ogen, water, a hydroxyl group, or hydride is renoved to a concentration
expr essedwd®2otxy4e0256evel of ppm or ppb, as a sputtering gas/Juesadosthen the
oxi de sem conductor layer is formed. P®379] Next, the oxi de seniconductor

| ayer is subjected to dehydration or dehydrogenation. The tenperature of
first heat treatnent for dehydration or 30 dehydrogenation is higher than
or equal to 400 C and |l ower than or equal to 750 C, preferably higher than

or equal to 40 iSieah ' f S e WO
2011/ 046025,Pdﬂ5§§lgqg/r16@§%?t°%&ﬁtéér}g?l feh thefiRealthedt cuhé’“usﬁf ';’522{‘}33’ "hto an
el ect ri c vheuunagpemphiscprefeyaipeusel. hEat ekamplejrentryampap,asnisess puhgatort 2 eat ment

is perfornmed on the oxide sem conductor  |ayer, in a nitrogen .atnosphere at
450" C 1 of U FERHTAHIPHRG A PIeESbY; B s TSP e Aot BHAE Bxposed

to the akjrbs pupdrofatd Withla Y5l fFapanth thelePEsiflon BhinbdiSviah SeevaBiEtepNduCt OF
5l ayer is prevented; thus, an oxi de sem conductor |ayer 332 is obtained

(see ¥ Gwiththe cfyop@dp, a hydrogenNgam, a gbmpoend ¢onteimpgia hydrdgen atpae, siglehs as N20,

N2, or Ar | erforped.,.,Wth thi I treat nent...water .adsorbed, t
Nt ace ot REOL AT i Sevabbted o Ry b R Blrar AR P RR E Y et
Al t er nat bRk YnsuBltiag 18y et BEROMRBY inta deBoddesH eHafRdr d4h biSieddeed. M xed gas of

oxygen and argon. [0381] Next, after an oxide insulating |ayer is
formed ol@851he gate insulating |layer 322 and the oxide seniconductor |ayer

052 5o TRH ASCATRY 18 7 0L b B OAALHY BRAGERSK ot e
Then1o0 t haydregérs twanask hydrokgngraapl. or[HydHa3¢ is removed to a concentration expressed
by a level of ppm or ppb, as a sputtering gas used when the oxide insulating layer 366 is
formed.
[0386]
Next, second heat treatment (preferably 200 °C to 400 °C inclusive, for
15  example, from 250 °C to 350 °C inclusive) may be performed in an inert gas
atmosphere or an oxygen gas atmosphere. For example, the second heat treatment is
performed in a nitrogen atmosphere at 250 °C for one hour. With the second heat
treatment, heat is applied while part of the oxide semiconductor layer (a channel
formation region) is in contact with the oxide insulating layer 366.
20 [0387]

In this embodiment, heat treatment is further performed on the oxide
semiconductor layer 332 over which the oxide insulating layers 366 is provided and
thus part of the oxide semiconductor layer 332 is exposed, in a nitrogen atmosphere, an
inert gas atmosphere or under reduced pressure. By performing heat treatment in a

25  nitrogen atmosphere, an inert gas atmosphere or under reduced pressure, the resistance
of regions of the oxide semiconductor layers 332, which are not covered with the oxide
insulating layer 366 and are thus exposed, can be increased. For example, heat
treatment is performed in a nitrogen atmosphere at 250 °C for one hour.

[0388]
30 With the heat treatment for the oxide semiconductor layer 332 provided with

the oxide insulating layer 366 in a nitrogen atmosphere, the resistance of the exposed



In this enbodinment, a silicon oxide layer is forned to a thickness of 200
nmas the oxide insulating |ayer 366 with a sputtering nethod. The

subst r at evoenpensizare in filmformation nay be higher tramJezolegerads to room
tenperature and | ower than or equal 284to 300 C and in this enbodinent, is
100 C. The silicon oxide layer can be formed with a sputtering method in a
rare gas (typically, argon) atnosphere, an oxygen atnosphere, or a m xed

at nosphere of a rare gas (typically, argon) and oxygen. Further, a silicon
oxi de tarr%% sorofath§' bkfi@Nsd Ql%ucﬁﬁnla?@ u?ﬁdlﬁsd&réa%cget Thig' aﬁ’X@ﬂHJ:e the
silicon l'ayer can be formed using a silicon target with a sputtering
met hod i merfilsonducairntagphéf2 incmtimigniegpne xwigh ndiffanhiresivamas (IrelB@EId as I n
t hat case, e oxide .insul ating. |l aye 66 i.s preferably formed while

renmovi ng ng‘iﬁ’%nsraé’ﬁa‘?’ Ferfﬁg‘loﬂg’t‘ﬂ‘ﬂ%‘ti HedO™Manber. This is for

preventi ngggydrogen, a hydroxyl group, and noisture from being contained in
t he oxi de sem conductor |ayer 30332 and the oxide insulating | ayer 366.
[03845 WO 201Negyefeseamdupive Byess fomegtiover the gate insplagipg dayer éé%vtb

noi sture r emai ni. t he treatnent, ch e t nmp is
or ef er ab|o§1 sggncc%g})@tgr é%f ? A Cd: ;hce): %)?Hp ?nSulan@xﬁ la%éraipége% re\élgf; #ﬂ% E%In

subl i mat if@theaUn @ fbﬁrtlpbﬂét@ﬁﬁ)bgﬁaphﬁ 9ﬂ)ce§'_sul’ saeetlveaétcm\agaypérf@mwmd thaey be a
turbo punp provided with_a cold trap t he dep03|t|on chanber whjch is
evacuat edowcqelertrodralayes, dormand &dﬁﬂ)ﬂr‘f{lﬁ@gﬁdﬁt@ﬁf 385k R fmgdcohbet thég a
hydrogen a s?fHasl?ﬁ%m%@eM@:ghéHé% and the |ike are evacuated, whereby the
concentration of an I npu the oxide insulating |layer 366 fornmed in

t he depo$039%0pn chamber can be reduced. [0385] It is preferabl e to use a

hi gh-purity ga from whi urit S .10 hydr wat.er, a

hydr oxyl group? &emﬁpﬁlﬁ%ﬁggs?&ﬁg #?‘f?%ﬁy%rgiﬁééﬁ{lﬁiﬁ %m ‘ffltr ggiﬂi'eby a
llevel of 3ppiniRere RRDan @Rnfenf BUE&E] FOf ARSCAITRI TWHED MdlGrowt 8 ailop Wyat i ng
Iayer 366 is forned. [0386] Next, second d heaf treatnent (preferably 200 C

to 400 Ccomaining aeomlinationsofamaiofithese ¢luem¢n@5@ncbhtedlk350Thp metal gendpsiiveray be
perforne n_an,inert. here For
exanpl e, ?a[yﬁr m%@%heaa ﬂ&g@ﬂ%ﬁ?ﬁ‘e& A ora %err ?%?[rrr%: eo@%o {ﬁgéﬁgﬁégmsphere at
250 ¢5fofomg hour. Wth the second heat treat rrent, heat i's appl ied while
part of the oxi de sem conductor Iayer (a channel faormation regb on) isin

contact with thBrogghdbe jahavn slephdhé ayide ssegcomlypigndayer comes to be in an

oxygen-deficient state, accordingly the resistance thereof is reduced, that is, comes to be
n-type when heat treatment for dehydration or dehydrogenation is performed on the
formed oxide semiconductor layer. Then, the oxide insulating layer is formed in

20 contact with the oxide semiconductor layer. Accordingly, part of the oxide
semiconductor layer is selectively in an oxygen excess state. As a result, the channel
formation region 363 overlapping with the gate electrode layer 361 becomes i-type. At
that time, a high-resistance source region 364a which has higher carrier concentration
than at least the channel formation region 363 and overlaps with the source electrode

25 layer 365a and a high-resistance drain region 364b which has higher carrier
concentration than at least the channel formation region 363 and overlaps with the drain
electrode layer 365b are formed in a self-aligned manner. Through the above steps, the
thin film transistor 360 is formed. |
[0392]

30 Further, heat treatment may be performed at 100 °C to 200 °C inclusive for one

hour to 30 hours inclusive in the air. In this embodiment, heat treatment is performed



In this enbodi nent, heat treatnment is further performed on the oxide

sem conduct or | ayer 332 over which the oxide insulating |ayers 366 is
provi ded wodotindgsozpart of the oxi de sem conductor | ayer p@33prrEo/mesmpesed, in
a nitrogen atnosphere, an inert gas aBPfosphere or under reduced pressure.
By perform ng heat treatnment in a 25 nitrogen atnosphere, an inert gas

at nosphere or under reduced pressure, the resistance of regions of the

oxi de sem conductor |ayers 332, which are not covered with the oxide

[ nsul at | 0o AYE! (O A2 Pk, SXAIRGAmS 0, BEARGEASE dneldlealRTP! o

heat treatnent is I'n a nitrogen a ere at f'or one hour.

[0388] 3@Mipchatiee Merinativelg] eNollb@ing bieanQ¥ il ¢hes Revtimgnemtaturt aysr b832
provided with the oxide insulati nt% | ayer 366 in a nitrogen atnosphere, the
1f

resi st aneendyctedluiak Sigss gepaats by 1the dieaitngs emetyy 118 /1067asd f8om%Ho%Bhs of
the oxi . aRMiR U pe Rl oS Bt b€ 10528 flushUisnd fin UetflEsed 1o a

sem conduc ayer Inciudi ng regrons w resi stances

(i ndi sat esbnaSeripra@et. r GRS thicheahitdetnica®intdySbé Pefbimdd Bhdetr € réducedd.
[ 0389] 5Next, after a conductive |ayer is formed qver the gate insulating
| ayer  32Pressuie beferqiformation shihgaxife ingylatingigyer. o hindema redurerbprepsie.4h¢ ng

| ayer 36§eat1?xgrhtlﬁx?]% 8dn BRHOreRed O WR thlEI Haaf t?éﬁ'i&xghtph')gﬁrg%é;[r{ fgag{r N d BioRE eSS

Sel ective e I's pertforned, so that a source er 365a and a
drai n el detoxidicsehdy@rdudiobhyar © the brigd .institeing layee, thes ithd thi fikn itensistoov ed
(see FIG 120). 10[,0390] t.he eri.al., of the source el ectrode

| ayer 365 EAPTTHLY @hial Theretise: iSHeb by alth S i frarusiar G Jmnasmit

sel eggedidyam Al, O, Cu, Ta, Ti, M, or W an alloy layer containing a
conbi nation of any of these elenents; and the |ike. The netal conductive

| ayer may haveNatesithajl by| foravingtthechighaesistagce| gyain eteedan itthr éansk théwo or

nore layers. 15[0391 . r.ou t he, above steps,. .the oxide .

sem condﬁ'@?‘gfmft%\v&w&fﬁ?ﬁgglt% %ga} Wgtgﬁ Oéyfgsgﬁl}%)é] }lcg[lgreln “ \ériegl,p plggc%lpbi ngly
the resi gleadial dlb@rodeflayes 3686 Yaadlthet ddatcel dectoddBsyck G658, Reliapility Wiahe heat
treatnment for dehydration or dehydrogenation is perforned on the forned
oxi de sefiie Ghagengstor epehe immeyed. 1 Scalirally, br&umang thg highyesistapce drabd in 20
contggt Heidh 308 B HECARIAUMNMELRLL InWhikh oORERAHEILY ihe Rih Rbublie 0x! de
sem conductor 1l ayer 1s selectively I n an oxygen excess state. aresult,
t he chanhgkr 36dbireie igh-reaistance dfzdn togtorl 3G3b, agl thie tcharireb fayatatior rexion 863 | ayer
361 becones j-type. At that tige, .a hi.gh-resistance soyr.ce.regi on 364a

whi ch ha¥amHi Gha rstepayisg é?Shwncéﬂ‘gfezg‘Plieoh“tth%ﬁa%ﬁ WI%@&sfhet ﬁ\é“(,iﬂ&hg"@{‘s‘?tf’}? mat i on
regi on 39§er9te§i“@tmné 8Rsn WelRodd I8y SOIH56 RofARE BdSwRRg! BY Slipphfiag adich 2

hi gh-resi'stance drain region 364% whi ch has hi gher carrier concentration
than at pewstsuphly pdtentiablVphothedtigleresistagico dra3b segiord sayves asapduffer and e dr ai n

o SOk Rl PSR PSS £ A I BN s LY 2bove
electrode layer 361 and the drain electrode layer 365b; thus, the withstand voltage of the
thin film transistor can be increased.

[0394]
A protective insulating layer 323 is formed over the source electrode layer 365a,
25  the drain electrode layer 365b, and the oxide insulating layer 366. In this embodiment,
the protective insulating layer 323 is formed using a silicon nitride layer (see FIG. 12D).
[0395] |
Note that an oxide insulating layer may be further formed over the source
electrode layer 365a, the drain electrode layer 365b, and the oxide insulating layer 366,
30 and the protective insulating layer 323 may be stacked over the oxide insulating layer.

[0396]



30Further, heat treatnent may be perfornmed at 100 C to 200 C inclusive for
one hour to 30 hours inclusive in the air. In this enbodi nent, heat

t r eat mrentwoopente@smed WO 2011/ 046025PCT/ JP2010/ 067195 p8%/J82010/667143 f or 10
hours. This heat treatment may be perf®rnmed at a fixed heating tenperature.
Alternatively, the followi ng change in the heating tenperature may be
conducted plural tinmes repeatedly: the heating tenperature is increased
froma roomtenperature to a tenperature of 100 C to 200 C inclusive and
then decr easedrh0\@ioctafih PIRRIAhUIE | dl Beludiddthe BEA alstARLTM By, be
performed under a reduced pressure ore formati on of the oxide insulating
| ayer. Ufittertraasistechuaadapes stsislaekectrichhataeteristics anddnglcmﬂiabldatss hortened. Wth
this hea& ?atnent, hydrogen is introduced fromthe oxi de sem conduct or

| ayer to 37 oxi de insulating layer; thus, the thin filmtransistor can be
normal Iy of f. Tﬂﬁr&ﬁwﬁneﬁt%dnapé Idnpen%tédhﬁx hpprbprhidte Bohibaeion twith @R& be

i nproved. 10[ 0393] by form ng t%e hi gh-resi stance drain
regi oh 36ther ¢mbetimigntshi gh- re5|stance source region 364a) in the oxide
senicondﬂg&gi | ayer overlapping with the drain electrode |ayer 365b (and

t he sour ectrode | ayer 365a), reliability of the thin filmtransistor
can be lgﬂh&&ﬂﬂwn Specifically, by formng the high-resistance drain 15
region 364b, the structure can be obtained in which conductivities of the

drain el ect rod® thisy enbadimisnt, aRecxAmpl: lthin filndengistarh incdifedrin dBulpgiand t he
channel L?&{iﬁy@ﬂb rﬁ%rﬁr‘l (?raéng&{l eh&g&g&po\%se fashion. Therefore, in the

case where ransi stor operates with the drain el ectrode | ayer
365bi@onfesedpd to a wiring for supplying a high power supply potential VDD,

the high-resistance drain r erves .as uffer .and. an 2 o
el d Us ot appr cewoNGRaat 1of Adgntien tansisigh aubpagu e TgonFOaT siben « he
gate el eg{lﬁ AflR thAYiSbr mﬁlsaéﬁ%(;dlﬂﬁergrl@ﬂ&cﬁbﬁp@vftﬁgﬁetleﬁ&'@fo H6Sb13ARS3DE he

wi t hstand voltage of the thin filmtransistor can be increased. [0394] A
protectlﬂMODhsulatlng | ayer 323 is forned over the source electrode | ayer

365a, 25 the dr, ctr de.la er 365b, d the oxide ins ayer
366 1n thi's enbbhdirion is BEh dinea s eAETng T ATiesRBE % LR

usi ngs a §irhitGAsistar 850 HEFIGRY 8D, b sagtifghie thidilm r@89Rdr including d\{glh&lﬂtﬁaf an
oxide insulating |ayer may be further formed over the source el ectrode

| ayer 368kannelfermatidnregioat maypdbe fomyedrasageded. and t he oxi de insul ating | ayer
366, 30 jhe protective insulating | ayer 323 may be stacked over the
oxi de insulating layer. [0396] WD 2011/046025PCT/JP2010/ 067195 86

A process of manufacturing the thin film transistor 350 over a substrate 340 is

described below with reference to FIGS. 13A to 13D.
20 [0402]

First, after a conductive layer is formed over the substrate 340 having an
insulating surface, a gate electrode layer 351 is formed in a first photolithography
process. In this embodiment, a tungsten layer is formed as the gate electrode layer 351

~ to a thickness of 150 nm.
25  [0403]

Then, a gate insulating layer 342 is formed over the gate electrode layer 351.
In this embodiment, a silicon oxynitride layer is formed as the gate insulating layer 342
to a thickness of smaller than or equal to 100 nm with a plasma CVD method.

[0404]
30 Next, after a conductive layer is formed over the gate insulating layer 342, a
resist mask is formed in a second photolithography process. Selective etching. is

performed, so that a source electrode layer 355a and a drain electrode layer 355b are



The logic circuits in Enbodinments 1 and 2 including the above-descri bed
thin filmtransistors can have stable electric characteristics and high
reliabi | iwg.20{103603F Thi s enbodi ment can be i rpirarBNbd/BEr19N
appropriate conbination with the 5 ot#ér enbodi nents. [0398] (Enbodi nent 9)
In this enbodi nent, an exanple of thin filmtransistors included in the
logic circuit in Enbodinment 1 or Enbodinent 2 is described. 10[0399]

One enbodiment of a thin filmtransistor and a nanufacturing nmethod of the
thin fiI ns i cd ibed with reference to
FIGS. 13 r%%813tﬁ&?ggggThnhi*quggwgﬁqioJﬁh ggs%rlptlon i's given using a
singl e-gfi4@5t hin filmtransistor as the thin 15filmtransistor 350 in FIG

13D, a nmulti- te thin.filmt t [ dj I [ f I
ot on 1 oo Bhe. el Aite st atsroat foleamed Cee R 5t oS
manuf act B bdinteh€ thdoRidki defiddrANShS I%r 329 19‘f&’ine@ SRSt %ﬁtn@nﬁgl%étﬁod

described below with reference to Ato 13D. 20
af t er5 a withdhe tusy of IaayerasZnFthm metal qxht@ t@tgyst rElneeosule shamomgucaar

i nsul at i ace, te el ect e Ia er IS

photol | t Hagk by grefedd e Lo hemiRne sehioandulEh My 4 By e as
t he gatep@hgmm5§@?h§§u@&5351 to a thlckness of 150 nm 25[0403]

Then ate insulating layer 342 is formed over the gate el ectrode |ayer
351. 0408] embodi ment, a silicon oxynitride layer is formed as the gate

|nsulat|ng | ayer .34 er nm w t h
a plasma CVD rrlglt h%t %a{eo}llgeﬁ)gggﬁgﬁ&naﬁtgw; cgﬁgng{h aﬁgj;errmteg \%%?rred over
t he gat erdnnﬁzuﬂgahmmgufeayaﬁalaé@ i the Sieatmemséhaitbet.or Thd isnfar peeveminhg

hot ol i t hogr aph roces Sel ecti ve etchi |
P h cg*oge% ya phydroxy group, and mo(iasture ggm %eing contained in the oxide

First,

semiconductor layer 345.
[0407]
In order to remove moisture remaining in the treatment chamber, an entrapment

15 vacuum pump is preferably used. For example, a cryopump, an ion pump, or a

titanium sublimation pump is preferably used. Further, an evacuation unit may be a

turbo pump provided wifh a cold trap. In the deposition chamber which is evacuated

with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

water (H,0), and the like are evacuated, whereby the concentration of an impurity in the
20  oxide semiconductor layer 345 formed in the deposition chamber can be reduced.

[0408]

It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed -
by a level of ppm or ppb, as a sputtering gas used when the oxide semiconductor layer

25 345 is formed.
[0409]

Next, the oxide semiconductor layer is subjected to dehydration or
dehydrogenation.  The temperature of first heat treatment for dehydration or
dehydrogenation is higher than or equal to 400 °C and lower than or equal to 750 °C,

30  preferably higher than or equal to 400 °C and lower than the strain point of the substrate.

Here, the substrate is introduced into an electric furnace which is one of heat treatment



perfornmed, so that a source electrode | ayer 355a and a drain el ectrode

| ayer 355b are WO 2011/ 046025PCT/JP2010/ 067195 87 forned. Then, the resist
mask i s rwonued4bmee FI G 13A). [0405% Then, an exirdeaensieenduct or
| ayer 345 is fornmed (see FIG 13B). |88this enbodinent, the oxide

sem conductor |layer 345 is forned with a sputtering nethod 5 with the use
of an I n-G-2Zn-0O based netal oxide target. The oxi de sem conductor |ayer
345 is processed into an island-shaped oxi de sem conductor layer in a third

phot ol i t hpgI RPN RERHREEnent YRR lorhBd bARe 5888 sentiBSnditiod PayR M £ ANEHEEHOT
| ayer 3459?22 preferably fec?E med while 10 er ermvigeng1 nmoi st ur ey%r enmali n}iqu% in the

t r eat nentatmésphixerat 430 &Cifer boe hpne\aadt thery thy dxodge sgmisotdpdtooXyyergs gy, and
noi sture from being contained in_the oxi q_f sem conductor, | ayer 345. [0407]
' or der SKBOFR VA A O HiRteeTtenaS Ry P TWAE SR dBioBR OxdsaRHIFondyior

ent r apnefdyel i praetid BHEPard i &nhftARIubtor $8€r 34608 oBteRiBal (See AGET YOPUND,  an
ion punp, ‘or a titaniumsublimtion punp i$ preferably used. Further, an

evacuati ¢odldhit nay be a turbo punp provided with a cold trap. In the
deposi ti on chanbe [ i S .evacuat {th the cryopu dr og atom a
conpound cont aig%i h'ﬁmgmﬁ%"‘ig%%%ﬁ?%mﬁgmﬁn% P%‘?for?rﬁgg?s, afﬁﬁ%‘”f'he%ﬂia ke are
evacuat edubsilaf BP¥rahdFerr&P ARE Putt ahi &N it a8s IWHIEH ihky bebn tHegted Oto0¥ i Kigh

sem conductor |ayer 345 forned in the deposition chanber can be reduced.

[ 0408] temperatire ¢fs656r %7 tor HM) ¥C.thgaigd domsevergh npoytes, und sransfened amd takemn

i mpurity suc s. hydr oge ter, a hydroxyl, .grqu or h j IS, f.enmoved
Lo a conclhet 485 PHERRy SBientfis beenrnhd B34 il SiRneflurGt GRER drdnfef e 00
used 1pheidh@mp¥iatife hedtitkamiint 04 shaty@me25 345 is formed. [0409]

Next, the oxi de sem conductor |ayer is subjected to dehydration or

dehydr ogé®Hti on. The tenperature of first heat treatment for dehydration or

gggyoclr ogenati o i ikl HQhtiAd AYer*$5650HRh sbes'd0a frottivt M lath My ePlnfaual to

is in contact with the oxide semiconductor layer 346 is formed.
[0412]

15 The oxide insulating layer 356 can be formed to a thickness of longer than or
equal to 1 nm with a sputtering method or the like as appropriate, which is a method
with which an impurity such as water or hydrogen does not enter the oxide insulating
layer 356. When hydrogen is contained in the oxide insulating layer 356, entry of the
hydrogen to the oxide semiconductor layer or extraction of oxygen in the oxide

20 semiconductor layer by the hydrogen is caused, whereby a backchannel of the oxide
semiconductor layer comes to have a lower resistance (to be n-type) and thus a parasitic
channel might be formed. Therefore, it is important that a formation method in which
hydrogen is not used is employed so that the oxide insulating layer 356 is formed
containing as little hydrogen as possible.

25 [0413]

In this embodiment, a silicon oxide layer is formed to a thickness of 200 nm as
the oxide insulating layer 356 with a sputtering method. The substrate temperature in
film formation may be higher than or equal to room temperature and lower than or equal
to 300 °C and in this embodiment, is 100 °C. The silicon oxide layer can be formed

30 with a sputtering method in a rare gas (typically, argon) atmosphere, an oxygen

atmosphere, or a mixed atmosphere of a rare gas (typically, argon) and oxygen.



30preferably higher than or equal to 400 C and | ower than the strain point
of the substrate. Here, the substrate is introduced into an electric
furnace woehi/memse of heat treatnment WO 2011/ 046025PETHAPAAM/067047195 88
appar at uses, heat treatment is perforf®d on the oxide seni conductor |ayer
in a nitrogen atnosphere at 450 C for one hour, and then, the oxide

sem conductor |ayer is not exposed to the air so that entry of water and
hydrogen into the oxi de sem conductor |ayer is prevented; thus, an oxide

sem cond i i ) 0] t he
first heg?l hﬁérég? i)rfr@?\? ?Q%%g%@%gﬁgoeé%ggr%ﬁrgﬁ%&%gl 215035\/\1/%%%;0; SB‘?PF‘%AZ IS

t r ansf er thedsihewh guide lageracani beeformed ssing iachlidoagargetewith @aspetiering methpd in
tenperature of 650 C t0.700 C, \%ﬁgt ed for igver .m rllut e:l, agﬁ%t ransferred
and t akeAD GIROPRETEIFANIAHUNG OXUEEDARA IHTPREL- e 8f OKKGHBY T B e ¥ gh Ot rature.

GRTA enahl @smt ihi Qhrace W?ﬁglgﬁg Wxgdd6&hicbh®RidFERYerl A 2 r8I68 twHitH® inl S 11]

An oxi de insulating | ayer whi ch serves as a protective insulating |ayer

and i5 i oxygentdeficient state iied thnisdasse hweasnigsistapee isaformedagingsar ararganic [ 0412]
15The oxide, i.nsul ati.ng Jayer. 356.can be.formed to.a thjck of | onger
than or ERanE B P ARy Optiit BPpGicnatiice bPidus t FEOSES BopBlrrac e,
whi ch i s carRighisbehity Bhiveh impulifi®Urdrh YheSoibfide sy MBAlBY, a 9flichy dkide@iyedoes not
enter the oxide insulating |ayer 356. Wen hydrogen i's contained in the

oxi de i nsslilizph pyynitiidsrlay®sen abumnnpmoéxide kypry dr ayelnminum Reywiidgdayer.
senicondﬁ%hqﬁ | ayer or extraction of oxygen in the oxide 20 sem conduct or

| ayer by €' hydrogen i s caused, whereby a backchannel of the oxide

sem gonduct or [igher cas@RSotife RvRtiag l236£3 56 B prefeabbeforhed bhailardnypang and
thus a parasitic channel mght be fornmed. Therefaore, it is in&portant that a
)

f or mat i oMOAEWISOEPMaNIng 1k [heepalpal ¢hambst  (Hy 15 Jo prveyang Sydrogen: 3 he
oxide in ;N Y. i 10 it S
possi bl oV B e piofuict ciohh BEfe R, HAnEplds SPEAIBIREES, 16
t hi cknes846and®Me onidedssuldimgdayedl 856 nsul ati ng | ayer 356 with a sputtering

met hod. '[F(?e inubstrate tenperature in filmformation may be higher than or
equal to 43 tenperature and | ower than or equal

15 In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. Further, an evacuation unit may be a
turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

20  water (H,0), and the like are evacuated, whereby the concentration of an impurity in the
oxide insulating layer 356 formed in the deposition chamber can be reduced.

[0416]
It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed

25 by a level of ppm or ppb, as a sputtering gas used when the oxide insulating layer 356 is
formed.

[0417] ,
Next, second heat treatment (preferably 200 °C to 400 °C inclusive, for
example, from 250 °C to 350 °C inclusive) is_performed in an inert gas atmosphere or

30 an oxygen gas atmosphere. For example, the second heat treatment is performed in a

nitrogen atmosphere at 250 °C for one hour. With the second heat treatment, heat is



to 300 C and in this enbodinment, is 100 C. The silicon oxide |ayer can be
formed 30 with a sputtering nethod in a rare gas (typically, argon)

at nospherwo 2an/@goegen at nosphere, or a m xed at nospher eproii/JR2menE& 198RS
(typically, argon) and oxygen. WO 2099/046025PCT/ JP2010/ 067195 89 Furt her,
a silicon oxide target or a silicon target can be used as a target. For
exanpl e, the silicon oxide |layer can be formed using a silicon target with
a sputtering nmethod in an at nosphere contai ni ng oxygen and nitrogen. The
oxi de i “%Hfgl@éd Whil¢ BYiETof AROBoNE SonicondREdTaSydr Ta CAAKIRE ForMatibn k&8s 4R

sem conductor layer in a region which is in an 5 oxygen-deficient state and
t hus has cantagiwith thesixgdeansidating layar@386. usi ng an i norganic insul ating |ayer

t hat doei 1{1@5‘ contain inmpurities such as noisture, a hydrogen ion, and OWN
and bl oc g try of such inpurities fromthe outside, typically, a silicon
oxi de | ayer, aThidughOtheOXbVet §teple thaYsdide aBmadondioimiA¢t AehitRYierin @h an

al um num oxynitride | ayer. C;ngm] 10l n that case, the oxide insulating

| ayer 535@xygenpiadician bstgtef andrethusihian ea r koY Fegisipre tthraugh e delividratipn @1t he
treat men - Thi 8.l .Sn: i W ge [ , and
noi st ur etdf’ &cgl?hg%egli[a%%n EH oﬁrtogglﬁtelg{ol %{ ? %’g%ém geesjgssgirtngc o‘%%lﬁ?? %}r{tOI fgé)e{#pegé)gggnd t he
oxi de | nsethRbhdgtordywsr 332having@4Alhgh ddsistanoé theforhed.r eNreegimbie sibuveestegsyai ni ng
in the treatept chanber, an_entrapnment vacuum punp is preferably used. For
exanpl e, B¢ @%w@ﬁuﬁﬂ}m%w?ﬁ&dsm,d- or a titaniumsublination punp is

pr ef erabl[g41 ed. Further, an evacuation unit may be a turbo punp provided
with a cold trap. In the deposition chanber which is evacuated with the
cryoponp, a hy#nohgnheat oratmencmayp belperforartdat A DO Cao BYC PO gedusaveofor oseich as
20 water (H20),.and the like are evacuated, where the concentrati on of an
i npurity by ora0 harainclusiis n ST alyéﬂlssﬂggvoriawéd@/aﬁ tr?ﬁ@leaéﬁd&r{ﬂpaﬁg chanber
can be refysgdc ff4iBhours. This! ool SRERAERID! bo berfidiodalh dkelUidalilfg 92
fromwhich an inpurity such as hydrogen, water, “a hydroxyl group, o

hydri de itanpezstoreed Aleraativelyc et follbwing ehqnpeds ehe Aatimg temipesa@ire ahayppen or

]E) g:’),mags ?@%ﬁ)%etde;;l{lrg9 ti%?esé rlélsneea(’:[ied y:etTle thrégtil?gx Ite(iir(lapelrgclsirlél iasltilrlgr%aslegyf%m?’;?odn?

15 temperature to a temperature of 100 °C to 200 °C inclusive and then decreased to a
room temperature. Further, this heat treatment may be performed under a reduced
pressure. Under a reduced pressure, the heating time can be shortened. With this
heat treatment, hydrogen is introduced from the oxide semiconductor layer to the oxide
insulating layer; thus, the thin film transistor can be normally off. Therefore,

20 reliability of the semiconductor device can be improved.

[0420]

A protective insulating layer 343 may be additionally formed over the oxide
insulating layer 356. For example, a silicon nitride layer is formed with an RF
sputtering method. In this embodiment, as the protective insulating layer, the

25  protective insulating layer 343 is formed using a silicon nitride layer (see FIG. 13D).
[0421]

Note that a planarization insulating layer for planarization may be provided
over the protective insulating layer 343.

[0422]
30 The logic circuits in Embodiments 1 and 2 including the above-described thin

film transistors can have stable electric characteristics and high reliability



Next, second heat treatnent (preferably 200 C to 400 C inclusive, for
exanple, from250 Cto 350 Cinclusive) is perforned in an inert gas

at nospherwoan11idle@8 oxygen gas at nosphere. For exanpl e, pCliarsrcosmoheat
treatnent is perfornmed in a nitrogen 8{nosphere at 250 C for one hour. Wth
t he second heat treatnent, heat is W) 2011/ 046025PCT/JP2010/ 067195 90
applied while part of the oxide sem conductor |ayer (a channel formation
region) is in contact with the oxide insulating |ayer 356. [0418] Through
t he abov?agg ps, the oxide sem conductor |layer which is in an 5
oxygen-deficient state and thus has a | ower resistance through dehydration
or dehydr ogenafThisnembodimentgéan betimplementgdyam appropwate goatbenatioy withgbell t, an
i -type oxi,de sem.conductor |ayer 352 having a high resistance is forned.
Thr ough f rS‘B@ M¢PBps, the thin filmtransistor 350 is formed. [0419]
10Furtheﬂmjh§at treatment may be perfornmed at 100 Cto 200 C inclusive for
one hour to 30 hours inclusive in the air. In this enbodinent, heat

t r eat fren(Embogimenolred at 150 C for 10 hours. This heat treatment may be

f d fl ' - i vek f i
Change i n the- HCHET SRCFamsR. ab SPRRRE 8f fin Sh hpRiof biydedin e JORLZ0 ) .

t he heat ci¢uit @rmabalitest § r Embsdiara? fsrdestrébedoom 15 tenperature to a
tenperature of 100 Cto 200 Cinclusive and then decreased to a room
tenperatU¥@5]Further, this heat treatnent nmay be perfornmed under a reduced

ressure. Unde . t i : g d. Wth
pressu In hid gﬁtﬁﬁ%ﬂ{ 6 Wiriple! W ch %b@g r%h;fﬁgnm&n BEnBERAMERTE

this heat trea rogen is | uced fr oxl de sem conduct or
| ayei0t oir the nmnubetiringiratasngf 4 thie filmtttansistor Méll bhidescribedrmtithanfergicoto can be

normal Iy _off. Therefare, 20.reliabil.i t.h em ¢ uct or .devi ce can be
i mpr oyed.F?"‘E"Olzitz0]@‘“‘ce HG ]i\‘%ﬂlﬁtséﬁltei a\§e14 I?ﬁsﬁﬁéﬁ? ﬁéﬁleﬁgﬁr}gﬁg‘"ﬂﬁﬁ{;ﬂﬁeﬁep&

addi t i onghhiohERRGCOYBmetalar® XisEEfor Bl bahd partibAy @hd aéﬁile&aéscﬁ?ﬁaambﬁ, a
silicon nitride layer is formed with an RF sputtering nethod. In this

enmbodi nethe same porongivemitedve i nsul ating | ayer, the 25protective insulating
| ayer 34ﬁﬁ2%]forned using a silicon nitride layer (see FIG 13D)

15 First, a gate electrode layer 381 is formed over a substrate 370, and a first gate
insulating layer 372a and a second gate insulating layer 372b are stacked thereover in
accordance with Embodiment 7. In this embodiment, a gate insulating layer has a two
layer structure in which a nitride insulating layer and an oxide insulating layer are used
as the first gate insulating layer 372a and the second gate insulating layer 372b,

20  respectively.

[0427]

As the oxide insulating layer, a silicon oxide layer, a silicon oxynitride layer, an
aluminum oxide layer, an aluminum oxynitride layer, or the like may be used. As the
nitride insulating layer, a silicon nitride layer, a silicon nitride oxide layer, an aluminum

25  nitride layer, an aluminum nitride oxide layer, or the like may be used.

[0428] |

In this embodiment, the gate insulating layer may have a structure where a
silicon nitride layer and a silicon oxide layer are stacked from the gate electrode layer
381 side. A silicon nitride layer (SiN,, (y > 0)) with a thickness of 50 nm to 200 nm

30 inclusive (50 nm in this embodiment) is formed with a sputtering method as a first gate

insulating layer 372a and a silicon oxide layer (SiOy (x > 0)) with a thickness of 5 nm to



[ 0421] Note that a planarization insulating |ayer for planarization
may be provided over the protective insulating |ayer 343. [0422] 30The

| ogi ¢ ci rwoi20s/64002ENbodi ments 1 and 2 i ncludi ng the aboveTdesaomdrees t hin
filmtransistors can have stable elecP?ic characteristics and high

reliability WO 2011/ 046025PCT/ JP2010/ 067195 91 [0423] Thi s
enbodi nent can be i nplenented in appropriate conbination with the other
enbodi ments. [0424] (Enbodi nent 10) In this enbodi ment, an exanpl e

of thin fj bt ' b0 l:0Qi ' ko j 1 or
Erbodi men? 37 LRISLE (108 g FL YBEFmbRfiy g abicd ACHSbechl SIDRBLIERE o T
partly didyeeBd@2b oferotine Hibogateremtulafingdayer 173e; thamufhecgate insglapngdass iof a
thin filmtransistor will be described with reference to FIG 14. Since FIG
14 is the ae as FIGS. 11A to 11E except for part of the steps, common
referenceyqpgeral s are used for the same portions, and detailed description
of the sane portions is omtted. [0426] 15First, a gate electrode |ayer 381
is fopmed over Naxis bs toxideeserioondani@r dayer ris tforyagde andh Shgmprasgssedyinio @v2a and

a second.gate. insulating |aye 72h are_stacked. thereover in accopdance
it enbbariemerat el Sern bl ie T ) HEEARRE Sracker RalHE o

| ayer st em®bdifent, tho\biti@dsenibdiducthe 1dyes 18l fairheDwith ueputdtthganetbisd dethithsul at i ng
| ayer are used as the first gate insulating |ayer 372a and the second gate
i nsul at i Hef ofAndn-GarZB;O-based metal oxide target.

[0430]

10 In that case, the oxide semiconductor layer is preferably formed while
removing moisture remaining in the treatment chamber. This is for preventing
hydrogen, a hydroxyl group, and moisture from being contained in the oxide
semiconductor layer.

[0431]

15 In order to remove moisture remaining in the treatment chamber, an entrapment
vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. Further, an evacuation unit may be a
turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as

20  water (H,0), and the like are evacuated, whereby the concentration of an impurity in the
oxide semiconductor layer formed in the deposition chamber can be reduced.

[0432]
It is preferable to use a high-purity gas from which an impurity such as
hydrogen, water, a hydroxyl group, or hydride is removed to a concentration expressed

25 by a level of ppm or ppb, as a sputtering gas used when the oxide semiconductor layer
is formed.

[0433]
Next, the oxide semiconductor layer is subjected to dehydration or
dehydrogenation. The temperature of first heat treatment for dehydration or

30 dehydrogenation is higher than or equal to 400 °C and lower than or equal to 750 °C,

preferably higher than or equal to 425 °C. Note that in the case of the temperature that



20r espectively. [0427] As the oxide insulating layer, a silicon

oxi de layer, a silicon oxynitride layer, an alum num oxide | ayer, an

al um numweynittusase | ayer, or the |ike may be used. As trhe/Jpdioneraos
insulating layer, a silicon nitride |8%er, a silicon nitride oxide |ayer,
an alum num 25 nitride layer, an alumnumnitride oxide |ayer, or the |ike
may be used. [0428] In this enbodi nent, the gate insulating | ayer nay have
a structure where a silicon nitride |ayer and a silicon oxide |ayer are

(s (y TSP 3 G PRI o R e fUEh i bl gt Bl MY

thi s enbegdifeRinpetaturt Qbd¥BHan4dH 8, StiRUAdaE fieBGhdie tingdisaongerf thés bn@ aber.
insulating | ayer 372a and a silicon oxide layer (SiOx (x > 0)) with a

t hi cknesé&leod, the substrate isNmtpguagdongOREEET g Prmagy whirhgs ono oBhent tieptmest usi ve

100 in_thi nbodi i d ' | atj
§72 overPrraufeyREr faPEenh RS Ry B USRRAMRARE KyIE I Zhiriien 2VFT
| ayersi s afrfdsphéte, 4R &SN, Bllexide tdngicondudr 3ok GoRGUEIdRed Ayt dissd drared and

then processed into an i sl and-shaped_ oxi de sem conductor |ayer in a
phot ol i t BRfgY apMAtesranddiysirogen intp the cyiflsatemipRnduetos lgyer de PEpitedndlittsor | ayer

. L7 eyl bl SR 0 LB M e Shagiodan e Qg
pr ef er abhjghf i W,Bdas Sor an ultra-dry air (with a dew point of —40 °C or less, preferably
—60 °C or less) is introduced into the same furnace and cooling is performed. It is
10  preferable that water, hydrogen, and the like be not contained in the oxygen gas or the
N,O gas. Alternatively, the purity of the oxygen gas or the N>O gas which is
introduced into the heat treatment apparatus is preferably 6N (99.9999 %) or more,
more preferably 7N (99.99999 %) or more (i.e., the impurity concentration of the
oxygen gas or the NO gas is preferably 1 ppm or lower, more preferably 0.1 ppm or
15  lower). '
[0434]

Note that the heat treatment apparatus is not limited to the electric furnace, and
for example, may be an RTA (rapid thermal annealing) apparatus such as a GRTA (gas
rapid thermal annealing) apparatus or an LRTA (lamp rapid thermal annealing)

20 apparatus. An LRTA apparatus is an apparatus for heating an object to be processed by
radiation of light (electromagnetic wave) emitted from a lamp such as a halogen lamp, a
metal halide lamp, a xenon arc lamp, a carbon arc lamp, a high pressure sodium lamp,
or a high pressure mercury lamp. An LRTA apparatus may be provided with not only
a lamp but also a device for heating an object to be processed by heat conduction or heat

25  radiation from a heater such as a resistance heater. GRTA is a method for performing
heat treatment using a high-temperature gas. As the gas, an inert gas which does not
react with an object to be processed with heat treatment, such as nitrogen or a rare gas
such as argon is used. Alternatively, the heat treatment may be performed at 600 °C to

750 °C for several minutes by an RTA method.
30  [0435]

Moreover, after the first heat treatment for dehydration or dehydrogenation,



removing noisture remaining in the treatnent chanber. This is for
preventi ng hydrogen, a hydroxyl group, and noisture from being contained in
t he oxi deweemnmiic@odact or | ayer. [0431] 15l n order to rempPCE/JRDI1GHDCMES
remaining in the treatment chanber, afi4entrapnent vacuum punp is preferably
used. For exanple, a cryopunp, an ion punp, or a titanium sublimtion punp
is preferably used. Further, an evacuation unit may be a turbo punp
provided with a cold trap. In the deposition chanmber which is evacuated

uh L LD yRACRMIEY B WIPORSH AR Rond 260 TR+ inRIENATp@ ) GRAR At om
such as wat er e Tike are evacuat ed ere%y t he

concent rat)oeﬂ t@BO@PClummwweI,m axfbiytgen Qx4 atthosgiivre onaNeO @as htayssphdrer ned in the
dep03|t|on chanber can be reduced. [0432] It is preferable to use a
hi gh- pur il@4864as from which an inpurity such as hydrogen wat er, a hydroxyl
ar oup. - of My A g lr JEIREGL of tFORARD LE AR EAPLESS Ay o ﬁ bVl Of
ppm or ppb, as a sputterin used en e OxXl entc n ayer is
fornmesl. [bB&BS] processing Maxt pxidhe senicdadseod cl@mfuahtmr thayeslandshlsa,l bpddeéed to

dehydrati on, or dehydrogepation. The tenperature of fir %at treatment for
dehydr at SBRicapdustordaYsrdr Byknhtasenalies the ﬁ%rheﬁthfé??narmteﬁtfa%u giEata dptakenng

Not e thac Ut PFe- g Bpdiathy ond BRROGARHoR) 0BT fgtined. cqual fo 425 ©

Not e t hat eratu
2011/0460@89CT/JP2010/067195 93 is 425 C or nore, the heat treatnent tine

b h wh th less th
425 ¢ the hoalMOPEhTHRENE PHECTS T SHEErGRLn B EvH I AR TR ES bat r ot o

i's igyrogisaedo |b@tlﬁ aBlbx§Les bxdeSs btdfcNARM, WM Gidd SerMidEnddlcton afer thas AlgiRNt
apparatuses, heat treatnent is perforned on the oxi de sem conductor |ayer

in a nitrottance temis phe raxideasrmicorductor Hayesxbegemse rityRind fsacerdinglyetn i s not
exposed 4,04 ngpi%b{ldtfc?or l%?etr 3%9&&%%0%%}’}@&@4 AR YA Y8Rt 0 the oxi de

seni condyct P& “oxtide senlconductor | ayer is
obt ai ned[0438] er that a h|gh purity oxygen gas a high-purity N20 gas, or
an ultra-dry air (mnt .dew pojint of -40 | ess, prefe abl 60 C or
less) is int roHatsfeacmt%ﬁm@ygahéowdfﬂyeéﬂaﬁaﬂ%ﬁmlm P%tob%yfzd% is

10 pigferaf ﬁlag!ﬁgst fﬁ\;@&@ in a PYSIDR@EPra : P@f'eprécgﬁ ! 'éf&lﬁ%els%yoﬁﬁgﬁ Qél&ﬁge]yn t he

oxygen gas or t gas. tern y, the puri e oxygen-gas or
the N20 ghsrebhiachourse elettradtulager 38ftacantche draatel¢atode rlwwr 38ph ara forsmeds

(i e oMb Ap ey RO RO  BIEh AU othe 20 gad (6
pr ef er abjos3d) ppm or [ ower, nore preferably 0.1 ppmor 15| ower). [0434]
In that case, the oxide insulating layer 386 is preferably formed while removing
20 rrtoisture remaining in the treatment chamber. This is for preventing hydrogen, a
hydroxyl group, and moisture from being contained in the oxide semiconductor layer
382 and the oxide insulating layer 386.
[0440]
In order to remove moisture remaining in the treatment chamber, an entrapment
25 vacuum pump is preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. Further, an evacuation unit may be a
turbo pump provided with a cold trap. In the deposition chamber which is evacuated
with the cryopump, a hydrogen atom, a compound containing a hydrogen atom, such as
water (H>0), and the like are evacuated, whereby the concentration of an impurity in the
30 oxide insulating layer 386 formed in the deposition chamber can be reduced.

[0441]



Note that the heat treatnent apparatus is not limted to the electric
furnace, and for exanple, nay be an RTA (rapid thermal annealing) apparatus
such as awORVA/@e@s rapi d thermal anneal i ng) apparatus ecTamdiboexigd anp
rapi d thermal annealing) 20 apparatus?®An LRTA apparatus is an apparat us
for heating an object to be processed by radiation of |ight

(el ectromagnetic wave) emtted froma |lanp such as a hal ogen | anp, a netal
hal i de | anp, a xenon arc lanp, a carbon arc |anp, a high pressure sodium
llanp, or a high 3 frefdtitfle BT Gl ¥ Hi%i@”g&%ﬁ%@hﬂ%n{ﬁﬁ@@u&{ qyi ded
with not only a lanp but also a device for heating an object to be

pr ocess ebydrpgérsavaterpadipidtoxphgronp hadtydpige nsaxtimmved o f congeatrhien expresseh as a
resi stange heater. GRTA js a nethod for rform ng.heat -treatne using a
i gh- t enBEAATIH B D Of Rgboic GHLer iz Aot R WSt R AT w han
obj ect t @raRdprocessed with heat treatnent, such as nitrogen or a rare gas
such as argon is used. Alternatively, the heat treatnment may be perforned
at 609 Cl@4¥2¥50 C for several minutes by an RTA method. 30[0435] WD

2011/ 046025PCT. 067 4 teiire t ormed at from 200
Cto 400 C incﬁﬁgﬁgégkﬁgg%%gﬁ%??qﬁggﬁ#fgﬁggﬁgggggél%gfnceESive, in an
oxygen gg®4ainosphere or a N20 gas atnosphere. [0436] The first heat

treatment of the oxide sem conductor, | ayer nmay pe perforned 5 before
processi ng t heNgxh de 0&dsti togrduret ¥Anatigy di elgeted sﬁae’a?tgm%wa-qfi the tyg; 'gléﬂ

sem cond a é - t he
substratg%%§§?§k§%ﬁgﬁbﬂg%Pﬁﬁg@ﬁggx?ﬁgﬁgaﬁg?ggég{%ﬁ%ﬂga%ﬁ%%b Ith dPg%hy step
i s peo f obepecfolnid3ia] anlinen wgh atriesphlreve apdinogasgascnimesplicke rgieaample, t he

oxi de sem conductor layer is 10 nade to be in an oxggen excess state; thus,
the oxi dehedisat Eenvmerttipperferyned in a fitggh atmopheistah 4@ “Cforgneihourt he oxi de
senicondgﬁﬁgg | ayer becones i-type. Accordingly, an oxide sem conductor

| ayer 382 whise entire region is i-type is obtained. [0438] Next, a
conductive | ayBurthes, Heat feAmentahay bepafirtrdsetde o0 do20@PC ligghasivedB2ond 15
resist mask is fornmed in a _photolithography process. Etching is_performnmed

sel ect | vBeyr, toyiRdraas /inglusiyarie heatie c tlpgliis epbpdimengsheah eatment winerfernaed r ode

ol 2080 B o P SRS B R A ARG (1 @

sputterihg 0 ( _ insulattng Tayer
pr ef er abtempepdtiRd Whehifativ€l§DieN@llowing change in the heating temperature may be

conducted plural times repeatedly: the heating temperature is increased from a room
temperature to a temperature of 100 °C to 200 °C inclusive and then decreased to a
room temperature. Under a reduced pressure, the heating time can be shortened.
20  With this heat treatment, hydrogen is introduced from the oxide semiconductor layer to
the oxide insulating layer; thus, the thin film transistor can be normally off. Therefore,
reliability of the thin film transistor can be improved.
[0445]
A protective insulating layer 373 is formed over the oxide insulating layer 386.
25 In this embodiment, the protective insulating layer 373 is formed to a thickness of 100
nm with the use of a silicon nitride layer with a sputtering method. |
[0446]
The protective insulating layer 373 and the first gate insulating layer 372a each
formed using a nitride insulating layer do not contain impurities such as moisture,
30  hydrogen, hydride, and hydroxide and has an effect of blocking entry of these from the

outside.



20 noisture remaining in the treatnment chanber. This is for preventing

hydr ogen, a hydroxyl group, and noisture from being contained in the oxide
sem conduwwbaniay@s 382 and the oxide insulating | ayer 2864Jpriddddénod n order
to renove noisture remmining in the tPeatnent chanber, an entrapnent 25
vacuum punp is preferably used. For exanple, a cryopunp, an ion punp, or a
titani um sublimation punp is preferably used. Further, an evacuation unit
may be a turbo punp provided with a cold trap. In the deposition chanber
which isg uated wi th the cryopunp, a hydrogen atom a conpound
containlég a ' hydrogen atom such as water (H20), and the like are

evacuat ed, whefTabrgfdrbe m:omanmmfanturmg @focass mlﬁtpnrﬁotryatimn toffi eth8 Optdctiee

i nsul atin ayer 6 formed i.n the deposition chanb b educed.

[ 0441] \r@g§ %é‘ /Ieﬂ%oﬁépeﬁrﬁ ﬁf@i‘o‘f’é}%*?‘iléﬁu% as moisture °’Pstﬁ é‘?sé‘ﬁeaﬁ?fb%‘f o use a
hi gh- purigtvefd. f FRTheMuveR aftBr 4 BRKEd & ¥oR Pfelfhdaa% a@éﬂﬁ&ﬂﬁﬁetoiﬂ@é\ﬁée sudhRydr oxyl
group, or hydride is renoved to a concentration expressed by a level of ppm

or ppb, adigid puystabdlspgygbylcg,s@urwm‘em trhurgy isueh iisnlslmsatrﬁ epnk Mheeputsde i s
formed. 5[0442] Thrqu bov , hi n, t ransi can be
f or ned. f%‘hh%f’ everted 9*&@{@ E) % 1?%&? ?blp{y (ﬁﬂ rq%e ec%‘% |gc

char act entigbveggs of the thin fil mtranS| stors, heat treatnment (preferably at
150 C or higher and lower than 350 C) may 10 be performed in an inert gas
at mosphed@481 a nitrogen gas atnosphere. For exanple, the heat treatnent is

erformed in a f hov
IF:)urt her, hleat rea{ h‘gﬁpo m%gggég#%%ﬁ%b}%%nf%p@'e?cg@g%mg%ﬁ L?gls\z?é for
one hour férnedQushipus sittide linsalaviag ilayet Iaﬁd aliner firsk gatehhsulaimgoldyeredit2a thayabe

treatnment is perf d 15 at 150 C .fo S heat t eat msnt may be
per f or medeaeved &’ég‘iﬁe%fﬂeﬁﬁv‘? E}?B]éPa% e P8 i g ?f&&%ﬂe insulafing ng

change i B75 gcheabidd Wit 'RRehdtHir.e may be conducted plural tinmes repeatedly:
the heating tenperature Is increased froma roomtenperature to a

t enper at tﬂ@@r%f 100 Cto 200 Cinclusive and then decreased to a room
t enper at ur e. a reduced. res ure

h h d.
20 W chis nesror bt HERRR arD g oSl R RturdhY B, SRRV GoRE "

sem ggndued gkidk %éﬁﬁcdrﬂu&tb? 18et d@e irédiebdtas NElut iR Ue rposdibldSand Btry dif Nsuth | m
transi stor can be nor nal lé off. Therefore, reliability of the thin film

transi st onpeEieshés | Prpy s¢ othqt5]the concentration of impurities in the oxide

semiconductor layer can be maintained to be low.
[0450]
Although not illustrated, a planarization insulating layer for planarization may
20  be provided over the protective insulating layer 373.
[0451]
The logic circuits in Embodiments 1 and 2 including the above-described thin
film transistors can have stable electric characteristics and high reliability
[0452]
25 This embodiment can be implemented in appropriate combination with the
other embodiments.
[0453]
(Embodiment 11)
In this embodiment, examples of semiconductor devices each including the
30 logic circuit in Embodiment 1 or Embodiment 2 are described.  Specifically,
appearances and a cross section of liquid crystal display panels in each of which a driver

circuit includes the logic circuit in Embodiment 1 or Embodiment 2 are described with



A protective insulating layer 373 is formed over the oxide insulating |ayer
386. 25 In this enbodinent, the protective insulating |layer 373 is forned
to a thi ckoess/@602500 nmwith the use of a silicon nitripdedpzyensadt h a
sputtering method. [0446] The $fotective insulating |ayer 373 and
the first gate insulating | ayer 372a each formed using a nitride insulating
| ayer do not contain inpurities such as noisture, 30 hydrogen, hydride, and
hydr oxi de and has an effect of blocking entry of these fromthe outside.

WO 2011/ Q48Q25RCTH¢HR293R/:0§3E95 FAGS] P 4hd 15C are pIlRSASIL6€pankR iRt each
f f

manuf acturing process after formation of the protective i1nsulating |ayer
373, ent ofy whiichathin fijmr iransissors 4046 amdi 421Urandf 2 diguidherystat sledent 401hare
prevented. Further, even after device is,c | et as..a semnco ctor
flevi e stratrleacer ¢ A Pubtmfs e fids fosp e SORRa® Bl iobe SEHRFRDORT ) such
as noi st pr@ 15895k thRsQettdhalei&R tallRe aRin@\aiead-Nin Fig 15ang 1serm therefore,
long-termreliability of the device can be achieved. [0448] Further, part

of the iH¥akhting | ayers between the protective insulating |ayer 373 10

formed using nitride,hhsul ati. | ayer an £ t @ lLatlng | ayer
372a may be re ev%e&ia%lgélwg > Hf%vé‘r’]%dr ot %Scttoi ¥ g%}"trl\i]glpéx[e? ﬁénﬁ%giy@P 2 %ﬁg a%%dl t he
first gafige UAseH ctcut GHObAWHich3 drépravided Bveraht digét stbittat€ashl .ot Tier secdriit49]

Accordi ngly, impurities such as nojsture, hédrogen, hydr i de, ., and, hydr oxi de
in 15 t haubskataf006 s prrvidedtayer theypixelpartipn d102 and theniran line dsiyes pisput and

entry of h A 1.1 L S t CRRGEN [
i mpuriti %@Mign dt({;lqgé%ff%%%%g%%x%gﬁ%%%ggm?%’grtﬂggcn&ge emai nt ar1:|Fl {%gfcti 4’? 24 %?ae | ow.
[ 0450] sealed together With hdigyid oyttal layers4008t bd thafipst aulsstiaea4(10dn thenwalaat | ng

: g));g; ];(7)%0(%[,33 rgl}ezgetcgl(lj s&g}/rat%ofb%6p ' vasiigr?a li(r)l\éedrrivgrh gr’ uritoi(ﬁ)%tt. \a{teisitlcgtsnlf&l,cf1 ting
using a single crystal semiconductor film or a polycrystalline semiconductor film over a
substrate separately prepared is mounted in a region that is different from the region
surrounded by the sealant 4005 over the first substrate 4001.

15  [0455]

Note that there is no particular limitation on the connection method of the
driver circuit which is separately formed, and a COG method, a wire bonding method, a
TAB method, or the like can be used. FIG. 15A illustrates an example in which the
signal line driver circuit 4003 is mounted by a COG method. FIG. 15C illustrates an

20  example in which the signal line driver circuit 4003 is mounted by a TAB method.
[0456]

The pixel portion 4002 and the scan line driver circuit 4004 provided over the
first substrate 4001 include a plurality of thin film transistors. FIG. 15B illustrates the
thin film transistor 4010 included in the pixel portion 4002 and the thin film transistor

25 4011 included in the scan line driver circuit 4004, as an example. Insulating layers
4041, 4042, and 4021 are provided over the thin film transistors 4010 and 4011.
[0457])

Any of the thin film transistors of Embodiments 3 to 10 can be used as

appropriate as the thin film transistors 4010 and 4011, and they can be formed using
30 steps and materials similar to those for the thin film transistors of Embodiments 3 to 10.
Hydrogen or water is reduced in the oxide semiconductor layers of the thin film

transistors 4010 and 4011. Thus, the thin film transistors 4010 and 4011 are highly



The logic circuits in Enbodinments 1 and 2 including the above-descri bed
thin filmtransistors can have stable electric characteristics and high
reliabi | iwg 2p04B2]2525Thi s enbodi ment can be i npl enent ed pcw/Jappo/ogmozat e
conbi nation with the other enbodi nent8 [0453] (Enbodinment 11) In this
enbodi nent, exanpl es of sem conductor devices each including the 30 |ogic
circuit in Enbodinent 1 or Enbodi nent 2 are described. Specifically,
appearances and a cross section of liquid crystal display panels in each of

L R T N L U A S
r ef er encd01 oark nGEhandd AhihdilhSfansistosdS. 15A and 15C are plan views of panels

in each of which thin filmtransistors 4010 and 4011 and a liquid crystal
el ement 4¢#P8lare seal ed between a first substrate 4001 and a second

substrate 4006'«%&&&1\%%&@1“&044)0&%&(1% oveBpht o thE mmﬁgtwé}acioz\ﬂ ew
taken along a line MN in"FI G 15A or 15C »5[8454] The seal ant 4005

is provi edhichsavedsps with arahaund fernpitioeregion of am 04de Zemmdnductenlayér indhelr i ver
circuit 4004.which .are provided over .the fir substra 4001. The second
substr at _ﬁ“ﬁof_é)‘él Uanyp 89i4§éﬁ‘ over °PH ucb‘ivigflyeﬁo‘?(hooﬁ RBY; egnﬂl ?iheepg%g%nl i ne
driver Cbo&w_pPir%O%h fRNeRMHEN Fdnhatibh Sreionebf B bikRlR diidomnididrhayacan | i ne
driver circui 004 are 10 seal ed to&et her with a |liquid crystal |ayer

4008, by whaeeby i the tamoypt of ghangeop1thrasheldsediagaof 4boghingfilen tgasister 4AKI
substr at 006. si.gn L ri i regyi i S.e:kQn ing a
singl e csge/‘g’ ea?ndséginglrégenggctf %;}2? :%ler#(g{rcegl p%tﬂygernégfgﬁ{h?%éng%%ngéﬁggégﬁ 19 ilm

over 1@ sSubgtbatie sapaoatdiffyrepr &oar ethticf agart eldctrodealayegiobnhd lisih filn
different fromthe re%i on surrounded % t he s%al nt 4005 over the first
subst r at Banggar 49}.045hg conductiveNgyer R4} ituncionnas @ seead #a'% ¢ ati on

on t hec‘&%féf?ntgﬁei)lg%rﬁe Fﬁﬂﬂerqhegaﬂﬁeél%f Ifbhe Ebhduldtive PHECH04PmERBE "GNI?' y Vi or med,

and a , a Wi re bondi met hod, a TAB method, or the |ike can be
used. FI & thtTAndudtive layat 484Gtmapbanph dloptingitateh Note dagihalcohdustivellayeer
circuit ﬁg%g i S nount e?y bly aq‘7 met hod. FIG 15C illustrates an 20 exanpl e
in which ISTOLASHCSIAINGPIMIAEr circuit 4003 is nounted by a TAB met hod.
[045¢3 [0459] The pixel portion 4002 and the scan line driver circuit 4004
provi ded over the first substrate 4001 include a plurality of thin film
transistors. FA@ixdbee¢tradgstayen 4830 nsludad rn fthe diquidapeysiet slempnt 01 Hds uded in

the pi Xelelegt?{cglll)(/) Qon%%((:)t%d ‘?lona(ljI S(Eur}ge (t)rh(irginfeilécWoEiE ?ar}gi 8t 8L 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
20 electrode layer 4031, and the liquid crystal layer 4008 overlap with one another

corresponds to the liquid crystal element 4013. Note that the pixel electrode layer

4030 and the counter electrode layer 4031 are provided with an insulating layer 4032

and 'an insulating layer 4033 functioning as alignment films, respectively, and the liquid

crystal layer 4008 is sandwiched between the electrode layers with the insulating layers
25 4032 and 4033 therebetween.

[0460] -

Note that a light-transmitting substrate can be used as the first substrate 4001

and the second substrate 4006; glass, ceramics, or plastics can be used. The plastic

may be a fiberglass-reinforced plastics (FRP) plate, a polyvinyl fluoride (PVF) film, a
30 polyester film, or an acrylic resin film.

[0461]

Reference numeral 4035 denotes a columnar spacer obtained by selective



25 4011 included in the scan line driver circuit 4004, as an exanple.

I nsul ating | ayers 4041, 4042, and 4021 are provided over the thin film
transi st owe 2401@¢@nd 4011. [0457] Any of the thi rcrijpmid/nemss st ors
of Enbodi ments 3 to 10 can be used as9%ppropriate as the thin film

transi stors 4010 and 4011, and they can be formed using 30 steps and
materials simlar to those for the thin filmtransistors of Enbodi nents 3
to 10. Hydrogen or water is reduced in the oxide sem conductor |ayers of

the thinefdhld®IraaiadubdidbSilt0 204 #REofRdrkr sgdtesis grb@dedinbrlidd @cbh@RShet or s
4010 and 401T are highly W) 2011/ 046025PCT/ JP2010/ 067195 98 reliable thin

filmtradstaerceo(scell gap)hbetwesrbthdi pireltelectiode dayien 4030 and theneuatasretectrod® and
4011 are,n-c el  thin.filmtransistors. [0458 conducti v ay 4040 is
o ovi ded HBEERORGr (A ethively, RuibERF ShRtes apahs vhe e R AT Sp o The o
chann_el tou&tdirode tHyen4@51 i@@le@tﬂ&ﬂy 8&iﬂe@@ﬂd¢l§b@ﬁm{ ential ﬁrkb?fohhbc_ﬂl film
transi stor 4011. The conductive |ayer 4040 is provided in the position

over | appioner the substrate velean thel thinolilratransistoreAdil O s fe Dhe eruniasgleciadect or

| ayer, t €:1.n e I f t in film
tr )a/msi s\t,\,‘lc])asfeﬁgqil E@‘ g{rgg&géflc}gé %3 %?H%hléﬁ%ﬁa&}h%es ? llaggéﬂa ecé'g.%gtggé.o e%\abgpfgﬂt i Ial of
t he conddgbugtecdndyétivediddclddpisaidel detven Shapainof slitisfratee nsing tenodniradn of a

gate el ectrode layer of the thin filmtransistor _4?1 ...The conductive | ayer
4040 cancamegtionplitipnn HNetedhaldherrpdystive Rardeles ¥adng ‘é‘{lFér“.l t\m feakaBr4005he
potenti akgsbhit he conductive | ayer 4040 may be GND, O V, or the conductive

| ayer 4040 n‘Ly be in a floating state. Note that the conductive |ayer 4040
is nt® necessaAlttgapvaly,ilomid cryShDepdiiiting a blue phagi foe whathemtaligdmehtffler 4030

i ncluded.jn the |iquid | element 4013 is electrjcal ted t
Sour ce. of® WPy dbes BRQFy o T Dise dhione Pt R SHRREplbeBOTBRR A Count o

el ectr odgedcsed jad kit 4 BRolbiterid PhaseySHankeseindnt isdedpic Igﬁasfeocvﬁﬁél thé the
second substrate 4006. A portion where the pixel electrode |ayer 4030, the

count er Mpsrateter @fdehdlesjesic howid cragtel ishiaciepspdi d Snogsthalblyeaplase goomlvver | ap

i th : Li qui . h
the pi xolORFLEF WG § BSROVIRbOatRE it S feRlsP BhBERTpn Spyh o "
provisledchyrdl hagamt aths ulted iofGnéraYisrusé®Iar tedliq@id i drpstd] albidtgdd08Y R ordes o

functioning as alignment films, respectively, and the liquid crystal |ayer
4008 is HBPEVE Bisdemperatwseranghe Eheliquid guvstad gemposiiieminchdinglavidierysgl | ayer s

25 4032 d, 4033 t.her tween,... i - mtting
substr at SO BICRRRE IR chikad B8 has 2 short Bibrid Bhneibr LB 4 REECY (5
4006; gl asdis Gticaly ¢sdiropic; heasbies alig@herhardagfeht iJ M6t pdoasdahc amdyiehéng
fiberglass-reinforced plastics (FRP) plate, a polyvinyl fluoride (PVF)

film a segedgrandenceis|smally, Iy gdditipy, sipce s phigrmentyfilm’ does not need to be

20 provided and rubbing treatment is unnecessary, electrostatic breakdown caused by the
rubbing treatment can be prevented and defects and damage of the liquid crystal display -
device can be reduced in the manufacturing process. Thus, productivity of the liquid
crystal display device can be increased. A thin film transistor formed using an oxide
semiconductor layer particularly has a possibility that electric characteristics of the thin

25 film transistor may fluctuate significantly by the influence of static electricity and
deviate from the designed range. Therefore, it is more effective to use a blue phase
liquid crystal material for a liquid crystal display device including a thin film transistor
formed using an oxide semiconductor layer.

[0463]

30 Note that this embodiment can also be applied to a transflective liquid crystal

display device in addition to a transmissive liquid crystal display device.

[0464]



[0461] WO 2011/ 046025PCT/ JP2010/ 067195 99 etching of an insulating film
and the columar spacer is provided in order to control the distance (a
cell gap)wbaevwam2she pi xel el ectrode | ayer 4030 and thectaemuenciadect r ode
| ayer 4031. Alternatively, a spherical®spacer may be used as the spacer
4035. The counter electrode |ayer 4031 is electrically connected to a
common potential line formed 5 over the substrate where the thin film
transi stor 4010 is formed. The counter el ectrode |ayer 4031 and the common

potential line A%Plé@?a E&lﬁﬁ%@%ﬁ%& %é\é)?@ﬂﬂ&%@filﬁ%%é?@fiﬁa&tmﬁe Llyseaeton

conductive partic pr ovi en the pair of substrates using the
common ¢ thenaewensidgomidi aocnlofigg yehatd arheectonituaydrweed forta displgy alemenhc| uded

in the sealant 4005. [046 10Alt ernati vel liquid crystal exhihiting a
bl ue phad® fgre _lémféwﬁsff %"aﬁ ARneE i ?es?ﬂﬂﬁ_e%‘gé‘é ‘F;}nry‘r@%/e_aénﬂgé’ LN
phase i sigB@ Qfsthll APISY SEWEE Me P1ATARg plid My b HENEERbE thd hér Nefee e a
chol esteric phase changes into an isotropic phase while the tenperature of
chol e5t epf thel substrate.c r Thet sidcked siragtvrieanfdbe pelanziag phse pnd theoloring layasns y

generated w.thin a rroyw. t enper.at ur ange | i.qui ition
cont ai ni Hatmkmitgg 12 htF?atalln tgtfe?ﬂ“ P 1m§ntv\§q}({ crpra%]'rr%er getiag ue g%Pﬂ%e? h?]keéﬁﬁrég(%?d
crystal Ihay@ialQF8tHen polagieingt @ldtérpdr@v ehd hedlér@ippaayir UbE doadfns TR the qui d

crystal conposition including |iquid cr%stal exhibiting a blue phase and a
chiral agw@nufapbsing pserses  FaEhema dight-Plecking filmserying as aRlackmatrxamay,ps cal | y
i sotropig. kharefore: 1 ﬁq&m] ../ S not necessary and view ng
angl e deg{aoﬁ)i eﬁégaﬁgﬁéon@tkgq n aggilfs??aé/ ,Wé(l)dhce an alignnent film does not
need10oo Pet63) provi ded and rubbing treatnent is unnecessary, electrostatic

br eakdown caused by the rybbing.trea nt e. pr.event ed, and ects and
damage of the |Va"u¥}lf ?éﬂ’éﬂ trﬂ‘%éﬁ?rﬁy‘_hggv?@?@gg tﬂg_‘f‘ _%fb‘@dlaiyﬁr t‘lﬂg 15
manuf act Wiad iR cOf@sSwith HeSoxid LEHESddbIoY 18krst NEhb ikl Aing 1y A04 Hicap! ay

device can be increased. Athin filmtransistor formed using an oxide
seni condbetform¢daysing pamatasial andya methad phicdi are| simylax e tthese eeft thecoxide

characteristi.cs,of the thin 25 fdilmtransistor fluct .sleanificantly
by the i HSP{?EH% éa)gf Js?]f'cﬁbleg "élaé%t(ffi tb? tefP bé’ﬁgn%flet%i a}'?%x”f ?Sb#%et %galgté@é %ﬁjgé range.
Ther ef or @p41,ta diEcdiPéddedyeeis foembd bysesputtbline nipftasie [Fugthied ey pisteativerat eri al

for a liquid crystal display device including a thin filmtransistor forned
usi ng aninsrlagag dedisdoaned ey and iy condat Vggl\%‘?én%“ll?é{ngtlﬁ}’% WOthodihent can

al so be i . 1 i Lau d. R i i i

i t 1 on B4 L IBOE DALY b (i 4 ShiEon GHAR BYer B by,

2011/ 04602 DRUT/ thPrdhi0é Qler 58FackOoughness cabistéddbygtheathpo|fdm mangistptsatthe i s
provi ded on the outer surface of the substrate (on the viewer side) and a
col or i ngiNs4lrEpe layar %Q?leﬁe%l@% %phag%atlgggﬁu%pg Yars P'fﬂ}edgl ement are
sequ%@ti ?646% provi ded on the inner surface of the substrate in the exanple
of the | quib crystal display device, the polarizing plate nay be provided
on the inner sThé aselating layer 4021 is formed as a 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 possible to use a low-dielectric constant material (a low-k material), a
25  siloxane-based resin, PSG (phosphosilicate glass), BPSG (borophosphosilicate glass), or
the like. Note that the insulating layer 4021 may be formed by stacking a plurality of
insulating layers formed of these materials.
[0467]
There is no particular limitation on the method for forming the insulating layer
30 4021. The insulating layer 4021 can be formed, depending on the material, by a
method such as a sputtering method, an SOG method, a spin coating method, a dipping

method, a spray coating method, or a droplet discharge method (e.g., an inkjet method,



5 of the substrate. The stacked structure of the polarizing plate and the
coloring layer is not limted to that in this enbodi nent and nay be set as
appropri ave 2depaedsng on materials of the polarizing pl ace/Jemdonéresscol ori ng
| ayer or conditions of the manufacturiOdg process. Further, a |ight-blocking
filmserving as a black matrix may be provided in a portion other than the
di splay portion. 10[ 0465] Over the thin filmtransistors 4011 and
4010, the insulating layer 4041 is formed in contact with the oxide

sem cond - ave [12%; j : Jraelifsa a

mat eri al y%%%{ %ljlﬁéj%ga O\iﬁﬁ? %‘ﬂ‘g‘?{gﬁ tsolr %gtf)gl?&tﬁglp f‘%ﬁ@eﬁ‘gﬁ afb ﬁec{ogii delfP’nAs E(Ig gt i ng

| ayer deseatéheduitainaroptenf ort hkniferboaenre it bakingestep ofishe insulatisgilayei AG21 ayer

15 4041, silicon oxide I?éer is. fo dl%?/ a ﬁ%ugteri Iqﬂ mét od.. Further,
the prot 850 iSFReT AS APIRAIIRG of 4k Ferig A uclor ARy SreRho% ASTHCWEHTGL FXFE h t he

i nsul ati pgh heehufdQikd effi@edyot ective insulating |ayer 4042 can be formned
using a silicon nitride layer, for exanple. In order to reduce the surface
roughmes§0468lised by the thin filmtransistors, the insulating | ayer 4021
serving as a plkanarization.insul gk er is far 0 ] The
i nsul ating | aytﬁe RB‘f_fL efegg?%ﬁ' E@ggr 3@5(5;%%%1 far c|)uzn§1 g %ﬁ&?(%ig u]%g%ri ﬁgﬁl %%Ille]?ef As the
i nsul ati pgmea\Bing4D8 ht-t?dhsﬁlﬁtﬁﬁgic@nd[&itieé infdteri \sucly ad @aliuh e stida@ypuch as

pol yi m de, acrylic,_ benzocycl obutene, polyam de, or epoxy can be used.
Ot her t hidiwning oyidsi dZ@atiar which, zipg oxidep@Q)pisemixedy e indiyngpxades | et ri ¢

const ant ] . -qaterial ). : Si al= - @S| G
(phos phog(lg’gﬁugg%eglné Feglsa ls @V@ﬁ% 1?%%@8%@838?’%@ 1? in(ll:lgfégrﬁgll ass fjoxg(?é’t a'HF‘iSke.

Not e1d haindilme, ionganbth, mgdilmy exidé0 2dntamyng auhigstare dxide, sindokn ngna @lide al ity
of insulating. |ayers for;ggd. of these materijals. i[.|0467'h There i.s no

par ti cul SPUHAIRE HPEYT K hindigm ipxide; gantapng, tan He ¥ HEUY pmh 4in) 9K 30
4021. Theojiaoalthfdm MEE AQRd 1ikaN P&tHep! iBHe cARPORE RYigh-tlahnifBder i al |
by a nethod such as a sputtering nethod, an SOG nmethod, a spin coatlng

met hod, progeppingotmetededi or a reflectingcprapdriyisnmaededi in arreflectiveplauid eystehar ge
met hod (e. g, ., @an. inkjet hod WO 1/ 025P P201.04,067 01 screen
printi ng,glsgllay&Ylg&qﬁépiwrlgt?&r?deol@yg A.ﬁ)g@lan 3@%? ur?eq%l{%]ecgﬁ)ég l%?’g ' égglo%%"or

kni f g5 abé @rined ABin@ronedr Ghidrt XinilsIahRérialEelectkd frbm € artad Suchfasrdkgsieh st ep of
the insul ating | ayer 4021 al so serves as, annealing of the sem conductor

| ayer, wh¥p.apglyhdermm eMaduaicenivge (£10chafpimmy 8HbyaMaragdim (Xy Hebiney @) v

5[ 0468] I e t er: 4038: : rode

| ayer 40??%% (:tggffcg}r&n@gmugléﬁ’géw {ﬁ‘%j ’ g%s&h?’ﬁ?t %ﬁ@oﬁﬁ?}gﬁ’ l?{}%lﬁhngtpg’ri al

such as alnghinuh t(AD, coppde (Ch)J ahd silvedi(Ag); zinradlogxdfdbese Indédhlsj andMnnittide dfic oxi de
(ZnO is _mxed in indiumoxide, a conductive material in which silicon

oxi de (Ste®melsyi xed in indi um oxide, organic 10 indium organotin, indium
oXi gﬁ) COL(M%b i ng tungsten oxide, indiumzinc oxide containing tungsten

oxi de, ihdium oxide containing titaniumoxide, indiumtin oxide containing
titani um oxi deA conduchize composifion ¢cdntainingra donduative digthmplecule (also referred

i ght-t i tti ty. i t . f ti i
neaded | P 8 PornatiG SO (e rord ar oot RyeheGets g BDRERALILT oae
layer 408fhintideletfode0 e 408l €CThedpixbR ¥Rkciré@3 Yol using the conductive

composition preferably has a sheet resistance of less than or equal to 10000 ohms per

25  square and a transmittance of greater thjan or equal to 70 % at a wavelength of 550 nm.
Further, the resistivity of the conductive high molecule contained in the conductive
composition is preferably less than or equal to 0.1 Q-cm.

[0470]
As the conductive high molecule, a so-called n-electron conjugated conductive

30 polymer can be used. For example, polyaniline or a derivative thereof, polypyrrole or

a derivative thereof, polythiophene or a derivative thereof, a copolymer of two or more



15 be forned using one or nore kinds of materials selected froma netal
such as tungsten (W, nolybdenum (M), zirconium (Zr), hafnium (HD,

vanadi umw@)2e1misedzsum (Nb), tantalum (Ta), chrom um (Cr pcT@RDEALN671930) ,
nickel (Ni), titanium (Ti), platinumlOPt), alumnum (Al), copper (Cu), and
silver (Ag); an alloy of these netals; and a nitride of these netals.

20[ 0469] A conductive conposition containing a conductive high

nol ecul e (also referred to as a conductive polynmer) can be used for the

pi xel eIgﬁ%ggﬁ@lh@xﬁgﬂéQ%gcgpgegﬂgnpounter el ectrode | ayer 4031. The pixe
el ectrode orneg asi ng the condtictive conposition preferably has a sheet
resi stanf@®@iof | ess than or equal to 10000 ohnms per 25 square and a

transm ttance of greater than or equal to.70 % at.. vel.ength of. 550 nm
Further, the r SR TARELPT DRals ARLRRIERNAL Fhe GHOPHSOLE ARSI EBA (be A n ¢ he
conduct i ¥geGOARBSWhicANs fsmideepirakily thesantiRrier ettt 4064, Or Ihdpikel [ 0470]
As the conductive high nolecule, a’so-called 7r-el ectron conjugated
condu®t i perti®@go03 frem aerPGAE0l&ked. For exanpl e, polyaniline or a derivative
thereof,ﬂﬁgézpyrrole or a derivative thereof, polythiophene or a derivative
t hereof , ta pol ymer of two or nore WD 2011/ 046025PCT/ JP2010/ 067195 102

kinds of them AzBfindckien tdritenat @RRched«g4018Ms fdrfirkd Lksing the same cdnduéther filna
variety of signals and potentials are supplied to the signal |ine driver

circuit 300% PRFlcelestsodeclayerad@idpinchided yn the liquidagrystalelemept, 491%ianda t 4004,
et . g
'?Iar m (r?alol e g“@??%gté&%g{tg%?lg%?%é mefcli :E?ﬁgaﬁﬁé&gg{&%ﬁ%ﬁlg}uﬁ f({/uécf I m&ggpt Ihgn

pi xelko el elettt@tddayery ef thd @0 filmatansistrs 40 1t0kand|40dLi d crystal el ement 4013, and
a terninﬁg'giectrode 4016 is formed using the sane conductive film as
source ah#’dtain 10el ectrode | ayers of the thin filmtransistors 4010 and

4011. [0473]  The conntbfort RANRG! ERArddRI 401385 e&bﬁfcranﬂésmf’e@ﬂe‘é to% RhRRAl i cal |y
connected to a termnal included in the FPC 4018 through an ani sotropic

conduct i ineluded i the FPC 408 hjough an anisotropic conductive film 4019.
[0474]
15 Note that FIGS. 15A to 15C illustrate examples in each of which the signal line

driver circuit 4003 is formed separately and mounted on the first substrate 4001;

however, the present invention is not limited to this structure. The scan line driver

circuit 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
20  mounted. |

[0475]

A black matrix (a light-blocking layer), an optical member (an optical
substrate) such as a polarizing meémber, a retardation member, or an anti-reflection
member, and the like are provided as appropriate. For example, circular polarization

25 may be employed by using a polarizing substrate and a retardation substrate. In
addition, a backlight, a sidelight, or the like may be used as a light source.
[0476]

In an active matrix liquid crystal display device, display patterns are formed on

a screen by driving of pixel electrodes that are arranged in matrix. Specifically,
30 voltage is applied between a selected pixel electrode and a counter electrode
corresponding to the pixel electrode, and thus, a liquid crystal layer disposed between

the pixel electrode and the counter electrode is optically modulated. This optical



15Note that FIGS. 15A to 15C illustrate exanples in each of which the
signal line driver circuit 4003 is forned separately and nounted on the
first subwbnratiw4d281; however, the present invention ispooirkiiovbé7ass to this
structure. The scan line driver circuld3 may be separately fornmed and then
nmounted, or only part of the signal line driver circuit or part of the scan
line driver circuit may be separately fornmed and then 20 nounted. [0475]

A black matrix (a light-blocking layer), an optical nenber (an optical

substrat ?ﬁodﬁi‘é?iﬁn%ﬁg@-ﬁ%@%ﬁdﬁ%l{ﬂfﬁ%@hbﬁa%?et\@e?dati0” nenber, or an

anti-reflection ne are provi ded as appropriate. For
exanpl e, [@4*7¢ul ar pol ari zation 25 may be enpl oyed by using a polarizing

substrate and a retardatjon sufstrate. In additjon,.a bhacklight, a
sidelight, or tAHél“!“? R‘éfs‘ﬁjag‘slb‘éy GSeEe aapr_PPGH’c mf&b%}r when ?‘6&1%‘]“ amoving | n gn
active m?ﬁlﬁéeg il é“sgclglﬁ%%tc@i!lrs r SRt Mo dRY lififige G DRIrARY BRELKY R REFHNkEr Med on

a screen by driving of pixel electrodes that are arranged in matrix.
Speci §i capded, of3lquid|crestpd msleaylpd tlemsobeseelova si$ actedthiguexfdr iglpsevingde and

a counter electrode correspondi to.fhe pixel ,electrodg, and thus, a
liquid cl3EtH ‘W%Fefﬁﬂfl%tﬁrégléﬁ (Ifg?\klgél}ff tCWéP%i(ﬁﬁqlayel%g‘élfc?’ogjgreahsd 4 %éw%%unt er
el ect r odeechfiqaekd-ealldd/blatdimk@tien by WHich aPthtéely bIMR image is displayed every

2011/ 046025P8T/ JP2010/ 067195 103 nodul ation is recogni zed as a displ ay

pattern lotheafreinewer. [0477] A liquid crystal display device has a
pr obl em i6147t8lli|rgt, when di spl aying a noving i nmage, inmage sticking occurs or
t he novi r[|g i'tage is blurred because the response 5 speed of |iquid crystal
nol egol es t hempdlemsivelg, hodviviAg methed heallgd edduble-frame oratengrivdrgi noyi bage
characteristics.of a liquid crystal .display devjce, there is drjving

t echni quemPIYEA i1 WhIoh)2:¥ektiGah Wlﬁ%gﬁ%‘i‘%‘ﬁy ésn{ -gﬁme]s@r W%M&%Ciﬁhb/g% S

di spl ayeq,RyGE Yndit BEhidh' & - 08ki A0 L RloRBide/ b Ytie¥d hod

cal l ed dOlrJr%Fe-%ﬁ}ama r:'ghe 'rrll‘(\)/rlhﬁg rra1§/: bse%lnem())l oye% i%eafl}l/’chea H\%&ff@gal

synchr onispéedgs fmmrquaehcy is 1.5 tinmes or nore, preferably 2 tines or nore as
hi gh as 3%‘@85 mal vertical synchronizing frequency, whereby response speed

o rlrgr ’ Furthermore, as a technique for improving moving image characteristics of a
liquid crystal display device, there is another driving technique in which, as a backlight,
a surface light source including a plurality of LED (light-emitting diode) light sources
or a plurality of EL light sources is used, and each light source included in the surface
light source is independently driven so as to perform intermittent lighting in one frame
20 period. As the surface light source, three or more kinds of LEDs may be used, or a
white-light-emitting LED may be used. Since a plurality of LEDs can be controlled
independently, the timing at which the LEDs emit light can be synchronized with the
timing at which optical modulation of a liquid crystal layer is switched. In this driving
téchnique, part of LEDs can be turned off. Therefore, especially in the case of
25  displaying an image in which the proportion of a black image area in one screen is high,
a liquid crystal display device can be driven with low power consumption.
[0480]
When combined with any of these driving techniques, a liquid crystal display
device can have better display characteristics such as moving image characteristics than
30 conventional liquid crystal display devices.
[0481]

Since the thin film transistor is easily broken due to static electricity or the like,



[0479] 15Furthernore, as a technique for inproving noving inmage
characteristics of a liquid crystal display device, there is another

drivi ng twohmiwgueo2sn whi ch, as a backlight, a surface | ipglmiPsnonecrs
including a plurality of LED (light-el4ting diode) |ight sources or a
plurality of EL light sources is used, and each light source included in
the surface light source is independently driven so as to perform
intermttent lighting in one frame 20 period. As the surface |ight source,
three or ymg6ekiiRdsir@iit i!s?l:&ergﬁb& Eﬁ%@vi‘d@@@veﬂﬁe SR rhie IR UhEPKEL pdttloh ED may
be used. Si'nce a plurality of LEDs can be controlled I ndependently, the

ti mi ng anndvithe [dritvee cir@ids pertion. | iThhtprotactivwe cigguit ks preiferablywiormed hisingi i ng at

whi ch optical nodul ati.o f aliquid crystal Jayer ds switched. In this

G vi ng trdRem e sichufng Ao emit b danlaiT T FoReS bR at Pslet ol 1y i
the casecRbuiZR HbviBtAYdtW8erthel piRd HottibnMahE A s¢andinRIigpR téindRalthda ek | mage
area in one screen is high, aliquid crystal display device can be driven

wi t h § owliperput éasmenakpt Ingthis §olRidpent, a plurality ofpeeteetvietsiitsatts afetprowded of

t hese dri ving .t echni gues L QUi rystal .display. devi pbetter
i opl ay EHAPR TS, PSR p0 LBV AR Biosh AP P et Bl RE B8
30conventieotiidity lor @ht likeCis\apphtd i hiplsean ey ithesigndl 08 Ldr a Wpacitor bus line.

2011/ 046025PCT/ JP2010/ 067195 104 the protective circuit is preferably
provi ded As¢@idinghe BamEoteeihisr pisqut Bas @ Erupluzs forpisleasing @lRre Hbate i9ed
circurt g oﬁﬂviri];E %I@P%B&%Woﬁggé:israggﬁéd toth® hgﬁ&rﬁ@g | oYechi®! PRk bRtdidvE
non-1i near el enment ~i ncludi“ng an” oxi sem conductor layer. For exanple, a
pr ot @¢t i ¢ecuwii inchides nen-ineari dledelie wtieinateherapgedin pamllelowith amds@ndogn | i ne

i nput term.nal .and a.signal 5 line input ternminal. In this enpodinent, a
ol G a1 |4 G360 Ot e Efemepts oA b or BN FIsert st SpAdBract Pahs st or
and the i{rk&tedimal lenRhPk&ih ML RaBIEEE Rk eRABPRY the! orShifdak Clee@E Lhn City Or
the like is applied to the scan |ine, the signal line, or a capacitor bus

| i ne. Acbeifeimegl throughdhgsamesteps/as iethin filnhuansisten ofiibe wixel portione| &85 ng

electric _charge,to a _.commn. W Ii . SUr yol.t.age .S i t he
prot ect i S)éanéﬁ)lg,ccﬁxﬁa'c e.?ﬁtécspslu(r)l{lart .tﬁ'(%e\%gg%.locfé be gcl’?.lgxgaéi by coanBFcltmgda éa?

ective circuit 1rné S non- Fi nears%er enent s
whi cips ar ermidad fgedraintepainal.| el with the scan line. Each of the non-linear
el enents includes a two-ternminal el enent such as a diode or a

t hr ee-t ef34884l el enment such as a transistor. For exanple, the non-linear

el ement_can ber AT, bIRANo R SHRy QAR BSwise debldhc!TTHldengd tor of

t he pi xel portion. r exa eristrcs simlar to those of a diode
can be aimhplanedwhyhingnfie®)t mglea agdtimgel Field rsmiitohingt (FES)dnmide, tier atially .

[ 0482] Further, for the ljiquid crystal display nodule, .a tw sted
nemat1 ¢ PARelsdaiene mirsrehdaSh: iRt opisickuRRers T ity

SWi t &hi NEOCBT ModD GE ferfdlcRtd A lig¥idS ¥rystal gps%m&%,e%mrfeﬁsaédmé ARMq node,
an optically conpensated birefringence 20( ) nmode, a ferroelectric liquid
crystal ¢iysi@) (Aldde) made, anthieflikercorbewsed.c i quid crystal (AFLC) node, or the

i ke canug%3fsed.

There is no particular limitation in the semiconductor device disclosed in this
specification, and a liquid crystal display device including a TN liquid crystal, an OCB
25 liquid crystal, an STN liquid crystal, a VA liquid crystal, an ECB liquid crystal, a GH
liquid crystal, a polymer dispersed liquid crystal, a discotic liquid crystal, or the like can
be used. In particular, a normally black liquid crystal panel such as a transmissive
liquid crystal display device utilizing a vertical alignment (VA) mode is preferable.
Some examples are given as a vertical alignment mode. For example, an MVA
30  (multi-domain vertical alignment) mode, a PVA (patterned vertical alignment) mode, an
ASV mode, or the like can be employed.
[0484]



[ 0483] There is no particular Iimtation in the sem conductor device
disclosed in this specification, and a liquid crystal display device

i ncl udi ngwe 20iN/d4bepai d crystal, an OCB 25 liquid crystal pcanp®idlod7igrui d
crystal, a VA liquid crystal, an ECB1¥quid crystal, a GH1liquid crystal, a
pol ymer dispersed liquid crystal, a discotic liquid crystal, or the like
can be used. In particular, a normally black liquid crystal panel such as a
transm ssive liquid crystal display device utilizing a vertical alignment
(VA) node is p apl; : I i ay; td jigihment
mode. For_ exanprara ROAEE Rt P AR B e A e e oA
( pat t er ndeviver tTheaVA dilquiginoresial)disphajedevace 158\ kindl ef faom intvehith klegnnzent o€

enpl oyed,. [ Q484 2011/ 046025PCT/ JP2010/ 067195 10 rther, this
enbodi @HHL@W%%\%?B%‘?%MAT&H“ grystal gis F‘X;BF%FX&% ré?ﬁe‘&i s‘ﬁll%%é\‘ﬂ“éi. The
VA 1'i qui drygfaY alspla dd&me,auq@ta\@rfﬁamﬁ&eankg 8¢ Doné®iimhiverithl @ectiohgpiment of

liquid crystal nn?ecules inaliquid crystal §|splay panel is controlled.

I n the Veespéqquioda qrapelt surfatie swhery ndevaltage isi appligd.cr further, avnethod «glled e

aligned in.a . vertical direction with 5 respect t. . I rf . when no
vol t age Pgﬂ%€8W?gh9rEWﬂYﬂ% ?ndﬂﬁgphgﬁ‘@3$?§ lﬁﬂﬂgfﬁggﬁgﬁﬁoggnﬁﬁﬁgm-donain
desi gn, pyubpikelh adpiig@l drgstal mottrdles NHre adigh®d fie i fsient( divddpione i )theinnd
liquid crystal nmolecules are aligned in different directions in their
respect i (RSPeGYE segionss 630 beusgded. [ 0485] 10Thi s enbodi nent can be
inplenen2§§53n appropriate conbination with any of the other enbodinents.
[ 0486] ( odi nent 12) In this enbodi nent, exanples of sem conductor

devi te@s each i Thiswthbogdirhére cah bk dmiplenenteduintappropEateochinmtemition with Bmpofli nent 2
are described. Specgifically, exanples of manufacturing active-matrix
Iight-enﬂFﬁFﬁﬁeHﬂ§BF%?“ﬁevices in each of which a driver circuit includes
the | ogi goageycuit in Enbodiment 1 or Enbodinment 2 are described. Note that
in this enbodi nent, exanples of light-emtting display devices including

| i ght - eniEmbedymehel®nt s utilizing el ectrol um nescence will be descri bed.

20[ 0487] i.ght-emtting elenents utilizing,electraolumn e are
classified accB‘r h]lgﬁnltbé}gq%eélf’h%?ﬂ%?ﬁ %ﬁt’ufqnélﬁlo?‘hcnod %%’fcéa’(rgiegi% ililrémé‘ﬁﬁ%ﬁge;ni C
conpesinddic @fcuitiaFRbYdEmePetPibodihedeD afdesctibel. f GpoEifically, exdmepleed to as

an organic EL elenent, and the latter is referred to as an jinorganic EL
el enent . of manufacturing active-matrix light-emitting display devices in each of which a'driver

circuit includes the logic circuit in Embodiment 1 or Embodiment 2 are described.
Note that in this embodiment, examples of light-emitting display devices including
light-emitting elements utilizing electroluminescence will be described.
20 [0487]
Light-emitting elements utilizing electroluminescence are classified according
_ to whether a light-emitting material is an organic compound or an inorganic compound.
In general, the former is referred to as an organic EL element, and the latter is referred
to as an inorganic EL element.
25  [0488]

In an organic EL element, by application of voltage to a light-emitting element,
electrons and holes are separately injected from a pair of electrodes into a layer
containing a light-emitting organic compound, and current flows. Then, the carriers
(electrons and holes) recombine, thereby emitting light. Owing to such a mechanism,

30 this light-emitting element is referred to as a current-excitation light-emitting element.
[0489]

The inorganic EL elements are classified according to their element structures



25[ 0488] In an organic EL elenent, by application of voltage to a
light-emtting elenent, electrons and holes are separately injected froma
pai r of elvecbriodersi nto a | ayer containing a |ight-em tPcmgrongasigs
conpound, and current flows. Then, thB6carriers (electrons and hol es)
reconbi ne, thereby emtting light. OsM ng to such a nechanism 30this
light-emtting elenent is referred to as a current-excitation
light-emtting elenment. [0489] WD 2011/046025PCT/JP2010/067195 106 into a

di spersi @n-t i gani: xe] L=t m oL nargani el enent .
A o spor 03 RSporfch 4B Horpinif 11 ERine R P MihcTa e R OBl Pher <
parti cl edispkrsionktypd incegarii¢ iBigelemienatr had a dight-dinitfing daxkriwheae tpartodas, ofamd its
| i ght em ssion, nmechani smis, donor-acceptor reconpinati.on type, |i.ght.

eni ssi on IEREEMiSHRg MASiah affodigporsee B 2 Bden fnd 1 Lep GRISTieR, Sfechanistiin. 1 | m
| nor gani gofdy gg{sm BABirAtish "isd KRt WARLKBnAthhi Gfifize8™ Ubhdtdlch@YRId b
sandwi chegﬁbea?k en dielectric %}%el’és, whi ch are further sangvm' ched between
el ect 5 odesgeptmdeviel.s A tighifilmnnegawin Eledtmentdas astrictued wherd atligheemittjing

em ssion,that utilizes,inner-shell. el ectrop. transition of nget ions. Note
that an BYSRH %angf”lci'ﬁa&ﬁaﬁ?ﬁ"c lglfc@lcgﬁﬁ{f’ ‘é{Elcﬁ A9 lleér?fi‘?({‘?’%ge(gk%t?‘\r'gﬁ? is
descri bed]epg@bdes, A AR emission mEh@nibRi ik IdddRiddAy PSRt st Baoitilgepi Xel
structure to which digital tine grayscale driving can be applied, as an
exanpl e dmegskadhtlegrmiucansitioneof wetal logwg1 Note that ae e¥papienef speearicdil of a

pi xel to ich digital .1i C driwving can 15 be applied are

descri begynﬁél{r]%s,ag%hetaeglnit@geeileg%%%e@s rl\/\/i;wdnlletlrzeganneI transi stors each of which
i ncl woles [@90pxi de semi conductor | ayer as a channel formation region. [0492]
A pi xel 6400 includes a switching transistor 6401, a drivin ,t,r??nsi st or
6402, a |ight - EHit 16 ilusirtssesh csample ghd BixehsHustits aduch Mgl B¢ ¢ he
Swi t chi n b Aiblicl S GAMBRDRAGemichidlictb} 88,8406, a first

el ectrod%%%zégﬁlgég%g?%a eee’ctsr 0332( agd a drgailn elcectroée) of the

swi t chi nf0494nsi stor 6401 is connected to a signal |ine 6405, and a second

el ectrode (the ,other of the sour el ectrqd nd the drain,electrode) of
the switching fr¥HENE ‘B’fﬂ‘qnsotfe@o‘?iﬁgé? é’@“&bgiﬁﬂﬁlatpge graypepde dmyipe san

trangs st g B arbNRs@e8. OHetd)@né Pl fclidedNSioSi-Bhar@DBansist68agcbed to a
power supply l'ine 6407 through the 25 capacitor 6403, a first el ectrode of
t he dri viwidichinelndéssanomxidugmicenduetontayeess a channel fpapationgaggny | i ne 6407, and
a second &‘( itrode of the driving transistor 6402 is connected to a first
el ect rodé "g xel electrode) of the light-emtting el ement 6404. A second

el ectrode of t hepikéldHA0O endltddsngsvaikehifirardsick 6100 [ & P hgstrdrsistor GARPN

el ectrode. The common el ectrode is electrically connected to a caonnon

pot ent i alight-¢mitimeenenh04980ard, 8 capasiton 6443 neA gats<frthe sWHshing drapsiptabn

el echy Od%401 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 drain electrode) of the
switching transistor 6401 is connected to a gate of the driving transistor 6402. The
gate of the driving transistor 6402 is connected to a power supply line 6407 through the
25  capacitor 6403, a first electrode of the driving transistor 6402 is connected to the power
supply line 6407, and a second electrode of the driving transistor 6402 is connected to a
first electrode (pixel electrode) of the light—emitting element 6404. A second electrode
of the light-emitting element 6404 corresponds to a common electrode. The common
electrode is electrically connected to a common potential line 6408 provided over the
30 same substrate as the common electrode.
[0493]

The second electrode (common electrode) of the light-emitting element 6404 is



[0493] WO 2011/ 046025PCT/ JP2010/ 067195 107 set to a | ow power supply
potential. Note that the | ow power supply potential is a potential

sat i sfyi ngotzha/dseorspower supply potential <a high power peupgpiogopouent i al
with reference to the high power supdl®f potential that is set to the power
supply line 6407. As the | ow power supply potential, GND, O V, or the like
may be enployed, for 5 exanple. A potential difference between the high
power supply potential and the | ow power supply potential is applied to the

l'i ght - enitt 4 our ' [ i jtting
el enent n%éfothnaglsogl ? Egltglt ts'ﬁ)LebQ)( ipgﬁg f‘glm' mﬁléﬂagltgélrrgﬁ% pg%ilgléﬁr#?f gb Wg%‘i f.%naHer e, in
or der t opoteiital tshigsfling tlic oM pdwergupple petentifidOd highi gower glapply paehtigdoviént i al i s
set so that the potential difference between the high power supgg

pot ent i aFefargneente the dighone werwprypnseniiabthab it se4to fthe PRYH PP JHE 4?‘/)gr war d
vol t age dr. t i Lt g 4 : t he
gate capgg?tpeaﬂé‘g g&%ﬂhgﬁhﬁ\% {ﬁéhﬁlf zgﬁhsllgg?gy ’ gﬁg%’ ﬂlg(gﬁgéegd bgser%plgﬁéég?? rt ute for
t he cmpaexdnople.64APotenkiel difforemice betwedn theclaph lpewensuppdd potéhigal gad ¢heckopaci t ance

of the 15 driving transistor 6402 be forned betwee cha | f ti
o e Lol bty brBRRAh it JoyTRY 1BE LALTRE AL 0B S pSp o e "
vol t age- kiypikd \f&'tﬁ@@i@hﬁfﬁﬂui{ﬂ@ [P @404 30 B3P 1xd APRlerhiiNakhRnt Beo4ri vi ng

transi stor 6402 to conpletely turn on or off, is I'nput to the 20 gate of
t he dri vemis fightsiBsrerinearder. toTiake the, lightemitting) element 01 suait lighoZzaddper at es

inalinear region. 9 the driving transistor 02 oper S. i | i near
regi on, B@F?‘éﬁgs Fﬁqdﬂiﬂﬁﬁ%ﬂo?ﬂtéal&éﬁ?rgﬁcg boefw?%let%ﬁﬁvé} PP “f}l{“?’i pr??a%%b? i's
appl i®d b the lgatpwek subplydpbientir] ikridpisdrsthan H48Rvardaioltagehdiopaof ahd age
greater than or_ equal to épovver supply line voltage + Vth of the driving

t ransi st §ghteaytting deragfI6#8% t o t he signal |ine 6405. 25[ 0496]

Furt her, ¢ }he case of using anal og grayscale driving instead of the

di gi tal {I nme - rati o grayscale driving, the pixel structure the sanme as that
of FIG 16 can WBhennipd gate dagagitanveuf thendridng rahsston6402dis fused anda swatitutd 0497

30l n the_case of usi t he anal o ayscal e nmet ho a voltage greater than
or equal f({rdﬁ“f EAPREHY ‘{;gpt ﬁéaPﬁc“f’gQ&h ‘éﬂ'ﬁ’-eé?ﬁ"lttﬁti'ng&i]é? %ﬁﬁﬁ?paégﬁ‘lf%-ﬁ)?@?% of the
drivi£9 driving transistor 6402 may be formed between a channel formation region and a gate

electrode.
[0495]
Here, in the case of using a voltage-input .voltage driving method, a video
signal to enable the driving transistor 6402 to completely turn on or off, is input to the
20  gate of the driving transistor 6402. That is, the driving transistor 6402 operates in a
linear region. Since the driving transistor 6402 operates in a linear region, voltage
higher than the voltage of the power supply line 6407 is applied to the gate of the
driving transistor 6402. Note that a voltage greater than or equal to (power supply line
voltage + Vy, of the driving transistor 6402) is applied to the signal line 6405. '
25  [0496]

Further, in the case of using analog grayscale driving instead of the digital time
ratio grayscale driving, the pixel structure the same as that of FIG. 16 can be employed
by inputting signals in a different way.

[0497]
30 In the case of using the analog grayscale method, a voltage greater than or

equal to forward voltage of the light-emitting element 6404 + Vg of the driving



WO 2011/ 046025PCT/ JP2010/ 067195 108 transistor 6402 is applied to the gate
of the driving transistor 6402. The forward voltage of the light-emtting
el ement 64040imdsmat es vol tage at which a desired | um nagrtgrem|o/oedies ned. By
inputting a video signal to enable tH&8driving transistor 6402 to operate
in a saturation region, current can be supplied to the light-emtting 5

el ement 6404. In order that the driving transistor 6402 can operate in the
saturation region, the potential of the power supply line 6407 is nmade
higher than ' rhd | Mifd #A54SbO646402rnegivagh anal og
vi deo si tg}?\lg%l ?lg@%(gzegs?gﬁgieadggop%fgséﬁféﬁt o feec g(r:urrént to the Ie_:i ght-emtting
el ement 6dlgei of ake dighaaméting tdlethére 4@k ondicgesvoltage pervhichn andssiogl
grayscal e driving. 1Q[ 049 . . Note that the pjxel siructure.

] et ralieninge Pt btated s Hiommuiting & idateh g1 O FoRbE i, Haliisieh,
resi stor g4 GABAGhIO a RathfABRIeLidh; c@rdTaf K Supplibd t@fthd Nighd édiktimgy be
added to t%% piég? sho%nain FIG;%G: f0499] 15Ne£?? structurgs of tﬂ%

| i ght5 enelemienig6404e mémtorder [thatithe deiving pargisirt 602 cdag rapatate o the| @Biratiom t o

17C. Here, . -sectjgnal structure of a.pixel, wll. b ' b
Lok ng. areiote ARGl Pl gorRs “HPiRe B40T Ona wbhor pliEa SEBGHARE DY
7001 usedf fiRrdrigrE GaReT €1020eWE@Sar hhdled Wile6didnal f51 ¥sed, it T¥poskibike tand 17C

can be manufactured in a manner simlar to that of the thin filmtransistor
descri befeefl sueent tofthobghtreanittingdemenited 04 ia aggoadange with; thevidegsignat aik each

i ncludin n. oxide ] tor |layer, as exanples. [0500] I n order
to extrag?%FFHﬁP(gﬁigg%%% ?@ﬁ%the light-emtting elenent, at |east one of
an ap@de[;98] a cathode is required to be transparent. A thin film
transistor and a 25 light-emtting, el ement farmed.over a substrate. The
i ght - eni t ti ngNeteghahhe Piie] REVEE Bt g‘s?ﬁ 16,15 Bt (S TRPCh Py ght

e ST ONek gl ARt a klUiQUIGH cApitbh AGRRRRASA IoBid drdultopttoalkeaha bt bot L om
em ssion structure 1n ich light emssion is extracted through a surface
on the sabktdrtatle pkdshown iaFdudb. eni ssion structure in which |ight enission
IS extraﬁggg t hrough the surface opposite to the substrate and the surface
300n the Ltrate side. The pi xel structure can be applied to a

| i ghis eni t ti ngNekieBRidturea¥f tHe 1a%ly—eﬁﬁum@%$@n@mvﬁnibemes&ﬁueatmlemfer[eﬁw 1] WO

2011/ 046025PCT/ JP2010/ 067195 10 o : \
to FIGS. 17A to 17C. Here, a cross-sectional structure of a pixel will be described by

taking an n-channel driving TFT as an example. Driving TFTs 7011, 7021, and 7001

used for semiconductor devices illustrated in FIGS. 17A, 17B, and 17C can be
manufactured in a manner similar to that of the thin film transistor described in any of -
20 the embodiments and are thin film transistors each including an oxide semiconductor
layer, as examples.
[0500] »
In order to extract light emission from the light-emitting element, at least one
of an anode and a cathode is required to be transparent. A thin film transistor and a
25  light-emitting element are formed over a substrate. The light-emitting element can
have a top emission structure in which light emission is extracted through a surface
opposite to the substrate; a bottom emission structure in which light emission is
extracted through a surface on the substrate side; or a dual emission structure in which
light emission is extracted through the surface opposite to the substrate and the surface
30 on the substrate side. The pixel structure can be applied to a light-emitting element
having any of these emission structures.

[0501]



Next, a light-emtting el ement having a bottom em ssion structure is
described with reference to FIG 17A. [0502] FIG 17A is a cross-sectional

vi ew of awpialo4ed2st he case where a dr|V|ng TFT 5 7011pcs/etoiencmot ype and
light is emitted froma light-enitting%lement 7012 to a first el ectrode
7013 side. In FIG 17A, the first electrode 7013 of the light-emtting

el ement 7012 is formed over a light-transmtting conductive |ayer 7017
which is electrically connected to a drain electrode |ayer of the driving

TFT 7011, and gexEL 1|RYehitd Qééleﬂﬂ:qt Ravife 2 BeuEheahis a8 st%e% Qes%hﬁr&i( ed in

t he order present éd, over the first electrode 7013. 10[ 050 t he
| i ght -t r amthrefetdneg te BKAUZAL ve | ayer 7017, a light- transnlttlng conductlve

| ayer of %gghun1OX|de i ncl udi ng tungsten oxide, indium zinc oxide including
tungsten[ i ndi um oxi de including titanium oxide, indiumtin oxide

i ncl udi ng titapjenaxisGeorodsidtithal ivitwosf 8l Pixel BE kHheRage MhefXh dEvingNKFTUM ti n
oxide to which silicon oxide is added, 15 or the |ike can be used. [0504]

A var® et JOblf isnaftasy p-ayps andnlight is| smiftedorom raehghtremlttmge@i@m@ﬁéoﬁ@ 18 aofirst he
li gh
g t. em.LLi &ﬁh%”? toéf?fg%%f”meefrs eeéct gﬁ?%\‘l‘@%ﬁ tfuhggfem% pctrode

7013 is used as a-cath iI'rs or ned

usi ng, fo01XxaffRhed cﬂzeﬂatleg}mxlanaﬁlrmg/bagiuaub@mywr7m7 umth @s’lelsctclhala}s an
al kali metal such as Li_ or n al kal.i ne earth net h as or

Sr; an afPmgciedte aidmin gleggw%ﬁayquggge Aavige JFle7Q 1, aJAEL ?YeAlmtéPﬁmd or a
rare ear L'Qeﬁaﬁh ?lecﬁU&@ﬂngSaaY%’ eli_lrm tHeborl %}r%régeﬁ‘tedt B%erfthd filst @1%&9&&%@3 7013 is

appr oxi nmat e or ned ness suc I'fght Is transmtted
(prei@raﬁk@3]apprOX|nately 5 nn1to 30 nm. For exanple an alum num | ayer

havi ng a thickne of, 2520 nmis used for t el ectr.ode 13. [0505]
Not e hat ¢ he A% G aty-FRG R, Uiy S5 OF yb e BSifing FendhF i

el ect r odgyyd0d8indRym Q&lcfthﬂlﬁdanYtuﬁ% a»ﬂae Andivgh Emk g inkhidig ©agsct i ve

| ayer and an al um num | ayer and en perform ng selective etching. In this

case, thexide.ohding edde insluding wanmm @odey sndigmitineoxdderincinding titapparoxide,

prefer abln%lm{i Q%fgéi‘ée Fr?xlzll‘ﬂcoé)? gg 5155:1- {'n‘] P r% %}%qu Z)Jiggh Q%Q?H"%lutde ?50 %c?dedThe

partltlon rired UsI’ng an organic resin m de

acryisc, opmbyaabdebeeﬁﬁxy, or the Ilke an i norganic. |nsulat|ng f|In1 or
organic Foly5|loxane It is particularly preferable that the partition wall
7019 be flbd using a photosensitive resin material to have an opening

over the fi rStAel/ﬂi:Jd; Ote AP Qah 'Y uSed for the first electrode 7013 of the

light-emitting element. For example, in the case where the first electrode 7013 is used
as a cathode, the first electrode 7013 is preferably formed using, for example, a material
20  having a low work function such as an alkali metal such as Li or Cs; an alkaline earth
metal such as Mg, Ca, or Sr; an alloy containing any of these metals (e.g., Mg:Ag or
Al:Li); or a rare earth metal such as Yb or Er. In FIG. 17A, the first electrode 7013 is
approximately fbrmed to a thickness such that light is transmitted (preferably,
approximately 5 nm to 30 nm). For example, an aluminum layer having a thickness of
25 20 nm is used for the first electrode 7013.
[0505]
Note that the light-transxﬁitting conductive layer 7017 and the first electrode
7013 may be formed by stacking a light-transmitting conductive layer and an aluminum
layer and then performing selective etching. In this case, the etching can be performed
30  using the same mask, which is preferable.
[0506] |
Further, the periphery of the first electrode 7013 is covered with a partition



5 sidewal | of the opening is forned to have an inclined surface with
continuous curvature. In the case where a photosensitive resin material is
used for wbeopartizsi on wal |l 7019, a step of form ng a resrgprorasdrigan be
omtted. [0507] As the EL |ayer 7014 ¥&r ned over the first el ectrode 7013
and the partition 10 wall 7019, an EL layer including at |east a
light-emtting |ayer is acceptable. Further, the EL |ayer 7014 nmay be
formed to have either a single-layer structure or a stacked-I|ayer

struct ur g, \WiRD, t 1Re FArtitiaX Sall 19 id formRd UEitlg UR ioFgmﬁ: 15l dpoBfintidyers, an
el ectron-injection |ayer, an electron-transport Tayer, a light-emtting

| ayer, aahoylier pohasyds, t epoxycror tiedlike;hah einprganict insnlating efilnar or sergakied i n

the order presented _over .15the first, el ectrode. .7013,f tioning,as a

cat hode. PR&S et fids Pyt &ﬁqytpﬁeérg@g]lealb%trt}ge H%%‘&OP g %lemp}&o[{ﬁ ’%889%5%%8&_ f or
t he |i ghtaphGidsérsitevel redif matdr® @Bhave an openihid@vet BeMirfiE1Qt@8E 7083 Bothat hni t ed
to the order presented above. The first electrode 7013 nmay serve as an

anoded aftilewal of thei apprigiibformag ér have andnelined snefpesy With sgmtinuopgcyvature.
light- emlzg Eﬂencgats!: %%fe’ a @Hot%ge%%gfvg g §n[1 %3892{1 ti h?e\éefror tl?en%nﬂnon wal] 7019, a
el ectron-injection layer nay be SPACKEd i T AE order presented ovétrthe

first el erploffi@mifiddresidonmsiecan Bonaitddri ng power consunption, it is
preferable that the first el ectrode 7013 serve as a cathode and an
el ect ron195rﬂ7écti on layer, an electron-transport layer, a light-emtting

layer, a hol e- rsqﬂém;ﬁgé%@%@ faRddbvRPUE iRl %fegirg& b@yseanavalesfg@rﬁﬁsﬁ in the

order presented over irst electrode 7013 because an I ncrease in
vol t age ofalla/0dPj areEL dayer undlugiog tat astcahglsenpttangdayerds acmtpbleer Fogheninpt i on

can be reduced, nor ffectively th in the case of in he first
el ectr odghe7 layer (1034 a Mg ebe [fégﬁ‘ﬁfqﬁ*mﬁvﬁe?l}heﬁ@ S&glgf?%yﬁgisﬁmbe} oi‘a?eri al's
can be us@ekddOhydriBrus@e NOwWaES tHe FId RayéP 131 439 f‘&@rﬂd@i&@ix%ﬁglu&&lﬁy BEldyewer 7014.

For exanple, in the case where the second el ectrode ; i s used as an
anode, aanm¢leetranrinipgtipmglagemi gh algntienftiageparbrlaysrora dighfrpméttingr Ryerria W N |

Pt, Cr, ar,.th i ke: or t t i ri S O 1zZ0
or ZnO eiﬁnﬁ%ﬁﬁa&% ﬁfﬁ/a J@%’i‘ﬁ? é@gllégeqﬁgggagly%r gﬁ%}r a ?éer .pﬁlgsﬁeﬁeaeor‘{e;ra

shi eligli nghef firsneldQdode 7003 fncaiohing as a cathiodé. VINbtehhdilnoc kl$ of thghd layarsmeedl whi ch
reflects Iight, or the lLike is pravided over the second el ectrode 7015. In

this enb&ybsryided gxqeptfarithelight-qrutimedaysrne second el ectrode 7015, and a Ti
| ayer i s[mﬁi as the shielding film7016.

The stacking order is not limited to the order presented above. The first
electrode 7013 may serve as an anode, and a hole-injection layer, a hole-transport layer,
20  a light-emitting layer, an electron-transport layer, and an electron-injection layer may be
stacked in the order presented over the first electrode 7013. However, considering
power consumption, it is preferable that the first electrode 7013 serve as a cathode and
an electron-injection layer, an electron-transport layer, a light-emitting layer, a
hole-transport layer, and a hole-injection layer be stacked in the order presented over the
25  first electrode 7013 because an increase in voltage of a driver circuit portion can be
prevented and power consumption can be reduced more effectively than in the case of
using the first electrode 7013 as the anode.
[0509]
Further, any of a variety of materials can be used for the second electrode 7015
30 formed over the EL layer 7014. For example, in the case where the second electrode
7015 is used as an anode, a material having a high work function, for example, ZrN, Ti,

W, Ni, Pt, Cr, or the like; or a transparent conductive material such as ITO, IZO, or ZnO



5[ 0510] The light-emtting el ement 7012 corresponds to a region
where the EL layer 7014 including the light-emtting |ayer is sandw ched
bet ween twe 2biwmtozel ectrode 7013 and t he second el ectroseT/®idaonédmos he case
of the elenent structure illustrated A FIG 17A, light emtted fromthe
light-emtting elenment 7012 is ejected to the first electrode 10 7013 side
as indicated by an arrow. [0511] Note that in the exanple
illustrated in FIG 17A, a light-transmtting conductive |ayer is used as a
gate el e&t;erféﬁabh@y%rﬂa@fi aashiemlﬂ lfmhﬁmtsrﬁﬁ%szaﬁ]ﬂeng nfe'tdl r@ﬂléh HREKS Rgisour ce
and drain el ectrode | ayers. %1 emtted fromthe |ight-emtting el enent
7012 passewstd Svhith sfilghtsdigbt Ioo :thef liket ie proagest oved B8: seamﬂ cleetrdsie %jléct b

t hr ough hes trate. 5 . he color, filt a 3 is forned
by 5 Sr of¥eemhrOrear gl HEL ABR isted asotheSeri ecundb 05 e RID et hog,
an et chi agdrgg&ﬁmlmﬁlgmﬂ@mge of a photolithography technique, or the
like. 20[ 0513] The color filter layer 7033 is covered with the

over coat {054Qkr 7034, and al so covered vvlth the protective insulating |ayer
7035. Note th th ver t 7034 h keSS|s
T ustrated i i EeARRing 8ol 103, corsBindiddh Hloh A&ttt Rr|a5EF

pl anar i 20 14oighidapsthd llfght—&nitfi@g Q@Eﬂi’s s‘anﬂiavﬁfhedi dyveerd QBe3ﬁrs25[eQﬁ&dH 7013 A
contact hole which is forne pl anarj zatjon insulating | ayer 7036, the

i nsul at i &yl th ayéqonﬁcﬁé&ctroéﬁdoi%e Iinrféa Faei ¢ighe slpgentgnicturg dsaicdrn fdbches t he
drain el he
part 1 on e st (o B MEhfAFfHk AchRhl 10 EhaRFhS ART ikl

em sHl on76lt3rsudxt asriedicsteddganiatred. wi t h reference to FIG 17B. [0516] WO
2011/ 046%?&?/\]%010/ 067195 112 In FIG 17B, a first electrode 7023
of alig itting element 7022 is formed over a light-transmtting
conductive Iayl%tema'ﬁnwfiye@(axn?& 1ﬁh§£dtéd ﬁqhmmrm QﬁnErﬁltﬁngjéﬁidﬂcﬁ'lfeeCt rode
| ayer of the driving TFT 702 an EL | ayer a second el ectrode
7025 ar elayerdig keed a5 gate cloptoede lpmged @éhlndxgélﬁ-tmnmﬁn&ﬁlnelse@@d BYEOUFCR2 3,

and drain electrode layers. Light emitted from the light-emitting element 7012 passes

15  through a color filter layer 7033, and can be ejected through the substrate.
[0512]

The color filter layer 7033 is formed by a droplet discharge method such as an
inkjet method, a printing method, an etching method with the use of a photolithography
technique, or the like.

20  [0513]

The color filter layer 7033 is covered with the overcoat layer 7034, and also
covered with the protective insulating layer 7035. Note that although the overcoat
layer 7034 with a small thickness is illustrated in FIG. 17A, the overcoat layer 7034 has
a function to planarize roughness due to the color filter layer 7033.

25 [0514]

A contact hole which is formed in a plaﬁarization insulating layer 7036, the
insulating layer 7032, and the insulating layer 7031, and which reaches the drain
electrode layer is provided in a portion which overlaps with the partition wall 7019.
[0515]

30 A light-emitting element having a dual emission structure is described with
reference to FIG. 17B.
[0516]



5[ 0517] As the light-transmtting conductive |ayer 7027, a
light-transmtting conductive |ayer of indium oxide including tungsten

oxi de, i mdoemizi4b2s0xi de i ncl udi ng tungsten oxide, indi eorQr2udeoémed udi ng
titani um oxide, indiumtin oxide incll ing titanium oxide, indiumtin

oxi de, indium zinc oxide, indiumtin oxide to which silicon oxide is added,
10or the |ike can be used. [0518] A variety of materials can be used
for the first electrode 7023. For exanple, in the case where the first

el ectrode 7023y Fiiged, Adird é}@ét#a,aée/ozﬁ B?aflighﬁEmﬁhﬁgEfe?f%t 7028id formé&€f er abl y
formed using, for exanple, a material having a |l owwork function such as an
15 aI kal pvered dighsuadsnagingi candu@sve kel whécher ¢lactrieal csmrchtedstow Ca,

or al | C i ni any. of | s or a
rar e ear W‘%%ﬁm‘gﬁwe‘é&%ﬁe 8¥V *ﬁ%ﬁﬁ@%‘b%{“ B/P%‘Qg‘f‘ﬁ?las?ecgﬁ‘ ct rode
7023 is EREfoRS702508 HRked iRl drdl@ présefifed Obaahe BER elkdBadd B0BPPr oxi mat el y
formed to a thickness such that light is transmtted (preferably,

appr oxi ntd7y 5 nmto 30 nr’r) For exanple, an al um num | ayer having a 20

t hi ckness of 2 th
l'i ght-transm tg }1 lc%l t'gr rlm\?@n %@g}%gﬁi‘@g% n7([99?’ }llt?tgatnsmf %gm%ﬁ@{}béz
be formethybyos hﬂﬁkh Rgidehiacludingt tuhgsddis oxitlé,| indiuaoPid WixidecincRidiig @ngstérhe

al um num | ayer and then perform ng selective etching. In this case, the
et chi ng eXideyadinm ¢xdd qwﬁ@w td Psalr-ﬁéurﬁéwmmnehldi@ tﬁﬁ@#@k%@%

[ 0520] ith Sthi PUgidé9L34deq, covered
with a pglrd %Wf%hgﬁ&ﬁe ‘“d}%‘gngR‘?}ﬁéaggE‘?ﬁ“ﬁ gltrlﬁ\%lgfe t (}]28{ {)ogmg %sﬁi ng an

or gahi ¢ oethe ke chmbotsedol yi m de, acrylic, polyam de, epoxy, or the like; an
i nor gani f0§ Bﬁul ating film or organic 30 polysiloxane. It is particularly
preferab at the partition wall 7029 be fornmed using a photosensitive

resin material AtariBEVET AiteRNS thR Be AYET for iRe fitst Slec@b&C yoDxle F?)Q%ﬁarﬁﬁlet hat a
sidewal | of the opening is forned to have an inclined surface wt

cont i nuoissthe gasgavhare the fingy ezcmpﬂ@ 27623 5petd av2 oathedys vhieofirst glectradet 983 dase

where a e5|t|ve re rlal t he 7029,

a step ogre?%g?ﬁ' ruesénlgs or exg‘%%c ah b aéeriarlnh%%\?g% aqﬁf fqﬁéctt Slol%f_xga%’yer 7024

fornmegl oxRali &ﬂ&alfduﬁl&;'&as ¢l oet0spde alldfne amth hieeal pack hé My) Ca, or Sr; an alloy
containing any of these metals (e.g., Mg:Ag or Al:Li); or a rare earth metal such as Yb

or Er. In this embodiment, the first electrode 7023 is used as a cathode, and the first

electrode 7023 is approximately formed to a thickness such that light is transmitted

(preferably, approximately 5 nm to 30 nm). For example, an aluminum layer having a
20  thickness of 20 nm is used as the cathode.

[0519]

Note that the light-transmitting conductive layer 7027 and the first electrode
7023 may be formed by stacking the light-transmitting conductive layer and the
aluminum layer and then performing selective etching. In this case, the etching can be

25  performed using the same mask, which is preferable.
[0520]

Further, the periphery of the first electrode 7023 is covered with a partition
wall 7029. The partition wall 7029 is formed using an organic resin film of polyimide,
acrylic, polyamide, epoxy, or the like; an inorganic insulating film; or organic

30 polysiloxane. It is particularly preferable that the partition wall 7029 be formed using
a photosensitive resin material to have an opening over the first electrode 7023 so that a

sidewall of the opening is formed to have an inclined surface with continuous curvature.



5 wall 7029, an EL layer including a light-emtting |layer is acceptable.
Further, the EL |layer 7024 nmay be fornmed to have either a single-I|ayer
struct ur evonoa/mt@sked- | ayer structure. Wien the EL | ayecTii®emioner1$or ned
using a plurality of layers, an el ectH@n-injection |ayer, an

el ectron-transport layer, a light-emtting |ayer, a hole-transport |ayer,
and a hole-injection |ayer are stacked in the order presented over 10the
first electrode 7023 functioning as a cathode. Note that not all of these
| ayers n t [ t.&or l; & - et t LN, : 522]
The st acE‘?ﬁlée %rs g&%fﬁé(hg@%%ﬁﬁgée{lg %%éﬁérl%g%gdpﬁgye%\%%gngﬁ%@g.70'bi'g’egfi rst
el ect r odetep @2 Bormayg s edsise mask aan enadetednd a hol e-injection [ ayer, a

hol e-tramﬁjit |l ayer, 15 a light-emtting |ayer, an el ectron-transport

| ayer, a el ectron-injection |ayer nmay be stacked in the order
presented over skhge Bl BlyehELd FRARd BES the MNBERLiro&ONS2 HgAd ik PANELN
consunption, it is preférable that the first electrode 7023 is used as a
cat hodle avatl 739eére Elrlayeriinglading anlightegmitting daysir ec agceptablean&pdher, theyide | a
light-emtti ayer hole-transpert layer, and. a hole-injection |ayer be
St acked HH1ef e A b Frdit P Gentiha SiEnRlaulalRl it s Yk e
consunpt k@icteeN bWhéedue eBL MRy& g02LGET fopid t iy 1ah phitflitg a6 18ferslShmg t he
first electrode 7023 as the anode. [0523] Furt her, a variety of

mat er i al slegtapn-ucdliond laysr, tare dectemdtraispert r dayer,7 G slighrepitingy dryarhea EL

| ayer 7024, [ [ e - r 025 is
used as éﬁlegg%a%oﬁga%?aggiagﬁl ‘hﬁz‘%}?ﬁg’%d I g%e %?]ﬁ&flﬁlﬁt@g io@é}eﬁ?%&%s%ﬂ%}c(ii{%gge’ a
t r ang@ar emetfirsoglekinide 762 Brifiiretioning s altatho dé. TQNote £kt not alf nfihiese Jayerkaradl e. | n
this enbodj nent, the se%:ond el ectrode 7025 is forned using an I TO | ayer

i ncl udi ndP & Proxidisd sxsepbionthe hghtirmitiingdaysy anode. [0524] 30The
Iight-em'[(;stszg el ement 7022 corresponds to a region where the EL | ayer 7024
including the light-emitting |ayer is sandw ched between the first

el ectrode 7023Thadtackimgserdends ebiebimited eto 72 Sordémprebenterhebovst {lhe Bfstment

strusturg mgatan L HLoo MORUUORECT I Seias dig, 1 TE,
E ch ??Oag%%%}ggﬁ@%e@ bl 8ledfi6h-tradspbitSfer S ndGn eberon Arjdctsdrilidy@SmayBé cat ed
stacked in the order presented over the first electrode 7023. However, considering
power consumption, it is preferable that the first electrode 7023 is used as a cathode and
an electron-injection layer, an electron-transport layer, a light-emitting layer, a
hole-transport layer, and a hole-injection layer be stacked in the order presented over the
20 cathode because power consumption can be reduced more effectively than in the case of
using the first electrode 7023 as the anode.
[0523]
Further, a variety of materials can be used for the second electrode 7025
formed over the EL layer 7024. For example, in the case where the second electrode
25 7025 is used as an anode, a material having a high work function, for example, a
transparent conductive material such as ITO, 1ZO, or ZnO is preferable. In this
embodiment, the second electrode 7025 is formed using an ITO layer including silicon
oxide and is used as an anode.
[0524]
30 The light-emitting element 7022 corresponds to a region where the EL layer
7024 including the light-emitting layer is sandwiched between the first electrode 7023

and the second electrode 7025. In the case of the element structure illustrated in FIG.



Note that in the exanple illustrated in FIG 17B, a light-transmtting
conductive 5 layer is used as a gate el ectrode |layer and a thin

| 'i ght-trawmernitiseaesfil mis used as source and drain el eetrgemib/aymeys. Li ght
emtted fromthe light-emtting el eneht4 7022 to the first el ectrode 7023

si de passes through a color filter layer 7043, and can be ejected through
the substrate. [0526] 10The color filter layer 7043 is formed by a dropl et
di scharge net hod such as an inkjet net hod a printing nethod, an etching

met hod Wilbpl, Fi?@raﬁﬁteﬁfﬁ(ﬁ%mgboh t'etntﬁﬁ 1?1 thellglé ctddf 1o ﬁtﬁhltﬁcggeco[l@SZ?]

The col or ayer cover r coat yer 7044, and

al so 15celeetrede ¥25sidemndphofiet 'e]evtaodenHHBatdemg ihdiyaed BY4ABowE.0528] A
cont act g;% which is formed in a planarization insulating |ayer 7046, the
i nsul at i %Ayer 7042, and the insulating layer 7041, and which reaches the

drain el ect r od®okef inithe siaﬁ»fypsl@lﬁﬂlstraea upprd; 1198, MibEDrMsalittiapoMddclivé he
partition wall 7029. 20[0 te that inthe case where full-color

di spl ay ilayer ssaised asla gntetﬂﬂcmdn kaablaa}nd%ﬂmah@lg-ttﬁyxsmmmg film|i$ yyed-ag §pUICE ng

el enent hayi a m ssi enltte fro cond

ol et r oadng B BftiSle BIMTS, PRATemtied it b, B8RS Plep R LA o388

t her ef or girsti dledu®dpr70b 8 rsade d}&hsﬁd%aﬂlrcﬁlgﬁ@éibd)lﬁﬂ ﬁaab&tyelavmjﬂawr@nabecgbaédf ilter
| ayer be 25 further provided over the second el ectrode 7025. [0530]

Next, a Mhrgngh Ggisubstigle- el ement having a top enission structure is descri bed
W th refﬁ &'e to FIG 17C. [0531] 30FIG 17Cis a cross-sectional view of
a pixel e case where a driving TFT 7001 is of an n-type and |i ght

enm tted from aThe gblor Gitet kayerd7(dBasnortned 092 ¢rapke disthargel gietlwdsacivasian

el ectr Od?nkgeoton?ethoci~I aF;ln%tln% 7n§<:eth(?d Czilglaelzltcrl]nnggl r?lgtth[)g C\iivelthl tﬁg %ge gtt a pﬂotofjr Io\gfrlalr)]gy
technique, or the like.
[0527]
The color filter layer 7043 is covered with the overcoat layer 7044, and also
15  covered with the protective insulating layer 7045.
[0528]

A contact hole which is formed in a planarization insulating layer 7046, the
insulating layer 7042, and the insulating layer 7041, and which reaches the drain
electrode layer is provided in a portion which overlaps with the partition wall 7029.

20 [0529]
| Note that in the case where full-color display is realized on both display
surfaces by using a light-emitting element having a dual emission structure, light
emitted from the second electrode 7025 side does not pass through the color filter layer
7043; therefore, it is preferable that a sealing substrate having a color filter layer be
25  further provided over the second electrode 7025.
[0530]

Next, a light-emitting element having a top emission structure is described with

reference to FIG. 17C.
[0531]

30 FIG. 17C is a cross-sectional view of a pixel of the case where a driving TFT
7001 is of an n-type and light emitted from a light-emitting element 7002 passes
through a second electrode 7005. In FIG. 17C, a drain electrode layer of the driving



WO 2011/ 046025PCT/ JP2010/ 067195 115 TFT 7001 and a first el ectrode 7003
are in contact with each other, and the driving TFT 7001 and the first

el ect r odew@Q0B/@bo2she |ight-emtting el ement 7002 are elpectipzoaebénos
connected to each other. An EL | ayer 1804 and the second el ectrode 7005 are
stacked over the first electrode 7003 in the order presented. 5[0532]
Further, a variety of materials can be used for the first el ectrode 7003.
For exanple, in the case where the first electrode 7003 is used as a

cat hode, TfFIT"CVOi)'I ;AEEI Fleﬂr?tcélé&gﬂe 7963 ateSn QB@E%{M ¥aJhIOJtH<§9 %‘Hg&g Qri@ir{éaﬁﬁf | g:—]

having a [ ow wo unction such as an a I metal suc s LI or GCs;
al kal i ne7e@r ahd et kst slectrods 7003 ofahe dighSemitamg alemept 7002 ardt eliectiricgllyany of

these netal s .g., - Ag or ~Li); are earth t uch as Yb or
Er [ 0ssspmectsd S eiathar, Al bt TnBh yRohe shoniddirogs 2005 Bacurbed i o
cover ed WidMh@aRablktkd7omih Helfder pfo@nRartition wall 7009 is fornmed using
an organic resin filmof polyimde, 15 acrylic, polyam de, epoxy, or the

li ke;5an[038}ganic insulating film or organic polysiloxane. It is

particularly pref.erabl e.that. the.partition | 1..7009 ke fo usi-ng a

phot osensi t | veﬁ?’géelr’na Hﬁ?‘gyioaﬂmh%nﬁﬁ\?&n Laoﬁ kel ‘ﬁ?fn%‘egfgr f afﬁéoie%é' eiFgct rode
7003 so thahple, f dRVedst Wihert iBe aRQNEIBErdde TOU3NRAuded 3oy Rathidde,Nthkei AL
surface with continuous curvature. In the case where a photosensitive resin

mat er i al clestredsctPOB by prefrsally formadgisingzn matpgaidiavipgzplost werkdunetionsuglyas resi st

mask can ' 4 ; 7004 ~f or need t he
first el 812? lrk gg‘gﬁ%%gclg%gé{ %urecsﬁzflrn talllﬁﬁglre]te%?? Fle%gga{ %SnIQI%LCF’a(g}Jﬁ’ ?ﬁ%ﬁ%l ng at

| eas10 a tomghihingrdnlytafniesk ayetdls (6 gadeApad | Ad:Likwrtahare edrtheméthl hiehers Y04 nmay
be fornmed o have either a single-layer structure or a 25 stacked-I ayer
structur 8 *Mhen the EL layer 7004 is forned using a plurality of layers, an
electronﬂB@BPction | ayer, an el ectron-transport layer, a light-emtting

| ayer, a hole-transport |ayer, and a hole-injection |ayer are stacked in

t he order presBurther beqreripheryfofr be fobteeleetonts 7U33isevrdredswish @apandiden Not e

(rat ot Bhagh, R RHSuT0 Bt QLB SERA B iy
and g eh@glki¢,0polyamakt ie%ex&,aysfe rthHBNket;)earﬁtiﬂ@rFMCi instlagn@rer; of @sgmied over
the first el ectrode 7003 used as an anode. [0536] .
polysiloxane. It is particularly preferable that the partition wall 7009 be formed using
a photosensitive resin material to have an opening over the first electrode 7003 so that a
sidewall of the opening is formed to have an inclined surface with continuous curvature.
In the case where a photosensitive resin material is used for the partition wall 7009, a
20 step of forming a resist mask can be omitted.
[0534].
As the EL layer 7004 formed over the first electrode 7003 and the partition
wall 7009, an EL layer including at least a light-emitting layer is acceptable. Further,
the EL layer 7004 may be formed to have either a single-layer structure or a
25  stacked-layer structure. When the EL layer 7004 is formed using a plurality of layers,
an electron-injection layer, an electron-transport layer, a light-emitting layer, a
hole-transport layer, and a hole-injection layer are stacked in the order presented over
the first electrode 7003 used as a cathode. Note that not all of these layers need to be
provided except for the light-emitting layer.
30 [0535]

The stacking order is not limited to the order presented above, and a

hole-injection layer, a hole-transport layer, a light-emitting layer, an electron-transport



In FIG 17C, a hole-injection layer, a hole-transport |ayer, a
light-emtting layer, 5 an electron-transport |ayer, and an

el ect r on-woj2eciidsen2s| ayer are stacked in the order preseptedroMdenscass
stacked-layer filmin which a Ti layedld$ an aluminumlayer, and a Ti |ayer
are stacked in the order presented, and thereover, a stacked |ayer of a
thin Myg: Ag alloy filmand ITOis fornmed. [0537] 10However, in the case
where the driving TFT 7001 is of an n-type, it is preferable that an

el ectronyi.ni I ] S-S - r i i 1 Ng
Cayer alfioh &6 bR el inection TR ial Be s RRPA he RUFP @It STREREL' 1D e
order pr eketndded/003 aised fscarf dnodeé. el ect rode 7003 because an increase in

vol t age E@;ﬁg driver circuit can be prevented and power consunption can be
reduced ]effectively than in the case of 15 using the |layers stacked in
the above ordef, Fid)?%8] a hole-injectiddlap@CORGN e 212853 JrORPer/ D Aght-Emit@igBfertiSi Ng a
light-transmtting conductive material. For exanple, a l[ight-transmtting
condust i we dleryren-twhspart ilayer, riddan ietestrantimgetiam pyee areosteeked iméhieupnder nc

oxi de inc¢luding tungsten oxides I ndi oxi i.ncl uding 2 j i xi de,

i ndi um t PWS%[Q?(%gv?rn% Ftﬁglferqaaﬁrt@m 8% trg?ar?lglr’uarlﬁ %}nrrll%&?? ééé’,é’%ﬁﬁﬂpzi nc

oxi de, OfayknakeWackédinOthi @eddr Provbated, Hidl thereoverxa stacked lavtiied a thin MgAd | ke can
be used. [0539] . The light-emtting el ement 7002 corresponds to a
regi on wakexllmhandHdTQ ifermebo4 i ncluding the light-emitting |ayer is

sandw Chﬁﬁ%’ﬁft ween the first electrode 7003 25 and the second el ectrode
7005. In e’ case of the pixel illustrated in FIG 17C, light emtted from

t he 1o ght - em t Hongvea] émahé caSi0wvhere eheedtiemhgt BFThE0Hewsontl ael reypeode i¥005
side as indicated b %n arrow. .go 40] In FIG 17C, tﬁe dr ai.n, el eﬁ%{ode
| ayer of PoKga Fitb?tr%‘ petroFpeCHan dyeh a1 SlSFQR-SRnsPRI IREE: 2 HEGPHENG | 1 st

el ect r odg, 0930l AiPbrt FayePHhaG ol fectioh MBRr b8 s@ckdd inGROoflét BRséyEr 7051,
a protectrve insulating l"ayer 7052, a planarization insulating | ayer 7056,

a pl anar pyatthedirstrededtratde 7§03 dpeausg @8 3ncreasd inrvoltaguphe idniget eiyeuit gagsBe The
pl anari zati o WO, 2011/ 046025RPCT/ JP2010/ 067195 147 i n ing | ayers 7036,
a6 7085 SRl SR BEVELFEIRUTPAYTLH B Fayoer Moty FitdeuvEbi it L ' GNeoP

pol yisn dasin@tHeyhycss stheiedas yel Hbvé efder. pol yami de, or epoxy. Qther than such
resin materials, it is also possible to use a | owdielectric constant

mat eri al [Q338W k material), a sil oxane-based resin, phosphosilicate gl ass

(PSG, boropho ilic I (RBP, - bt § :a}fs?la -4 he

pl anari zati on ?ﬁés]g?éé)tnfl négE 5@8?@?0?61%%8%2{81%%\4&%5'}1 lgg%gglﬁdggﬁ}%r med by
st acki ngmatepialir didriexaplel atightakinsmittiay eosddcarertyerisf indivhheside imelwdingil s. The
pl anarization insulating |ayers 7036,.7046, 7053, and.7056.can be. forned,
dependi niingster (pE1des drdingy zingjoxleingludingqtuagsten 9xids, é‘}ﬂb‘frf‘e‘?xi“%g “}?g‘{dﬁ% an

SOG 5@t hfhnivin 8%?, i8R AYoat HReLdife GaRRhDOxiEE!RGHm th SAEYnERRALFiAY
met hod, or a droplet discharge
oxide, or indium tin oxide to which silicon oxide is added, or the like can be used.
[0539] |
The light-emitting element 7002 corresponds to a region where the EL layer
7004 including the light-emitting layer is sandwiched between the first electrode 7003
25 and the second electrode 7005. In the case of the pixel illustrated in FIG. 17C, light
emitted from the light-emitting element 7002 is ejected to the second electrode 7005
side as indicated by an arrow.
[0540]
In FIG. 17C, the drain electrode layer of the driving TFT 7001 is electrically
30 connected to the first electrode 7003 through a contact hole formed in a silicon oxide

layer 7051, a protective insulating layer 7052, a planarization insulating layer 7056, a

planarization insulating layer 7053, and an insulating layer 7055. The planarization



10nethod (e.g., an inkjet nethod, screen printing, or offset printing), or
a tool (equipnent) such as a doctor knife, a roll coater, a curtain coater
or a kni fwocoatms02s[ 0541] The partition wall 700®crgppriovéred in
order to insulate the first el ectrodell?003 froma first el ectrode of an
adj acent pixel. The partition wall 7009 is fornmed using an 15 organic
resin filmof polyimde, acrylic, polyam de, epoxy, or the like; an
inorganic insulating film or organic polysiloxane. It is particularly
preferable th It hbi Y j : itive
resin mater ?agﬁétlgc?gﬁsa@g%z&%(’ggglg\?fgingv@rggtc%gb% ?élg?qe#gdgt%r; rc? gp;ggglgél?gél% hat a
si dewal | agholyhraidepadiylig beazdytivbdtens, pulydntide,i srecposur f @ter whanhsucbmésimuous
curvature. In the case where a photosensitive resin nBLari | is used 20 for
the part Mkl is alsgpessiblede gpe d oISl conskg matera Owgﬁmﬁ@ﬂa i¥ted.

[ 0542] . 1 St sl I I i(iCate } ng

Ul - ol 1o SRS Bl RS UPAFE oot ifeme fiss PERSOL Y

| i ght 5 emithiet likey &Notertinat the pladhritzigoroinsaating lay¢re 7889,ak0861 7053ghAnd &piG mang

el enents are, f exanpl e, reen.emssive light-emittin 25 elepent, a
red enis&f \ferm?cg_hy S i%é’?‘gglé% ‘,ns‘élﬁﬁnga?%’le{?epoéme?s‘isvg ﬁ%mager‘}'ia %ing

el ement , ThesSpaedriMEbY - inflIAtGipN Mylewe 7936,2704@) 0B dnldi NQ56licaR! By fokavddse
capabl e of full color display ray be manufactured using four kinds of
| i ght - enidepdndingednetive materigh, with  mestheiesugh ah p sputteriggmethod, ap Y6 i

|
addition to. three kinds of. |light-emtti I 3
5011/ 0468IBBCPPIRBEBRdcY JpRIEaeBpY A sprsy C\G@mﬁggﬂ’}e?“’élr ?%%éé*’?‘ef 3}%?{5%
| i ghtie eminteihdi e mEnkjst MBMod, etthiprigtinghstofdeepriming))@ra todl(equipmerntgr or
the like is arranged over the light-emtting elepent 7002. A material which

n

exhi bi t s suchsasrigflastar i, asipdlirogter, giurtain watey, &O8GHbi ned with a col or
filter orggy g0l or conversion |ayer, whereby full color display can be
performa&. §§0544] Any of the thin filmtransistors of the

enbodi ment s caffhépanisied vexdl Z)0Prio pravaded iaorddndo adrsulatthe TERtselqd@de 70031, and
7021 used for _sem conducfor devices, and they.can rmed using steps and
mat er i al $M98} qur%gcho%.'g g ?Cet“ﬁB‘XﬂZTs fpﬁéo%wﬂigP%ﬁt@m?@&? & or

vat efi5 i S ot BARCRDin filch e FONifEdeS QhIRNgUNhRIdd, ¥6XS Rfthé Nikedhh ThdtgantETs

107001, 7011, and 7021. "Thus, the 'driving TFTs 7001, 7011, and 7021 are
hi ghl y r etsubsiting ftlimi or piganict padysilosang: s It {squtiqularly preferalde dlhas dhe pytigasy

0 bl ey QLTRRRSEY ORI bl kS B sHE BRLA P SRS e
first electrode 7003 so that a sidewall of the opening is formed as an inclined surface
with continuous curvature. In the case where a photosensitive resin material is used

20  for the partition wall 7009, a step of forming a resist mask can be omitted.
[0542]

In the structure illustrated in FIG. 17C, for performing full-color display, the
light-emitting element 7002, one of adjacent light-emitting elements, and the other of
the adjacent light-emitting elements are, for example, a green emissive light-emitting

25 element, a red emissive light-emitting element, and a blue emissive light-emitting
element, respectively. Alternatively, a light-emitting display device capable of full
color display may be manufactured using four kinds of light-emitting elements which
include a white light-emitting element in addition to three kinds of light-emitting
elements.

30 [0543] »

In the structure of FIG. 17C, a light-emitting display device capable of full

color display may be manufactured in such a way that all of a plurality of light-emitting



15 area-color light-emtting device may be forned with the use of a single

color light em ssion. [0546] I f necessary, an optical filmsuch as a
pol ari zi ngofniwm4sors! udi ng a circularlﬁhpolarizing pl at e pamyPDEo/pPs7@9s ded.
20[ 0547] Not e that, although tH& organic EL el ements are descri bed

here as the light-emtting elenents, an inorganic EL el enent can al so be
provided as a light-emtting elenment. [0548] 25Note that the exanple is
described in which a thin filmtransistor (a driving TFT) which controls

the drivipgeafs & lch%ta&ggé& iNOnk qtgttfq%mmng'e@&ﬁémg%w %ﬁﬂg%@gra&@ the

light-emtting e enment wever, ructur enpl oyed”in which a TFT
for curr hmlngam‘oﬂaﬂ filiteg ardhnéikee'si alrebgodeover e thtwnmglﬁg:memndt . A

light-emttin me 0549 FI GS., 18A 88 il str ppear ance
e o ek B i ey § Riele Eolbt ALl a5 T andsgcedbified BithRg o Ts 20
a |'ight - ggiot ﬁltél%r&%?dr)con&érﬁonl% iwhefebiy! fal cho?H&stay%a@Bé‘ﬁErfbﬂﬂléﬂhl ch a thin
filmtransistor and a light-emtting el enent that are

2011/@460@EPCT/JP2010/067195 119 formed over a first substrate are seal ed

e peas soehth e Rt BRRiRp R s U e RNEARER Ral b s 0 pflir ), & 10

seal ant 45{he dkﬁm@"ﬂvl"sdﬂmﬂt P019Y DTN @ed foraenficuridutor 4&hces, &idthay car ne
driver 5 circuits 4503a and 4503b, and scan |line driver circuits 4504a and
4504b whbe formed using\stenscngviagterials sinaar 4o, ghase ferethg 5F s of theembedigientsa second

substr at i ne
driver ﬁ’é %%1°§§§§a anggﬁgggﬁtﬁgﬁéltﬁgﬁgﬁgga @ﬂg %@%gg%@gyﬁ% ?§T4504a
and 11(504500]Acmﬂﬁamgl7‘y)21t h&hys, xbe doivirg ART450R), 70El, sangn@02 1l lareehtghi)ver
circuitsgngé%pg 4503b, and the scan line driver circuits 4504a and 4504b
10 are skEa@ PHEAOSIHAH a filler 4507, by the first substrate 4501, the
seal ant 81 and the second substrate 4506. It is preferable that a panel
be packaged {sealed) with a protective film(such as a lanm nate filmor an
ul traviol et cuNedslessitesay display oomonodhwamatintightrdanialsei behperfegmedi r For ght ness

Z? ? | : ;t %}Eﬁngp %: h%ll}t?nagg_%?%gg%ag %tformed R’latH%Le Lse OP Linf& 'P%ﬁt emltsgllo}l,hgr Ut side

15  area-color light-emitting device may be formed with the use of a single color light
emission.

[0546]
If necessary, an optical film such as a polarizing film including a circularly
polarizing plate may be provided.

20 [0547] |

Note that, although the organic EL elements are described here as the
light-emitting elements, an inorganic EL element can also.be provided as a
light-emitting element.

[0548]

25 Note that the example is described in which a thin film transistor (a driving
TFT) which controls the driving of a light-emitting element is electrically connected to
the light-emitting element; however, a structure may be employed in which a TFT for
current control is connected between the driving TFT and the light-emitting element.
[0549]

30 FIGS. 18A and 18B illustrate an appearance and a cross section of a
light-emitting display panel (also referred to as a light-emitting panel). FIG 18Aisa

plan view of a panel in which a thin film transistor and a light-emitting element that are



The pi xel portion 4502, the signal line driver circuits 4503a and 4503b,
and the scan line driver circuits 4504a and 4504b, which are formed over

t he firstweubstmueaize 4501, each include a plurality of trcmJiP2diome7195
transistors. Athin filmtransistor 48P0 included in the pixel portion 4502
and a thin filmtransistor 4509 included in the signal 20line driver
circuit 4503a are illustrated as an exanple in FIG 18B. [0552] Any
of the thin filmtransistors of the enbodi ments can be used as appropriate

as the thin Hia L HAR §1i1b%ﬁr9{esaré' ?%ﬁed%é@gé‘él]tﬂﬁ fiadt 1|1l|§1 ¥% A% fREorfdNuBEehts!Si NG

steps and materirals simlar to ose for the t I'mtransistors of the
enbodi nemtith a $dalinngdiG2BBis axabes-secionad diemetikemalbhga dine dl sdtiGe b8luct or

| ayers of t% thin filmtransistors 4509 and 4510. Thus, the thin film
transi st 60509 and 4510 are highly reliable thin filmtransistors. [0553]

A conductive | ayehiahfsfUO¥iRSHIQY &) sudroRAd taipmalq)»saidnaa_tvngiﬁﬁmtnmetdmephannel
30 formation region of the oxide sem conductor layer in the thin film

t r ansh st orcuiB09303rnandh4 3)3bnbod isnraniipe dnizver hirenifsi 4584arands4 ¥dbr whichGge and

0 - | thin fil i . WO 2011/ 046025PCT/ JP20104 06719
150 [ 055 HoVOed OXer 1Sttt 90T cpofiohionod SeBPYPHEAE 30 Pty an

oxi de si lovgaRe pR¥Eporfiodt 4502V igm Bk aAserifcits #503aRan 8038, ahd el sofin I €gi ON
of the oxide sem conductor layer in the thin filmtransi stor 4509. The

conduct i Vige [dsiyer cinmay 45845 prs; #H4P- atAqchudingly the piceb petion 4398i A senah t he
channel [ Lon. regi of i X] 1 C =t ar.. ] a: he
arount. of TEARNGEAIhRT B0 MDA Ll RO BN RleifoBCAsOMARA A4} 1

bef one aatt shledrtogdikerBVith & fillec AP0 dyrikel fiest dubstrapod 301t tlad seafant #¥05candiuct i ve

| ayer 4540 may be the sane or different fromth of a gate electrode |ayer
in the tMhsacPndsubsia 4308 Aisopre 1%8}?&&&%119@{’? Qﬁ@?agg@wa@&h wifhsg,

function ?tge&ivﬁem udPh€a Lnigh@HHPGEal Al¥aV ol chibatdsiefiln) driecdirt enti al
of the cgn uctive | ayer 4540 nay be G\ND, 0 V, or the conductiive |ayer 4540

may be i material vathi ligh sirdigbtnef0&EHlittle degasifidation ke that theepasiel isawhexpaseid | ayer
4542 is fopned tcP cove{%% he oxi de sem conductor |ayer of the thin film

transi st & NEEPFIdeAE WIS PAMEE G ain el ectrode 15 |ayer of the thin film

tranghst pos#4p10 is electrically connected to a wiring layer 4550 in an
opening fornmed in the silicon oxide |ayer 4542 and an insulating | ayer 4551
whi ch are f or mdHe pixet partien #49% the signal ing sriyengircuith 45043 andgt 10dheand4bEo i s

8By o SR AR gl e e oo
Wi ring | ager, &ob0ncld@d @58 6dality of thin film transistors. A thin film transistor 4510
included in the pixel portion 4502 and a thin film transistor 4509 included in the signal
20 line driver circuit 4503a are illustrated as an example in FIG. 18B.
[0552]

Any of the thin film transistors of the embodiments can be used as appropriate
as the thin film transistors 4509 and 4510, and they can be formed using steps and
materials similar to those for the thin film transistors of the embodiments. Hydrogen

25  or water is reduced in the oxide semiconductor layers of the thin film transistors 4509
and 4510. Thus, the thin film transistors 4509 and 4510 are highly reliable thin film
transistors.

[0553]

A conductive layer is provided over a portion overlapping with the channel

30 formation region of the oxide semiconductor layer in the thin film transistor 4509. In
this embodiment, the thin film transistors 4509 and 4510 are n-channel thin film

transistors.



A color filter layer 4545 is fornmed over the insulating |ayer 4551 so as to
overlap with a light-emtting region of a light-emtting el enment 4511.
[0557] wo2011/04628rt her, in order to reduce the surfacecroeghoessoof the
color filter layer 4545, 25the color ¥0 ter |ayer 4545 is covered with an
overcoat |ayer 4543 functioning as a planarization insulating film [0558]
An insulating |ayer 4544 is formed over the overcoat |ayer 4543. As the
insulating |ayer 4544, a silicon nitride |layer may be forned by a

sputteri T%ﬂit hod, for 30 example. [0559] WO 2011/046025PCT/JP2010/ 067195
121 4517 Ich is a pixel electrode included in the light-emtting el ement
4511 i s el ectr Thakbyductvamyeredb40as previdedaseepat bf adexidaydicomfayar 4542, n

el ectrode | ayer of th hip fi transi stor 10, .t hrough the wiring | ayer
4550. Not@i afh%Yerkaﬁé“ﬂﬁ%gtﬁ? Bl farmaipe fapien ab e Gl %@?ﬁ*&%@!ﬁ‘@%ﬂg
struct ur enOfhid fimf trdrdfstd?| 505! OFRe dordductifd 123e£ 4SS0 ObHTIdRASARRE pbakeh 4512,

and a second el ectrode 4513, and there is no particular |imtation on the
st r uchur everldppingt matht three cldnneh dormaggion - rgiont phHdhe loxidensemBondustor lagerhanged

as appropriate dependi on the. djrection.in ich Jight is extr d from
Che | T ohougimby: fmgoainhen et i rfbla Torlde oS dele sapiFbr 3506a
4520 is feforeand!sftdtdhé BTOlSAAh bel8&idedf | Arfotéttial H01hgadhEudtive Wdyak 4540 fi | m
or organic polysiloxane. It is particularly preferable that the partition

wal | 452mayebg dharsame sirrdjiigreph dross dhatj ofi § Latgaeleeirede ayenan dhethigpllm ng
portion . HI'S I t hat ' I f 0 i ng
portion ?r\éllg %téltr]rg‘abgs ghﬁﬁ%@ ggag\ﬁr glg(é:% 4\?\,19? héagoﬁtg? ?&gﬁigﬁc hsr \?datS %Jc:EBgd %%10561]
The eb eckleoirodd lagac e Alitehmayieelydthd powntiallef thoconddctive 1hparet 540 tiagrbeaGND,

single-layer structure or a stacked-|ayer structure. [0562] In order to
prevent QnaPyt}@fCOBQ%’é(ﬁ?aﬂ?yﬂg%b’é‘ﬁ}‘ ﬁﬁ}%ﬁﬂ'ﬁ‘t&gs&a&?bon di oxi de, or the

[0555]
Further, the silicon oxide layer 4542 is formed to cover the oxide
semiconductor layer of the thin film transistor 4510. The source or drain electrode
15 layer of the thin film transistor 4510 is electrically connected to a wiring layer 4550 in
- an opening formed in the silicon oxide layer 4542 and an insulating layer 4551 which
are formed over the thin film transistor. The wiring layer 4550 is formed in contact
with a first electrode 4517, and the thin film transistor 4510 is electrically connected to
the first electrode 4517 through the wiring layer 4550. '
20 [0556]
A color filter layer 4545 is formed over the insulating layer 4551 so as to
overlap with a light-emitting region of a light-emitting element 4511.
[0557]
Further, in order to reduce the surface roughness of the color filter layer 4545,
25  the color filter layer 4545 is covered with an overcoat layer 4543 functioning as a
planarization insulating film.
[0558]
An insulating layer 4544 is formed over the overcoat layer 4543. As the
insulating layer 4544, a silicon nitride layer may be formed by a sputtering method, for
30 example.
[0559]

Reference numeral 4511 denotes a light-emitting element. The first electrode



20li ke into the light-emtting el ement 4511, a protective |ayer may be
formed over the second el ectrode 4513 and the partition wall 4520. As the
pr ot ecti weol2ayi@ras02a silicon nitride |layer, a silicon nitrcrdexaxpead ayer, a

DLC | ayer, or the like can be forned.1410563] In addition, a
variety of signals and potentials are supplied to the signal |ine 25driver
circuits 4503a and 4503b, the scan line driver circuits 4504a and 4504b, or
t he pi xel portion 4502 from FPCs 4518a and 4518b. [ 0564] A

connecti @1 aLiktRak £l el ederdRl hndisicio aa: Ll%l'lﬂgmﬁthﬁ saBRemORgYCtit ve
| ayer as the first electrode 4517 included in the Ilgh%-en1tt|ng el ement

4511, andleatrBolly eomicated telaesuresddect®dg layer foprandsdinud eaitpde Hayes afdhe 8nluct i ve

| ayer as & he, source r ai | ect r ode | ay, i acl uded jn .t thi.n film
transi st 5flm4g@r§_lst<[rog§@¥ (3eB o i Bse 38 0, Ot F8hd sghBehllife Ty
connect i @reniedf il 1mkeat rsf&él%ed‘lﬁ%& | rucheet 6f cik| YirgorReabasl 45172 her mi nal
I ncl uded in the FPC 4518a.throu an ani sotropi c conductive |ayer 4519.

[0566% Thiecuelunrrseatdayearts 12.omstetrcpnd elestrede 4243 gnd itherovs ah phitighlar |
extract e(iinr];i{aﬁfrﬂtl %n tthE:1 estlju&tﬁFe;' %]‘Hﬁt %tﬁlgﬁug lo? %@Lgﬁt?%rﬁ[tﬁg? Hefhe P S11Pcan be

light-transmtting proper case, a ansmtting nmateria
such as @h#tgad as pppropriata depaskingom kit direcdopdh whidhelightiid extraetedafioracthy | i C
filmis used for the second supstrate 4506. [0567] As the filler 4507, an
ul t r avi olight-gmitting demgrtidy 15rordhe hks-roset ting resin can be 10 used, as wel |
as an_iniéﬁxgas such as nitrogen or argon. For exanple, PVC (polyvinyl
chloride), acrylic, polyimde, an epoxy resin, a silicone resin, PVB
(pol ¥oi nyl but yr parjitiom rwaVAS2@tih formmd vsing |anacrgasic exesioafilnh ean seutgarior
exanpl e, ilpsiufar[igg %Tml, or grsg%gicfp%rlystilg)?axfei. | lIte{s'particularly preferable that the partition
wall 4520 be formed using a photosensitive material to have an opening portion over
the first electrode 4517 so that a sidewall of the ‘opening portion is formed as a tilted
surface with continuous curvature.
15 [0561]
The electroluminescent layer 4512 may be formed to have either a single-layer
structure or a stacked-layer structure.
[0562]
In order to prevent entry of oxygen, hydrogen, moisture, carbon dioxide, or the
20 like into the light-emitting element 4511, a protective layer may be formed over the
second electrode 4513 and the partition wall 4520. As the protective layer, a silicon
nitride layer, a silicon nitride oxide layer, a DLC layer, or the like can be formed.
[0563]
In addition, a variety of signals and potentials are supplied to the signal line
25  driver circuits 4503a and 4503b, the scan line driver circuits 4504a and 4504b, or the
pixel portion 4502 from FPCs 4518a and 4518b.
[0564]
A connection terminal electrode 4515 is formed using the same conductive
layer as the first electrode 4517 included in the light-emitting element 4511, and a
30 terminal electrode 4516 is formed using the same conductive layer as the source and

drain electrode layers included in the thin film transistor 4509.

[0565]



[0568] 15In addition, if needed, an optical film such as a polarizing
plate, a circularly polarizing plate (including an elliptically polarizing
pl ate), owoaori@gi4endati on plate (a quarter-wave pl ate or pathebdiemenss pl at e)
may be provided as appropriate on a 1i2§ht-enmitting surface of the
light-emtting elenent. Further, the polarizing plate or the circularly
polarizing plate may be provided with an anti-reflection film For exanple,
20 anti-glare treatnment by which reflected |light can be diffused by

proj ections angg?%@ﬁ&%ﬁ&@%ﬂ%é 'g @tr?&g § 8385t ecEr%ﬂ?%omteQﬂ R Prebidthab®

perfornmed. [05 can be tornmed’using a screen printing

nmet hod, amchidedjiethedfRia4 Sit8dashroagh an ahisqteopic cundapiparlayarstS1As t he seal ant,
typi cal | a material containing a visible 25light curable resin, an
ul travi o 6turabl e resin, or a thernosetti ng resin can be used. Further, a

filler may be | 7 [ | hWfcuits
4503a and 4503??%%?160? ﬁgug%%ﬁe P)l;ated 1? |ﬂ\1/ee§§%°fnira§d§tvgﬂilgggapﬁneg[%%tg%lg&hér| ver

ci rcus t stiedight-dmitsing glement Afl leshonldsant asisglnt—uammr@preﬁert}f i [Imthat case,

pol ycryst | ne sem conduct.or fi pyer ely prepared may
e tsed AnghHREE e AT E ey &1 § LR Pipte RTSHE Ao A i S B BE i s o
a part tB&fyﬁ@ﬁlm%u&alf&thél@eo%ﬁatauﬂsha@mGyer circuits or a part thereof may
be separately formed and WD 2011/ 046025PCT/ JP2010/ 067195 123 nounted. This

enbodi met?567% not limted to the structure illustrated in FIGS. 18A and

18B. [0571 b |
. [ . ] : Aat ﬁgfi:/r I 7r CeuE%a(vgolgt QJVEDIQ rr s §I$ a tﬁ‘ed%'o%ﬂlx E dc?%lrgedevi ce

light-emtting as a sem¢c
can be masudf acivélled anfifd? gds such as mtiHyeﬁ oeribgmll meot emplb,ePV@I(belmaimyEd in

appropri gﬁlgngg)ngclrgﬁé Ip%?ylvmmlc%eh arél1 2%0)?)]; retsﬂle aOsEch%Le ?ergtl)nocf’lVrrI‘al‘a r(]}goﬁyvmyl butyral),
or EVA (ethylene vinyl acetate) can be used. For example, nitrogen is used for the
filler.
[0568] ,

15 In addition, if needed, an optical film, such as a polarizing plate, a circularly
polarizing plate (including an elliptically polarizing plate), or a retardation plate (a
quarter-wave plate or a half-wave plate) may be provided as appropriate on a
light-emitting surface of the light-emitting element. Further, the polarizing plate or the
circularly polarizing plate may be provided with an anti-reflection film. For example,

20 anti-glare treatment by which reflected light can be diffused by projections and
depressions on the surface to reduce the glare can be performed.

[0569]
The sealant can be formed using a screen printing method, an inkjet apparatus,
or a dispensing apparatus. As the sealant, typically, a material containing a visible

25  light curable resin, an ultraviolet curable resin, or a thermosetting resin can be used.
Further, a filler may be contained. |
[0570]

As the signal line driver circuits 4503a and 4503b and the scan line driver
circuits 4504a and 4504b, driver circuits formed using a single crystal semiconductor

30 film or a polycrystalline semiconductor film over a substrate separately prepared may be
used and mounted. Alternatively, only the signal line driver circuits or a part thereof,

or only the scan line driver circuits or a part thereof may be separately formed and



[0573] 10 (Enbodi ment 13) In this enbodi nent, an exanple of a

sem conduct or device including the logic circuit in Enbodinment 1 or

Enbodi nerwo2oii4emscri bed. Specifically, an exanpl e of elcegpranderigaper in
which a driver cicuit includes the | o3¢ circuit in Enbodinent 1 or

Enbodi ment 2 is described. 15[ 0574] FIG 19 is a cross-sectional view
illustrating active matrix electronic paper. Any of the thin film

transi stors of the enbodi nents can be used as appropriate as a thin film

transi st %oulfﬁ?e%l. _USIﬁf% dnodfth& S AR IEmREPE! the ?t%jctiinre ifl8draf ihP108Y] 818 LAY St eps

and materials simlar to those for the thin filmtransistors of the

enbodi mred8B. I n this 20 enbodinent, the thin filmtransistor described in
Enbodi marfésﬁ is used as the thin filmtransistor 581, for exanple. Hydrogen
or water leduced in the oxide sem conduct or | ayer of the thin film

transi stor 581ThER, the MBoldliplodess, M highly irslidble 5%Bt-b§1itﬁrﬁ$1lcﬂ:gﬁlé& dedicabl e
thin filmtransistor. [0575] 25The el ectronic paper in G 19 is an exanple
of a 8i sfdisplaypaiebasasemicandugipsdevies danlbe nengfciiyredyst em The twi sting bal |
di spl ay T(ys'?g?m refers to a systemin which spherical particles each col ored
in black*and'white are arranged between a first electrode | ayer and a

second el ect r oURis|eytidinaétit Gan deempledicntedda dppitpiiateisdtbihationawith apy ay
el enent, and a potential difference is generated between the first

el ect r odéhe affrentodifpenthe second el ectrode layer to control orientation of
t he spher%scgghjparti cles, so that display is perfornmed. [0576] WO

2011/ 046@) / JP2010/ 067195 124 The thin filmtransistor 581 forned
over 1a s(hmbodinenSB) has a bottom gate structure in which source and drain
el ectrode |l ayers . are el ectricall onnected tq a first el ectraode, | ayer 587
Lhrough an opel B FBPerieEefin 35 cxdmple o aosmireniugier desiss ingluding b fogid

i nsul ati pRcdieHPEMDBdinRin 1381 ERBsdiAlehN® ié AYRFbESS . SRLARANY, an examgl@@f ween
the first electrode |layer 587 and the second el ectrode |ayer 588, spheri cal

parti cl eslegirenip papdrdedvhi¢in s idrivpheiewit diclysigs theclogid ¢irduitdaErabasliment } eyi on
590a and ab\Méi tetgegieosn gg‘{)b and a cavity 594 filled with liquid around
the bl ack™PEGIEH" 59 g 5128 he white regi on 590b. The circunference of the
spherscafoyrayticle is filled 10 with a filler 595 such as a resin (see FIG
19). In this enbodinment, the first electrode |ayer 587 corresponds to a

pi xel el ectrodBlGnd tshe csessagiampb ¥ieodlisiraing acise Prabx QISETIHE PAPFunt er

substrat %n?%@ tEOHIEARY B 8sidtBrsDfRTRPofinERts B Be used as appropriate as a thin

film transistor 581 used for electronic paper, and it can be formed using steps and
materials similar to those for the thin film transistors of the embodiments. In this

20 embodiment, the thin film transistor described in Embodiment 6 is used as the thin film
transistor 581, for example. Hydrogen or water is reduced in the oxide semiconductor
layer of the thin film transistor 581. Thus, the thin film transistor 581 is a highly
reliable thin film transistor. ’

[0575]

25 The electronic paper in FIG. 19 is an example of a display device using a
twisting ball display system. The twisting ball display system refers to a system in
which spherical particles each colored in black and white are arranged between a first
electrode layer and a second electrode layer which are electrode layers used for a
display element, and a potential difference is generated between the first electrode layer

30 and the second electrode layer to control orientation of the spherical particles, so that
display is performed.

[0576]



[0578] Further, instead of the twisting ball, an el ectrophoretic el enent
can al so be used. 15 A m crocapsul e having a dianeter of about 10 pmto 200
pmin whiwb2brigomas@ar ent |iquid, positively or negativel ycehaezogeds7ads t e

m croparticles, and black microparticlés charged with the polarity opposite
to that of the white mcroparticles are encapsulated, is used. In the

m crocapsul e provi ded between the first electrode | ayer and the second

el ectrode |ayer, when an electric field is applied by the first el ectrode
llayer and the AfeSRHONMh @lRGEOPS81! BHREd oldtes Wbduatd 580 ARALIBdHoRRgARd the
bl ack mcroparticles nmove in opposite directions to each other, so that

whi t e or stihetuie inawvhible selirephrd/drdin @ediaisl layers heenadentricadlyrapnnédted fora ficitpl e i s
an electr oretic di-splay,elenent, .and ,.s called e|lectraqni,c paper. in

Gener ai - CHREONS i 7 Brén & SR atesl B Al DS SlsTaer e 1 BRERELS {han a
liquid crystadingayepbey afl ARBklatidAyéhs8s. an auxiliary light is

unnecessary, power 25 consunption is |ow, and a display portion can be
recoghi zé®1h a di mplace. In addition, even when power is not supplied to
the display portj ! i Ch e [.S b

mai nt ai ned. ACCSWJIQ Hg@%,ﬁgﬁglﬁzgp {%ﬁ/é%??ggeg{@ag{ebgécgﬁ%é%ﬂéggﬁ% 5288’

sen condupliedicalpatticles hrvprogidad.di Badhagphérticit tpanitle idbludbs adyackaegiohe90ed t o
sinply as a display.device or a sem conductor_ device provided with a

di spl ay @adiacuhits gign ol éﬁeédcafvlﬂasrﬁ9én€liqdemthi tqwsg%@ug ah%gl.adf GS291 WD
2011/ 046Q36PCT AR20HY ABTHI0b25 19l Sk Ak rirndRasr AL YRkl SRLIEGL kiibg

vol t age apg{)%d teo t he ?vm sting ball vma%[lﬁ ra ogftl{ ver LgE}i{i:rcu]i It%mf 05801]

Thi s 1enbedinefitlec$ds Hrhiampal resie {seedTiGn 19) prio this &mbodimmdpit,rthe ifiost eldctriodany of 5

th th i ts. [058L i t, 14 t hi nbodi t,
xanpl oo IBEF SELFUSTRATIHP AP LS Tode AT i P clersodealet herardey
Embodi megh akofhteFSiMREAEBDE carredpBndieD @ dobtfon sle@fddel cal | y, exanples 10 of
el ectroni c devices (including an anusenent nmachine in its category) in

which a #3%8¢r circuit includes the logic circuit in Enbodinent 1 or

Ebodi Ment 2 A Gue RISt X ATRL Ol BLERUAOILE KRS, LAShUTER

tel evi sion set sorererre Vi evi'si on receiver),

a momst oA ficrcApRileWaeingOs didifettr K€ absutdiogjinalo CE0TRINRin avHitld traddpatendieo
canera, a digital photo frane, a nobile phone (also referred to as a nobile

phone 15ligeid; pesitively 9o megativelygehnegadawhit sricrappéicieatind blagkomeropasticleer i nal |
an audi o i
C

R R
mobi | e phwied. Alnthbinhieropissor: proOided detveel itlttefirsteletira@ledapdpladyl tiosdcoad 1602
| ncor por glteggocilenla?lert]%hseinna% g-lggtil:i’c f(l)CFl)g ri? tzii)}?l?edbllaj)t' ttl?en?irst electrode layer and the
20  second electrode layer, the white microparticles and the black microparticles move in
opposite directions to each other, so that white or black can be displayed. A display
element using this principle is an electrophoretic display element, and is called
electronic paper in general. The electrophoretic display element has higher reflectance
than a liquid crystal display element, and thus, an auxiliary light is unnecessary, power
25  consumption is low, and a display portion can be recognized in a dim place. In
addition, even when power is not supplied to the display portion, an image which has
been displayed once can be maintained. Accordingly, a displayed image can be stored
even if a semiconductor device having a display function (which may be referred to
simply as a display device or a semiconductor device provided with a display device) is
30 distanced from an electric wave source.

[0579]

The electronic paper of this embodiment is a reflective display device, in which



201603a and 1603b, an external connection port 1604, a speaker 1605, a

m cr ophone 1606, and the |ike. [0583] When the display portion 1602
of the nobole1placze 1600 illustrated in FIG 20A i s touclred/Jredibvoer1$s nger or
the like, data can be input into the ¥8bile phone 1600. 25 Furt her,
operations such as making a call and conposing a nmail can be perforned by
touching the display portion 1602 with a finger or the |like. [0584]

There are nmainly three screen nodes of the display portion 1602. The first

mode s i di-5Rk PerIRA&s BRIBh¥oilil ViSR! BIRE BNhé WREGne VAR wiEaNHiyapde is
an i nput §%zﬁﬁ§2%na|n%§ or ?%ﬁu%ting@%a a such as teQ%. The thirh node is
a di spl agrranit- i nput node in which two nodes of the display node and the

i nput mn'g&é;%ﬁe conmbi ned. [0585] WD 2011/ 046025PCT/JP2010/ 067195 126

For exa in the case of making a call or conposing a nail, a text input
node mai nly fofrhispiddiméht i@y belimpithedtddadl dppfoprfa irmhlhaYonPRith aff 02602 so
that text displayed on a screen can be input. I'n this case, it is

pr ef ep abthe atbergimholdamerds.keyboar d or nunber buttons on al nost all area of

t he screﬁ%éﬁjthe di splay portion 1602. 5[ 0586] When a detection
devi ce i RAC ing a sensor for detecting inclination, such as a gyroscope or
an accel ggmbodithefENPOr, i s provided inside the nobile phone 1600, display
of the screen on the display portion 1602 can be automatically sw tched by

det er mi ni ng t hin #his smbodinet, expmesel sempiserduciasodevisss apk Anglpdingdhe | e
h 16 -1 . . i A i . f d
phone Po%lé n%ire @ﬁf’%g%%ﬁ%ﬂ FQPEI?J}'QBA’mi%Bt Yard a&atibeq. T & \?Méﬁtﬁ%ﬁggéggf?@g@ e or

a portrai e screen nodes are uchi ng
t he @0 spbfygleptrotic odevicegd inctudipe nmtarngerntie mpariad iiwntsbedtegong) h6@Brwhand 1603b

dependi ngrgst e Reshudes s RErisigyl b ET b o1 Ebodmin: Y deschbed
Examples of electronic devices include a television set (also referred to as a television
or a television receiver), a monitor of a computer or the like, a digital camera, a digital
video camera, a digital photo frame, a mobile phone (also referred to as a mobile phone
15 device), a portable game machine, a portable information terminal, an audio
reproducing device, a large game machine such as a pinball machine, and the like.
[0582]
FIG. 20A illustrates an example of a mobile phone. A mobile phone 1600 is
provided with a display portion 1602 incorporated in a housing 1601, operation buttons
20 1603a and 1603b, an external connection port 1604, a speaker 1605, a microphone 1606,
and the like.
[0583]
When the display portion 1602 of the mobile phone 1600 illustrated in FIG
20A is touched with a finger or the like, data can be input into the mobile phone 1600.
25  Further, operations such as making a call and composing a mail can be performed by
touching the display portion 1602 with a finger or the like.
[0584]
There are mainly three screen modes of the display portion 1602. The first
mode is a display mode mainly for displaying an image. The second mode is an input
30 mode mainly for inputting data such as text. The third mode is a display-and-input
mode in which two modes of the display mode and the input mode are combined.

[0585]



15 display portion 1602. For exanple, when a signal for an image di spl ayed
in the display portion is data of noving inmages, the screen node is

swi t ched wo 20tw4dizspl ay node. When the signal is text datagriheosayeen node
is switched to the input node. [0588]128urther, in the input node, when

i nput by touching the display portion 1602 is 20 not performed for a
certain period while a signal detected by the optical sensor in the display
portion 1602 is detected, the screen node nay be controlled so as to be

swi tched from ]

portion 1602 ngy ?Jm@Hé8ﬁqg§cg%:§ﬂgmgf22%§%¥Hpg§P %xa an%hgthEH#ﬁ%ge of

t he pal mrmdenhamtyh&rfmplgengrtexttl,s stetectekiefohtkce displayapatiolnyl 602 wsohthatgteixhe

di spl ay ion 1602 with the f.i nge ere er a
quthent | BRplaF af Spieehart bF sl Fa hiscase. gy RaFe Tt GmCR KR
sensing b} Ghthb&GHukt6fs @l{%ﬁr{o‘sﬂﬁl é’reﬁ‘@ﬁfh‘e s@rfeléﬁf)?ﬁlleld'léﬁmy ﬂd?ﬁoﬁ beodi spl ay
portion, an inage of finger vein, a palmvein, orf the |like can be taken.
30[05@0][Oﬁkﬂ2011/046025PCT/JP2010/067195 127 in the enbodlnents can be
di sposed as s chin ele nts i.n 20B ,al so

T Ootratos an Ve PRIk Es FARARER Gensh? B eiesiine ingBPURAE ORI 158 i nal

whose ex gpﬂak&mes)rlahldds@léxaﬁ@ﬁi séri3of; li$prdVRled ansidarhe rdotileUstnk t1B00S display
functions. For exanple, in addition to a tel ephone function, such a

por t abl eof teserean pBthe Esplan apriwan 60 wan he puietatiealoTwitshed by sle Wgnan%r iety

of pieceg,0f 0 ng e e

i nf or mat ?hg n %?i%’lﬂnéz}?/thy}ﬁ éﬁ&g &)FF%#)% hgsﬁlgéﬁ%hga%g lq(g{)é)sa?%gand a
housitg h&@zbntziﬂye)rhen&ahgfdr&]indsmpmded;e a apaphiaynogdapel 1802, a speaker
1803, a H%@rﬁphone 1804, a pointing device 1806, a canera |lens 1807, an
ext er nal Ahection termi nal 1808, and the liKke. The housing 1800 i ncl udes
a keyboard 1819ye 3BreEx IR6NA! afdBiWitched! B tdithin g on! f602dg} ti on,
an antenna is incorporated in the housi'ng 180f 15[ 05 he di spl ay panel
1802 i s ppadtingthewipetatian thotions pelal and A 69B bioAithe bousfng 1601 Alternatively,

the screen modes may be switched depending on the kind of the image displayed on the

15 display portion 1602. For example, when a signal for an image displayed in the
display portion is data of moving images, the screen mode is switched to the display
mode. When the signal is text data, the screen mode is switched to the input mode.
[0588]

Further, in the input mode, when input by touching the display portion 1602 is

20  not performed for a certain period while a signal detected by the optical sensor in the
display portion 1602 is detected, the screen mode may be controlled so as to be
switched from the input mode to the display mode.

[0589]
The display portion 1602 may function as an image sensor. For example, an

25 image of the palm print, the fingerprint, or the like is taken by touching the display
portion 1602 with the palm or the finger, whereby personal authentication can be
performed. Further, by providing a backlight or sensing light source emitting a
near-infrared light for the display portion, an image of a finger vein, a palm vein, or the
like can be taken. | '

30  [0590]

Any of the semiconductor devices described in the embodiments can be applied

to the display portion 1602. For example, a plurality of thin film transistors described



operation keys 1805 di splayed as inmages is indicated by dashed lines in FIG

20B. [ 0594] Further, in addition to the above structure, a
cont act| ewe 2bG/oabo2p, a small 20 nenory device, or the | pke/JreEyober19s
i ncorporated. [0595] In the di¥4jl ay panel 1802, the direction of

di splay i s changed appropriately depending on an application node. Further,
the portable information termnal is provided wwth the canera | ens 1807 on
the sane surface as the display panel 1802, and 25 thus it can be used as a

video phong . HB%dﬁHé’ﬁﬂ( l:i‘e809§p ?&Pasté&ﬁtc'iﬂrfgdé?&ﬂ%ﬂ? n;é%]lscan be used for

vi deophone ca reco I ng, playing so wel | as voice calls.
Mor eover J03M¢ housi ngs 1800 and 1801 in a state where they are devel oped as
[ B can,_be slid so that ope is | apped over the qther;

illustrated in
therefore, thef EIL’ gf alspeillygiratey 28 EXABRIRRPT oh bl Hg‘l’necan ApBOHRIEIced,

whi ch m%ﬁ%nﬁaﬁﬁmﬁ%ﬁﬁ\m Ghbdyf é?&ﬂ%ﬁé QNIIRAEREN RIG. SWB! &k Bavk plagiifg ofar i ed.
[0596] WO 2011/ 046025PCT/ JP2010/ 067195 128 various types of cables such as

a USB5 calfietionnd Ebaregamglaanm ddditiox otwmanitalethione funttiora pashs anabrtdderput er
are poss Mor eover di um can.be insert into .t xt er nal
mermor y S EOMRL et g L EnST AL PO CTae %e%eﬁ?rz%?eéaofaﬁﬁa i be
nmoved. Sifdefhokating a coiplitéher, in addition to the above functions,

i nfrared communi cation function, a television reception function, or t he
like may [®&2provi ded. [0598] FIG 21Aillustrates an exanple of a

| ) . .
ncor por ared 1 W% BRBaE i FGEHER GfkinaHlisuRed th FIGRIEY BOA bAlnd 1RG0 ' ©
i mges. bied & hotidieg MYQLSI ﬁ@xe%ﬁing 488U jiebrdesd dmpla@ ;&he]nrﬁ()gﬁﬁ)Speak&‘SHHB

The tel evision set 9600 can be operated with an ogeratlon smntch of the
housi ng 9&roghone %a?@?@ﬂpgﬁswée LB ramera lspa §3070R8 sKiemal capnestion v t ched

and vol upe,ea 1368 RRAGRDTKO! | it H&uéi?lgolll%bq élgﬂeskfb&%gg%gliﬁb Al exeRIEpt €

controll er 9610, whereby an inage pl aye isplay portion 9603 can
be cont r olelmdy slobil 8bly @nd thehleker e hmtdditomtancdnteama 96iCorpayatésbinghehpdsng wi t h a
di spl ay 86 ion 9607 for displaying data outputted fromthe renote

controll l9610. [ 0600]

15 [0593]

The display panel 1802 is provided with a touch panel. A plurality of
operation keys 1805 displayed as images is indicated by dashed lines in FIG. 20B.
[0594] .

Further, in addition to the above structure, a contactless IC chip, a small

20 memory device, or the like may be incorporated.
[0595]

In the display panel 1802, the direction of display is changed appropriately
depending on an application mode. Further, the portable information terminal is
provided with the camera lens 1807 on the same surface as the display panel 1802, and

25  thus it can be used as a video phone. The speaker 1803 and the microphone 1804 can
be used for videophone calls, recording, playing sound, etc. as well as voice calls.
Moreover, the housings 1800 and 1801 in a state where they are developed as illustrated
in FIG. 20B can be slid so that one is lapped over the other; therefore, the size of the
portable information terminal can be reduced, which makes the portable information

30 terminal suitable for being carried.

[0596]

The external connection terminal 1808 can be connected to an AC adapter and



20Note that the television set 9600 is provided wth a receiver, a nodem
and the like. Wth the use of the receiver, general TV broadcasts can be
recei ved.wbkwaoMen2s when the di splay device i s connect e@dCrarz1606memi cati on
network with or without wires via thelZ¥pdem one-way (froma sender to a
receiver) or tw-way (between a sender and a receiver or between receivers)
i nformati on comruni cati on can be perforned. 25[0601] In the display
portion 9603, the plurality of thin filmtransistors described in any of

t he e”bo@hﬁffﬁﬁll}tst??é‘sad? BBl PLRN %‘U%ﬁ? ot %Bicg%gg-{%{ﬁg'}%& PmMXi€hifm &91?2,2] :

FIG 21B I ates an exanple a digit rane. For exanp ina
30 di gi t alpepbodl@ofnpatee a4Bsibke. diMa@kayerpostdiaganm@dlitn can bainserdrintodhble i N a

housi ng 9701. The di spl ortion 9703 can display a varjiety of i es. For
el o, ctRgalry S 1818 Foothha d4e ar i Baocd bERORAEE! ¢ Bn w t b a
digital ¢guega or the like and WO 2011/046025PCT/ JP2010/ 067195 129

function as a nornmal photo frane. [0603] In the display portion
9703,5t h§03®7lirality of thin filmtransistors described in any of the

enbodi ments ¢ e proyi.ded as switching el enents of pixels, 0604]
Note that  ¢he Tartier o SiBED s Aot Ba0RR STt orPhiGrtispadbatiosh
portion, addle@Xibe retRptiGPRMEESH, O tHedllK¥ M@ bd fro\ddedt erm nal , a term nal
connectable to a variety of cables such as a USB cable, or the like), a

recor di ng038di um i nsertion portion, and the like. Al though these conponents

may be provide ur, -di ay g idnn!
preferable to glrég\r%lggﬁ%l %g%&o% {){?gfps? e {selh]esl #%@Zp‘!&r %rﬁgteg%%bgg?tfdg?g’ %or
desi gn adiphgthoction $603 iexmvpperated inre houging P60 1. n(tetadisplaf pamion 9602 carmken

of the dHGPERIEHGT o Here e HENERE0L R HPPErFORR HAGHBE by (e | mage. can be

di spl ayef{%@@] the display portion 9703. [0605] 15The digital photo frane

9700 nmay be ctonfigured to transmt and receive data wi rel essly. Through

wi rel ess comuithe telévision sk 9H0@ can brogperated with an operatiomdwiich of the hdusing ayed.

[ 0606] 9601 or a separate remote controller 9610. Channels can be switched and volume can

15 be controiled with operzftion keys 9609 of the remote controller 9610, whereby an
image displayed on the display portion 9603 can be controlled. Moreover, the remote
controller 9610 may be provided with a display portion 9607 for displaying data
outputted from the remote controller 9610.

[0600]

20 Note that the television set 9600 is provided with a receiver, a modem, and the
like. With the use of the receiver, general TV broadcasts can be received. Moreover,
when the display device is connected to a communication network with or without wires
via the modem, one-way (from a sender to a receiver) or two-way (between a sender
and a receiver or between receivers) information communication can be performed.

25  [0601]

In the display portion 9603, the plurality of thin film transistors described in
any of the embodiments can be provided as switching elements of pixels.
[0602]

FIG. 21B illustrates an example of a digital photo frame. For example, in a

30 digital photo frame 9700, a display portion 9703 is incorporated in a housing 9701.
The display portion 9703 can display a variety of images. For example, the display

portion 9703 can display data of an image taken with a digital camera or the like and



FIG 22 is a portable gane nmachine and is constituted by two housings of a
20 housing 9881 and a housing 9891 which are connected with a joint portion
9893 so twetwtilmasq@ert abl e ganme machi ne can be opened or prtolygadonodzigh spl ay
portion 9882 and a display portion 9988 are incorporated in the housing
9881 and the housing 9891, respectively. [0607] 25In the display portion
9883, the plurality of thin filmtransistors described in any of the

enbodi ments can be provided as switching el enments of pixels. [0608] In

addi tiong, the, Qsog;l%ggang@t%amchi ne illustrated in FIG 22 is provided with

a speaker portion a recording nmediuminsertion portion 9886, an LED
| anp 989{0603D i nput neans (operation keys 9885, a connection term nal 9887,

a sensor 9888 (havipng.,a functi o] asuring. force, displacenent, .

posi tion, speed® 86@ _@’rB‘?rit‘BH,ggﬁﬁ’g Fg’ﬁur\‘? ﬁyo‘_&fi'g ,ﬁfIBttE?PF‘S r%ﬁ‘??ﬁﬂg?dlﬂstance,
Light, | haubdhe BREHEH A cah BERRHAAAH £ swildBifl GRmen¥f pixels. _
2011/ 04602Z5PCT/ JP2010/ 067195 130 substance, sound, tinme, hardness, electric

fieldd cll6Oéht, voltage, electric power, radial ray, flowrate, hunmidity,

gradient, vibrgtj ' | | r.ipfra rayl...and.a m crophone 9889), and
Thel ke, Neodnbledhy Rt ord FREDTHLLGR vigd P Al pPERBARRSHRR e 1o
not |i m g:aembOcdlictidiPiemaiall (PUSH térininid] 4lk&@ il @ohakethbld td aalariegast the
thin filmtransistor 5 disclosed in this specification can be enployed. The

por t abl ecaplgsesuptyanp ASBragble. x| theiikeina sererdipg medive assgionypogiion 3pd &b i at e.
po t ey =l : a
e por ﬂPA.ea@lgﬁEglgg‘?g%E I’&ﬁmlphhéiﬁé ﬁﬁg E’.g %&&gé or?ﬁue*@gleas HOCHd B &{pﬁéﬁa Ing a

program or d e reco rumto display 1t on di spl ay
por t i®n, patidnait fisipedfermbleofo ploaidenthedadra tivd side ancthdeeor fher bakl sirfaedonachi ne
by vvirel&ss co ni catj on. te that a func ionfof.the Q%rtaﬁ]l;e %?rrg 10
machi ne FIFEIATERERG | FOFFYE™Re; SmABOTY SiffiRedatt 8 thimase Wieg WiHe? g'Ehbl e
gane MeClinga ¢RisaSinahy fdcbRlivg Bfedfur flsk@da thﬂﬁ?@ﬂ the dizgital photdSragscri bed
above, the logic circuit in Enbodiment 1 or Enbodi ment 2" can be agﬁl ied to
di spl ay mahibt datefis lpadéd wherdbydhe mmdge cae b displazedion theglispdasepartionPé0tevi ces
15havi ng[Ot&iOgP reliability can be provided.

15 The digital photo frame 9700 may be conﬁgured to transmit and receive data
wirelessly. Through wireless communication, desired image data can be loaded to be
displayed.

[0606]
FIG. 22 is a portable game machine and is constituted by two housings of a

20  housing 9881 and a housing 9891 which are connected with a joint portion 9893 so that
the portable game machine can be opened or folded. A display portion 9882 and a
display portion 9883 are incorporated in the housing 9881 and the housing 9891,
respectively.

[0607]
25 In the display portion 9883, the plurality of thin film transistors described in
any of the embodiments can be provided as switching elements of pixels.
[0608]
In addition, the portable game machine illustrated in FIG. 22 is provided with a
speaker portion 9884, a recording medium insertion portion 9886, an LED lamp 9890,
30 input means (operation keys 9885, a connection terminal 9887, a sensor 9888 (having a

function of measuring force, displacement, position, speed, acceleration, angular

velocity, rotation number, distance, light, liquid, magnetism, temperature, chemical



[ 0610] ( Enbodi nent 15) In this enbodi nent, an exanple of a

sem conduct or device including the logic circuit in Enbodinment 1 or

Enbodi nrerwo2oii46@scri bed. Specifically, an el ectronic 20Tpapao/oémosvhi ch a
driver circuit includes the logic cirelfit in Enbodiment 1 or Enbodi nent 2
can be used in electronic devices in all fields as |Iong as they display
informati on. For exanple, electronic paper can be applied to an e-book
reader (an el ectronic book), a poster, an advertisenent in a vehicle such

as a trakfbsidice NoBRY Affe Mardi¥st, WGATERI, THAEnASolage! E-EdicGRWhr, Afiafxanpl e
of such electronic devices Is Z25i[lustrated in FIG23. [0611] FI G 23

i |l ustratras flaw examhuhedity, gradientbabiatiorasteell, dFanfraredimpy)e andia michapbkng eader

2700 i nc st usi pgs,,of .a housi 701.and a usi ng 2703.. Th

nousi ng 3965 st e 1o NEFHIERS19 68 ety AE TP S uachPris a8t hat
the e-bogkiRQ th edghové M dtiad? sBBctaRENREviasd withof aehsitethihAlRitiaagstér 11 as
an axis. Such a structure enables the e-book reader 2700 to operate |like a

paper 5 bodisclopgb irp this \specifidatiop 4a02Brempinzd1 01be prgsble3game maching maxpl ay
ortion 2705 and a..di spl rtion 27 arg. i orated pn t h in
P cgude%n ad%mong%gf\fss?@s%ea%ﬂro\%gg@ e p&gtgﬁllg %/aﬁlﬁorg%(%héne @I%Btgaqgf 9

2701 and the Hous ng ISP n and the

di spl ay ROFIG. @D hdy & funidtiyn 6f fepldiay agregrafib@eiaty stéhed iretheitcording @sedidm td he case
where the display portion 2705 and the display portion 2707 di splaa;l}}{
di f f er enflispigiigben the,display perton, and g fypetinagf $iBFing dataowith geotheypertabigie (t he

di spl ay i ; I ah: di s I {on on

t he Ieftgé}?éw ?ﬁ‘éqﬁi %%Tlgisqgég%?%ﬁﬂ?gO?p{Oﬁyﬁag%;"g&ﬁgg?})fﬁi (}rg%’l"g aphi cs.
[0618) FhEchid8illustratet imtFES 22ns sotdimpites] tortheshj arid thé porttadnls garge &iACHine sarpr ovi ded
with an I110 operation. portion and the |ike. For exanple, the housing 2701 is
provi ded P hvAho ROch 2721, an operation key 2723, a speaker 2725,
and the [ggge] Wth the operation key 2723, pages can be turned. Note that a
keyboard, a pointing device, or the |like may al so be provided on the
surface of theAbdessiihed abnyewthe dogie piscudt indirmbodiment ber Iig@b@dlwnb%dan be

Furt her npr n ext.ernal co tion.termnal .(an _eanpho 15.termnal, a
Use tor mtelied8 DY Mlnetf WAV ML B MICE it AT O URR PRt VBl S o

AC agmpt hiviag\Bigh rélEBilaglohebe provided. | i ke), a recordi ng nedi uminsertion
portion, and the like may be provided on the back surface or the side
surface B1Phe housing. Moreover, the e-book reader 2700 may have a

functi on(ﬁﬁb&ﬂmghtefst)roni c dictionary. [0614]

In this embodiment, an example of a semiconductor device including the logic

circuit in Embodiment 1 or Embodiment 2 is described. Specifically, an electronic
20 paper in which a driver circuit includes the logic circuit in Embodiment 1 or

Embodiment 2 can be used in electronic devices in all fields as long as they display

information. For example, electronic paper can be applied to an e-book reader (an

electronic book), a poster, an advertisement in a vehicle such as a train, or displays of

various cards such as a credit card. An example of such electronic devices is
25  illustrated in FIG. 23.

[0611]

FIG. 23 illustrates an example of an e-book reader. For example, an e-book
reader 2700 includes two housings of a housing 2701 and a housing 2703. The
housing 2701 and the housing 2703 are combined with a hinge 2711 so that the e-book

30 reader 2700 can be opened and closed with the hinge 2711 as an axis. Such a structure
enables the e-book reader 2700 to operate like a paper book.
[0612]



20The e-book reader 2700 may have a configuration capable of wrelessly
transmtting and receiving data. Through w reless comuni cation, desired
book dat avorotimasd2ske can be purchased and downl oaded f romirm1@beads onic

book server. [0615] Thi s elodi nent can be inplenmented in
appropriate conbination with any of 25 the other enbodi nents. [0616]
( Enbodi nent 16) I n accordance with an enbodi nent of the present

invention, inpurities to be suppliers of carriers (donors or acceptors) in

an oxi de sem cangidGhOmoRich PPEYIGRE o Bisplay Pofion POW laRY oot REERY RO

intrinsic or substantially intrinsic oxide sem conductor i's forned, and the
oxi de sehpeumgidé@loand theulsmiingo?708, réspectivielym {liharksplayoportipd 2705 aniiythe

2011/ 046Q25 CT/JPZ“(S)%S/ 067195 1132 . Ebf Zé.i s ab nﬁ}strucrhur of a

portion BEPREPATULNTITY M, HP1AY Gp&imagsor iESTeT Imagess 3{’ € CaHY feﬁl“?gm y

purifieddpyiadpostsn me@uetﬂwdig;slbfp&eibmmbwgbla'yaiﬂf&eﬁtiﬁﬁgégp foreambrdl e of
ea

t he forbidden band under an i condition. [0618] 5In this case, at a
j unct % onadlisplayqmrtiethen thernight sidedtheatisphast portipp 27@nineFI&z 28 berm displantexsame as

the | eVelanci) ‘; dﬁsrﬁg ?}gogg&gvhrié r?lge %@?ﬁde?éh%ﬁ%ék%%ﬂ?oﬁ%ﬁﬁn%ﬁkﬁ53j ct,antcngqlg}guat i on

4)m= x IS sattl unctton I’'s an tron
af fini tygeiphicee oxide sem conductor. Wien the right side of the equation is
greater than the left side, an ohmc contact is provided. It is assuned
that an H8ldt seni conductor has a band gap 10of 3.15 eV and an el ectron

affinity of 4. [Sad @’&ﬁﬁ. AEEY : ' i tv:
approxi matel y gl(g\éfaiggsltta?}%s)% an Pgé g%gl?l(i:cgl tg% Zl%tgsrlg 2?%?13{%{03@5'&‘3%21 é%/t r ode
ar e 1@r neperatsom gottionaaniduthe(Iike) Haviemgmaleywind hbusmeg 2301 of phovddeslvwitbinaer

these condi Li ons,, 2 Sholtior barri eroWst il Feshecl)Lo,el Gelfions winpl formed
operation key 2723, pages can be turned. Note that a keyboard, a pointing device, or
the like may also be provided on the surface of the housing, on which the display
portion is provided. Furthermore, an external connection terminal (an earphone

15 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.

[0614]

20 The e-book reader 2700 may have a configuration 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.

[0615]
This embodiment can be implemented in appropriate combination with any of

25  the other embodiments.

[0616]
(Embodiment 16)

In accordance with an embodiment of the present invention, impurities to be
suppliers of carriers (donors or acceptors) in an oxide semiconductor are reduced to a

30 very low level, whereby an intrinsic or substantially intrinsic oxide semiconductor is
formed, and the oxide semiconductor is used for a thin film transistor.

[0617]



[0619] 15FIG 25 illustrates a state where positive voltage is applied to
the drain side in a transistor formed using an oxi de sem conductor. Since
t he band weponfo4s2soxi de senmi conductor is w de, the intPcmgPmicasmoer
density of a highly purified oxide selW2conductor which is intrinsic or
substantially intrinsic is zero or as close as zero. However, when voltage
Is applied between a source and a drain, carriers (electrons) 20 m ght be
injected fromthe source side and flowinto the drain side. [0620]

FIG 26A 1's anggaelgy NANd sHhAGAR Pforfol BBt AISbE0Tnd A1 o Shdifa 2

oxi de sem condu o a positive gate voltage 1s applie this
case, al maagiston tHoearmghly parified exide aemiconductot] dic Henmaldvebisllycapdr infthed oxi de

sem conductor. Thus, . arriers ar ot accumul ated even in the vicinity
of a gat émfiﬁ(ﬂ‘%lﬁ’lfé}ieifﬁﬂquseln anﬁ’-l&ﬂé‘iféfl,l CoMAY-r ated in FIG 25, transnission
of carri 0618 el ectrons) injected fromthe source side is possible. [0621]

FIG 26B1s an energy band diagramof a MOS transistor fornmed using an
oxi de530 seni ctmthictase, attajunbiierhswfategtht ifeemyleivel ofoinealyéorian eegitddeds Ther e

are alnogt no mnprity carrier holes) in an oxide sem conductor ..

her of or She Beertsape leyPLSEE oSiidiebon bR b BuBRd? o ebRbsr 10 e aation

accunul aped £yehrisfed M & Riatworkffufctidalad s dh 3ldchien hiflniy oFthsoigans t hat
off-state current is small. [0622] FIG 27 is a band diagramof a

t r ansi st semicondnetbrus Whgneths iright side sgrthe @quatmors. gréater-than dhe iléft sidn, an
sem condugt or

ST CONHELST ok ADSREIRRD, S hubheh ORI bHs G SEL e G071 LY,
eveni@t bPGMst EVRAH ahUdlestronTdahity @f f4 3 b¥t sdCidr ihedH intSnsiid e@did §the/ asrriefl
dependi n?ier?sri]t ? \ errpier tatl urlex- 1&9951? and a source electrode and a drain electrode are
y: approximately ,
formed uéing titanium (Ti) having a work function of 4.3 eV. Under these conditions, -
a Shottky barrier with respect to electrons is not formed as illustrated in FIG. 24.
[0619]

15 FIG. 25 illustrates a state where positive voltage is applied to the drain side in a
transistor formed using an- oxide semiconductor. Since the band gap of an oxide
semiconductor is wide, the intrinsic carrier density of a highly purified oxide
semiconductor which is intrinsic or substantially intrinsic is zero or as close as zero.
However, when voltage is applied between a source and a drain, carriers (electrons)

20  might be injected from the source side and flow into the drain side.

[0620] '

FIG. 26A is an energy band diagram of a MOS transistor formed using an oxide
semiconductor, to which a positive gate voltage is applied. In this case, almost no
thermally excited carriers exist in a highly purified oxide semiconductor. Thus,

25  carriers are not accumulated even in the vicinity of a gate insulating film. However, as
illustrated in FIG. 25, transmission of carriers (electrons) injected from the source side is
possible.

[0621]
FIG. 26B is an energy band diagram of a MOS transistor formed using an oxide

30 semiconductor, to which a negative gate voltage is applied. There are almost no

minority carriers (holes) in an oxide semiconductor; therefore, carriers are not



10l n such a manner, not only by sinply using an oxide sem conductor with a
w de band gap for a transistor, but also by reducing inpurities to be
donors, swohlomg4byedr ogen, and thus setting the carrier demgptyonerids x 1014
/cnB or less, preferably 1 x 1 012 /@8 or less, thernmally excited carriers
at practical operation tenperatures can be renoved, so that a transistor
can be operated by only carriers injected fromthe source 15 side.
Accordingly, it is possible to obtain a transistor whose off-state current

i's reduc g&u}xl%fl]é'ted( evltgl\',\%gth[e A\‘]iciﬁ{%y lo? ﬁzﬁgﬁ’@ ﬂlshﬁtiﬁggﬁ%y qﬂﬁnﬁg&gdﬂiﬁ &fP-state

t enper at ure change, reby the trdansistor c e operated I n an extrenely
st abl e mesmaent is ynfBR24] ( Enbodi ment 17) 20l n this enbodi nent, neasured val ues
of off-shg)tg? current using a test elenent group (also referred to as a TEGQ
will be }ibed bel ow. [ 0625] FI G 28 shows initial characteristics

of a thin filnpidansisbeed H‘I‘aéllame(f)ff LAYV okhd Tsidg siticBR nic8Aduddt. Whi ch
200 thin filmtransistors each wth LIW= 3 gni50 pm 25 are connected in

par al 3 el Fol msididoh sénpigpnductapptheibend gap shibhh eVrang|ts; imgusiacaitiar genstty ad | y
enlarged top vigw th of .is.shqw in FIG.29B. The regi on encl.osed by a

ot teq 1 Her YORVem S48 Ky ST it titcrcrgs 41 TnBeR e S AL Liw = 3
1.im 50 pon@ndmbBMaitest: O ThHE- offtstRE d8krdr® [BRFMNS WiNidd Qiep@rﬂﬂﬁ%cér?rd stics
of the thin filmtransistor, the transfer characferistics of the

sour ce- dtemiperaturer ent (hereinafter referred to as a drain current or 301d),

i.e., Vg'dé? haracteristics, were neasured, under the conditions where the
substrat[e éfrperature was set to roomtenperature, the voltage between

sourgg and dr ainNsuch@ M@ﬁ@paﬁ?ﬁ/ JitghL QA6 7ak06xid8 4etiRhebdiad wath,a a drain
voltage or Vd) was set to 10 V, and the voltage between source and gate

(her ei namidsrband gamt for agtrangistorobutajyo s gedueiy BEPYTHISMO g dpnots, sodh 88 Not e
that FI 8 shows .Va in.th . 200V Lo + h
A Gy B P )RR 9K OGRSl oo

has an of@' séat 6r s, rtﬂéﬁnaﬁf' ekcitedlmriidrs At PkactiedSoprtatidd tempdratiréschnle V,
which is less than or equal to the resolution (100 fA) OF a neasur enent
devi ce (Emavalcenidace ganpyeneas ke opgiaied byronlygarrierst injeetsd drora tag suEes ed by

Agi | gt Eﬁ&hnﬂk&%ﬁglﬁ Nt ig ‘possible to obtain a transistor whose off-state current is
reduced to 1 x 10" [A] or less and is hardly changed due to temperature change,
whereby the transistor can be operated in an extremely stable manner.

[0624]
(Embodiment 17)
20 In this embodiment, measured values of off-state current using a test element
group (also referred to as a TEG) will be described below.
[0625]
FIG. 28 shows initial characteristics of a thin film transistor with effectively
L/W =3 uym/10000 pm, in which 200 thin film transistors each with L/W = 3 pm/50 pm
25  are connected in parallel. In addition, a top view is shown in FIG. 29A and a partially
enlarged top view thereof is show in FIG. 29B. The region enclosed by a dotted line in
FIG. 29B is a thin film transistor of one stage with L/W = 3 um/50 pm and Lov = 1.5
um. In order to measure initial characteristics of the thin film transistor, the transfer
characteristics of the source-drain current (hereinafter referred to as a drain current or
30 Id), i.e., Vg-Id characteristics, were measured, under the conditions where the substrate

temperature was set to room temperature, the voltage between source and drain



[0627] 10A nethod for manufacturing the thin filmtransistor used for the
measurenent i s described. [0628] First, a silicon nitride |ayer was
fornmed aswe 2oamacd2ayer over a gl ass substrate by a CVD wetrhezhioasmoza
silicon oxynitride |ayer was formed ol¥r the silicon nitride |ayer. 15 A
tungsten layer was forned as a gate el ectrode | ayer over the silicon
oxynitride |layer by a sputtering nethod. Here, the gate el ectrode | ayer was
formed by selectively etching the tungsten |ayer. [0629] Then,

a silico gt de- | IC ‘ f s a 20
gate insgﬁ‘gfé]%ﬁ%%érl %ggdrlﬂ g%(/lg‘{ e?ﬁydgg}’% Sté eclm??dﬁlgili@paﬁs%‘g%gsﬂgﬁgg@ [ 0630]
Then, an gatei (Heregfiec argitecvaltagk ay 8fg) hveasi dhgngedt fivm k12656 tof-26 V. niNote¢hat or ned
over the gate insulating |ayer by a sputtering nethod using an

| n- Ga- Zn ¥ 8shgwedigan tg@daﬂée phfg@—20aY ta+d¥l ar ratio of 1n203: Ga203: ZnO =
1:1:2). "ﬁéz%’ an i sl and-shaped 25 oxi de sem conductor |ayer was formed by
sel ecti vé y etching the oxide sem conductor |ayer. [0631] Then,
firstsheat trealsmnshotvnwasFIge 280 thee thio Milinhgaistelchaeny a ahdmed] oviditayebfi n a

ni trogen at nosphere in a clean oven at 450 C for_1 hour. 30[0632] WO

2011/ 046098HmN Irs en Offetats gurramTd e QT oier losyat Vol 18V andi® Vepdichisde

I i ] I: i , th
sour ce. ol s3] 5 T SSARHGh o AR o MieBuRRibl SEVED IS aflE & The
sel ecti v@arinekiragalgzehA gileat 4 PSAT imahafatiuled by Agitns Teshokaids Ihayi ng a channel

length L of 3 pmand a channel width Wof 50 1-1,111 were connected in
paral | el [9827dbtain a Sthin filmtransistor effectivel y with 'LW 311ML10000

11113 A method for manufacturing the thin film transistor used for the measurement
is described. |
[0628]

First, a silicon nitride layer was formed as a base layer over a glass substrate by

a CVD method, and a silicon oxynitride layer was formed over the silicon nitride layer.
15 A tungsten layer was formed as a gate electrode layer over the silicon oxynitride layer

by a sputtering method. Here, the gate electrode layer was formed by selectively

etching the tungsten layer.

[0629]

Then, a silicon oxynitride layer having a thickness of 100 nm was formed as a

20  gate insulating layer over the gate electrode layer by a CVD method.

[0630]

Then, an oxide semiconductor layer having a thickness of 50 nm was formed
over the gate insulating layer by a sputtering method using an In-Ga-Zn-O-based metal
oxide target (at a molar ratio of In;03:Ga;03:ZnO = 1:1:2). Here, an island-shaped

25  oxide semiconductor layer was formed by selectively etching the oxide semiconductor
layer.
[0631]

Then, first heat treatment was performed on the oxide semiconductor layer in a

nitrogen atmosphere in a clean oven at 450 °C for 1 hour.
30 [0632]

Then, a titanium layer (having a thickness of 150 nm) was formed as a source



[ 0633] Then, a silicon oxide |ayer having a thickness of 300 nm was
formed as a protective insulating layer in contact with the oxide

sem conduwwbanilay@s by a reactive sputtering nmethod. Herer/Jepanbergoporti ons
were fornmed over the gate el ectrode Ildper, 10 the source el ectrode | ayer,
and the drain electrode |ayer by selectively etching the silicon oxide

| ayer which is a protective layer. After that, second heat treatnent was
performed in a nitrogen atnosphere at 250 C for 1 hour. [0634]

Then, he a S r 1 - 10 e, 15
reasur onaistrof B ind RoorB LRRE (Eer/ by e RhidkchimubBl hfer bt o
process, sputteéing amstigal. e Hdie,thé sdurcd elactsddetlayerwnd thadmafrogleetrogd layed636¢ 20The

reason why the thin filmtransistor_has.an off-state current of
appr oxi mégr@ieg by SE1GE4Ye STOR g S e 20 hitsHE (aoSiist ARNTICE bR on of

hydrOgen1&21&1{@”?59@%&%39&&%&%@3@9 m G Qo&%cég%%hﬁa% ¥plafifsiced in

t he above cturing process. centration o rogen I n the oxide

sem condysh GimtANSiEtor sf&ctdvellOdith 08 i/l €860 prr ef erably 5 x 1018 icn8 or
| ess, still ﬁreferably 5 x 1017 /cnB or less. 25 Note that the

concent r #638h of hydrogen in the oxi de sem conductor |ayer was neasured by

secondary 101 figss SBREL TR My &SVl o[ A B Lhersaimle, o

using an In-G-Zn ased oxide’ semcC 'S cribe s ‘enbodi ment
i S not pafdtéctivk afidujating Mayee dn ichrtaert with Arobdxide senicdad@forsleydrdynal usictive
material, such as an |n-Sn-2Zn-0O based oxi de senj conduct or,

Sn- Ga- ZnSRY5EER d8hadie Hastyi ARSARGROFHONSateraformedoest wiluelsdreds layer
sem ¢ONAYEt Hircd eleid @0 LD ARA20E [TrhihP2RAPI RO 18P b} 3Blectively etching the

silicon oxide layer which is a protective layer. After that, second heat treatment was
performed in a nitrogen atmosphere at 250 °C for 1 hour.
[0634]
Then, heat treatment was performed at 150 °C for 10 hours before the
15  measurement of Vg-Id characteristics.
[0635]
Through the above process, a bottom-gate thin film transistor was

manufactured.

[0636]

20 The reason why the thin film transistor has an off-state current of
approximately 1 x 107" A as shown in FIG. 28 is that the concentration of hydrogen in
the oxide semiconductor layer could be sufficiently reduced in the above manufacturing
process. The concentration of hydrogen in the oxide semiconductor layer is 5 x 10"
/em® or less, preferably 5 x 10" /em® or less, still preferably 5 x 10" /em® or less.

25  Note that the concentration of hydrogen in the oxide semiconductor layer was measured
by secondary ion mass spectrometry (SIMS).

[0637] |
Although the example of using an In-Ga-Zn-O-based oxide semiconductor is
described, this embodiment is not particularly limited thereto. Another oxide

30 semiconductor material, such as an In-Sn-Zn-O-based oxide semiconductor, a

Sn-Ga-Zn-O-based oxide semiconductor, an Al-Ga-Zn-O-based oxide semiconductor, a



Sn- Al- Zn- 0- based oxi de sem conductor, an |In-Zn-0O based oxi de sem conduct or,
an | n-Sn- O based oxi de senm conductor, a Sn-Zn-O based oxi de sem conduct or,
an Al - Zn-Wehkas@ade@xi de sem conductor, an | n-0-based oxi #eTgericosrdesct or, a
Sn- O based oxi de seniconductor, or a B%- O based oxi de seni conductor, can

al so be used. 5 Furthernore, as an oxide sem conductor material, an

I n- Al -Zn- O based oxi de sem conductor mxed with A10, of 2.5 wt%to 10 wt %
or an In-Zn-0O based oxi de sem conductor m xed with SiQ of 2.5 ww%to 10

w % can kg Alseslo- B&@@%xn&'éh%rﬁﬁbﬁdlﬂorcﬁﬂqgf&{ elhR8d %&1&“%&ébxﬂﬁctor an

semi conductor |ayer which i's neasured 10 by a carrier measurenent device is
pr ef er ably-Shddbasedanxule eemeondwstdr, 45 S(n 7p3@-basadB oxidei shmigonidueter, nai c
carrier of si.l,i con. e the.carri.er conce tion,is 5 x
To1a | et 23 Otbafed Site SMooRB ok, As T bR el En R B8
concent r gkideNs@hicbRIcRLi @8 &EPR-COPUEt Sxidé avhiicdnictde taalRS b@l 8. to zero
as possible. [0639] 15The thin filmtransistor can al'so have a channel

| ength LFurth ermomn @%) amooxiden semirenduger waieial.e sabiledladm-Oriasedh sexide

circuit oerat St nt |setr S

whi oh engBrisahRforr BRE R DR G n aRAT 1BoRLE i o ZpisE Rt SOR
I n addi t k@Ricohductdrnfived witHiONof 3. b%vtwtb% m&%ﬂa&aor | ayer can be
regarded as 20an i nsul at or when the thin filmtransistor is in an off

state. [ (B38] Af t er that the tenperature characterlstlcs of
off-state currept of. the tht'{ag (}fra[btra%msto gaq fl dhln

enbodi ment wer e eV ERT YY" lr?ﬂi‘e U PREREPEOPEY T, X%r‘glg I%B}?Piuéﬁq in
consigler bPQ dahGeraM¥dsuRMERR dYics essbﬁemam leg¥Bthid 8PageR 183 .45 <@yt eaffance, or
the like of an end product in which the thin filmtransistor is used. It is
to be undbichtisdurinsiarcamics densityrofaitivont Specsheatlyethe sarrier sopeenfratiemise whi ch

I ncreases the dggre f freedem fpr uct ni n 0642]. For

t enper at drg) %F”ﬁg}’ %jl H]‘EHVQ Iﬁd’%leﬁﬁoégﬁ 3’?9 grs ({%?létrak‘(?f‘éﬁfﬁ%ed 30
using a 6ﬁﬂ§%&ﬁfcbﬁ(ﬁﬂfﬂﬁﬁ§}te‘r"&§n E@ﬁﬁ@@ﬁs 4B&ab z%ﬂ%s%@&ibfe! ons where substrates
provided with thin filmtransistors were kept at respective constant

tenperat (688l of -30 C, 0 C, WD 2011/ 046025PCT/ JP2010/ 067195

15 The thin film transistor can also have a channel length L of 10 nm to 1000 nm

inclusive, which enables an increase in circuit operation speed, and the off-state current
is extremely small, which enables a further reduction in power consumption.
[0640]
In addition, in circuit design, the oxide semiconductor layer can be regarded as
20  an insulator when the thin film transistor is in an off state.
[0641]

After that, the temperature characteristics of off-state current of the thin film
transistor manufactured in this embodiment were evaluated. Temperature
characteristics are important in considering the environmental resistance, maintenance

25  of performance, or the like of an end product in which the thin film transistor is used.
It is to be understood that a smaller amount of change is more preferable, which
increases the degree of freedom for product designing.

[0642]

For the temperature characteristics, the Vg-Id characteristics were obtained

30 using a constant-temperature chamber under the conditions where substrates provided

with thin film transistors were kept at respective constant temperatures of —30 °C, 0 °C,



137 25 C, 40 C, 60 C, 80 C, 100 C, and 120 C, the drain voltage was set to
6 V, and the gate voltage was changed from-20 V to +20V. [0643] FIG 30A
shows Vg-wo 20hamemseri stics measured at the above tenperatrursro/esmoH

superi nposed on one anot her, and FI G130B shows an enl arged view of a range
of off-state current enclosed by a dotted line in FIG 30A. The ri ght nost
curve indicated by an arrow in the diagramis a curve obtained at -30 C
the leftnbst curve is a curve obtained at 120 C, and curves obtained at the

ot her tenpe lo lo cat therab r d nce of
on- st at eggu??ggt ?ggnehggdﬁyflgoe ’Ogn?b?é)\rmviggl}e g%ﬁ} %@@%E%r@atrst%g%od;ﬁ{gg&& early
shown al i@ dafe Vdlige Wad CBAfbed iR 0F0 Vlt6+280B, the off-state currents are

| ess than or equal to 1 x 10-12 A which is near the resolution of the
measur emi¥ft43dlevi ce, at all tenperatures except in the vicinity of a gate
vol tage of -20 d.th e rat yre dependen h f.ls n rved.
I n other wor ds}:}%v@ng‘ sahtowg %'g%glfaé%rcg%f% cﬁgléa' ao‘ﬁeﬁgb%&%gg eete’o pfefagérgggg Cgur rent
is kept b@gwsinipbsed 0h @Uaothied, dnd FIG130B IBovhs ananmldrogd hieiv bh acrangd derati on

that the effective channel width Wis. 10000@gm it can be seen that the
of - st at effestate enrrentenalogad by & dpttedlingri F1G. P44 ]The rightmoshcupye indicated
transi st g{, aB%JoW“ NHe ﬁia@rﬁiﬁ Eé aegurgé o8GRt 99?%" %}%ﬁ;ﬁ@'ﬂ&ﬂ dur 68 88
descri bed’ above shows aPnpst” no dependence oOf off-state current on

t enper at yb@inedhats 120 ab;Sand eV esS obtaimidtl t te tHea Gthel h@peh@urexiAle located
sem conductor has an energy gap of 3 eV or nore and includes very few

i ntrinsi theeehetwasns, The derdperpivre dependsoes o peglath carrgnisheardrhardly rbgji on are
i n a,degenerated st i i 0 i rature
depolfiengBeriee i @t Brmehteid, Astu@HP pBvi Aith hOE ISR, RPeicIBg 2t L7

are i nj eafeadt-btaRrBuirefts dARJRAEhAL 6FefRLICEX 10UF AN whichib aethélessktibs enduct or
and 25 the above characteristics (1 ndependence of off-state current on

t enper at theaneasyremsat deyiraiatell tbpperatiegreersepicia the vicamify ef a gatgsvoltagoal

tenperatu 0645 [,Ln the case where. a, nenory CiLcuit (menpry

el onont ) "8 Ve RS TAEmPEaiHER IPRECter a5t PRRRT | A PR Steat S v ng
such an exj hesRekeperaRlt off1D0 STaliR HPStikd Slttent iREMR 163 tHAT ¥r bqulal ke 11 ,€akage
due to the snmall off-state current. Therefore, nenory data can be held for

a | obger 108% Apandfurtherin conviBe2fidA 1oy BR2SRCTVS BRMbO! GBI WBis1BB00 um, it

can be seen that the off-state current is significantly small.

[0644]

A thin film transistor including a purified oxide semiconductor (purified OS) as
described above shows almost no dependence of off-state current on temperature. This
20  also results from the fact that the oxide semiconductor has an energy gap of 3 eV or
more and includes very few intrinsic carriers. In addition, the source region and the
drain region are in a degenerated state, which is also a factor for showing no
temperature dependence. The thin film transistor is mainly operated with carriers
which are injected from the degenerated source region to the oxide semiconductor, and
25 the above characteristics (independence of off-state current on temperature) can be
explained by independence of carrier density on temperature.
[0645]
In the case where a memory circuit (memory element) or the like is
manufactured using a thin film transistor having such an extremely small off-staté
30 current, there is very little leakage due to the small off-state current. Therefore,

memory data can be held for a longer period of time.



This application is based on Japanese Patent Application serial no.

2009- 238914 filed with Japan Patent O fice on Cctober 16, 2009, the entire
cont ent s wb 20hi/abo2ar e hereby i ncorporated by reference. PCYWIP2010/067195

2011/ 046025PCT/ JP2010/ 067195 139 CLAINS8 1. Alogic circuit
conprising: 5a thin filmtransistor having a first termnal and a second
term nal, wherein one of the first termnal and the second term nal
is electrically connected to a node which is brought into a floating state
by turning off the thin filmtransistor, and wherein a channe
formation region of the thin filmtransistor is fornmed using 10 an oxide
seni conduct or Whish agplsatioogés based eon r dpaoeseofPafent AppbcatoonsemalB nor | ess.

et oin GRRS2 G BREChE Bkt Gl B gt Brded) WAt BT

node. 153hicH@e h@8b¥ ifebfgoratbd B eFerdhétd to claim1, wherein the oxide
sem conductor is forned using an |In-G-2Zn- O based oxi de sem conduct or

| ayer. 4. A sem conductor device conprising the logic circuit
according to claim1. 20 5. Alogic circuit conprising:

a first thin filmtransistor having a first termnal which is electrically
connected to a high power supply potential I|ine; a second thin

filmtransistor having a gate term nal which is electrically 25connected to
an input termnal, and a first termnal which is electrically connected to
a gate termnal and a second termnal of the first thin filmtransistor;
athird thin filmtransistor having a gate termnal which is electrically
connected to a pulse signal line, a first termnal which is electrically
connected to a second term nal of the second thin filmtransistor, and a
second termnal which is



30el ectrically connected to a | ow power supply potential |ine; and a
fourth thin filmtransistor having a gate termnal which is electrically
connect edwoaoiinaspsl se signal line, a first term nal whipchiIpiebeatsically
connected to the WO 2011/046025PCT/ JB¥2010/ 067195 140 gate term nal and the
second termnal of the first thin filmtransistor and the first term nal of
the second thin filmtransistor, and a second termnal which is

el ectrically connected to an output termnal, wherein the second
termnal of the fourth thin filmtransistor is electrically 5 connected to
a node which is brought into a floating state by turning off the fourth
thin filmtransistor, and wheltAIMSa channel formation regi on of the
fourth thin filmtransistor is fornmed using an oxi de sem conductor with a
hydrogen concentration of 5 x 1019 atoms/cn8 or |ess. 10 6. The logic
circuit accordingidef &}C@qtr@oﬁmrlsmg wher ei n channel formation regions of
the first to thirdthin | mtransi stors are each forned using an oxide
semi c@nduct or avtlntnﬁimhl;adm@tgem\cnm@ﬁrﬁtﬁqmlmaodasewnd.memllmlonslcrrB or I ess.

15 7. The I circ a rdin rther [lSi
capaci t or, B?rﬁ Th R8¢ rh\ §fS?otF"{l%3f % t@?tsgfmfé gl | cn%:mc ! nnect ed
to the Se&ﬁfaetea% i fivdle vHich Rebrogghittiftol MiflBafind SeaferBNGintih® o fAthe thfrﬁeﬁlﬂilt put

termnal, and wherein the other termnal of the capacitor is

el ectri cHﬁIllSySt@r@hlebct ed to the | ow 20power supply potential I|ine. 8. The
| ogic circuit di @ i r IS ;‘Qﬁ{gs‘f duct or
is formed usi ngﬁgr(r%{nl %nﬁ%% %ase gtl)g(nl Oethg\gﬁﬁcfghgtﬁég%}%aggr Y

seni g@ndue boide SaMicord ReTRTitEA Rgirbfieh dodgémration 085t HE Latbtishgn’to lekai m 5
10. A logic circuit conprising:
2. The logic circuit according to claim 1, further comprising a capacitor,

wherein one terminal of the capacitor is electrically connected to the node.

15 3. The logic circuit according to claim 1,
wherein the oxide semiconductor is formed using an In-Ga-Zn-O-based oxide

semiconductor layer.

4. A semiconductor device comprising the logic circuit according to claim 1.
20
5. A logic circuit comprising:
a first thin film transistor having a first terminal which is electrically connected
to a high power supply potential line;
a second thin film transistor having a gate terminal which is electrically
25  connected to an input terminal, and a first terminal which is electrically connected to a
| gate terminal and a second terminal of the first thin film transistor;
a -third thin film transistor having a gate terminal which is electrically
connected to a pﬁlse signal line, a first terminal which is electrically connected to a
second terminal of the second thin film transistor, and a second terminal which is
30 electrically connected to a low power supply potential line; and
a fourth thin film transistor having a gate terminal which is electrically

connected to the pulse signal line, a first terminal which is electrically connected to the



a first thin filmtransistor having a first termnal which is electrically
connected 30to a high power supply potential line; a second thin film
transi st owohamimagr2a gate termnal which is el ectricallyprPCiIP2010/067195

2011/ 046025PCT/ JP2010/ 067195 141 conn®ted to a pul se signal line, and a
first termnal which is electrically connected to a gate termnal and a
second termnal of the first thin filmtransistor; athird thin film
transi stor having a gate term nal which is electrically connected to an

| nput teg&féen@hmpalogﬁ& $he S&IMH :ﬁrﬁ%r g? ltﬁé figde Ol KR! fahsGRIINGRL 8L fiRt @

5second fferm na t he secon mtransistor, and a second term nal
whi ch i s tezingred of ¢led $egond thie dilmdirdnsistor] awl poeeenddenpphsl whickns ekettricalle; and

a fourth thin filmtransistor. having a gate termnal which is electrically
connect e8OMECEAL Y PLRULIERRAL | i ne, a first terminal which is electrically

connected to t{BeRAf Hidsdebhdtdiflindf oft tAE (S56EIP Mhnt M thahdifot iR BRLSILAMy and t he
first terminal of the third thin 10filmtransi stor, and a second term nal

whi ch5 i s ceinected ite alnogle adweheis theeuight inta adinaping stater by twahing off the foygkhethén n t he
second tgirri nal. tof the fourth thin filmtransistor is electrically
connect eBPEFAIFGHA hi ch i s brought into a floating state by turning of f

the fourth thi@hédelima thans) for@atioRgichoyfhae Ehutttatheh Al elandistort foefied €gi on
of the fourth thin filmtransistor is fornmed using an oxi fge sem conduct or

havi ng ausipgrpgaidecssmieandpeter vithaf hBirggenoooacentistion Oh2 ol 0 egems/cm™ or

11. The Logi c circuit according to claim10, 20wherein channel fornmation
regi ons $5the first to third thin filmtransistors are each forned usi ng
an oxp de sem conductor with a hydrogen concentration of 5 x 1019 atons/cnB
or |ess. 12. The logic circuit _according to claim 10, further
conprising a c@peheilegie cirpwihAeording heaiteeni nal of the capacitor is

electrically coROgh &tnhQ ftoﬁﬁati;o%cﬁggns of the first to third thin film transistors are

each formed using an oxide semiconductor with a hydrogen concentration of 5 x 10"
atoms/cm’ or less.
15
7. The logic circuit according to claim 5, further comprising a capacitor,
wherein one terminal of the capacitor is electrically connected to the second
terminal of the fourth thin film transistor and the output terminal, and
wherein the other terminal of the capacitor is electrically connected to the low

20  power supply potential line.

8. The logic circuit according to claim 5,
wherein the oxide semiconductor is formed using an In-Ga-Zn-O-based oxide
semiconductor layer.
25

9. A semiconductor device comprising the logic circuit according to claim 5.

10. A logic circuit comprising:
a first thin film transistor having a first terminal which is electrically connected
30 to a high power supply potential line;

a second thin film transistor having a gate terminal which is electrically



termnal of the fourth thin filmtransistor and the output term nal, and
wherein the other termnal of the capacitor is electrically connected to
t he | ow pwoeniisuppsy potential line. W) 2011/ 046025PCTrdPA04000/067405 142
sem conductor |ayer. 14. A sem conductdr device conprising the |ogic

circuit according to claim110. 515. A logic circuit conprising: a
first thin filmtransistor having a gate termnal and a first term na
which are electrically connected to a high power supply potential |ine;

a second g&%ﬂe@teﬁ'té)g] hgs@{% il fhe, AAY 'a 'n s Fﬁﬁhﬁl Jvﬁ"cHWélF %Al?"cdxﬁe&{a&?&é' cally

connect e u m nal’, a Irst termna is electrically
connect e@aﬁememlﬂﬂaﬁdamdcmdrtmmadtl offthet fwst thirr 8bm transistéi; | m t r ansi st or

athird thin filmtransistor having a.gate termnal whjch is Iectrlcally
connected to a?piiftdetiin ofilmr transistor phavinesa ebfrieramap VR & ReEEAE or y
connect e@omcéd%cmﬂlphﬁ&%ﬁﬁél Qfﬁ&@%n%ﬁﬁp%lémwel%bth@hlw Abiettedro #nd a
second termnal which is electrically connected to a | ow power supply

pot end i alkedondeprnzinal 06 thef seeondh thimi filnh  thamsistoansnids & creconaly temminal gehieh tier ni nal

WhIChIS Iect i cal l ctedtot line, a first term nal
which is® F‘é‘éf‘ Yﬁ%}ﬁeé ﬁg A EEY BAME T UPRE ﬂg’ge&glﬁhls‘%egﬁﬂ‘%’nal of the first thin

filmtransiston Raghtieh filiStrahf6tei Malingf a tdaee saannd Which fs Rtiricalngi st or,
and a second term nal which is electrically connected to an out put

t er ni nal compaledrteihe plee sguadhige: 2 first tramingd Which lﬁ@éﬁcmpailmcanchr% torthdsi st or
IS electr state
by turni n%C%g{thé/TﬁRaq?) 4 et% {"%d ﬁl@?ﬂﬁﬁ%%%@fs H{ecm rrhfdaPoftht lt%{r@? n a
chanm@! ffitvhMedrisiztory agd @nsezbnd herniioalr tvhlchhisneléathaaltyr emsiestedrtoi an foatpwed usi ng
an oxi de sem conductor having a hydrogen concentration of 5 x 1019
atons_/cn‘Be"Z‘S‘t?ll’ less. 16. The logic circuit according to claim 15,

wher ei n channelyhQf anﬁ(?gérﬁﬁl%lq;f B0tk Shint St I&'aﬁﬁst%h'ldqelfebtlrﬁhl dy
transistors are each formed using an oxi de sem conductor with a hydrogen
concent r abientedfto 5 nodd Mt brought o8 acﬂoatleg state by turning off the fourth thin

film transistor, and

15 wherein a channel formation region of the fourth thin film transistor is formed
using an oxide semiconductor having a hydrogen concentration of 5 x 10" atoms/cm®

or less.

11. The logic circuit according to claim 10,
20 wherein channel formation regions of the first to third thin film transistors are
each formed using an oxide semiconductor with a hydrogen concentration of 5 x 10"

atoms/cm’ or less.

12. The logic circuit according to claim 10, further comprising a capacitor,
25 wherein one terminal of the capacitor is electrically connected to the second
terminal of the fourth thin film transistor and the output terminal, and
wherein the other terminal of the capacitor is electrically connected to the low

power supply potential line.

30 13. The logic circuit according to claim 10,

wherein the oxide semiconductor is formed using an In-Ga-Zn-O-based oxide



WO 2011/ 046025PCT/ JP2010/ 067195 143 17. The logic circuit according to
claim15, further conprising a capacitor, wherein one term nal of the
capaci t orwo0slmei2si cal |y connected to the second term malr/Jetord/beri$ourt h
thin filmtransistor and the output tkm nal, and wherein the
other termnal of the capacitor is electrically connected to the | ow 5power
supply potential |ine. 18. The logic circuit according to claim 15,
wherein the oxi de sem conductor is formed using an |In-G-Zn-0O based oxi de
sem condg&&%r 1%¥o‘?rla o0 19. A sem conductor device conprising the logic
circuit accordin o ¢l ai m 15. 20. Alogic circuit conprising:

a first thin fil mtranS| stor having a gate term nal and a first term nal
which are 15 electrically connected to.a r},égfh Jpower. supp otentl al |ine;
a second thin {#Asamigerdustos devigs corpprasingithe 108IF GiTRUF acsRT ﬁg 056%1%1:9“ cal l'y
connected to a pulse signal line, and a first termnal which is
electrically connected to a second termnal of the first thin film
transfstor; a thiabgicéircufticomptisiagsi st or havi ng a gate termnal which is
electrlcally 20 congec ed to anlnput term nal st, ter which is

oot cally CaE IR R il e i Gl afid oirShiton] Hovh o

transi st gleciriRRlly @orﬁx%@t@@@o&ﬁfgmﬁ%%ler Wpthpétent@li gigky i cal |y connected to a | ow
power supply potential |ine; a fourth thin filmtransistor

having a gate aeqemndalthmhﬁloh tragmeﬂoedlamngaalgat@dmmmlewhtd) isheleginically si gnal
line, a first rm na i ch al | nne th econd
t erni nal c%x}ne{:tﬁg Q A é?plit}ﬁ'h ui)a[l1 n ﬁrsE Ee I,al égmh C eq‘%c‘:f‘ncaillgl nﬁec%e )

ranS|s termna ? t he

t hi r do t hkérohd Edﬂnﬁﬂaabﬁth&tfﬁgt,thﬁhrfﬂnﬂrﬁﬁ[sﬁﬁﬂ term naI which is electrically
connected to an output termn wherein the second terninal of
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15 a fourth thin film transistor having a gate terminal which is electrically
connected to the pulse signal line, a first terminal which is electrically connected to the
second terminal of the first thin film transistor and the first terminal of the second thin
film transistor, and a second terminal which is electrically connected to an output
terminal, ‘
20 wherein the second terminal of the fourth thin film transistor is electrically
connected to a node which is brought into a floating state by turning off the fourth thin
film transistor, and
wherein a channel formation region of the fourth thin film transistor is formed

using an oxide semiconductor having a hydrogen concentration of 5 x 10" atoms/cm’

25  orless.

16. The logic circuit according to claim 15,
wherein channel formation regions of the first to third thin film transistors are
each formed using an oxide semiconductor with a hydrogen concentration of 5 x 10"

30 atoms/cm’ or less.



144 or | ess. 21. The logic circuit according to claim 20,

wherei n channel formation regions of the first to third thin film

transi st owe 2arig4bo2each formed usi ng an oxi de sem conductromr/Jredivoer1ysydr ogen
concentration of 5 x 1019 atons/cnB o3| ess. 22. The logic circuit
according to claim 20, further conprising a capacitor, wherein one term nal
of the capacitor is electrically connected to the second 10 term nal of the
fourth thin filmtransistor and the output term nal, and wherein the
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supply potential Tin ogic’circuit cco to claim 20,
15wherein the whexdfn sentecincili of dlie capatmmd:lemcm@yaamnhem@_tczmeosebamhd oxi de
sem conduct or A .sem copduct or devi ce gonpri sing the logic

circuit g;érgmaap ég[fgar&h tgjrhflé@tra%stor and the output terminal, an

wherein the other terminal of the capacitor is electrically connected to the low

5  power supply potential line.

18. The logic circuit according to claim 15,
. wherein the oxide semiconductor is formed using an In-Ga-Zn-O-based oxide
semiconductor layer.
10

19. A semiconductor device comprising the logic circuit according to claim 15.

20. A logic circuit comprising:
a first thin film transistor having a gate terminal and a first terminal which are
15 electrically connected to a high power supply potential line;
~a second thin film transistor having a gate terminal which is electrically
connected to a pulse signal line, and a first terminal which is electrically connected to a
second terminal of the first thin film transistor;
a third thin film transistor having a gate terminal which is electrically
20 connected to an input terminal, a first terminal which is electrically connected to a
second terminal of the second thin film transistor, and a second terminal which is
electrically connected to a low power supply potential line; and
‘a fourth thin film tfansistor having a gate terminal which is electrically
connected to the pulse signal line, a first terminal which is electrically connected to the
25  second terminal of the first thin film transistor and the first terminal of the third thin
film transistor, and a second terminal which is electrically connected to an output
terminal,
wherein the second terminal of the fourth thin film transistor is electrically
connected to a node which is brought into a floating state by turning off the fourth thin
30 film transistor, and
wherein a channel formation region of the fourth thin film transistor is formed

using an oxide semiconductor having a hydrogen concentration of 5 x 10" atoms/cm’
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or less.

21. The logic circuit according to claim 20,

wherein channel formation regions of the first to third thin film transistors are
each formed using an oxide semiconductor with a hydrogen concentration of 5 x 10

atoms/cm’ or less.

22. The logic circuit according to claim 20, further comprising a capacitor,

wherein one terminal of the capacitor is electrically connected to the second
terminal of the fourth thin film transistor and the output terminal, and

wherein the other terminal of the capacitor is electrically connected to the low

power supply potential line.
23. The logic circuit according to claim 20,
wherein the oxide semiconductor is formed using an In-Ga-Zn-O-based oxide

semiconductor layer.

24. A semiconductor device comprising the logic circuit according to claim 20.



