WD 2011/ 052383PCT/ JP2010/ 067996 1 DESCRI PTION LOd C Cl RCU T AND

SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present invention
rel ates twoaolmgkssscircuit, particularly, a logic circuptTisprplioidémgs a
transistor in which a channel formatioh region is formed using an oxi de
sem conductor. The present invention also relates to a sem conductor device
including 10the logic circuit. [0002] Note that a sem conductor
device in this specification refers to all devices which can function by
utilizing sem conductor characterpeSCRETI®ON! el ectro-optical devices,

sem conductor circuits, and electronic appliances are all sem conductor
15devi ces. BACKGROUND ART [ 0003] In a general circuit including

t ransi st ors manuf a%%f‘gtc??r?@ym %Mﬁg@&:ﬁ@ﬁ%&fék' con on

insulator), as the © tage rs re progress of
m crof abri cation, consunmed power is reduced. [0004] Consuned power
is a sumof dynamc ﬁower and static power (hereinafter, also referred to
as st andbVEQRNEGEAL HBEDGynani ¢ power is power consuned mainly by charge 25
and di sch[@?@g of the gate capacitor of transistors and the parasitic
capacitor tornmed with-wirings connecting transistors and circuit bl ocks,
and the |ike; tIhe gtsht dnyeavien relatepaoes lagiosineeit, paraculaily,cailédgc circmiot
oper at e. ,LOOQ.S . . . . . . .
including a transistor in which a channel formation region is formed using an oxide
semiconductor. The present invention also relates to a semiconductor device including
10 the logic circuit.
[0002]
Note that a semiconductor device in this specification refers to all devices
which can function by utilizing semiconductor characteristics, and electro-optical
devices, semiconductor circuits, and electronic appliances are all semiconductor

15  devices.

BACKGROUND ART
[0003]
In a general circuit including transistors manufactured by using a Si wafer or
20 SOI (silicon on insulator), as the operation voltage is reduced by progress of
microfabrication, consumed power is reduced.
[0004]
Consumed power is a sum of dynamic power and static power (hereinafter, also
referred to as standby power): the dynamic power is power consumed mainly by charge
25  and discharge of the gate capacitor of transistors and the parasitic capacitor formed with
wirings connecting transistors and circuit blocks, and the like; the static power is power
consumed when circuits do not operate.
[0005]
As one of methods for reducing the consumed power, there is a technique
30 called clock gating (fér example, see Patent Document 1). Clock gating is a technique
by which supply of a clock signal to a circuit is stopped in a period during which the

circuit does not operate. By the method, the power consumed in parasitic capacitor of



As one of nethods for reducing the consuned power, there is a technique 30
called clock gating (for exanple, see Patent Docunent 1). Clock gating is a

t echni queybyossdzzsuppl y of a clock signal to a circui pcirgpahi@pgess i n a
period during which the circuit does rbt operate. By the nethod, the power

consuned in parasitic capacitor of WD 2011/052383PCT/JP2010/ 067996 2
wirings supplied with a clock signal or the |Iike can be reduced.
[ Ref erence] [0006] [Patent Docunent 1] Japanese Publi shed Patent

Appl | cat 10finbOsupp 0PI 3RS FEL EEMRE Lo AVBAE ON [ 0007] St andby

power is generally classified into power consunmed by a circuit which does
not oper dRefefdreei nafter, referred to as a non-operating circuit) and power
10 consugﬁﬁyﬁy | eakage current (which is in general, a current flow ng

bet ween e and drain when the voltage flow ng between gate and source

is 0 V) qbaRntDedusicht O] Japhtd®Bhblished Patdlit ApjSlicaio RodzrogL219ge2 cl ock gating,
dynam c power consuned can be reduced, but the static power consuned due to

| eakade current cannot be reduced. Note that the 15 dynam c power consumed

in the “%‘sﬁ&%ﬁ}ﬁ%ﬁwﬁh‘nc@ﬁc' udes power consuned due to charge and

di scharge ot parasitic capacitor fornmed by wirings to which a cl ock signal
i s supplifgod7jFurther, in the circuit where clock gating is performed, the
state of an elenment included in _the non-operating circuit is held. Thus,

power consunmed ArEbY goVRRIS| geaRAY ¥ clastified inte PoWRE Consymst! Sy S CIEUEIHER for a

I arge per(ﬁ)ggltno?foﬁe%e S(th%%ﬁeeof@%rred to as a non-operating circuit) and power

10  consumed by leakage current (which is in general, a current flowing between source and
drain when the voltage flowing between gate and source is 0 V) of a transistor. |
[0008]

By the above-described clock gating, dynamic power consumed can be reduced,
but the static power consumed due to leakage current cannot be reduced. Note that the

15 dynamic power consumed in the non-operating circuit includes power consumed due to
charge and discharge of parasitic capacitor formed by wirings to which a clock signal is
supplied. Further, in the circuit where clock gating is performed, the state of an
element included in the non-operating circuit is held. Thus, power consumed due to
the leakage current of the transistor accounts for a large percent of the standby power.

20 In addition, the probability of malfunction of the logic circuit, caused by leakage current
of the transistor, becomes high.

[0009]
In view of the above problem, one of objects of one embodiment of the present
invention is to reduce standby power due to leakage current or suppress malfunction in

25  alogic circuit performing clock gating.

~ [0010] |
In one embodiment of the present invention, a transistor in which a channel
formation region is formed using an oxide semiconductor is applied to an n-channel
transistor included in a logic circuit. The oxide semiconductor in the above transistor

30 becomes an intrinsic or a substantially intrinsic semiconductor by removing an impurity
such as hydrogen or water capable of being an electron donor (donor) therein, and has

an energy gap larger than a silicon semiconductor.



20In addition, the probability of malfunction of the logic circuit, caused
by | eakage current of the transistor, becones high. [0009] In view

of the abg@eopr@bisgsm one of objects of one enbodi ment erriBR1PHIESENt
invention is to reduce standby power dlue to | eakage current or suppress

mal function in 25a logic circuit perform ng clock gating. [0010] I'n
one enbodi nent of the present invention, a transistor in which a channel
formation region is forned using an oxide semni conductor is applied to an
n-channelpgprgnsi stor included in a logic circuit. The oxide sem conductor
in the above transi stor 30 beconmes an intrinsic or a substantially
intrinsic senm &pacificalby tlwoglemmnglcmes m@ﬂlanmtyr uehichg chyrhedfgmation wat er

[ argor -t HEHOR SLRPPR R BE i-dR TR G b5 Ja dhcry Se STty bsions &7

[0011]  hydroge®Re @ GHGRbkY included iPtinfoved k6 dhdt th&@dﬂégﬁﬁat@ntdf&iy&tcfg%ﬂﬁnl n
whi ch a channel formation region is fg)rmed using the foll ow ng oxi

sem cOndube crxide rsemicend»qtqieca;erbpcénmj t(@tlomsl‘vyfﬁb ogelovar, araferablyodpll gcl uded
is renmoved so,th he c entr i t he oxi de .

o CondeOBIAE oo Bl ATirap 89100y G I dpuEB Y B Farris

(at oms/ Crif)g; gf is 56", /crﬁ“c%ﬁl%%ABfe?Jngﬁlg@k?(o’a)i&% IQ?EP”B/ cnB) or lower; and

the carrier density. ower, preferably 5x1012 /cnB or
| ower. [(OQE)] I n the oxide sem conductor, the energy, gap is 2 eV or

hi gher, preferably 2.5 eV 10 or her, further preferabl V_0o i gher;
and an inpuri tﬁné%c‘ﬁ‘ fif‘sseﬁymnéggtﬁr 'E‘PF‘EF)bgarPs‘S?re&P g‘; %%%@Hzaﬁg ch as
possiilgl e, r |lﬂ>ﬁ% rably,
5x 10119 / corﬁﬁwol%epa%\l;\%%ep &Pc"niﬂlf@ é}egi P%%eg%n?)&qﬁgﬁl%%dasom de eggﬁrﬁ::%nduct or
as descr ifbeuk 4 donax is haiuncai aslibuloanpassible, se ghab the crtieratensisyt Brixifbyemd hannel
width is even 10 nm has a gdraipn current of 1x10-13 [A] or lower in the case
wher e thé’r@‘&?rnpr\?fﬂr%bdbéxllg 1y @fl@WeH Vv and the gate voltage is in the
range of 0@3 to -20 V. In other words, a highly-purified oxide

sem conductor is used for a channel for mation region of a transistor,
wher eby | eakag@ycusingnt highly-farifitdastide aéhicondudtioress. described for a channel

15 formation region, a transistor whose channel width is even 10 mm has a drain current of
1x10™ [A] or lower in the case where the drain voltage is 1 V and 10 V and the gate
voltage is in the range of -5 V to -20 V. In other words, a highly-purified oxide
semiconductor is used for a channel formation region of a transistor, whereby leakage
current can be drastically reduced.

20 [0014]

One embodiment of the present invention is a logic circuit having a first period
during which a clock signal is input and a second period during which a clock signal is
not input, which includes a transistor which is in an off state where a potential
difference exists between a source terminal and a drain terminal over the second period.

25  In the transistor, a channel formation region is formed using an oxide semiconductor in
which the hydrogen concentration is 5x10" (atoms/cm®) or lower.

[0015]

The logic circuit of one embodiment of the present invention includes a
transistor which is in an off state where a potential difference exists between a source

30 terminal and a drain terminal over a period during which a clock signal is not supplied.

A channel formation region of the transistor is formed using an oxide semiconductor in



20 [0014] One enbodi nent of the present invention is a logic circuit
having a first period during which a clock signal is input and a second
peri od dugxpopngizbsd a clock signal is not input, which ipggljpetRené9se
transistor which is in an off state whtkre a potential difference exists
between a source termnal and a drain termnal over the second period. 25In
the transistor, a channel formation region is fornmed using an oxide

sem conductor in which the hydrogen concentration is 5x1019 (atons/cnB) or
| ower. [ GOHiel thEhs ddd8h eotdehfritidn Rfredtidgd. € NIRUIfIFBIN, tRS hidi6gdd @a&dkratiByent i on
includes a transistor which is in an off state wnere a potential difference
exi sts beifweeoxide soicoslug®r i oY alatcamsdcra’) dr diwert eThérnfire, deakagacyreant od

during which a clock signal is npt suppljed. channel_. formati.on. regi on of
the. t Pandit Befasiiasant NHcH) o6 pRUE L6 neadhaRRS 0t g s ket
hydr ogen qa&RRY bAd iMdlfuh&ion A WsEeicINReit ChrBE supprdshi&l. hydr ogen concentration
of the oxide sem conductor is 5x1619 (atons/c or lower. Therefore,

| eakade d0P¥&nt of the transistor can be reduced. As a result, the standby

power of the | qgic. circui an. be reduced .and | f.unct.i on of e. |.ogic

B roui ¢ can: be AUl dh IneGPisRiehR MR e el R BRHARG S sl pgfi
circuit VIOGERirehiPkhelfdrRdohs tinR! f ThBER, a Spedift ttansBtdrk@epsOi 6ff StafeCfak t 1S
held for a long tinme. That is, a specific transistor keeps an off state for
a | ong tiaeng s avhgrgs petential diffpfepes exists bekyosp wwrcgelsrmimakang ¢ draigr ni nal
and a draLn..tqrm . [ : ' transi st or
brings g?éﬁ?lhéf f eArc%? 1“‘1%%85%‘}]%8&%?% &ﬁtﬁ?%zt@ﬁgéoét&glp kggre?ﬁ&%gb\/er consuned
in thne@ wobe7]circuit allows reduction in | oads of an external circuit which
makes a logic circuit of one enbodi nent of the present invention operate.
Thus, the f uncughen Fadpem W ROYRT ORGP thewls FIFRtAHONG TEPREUPBAR ¢
circuit Q?;Qist (l;ﬁearﬁ)ékﬁﬁﬁillci&ﬁi'i GHlith GfkePS BERABIAGHE of BanBRhfBodIRt Rl Rt ON OF
DRAW NGS [ 0018 FIG 1 shows a configuration exanple of a logic
circuit dgeeseniipechtion opetatdi 8w, the functionality of a semiconductor device including

the logic circuit and the external circuit can be expanded.

15
BRIEF DESCRIPTION OF DRAWINGS
[0018]
FIG. 1 shows a configuration example of a logic circuit described in
Embodiment 1.
20 FIGS. 2A and 2B show a configuration example and an example of a timing

chart, respectively, of a logic circuit described in Embodiment 2.
FIGS. 3A and 3B each show an example of a circuit configuration of an AND
gate described in Embodiment 2.
FIG. 4A shows a configuration example of a flip-flop circuit and FIGS. 4B and
25 4C each show an example of a circuit configuration of a NAND gate, described in
Embodiment 2.
FIGS. 5A and 5B show a configuration example and an example of a timing
chart, respectively, of a logic circuit described in Embodiment 3.
FIGS. 6A and 6B each show an example of a circuit configuration of a NOR
30  gate described in Embodiment 3.
FIGS. 7A and 7B show a configuration example and an example of a timing

chart, respectively, of a logic circuit described in Embodiment 4.



20FI GS. 2A and 2B show a configuration exanple and an exanple of a timng
chart, respectively, of a logic circuit described in Enbodi nent 2.

FI GS. 3A woadoBRsemsh show an exanpl e og a circuit confi guraprraanoe®an AND
gate described in Enbodi nent 2. FI G 4A shows a configuration
exanple of a flip-flop circuit and FIGS. 4B and 25 4C each show an exanpl e
of a circuit configuration of a NAND gate, described in Enbodi nent 2.

FI GS. 5A and 5B show a configuration exanple and an exanple of a timng
chart, respectipg! JA sRéwda lcOffigurtidnCédamphesE b 160 and FEGS. BB RO BCIach

FI GS. 6A and 6B each show an exanple of a circuit_configuration of a NOR 30
gat e desdhPyedconfigmigtion exasmrle 9f an mverter, | Qogicrircyii desmibsa dmEmbedimangur at i on
exanpl e d an exanple of a timng chart, respectively, of a logic circuit
descri bed’in Enbodi nent 4. WD 2011/ 052383PCT/ JP2010/ 067996 5 FI G 8A
shows a confi gWRIG! i9ORhewsa | @nfifuratibmt exampled ofl &SloghB chodlit Sdeserdisdd show a
confiqguration exanple of an inverter, in alogic circuit described in
EnbodPnedimbodiment 5. FIG 9 shows a configuration exanple of a logic

circuit describgg ip él(ﬁv@gd%@%tu{)agﬁm examn%le F&@alg)%@%uﬁ GRBbELTRLT ON

exanple of a logic circuit desc I n Enbodi nen FIG11 is a

cross- sedmbuotimenticew i | | ustrating a structural exanple of a p-channel '

transi stor and -channel transi.stoyr described in Enbodi npnt Zl 10FI GS.

12A to 12H ar o Fitrolss &etsaretiongh gk Hlysiialee asiiguih xapaplp PEa prehgnie

manuf act UrdnGigtop bt S 8-cRinmdl RafsisiREcrived s EftRlinttgs ¢! | bed in Enbodi ment 7.
FIGS. 13A to 13G are cross-sectional views illustrating an exanple of a

manuflfict uri ng FlG8ed2Aofo dAHnarghernsresectional sviews rillerating pad exammplebdda nent 7.
FIGS. 14A to.14D. are crggéége tiaQ vi.e i exanple of a 15

anu act AP RG<PREERC SEA PRk R et Rk dR 7 b ment 7.
FIGS. 13A to 13G are cross-sectional views illustrating an example of a
manufacturing process of an n-channel transistor described in Embodiment 7.
FIGS. 14A to 14D are cross-sectional views illustrating an example of a
15 manufacturing process of an n-channel transistor described in Embodiment 7.
FIG. 15 is a cross-sectional view illustrating a structural example of a p-channel
transistor and an n-channel transistor described in Embodiment 7.
FIGS. 16A and 16B are cross-sectional views each illustrating a structural
example of a p-channel transistor and an n-channel transistor described in Embodiment
20 7.
FIGS. 17A and 17B are cross-sectional views each illustrating a structural
example of a p-channel transistor and an n-channel transistor described in Embodiment
7.
FIGS. 18A and 18B are cross-sectional views each illustrating a structural
25 example of a p-channel transistor and an n-channel transistor described in Embodiment
7.
FIGS. 19A and 19B are a plan view and a cross-sectional view, respectively,
illustrating a structural example of a transistor described in Embodiment 8.
FIGS. 20A to 20E are cross-sectional views illustrating an example of a
30 manufacturing process of a transistor described in Embodiment 8.
FIGS. 21A to 21E are cross-sectional views illustrating an example of a

manufacturing process of a transistor described in Embodiment 9.



FIG 15 is a cross-sectional viewillustrating a structural exanple of a
p- channel transistor and an n-channel transistor described in Enbodi nent 7.

FI GS. 16Avang11laBssar € cross-sectional views each ill ust patjpshigosShégict ur al
exanpl e of a p-channel transistor and @@n n-channel transistor described in

Enbodi nent 20 7. FIGS. 17A and 17B are cross-sectional views each
illustrating a structural exanple of a p-channel transistor and an
n-channel transi stor described i n Enbodi nent 7. FI GS. 18A and 18B

are cross-sect ipgg! 2¥ACHS 288 ke Lbtisleb@bald/idws tifitibath @l anSx YA TCa Of
p- channel transistor and an n-channel transistor described 1 n Enbodi nent 7.

FI GS. 19MmamchoBgprecess pf atransistey desctibed an bgdodandnt d0al vi ew, respectively,
illustrating a u r al anp| e,,of transi stor .described i.n Enbhodi nent
5 | FIGs. 208§ §105e 246l 208 aeh il D ERATHF 101 AP RGO SR e of a
30 manuf getdiibedth P®e8ssenPiil.a transi stor descri bed in Enbodi nent 8.

FIGS. 21A to 21E are cross-sectional views illustrating an exanple of a
manuf act uri ng PlGckds afgraph shaveing @orintdad chigetaristic e dhinnilm tQnsistap

2011/ 052%%§%%5T/JP%%%IQQ.7996 6 FIGS. 22A to 22D are cross-sectional

. ; g%l.m ; )
views illUu I'ng an exanpl e of a manufacturing process of a transistor

descri bed i n EFDGSi P¥Atand Q5B are top vieWSDf a3t élomemHoean Rxahplsifrathen an
exanpl e of a sem conductor device described in Enbodinment 11. 5FIG 24 is a
gr aph shdilimdgangistor descriked gnBxamrledi stic of a thin filmtransistor described

i n Exanpl e 1. 5&2 gwﬂ{ ( ' . fhsgent for
an exanpl e of glct}%‘l 2n64:| m ?lggﬁs?rg oSr esgyggg C}{%&@g% g)f%ﬁéstt ©
Fl GS.1026 Aosancexafilpleacfe thirafilns tradmissomdpsdfipeddn Elvamaletler i stics of a test

el ement 10 for an exanple of a thin filmtransistor described in Exanple 1.
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

BEST MODE FOR CARRYING OUT THE INVENTION
[0019]
Hereinafter, embodiments of the present invention will be described in detail
15  with reference to the accompanying 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 descriptions of the embodiments below.
20  [0020] |
Note that since a source terminal and a drain terminal of a transistor change
depending on the structure, the operating condition, and the like of the transistor, it is
difficult to define which is a source terminal or a drain terminal. Therefore, in this
document (specification, claims, drawings, and the like), one of a source terminal and a
25  drain terminal is referred to as a first terminal and the other thereof is referred to as a
second terminal for distinction.
[0021]
Note that the size, the thickness of a layer, or a region of each structure
illustrated in drawings or the like in embodiments is exaggerated for simplicity in some
30 cases. Therefore, embodiments of the present invention are not limited to such scales.
Further, in this specification, ordinal numbers such as "first", "second", and "third" are

used in order to avoid confusion among components, and the terms do not limit the



[ 0019] Hereinafter, enbodi nents of the present invention will be described
in detail 15 with reference to the acconpanying drawi ngs. Note that the

present iweedil@mssss not limted to the description bel perspndobdods easily
under st ood by those skilled in the art/that a variety of changes and

nodi fications can be made w thout departing fromthe spirit and scope of
the present invention. Therefore, the present invention should not be
limted to the descriptions of the enbodi ments bel ow. 20 [ 0020] Not e
that sinc@nipoRHS Agméalynal and a drain termnal of a transistor change
depending on the structufe, the operating condition, and the |like of the
transi stdP023]t is difficult to define which is a source ternminal or a drain
terninaI.ETherefor in this docunent (specification, clains, draw ngs, and
t he Iike%,ngﬁgnﬁ?"i)source termnal and a 25drain termnal is referred to

as a first termngls énbodiMentOtaneexdnfE estf a I16git efifuitewhtR adcka g%ﬁﬁ%_riﬁi
termnal for distinction. £0021 Note that the size, the thickness

of a Payeaerfoaned wild dreodeseribedhc réps';@iﬁ@@ldx;ra@ pxample rodt 2 dogie crenipihagingor t he
like in e irents,is e r af.ed.f L mpli.ci .1 n e S
Ther ef or GoRaUREr e SFBARERANCE et R4 ERel) bl WA, cBor S8RES, 1,
scal es. Mgt tiljfit ,and petfoifing P ithineGatpravessity Giithabsenefmiher dockusignaswilf b st ",
"second", and "third" are used in order to avoid confusion anong
conponentd§scribgd witharefegsneg tiBIGhdt |init the WD 2011/052383PCT/ JP2010/ 067996
7 conpongpéﬁﬂnunerically. [0022] (Enbodinent 1) In this enbodi ment, an
exanpl e a’logic circuit where clock gating is 5 perfornmed wll be
descrDbed. Sped® logiraditcyit 18rshewaipFEG.df inaludexya first inpmti teirmivea il h gleatrigelly od

O o S aTa Rab b o S e R UL Sk
clock si goRlredd bs Hpuldesighd1NRR), W deBoseinpheRARInhP1 Féikktridallyl &8dted to a
wiring through which a data signal (Data) is supplied (hereinafter, also referred to as a
data signal line), and an output terminal 13. The logic circuit 10 has a period during
15  which a clock signal (CK) is supplied through the pulse signal line and a period during
which a clock signal is not supplied. That is, the logic circuit shown in FIG. 1 is a
logic circuit in which clock gating is performed. Note that the sentence "a clock gate
is not supplied" means that a clock signal is fixed to a potential at a high level or a
potential at a low level; i.e., a signal whose potential level varies from a high level to a
20 low level or from a low level to a high level is not supplied.
[0024]
In addition, the logic circuit 10 of this embodiment shown in FIG. 1 includes a
main logic circuit portion 14 and a transistor 15 which is in an off state where a
potential difference exists between a source terminal and a drain terminal over a period
25  during which a clock signal is not supplied. Note that the main logic circuit portion 14
includes a plurality of elements of transistors, capacitors, resistors, or the like.
[0025]
A channel formation region of the transistor 15 is formed using an oxide
semiconductor in which the hydrogen concentration is 5x10" (atoms/cm’) or lower,
30 preferably 5x10'® (atoms/cm3 ) or lower, further preferably 5x10'7 (atoms/cm’) or l_ower.4

In other words, the transistor 15 is a transistor in which a channel formation region is



10A logic circuit 10 shown in FIG 1 includes a first input termnal 11
electrically connected to a wiring through which a pulse signal (PS) is
suppl i ed Wwhenfizadsser, also referred to as a pul se si gnabrheiRdees@ocsecond
input termnal 12 electrically connect®d to a wiring through which a data
signal (Data) is supplied (hereinafter, also referred to as a data signal
line), and an output termnal 13. The logic circuit 10 has a period during
15 which a clock signal (CK) is supplied through the pulse signal |ine and
a period guhidQisiMal GR ckidd RehindRbr wWhidlPlis SHPAY | Sitificih8y ieucihPenk0gi C
circuit shown in FIG 1 is alogic circuit in which clock™gating is

per f or medcconpintrationaf hydwger stevingeas' a dohorcef ganmicr 40 potextramolyi oo lavelns t hat
a cl ock |.is fixed ta a.pgtent.ial at a hjgh |evel a potent.ial at a
ow | evel & Mglrogen eenctiab 4% e ot poriieoduler Ty iepaived Py sedimgiof evel to
a 20 | ow haxepe@onietgBBMEpW | evel to a high level is not supplied. [0024]
In addition, the logic circuit 10 of this enbodi nent shown in FIG 1

i ncl udes [80%4in logic circuit portion 14 and a transistor 15 which is in an
of f state wher jal -di. [ . b . S0 rronal and
a drain term niﬁh%olgél%%g}%%@f) |f g’dg E@éﬁlﬁﬁaﬁéﬁﬁégwﬁ% ogﬁ “&lcg]néf)&?e%&tﬁl&%

suppl i ed.peNotaed,haid tidtudesi the | te@isistod | Whidh tis piar in @if Sthtd WHetkd@spategtialr al i ty
of elenments of transistors, capacitors, resistors, .or the like. [0025] A
channel fdiffergnecopxists PEBYEeRfa sqvEce tegnwpkangt a deaip derminglenyep ainsEod JUBRE de

sem condugt-af i I ch: e tieR 1o 5 n8) or
| owner, 36\9 fpl)l?{iaf %?5%9@?%?&%%@%5? cclrfr%ﬁcsgé]{af %&O??"‘%"?Pft)ﬁ%%g’f’fe“?{ér ab g 5x1017
(at or®/ cndhpnid foomstion tegimt ke formeddssing he dxiden sémsicondukfori sThe thydrogest or i n
whi ch a channel formation regiaon is W) 2011/ 052383PCT/ JB2010/ 064996 8

f or med uﬁ%@ewtle&mé}% SHdeoTHIIEIWCRAIE ﬁo‘i‘té"lﬁ’idgtﬁl Ve Sgw]‘f i(étgnﬁfﬁnh@aci ng

t he conc I 18 3V T)

ext r ool yoT Sy SO RHE Ay bE R, R A s B A or 1t or
I's measurigéely TIRASHEAIHE fPRuBASOSME Giansig®E cin GB! dBlcedXpUGA6T" [A] or The
logic circuit of this enbodinment is a logic circuit _in which clock gating

i s perforlawer dhat isndgakiages of plectricagharass dhrough ghe ransistorggandhe suppraseedaher e a
pot enti al , di f e ' 1 a.-sou term [ rm nal
bver 13 ped Bt PABR) bk e ARIIEER bl it Rt ilitndlod & hECTT 12
IS not i npgic)kirchindifiy thisjiesiod el be bdppressed. - :

[0027]

In the logic circuit in which clock gating is performed, particularly, a state in

the logic circuit is held for a long time. That is, a specific transistor keeps an off state
20 for a long time, where a potential difference exists between a source terminal and a
drain terminal. Applying such a transistor to the above transistor brings great effect.
[0028]
Further, reduction in power consumed in the logic circuit allows reduction in
loads of an external circuit which makes the logic circuit of this embodiment operate.
25  Thus, the functionality of a semiconductor device including the logic circuit and the
external circuit can be expanded.
[0029]
Note that the contents of this embodiment or part thereof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
30  or part thereof.
[0030]



10 channel formation region is formed using an oxi de sem conductor. The
hydr ogen concentration of the oxide sem conductor is controlled to be
5x1019 ( ayes{GEBissor | owner, preferabl% 5x1018 (at ons/ c@Bx/395010/08%9%6
further preferably 5x1017 (atons/cnB) -0r |ower. Therefore, the off current
of the transistor can be reduced to 1x10-13 [A] or lower. That is, |eakage
of electric charges through the transistor can be suppressed. 15 As a
result, standby power during this period can be reduced and mal function of
t he | ogi C(Eﬁ{bbghlli,etntgyri ng this period can be suppressed. [0027] In
the logic circuit 1h which clock gating is perfornmed, particularly, a state
in the | ogic cilnthis ¢embedimeht ah exaraple ofi ghet loge.cirfin tlescsibediinslgmbodiment 1

transi stor. keeps an off, state 20 far a long. tj.ne, e of enti gl

i 11 or encildl Se el wSerciBedyfi ast i artiuditd an AP faftBRl £ i-Bop 1 yi ng
such a t naiNsieSdeQéribed Wite rdbieN& forAGS. 2W0ihd B, 6 SI8 Aahd 8, asd FIGOUER]
Further, reduction in power consuned in the logic circuit allows reduction
in | o&ds toBCan external circuit which nmakes the logic circuit of this
enbodi ne b%@er ate. 25Thus, the functionality of a sem conductor device

i ncl udi ng[ ? logic circuit and the external circuit can be expanded.

[ 0029] <Configur£dﬂﬁ1egxbhl@ledfh6 ieentwnss of this enbodi nent or part thereof
can be conmbined freely with the contents of other enbodi nents or part

t hereof or t he Alggiceitcus 20gof Hys embaimentshownrie FE3f2A nglydey an HND gate

2011/ 052 P B 0 9 gaﬁﬁpo ' S I: i.pent, an
exanpl e gﬁﬁt%e[{ f]o%?(]:f%i ?((z:% '?n?escrl tg%g?gi é%o%ifun%ninpkpw&%&%:‘u@ggég?bed.
Specilli calldcyricaly | cognected ta @i wiringcthualighgwhith AddDenpblice signal EEN) ispsdpptipdwi | | be
descri bed, with reference (iio FI GS. and 1ZB, FI GS. 3A and 3B,. and FI GS. 4A
5t0 4C. [bosinpftes alsafsiguediia aransnail siengt ling gnd aseeqnd; ipput terminal which

is electrically connected to a wiring through which a clock signal (CK) is supplied

(hereinafter, also referred to as a clock signal line). The flip-flop 202 has a first input
terminal which is electrically connected to a data signal line and a second input terminal
15  which is electrically connected to an output terminal of the AND gate 201. |
[0032] '
Note that the flip-flop 202 included in the logic circuit of this embodiment is a
circuit which can retain data for one bit utilizing feedback operation. An output signal
of the flip-flop 202 serves as an output signal of the logic circuit 200.
20 [0033]
< Operation example of logic circuit >
Operation of the logic circuit shown in FIG. 2A is described with reference to a
timing chart shown in FIG. 2B.
[0034]
25 During a period T1, the enable signal line serves as a wiring through which a
signal at a high level is supplied. Thus, an output signal (AND(Out)) of the AND gate
201 is a clock signal (CK). That is, the clock signal (CK) is input to the second input
terminal of the flip-flop 202. The flip-flop 202 operates with the input clock signal
(CK). Specifically, the flip-flop 202 receives a data signal (DO or D1) when the clock
30 signal (CK) level is changed from the low level to the high level, and outputs the data
signal when the clock signal (CK) level is changed from the high level to the low level.
[0035]



A logic circuit 200 of this enbodi nent shown in FIG 2A includes an AND
gate 201 and a flip-flop 202. The AND gate 201 has a first input term nal
whi ch i s W0 2el1asb3sscal |y connected to_a wiring through wargkrawoensbl e
signal (EN) is supplied (hereinafter, 9 so referred to as an enabl e si gnal
line) and a second input termnal which is electrically connected to a

wi ring through which a clock signal (CK) is supplied (hereinafter, also

referred to as a clock signal line). The flip-flop 202 has a first input
term nal which Dify £pétiddR, the RV SicASL likk retadtad aShHh@! thidugR vatich @ second
i nput term nal 15 ich is electrically connected to an output term nal of

t he AND gagnal 203 low lsggldp supplied.  Tuse therrautput isignpl (ANP(Qp))xg2he ANt in t he
logic cirgyit o i di t. i j it whi.ck ret al for one
bit util iézqinlté affe"é'?g?ﬁ%ﬁ%r At TS 8318%'%&%1 %%Xﬂé?“‘ﬁ?%é&f ?‘%cg‘-‘?%o‘gmzoz
serves asteamnsiudfphé flip-Aopl0nf Atthistings, ChecoutputisigndD@ut LOf the Qadid ciccuddpier at i on
exanple of logic circuit > Qperation of the logic circuit shown in
FIG 2R isreﬂtfsegraﬁﬁé‘ddakﬁﬁlﬁnarlépé}-ence to a timng chart shown in FIG 2B.

[ 0034] ZW&ﬂng a period Ti, the enable signal line serves as a wiring

t hr ough Ich a signal at a high level is supplied. Thus, an output signal
(AND(Cut)) of tIheindNDpegradeT2the iesatde sigoalklire gmads ab @yiringhthtouigh whitteacl ock

si gnal ( is jnput to the second inpnput terninal of e flip-flop.202. The
71 Poot 1 Shtblse] aleae s saied st dhok o dikeo g rearof k. e BBrBe a0y~ ¢ ne
f1ip-floneelides £844 y?ﬁal%ﬂiﬂirﬁ)i%‘v&%' thé PQcI?rsng&l)(OK)QBvél hecan@ek fr3fh b gnal
(CK) level is changed fromthe 'l ow |l evel to the hi'gh |evel, "and outputs the
dat a 16 griaw lewedito thechigh lewkl, sndyoutputs i dite vighal wheoltheiglogk sigoah (UK9 lewedh | evel

to the l.ow | evel 003 WO 2011/,052383PCT/ JP2010/ 067996 10 Duri ng
a period lsrﬁi,’antgﬁ%frghla%figl@ilﬁﬁeél%o fhler%%w ee‘?e\f;es as a wring through which a

si gnal at[pe3tjow | evel is supplied. Thus, the output signal (AND(Qut)) of
the AND gate 201 is_a |owlevel signal. That is, the lowlevel signal is

i nput to the sdBdbiilagipeircuiteofnthisgmbgdimprt, the gJogk signal dpputgp theyflip-¢lppe, t he
out put si J: } Ity 8:D i -as .t Lgnal
(o1} [odia chittibaBy hebrabRusmaf (FE)" miafis, WEWARCLRTE PRI
Wi ring thpeofoghedwvith hespedtitgithe fipelops20@nal is supplied again. That is, |ike

t he perioﬂ Ti., the flip-flop 202 receives a data signal (D2 or D3) when the
cl ock si d 9:158]( CK) level is changed fromthe 10 low |l evel to the high |evel,

and outputs theygatita ﬁ{eQEgiclc‘ﬁ‘&@fi‘ of E}ﬁs EhBE&imehORAs W hbRYR! clock Shmged

fromthe high level tot ow | evel.
input to the flip-flop 202 goes into a high level, and retains the read data for one clock

cycle. Thus, the output signal (Out) of the logic circuit is temporally retained even
20  after passing through the period T1 or the period T3 during which the flip-flop 202
operates.
[0039]
< Example of circuit configuration of AND gate and flip-flop >
Specific examples of a circuit configuration of the AND gate 201 included in
25  the logic circuit shown in FIG 2A are shown in FIGS. 3A and 3B, and specific
examples of a circuit configuration of the flip-flop 202 are shown in FIGS. 4A to 4C.
[0040]
An AND gate shown in FIG 3A includes transistors 211 to 216. The
transistors 211, 214 and 215 are p-channel transistors, and the transistors 212, 213, and
30 216 are n-channel transistors.
[0041]

Of the transistor 211, a gate terminal is electrically connected to an enable



[0037] In the logic circuit of this enbodinent, the clock signal input to

the flip-clop 202 is controlled by the enable signal (EN). That is, in
t he | ogi cwoi2otimise3sscl ock gating is 15q?rforned wi t h r espettirtomobéres
flip-flop 202. [0038] Note that*the logic circuit of this enbodi nent

reads data when the clock signal input to the flip-flop 202 goes into a
high I evel, and retains the read data for one clock cycle. Thus, the output
signal (Qut) of the logic circuit is tenporally retained even 20 after

passi ng tdignalifhe, tah@ alF@kt tefnihhl Rleldctifcal coMitcttd t6 Wi inigg WhvoGfh Whechf ig- f | op
202 operates. [0039] < Exanple of circuit configuration of AND gate and

f1ip-fl opowesperply peteatiad (¥IDLY) is supplied (berpimatiern plsg uefaxred o @ a high PANDY gat e
201 i ncl t logic circuit shown in FIG 2A are shown in FIGS. 3A
and 3B, %ﬁﬁag gg% ﬁéng anples of a circuit configuration of the flip-flop
202 are dbos2] in FIGS. 4A to 4C. [0040] An AND gate shown in FIG
3A includes transistors 211 to 216. The transistors 211, 214 and 215 are
p- chafnel trand] s‘thértga““é‘ﬁﬂ 20 Rea tgatenteraing} & leqrwmcorawateédg ke gpable

n-chan nel:?lénra?ﬂﬁé AP ga P&ﬂﬁlal %@Qg@ %ﬂé{iﬁ?@ﬁ?’ Bhd 47 %Qél%%ﬂ?%ﬁc&ﬂca@* gnal

l'i ne, ITst term tric coénnected to a wiring through
whi ch hi glonpaesito suspeing tpxmlaaitofa]he t(rz\i@lb)orlZsilsuppl ied (hereinafter, also
referred b&ﬂs a high power supply potential line). [0042] 5O° the

transistd 2, a gate termnal is electrically connected to the enable

sianal, 11 ne andieuaptdol rriale eimblie Lingua) eomklis atimldgnl,
211. 10 line, a first terminal is electrically connected to a second terminal of the transistor 212,
and a second terminal is electrically connected to a wiring through which low power
supply potential (VSS) is supplied (hereinafter, referred to as a low power supply
potential line).
[0044]

15 Of the transistor 214, a gate terminal is electrically connected to the clock
signal line and the gate terminal of the transistor 213, a first terminal is electrically
connected to the high power supply potential line, and a second terminél is electrically
connected to the second terminal of the transistor 211 and the first terminal of the
transistor 212.

20 [0045]

Of the transistor 215, a gate terminal is electrically connected to the second
terminal of the transistor 211, the first terminal of the transistor 212, and the second
terminal of the transistor 214; and a first terminal is electrically connected to the high
power supply potential line.

25  [0046]

Of the transistor 216, a gate terminal is electrically connected to the second
terminal of the transistor 211, the first terminal of the transistor 212, the second terminal
of the transistor 214, and the gate terminal of the transistor 215; a first terminal is
electrically connected to a second terminal of the transistor 215; and a second terminal

30 is electrically connected to the low power supply potential line.

[0047]
Note that in the AND gate, potential of a node to which the second terminal of



[0043] O the transistor 213, a gate termnal is electrically connected to
a clock signal 10 line, a first termnal is electrically connected to a
second t ewoi2oaloseds3t he transi stor 212, and a second ter rcmaP2d16/067996
electrically connected to a wiring thrlaugh whi ch | ow power supply potenti al
(VSS) is supplied (hereinafter, referred to as a | ow power supply potenti al
line). [0044] 15O the transistor 214, a gate termnal is electrically
connected to the clock signal line and the gate term nal of the transistor

213, a fithétrahston 213 andIhefifke terinGiidll bl the ARSiISloe d16 Breteletridally chMWRIedSSPP! Y
potential line, and a second termnal is electrically connected to the

second t €utBULAS amputphisignal (AND(Qut)Dafithe AN Bates i rst terninal of the
transi stgp 381]2' 20 [ 0045] O the transistor 215, a gate termnal is
electric P connected to the second term nal of the transistor 211, the

first term naI Infthis hged:ﬁemmns tavh ofltBe highdpéwer @@pl}rnpbtélﬁfah'(ViEID)Qindtthe
transistor 214; and a first termnal is electrical I){ connected to the high
power SsupBPyPIYRTswPPLY| PeteRfial (Y55 amay) be any potential s Iqngazss thet hjgh ppgrer 5 gate

t erm nal tg,ansi st or
211, the #P?lgtﬁ?ée@rﬁpggmg pﬂgﬁt ﬂ%&%%%ﬁ%@pqhﬁe&g conofapg rm naIFrng t he
transi st cxadple, ganohdt preergiat,e0 (Ve romithalikefcat fre ztpp;knd; ite tthe 1 ppwar upy
termnal is el j.cal connect.ed to a. sec er I t he transistor
D16 nad PoEL A Dert § aR Rty bERRRR D apRAERe bER AR S Bner
suppl y pq;oealrnhpdvﬂ)bpe. [0047] WD 2011/ 052383PCT/ JP2010/ 067996 12 the

transistor 215 and the first termnal of the transistor 216 are
el ectlOi cd0P4Plconnected i s output as an out put Si gnal (AND(Qut)) of the AND

gate. [0048] Int C|f|cat10 h. hi r.s | y.potenti al
(vDD) and the 2’“1 ?ﬁ%ogg Shprl y pé?e%@ 4q© ‘t‘i%é rﬁ'ggomgcewgntf gg enErIR%ﬂ as .
long as tih@sidlogd12PIONET2 55410 Bl shafiie] @ﬂﬁhslﬁbrs( VIPhddiiof)ithd rhnsidiérs 22 eo RSV power
supply potential (VSS). For exarTF1 gr ound f)otentl al, 0V, or the Iike can
be appl i e ?@apﬁfénqné\l\y&?dmlsw%) 9seﬁbteéhﬂliiap 189885¢ PosHiYea gi ven positi ve
potenti al[oﬁﬁf] be applied to the high power supply potential (VDD).

15 Of the transistor 221, a gate terminal and a first terminal are electrically
connected to a high power supply potential line.
[0051]
Of the transistor 222, a gate terminal is electrically connected to an enable
signal line, and a first terminal is electrically connected to a second terminal of the
20  transistor 221.
[0052]
Of the transistor 223, a gate terminal is electrically connected to a clock signal
line; a first terminal is electrically connected to a second terminal of the transistor 222,
and a second terminal is electrically connected to a low power supply potential line.
25 [0053]
Of the transistor 224, a gate terminal and a first terminal are electrically
connected to the high power supply potential line.
[0054]
Of the transistor 225, a gate terminal is electrically connected to the second
30 terminal of the transistdr 221 and the first terminal of the transistor 222, a first terminal
is electrically connected to a second terminal of the transistor 224, and a second

terminal is electrically connected to the low power supply potential line.



10[ 0049] An AND gate shown in FIG 3B includes transistors 221 to
225. The transistors 221 to 225 are n-channel transistors. In addition, the

transi st o 28Alosb 33225 are enhancenent -type transi st ors pphpgpayibhéeshol d
vol tages are positive. [0050] 150Cf thd3transistor 221, a gate terninal and

a first termnal are electrically connected to a high power supply
potential |ine. [0051] O the transistor 222, a gate termnal is
el ectrically connected to an enable signal line, and a first termnal is

el ectricgpbysjconnected to a second termnal of the 20transistor 221. [0052]
O the transi'stor 223, a gate termnal is electrically connected to a cl ock
signal |ine; a NatethatiretheiAMdP gate, ppigotialiof al Hode ¢ wheaht thel seaond teradeal of

inal of th ' .2 d inal | I i cal.l
conneot ed t BTt ARSRIRE HRERymBnY R IrPRk 223 u Gunsfeaty SRR i
transi st utpid 4s aR o@Pphisifeil (ANB(Oaf)Hofthé ANTD Fate,r mnal are electrically

connected to the high power supply potential line. [0054] O the transistor
225, & gdPB5@lerninal is electrically connected to the second 30 terninal of

the transistor t L L ShH i.pnal . ransi s irst
termnal is el éat%#i%gﬁfy&%gkk\({erc zeld%g1 tggstreag%lﬁ%?? ejr4m?sng e&)lp 51%‘%%%’?@3% st or
224, and teansBwe il whithnihe ghtel tsrnginalcindi thalfiryt temiinglcire dletwichibe comsceausr

suppl y po}lenti al line. [0055]. . Note that in the AND gate, potential
of & noddht Bisnpester MEPlRAHRaL R rBituSfhe, WanSistos 2l g the Sensiniar 8% f i r ot
term nal gty }éa?ntam%ka%%fer prfiRs BE BrfddRCt I Gk WoieN\RE BafilubS oA rithe a5 an
out put signal (AND(CQut) §f the AND gate. 5[005%] Each of the

t r andi0st drangidtbr 224l atchuilizedasiesistors. 224 i s an enhancenent-type transi stor in
whi ch theiﬁ e termnal and the first termnal are electrically connected
to the hi 8 %ower supply potential line. Thus, the transistor 221 and the

transi stor 224 padby, E1Rt filsNinplt ©AnmhPARI the Sadonl afsut ¥miisdlio?dfe AND pltber
words, the transistor 221 and the
can be interchanged with each other. A terminal which is specified to be electrically
connected to the enable signal line in the above description can be electrically

15 connected to the clock signal line, and a terminal which is specified to be electrically
connected to the clock signal line in the above description can be electrically connected
to the enable signal line.

[0058]

A flip-flop shown in FIG. 4A includes NAND gates 231 to 234.

20 [0059]

Of the NAND gate 231, a first input terminal is electrically connected to a data
signal line, and a second input terminal is electrically connected to an output terminal of
an AND gate.

[0060] _

25 Of the NAND gate 232, a first input terminal is electrically connected to an
output terminal of the NAND gate 231, and a second input terminal is electrically
connected to the output terminal of the AND gate and the second input terminal of the
NAND gate 231.

[0061]

30 Of the NAND gate 233, a first input terminal is electrically connected to the

output terminal of the NAND gate 231 and the first input terminal of the NAND gate

232.



10transi stor 224 are utilized as resistors. [0057] Further, the
first input termnal and the second input termnal of the AND gate can be

I nt er changgdoivdskzssgach other. A term nal which is speci picedriaoh&ooe

electrically connected to the enable dftgnal line in the above description
can be electrically 15 connected to the clock signal Iine, and a term nal
which is specified to be electrically connected to the clock signal line in

t he above description can be electrically connected to the enabl e signal
l'i ne. [Oqﬁgﬁzy\flip-flop shown in FIG 4A includes NAND gates 231 to 234.
20 [ 0059] O the NAND gate 231, a first input termnal is

el ectrically céMnibethedNDogate dgﬂ,aa dirgyrinput| temeinalaiscelectiesdlynepnnegied ta em i nal

is electrically connegt an put ter.mnal of .an D gate. [0060] 250
e NanD Syt iR GP TSN, Bl 93 Btk P doraBbp oo PeR T Finb et o o
out put t &b rinn@ltp@f tetrhimalNONtheNANTS FThte 232 AMdSAL Gitgul fRminal 6§ '@leeﬂicall%
electrically connected to the output term nal of the AND gate and the

second i rignRectasktaiarsaeongsinpyidergangd of thedNAYD g3to@d8%] 300f the NAND gate 233,

a first H5@¢g terminal is electrically connected to the output term nal of
t he NAND "ga é 231 and the first input termnal of the NAND gate 232. WO

2011/ 052383 PCT/The20ipXIé6 §A®Gn lis FIRWOGLA is a delay@pd [HHpIRSHD gditeugiddhe a first
input termnal is electrically connected to an output term nal of the NAND

gate 233,MEtlopadibss ermbotimeat 1 ndalay-ype flie-flop dmmhichcenina Q amingl isrbsedit put
term nal QfanlRgputthiRifA! fie 255 flop HhyPRhvE Ul fttlend€ Wit thd Gyt térfifdld Y

10 of a Q terminal and a QB terminal (output terminal of the NAND gate 234) are
provided.
[0064]

The flip-flop shown in FIG. 4A is just an example, and a structure of the
flip-flop of this embodiment is not limited to that of FIG. 4A. In other words, the

15  flip-flop of this embodiment may have any structure as long as data for one bit can be
retained utilizing the feedback operation.

[0065]

FIGS. 4B and 4C each show a specific example of a circuit applicable to the
NAND gates 231 to 234.

20  [0066]

A NAND gate shown in FIG. 4B includes transistors 241 to 244. Note that the
transistor 241 and the transistor 244 are p-channel transistors, and the transistor 242 and
the transistor 243 are n-channel transistors.

[0067]

25 Of the transistor 241, a gate terminal is electrically connected to a first input
terminal of the NAND gate, and a first terminal is electrically connected to a high power
supply potential line.

[0068]

Of the transistor 242, a gate terminal is electrically connected to the first input

30 terminal of the NAND gate and the gate terminal of the transistor 241, and a first
terminal is electrically connected to a second terminal of the transistor 241.

[0069]



5 connected to a second input termnal of the NAND gate 233. [0063]

The flip-flop shown in FIG 4A is a delay-type flip-flop. Al though the
flip-fl opwofotinisssssnrbodi nent is a del :ilg-type flip-flop iraTok2atvocmdy a Q
termnal is used as an output termnal’;y the flip-flop nmay have a structure
in which two output termnals 10 of a Qtermnal and a QB term nal (output
termnal of the NAND gate 234) are provided. [0064] The flip-flop
shown in FIG 4A is just an exanple, and a structure of the flip-flop of

thi s enbodi mentOfithe fipiisidtdrn243cd ghe téindihald$ efetiGcaly’conndcted bes ssvdohd$nput he 15
flip-flop of this enbodi nent may, have any structure as long as data for one
bit can Bempiglaphée NANDzgate 2 Hist cempat is @&f@rr&tallbrﬁonpméfo a second F| g,

gat oo 231789 R ARSREENA. anB XA Rimibaf Y Gt BRANE S1R00 .S
t ransi st qrosve? ddppl ppdddetial Nat.e t hat the transistor 241 and the transistor 244

are p-chjﬁﬁﬁ transistors, and the transistor 242 and the transistor 243
are noch ] transistors. [ 0067] 25Cf the transistor 241, a gate term nal

i s electrical | g CcRPRBGLSEr VA4 2a igaleSterhiBRL s LIEEAEAIR) cifneltB® DN QBhE. and a
first termnal 1s electrically connected to a high power supply potenti al

i ne. [006@jt t&fminkleoft tharSANID gat24and the gateeterminal oflthd trawdistort 243 first
connected ta the (ﬁlg{ﬁ%t ut 3 | of the, NAND e and, t he

i 1 ] . t
S teingla elestriny BPitsgted o fig hiER poSer sl OIS 1Ge gt sepfd
connect edefnfindl i @ERAstall§cBhARked o hbctd@ANGHA]AT o2tk trdn9REY1241 and the
10  first terminal of the transistor 242.

[0071]

Note that in the NAND gate, potential of a node to which the second terminal
of the transistor 241, the first terminal of the transistor 242, and the second terminal of
the transistor 244 are eléctrically connected is output as an output signal of the NAND

15 gate.
[0072]

A NAND gate shown in FIG. 4C includes transistors 251 to 253. Note that the
transistors 251 to 253 are n-channel transistors. In addition, the transistors 251 to 253
are enhancement-type transistors whose threshold voltages are positive.

20 [0073]
Of the transistor 251, a gate terminal and a first terminal are electrically
connected to a high power supply potential line.
[0074]
Of the transistor 252, a gate terminal is electrically connected to a first input
25  terminal of the NAND gate, and a first terminal is electrically connected to a second
terminal of the transistor 251.
[0075]

Of the transistor 253, a gate terminal is electrically connected to a second input

terminal of the NAND gate, a first terminal is electrically connected to a second
30 terminal of the transistor 252, and a second terminal is electrically connected to a low

power supply potential line.

[0076] |



WD 2011/ 052383PCT/ JP2010/ 067996 15 O the transistor 243, a gate
termnal is electrically connected to a second input term nal of the NAND
gate, a fwbabii@ssggnal is electrically connected to a seeentdigoshoanal of
the transistor 242, and a second ternilfal is electri cally connected to a

| ow power supply potential |ine. 5[0070] O the transistor 244, a
gate termnal is electrically connected to the second input term nal of the
NAND gate and the gate termnal of the transistor 243, a first terminal is
el ectrically couseeetn itk NARD:AE femRial 8£RRbYe RPWARhItRE sdcoi@® termighl @
second termnal is electrically connected to the second term nal of the
transi st oof tRetransistort2%d andfthe st teemimahef] the frantistor 2382rare sleotricaliycorngoted |

Not e that. in the NAND gate ept,i of a node to which the second

term nal SPUPH aﬁ%”a%g?‘gtsﬁ‘h&‘ﬁﬁﬁeﬂlﬁﬂﬁ?‘& termnal of the transistor 242,
and the segpnd termnal of the transistor 244 are electrically connected is
out put as an output signal of the NAND 15gate. [0072] A NAND gat e
shownSin FI G Z4rtheg thel Ssst ippin dpaniaglsandsthe isgcamlinppoteemingh of thee NN si st or s
251 to 25 r -C siS S n additi.-on, r 501 S,.251 tO
253 are egﬁg%kn@%g%ng%égggl seiaglﬁ sﬁtl\}\%{bsg‘ ?%#AélgﬂoWhQ\@o{st %%?sfﬁgr{é) Bgsi tive.
20 [ 0073]electrically é¥nneéted ttoaths i fikso inpad kerndinglabe the NANDI ga@tadinathti ateive

termnal are_ e|lectri cal | y. connected to a high power suppl ¥ potential |ine.
[0074]  descriptiongpn ppg cetrisaly serstectod 20 thy sgend ipgitriermynaliod tha MANY gapq y
connect ed;l40, Ferdlihsit whitRis %@&iﬁ@&ntgade atect}ilaﬁ}])’\lémegﬂzheto #adseRofd rilzﬁut_
termnal 1s electrically connected to a secornd termnal of the transistor
251. 10007Biminal of the SIANID gaterin s abowe d@s8iption gart e ¢lectricalbl consead¢dtmithecal | y
connected.to. a secand i.n m nal of the NAND gate, a first termnal is
el ectri cgfl"lsvnB‘btﬁFféIb‘P d’fttlgeulgAi\ﬁigﬁﬁ‘ 30terninal of the transistor 252, and a
second tegppygial is electrically connected to a | ow

qo078]

In the logic circuit of this embodiment, at least one of the transistors 242, 243,
252, and 253 included in the NAND gates 231 to 234 has a channel formation region
15  which is formed using an oxide semiconductor. The hydrogen concentration of the
oxide semiconductor is controlled to be 5x10' (atoms/cm’) or lower, preferably 5x10"®
(atoms/cm®) or lower, further preferably 5x10" (atoms/cm®) or lower. Therefore, the
off current of the transistor can be reduced to 1x10™" [A] or lower. That is, leakage of
electric charges through the transistor over the period where clock gating is performed
20  can be suppressed. As a result, standby power during this period can be reduced and
malfunction of the logic circuit during this period can be suppressed.
[0079]
Further, when the AND gate shown in FIG. 3B is applied to the AND gate 201
included in the logic circuit of this embodiment and the delay-type flip-flop including
25 the NAND gate shown in FIG. 4C is applied to the flip-flop 202, all transistors included
in the logic circuit can be n-channel transistors. By applying n-channel transistors to
the above transistors (in which a channel formation region is formed using an oxide
semiconductor whose hydrogen concentration is 5x10" (atoms/cm3) or lower),
consumed power can be reduced in the logic circuit in which all of the included
30 transistors are n-channel transistors. In addition, by formation of the logic circuit

including not p-channel transistors but n-channel transistors, reduction in the



power supply potential line. [0076] WD 2011/052383PCT/ JP2010/ 067996 16
Note that in the NAND gate, potential of a node to which the second

term nal WH hh@sbisgnsi stor 251 and the first term nal ofpciheadibagsést or 252
are electrically connected is output &% an output signal of the NAND gate.

[0077] SFurther, the first input termnal and the second input term nal of
the NAND gate can be interchanged with each other. A termnal which is
specified to be electrically connected to the first input termnal of the
NAND gat gnarufddd@i6esd SRprbRin R of ?Rzlcb%f ﬁieqegfcl GRhltYarkiORae& IdRdintthe t he
second input termnal of the NAND gafe, and a Termnal which is specified
to be el evamifasturing ewsteamdreaghieved he second i nput 10 terminal of the NAND
gate in t[ﬂﬁ @bove description can be electrically connected to the first

i nput ter §1 | of the NAND gate. [0078] In the logic circuit of this

enbodi ment, at RueBéd reduetie i pewér @nshhiéd s the4dgic2druit 283ws dbdlictien ih ncl uded
in the NAND gates 231 to 234 has a channel fornmation rg,{gpipon 15 which is

f or med udpaly ofranositeraals@reuit ovtticl mpkes thedopicdiirsyis of dlip cabodmpend 9perate: he
id j .Sy 0; t /ienB) _.or .|
r et or anl s Y THRGIGBE S AU REp A oG RRTE 16TE il il the

(at orrs/ crexjermdl clrowiecan beexipeiidede, the of f current of the transistor can be

reduced to 1x10-13 [A] or lower. That is, |eakage of electric charges
t hr ough tlA88klr ansi st or over the period where clock gating is performed 20

can be suppressgfe (8% tfe rcgﬁgél;]% ,qfﬁhgn@lﬁ%&ﬁ%@ﬁy&& %% | SinP&Y E(E;Qbﬁ@(ﬁ‘ be

reduced and nmal function o ogic circult Ing this period can be
suppridssdittely @0l #je contents ofrathd¢riearhodivhents bhpar\ieregébethslvontent of ExaBipl@B i s
applied to the AND gate 201 included in the logic circuit of this

embodi merf¥ PARASERE- el ay-type flip-flop including 25 the NAND gate shown
in FIG A{@‘O{gzq applied to the flip-flop 202, all transistors included in the
l ogic circuit can be n-channel transistors. By applying n-channel

transi st dEmbpdimené3hbove transistors (in which a channel formation region

is formed usin n. 0xj sem conduct or hydr qgen, concen i i's

51010 (at oms/ Eny SRbPEERTo% RS abIREE i BERRpEE CEPMANET og; ¢

circuist ivillvby @dscibdd. ofSpebigicalng laudeid Gfbuitainsliudingr NORe ghte Clivdnd €lip-flop

transistors. In addition, by formation of the | ol%ic circuit including not
e

p- channel|Willibgleparihsd avith refesenca 40 HEGS +5/psnd B apd FIGS @dcanddiB.i n t he
[0083] |

< Configuration example of logic circuit >
A logic circuit 500 of this embodiment shown in FIG. 5A includes a NOR gate
20 501 and a flip-flop 502. In the NOR gate 501, a first input terminal is electrically
connected to an enable signal line and a second input terminal is electrically connected
to a wiring through which an inverted circuit signal (CKB) is supplied (hereinafter, also
referred to as an inverted clock signal line). In the flip-flop 502, a first input terminal
is electrically connected to a data signal line and a second input terminal is electrically
25  connected to an output terminal of the NOR gate 501.
[0084]
Note that the flip-flop 502 included in the logic circuit of this embodiment is a
circuit which can retain data for one bit utilizing feedback operation. An output signal
of the flip-flop 502 serves as an output signal of the logic circuit 500.
30 [0085]
< Operation example of logic circuit >

Operation of the logic circuit shown in FIG. 5A is described with reference to a



WD 2011/ 052383PCT/ JP2010/ 067996 17 manufacturing process, inprovenent of
yield of the logic circuit, and reduction in the manufacturing cost can be

achi eved.wb0Ogp@ls2dsyr t her, reduction in power consuned i pctrhe2010847091 r CUi t
allows reduction in 5 loads of an extlérnal circuit which nmakes the logic

circuit of this enbodi nent operate. Thus, the functionality of a
sem conduct or device including the logic circuit and the external circuit
can be expanded. [0081] Note that the contents of this enbodi nent

or part ttﬂﬁfng%aﬁéﬂb\ﬁﬁmqu@SBed 10 freely with the contents of other
enbodi nment s part thereof or the content of Exanple or part thereof.

[0082] (HAB®A nent 3) In this enbodiment, an exanple of the logic circuit

d bed Enbod t i bed. Specifical |.ogi
Cirout b1 nol uaifging AeesiosTS e gnable MERSiGyseiyes oS Bovisbachioel withs
ref er encesigal il Sow ﬁ%ﬁ@@uépﬁneandTEhSG%n &@@@%nﬁﬁdew@ﬁﬁj) of thkdNDRIgtat i on

exanpl e of logic circuit > Alogic circuit 5 t hi s ‘enbodi nent shown in

FI G 5A | niﬂlusle§1®kl‘ﬂmab€@é) 20Mw0is, thedcleck signal (€K isipput torthe pecopbimpywat e 501,
a first U'lflalt(b tthe ORa 2.eCLIrh Cf? %82 etraeigs %V?’[h?ﬂ? Eill?p%.ll?lc?ocil ng‘f}’hrl i ne

and a sec s e RohRect e ough

whi ch an (Oryer Spanﬁctanlcyu:hte pr-@l@@BO(ZGK&)stSa @mppllghﬂctD(Mrmmﬁéremc la}e$o
referred to as an inverted clock signal line). In the flip -roF 502, a
P

first inpftthe dpek ﬁanalu(QKép%eltaflg%daﬁrw te%m%LCW@HOttbe highlevsl.and eutputsthe and a

second | T sk WiRtnd vl bl A6 g FCRIWARSREA trsh ¥ Righ el oo nal of

10 low level.
[0087]
During a period TS, the enable signal line serves as a wiring through which a
signal at a high level is supplied. Thus, the output signal (NOR(Out)) of the NOR gate
501 is a low-level signal. That is, the low-level signal is input to the second input
15  terminal of the flip-flop S02. At this time, the output signal (Out) of the logic circuit is
retrained as the data signal D5.
[0088]
During a period T6, the enable signal line again serves as a wiring through
which a signal at a low level is supplied. That is, like the period T4, the flip-flop 502
20 receives a data signal (D6 or D7) when the level of the clock signal (CK) is changed
from the low level to the high level, and outputs the data signal when the level of the
clock signal (CK) is changed from the high level to the low level.
[0089]
In the logic circuit of this embodiment, the clock signal input to the flip-flop
25 502 is controlled by the enable signal (EN). That is, in the logic circuit, clock gating is
performed with respect to the flip-flop 502.
[0090]
Note that the logic circuit of this embodiment reads data when the clock signal
input to the flip-flop 502 goes into a high level, and retains the read data for one clock
30 cycle. Thus, the output signal (Out) of the logic circuit is temporally retained even
after passing through the period T4 or the period T6 during which the flip-flop 502

operates.



[ 0084] Note that the flip-flop 502 included in the logic circuit of
this enbodinent is a circuit which can retain data for one bit utilizing

f eedback Wwpehaljsees An out put signal of the flip-flop 50215P5MEG685% an
out put signal of the logic circuit 5089 30 [0085] < Operation exanpl e of

logic circuit > Operation of the logic circuit showm in FIG 5A s
described with reference to a WD 2011/ 052383PCT/JP2010/ 067996 18 ti m ng
chart shown in FIG 5B. [0086] During a period T4, the enable signal
l'ine 'ser\{ggglqs a wring through which a signal at a low |l evel is supplied.
Thus, an output signal (NOR(Qut)) of the NOR gate 5 501 is a clock signal
(CK). That Example bécigdustodonigepation ¢IOXPR gat¢ aplfliptfdopt e second i nput t er mi nal

of the flip-fl 502. The, flip-fl op 502 operat ' t | l, ock

o ot (oq " s3Beinf expges ph 8 renf PR it B NOR dbS 0T RdhgRART (o or
D5) when thdgodie \¢atuiPlshé e ik IRIGKSAI #8ahowiith FIGSC Eanasd 618 ONdt& ehdt ue | evel
to the hl(ﬁg(; | evel , and outputs the data signal when the | evel of the clock

si gnaP ( Cip-flop ZRainghuled rinrthe Hegin ieuit shewntis Fike SYoicanybecthe| delqyetgpa]
During a qperd od 15 the enghl e si apal | jne serv . 1 hr h whi ch
a signal fgﬁ ff:ft)BhlShgqﬁv q él\l/gﬁl‘éi 219\'5up?)]i“%% o ﬁs?b%t% Re %ﬁrﬁ%hot% gdkgﬁieiw&t )) of
the NOR gHp€loplit tosbeardf@yed ®vad aSipgdific.eximple bBa dileait! @nfip@atibn Sifghal i s
input to the second input 15term nal of the fl iP-f I ogh 502. At this tine,

t he out pdtip-$logr22. ( Spesifigrexamples gfaccircuit configyration pf thenNPRgate 901 #4¢ a

2,02 Do fiow i o D08 ACEONIT e enible sgnal Line aodt
is, [1Dke [00]peri gd T4, ?he flip-fl op9502 PP '

A NOR gate shown in FIG. 6A includes transistors 511 to 514. Note that the
transistors 511 and 512 are p-channel transistors and the transistors 513 and 514 are
n-channel transistors.

[0093]

15 - Of the transistor 511, a gate terminal is electrically connected to the enable
signal line, and a first terminal is electrically connected to a wiring through which high
power supply' potential (VDD) is supplied (hereinafter, referred to as a high power
supply line).

[0094]

20 Of the transistor 512, a gate terminal is electrically connected to the inverted
clock signal line, and a first terminal is electrically connected to a second terminal of the
transistor 511.

[0095]

Of the transistor 513, a gate terminal is electrically connected to the inverted

25 clock signal line and the gate terminal of the tramsistor 512, a first terminal is
electrically connected to a second terminal of the transistor 512, and a second terminal
is electrically connected to a low power supply potential line.

[0096]

Of the transistor 514, a gate terminal is electrically connected to the enable

30  signal line and the gate terminal of the transistor 511, a first terminal is electrically
connected to the second terminal of the transistor 512 and the first terminal of the

transistor 513, and a second terminal is electrically connected to the low power supply



20 receives a data signal (D6 or D7) when the level of the clock signal

(CK) is changed fromthe |ow |l evel to the high | evel , and outputs the data
si gnal whwo 20hwskmsel of the clock SI%Ba i s changedTtipzmmndresdi gh

| evel to the low level. [0089] In the logic circuit of this

enbodi ment, the clock signal input to the flip-flop 25502 is controlled by
the enable signal (EN). That is, in the logic circuit, clock gating is
performed with respect to the flip-flop 502. [0090] Not e that the

| ogi ¢ ci rgowdntiallinet hi s embodi ment reads data when the clock signal input to
the flip-flop 502 goes into a high level, and retains the read data for one
cl ock 30[@?% e. Thus, the output signal (Cut) of the logic circuit is

|l d
tTgmd)S: ?ngym;“ez;}!o@fﬂla ‘ﬁetﬂe ﬂdl@ %‘8;30%@?“5 {o’f‘%%ﬂ% RfiicRhd Sodd tHnidalGs PET 1 ©

2011/ 0523Re3t?ﬁﬂ'sis16t29n23/tl&6ﬁﬂ;%erﬁﬁm{l@ﬁ9ﬂf] trandrstan Pl aﬁﬂ tlce flcsu |témﬁm1fdfgh|er ation
of NOR gate and flip-flop > peci fic exanp a circui

conf | aur drangjstoppl4 hfé fmfiwgav @Osreﬁftqdrfé Pui@Ekas 3 %@W%@%%@B&%ﬁlt&) %fﬁb%vn in
FI G 5A angporhgwn in FIGS. 6A and 6B. Note that the 5 flip-flop 502 included
inthe logicccircuit showmn in FIG 5A can be the delay-type flip-flop shown
in FIG 48098Therefore, the above description of the del ay type flip-flop is

to be referred t S speci fi le.of acirc ratj on, of the
flip-flop 502. As@@iﬁ gie s g’g@r@ @FF%:E?‘{S‘%‘Hﬁghgﬁ? 3{3 ogN ‘baﬁgh‘f\m gat e
501 are dpsskioReshibgl 32w, aré’\hfchaﬂlﬁi 0 Ra6rs! O H-hddio fhedfishsifbrs 501 1§ 997]

A NOR gate shown in FIG 6A includes transistors 511 to 514. Note that the

t r andPst arsemdanceareat-Gype teansisiorscwbongdhreshadd ¥pkages srepoditivhe transi stors 513
and 514 1 fﬁ channel transistors. [0093] 150F the transistor 511, a gate
termnal 'rs"electrically connected to the enable signal Iine, and a first
termnal is el et uhbqaddsgstcﬁmecd gatet @Bindl ahd G fifgt Oteghinah afeh elRt@idalppwer
supply potential (VDD) is supplied (hereinafter, referred to as a high
power s uﬁBP‘}ECquﬁ@? high power supply potential line.

[0100]

15 Of the transistor 522, a gate terminal is electrically connected to the inverted
clock signal line, a first terminal is electrically connected to a second terminal of the
transistor 521, and a second terminal is electrically connected to a low power supply
potential line.

[0101]

20 Of the transistor 523, a gate terminal is electrically connected to the enable
signal line, a first terminal is electrically connected to the second terminal of the
transistor 521 and the first terminal of the transistor 522, and a second terminal is
electrically connected to the low power supply potential line.

[0102] |

25 Note that in the NOR gate, potential of a node to which the second terminal of
the transistor 521, the first terminal of the transistor 522, and the first terminal of the
transistor 523 are electrically connected is output as an output signal (NOR(Out)) of fhe
NOR gate.

[0103]

30 The transistor 521 is an enhancement-type transistor in which the gate terminal

and the first terminal are electrically connected to the high power supply potential line.

Thus, the transistor 521 retains an on state regardless of periods. In other words, the



[0094] 20OF the transistor 512, a gate terminal is electrically connected
to the inverted clock signal line, and a first termnal is electrically
connect edwbeoa/wexmsend term nal of the transistor 511. [ @095P200h/0é70%s
transi stor 513, a gate termnal is el %trlcally connected to the inverted
25 clock signal line and the gate termnal of the transistor 512, a first
termnal is electrically connected to a second term nal of the transistor
512, and a second termnal is electrically connected to a | ow power supply

pot ent i alirahtig®r 52 PRBlizEd ad Rskfornsi stor 514, a gate termnal is
el ectri Calllré’l connected to the enable 30 signal line and the gate term nal

of the td@H¥]lstor 511, a first terninal is electrically connected to the

second term nalg, RBe LRR ik ﬁgﬁﬁ%‘%ﬁm?ﬂ%ﬂﬂg %e'&% 1ﬂp{u§rt r})}l?ﬁamo? e IQQR% %a?? he | ow

transi stor 513, a se 'S e connecte

pover suph e 1Ni&c3@ﬂédd&5ﬂ’88&iﬁ(3ﬁléf2mf}hﬁﬁﬁﬂ%lc2ﬁs Bpécfied & bé eREtrichIP97]
Note that in the NOR gate, potential of a node to which the second term nal

of thé t capasciadofo she enahle signalt lime iy the | abgye  dpscriptions can die slegtrically t he

first ter, o] 1 e 4 d i ut put
as an out g}ﬁltq&sﬁdglfr(l)a hgqﬁ%ize&a??é g%néhﬂnﬁé%dg%?%h 1} g%glgfh (fsog&,%?ﬁe% tX ﬁb? gate
shown i n ekdctsical B comedctedets the averted ologk Siphal hnd#iBthe Nbbee Hésatiptitre car bnsi st or s

521 to 523 are. .n- chan{‘lﬁ transjistors. .In addition, the transistors 521 to

523 10 arckcHinglncemnsqicdiq e eppblf sigmalling: whose t hreshol d vol t ages are
posi ti Ve [0105]

10 The logic circuit of this embodiment includes a transistor in which a channel
formation region is formed using an oxide semiconductor.  The hydrogen
concentration of the oxide semiconductor is controlled to be 5x10" (atoms/cm®) or
lower, preferably 5x10'® (atoms/cm’) or lower, further preferably 5x10'” (atoms/cm®) or
lower. Therefore, the off current of the transistor can be reduced to 1x107" [A] or

15 lower. That is, leakage of electric charges through the transistor over the period where
clock gating is performed can be suppressed. As a result, standby power during this
period can be reduced and malfunction of the logic circuit during this period can be
suppressed.

[0106]

20 Further, when the NOR gate shown in FIG. 6B is applied to the NOR gate 501
included in the logic circuit of this embodiment and the delay-type flip-flop including
the NAND gate shown in FIG. 4C is applied to the flip-flop 502, all transistors included
in the logic circuit can be n-channel transistors. By applying n-channel transistors to
the above transistors (in which a channel formation region is formed using an oxide

25  semiconductor whose hydrogen concentration is 5x10' (atoms/cm®) or lower),
consumed power can be reduced in the logic circuit in which all of the included
transistors are n-channel transistors. In addition, by formation of the logic circuit
including not p-channel transistors but n-channel transistors, reduction in the
manufacturing process, improvement of yield of the logic circuit, and reduction in the

30 manufacturing cost can be achieved.

[0107]



[ 0099] O the transistor 521, a gate termnal and a first term nal
are electrically connected to a high power supply potential Iine. [0100]
150F t he woansli/sh3ss 522, a gate term gsl is electricall pcearnaobedod o t he
inverted clock signal line, a first téfmnal is electrically connected to a
second term nal of the transistor 521, and a second termnal is
electrically connected to a | ow power supply potential line. [0101] 20Ox
the transistor 523, a gate ternminal is electrically connected to the enable

signal line, aFuith&d rédeedma pbwerdodsimed al the 168RNEGRLUR AllbWs rbicEes e d

term nal of the transistor 521 and the first termnal of the transistor
522, and leadsedf svcexterpali Giegnitvehigh sakes Bl pgiccinenis of diais embopangnd Wperatter
supply p tjhale.li o) ... . [ of a
node to \(/)\%hﬁlgh{h? hﬁelhéste%g%lrll{y #e)%]rsnerﬁgllc\’lg%'fcn%ﬁh%tvtlérealﬁlglﬁg{nggﬁ gg%ﬁt%@% ?‘rﬂ Esjttﬁl% er m nal
of the treanshaichcuibdah besx@aiided. first terminal of the transistor 523 are
electrically connected is output as an output signal (NOR(Qut)) of the NOR
gat e. 5[01[@ 8130The transistor 521 is an enhancenent -type transistor in

whi ch the gat e NGl fdihe %Meﬁt@%fﬂ}xfsfémﬁ&ﬁ%ﬁs r B4rf URrE dan Ot L%rg&ﬂ@@em ed

to the high power supply potentia I ne. e transistor 1 retains
an on st dteely wghtid @emtentf ofpehérasithodimemnss bepartvhetsf ot the collent of Example
2011/ 052%&%%5&:}' e\%fo 910/ 067996 21 transistor 521 is utilized as a resistor.
[0109]
10  (Embodiment 4)

In this embodiment, an example of the logic circuit described in Embodiment 1
will be described. Specifically, a logic circuit including a latch and a flip-flop will be
described with reference to FIGS. 7A and 7B and FIGS. 8A to 8C.

[0110]
15 < Configuration example of logic circuit >
~ Alogic circuit 600 of this embodiment shown in FIG. 7A includes a latch 601
and a flip-flop 602. In the latch 601, a first input terminal is electrically connected to
an enable signal line and a second input terminal is electrically connected to an inverted
clock signal line. In the flip-flop 602, a first input terminal is electrically connected to
20 a data signal line and a second input terminal is electrically connected to an output
terminal of the latch 601.
[0111]

Note that the flip-flop 602 included in the logic circuit of this embodiment is a

circuit which can retain data for one bit utilizing feedback operation. An output signal
25  of the flip-flop 602 serves as an output signal of the logic circuit 600.
[0112]

The latch 601 of this embodiment may have any structure as long as data can
be latched. Here, as the latch 601, a circuit which latches an inverted signal of a signal
input to the second input terminal when a signal at a high level is supplied to the first

30 input terminal is used.
[0113]

< Operation example of logic circuit >



[ 0104] Further, the first input term nal and the second i nput
termnal of the NOR gate can be interchanged with each other. A term nal

whi ch i s \wwpeeifisesszto be electrically 5 connected to thergpalbgsségnal
line in the above description can be @ectrically connected to the inverted

clock signal line, and a termnal which is specified to be electrically
connected to the inverted clock signal line in the above description can be
el ectrically connected to the enable signal line. [0105] 10The | ogic

circuit of thisg R)?.idﬁﬂé d&fh?éi%ﬁ%h@wh GRPEG A0k defbritiRl W%ﬁgreﬁig r B%b a

formation region Is tor m::d1 sing an oxl de sem conductor. ogen
concent r dimimg ohirt shevo KI&. $Bni conductor is controlled to be 5x1019
(atons/cr@)u;ﬁr | ower, preferably 5x1018 (atons/cnB) or |ower, further

pr ef er abl 1017 (atons/cnB) or |lower. Therefore, the off current of the

transi stor can hgidgedp&ssh 19, the>ech@b1d JidnAl 1ifE schves AOWVirind Bfugh whidieakage of

el ectric charges through the transistor over the period where clock gating
i s pebf orsigil atin ligh kypbisewipplied. AsAtathisedme .t an gutpndsignal dbetch(@ut))ref thhi s

i od duced, and i f the | qQgi,c .Ci LGMiL .duri hi
er i od canBSoLinn e aRmlB a0k b Bl Moaf T SR HEMARR T B B 1 i
6B i s appletall in?utt feemMNeRoB ieeflipGlop 602, UdBR flip-fldpe6d2DGpeiates Gt the Ghpit i S

enbodi ment and the del ag-tyﬂpe i p-1f] %%i ncl udi ng the NAND gate shown in
FI G 4C idodpsiend (CK9. t Reeqiligablys thepflipefiop 603 recewyss iasdasz signalc(RBEHDND t he

| ogi c cirglt = j |y -

transi st o\ggént t%‘g?%gpgfb@\?%@?g%?g{%ggfsﬁﬁﬁ%ﬁifgﬁn g@ﬁé)nlggﬁlq? gﬁréxgif (i)erY el|’egi on

i s f dOmedndsiuggtathe @tacignab whenitleoledtl aif olie slbds sighyl dCEY dscleamped fromatheon i S
5x1019 (a}holg%l cnB). or lower), consuned power can be reduced in the |logic
circuit iHehsveHOhq logtleydle” i ncl uded transistors are n-channel transistors.
I n addi ti[grplﬁby formation of the logic circuit including not p-channel
transi stors but n-channel transistors, reduction in the nmanufacturing
process, i nproJvaureigta périod E8,dhefnatie sigogi lmecierasias a winthgrtbohmghivdnchi a t he 30

ranuf act Ui af 336w 3871 5 séifphed ®Re thid W, the’ Gutput signal (Laieh(Out) ot the 007996

15 latch 601 retains a low level. In other words, a low-level signal is input to the second

~ input terminal of the flip-flop 602. At this time, the output signal (Out) of the logic
* circuit is retained as the data signal (D9).
[0116]
During a period T9, the enable signal line again serves as a wiring through

20  which a signal at a high level is supplied. That is, like the period T7, the flip-flop 602
receives a data signal (D10 or D11) when the level of the clock signal (CK) is changed
from the low level to the high level, and outputs the data signal when the level of the
clock signal (CK) is changed from the high level to the low level.

[0117]

25 In the logic circuit of this embodiment, the clock signal (CK) input to the
flip-flop 602 is controlled by the enable signal (EN). That is, in the logic circuit, clock
gating is performed with respect to the flip-flop 602.

[0118]
Note that the logic circuit of this embodiment reads data when the clock signal

30 input to the flip-flop 602 goes into a high level, and retains the read data for one clock
cycle. Thus, the output signal (Out) of the logic circuit is temporally retained even

after passing through the period T7 or the period T9 during which the flip-flop 602



Further, reduction in power consuned in the logic circuit allows reduction
in loads of an external circuit which makes the logic circuit of this
enbodi renwoeper@at’s Thus, the functionality of a sen comrdugpbznodeydce
including the logic circuit and the exfernal circuit can be expanded.

5[ 0108] Note that the contents of this enbodi nent or part thereof can
be conbined freely with the contents of other enbodi nents or part thereof
or the content of Exanple or part thereof. [0109] 10 (Enbodi nent 4)

In this agdsment , an exanple of the logic circuit described in Enbodi nent
1 will be described. Specifically, a logic circuit including a latch and a
flip-flodOW9ll be described with reference to FIGS. 7A and 7B and FIGS. 8A
to 8C. [0 [ gurat i. I ic circuit > A logic
circuit 6%%9%?&$ﬁ?§&§ﬁ%%%$iu%#8£ g%ﬁ%ﬁwﬁﬁﬁﬁfkﬁ includes a latch 601 and a
flip-flop 602. Specitibexhmpld dfQlcircuit ¢onfiguiatiphitoftthe Matelab01 sncthdedtinithal |y
connected to an enabl e S|?nal line and a_second input termnal |

el ect Pi cdPgig citswihshewy in FIG /A argethown g FIER- SAGRAC.| | Nete thy tbﬁél'iﬁs-ﬂpp- f1op
602, a fidet: lipput: i nal: | Leakl ) ] i gnal
P ne and O2dndORinE Bl FOFR N PRE7NCABRIRE ALY Lipetip R Robh 3
term nal iof FIGhatA. atTHerdd0de, th® hbdye description dfiothe debat-typbelipHigp- fsl mpbe02

included ip the logic circuit of this enbodinent is a circuyjt whi can
o e b e rioLHE ApsRectia PTG SloadEAOR GHERMEIER. oo B IP B, 2501

the flip-gJeeific@RmpRE VES GRufttoRtibRMiorsbOMalateh 6bNard 8BLAb&d beiow IwiRO-
[0112] The latch 601 of thi's enbodi nent may have any structure as

| ong 18s dafezencato BES. SActhedd. Here, as the latch 601, a circuit which
| at ches ﬁ %ﬂverted signal of a signal input to the second input term nal
when a sigh at a high level is supplied to the first 30input termnal is

used. [0113] < Apeciathowh aXBEIR! 8A edclidRgiaCtraisistoti 611 an inverter 612, and an
inverter 613. Note that the transistor 611 is an n-channel transistor.
[0121]

15 Of the transistor 611, a gate terminal is electrically connected to the enable
signal line, and a first terminal is electrically connected to the inverted clock signal line.
[0122]

An input terminal of the inverter 612 is electrically connected to a second
terminal of the transistor 611.

20 [0123]

An input terminal of the inverter 613 is electrically connected to an output
terminal of the inverter 612, and an output terminal thereof is electrically connected to a

second terminal of the transistor 611 and the input terminal of the inverter 612.

[0124]
25 Note that in the latch, an output signal of the inverter 612 is output as an output
signal (Latch(Out)) of the latch.
[0125]
FIGS. 8B and 8C show specific examples of a circuit applicable to the inverter
612 and the inverter 613.
30 [0126]

An inverter shown in FIG. 8B includes a transistor 621 and a transistor 622.

Note that the transistor 621 is a p-channel transistor and the transistor 622 is an



WO 2011/ 052383PCT/ JP2010/ 067996 23 Operation of the logic circuit
shown in FIG 7A is described with reference to a timng chart shown in FIG

7B. [0114)oBwiio3sssd period T7, the enable signal |ine sepyap2@60&9%y i Ng
though which a 5 signal at a high led@l is supplied. At this tine, an

out put signal (Latch(Qut)) of the latch 601 is a clock signal (CK). In

ot her words, the clock signal (CK) is input to the second input term nal of
the flip-flop 602. The flip-flop 602 operates with the input clock signal
(CK). Speeifinfaliavsistope flip-flop 602 receives a data signal (D8 or D9)
when the | evel of the clock signal (CK) is changed fromthe |Iow |level to

t he hi gh [DbMe]I 10 and out puts the data signal when the |level of the clock

si gnal i's nged fro he high | ev ow | eve

o Tey S i e B deaisloR Boie o ) vt ais e Gty SanetEd o B TR whi o
a si gnal tadmidall SEWht @%Rktetf, an8 WPRIst €FmirMl id BleStrich] coﬁrﬂ:@te@l-tb RUAigR ipdRak
(Latch(Qut)) of the 15 atch 601 retains a | ow1evel In other words, a

| ow | évelsusplgrpatentlsllmput to the second input termni nal of the fli p- rop
602. At p tlrre the output signal (Qut) of the logic circuit is retained
as the da{ gi gnal (D9). [0116] During a period T9, the enable signal |ine

agai n serves a®fathéitransBtor 622y @hgatd tavtiidl i@ edéc@iicdllyadonaedied o |tk @lput S
supplied. That is, like the period T7, the flip-flop 602 receives a data

si gnal ( fbamnipgl @1@9 injeatgr angd theegate t‘am%@fdhmranwtghém (st itgmipl iged from
the |ow | J t | evel
of et hce)wclege\é F&f %Il%qgl SS%§ adnggrgﬂ??gfmﬁ;é ﬁg&n%‘ ﬁ%?eve Iag&%%)?'um?a anveFYe

[0117D 254 elettheall)prgmnecuedmﬂlom;l’sodesappdyrbot&ntrﬂﬂme. t he cl ock signal (CK)

|nput to éﬁe flip-flop 602 is controlled by the enable signal (EN). That
intH 9dg|c circuit, clock gating is performed with respect to the

f| i p-flop 602. NRdh3l mNHé fveRat pét@ﬁtldl%h‘hoﬁé foC\thC:h@ﬁe deBb RARMA sAAL T eads
data when the clock signal 30 "Input to the flip-flop 602 goes into a high

| evel , artr.anmetpaﬁab anﬂnéher sl termipalf ofr the transibtor k22 yard electTigalty, cornsctedtiput
Si gnal b} of th ggnc circuit is tenporally retained even after passing
t hr ough t(W ubéﬁ‘b‘&“ a{ ‘he period T9 during which the flip-flop 602

15 [0130]
An inverter shown in FIG. 8C includes a transistor 631 and a transistor 632.
Note that the transistor 631 and the transistor 632 are n-channel transistors. In addition,
the transistor 631 and the transistor 632 are enhancement-type transistors whose
threshold voltages are positive.
20 [0131]
Of the transistor 631, a gate terminal and a first terminal are electrically
connected to a high power supply potential line.
[0132] |
Of the transistor 632, a gate terminal is electrically connected to the input
25 terminal of the inverter, a first terminal is electrically connected to a second terminal of
the transistor 631, and a second terminal is electrically connected to a low power supply
potential line.
[0133]
Note that in the inverter, potential of a node to which the second terminal of the
30 transistor 631 and the first terminal of the transistor 632 are electrically connected is
output as an output signal.
[0134]



WO 2011/ 052383PCT/ JP2010/ 067996 24 operates. [0119] < Exanple of circuit
configuration of latch and flip-flop > Specific exanples of a circuit

confi gur avoaniafs2ishe | atch 601 incl udsg in the 5 | ogi c ecroudiossreyn in Fl G
7A are shown in FIGS. 8A to 8C. Note at the flip-flop 602 included in the
logic circuit shown in FIG 7A can be the delay-type flip-flop shown in FIG
4A. Therefore, the above description of the delay-type flip-flop is to be
referred to as a specific exanple of a circuit configuration of the
flip-flop 602. AJpeajlh ithe @bavedesriplion i€ ithe dhde GBBfel Gidr @drsBRorob11t Reah at ch
601 are described below, with 10 reference to FIGS. 8A to_8C. [0120]

A latch ghefwnnelriransistiosthe feangiges 641 camhe jas-ehangeh trangistory & thiy c&e2bY and an

inverter ggeﬁlx%ﬁ{e%nmé‘& Bgiegl%@@%hﬁ Sin 1[3%?0{11% 8vé‘ca%ﬁ%2}{%?ﬂonh§cf”s' stor.

[0121] 1 ransr sto rm na IS electrically connected
to the erjabdyg signal line, and a fi rst term nal |s eI ectrically connected
to the inverted clock signal [.ine, | nput termnal of the

i nver Per 612 i dhe/lagie cusyit (of thiy ﬁﬁ@efi@ef—nf w%ud§é@oﬁ@8t8&rrffl fehichyp chpgnel
transi st ;ff)Tlﬁz;tljon 2068123 formed (Nink NBY'T okiAE mség?icoﬁ(fluctt&e | Fpger ql?&ro@ér? s

electric connetted to an out put term nal e I nverter 2, "and an
out put te:bntama’atmmef ehd okileedearicondaetbt js comraletied b5l ¢ansicaryional of
the transistor 611 and the input ;terminal of the inverter, 612.

25Not e t Hawes, Areferably 248" (atamsicp)ior lowgn nrthsr pmférablw%ﬂ@er(am/c{% @a% put as

an out putlower. Therefore, the off current of the transistor can be reduced to 1x1072 [A] or

10 lower. That is, leakage of electric charges through the transistor during the period
where clock gating is performed can be suppressed. As a result, standby power during
this period can be reduced and malfunction of the logic circuit during this period can be
suppressed.

[0136]

15 Further, when a latch including the inverter shown in FIG. 8C is applied to the
latch 601 included in the logic circuit of this embodiment and the delay-type flip-flop
including the NAND gate shown in FIG. 4C is applied to the flip-flop 602, all transistors
included in the logic circuit can be n-channel transistors. By applying n-channel
transistors to the above transistors (in which a channel formation region is formed using

20  an oxide semiconductor whose hydrogen concentration is 5x10" (atoms/cm®) or lower),
consumed power can be reduced in the logic circuit in which all of included transistors
are n-channel transistors. In addition, by formation of the logic circuit including not
p-channel transistors but n-channel transistors, reduction in the manufacturing process,
improvement of yield of the logic circuit, and reduction in the manufacturing cost can

25  be achieved.

[0137]

Further, reduction in power consumed in the logic circuit allows reduction in
loads of an external circuit which makes the logic circuit of this embodiment operate.
Thus, the functionality of a semiconductor device including the logic circuit and the

30 external circuit can be expanded.

[0138]



signal (Latch(Qut)) of the latch. [0125] FI GS. 8B and 8C show
specific exanples of a circuit applicable to the inverter 612 and the
i nverter WoR0113B8pB326] WO 2011/ 05238§§CT/ JP2010/ 067996 p2%3/Jp200 tvasmasd

transistor. [0127] O the transistor 621, a gate termnal is
electrically connected to the input terminal of the inverter, and a first
termnal is electrically connected to a high power 5supply potential |ine.
[ 0128] O the transistor 622, a gate termnal is electrically

connected to thté miRidtthé @bMentd! of Othist dfibddiivment 6 panthdrést @at s tenbinea@l of
the transistor 621, a first termnal is electrically connected to a second

t er mi nal feselyt with theagpstantsopf @har emhodiraerieenpart theraof pathexonteneoiBxample| | v
connect ed(}ré)gn%ér W¥ power supply potential line. [0129] Note that in
the inverter, potential of a node to which the second term nal of the
transi stdo1®fgl and the first termnal of the transistor 622 are
electrically connected is output as an output signal. 15[0130] An

i nver Per (€ imeft £) G 8C i ncludes a transistor 631 and a transistor 632.

Note that the ' . st o -
transi stors. | i agerap Oty sRaeah of MVREY Sy iescibl B ERBANGGn 1
enhanc e mewil-tieydescribedn s S pdoifiicallyf wlogict diwces iadluling bt AQHS gate @ngd @ piuralitg of

20101311 e y Lo e b SR S RGPS e 2 TSt terminal
[0140]

10 A logic circuit 800 of this embodiment shown in FIG. 9 includes an AND gate
801 and a flip-flop group 805 including flip-flops 802 to 804.

[0141]

Of the AND gate 801, a first input terminal is eleétrically connected to an
enable signal line, and a second input terminal is electrically connected to a clock signal

15 line.

[0142] .

Of the flip-flop 802, a first input terminal is electrically connected to a data
signal line, and a second input terminal is electrically connected to an output terminal of
the AND gate 801.

20 [0143]

Of the flip-flop 803, a first input terminal is electrically connected to an output
terminal of the flip-flop 802, and a second input terminal is electrically connected to the
output terminal of the AND gate 801.

[0144]

25 In the flip-flop 804, a first input terminal is electrically connected to an output
terminal of the flip-flop 803, and a second input terminal is electrically connected to the
output terminal of the AND gate 801.

[0145]

Note that an output signal of the flip-flop 804 is an output signal (Out) of the

30 logic circuit 800.

[0146]
Note that the flip-flops 802 to 804 included in the logic circuit of this



[0132] O the transistor 632, a gate termnal is electrically connected to
the input 25 termnal of the inverter, a first termnal is electrically

connect edybofyEekend term nal of the transistor 631, apgrapsR60Edod €r m nal
is electrically connected to a | ow po®®r supply potential |ine. [0133]

Note that in the inverter, potential of a node to which the second term nal
of the 30transistor 631 and the first termnal of the transistor 632 are
el ectrically connected is output as an output signal. [0134] WO

2011/ 05238 H3dhh it aPd B Efts St @an retain dafdl foh 8HIBit hﬁﬁzﬁ@%&lbﬁ&@ Eéérgtti(.hf? nis

the case where the transistor 611 is an n-channel transistor,

t ransi st dror@tdmplena dedayrtypedhpiilopishownis FE1 dA canbeahpliedcase, by i nverting

t he enab[l{ﬁ Aﬁ'gnal, the operation simlar to the above can be perforned.
[0135] 5 é ]ogi c circuit of this enbodinent includes a transistor in which

a channel for mahitRe 16861coiduit of  tBIsNEAbIEMBEL, Ae CMCH iGRAMCRYdhsitab. thbe
hydr ogen concentrati on of the oxide sem conductor is controlled to be

5x1019 ( aﬂlgﬁk)pcgt@)p )5 is sortrolledriwfthe anrble Sgnad (BN).at Bhras iss irgthe dogi¢ eireuit,
f th T f the of f t
i ner  RAKSEAR Y SRRL WA OTRRETE b §B5 ST 7, oL e ot purren

Ieakage qbi48)jectric charges through the transistor during the period where
clock gating is performed can be suppressed. As a result, standby power

during this perugher ghthsdliptlapda thesegondor subsqquent stagerin dhg igrorgroupii ¢
during t @O%, R bR it REmiHdP R %ﬁ:%ﬁg:all& Ubifdcted to the output terminal of the

10  flip-flop in the previous stage. That is, the logic circuit of this embodiment is a shift
register which shifts the data signal (Data) through the flip-flops sequentially during a
period where a clock signal is input.

[0149]
The logic circuit of this embodiment includes a transistor in which a channel

15 formation region is formed using an oxide semiconductor. The hydrogen
concentration of the oxide semiconductor is controlled to be 5x10" (atoms/cm’) or
lower, preferably 5x10'® (atoms/cm?®) or lower, further preferably 5x10"7 (atoms/cm®) or
lower. Therefore, the off current of the transistor can be reduced to 1x10™" [A] or
lower. That is, leakage of electric charges through the transistor during the period

20  where clock gating is performed can be suppressed. As a result, standby power during
this period can be reduced and malfunction of the logic circuit during this period can be
suppressed.

[0150]
Further, all transistors included in the AND gate 801 and the flip-flop group

25 805 in the logic circuit of this embodiment can be n-channel transistors. By applying
n-channel transistors to the above transistors (in which a channel formation region is
formed using an oxide semiconductor whose hydrogen concentration is 5x10Y
(atoms/0m3) or lower), consumed power can be reduced in the logic circuit in which all
of the included transistors are n-channel transistors. In addition, by formation of the

30 logic circuit including not p-channel transistors but n-channel transistors, reduction in

the manufacturing process, improvement of yield of the logic circuit, and reduction in



15Further, when a latch including the inverter shown in FIG 8C is applied
to the latch 601 included in the logic circuit of this enbodi nent and the
del ay-t ypgof2biymstisep i ncl udi ng t he NAND gate shown i n FipGrAiieoaeg i ed to
the flip-flop 602, all transistors i néPuded in the logic circuit can be
n-channel transistors. By applying n-channel transistors to the above
transistors (in which a channel formation region is formed using 20 an

oxi de sem conduct or whose hydrogen concentration is 5x1019 (atonms/cnB) or

| ower), ahOsdfBECRENECosan Beadhesldaed in the logic circuit in which all of
I ncluded transistors are n-channel transistors. In addition, by formation
of the Id§i¥lcircuit including not p-channel transistors but n-channel

transistors. T gugts Qhukilof BEpSPOULASIHES B0 URMBEE o OGN GIRRLioR V1 € @
of the logic circurt, an redbBiet ron Th e manufacturing cost can 25 be
achi eved.lodd3lo37dn external cifcuittwigich niakegsicHel logici dircpidWe Ithis @ithodiraert mptiae:. | 0gi C
circuiit allows reduction in |loads of an_external circuit, which nakes the
| ogi coci ridiyss thsrfupetionalityefyn semicopdustor deviemingludingethe Jagici clicaitiang the a

sem condyGidohial &Vt Ead | the logic circuit and the 30external circuit
can be expan egﬁ&kg%&?@é%é&gil/ 052383PCT/ JP2010/ 067996 27 Not e

t hat the [0tsR]lents of this enbodi nent or part thereof can be conbined freely

with the contents of other odi ments or, part thereof or the content of
Exanpl e or par t%l“h L%t_ofh.ls [eﬁlq’gé]m‘%‘t(r%l’r?_ﬁvédfhr?pﬁlg‘%)c"c‘_m Whlcf‘ nm_f’ﬁ‘pgsé Bdi ment ,
an exanplip9fops;Eov 8, Gh& htfbérl of M FIIPIaH thdoEPAstiuiEsH this Mhbddikent is

descri bed. Specifically, a logic circuit including an AND gate and a

pl ur d0i t ynobinfitedptof thegss  viis| the Hegid evtrenit i dhisi erpbadémente adegicocirenis which 0140]
10A | ogi ¢

gate 801 1%%1%&%”{?;%% %’0'? 1“8%‘“%5%56%6%%%%3%&8?%%@@IC:aIg-bE Ilugﬁcg ;Blgétlet{ gaetm.ﬂe ,[Agl ?41]
k-th flip-flop (k is a natural number equal to or less than 7) included in the logic circuit,
a first input terminal is electrically connected to an output terminal of the (k-1)-th
flip-flop, and a second input terminal is electrically connected to the output terminal of

15  the AND gate 801.
[0153]

Furthermore, in this embodiment, an output signal of the ﬂipfﬂop in the
previous stage is input to the first input terminal of the flip-flop in the second or
subsequent stage; however, a structure of the logic circuit of this embodiment is not

20  limited to the above structure. For example, a structure in which a signal is input from
the external circuit of the logic circuit 800 to the flip-flop may be employed.
Alternatively, a structure may be employed, in which a first input terminal of a flip-flop
is electrically connected to an output terminal of a flip-flop which is not a flip-flop in
the previous stage; e.g., the first input terminal of the flip-flop may be electrically

25  connected to an output terminal of a flip-flop in a stage before the preceding stage.
Further alternatively, a first input terminal of a flip-flop may be connected to an output
terminal of another flip-flop via another circuit, instead of being connected directly
thereto.

[0154]

30 The plurality of flip-flops included in the logic éircuit of this embodiment do

not necessarily have the same structure to each other. Each of the flip-flops may have

a different structure in accordance with applications or the like.



O the AND gate 801, a first input terminal is electrically connected to an
enabl e signal line, and a second input termnal is electrically connected
to a cl ookowonEkssiSli ne. [ 0142] O the flip-flopc8QB201000670965t i nput

termnal is electrically connected to38 data si gnal line, and a second
input termnal is electrically connected to an output term nal of the AND
gate 801. 20 [0143] O the flip-flop 803, a first input termnal is

el ectrically connected to an output termnal of the flip-flop 802, and a
second irnpwssjternmnal is electrically connected to the output term nal of
the AND gate 8Q1. [0144] 25 In the flip-flop 804, a first input term nal

i s el ectrical | Natohd dhe gontents pf ghisptmbadimentaen pat thaseoftganphe coypbised and a
second i ' | riGal rmipal  of
tho AND oty BB BBy & Gk ol REBIREL Erofol 1R lcBlbe kELIES
flip-flomorpad thesedn out put signal (CQut) of the 30logic circuit 800. [0146]
WO 2011/ %323 3PCT/ JP2010/ 067996 28 enbodi nent are circuits which can retain
data Por [BROIbit utilizi ng feedback operation. For exanple, a delay-type
flip-fl OF(E%BWﬁlén%f' G 4A can be applied. [0147] In the logic
circuit of this enbodinent, the clock signal (CK) input to the 5flip-flop
group 805 i s cdmthiptmbodiimgnt, he exaraplk of thegngic cireN) desthihed insEmbeoditriget 1 ogi ¢
Clrout U G 3ekacoitedd §5edRml dTBgic el FSTRERS ot ANDgart b3 phi2Rif P UP 805

flip-fops will be described with reference to FIG. 10.

10 [0157]

A logic circuit 900 of this embodiment shown in FIG. 10 includes a control
portion 903 including a flip-flop 901 and an AND gate 902, and a flip-flop group 907
including flip-flops 904 to 906. '
[0158]

15 Of the flip-flop 901, a first input terminal is electrically connected to a wiring
through which a first data signal (Data 1) is supplied (hereinafter, referred to as a first
data signal line), and a second input terminal is electrically connected to a clock signal
line.

[0159]

20 Of the AND gate 902, a first input terminal is electrically connected to an
output terminal of the flip-flop 901, and a second input terminal is electrically
connected to an enable signal line. |
[0160]

Of the flip-flop 904, a first input terminal is electrically connected to a wiring

25  through which a second data signal (Data 2) is supplied (hereinafter, also referred to as a
second data signal line), and a second input terminal is electrically connected to an
output terminal of the AND gate 902.

[0161]
Of the flip-flop 905, a first input terminal is electrically connected to an output

30 terminal of the flip-flop 904, and a second input terminal is electrically connected to the
output terminal of the AND gate 902.

[0162]



Further, of the flip-flop in the second or subsequent stage in the
flip-flop group 805, the first input termnal is electrically connected to

the out puyoteiiistss of the 10 flip-flop in the previ oupcslipfRenddsd s,
the logic circuit of this embodiment i3 a shift register which shifts the

data signal (Data) through the flip-flops sequentially during a period
where a clock signal is input. [0149] The logic circuit of this enbodi nent
i ncl udes a transistor in whi ch a channel 15 formation region is forned

using an oxide SRk ¢S FTQQE -a fiRE iPE PRI KUIEERAB oRReRd ol drnde
sem conductor is control ed to be 5x1019 (atoms/cnB) or | ower, preferably

5x1018 ( atﬁmimlcqﬁa)le ﬂrp -flomB03, afldl natSh@nddnmtéqzratihgl isgitatizallyneamedtedrB) thor

| owner . Theref ]ofglu of the transistor can be reduced to
1x10-13 [ e%% akage of electric charges through the
transi stqmaﬁgl ng the peri od 20 where clock gating is perfornmed can be
suppr essed a result, standby power during this period can be reduced
and mdl f unct i orN@¢ thatan|oygiug signakef the dlip-fieg Q%ﬁlls ap ebipyd sigaal Etsebeessed.
[ 0150] Fulrg 1rtu§§b transistors included in the AND gate 801 and the
flip-flop group %05 inthe logic circuit of this enbodi nrent can be

n- channel[0t64Jnsi stors. By applying n-channel transistors to the above
transistors (in _which a channel formation region is formed using an oxide

seni conduct or wHEsEPHap Yetndcthn fipntlors PBH to 806sinclhrdgd m thslogicgisculof| ower ) |
consumed RAVWEHLLGRMERE afe gh'&ﬁ {vﬂlc{hhgad oghifi Gith CtU# fonk %Wﬂtfﬁgm gl fee?% ackhe

i ncl uded transistors are n-channel fransistors Ition rmation
of tH® 30pegitionci Fothampﬂn: lauldlalygypmﬂlppﬂa);hsimmi 1ntEIG.n4;Asambesa;tplubdn channel
transi st reduction in the manufacturing process, inprovenent of yield
of the Iﬁfgi@slci rcuit, and reduction in W) 2011/052383PCT/JP2010/ 067996 29

t he manuf act ur 'I_th&llfg‘ic Gﬁéhnb@f AEhéB¥sHmehO Il tlock signal 1'1:11,=Jﬁtt t'&et'he fﬁﬁl@l@ﬁt ion in
power consuned in the ﬁglc circuit allows reduction in |oads of

ext er nal gPur 807 isgenghlledike thet ¢nablegdgnal CENp and thefoutihit sigaabofdthadlip- ﬂ@per at e.
SThus, i SRGOLRTE ol AL L e Shi a5 8O
15 logic circuit, clock gating is performed with respect to the flip-flop group 907.
[0166]
Further, of the flip-flop in the second or subsequent stage in the flip-flop group
907, the first input terminal is electrically connected to the output terminal of the
flip-flop in the previous stage. That is, the logic circuit of this embodiment is a shift
20 register which shifts the second data signal (Data 2) through the flip-flops sequentially
during a period where a clock signal is input.
[0167]
The logic circuit of this embodiment includes a transistor in which a channel
formation region is formed using an oxide semiconductor.  The hydrogen
25  concentration of the oxide semiconductor is controlled to be 5x10" (atoms/cm®) or
lower, preferably 5x10'® (atoms/cm®) or lower, further preferably 5x10" (atoms/cm3) or
lower. Therefore, the off current of the transistor can be reduced to 1x107" [A] or
lower. That is, leakage of electric charges through the transistor during the period
where clock gating is performed can be suppressed. As a result, standby power during
30  this period can be reduced and malfunction of the logic circuit during this period can be

suppressed.



[ 0152] Note that this enbodi ment shows the logic circuit which
includes three flip-flops; however, the nunber of flip-flops in the logic
circuit obothigsessodi nent is 10 not Limted to three. pAs/IPIRIDOYIC
circuit of this enbodinment, a logic cPfcuit which includes first to n-th
flip-flops (n is a natural number) can be used. Note that of the k-th
flip-flop (k is a natural nunber equal to or less than n) included in the
logic circuit, a first input termnal is electrically connected to an

out put tqonagjal of the (k-1)-th flip-flop, and a second input termnal is
electrically c%lr;?qelct eﬂotltro ts?e Q”tlgéjeé 'tetr!lm nal f)f %5 t% ?&Dﬁé? ?101.

[ 0153] $le AROYASISEQTS {IRG msoticneantrol partiont IBHOP he
flip-flop,.i . Vi St agee 1S, LORUL. T e first inp i of the
11 b1 opertb PREEUENIGRNE RGPS s cABUlinkll bl b s lanh AR "By

| ogi ¢ ci rapplyingoh-chinir] emhsistortetot the abovad tr2ifdistdrs it @Midhoa chahnab formatibs uct ur e.
For exanple, a structure in which a signal is input fromthe external

ci rcuPt degiemés fogged using ay pxidg gemicendyséorrwhase hydrggemgonsentgatismdy 8410

Al ternatiyvel a,structure nmay .be enpl oyed,, in which a f.irst. i t term nal
of 5 111 ghpmbiont’y St Rt CEu BONRERERE teguieh bt gl G 4
flip-flopfwhd alRlided tRhsistold he-d-¢iRRnEINTrdnliRtdRS. € VinC4dRitfind 8§ fofndlion dfBefi I st
input terminal of the flip-flop may be electrically 25 “connected to an

out put t degit eicuibfincluding pof peharingl frassiters e mothanedl drapsistoesiiredpctionde.
Fur t her 3“ Slraplgttalgt\éﬁlgéipr egg .riﬁngolvgﬁllé}lt 3te )ﬁgfdnfftll tf‘% fl?gall% %}IICIBE fa|n8 prf,cﬁgﬁliog Sen

connecte 0 an ermn anotner vi'd ano ciftcuit,

i nst aad ahe Manhufactating esst esh b s@idviey. t hereto. [0154] 30The plurality of
flip-flops included in the logic circuit of this enbodi nent do not
necessari p%:égr]ave the sane structure to each other. Each of the flip-flops

% S T L ORI gl Eho TRl i | e
thi s enbddadseftancaxtqyaaltcitchitrveltth omikehthedogioi airedit fof elaik yembiotihmdnt @peratet ent s of
Ther eof . Bpb16) SpeliBRs Rt sepcondicior fay e inEndingole NBRE, Srst PAF  of
the h99i Gxfekat birbuifl&mWd Xpanded, Embodi ment 1 wi Il be described.
Specifically, a logic circuit including an AND gate and a plurality of
f1ip-fopd0lid]l be described with reference to FIG 10. :

‘ Note that this embodiment shows the flip-flop group 907 which includes three
flip-flops; however, the number of flip-flops in the. flip-flop group 907 of this
embodiment is not limited to three. As the logic circuit of this embodiment, a logic

20  circuit which includes a flip-flop group including first to n-th flip-flops (n is a natural
number) can be used. ~ Note that of the k-th flip-flop (k is a natural number equal to or
less than n) included in the flip-flop group, the first input terminal is electrically
connected to the output terminal of the (k—1)-th flip-flop, and the second input terminal
is electrically connected to the output terminal of the AND gate 902.

25 [0171]

Furthermore, in the flip-flop group 907 of this embodiment, the output signal
of the flip-flop in the previous stage is input to the first input terminal of the flip-flop in
the second or subsequent stage; however, a structure of the flip-flop group of this
embodiment is not limited to the above structure. For example, a structure in which a

30 signal is input from the external circuit of the logic circuit 900 to the flip-flop may be

employed. Alternatively, a structure may be employed, in which a first input terminal



10[ 0157] A logic circuit 900 of this enbodi nent shown in FIG 10

I ncl udes a control portion 903 including a flip-flop 901 and an AND gate
902, and wobhbiskisep group 907 including flip-flops 904 peBRA0/0E719908] 150
the flip-flop 901, a first input terniddal is electrically connected to a
wiring through which a first data signal (Data 1) is supplied (hereinafter,
referred to as a first data signal line), and a second input termnal is

el ectrically connected to a clock signal line. [0159] 20OF the AND gate
902, a f'&t?atﬂikffmf} iseRictHcan cbﬁle%{e@%%h%ﬁh}u)’te_nﬁﬁﬁ%ﬂ »-¥18p HhidHis et a
termnal of the flip-flop 901, and a second input termnal is electrically
connect edlipdlapninethalprevieigyntage; ¢.8e.th¢ FaSOppOf terthinal [of ghé Iflop-flopanambei r st

input terminal is electricall nnect e 0 g wring 2 hr ough ich a
sebond daraggemheitiosh quipd ST lh-BoRi § Sed bl PEPRPIREL o s a
second dajtaesSi Gifherlalte@htivaith ﬁrsﬁﬁffaﬁﬂ@nﬁiﬂﬁk’éféﬁfp@lgﬁ ag%e%bﬁce&:fehqahhy,
connected to an output termnal of the AND gate 902. 161 o

flip-Pl opus, teamingk of anether fhp-flopneip dnether edrcwit daﬂﬁs,J ebhsug eenneetedn
out put 304ife[:ﬂ¥ﬂx%lret8f the flip-flop 904, and a second input termnal is
el ectrically tonnected to the output termnal of the AND gate 902. [0162]
WO 2011/ qB2383PCT/ JP2010/ 067996 31 O the flip-flop 906, a first
input termnal is electrical Itiﬁﬂcgqnnect ed to an output termnal of the

flip-flop 905, Tecplerabvcfnldipriignstineladed iatheilagie cigyit of hip gmbedimeat da to t he
output t qd?h@@c'ssa?ﬁy hi\% hSaf@k&udB2 to each other. Each of the flip-flops may have

10  a different structure in accordance with applications or the like.

[0173]

t he

Note that the contents of this embodiment or part therecof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
or part thereof.

15 [0174]
(Embodiment 7)

In this embodiment, examples of transistors included in any of the logic circuits
described in Embodiments 1 to 6 will be described. Specifically, described are
examples in which a transistor formed using a substrate including a semiconductor

20  material is applied to a p-channel transistor included in the logic circuit, and a transistor
formed using an oxide semiconductor is applied to an n-channel transistor included in
the logic circuit.

[0175]
<Structural Example>

25 A p-channel transistor and an n-channel transistor included in the logic circuit

of this embodiment are shown in FIG. 11.
[0176]

A p-channel transistor 160 illustrated in FIG. 11 includes a channel formation
region 116 provided over a substrate 100 including a semiconductor material, a pair of

30  impurity regions (specifically, a pair of impurity regions 114a and 114b and a pair of
high concentration impurity regions 120a and 120b) between which the channel

formation region 116 is interposed, a gate insulating layer 108a provided over the



[0163] S5Note that an output signal of the flip-flop 906 is an output signal
(Qut) of the logic circuit 900. [0164] The flip-flop 901 and the

flip-flopyo2efds93s306 included in the logic circuit of phirgpaiihegheent are
circuits which can retain data for oné4bit utilizing feedback 10 operati on.

For exanple, a delay-type flip-flop shown in FIG 4A can be applied. [0165]
In the logic circuit of this enbodinent, the clock signal input to the
flip-flop group 907 is controlled by the enable signal (EN) and the output

si gnal  of chhfiel flobRaddoRegiéhl 1864 Fdtd eRchidd el 11164 fidVided bgbathel bata 1)
and the clock signal. That is, in the 15logic circuit, clock gating is
per f or mednsilatingr laggreti8at @ spuree klecppodd yenyt Hiapwbioh .is ploe@iehlly connecteBuot her ,

f the fljp-fl in t.h d b t st in the flip-fl -
obr " hE P B R 3 gPUETSTHER  BLBSTT s iy
term nal @hnédi&i tt,lth@hﬁﬂ,lﬁp#égi&hﬁ%[ evious stage. That is, the logic circuit

of this enbodinent is a shift 20regi ster which shifts the second data
signal® (O8137]12) through the flip-flops sequentially during a period where a

l ok oL 9ne | A A o, RSO RIS L o e

an oxi de geeleomsieclager THR. hyltie agbsira?d 100ria€0dingta svmiodndubr anatehdal is
sem conductor, is.contraolled to be 5x1019 (atons/cnB) or |lower, preferably

5x1018 ( RTBWEPEHEN the PribAEhighcapearbation Er@irHy rsgiens1 Pz apd d S0 meregions
lover.  Thegiel ﬁfy flot 6%‘?1agfé{ithﬁgé E@ggﬁgﬁnshﬂ?ng F@g% Filgor Tﬁ@guﬁ%ﬁaﬁ%ﬁciﬁgltshg 1

x10-13 [A] or Tower. T ge o tric charges throug
t r ansliOst qurodided matht hpaip of inethl wioerpeund oxgionyald4agndsl2dbrdver thedpatiaof high
suppressed

S o el SR RS oR AT R PO B SRD e, oduced
WO 2011/ qg’?e?@&ﬁ@”x@P&@@%@W?Qh@%ubstrate 100 so that the transistor 160 can be
interposed therebetween, and an interlayer insulating layer 126 and an interlayer
insulating layer 128 are provided so as to cover the transistor 160. The source
15 electrode layer 130a and the drain electrode layer 130b are electrically connected to the
metal compound region 124a and the metal compound region 124b, respectively,
through openings formed in the interlayer insulating layer 126 and the interlayer .
insulating layer 128. That is, the source electrode layer 130a is electrically connected
to the high concentration impurity region 120a and the impurity regidn 114a through the
20 metal compound région 124a, and the drain electrode layer 130b is electrically
connected to the high concentration impurity region 120b and the impurity region 114b
through the metal compound region 124b.
[0178]
In addition, as layers below an n-channel transistor 164 described later, an
25  insulating layer 108b formed using the same material from which the gate insulating
layer 108a is formed, an electrode layer 110b formed using the same material as the gate
electrode layer 110a, and an electrode layer 130c formed using the same material as the
source electrode layer 130a and the drain electrode layer 130b are provided.
[0179]
30 The n-channel transistor 164 illustrated in FIG. 11 includes a gate electrode
layer 136d provided over the interlayer insulating layer 128, a gate insulating layer 138

provided over the gate electrode layer 136d, an oxide semiconductor layer 140 provided



[0168] Further, all transistors included in the control portion 903
and the flip-flop group 907 in the logic circuit of this enbodi nent can be
n- channelwobnangissiser s. By appl yi ng n-g?annel transi st or eCrariheoaoy e
transistors (in which a channel formation 5 region is forned using an oxide
sem conduct or whose hydrogen concentration is 5x1019 (atons/cnB) or |ower),
consuned power can be reduced in the logic circuit in which all of the

i ncluded transistors are n-channel transistors. In addition, by formation
of the | agkct tled katdi insulAGhgitiye 138 afd aheouied elccabdd tdyer 94Daitand-L ldedimel

transistors, reduction in_the manufacturing process, inprovenent of yield
of the | S&ictode laygr 42ty wdhicheprgrpyded avercthe pxidepseaneanducton davebd 0 @ad be

achi eved. lf{cgr}mcgﬂ&ézannected tgwé%ged%&g%ﬁ'&@gyz&p r consuned in the logic

circuit al uctron in rnal "circuit which nakes the
| ogi ¢ ci r[0i8G] of this enbodi nent operate. Thus, the functionality of a

sem caonduct or device including the lggic circyit and the 15external circuit
can be expandedlcrg:dhg @pte éiecm’del\]él’eé k%&t‘st%?%‘g%‘hﬁ%éﬁ%ﬁt" W@Qe‘{ Hpan

flip-fl angﬂﬁmghﬁ% Y49 G dAChHG Eihe tiH{egﬁyé‘r' inEalﬁﬂiﬁg)gziyem‘é@Y €[n_alfigydypmoer of

flip-flops in e flip-flop group 907 of"this enbodi'nent is not [Iimted to

t hree. Asimile tbabg gateictectrode biyer hitsl, emoledirodniayeal 36agind adCeledtrodailayenhi ch
i ncl udes lip-flo roup including fjrst to n-th flip-flo (n,is a
ot ur al - raberfich 4 apeRely RotootaR aft e, eirig_fetiod Hlver fdajandhg
natural niyRedle@@da/laje® 1B0b! BsRdEN AN ) pichshnel @fhnkiBtol N80 Tdré Rofh&dd @hOUP,
the first input termmnal is electrically connected to the output term nal

of tHAE (ladditiophar¢lpgirode dayer A36r inicontaetcwitly thergieptrode hayenbiOciig fasmeds ri cal | y
connect ﬁgoié’l]t he output termnal of the AND gate 902. 25[0171]
Furthernore,'in the flip-flop group 907 of this enbodi nent, the out put
signal of the fOvepthd apndistof N64,pd @ritedtieSinageting layep a4 tio pidvdddd tsbei nput
termnal of the flip-fl O@;ﬁi n.the second or subsequent stage; however, a

st ruct ur @aBly tmeonfact yith the qridssemycondyrtor davss ditheid A intesfayer sulating o t he
b t : . | : ' i oh i gnal . LS nput  f
above s rl%?gefr Y4 is cdljrB{;ldg(?(aﬁ}' etﬁ‘ef %rgte%hwﬁ{sﬁ'k%ﬁn%%g@@i& 413???’39%?%% }e%cil;lﬂ%g rom

the exter circurt o Ic clrcult to the

enpl dyed.thAbdwremelectvaleylaya ki2a ot uhe drany electredeplaggreii2bi are phovidedainf the st
input termnal MO 2011/052 PCT/ JP2010/ 067996 .33 of flip-flop is

el ect ri cAPGCEHRSLRINE {aéferaig%lﬁ? the {“é‘?rﬁ‘iyﬁ’a}nslﬂ]fa“ﬁg #*Tylebﬁf‘?'op leqrofle ot a

f11p-floRayed 1508 aR G PtSrodt ABRr 1808 are fofiel] Whichi 70 Wspt&IVELYR! cdtadk he
flip-flop nmay be electrically ‘connected to an output termnal of a

f1ip-flopitnthe sueageclbaefateclayérel 4Faemddihnglrginagectradarlaymar142bt hrovghithel y, a
175 ot MBS B RS P s SRR EBBE T R R g ™ 7
20  an electrode layer 150a, an electrode layer 150b, and an electrode layer 150c are formed,,
which are respectively in contact with the electrode layer 136a, the electrode layer 136b,
and the electrode layer 136¢ through openings provided in the gate insulating layer 138,
the protective insulating layer 144, and the interlayer insulating layer 146.
[0182]
25 The oxide semiconductor layer 140 is highly purified by sufficiently removing
an impurity such as hydrogen therein. Specifically, the hydrogen concentration of the
oxide semiconductor layer 140 is 5x10" (atoms/cm®) or lower. Note that the
preferable hydrogen concentration of the oxide semiconductor layer 140 is 5x10"®
(atoms/cm3 ) or lower, and the much preferable concentration is 5x10" (atoms/cm®) or
30 lbwer. When the highly purified oxide semiconductor layer 140 in which the hydrogen

concentration is sufficiently reduced is used, the transistor 164 having an excellent



directly thereto. [0172] The plurality, of flip-flops included in
the logic circuit of this enbodi nent do not necessarily have the sane
struct ur ewpeopasksset her. Each of the flip-flops nmay havectQexwdihémesent
structure in accordance with applicat?@ns or the like. [0173] Not e
that the contents of this enbodi ment or part thereof can be conbined freely
with the contents of other enbodinents or part thereof or the content of

Exanpl e or part thereof. 15[0174] (Embodiment 7) In this enbodi nment,
exanmpl es ¢@f-cirfeb Shah@eSsticnédnuste btaide@NYF&Y exahfpld, Afithe ChgeCWhére theafdin bed in
Enbodiments 1 to 6 will be described. Specifically, described are exanples

i n whi ch valtageaWdiist bV oot HbY andithgygate yaliager ¥g és inribe wange PfaSs¥ie cdhduct or 20
material js plied t.o -ghannel transistor included in the | ogi.

Cirouit, Bndth riznsiSe G or (B0 tsihgHan RPHES i JOHIERBRer SO i ed to
an n- Cha%@ﬁicch&@é%héﬂ RYer 140G WHRD the hg'af‘ogei?%ﬁc&ﬂtrraﬁb'ﬂ tis shfBidiéRlly Teductigt ur al

Exanpl e> 25A p-channél transistor and anm n-channel transistor” included in
t he | 6gi allows ceductiorf intdff sureanib odthenansistoe 16&h oWrhei hydfigen concenfratiaitin the A

p- channel t ansistﬁH 601iIIE§éLated in FLG 11 uﬁpludes a changel Jornation
regi on 1PE95 SUPGRAFUSIRE, 1a4e7s AL 5 SPESHEY PYCTEEURY 40U PSS oTREGERBFLTY
material (SpMppir of 30 inpurity regions (specifically, a pair of inpurity
regions 1l4a and 114b and a pair of high concentration inpurity regions
120a and [@38%)) bet ween which the channel formation region 116 is

| nterposed, a gahged WM ALIR0]RY P52 AOBVRESSLESHe BEHaye rsuling layer

10 146, and an electrode layer 154a, an electrode layer 154b, an electrode layer 154c¢, and
an electrode layer 154d are provided so as to be embedded in the insulating layer 152.
Note that the electrode layer 154a is in contact with the electrode layer 150a, the
electrode layer 154b is in contact with the electrode layer 150b, the electrode layer 154c
is in contact with the electrode layer 150c and the electrode layer 150d, and the
15 electrode layer 154d is in contact with the electrode layer 150e.
[0184]

The source electrode layer 130a in the p-channel transistor 160 of this
embodiment is electrically connected to the electrode layers 136a, 150a, and 154a
provided in the upper region. Thus, conductive layers for the above-described

20  electrode layers are formed as appropriate, whereby the source electrode layer 130a in
the p-channel transistor 160 can be electrically connected to any of electrode layers
included in the n-channel transistor 164 provided in the upper region. The drain
electrode layer 130b in the p-channel transistor 160can also be electrically connected to
any of electrode layers included in the n-channel transistor 164 provided in the upper

25 region. Although not illustrated in FIG 11, the gate electrode layer 110a in the
p-channel transistor 160 can be eclectrically connected to any of electrode layers
included in the n-channel transistor 164 through an electrode layer provided in the upper
region.

[0185]
30 Similarly, the source electrode layer 142a in the n-channel transistor 164 of this

embodiment is electrically connected to the electrode layers 130c and 110b provided in



channel formation region 116, a gate electrode |ayer 110a provided over the
gate insulating |ayer 108a, a source electrode |layer 130a which is

el ectri cavbyooorsesst ed to the inpurité regi on 11l4a, andpaTdprailvoebsct r ode

| ayer 130b which is electrically conn dted to the impurity region 114b.
5[0177] Note that sidewall insulating |ayers 118 are provided on
side surfaces of the gate electrode |ayer 110a. The substrate 100 including
a sem conductor nmaterial is provided with the pair of high concentration
inpurity theWvwisedigha Bid, dadctive laggs doSthebeve-dacritdd @iodaPayetd diet he
sidewal | insulating |ayers 118. The substrate 100 is also 10 provided with
a pair offoraedaias cappprpmate, relarelys thep seurge lecode doyar 1478 pathe sfchanngh
concentratj ' ri r.egi 0 Eur ng i tion
ol at | rEvael T8 il be pEURIRY LaRcRl o bt Bue FHEROR by AT he DBCE,

t ransi st aflectiode daer h804, ok elipdaideltdtaydedeyarciS0b ofnkt pietharnieb tramgior 1605ul at i ng
| ayer 126 _and an interlayer _insulating |ayer 128 are provided so as to
cover 2t heAlthonghingt glustraied “’I’ﬁgi%up@éa%selé‘l“merléﬁé 1344 o theadrainglertiode dr ai n

el ectrod 130 K i d
r egi on 122%ég§4§btﬁ eraxii %Pﬁln%ﬂ{ahﬁgl)} 31690&9?%4 gf%c&i%aﬁ?%oﬂi‘?éc?éd fP IR

e netal conpound region 124b, respectively, through

openi ngs datnvde layers hecludetieinl thy gr-chansell abnsigorl 4§@ thrd@gh anctledwede ddyer| ayer

i nsul ati 2{]9 I.g%(gr éZiS That, is, the source electrode |ayer 130a is

el ect ri cdlPYOCORHIBEVHFTIE e hi gh concentration inpurity region 120a and

t he inmpurfpige)r egi on 114a through the 20 metal conpound region 124a, and the
drain electrode | ayer 130b is electrically connected to the high

concdfit rati on iWhen atplutalityi o prhauneh hgnsiblers hpliand y-¢hagned fransistors Apbugh t he

- channalCoot ;04T S0 e 8 et el iF R, BY Bra Bl g,

formed usdai®e tphevidale N ltiedt iallIn-dHaghie] WhinSibtok Boiat Rded fthaldgig cirayedre 108a i s
formed, an electrode |ayer 110b_forned usi g& the sane material as the gate
el ect r oddot Rpesssarilpdo bgigpangistass dclyding ap Hxide segeondyeieopdbuldhé g-chpened e

mat eri al r e Q- el . | ayer
1305 ar e s 104 AT DB CHERAR siribiiles iR oh Mol B Ry TVEL
11 i A6l udhash aagsdter. elFor txamijde,| & yam-didGdelpranyistbe svhicheneetihi operae hlyigh
insulating | ayer 128, a gate.insulating |ayer 138 provi ded over the gate

el oct r od PPt} Griransier famedpsing S aHbaidack e BIFEICangycior RALGEA) ca

2011/ 052 @gd‘] RAQLE B6 1938nm? PMRIstdrNR FRIR feQSetaAl im%ak%eeﬁur;éﬁ1isand a
source el ectrode layer 142a and a drain el ectrode |ayer 14Z2b which are
provi ded nevded, & tnsistodrmediusiog du okide stmicondicidr andbeelpbayedcal | y connect ed
to the ogh9§7seniconductor | ayer 140. [0180] 5SHere, the gate el ectrode

| ayer 13 J provided so as to be enbedded in an

20 <Example of manufacturing steps>

Next, examples of manufacturing methods of the p-channel transistor 160 and
the n-channel transistor 164 are described. Hereinafter, a manufacturing method of the
p-channel transistor 160 is described first with reference to FIGS. 12A to 12H, and then,
a manufacturing method of the n-channel transistor 164 is described with reference to

25  FIGS. 13A to 13G and FIGS. 14A to 14D.
[0188]

First, the substrate 100 including a semiconductor material is prepared (see FIG
12A). The substrate 100 including a semiconductor material can be a single crystal
semiconductor substrate formed using silicon, silicon carbide, or the like; a

30 polycrystalline semiconductor substrate; a compound semiconductor substrate formed
using silicon germanium or the like; an SOI substrate; or the like. Here, an example of

the case where a single crystal silicon substrate is used as the substrate 100 including a



insulating layer 132 formed over the interlayer insulating |layer 128. In a
manner simlar to the gate electrode |ayer 136d, an el ectrode | ayer 136a

and an elwehhpdr23sgyer 136b which are respectively in cegiasioiwoémod he
source el ectrode |ayer 130a and the dP8in el ectrode |ayer 130b included in

t he p-channel transistor 160 are forned. In 10addition, an el ectrode |ayer
136¢ in contact with the electrode |ayer 130c is fornmed. [0181] Over
the transistor 164, a protective insulating |layer 144 is provided to be

partly i nempddhatdtomdaberial §s Q¥dcHiBed e nmc%wém,t e feAY eSOl Albstadid ARakgNher | ayer
insulating | ayer 146 is provided over the protective insulating |ayer 144.

Her e, openinigpnductac hibstratesin whish sosilicen etmisonduttor| layer is1prpwidadh@vehendr ai n

el ectrode | ayer 142b ar rovid ji.n th rot ect,ive in at i l.ayer 144
and the. g, AR oL P e iralion 288 B Thfeher S "R b8 MR 2o
el ect r odandlad&Rr a SeMeoatectbiofiBtate Wi Which! £ séiRp@idiorClayer foredtwsig Wi th the
source el ectrode Iag:nr 142a and the drain el ectrode |ayer 142b through the

openi Ags.materig atgiiban silieen yrprevydedieves|aadnsudaiing sylage IoibticaHesory.helldtect r ode
| ayer 15Qe,_ 20 an el ectrode. | ayer .150a, | ect node | ayer 150b, .,and an

el bot r oadol &SP RadieRd FFCingBES i 1 sOL suslflet i ot PHPlea B s £ ¢ e
el ect r odgem@doRtucksd fayet. NEFRInSE  the dS Ol a8(®BEtrakd6 inclatied 4 bRu@hRCin' Gdgch! ayer
136¢ through openings provided in the gate insulating |ayer 138, the

pr ot ect i vemidesducies hager i jarmed pxer amigsulpting swbsirataguch aspcglrsaspbgrateaydh 146,

[0162] 2516, X149, RETERBAUAOobGYE] 140 Ts highly purified by

sufficiently re Mg an I npurrty such as hydrogen therein. Specifically,

t he hpdr qgesvjconcentration of the oxi de sem conductor |ayer 140 is 5x1019

(atonms/cnB) or lower. Note that the P_ref erabl e hydrogen concentrat.ion of
1

the oxide seni &Yifatha BbsiralydPOmprofestivg lyes 102 @@ mesk fopfrmatighd t he
mich Prefe A eneANEaRiRlsahS 106 & forkidl 4R/ PRENAY. 3Rs ltﬁé;/‘gfotecmgn the

hi ghly puri oxi de sem con l'ayer 140 in whi rogen

concent r dayeoriORsfos iexhinpleg at ligsulatigdaybr i fernuskeusing bidicon arglessiticonl grideavi ng an
excel lent ... WO 2011/ 052383PCT/.JP2010/ 067996 36 of f-current. characteristic
can be oﬁfléﬁoﬂéﬂt.rgaéo‘?x‘ é’r‘?ﬁi“é,hﬂ? 2R gg “é%l‘ze%ﬂgrt aty orﬁr(gi%te&gﬁ‘fé&é”% is +1

V or 1510 iMpand dfReahBaia Yshduetivify i inpasiey Qémem iMphRi the
of f currelntp i‘s;f ;xl%' 3 [A g?ﬂ?gt\a}\er. Arl)pllwl ng I'En?g E}; ghrlng- plurpi f}ng?gyfde
sem condwonductivity emaylbroaddad whiheisubsieateh i} imguderdo wortnelrthe thaeshold woltage ci ent | y

reduced 5_.al | ows r?d‘gct idon. in ﬁ{(ft curren&l in,the tran i§tor 164. Ttge _
hydr ogen Ogo%@gwﬁﬂg FOR" 9%V e ilb"ecgsgmw Sﬁ:dﬂ’c@t 5‘?’“?3@/@? 48 P¢Madhr ed by
secondar Vimip@fity"RSar6ie a ity YTedddiclivityVean be phosphorus, arsenic, or the like. The

impurity imparting p-type conductivity can be boron, aluminum, gallium, or the like.
20 [0190]
Next, part of the substrate 100 in a region which is not covered with the
protective layer 102 (exposed region) is etched with use of the protective layer 102 as a
mask. By this etching, an isolated semiconductor region 104 is formed (see FIG. 12B).
As the etching, dry etching is preferably performed, but wet etching can be performed.
25  An etching gas and an etchant can be selected as appropriate depending on a material of
layers to be etched.
[0191]
Next, an insulating layer is formed to cover the semiconductor region 104, and
the insulating layer in a region overlapping with the semiconductor region 104 is
30  selectively rembved, so that the element isolation insulating layers 106 are formed (see
FIG. 12B). The insulating layer is formed using silicon oxide, silicon nitride, silicon

nitride oxide, or the like. As a removal method of the insulating layer, polishing



[0183] Further, an insulating |layer 152 is provided over the interlayer
insul ating layer 10 146, and an el ectrode | ayer 154a, an el ectrode | ayer
154b, an wbeeim@ess! ayer 154c, and an el ectrode | ayer 196/ 585R0/0670% ded so
as to be enbedded in the insulating Ia??er 152. Note that the el ectrode

| ayer 154a is in contact with the el ectrode | ayer 150a, the el ectrode |ayer
154b is in contact with the electrode | ayer 150b, the el ectrode | ayer 154c
is in contact with the electrode | ayer 150c and the el ectrode | ayer 150d,
and the lpakRediaead aedical2AthhRichlNpARRNBYEMP) BichiA@ tRlafifiédtOgetht dixer 150e.
[0184] The source el ectrode layer I30a i'n the p-channel transistor
160 of t hdas hengiven, mpdtany 9fdhe abovectatatmentonme be aged. o Note thatdbe prdectivayer s

L0, e SR A R BT PEPEP SRR Bl e R Be L
wher eby tthe eRfiéhCigolali®fink@ldand Riyers 1080a i n the p-channel transistor 160 can
be electrically connected to any of electrode layers included in the
n- chafnel[089Ansi stor 164 provided in the upper region. The drain el ectrode
| ayer 130b in t p:C [ i Gal
connected to .ar@%&faneﬁ%@??%%ﬁﬁ?e@‘ﬁ%é?%&gg S?ljf\lr%t8 ﬂ%ﬁﬁﬂcﬁg}ﬁhe _ t!ri%dngi stor
t1ﬁ4 pr;)vudiﬁi 1?mucghgrumt£§50nfa_&gla?iﬁ.foﬁ!hdmh gthleri?stulatid_gutsyerr.atl gg in FIbG 11,

e gate el ectrode layer 110a in the p-channe ransi st or can be
el ectri ca{pil%]connect ed to any of electrode-layers included in the n-channel
transistor 164 farguaklidaGLesy@dBrek A¥ o gRE MehBBtle 18ydr ' d RPBFmELBY ON-
[0185] 30Simlarl yl, phé&gggrp%}gﬁepter ode %ayer' 142% ?}F\ 1 he n-ch.ann.e}(
hsibunthadasriag s intin i raoleglins g + broglosty b gt p RIIR
el ectrode l.ayers. c_.gnd. ..provi. in
37" Che | v Biedfe Sxif Lime s SaFER ERF By & TGRvRRISE BB, LabRIBER
el ect r odeyxi@y filrg, AiMtdlGhBIARIAPH BRI a YRR ydrNiRcRaali; faqkr ode
| ayer 14233 i nf_'i he n&gg;meiwtélr aqr‘ll;i@stoaﬂém g:angbe e?]e.ct re]:oaa_lgf?zg%gnect ed to
t he gat e a@PEetBe tive & C&0 Scalcopdudorercgon 18 0#14178@ Of he
drain elegtr l.aver f the p-ch | &1 I r..16 o} though not
1 ust r acaiidd by BEPGar i biing Qe REma) RRRGEL Reahty o irdhi 8
el ectisodens iy 1dgetmaynbd femed c "R Rightdeasity plagha bdtneancdebepatinmedal | y
connected to any of electrode |ayers included in the p-channel transistor
160 t hr oqgmgafpréwep%a@maiz@ﬁ O &YF gaYSYch as ks, Aevies oF XgiaBth 2 gpHIBBAS 10vhen
descri bed B8y MuBATIRIe Rt *pirokth B RyMoBHELC Phork [RR) FaflichlalO
Enbodi nedimsitdtionmnGhe &ﬂclhesqomf&hé isdlatihplayel) dut the linselatingiayer can baforsiedr s 164
included in the lqgic circuit are not necessarily to pe transistors
i ncl udi g BV keSS in Chitage § larggy thanipz eual fiayh man ‘_“t$%?@s‘[°§_f oregeelcan
have >gi f fign8Hhms toixhmpsS depending on characteristics required for

[0194]

The layer including a conductive material can be formed using a metal material
such as aluminum, copper, titanium, tantalum, or tungsten. Alternatively, the layer
including a conductive material may be formed using a semiconductor material such as

25  polycrystalline silicon including a conductive material. There is also no particular
limitation on the method for forming the layer including a conductive material, and a
variety of film formation methods, such as an evaporation method, a CVD method, a
sputtering method, or a spin coating method can be employed. Note that the case of
forming the layer including a conductive material using a metal material is described in

30  this embodiment.

[0195]

Then, the insulating layer and the layer including a conductive material are



15each transi stor. For exanple, as an n-channel transistor which needs to
operate at high speed, a transistor fornmed using a substrate including a
sem conduwwban1maEedsi al can be enpl oyeq and as an n- chamgelyptrienedsd or in
whi ch reduction in | eakage current is Heeded, a transistor forned using an
oxi de sem conductor can be enployed. [0187] 20 <Exanpl e of manufacturing
st eps> Next, exanpl es of nmanufacturing nmethods of the p-channel
transi stor 160 and the n-channel transistor 164 are described. Hereinafter,

a manuf acdeléciividy ERihBOscothat B gat€ i REing tli v S0Sh Gind 1hO ghte dlasde hag:rfir st
with reference to FIGS. 12A to 12H, and then, a manufacturing nethod of the

n- channel 110p arsdfprnest (se6BIGd26¢scribed with reference to 25 FIGS. 13A to 13G
and FI GS. Oi.él to 14D. [0188] First, the substrate 100 including a

sem conductor material is prepared (see FIG 12A). The substrate 100

i ncluding a seMNexgnutiatwstingplagen H2 coxbribe the @Jtmglleetr@deylayalllﬁeﬁn' fmmddct or
substrate forped using_silicon, silicon carbide, or the I|ike;

pol ycPyst@ta e 42q- compeft bpron (i) alynginum Sunihe ks é%)ﬁ&ﬂ‘idc 6? @Ebst rate
for med u%'eﬂlgco?lﬂhétspfk W'SU 2" tht BGir! dfklﬁlé)u?l'f& &% nsUAEh LAl 9140 wilihg |1 ke.

Here, an exanple of the case ere si ng crysta silicon substrate is
used as tshellsulpsictian erelfofmed (See FlGOL2E). VWBoROthaY 488 8B PaDh HP20MINGG7A996 38

sem conduct.or, materjal i.s described. ener the_term " SOTl subs rat e"
e n e AT tofmalig BF & Prepmel e BHoE o fhe. it OL K ERPE B bR o0 | <
provi ded pgistoRNar MFUraY eReheht SEACH: dpﬂdapﬁd}u§ (BPECAELHRA(AY MmN e tah@ed I ke

the term"SO substrate” also includes a sem conductor substrate in which a

seni dondNeterthatalye formatien dfuthE rmgiraof Bnpraite regiondtlbds anhdhdlsi the channed

provi ded Qver,. an i nsul Gosurface,in |t at.egory, That, |

sem condufg{%arthn re@%on {; lae "P%‘I the Eihc sg™< lcso %tgg r%%(m slrb%oPelﬁwmﬁ\e & tfo a
silicon Siﬁiﬁl&tﬁigduﬁérOIOShé(y@l’FIG.:UQCheI’Her‘éh&e"oﬁﬁ]:erﬁﬂdﬁ&ﬁd’@ﬁﬂh'é added fmggita
structure in which a sem conductor layer is fornmed over an insul.ating
subst r at €28 (Rensefsasa appraRdateyprd the eongeptatians; e urakerably (sely tor be high psas ed

t her ebet "X%S&dari‘&[\%ﬁr%]gh miniaturization of semiconductor elements. Although the pair of
15  impurity regions 114a and 114b are formed after formation of the insulating layer 112
here, the insulating layer 112 may be formed after formation of the pair of impurity
regions 114a and 114b.
[0197]
Next, the sidewall insulating layers 118 are formed (see FIG. 12D). An
20 insulating layer is formed so as to cover the insulating layer 112, and highly anisotropic
etching treatment is performed on the insulating layer, so that the sidewall insulatiﬂg
layers 118 can be formed in a self-alignment manner. At this time, the insulating layer
112 is partly etched, so that a top surface of the gate electrode layer 110a and top
surfaces of the impurity regions 114a and 114b may be exposed.
25 [0198]

Next, an insulating layer is formed to cover the gate electrode layer 110a, the
pair of impurity regions 114a and 114b, the sidewall insulating layers 118, and the like.
Then, boron (B), aluminum (Al), or the like is added to part of the impurity regions
114a and 114b, so that the pair of high concentration impurity regions 120a and 120b

30 are formed (see FIG. 12E). Here, in the case of forming an n-channel transistor, an
impurity element such as phosphorus (P) or arsenic (As) may be added. After that, the

insulating layer is removed, and a metal layer 122 is formed to cover the gate electrode



Over the substrate 100, a protective layer 102 serving as a mask for
formation of an elenent isolation insulating layer is formed (see FIG 12A).
As the prwoeectiiosesssayer 102, for exanple, an insul ati ngpcayezo1bosmed usi ng
silicon oxide, silicon nitride, silicdh nitride oxi de, or the like can be .
used. Note that before or after this step, an 15 inpurity elenment inparting
n-type conductivity or an inpurity element inparting p-type conductivity
may be added to the substrate 100 in order to control the threshold voltage

of a semnila@iduobOthe @RIWaH. indulatidClagers €18k ai6f Kighiconditiatied ihpurity| i con,
the inpurity inmparting n-type conductlwlt&% can be phosphorus arsenl c, or

the |i ke.regieas i1gPuand \120hnand itheg like (SeseF o ridEd | The ynetalnlaye b%?rsﬁn e

al um num ]

aubst rat eoRft b Flarfly b (el metfodlcuch aoa vadlit] cBflipfinaliL o,
102 (exp@aderﬁ@mem))dJa etpgihedating Methsd. oft it peefanbleahititie nlezl dayet022as a
mask. By th| s etching, an isolated sem conductaor region 104 i s _formed (see
FI G 12B) .bepormed usipg aimejal matgrial tha; reacts yltbraeﬁeérrla%dyct@é F‘?%“r‘f?éél“c il et

et ching cap Qﬁn&ﬁ{dﬁagm iofS 100 61 60! Nn @3 BRIPoRTY Hat v@%s@ﬁné@l ect ed
as appropri ate depending on a materi al aye s to be % [ 0191]

Next, an Exmnplest ofngich ayetal msteh@]:snndudla)ntaoum, tailtalusertungstmhumiakcl rceplon 104,
and the i nsul atl ng layer in a region overlapping with the sem conduct or
regi on 104 Platin¥BT g0 ectivel y removed, so that the el ement isol ation

i nsul ati r[glbgyers 106 are forned (see FIG 12B). The insulating layer is
formed using 'silicon oxide, silicon nitride, silicon nitride oxide, or the
| i ke.10As a rendNext, hﬁet ﬁgﬁim@ﬂt isheeriorrmed, 250i thet tlhaymtal lpwgri B rﬁgCtS withethe rent
such as ch al ) chl he Iike
can be gi vglnn&m%u F jﬂﬂ%ve tBrg‘;’é'a ’the Qgﬁééggﬁlﬁg {e% rltst he

protecti v1e24hay@r1241921 ¢(ﬁlta’c€mﬂ\h&ﬁe phir of hfgﬁl’cﬁﬁ&dn&ﬁn@ﬁ 1rhlblﬁ1t§ieé’g161w’lmﬂhtaﬁd regi on
104 or formation of el enent 1solation insulati nﬂ I ayers 106. .5[0192]
Next, an ¥29B@reatormgd (839&101 LHor 'rve@e 6%&rvhare pelyYEBHINGSilison 8 eowwlm and

a | ayer | Ot%g%it’(ﬂ-'_lxﬁg ghte® q"dﬁé 1{8r TR %hldn ofl tRE g@é Pflodl Thgref P04 Bhich9

| ayer. elnsu at1ng-lay er rves | at as a gat atlng
"l ayerl5 anslin conftaxt mitt the/mel ByEr mdimjbecampammllcnglpmmmg;onor the like to
be a sinﬁlogéayer of a silicon oxide film a silicon nitride oxide film a
silicon Q]de film a hafniumoxide film an alum numoxide film a

tantal um oxi de Ad ifg Heht &REmdnk® irddiRiont ¥ hﬁéf?rlamﬁcédddbggexﬁﬂ)é gf. the
above filns. Alternatively, the surface of the seniconductor region 104 is

oxi di zed Althauighiit ig ededbgss o spty- thmptlyr mammemealemdnnayrbet Used mainethed dat i on

ol et r0aY NER PotidiraBRent & B Rt ieY HH e cen et eV mtdrahetiet 5 o o

gas 0ch iasré, toAmprdVe, thelcot@oiddbilitg dIhemital r@a%n@wlg%}maﬂbh [0¥GRE nidxdl de,
ammoni a, nitrogen, or hydrogen. There is no particular limtation on the

t hi cknesscostpopnd | Netalthati thy metglcqompeund region kssformed by reagiion of dhe Betal or ned

sl Tor (AR SBETR: iR bAP ARGl BEETs 4 BB oy FE Rircidhay RERERA

i ncl udi ngoadeaivityct The fomhationabf cien nmalfwmmﬂmusmg@na gant ploperty @edwek such
as alum nurn copper, titanium tantalum or tungm Al ternativel ﬁ the
layer i nclestiqErsistansm and {mprovesleaent charagsemintics.or Mete thati the metal dayeg deduct or

mat enisal i§WGHoRE after the pair of metal compound regions 124a and 124b are formed.
[0201]
Next, the interlayer insulating layer 126 and the interlayer insulating layer 128
are formed so as to cover the components formed in the above steps (see FIG. 12G).
The interlayer insulating layers 126 and 128 can be formed using a material including
30 an inorganic insulating material, such as silicon oxide, silicon nitride oxide, silicon
nitride, hafnium oxide, aluminum oxide, or tantalum oxide. Alternatively, an organic

insulating material such as polyimide or acrylic can be used. Although the interlayer



25 polycrystalline silicon including a conductive material. There is also
no particular limtation on the nmethod for formng the layer including a
conduct i weormatiasemB, and a variety of éiln1fornation merbwds201606€M96@S an
evaporation nethod, a CVD nethod, a sé ttering nethod, or a spin coating
met hod can be enpl oyed. Note that the case of formng the |ayer including a
conductive material using a netal material is described in 30 this

enbodi ment. [0195] WD 2011/ 052383PCT/ JP2010/ 067996 40 sel ectively etched,

so that tihsilghigElayérshirathad@ dtaideire LiPadiag dwb Neygabe tied Brérlaydeilsaleting 110a
are fornmed (see FIG 12_C2. [0196] Next, an insulating |layer 112 covering
t he gat e layescl?oaad| hyenterlape insukagpgeldysy (3%ethe) sruciyre) of thee intedhdyiesn (B)

Lum ' ' . . q . .
fhat t ho paiingéydritonibficainddele) st el e SRHEL NG IFAARI O are
formed (sle8, Fiusfact 2(Prefelitil ¢ plahaxized IbiylCMBhrehtmant, ebchigd tiedtment, bsthadited her e

for formation of a p-channel transistor, in the case of form ng an
n- charnellY%nsi stor, an impurity elenment such as phosphorus (P) or arsenic

(As) may be ad &, OPddinds"Rhciidg iR PR @&k EdipRAlr refions TRYS lah
regions 114a and 114b; NP%enécshan(r:le?(gf or g%t iogn reg{:on 116 rieg OP%r med ai n the
seni condu@dbrare fagined il 0t ibtekloyertihmlagatgdayers,uindtthegoureg electigBdayesdd0k| G

12C). Here, the, concentrations t he. added i nmpurity can S S

apot opr | i, e SR S HE e k0B A dPBRS & ShhBreidist O HG REgR- 1A

accor danc@nidciive @R i TdHndl Wyl Z VDO MefodS 8 TGO NRR6Ror *h&€ RO S a rélibROUGH
the pair of 15 inpurity regions 114a and 114b are formed after formation of

t he ilAsulinglpdigg| thy eppeningshend parthef jthe idoadugitye| layer isl 1omeeed bg dteftingd after

f i h i f i i i d , h
Y e | Rl orEMP, Shartn@Btdolthat il Slcd afeBraabds 1304 Rid The MEHR: 1 0

| ayer is eletigdéllayer Bbtoan ®e¥&nedhe i nsul ating layer 112, and highly
ani sotropic etching treatnent is performed on the insulating |ayer, so that
the si ded@¥®3i nsul ating | ayers 118 can be forned in a self-alignment

manner. At thig ig?&era“é%it@ﬁég(@l}éer@eétﬂg1%{%1’]@3035%1@35& h%ﬁél@&ﬁﬁf l?’%é that a

top surface of t gate el ectrode |ayer a an surfaces o

i mpurlbt y,130k de dosnedltbchagad pldndb sufacebe Fox pxmwyle, dfter @ 1BiA] filheof 3 ticanium
i nsul at i r}ﬁ Ia‘yer, i S forrrgd ,E}(I),c ver the gate . electrode |ayer 110a, the pair
of i npur P VeyligRLm RiEdefim is ingmed ip adpgiandnqluding H}ea?Heﬁé‘gP’a%/Bﬁ“gStﬂB, and
the Iike.giheRomPArtgHil B opalibs NUAHafbdse, BincbhiCaryithfpsteh AddRredRsprt of
the inmpurity regions

' titanium or titanium nitride is removed by CMP treatment, and planarity of the surface

can be improved. In such a manner, the surface including the source electrode layer
20  130a and the drain electrode layer 130b is planarized, whereby an electrode, a wiring,
an insulating layer, a semiconductor layer, or the like can be preferably formed in the
later step.
[0204]
Note that here, only the source electrode layer 130a and the drain electrode
25  layer 130b which are in contact with the metal compound regions 124a and 124b are
illustrated; however, an electrode layer serving as a wiring (e.g., the electrode layer
130c in FIG. 11) or the like can be formed together in this step. There is no particular
limitation on a material for forming the source electrode layer 130a and the drain
electrode layer 130b, and a variety of conductive materials can be used. For example,
30 a conductive material such as molybdenum, titanium, chromium, tantalum, tungsten,

aluminum, copper, neodymium, or scandium can be used.

[0205]



114a and 114b, so that the pair of high concentration inpurity regions 120a
and 120b 30 are fornmed (see FIG 12E). Here, in the case of form ng an

n- channelworangissiser, an inpurity eleggnt-such as phosplrorue200667096 ar seni c
(As) may be added. After that, the insdlating |ayer is renoved, and a netal
| ayer 122 is forned to cover the gate electrode WO

2011/ 052383PCT/ JP2010/ 067996 41 | ayer 110a, the sidewall insulating |ayers

118, the pair of high concentration inpurity regions 120a and 120b, and the

li ke (see FI G Thidygh the@bo®d skpd, ale p-cha@net anansistof 60RO heasubstedtettgoof film
formati on net hods, such as a vacuum evaporation nethod, a sputtering
met hod, dreludiggiasepreandugionmptesial s qompleted. of Afterthe abovg steibe aﬁﬁ’@ﬁlfo‘?eayer 122

5 be for rﬁexglrfﬁ%dﬁgm@ul xﬁéiaggpﬁp{he ketnthyber ﬁﬁﬁ& fgﬂ&h ﬁ@ﬂl‘fé gi;ﬁgth%a

material 1nc ed 1nt em conduct region a net conpound
havi ng | anultimyestvanmg stincanpl wmohf isS acC btaoksida Istraettier majhsdmg\cdmdﬁeﬂayeam um

tant al_.um. st.e ni,ckel cob pl.ati nu [.0199] xt, heat
treatne ntm? at%@rlﬁw Rag 2 copdugia 1 ‘tyﬁé affégqﬂy “i“ﬁ%‘é@g]i?&‘c FE&‘&‘f & proyided-
sen condys@er, %taei%t%? Elmlﬁy té MHeSatdGakstepS SRl ATBMnnek R with (IE&Bsyrf@MPOUNd

regions 124a a In contact wth the pair of high concentration
impurity hoégndnéingzcmnmmlldmmbmtwaf oamkjfo(lmeé FTl@t ig, 495) usingnart imepwrdge wher e

I tall I i ke i. th de, |
Don 4 plmindudt ot REpBows oot roekd A5ER YRtmminERlch®t S50 Bane au
with the semicdndh@yeregibdsdn eleSobEsiepBmh ciihal tranSidiee eitbé fEinen. [ 0200]

As the heat treatnent, irradiation with a flash lanp can be enpl oyed.

Al t hdlgh [P206]s needless to say that another heat treatment nethod may be

used, 2 e hod N, it Elni58hs SRR Lo e ARG SWRINGNGEL JUcpRpean be

achieved is pré era Iy use imoorder e con
chemi cal mteﬂsydroﬁsulmfgolmyat 128isodestHigedwital refe@ffme ua cFIGISotleAt d0a13G ta@d met al
conmpound region is formed by reaction of th

sem condddbsr Indterdth)., Nate dbatiHGy. Fé@u%rﬁﬁa@‘i%@l%f#‘%F%M“Pyll\lﬁi@f‘ee&sed
conduct ‘fﬁ&xﬁﬁfacﬂ‘rﬁlgf S;%E@%E bPOar@Jdlste'i'é‘r‘:n%ﬁé ?:Jgefso{ﬂéqy nh&AARR L AB4) &%@ﬁé' y

reduce electric r stance and i nprove el ehent characteristics.

t he Bt allikeaywer thlezmteZEyexsmsvdamwglhyaf 128; atcherdng]y, thé prabheiel canpstond60 egl ons
124a and 124b e for t he |nterlayer i nsul ati ng

| ayer 126™ ﬁlbelt‘ Preyid ggﬁ?& tg‘i’ pchpnpe! Hﬁnsllsé‘gfe#mfﬁ%o’é‘r“ée ormed so as to cover
t he CONPGOENH|S formed in the above steps (see FIG 12G . The interlayer
insulating |ayers 126 and 128 can be forned using a material including 30
an i norgani c i st he ingplatingdayer 132dsifdimad oyer thcbnerdnyiedmsubtihg boer B& ri de

O e Rk B TP 7 bR YR, 5o B AL S 0
can he ugsde (NetNGIIBAY.heThialafil€Nayer 132 can be formed by a PVD method, a
CVD method, or the like. The insulating layer 132 can be formed using a material
including an inorganic insulating material such as silicon oxide, silicon nitride oxide,
silicon nitride, hafnium oxide, aluminum oxide, or tantalum oxide.
[0208]

25 Next, openings reaching the source electrode layer 130a, the drain electrode
layer 130b, and the electrode layer 130c are formed in the insulating layer 132. At this
time, an opening is formed also in a region where the gate electrode layer 136d is
formed later. A conductive layer 134 is formed so as to fill the openings (FIG. 13B).
The openings can be formed by a method such as etching with use of a mask or the like.

30  The mask can be formed by a method such as exposure with use of a photomask or the
like. Either wet etching or dry etching can be used as the etching; in view of

microfabrication, dry etching is preferable. The conductive layer 134 can be formed



WO 2011/ 052383PCT/ JP2010/ 067996 42 insul ating | ayer here has a structure
including two |layers of the interlayer insulating |ayer 126 and the

i nterl ayewoiosulsadssng | ayer 128, the %ructure of the i mcenpayaevsmysul ating
| ayer is not limted thereto. After formation of the interlayer insulating
| ayer 128, a surface is preferably planarized by CMP treatnent, etching
treatnent, or the like. 5[0202] After that, openings reaching the
pair of metal conpound regions 124a and 124b are formed in the interlayer

i nsul ati rng 4 filke f&rmadion nidaisodsefl PeDahedd, e0€VDayethod 36tahatike.t h& nehteian

el ectrode | ayer 130h are formed in the openi ngs (see FIG 12H). A

conduct i wsed F9icformatiqnyphihe egpdyctprgrapert hisgcanabegsondyqtivg myerialfwchiake in a
region 1Q.j LDt dAEn O i , .cand i S
renoved %?/blgtﬁééﬂlﬁhgg’tt reat ’rrée}ﬁ?hlggﬁ é@ggggg{l%ﬁ{n t‘l@gﬂ?ﬁgt é%gﬂggéf})cﬁgﬁlg’ect rode
| ayer 130m sandiurheanciliyrthakef; b cookpotal/arch h8@itridainchalidgthemtiovd @Ma@#hl, It 1S
preferable that the source el ectrode | ayer 130a and the drain el ectrode

| ayer 315 ofélﬁfbl?]ffe formed to have a planar surface. For exanple, after a thin
filmof goppgjani umfilmor a titaniumnitride filmis formed in a region

i ncl udi ng thg openings, a tungsten filmis forned to fill the openings. In
t hat case, unnddesspesificallyystmesthahcinubmemployed gs ai €zarnplm mrwhichamthim

nitride i removed by CVP trea t, .and planari.t f the surface, .can be
or oved. PP OIGGIERIE T B AEVIL PEdRd i RoRaan dectefiae BoRdnet ot 18 de
llayer 20 806 miftslet tgnidfntisfofhQ@Chy @ESVD a@hod; 38 4 @anpté@n filth 3€tbrmélias eby an
electrode, a wiring, an insulating |ayer, a sem conductor |ayer, or the

| i ke 18an fHkthsrapeaings| yHergy theditamjumtdn formed Sy P VPopethpd has a fengsiontier e,
only the Iy | ect r i r 130b
whi ch ar edse?%ldgz%n aoc?éewt?lﬂﬁatltﬁ%ﬁ%ereag??%?ﬁ%orrﬁﬁlgpe?%giagtn%g%%hgeogﬁa %%Zifb%gr e

i |1 ustr atetgirobosear (hern thed exnikdeoglecttody diyes d30a,ne asain eWctrodglayer §30b,t he

el ectrode, | ayer 130c in FIG_  11) ar the |like can be formed together in this
step. ThePecketrofs layard306 and the ike)at (18R téanivm patride tilm fogped gftetithy hame
source el £eliefl fulckf o LaHANGithubEn Ured BofRAVE AiReriay CFurfiiDafidNled
variety of conductive materials can be used. For exanple, 30 a conductive
mat erlbal tauidy fds obtitabiben uitanitint sitndemor ¢ier bke isnformadit akepper filmgsae be

al um num. co‘gﬁ%(r/ée neodgrib[uoﬁl or scandi um can be used. [0205]

Through t'RE" platipg,methode 1 channel transistor 160 with the substrate
100 i ncl ygp a sem conductor material is conpleted. After the above steps,
an electrode, a wiring, an insulating |ayer, or the |like may be further
formed. Wen t Hdterithé pepdugtivealayet 134 zyformed.r pargolstheeonduativetaysh 134 is

stacked structure jncl udi n i rl.ayer 5., insul atj | ayer ..and a

conduct | VEMPISLPY elehinedralile Y RERERE of e PRey P thalidng eilasBR dufr
Further, 13p i8 es(ge@_d,s laBddrdingly? tieh EleatbsiéClagé e P36a, Ahe Blechodd 1 Rlyet N36tsihEOr with
t he substrate 100 i ncl udzllrg‘gg]{a?esem conductor material can be forned. That

is, by uslestrodn layepudpe,y gate sleetode 191bJgRd are fprmedosea FiEnidCY As) as
the i ”p“rﬂrl]&tg ﬂfalt %ﬂttpé%%ﬂo&eggkjpg}?n%gﬁﬁegggfig&égg]a&&%%& tHe diderodb9¥yer St EP

an n-channe ransi stor can
136¢, and the gate electrode layer 136d are formed by removing part of the conductive

layer 134, it is preferable that a planar surface be formed. By planarizing the surfaces
25  of the insulating layer 132, the electrode layer 136a, the electrode layer 136b, the
electrode layer 136¢, and the gate electrode layer 136d, an electrode, a wiring, an
insulating layer, a semiconductor layer, or the like can be preferably formed in the later
step.
[0211]
30 Next, the gate insulating layer 138 is formed to cover the insulating layer 132,
the electrode layer 136a, the electrode layer 136b, the electrode layer 136¢, and the gate
electrode layer 136d (see FIG. 13D). The gate insulating layer 138 can be formed by a



Next, a manufacturing process of the n-channel transistor 164 over the
interlayer insulating |ayer 128 is described with reference to FIGS. 13A to
13G and RVGSo11loésss80 14D. Note that FIGS. 13A to 13G an@cCElei10/déi99d¢ 0 14D
illustrate a manufacturing process of 49arious el ectrode | ayers, the
n-channel transistor 164, and the 15 |I|ike over the interlayer insulating

| ayer 128; accordingly, the p-channel transistor 160 and the |ike provided
bel ow t he n-channel transistor 164 are omtted. [0207] First, the

i nsul at i @vVDay@hod, 33piering Metlod\2 thd hike. i MRugthtRYRS gatdmsblatihgByéen38ris 128,
the source electrode | ayer 130a, the drain electrode |ayer .138b, _and the

el ect r odeP™sfg10ly Saymed e ipglade silicon pxyde, FHicop fHtids: pikigon Qyppitridey sdigan e

for med byudigf Ridte it xR, Wb oxRle, IdAfuilhitSidel BF dldSH. NG gy er 132
can be fornmed usihg a material 1nc udi ng’ an I norganrc insulating mat eri al
such as ght¢ igaenimulateg lsydri 138N mayt idvdea Giiglelaysi kircaarenot &i dackebddyer um

oxi de,. al um num qxi de, or tantal um oxide. [0208] 25Next, qpeni ngs. reaching
the sdur CHUENEt rF&aecXPla;?Er theygate inflating flayee | ldet Gandle forpmed usium SilicAR t he

el ect rodeyhaede BPACp18R CRIREAY D& h|ASHHafL | n-3d Airiders 1 ME,
. an openi ng’;‘lyi S feoryrare?gﬁrso in a region mk?erea?%g@lg{é‘%’?&zggét rod’gﬁfdgyér 136d
i s fornedistdgn. sodraeogriucThere ik aapeparti@dan Bmiitatiore dn gbe dlsckmess bf thet pate

i (F 3B) ...The openi b d.b t hod t chi
oPth Uoe iblaing iR da8 Fu P R B Soril a0 RubiEiER 19kef RO Sy H0TRBG. such.
as exposiuyng sl s &f equalotV0BSK, fir dagpld. Kan thktdasy omtsts‘&&m{}gror dry

ry

etching can be used as the etching; in view of mcrofabrication,
et chilfg istrugines @rprefesablegsuciwisoineluiesea Ifiastegate Isulating Hayer oithed thisknessfi | m

formatio f PVR, et had, nmet hod rhahe Like. A npterial
used for q?rgfgir@g ?8?1) egﬁaltt%/elg Oc%%&ﬁgtsp\%gg@%rmf%ﬂalctgnzogen% ABoAdE v%ﬁ?rat erial

such as rnduyhihgrayer viith & thickhiesChfg2tham ortegailat Whm tand §Hialler thah ofreduam
copper, neqQdym um or scandium an alloy thereof, a conpound such as
nitride itﬂépéﬂmﬁbefﬁﬂ\éﬂfabove material, 5or the like. [0209] Mor e
specifi Cﬁbﬁw] a method can be enployed as an exanple, in which: a thin film
of titaniumrs fornmed by a PVD nethod in a region including the openings; a
t hi n16i I m of . niAm i-gpe tor salstantiallg iftypeneddd yemicGvincrartaebidyedibyl randwahgft en.
filmis fir?lznrlrggest 81 highly-purified oxide semiconductor) is extremely sensiﬁve to interface
state density or interface charge. Therefore, an interface between an oxide
semiconductor layer and a gate insulating layer is an important factor in the case where
such an oxide semiconductor is used for the oxide semiconductor layer. In other words,
20 the gate insulating layer 138 which is in contact with the highly-purified oxide
semiconductor layer needs to be of high quality.
[0213]
For example, high-density plasma CVD using p waves (2.45 GHz) is
preferable in that it produces a dense and high-quality gate insulating layer 138 with
25  high withstand voltage. This is because a close contact between a highly-purified
oxide semiconductor layer and a high-quality gate insulating layer reduces interface
state density and produces desirable interface characteristics.
[0214]
Needless to say, even when a highly-purified oxide semiconductor layer is used,
30  another method such as a sputtering method or a plasma CVD method is applicable if a
high-quality insulating layer can be used as a gate insulating layer. An insulating layer

whose film quality or interface characteristic is modified by heat treatment after film



10 fill the openings. Here, the titaniumfilmforned by a PVD nethod has a

function to deoxidize an oxide filmat an interface so as to reduce contact

resi st anogowoithskizg | ower el ectrode | ayers (here, the segrgpgbE&hégde

| ayer 130a, the drain el ectrode |ayer 4230b, the el ectrode |ayer 130c, and

the like). The titaniumnitride filmfornmed after that has a barrier

function to suppress diffusion of a conductive material. Further, after the

15 barrier filmof titanium titaniumnitride, or the like is fornmed, a

copper fig E / L he

conduct i vg@dﬁ)eﬁr&%;ﬁ@i Igsgg?yrregn %g%gg%@%dg@gggié%%ﬁyg Il?atsyg]ra y%ﬂﬁ y’s‘Il renmoved

by et chi dayer maserElm quaivpis preferabdaiand imterfage statekdensispof amintarfage withithat i ng

| ayer 20 132 is.exposed. accordingly, the el ectrode |ayer 136a, the

el ect rod@xfdé)fg?“‘:f’?g}ﬁc,%dlﬁéeréf éegfl??fgtg fprm ap e’ﬁ’@&‘,‘t iHathe gate el ectrode

| ayer 13fdemmje formed (see FIG 13C). Note that when the el ectrode |ayer

136a, the el éctrode | ayer 136b, the el ectrode |ayer 136c¢, and the gate

el ect Pode | ayeFutB&d wher the biae dethperatanotesh (B dest) 8% He fenh2ihoviswweith ayer

134, it is erapl e that .a pl.anar suryface be fornmed. By pl.anarizing the

surf aces 2?%8{)1§I /ERels; H‘%"Eﬂrﬁ‘t"fj nyg theyease 1‘@5‘?‘6 t3e OBIdE c%%ﬁ@dluﬁ';?g rin qB@‘é, a} he

el ectrod r r 1.ay 6¢ . a ecl:node

| ayer 132%]?6%1?’ eallg’g? Gil o%ég%egl \E/{\/lﬁ% ilﬁgﬁrlgﬁ a?lgs ﬁﬁaﬁaﬁgqﬁgygﬁ?&abgeﬁk c%gﬁct or

| ayer, omsemivondudtar isacuthy prsaberg alecyric Helde@: itas) rad| ahiah smppratro AT1]

30Next, the gate.insylating |ayer..138 is.forned cover the insylating

Cayer 13 5mpHAER) B 8 eniidise raanalige Dond indiEt p ohlh Fbir icsBeld ValaBe

el echpodgvigyer 136¢, and the gate electrode |ayer 136d (see FIG 13D). The

gate insulating layer 138 can be forned by a WO

2011/ 0523@6ET/ JP2010/ 067996 45 CVD nethod, a sputtering nethod, or the

| i ke. Further, 4h | nsu i laver 138 is.preferab f or ne 0

i ncl ude sili corqnogﬁeggfl&s%%lﬁtgﬁkﬂi r]f]?e{',m%i"f |§I(1:oor)lm%xy‘:’rrlrill (?I?dd'ét,or’s? f:(gl%lflry nitride

oxi de, alhydiogemnveatéerder thedikeiisnnvedas muahhaposdiblxsithat A1 intdiface With.thé\ot e

that the gate insulating |ayer 138 may have a single-layer structure or a

st acked- |galgdpsulating layer canchave prefgrable gharacteristies, pdransistor yrhiehyis $3lde ta3g can

be fqkmedh gt sid bcHaiggyni tirde by a plasnma CVvD nmethod in which silane

(Sil-14), oxygen, and nitride are used as a source gas. There is no

particul §217jm tation on the thickness of the gate insulating |ayer 138,

but it can be rmed to a thickness |arger than of equal to 10 nm and

smal | er than o&%éh&%PX{dB SEORMC S iSipsmed oFst thgate smsulagngtayer 138

stacked- Lay ?)Foc%%ed Hy' & aledidd skh %eeft&ﬁﬁé)hﬁn%tarrﬁﬁstk? Whekdby! tHe ?ﬁmﬁi-&ia&@d gate

insulating Nayer with a thickness |arger than or equal 'to 50 nm and snal | er

t han or eyuslsemicopdactomayerd4f istormad (s5afEGii3EN] ating | ayer with a thickness

Iargg tg(%}sﬁr equal to 5 nmand snaller than or equal to 300 nmthereover.

[021 ? 1 f-type or substantially i-type oxide sem conductor achi eved by

removal of inpukithé gide3ehic@nlivctoiayér afl 1RGa02n-©epase® et Rmicdndu&ist r enel y

sensitive to interface state density or interface charge. Therefore, an

i nt er f acéayset e dirSarfoQrhased erideosrmiconsiuctosylayeragd l-HbZe-Q-hassdaeXidey | ayer

is an i ct inth such.an oxi. ] C ctor is

used 1 or “HORMAAC Ben | & (SpiarPaltaBhe GRAET LicRaa8 ©RLC Bl
Al-Ga-Zn-O-based oxide semiconductor layer, a Sn-Al-Zn-O-based oxide

25 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 an
In-O-based oxide semiconductor layer, a Sn-O-based oxide semiconductor layer, or a
Zn-O-based oxide semiconductor layer is used. In particular, an amorphous oxide
semiconductor layer is preferable. In this embodiment, an amorphous oxide

30  semiconductor layer is formed as the oxide semiconductor layer by a sputtering method

with use of an In-Ga-Zn-O-based metal oxide target. The addition of silicon to an



20 the gate insulating layer 138 which is in contact with the

hi ghl y-purified oxi de sem conductor |ayer needs to be of high quality.
[0213]  wo 20113e388Xanpl e, hi gh-densi t); pl asma CVD usi ngcCirAryavesfs?. 45
GHz) is preferable in that it produceé a dense and high-quality gate
insulating layer 138 with 25 high withstand voltage. This is because a
cl ose contact between a highly-purified oxide sem conductor |ayer and a
hi gh-quality gate insulating | ayer reduces interface state density and

produces agsiphicikloRidertidondect&ayeGuppresd the eryslalZzhfibn Neﬂféll?%s; thérefody, even
when a hlghl y-purified oxi de sem conductor |ayer is used, 30 another nethod

such as dhepxide serhiggndnstdidayeo may bglfamml Wiy atarged dontsining¥ileab? wi%fto a

hi gh- qual t%g nsrl ating | ayer can be used as a gate insulating |layer. An

i nsul ati ng YS9 8CUM#Sse filmquality or interface characteristic is nodified
by heat tipeghment after film WO 2011/ 052383PCT/ JP2010/ 067996 46 formation
may be e#p oJed. In any case, the gate insulating |layer 138 may enpl oy, a

| ayer Swhose fi lAnagaegdet foy formipg dfeaxadd emicuhductoelayercky s smitteridg method, af an
interface with oxi%g .sem condu(gt or layer is reducg}d to, form an

th

excel | entm?tﬁ't‘Bﬁl‘ﬁea‘gE%"tf BINZZHG S as 3 maip compoppLap Bryssd foxample (gt

test) at ARrfathvely, h2nbalbgid¥ithideckineC (G, BR 73¢ gieébﬂlﬁbsltﬂﬁ’l fafio s Wher e
e

an oxi de sem conductor includes an inpurity, a bond tween the inpurity
and the Qs :damPonén® -of :tlhel prolde ratofi lndmadde t=0t:1i0s5 favemigyratio3 icamhey

oL oCt 0 kg Ik el R, Bl SREL B 65, o TR bRk Bghnedis &)
[ 021§} composi@ﬂn 4% ot heGahand ’1:1“.‘4‘?510&3% fa'%]’ ot b MargBt ﬁ&in?g('h%mposition
sem conductor, especially hydrogen, water, of the [Nike is renoved as nuch
as possi bhtio o6 IhlGatZme 1:h2efateie ratidhcarhelsgdiceusedisulhd fitling fager ofahe have
prefer abln?etglho%(ricﬁectta;agreit isstfirocn? ’906‘170 tt({ %10S ‘i%zsitngllixsi\yg,i a?lg pirgfersa%)iiybéSe%t (())r higher (e.g.,
99.9 %). With use of a metal oxide target with high filling factor, an oxide
semiconductor layer which is a dense film can be formed.

15 [0220]

A preferable atmosphere for formation of the oxide semiconductor layer is a
rare gas (typically argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of
a rare gas (typically argon) and oxygen. Specifically, a high-purity gas is preferably
used, in which an impurity such as hydrogen, water, hydroxyl, or hydride is reduced to

20 approximately several parts per million (ppm) (preferably approximately se;/eral parts.
per billion (ppb)).

[0221]

In formation of the oxide semiconductor layer, the substrate is set in a chamber
at reduced pressure and the substrate temperature is set at 100 °C to 600 °C inclusive,

25  preferably 200°C to 400 °C inclusive. Depositing while heating the substrate can
reduce the concentration of impurity in the oxide semiconductor layer. In addition,,
damage by 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 an oxide semiconductor layer is deposited

30  over the substrate with use of a metal oxide as a target. In order to remove residual

moisture in the treatment chamber, an entrapment vacuum pump is preferably used.



15 the BT test can be obtained. [0217] Next, an oxi de sem conduct or
| ayer is forned over the gate insulating |ayer 138 and processed by a

met hod sweb 2a861/082388i ng usi ng a mask, ereby the i sl andpsivapadoosoee

sem conductor |ayer 140 is fornmed (se€®FI G 13E). 20[0218] As the oxide
sem conductor |ayer, an |In-Ga-Zn-0O based oxi de sem conductor |ayer, an

| n- Sn-Zn- O based oxi de sem conductor |ayer, an In-Al-2Zn-0O based oxi de

sem conductor |ayer, a Sn-@&G-Zn- O based oxi de sem conductor |ayer, an

Al - Ga- Zn-Forhaamgled ¥icigo pafip, @ﬁﬁdlugtlﬁap by @itanidn SOblhatidir Qmjﬁ?lssi‘ﬁrewfatd? 25
sem conductor |ayer, an In-Zn-O based oxi de sem conductor |ayer

Sn- zn- O bissdd ‘Bhd enacysiancemtimagdic 2 ayke pugp moymdcw@agé‘@l%%me In the

sem condyg, r

S O baseP L PHERLer AR s SrRn R RRuE BB BT IR vk R ol et or
| ayer is cosgound reopairting ul hydrogen atoni Bhctas oxatere (HeD) (fartterc prferhtdyen is
preferable. In this embodi ment, an anprphous oxide 30 sem conductor |ayer
i s f oPmeFORYPONRR CORlAINESR FRIPEM lamo And Hipdikerdre zerapyads atherehy tht HBREHW t h use
of an In- J¥ele | 0 an
VO 2011/ o@%@gp%’?%@glo/ ogg?ggeéingigdgﬁ{) %‘tfé’:}ﬁ 9‘3;‘?@‘3 t’tsegfr?nﬂecngfﬁlé‘ﬁ@%%%gﬁ 3§er
suppr ess rethecedr ystal | i zation of the |ayer; therefore, the oxide

sem condi@% | ayer may be fornmed using a target containing Si02 at 2 wt%
to 10 wt 9 | usi ve.

As an example of a deposition condition, the distance between the substrate

10  and the target is 100 mm, the pressure is 0.6 Pa, the direct current (DC) power supply is
0.5 kW, and an atmosphere of deposition is an oxygen (the proportion of oxygen flow ié
100 %) atmosphere. Note that a pulsed direct current (DC) power supply-is preferably
used because powder substances (also referred to as particles or dust) generated in film
deposition can be reduced and the film thickness can be uniform. The thickness of the

15 oxide semiconductor layer is 2 nm to 200 nm inclusive, preferably 5 nm to 30 nm
inclusive. ~ Note that an appropriate thickness differs depending on an oxide
semiconductor material, and the thickness may be set as appropriate depending on the
material. | | |
[0223]

20 Note that before the oxide semiconductor layer is formed by a sputtering
method, dust on a surface of the gate insulating layer 138 is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. The
reverse sputtering refers to a method in which instead of making ions collide to a
sputtering target in general spuﬁing, ions are made to collide to a surface to be treated

25  so that the surface is modified. A method for making ions collide to a surface to be
treated includes a method in which high frequency voltage is applied on the surface in
an argon atmosphere and plasma is generated in the vicinity of the substrate. Note that
a nitrogen atmosphere, a helium atmosphere, an oxygen atmosphere, or the like may be
used instead of an argon atmosphere.

30 [0224]

The etching of the oxide semiconductor layer can be either dry etching or wet

etching. Needless to say, both dry etching and wet etching can be combined and used.



[0219] 5As a target for formng the oxide sem conductor |ayer by a
sputtering nethod, a netal oxide target containing zinc oxide as a main

conponentwoaniing2issed, for exanpl e. ernati vely, a netalr/jexiicdesday get
containing In, Ga, and Zn (a corrp05|t nratiois 1n203: Ga203 : ZnO =1 :
1: 1 [nolar ratio], In:Ga:Zn = 1:1:0.5 [atomic ratio]) can be used. As the

metal oxide target containing In, Ga, and Zn, a target having a 10
conposition ratio of IntGa:Zn = 1:1:1 [atomic ratio] or a target having a

conposi t iEwehih@tdofditibnd (SuCh adretchidg fas) dictadt)ietchimgd tidle, @A t&hperatage)uged. The
filling factor of the netal oxjide targ@t is from90 %to 100 % i ncl usive,
and pr ef APRIAPyiatsly @@we%twﬁrdeecegwnh maiggial, 49 that thecoxide sempigenducioxi de

target w %‘ﬁk %QE I) éés@«gmftﬁ‘%gff%?ﬂh%é.de sem conductor |ayer which is a'
ca

dense fil A preferabl e atnosphere for

f or mat i orj0225]t he oxi de sem conductor layer is a rare gas (typically ar gon)

at nosphere, an _oxygen at nospher e, m xed tm)sphere of a rare,
B’é‘&‘qhﬁﬁ

(typically argditf SE3BPlExY genconsy Jney(a cj qﬁtnﬁﬂ)a&st gasysugh as chl OBP%f erably
used, in ) CRoRRA bﬁteﬂaétmgchet?a%umsﬂra@&me Y‘@i ): o?y&&ww'tetraemomg“ de is

reduced to 0 approximately Several parts per | on (ppm (preferably
appr oxi m{C€lly) saviee ainploged as peretdhing gasmse bix) t)ne c{rf)zﬁ:h]ng Alternativelfypa mat i on

f th d d t bst r at i nb t
educed’ e Setam ot GybEvRaeseEapanat of svpet sdfnupnep R BTimo ¢
i ncl usi veuodide PSEH Shitbieh RiHdet ) @r GiflidrdMethys (CPISR iyl emfafdnﬁdtaeat Ing

the substrate can reduce the concentration of inpurity in the oxid

seni d@ndHiBs); oxdigay (O2); rany @f theiso gases tonvibich ayrargpas seehi ashekinm (bis) pe@re@ed

Then, i N hydrogen and noisture are renoved is
i nt roducggﬂtl%t%gd?(ﬁe @r%e%(terre phc er<3;1'lrrt)er fromwhich remaining noisture is

bei ng rerfo¥®j, and an oxi de sem conductor |ayer is deposited 30over the
substrate with use of a netal oxide as_a targ té In_order tao renove

resi dual noi st d¥ethe gry giehinganethadia paaligl plate FﬁaFﬁYﬁT@rﬁ‘tet%EQJﬁ?‘BBﬁlrp is
pref erablgy ati%e@ (deth?eQ}té@ﬁ%?ﬁ?&ym&%gg%%@% BBuder ﬁ%gl;ﬁgrgﬁy Lsed.

cryopunp, an ani imation punp Is pr
The dSacubd |lmr Lintot demyd shepas, tthe lerhmgnpomplition (kb amdunt aofcelbdric rppprer I n t he

treatnment c er |ch s, evacuated with_use of the cryopurrp a hydrogen
atom a @Bﬂgﬁo"@\ﬁﬂ ﬁlﬁ‘:‘éocﬁfy opnk O rlesigicrpoxeer gppligd todPleqtiode + her
pref erablgh. ﬁb@tr&t@%@uﬂﬁg t&ﬁ{i@r@t‘uﬂa‘ HGthe ef‘e@fr@@é“o@&fé@xbst?dﬂéj sﬁi@ or! thgﬁké)r@
renoved, whereby the i1npurity concentration in the oxi de sem conductor

| ayer fomdmtedmsnhmopnaat ment chanber can be reduced. [0222] As an exanpl e
of a depcta'éﬁ']on condition, the distance between the substrate

20 As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic
acid, and nitric acid, or the like can be used. Alternatively, an etchant such as
ITO-07N (produced by KANTO CHEMICAL CO., INC.) may be used.
[0228]
Next, first heat treatment is preferably performed on the oxide semiconductor
25 layer. By the first heat treatment, the oxide semiconductor layer can be dehydrated or
dehydrogenated. The temperature of the first heat treatment is higher than or equal to
300 °C and lower than or equal to 750 °C, preferably higher than or equal to 400 °C and
lower than a strain point of the substrate. For example, the substrate is introduced into
an electric furnace using a resistance heating element or the like, and the oxide
30 semiconductor layer 140 is subjected to heat treatment at 450 °C for one hour in a

nitrogen atmosphere. During the heat treatment, the oxide semiconductor layer 140 is



10 and the target is 100 mm the pressure is 0.6 Pa, the direct current
(DC) power supply is 0.5 kW and an atnosphere of deposition is an oxygen
(the propwotnomsedssoxygen flow is 100 ? at nosphere. Notettyhatioasmo sed
direct current (DC) power supply is p|5 ferably used because powder
substances (also referred to as particles or dust) generated in film
deposition can be reduced and the filmthickness can be uniform The

t hi ckness of the 15 oxide sem conductor layer is 2 nmto 200 nm i ncl usi ve,
pr ef er abl ot exputed @ ABPtoPrevant bitsy yBwatblodrehydisilenan appropri ate thi ckness
differs degendl ng on an oxi de sem conductor material, and the thickness may
be set ad0adYropriate depending on the material. [0223] 20Note that before
t he oxide sem f f . . e d on a
surface of theq\géggkeiﬁli gg‘ﬁ%’tat%{%%raé aygélg%gép%{%ﬁb@g‘%ﬁe{roa%’l é}gcrtggalq %a Ei?lirﬁéver se

sputt eri ngay be shagparais whighhegs an objecnorteucadsednditiphas kendustigeoehaited. The
reverse sputtering refers to a nethod in which instead of making iaqns

col i de tradigtiapgiven MYr?gnteéwgwqhnaSg@ hedted 2apHor theplike. | 4ieg cx3BPlgnd daRig
col lide ttHcrﬁwﬁ%ﬁ@zﬁﬁ 199 @g%&ds&i 20 at tr @gﬂ&%&la&g\ebﬁn gkfr'A d. A

met hod f i ng |o to a surfac treate met hod
i.n whi ch appgyatusroe guamp yapid klicagel amea pry (ﬂ.@d“At)mppztretus lcari beesddn #m BRTAN

at nosphere and plasnma is nerated in the vicinit e .subst.rat Not e
That- o iaPPagEn menoaprar STt dents anbuitside frareresd bueHoRon b G o or

the |ike digy, ‘%He'iﬁclvédézta%@kdqfrorﬁﬂ 1%99&1@45@%@&%%11&% ﬁl%?ﬂﬂhde\ﬂ?n
2011/ 052383PCT/ 2010/ 067996 49 Etching conditions (such as etchi ng gas,

et chdfit , acxenonragc tamme 2 carbnt mﬁanatmhrg)l pagssurgrRod iy lame oy aaldgluste@surc n
accordance with.the rrg g’m {hat t he omg i mIh qng tar, er can be
processed 7S Pr%p de H’B pEAF 0287 BRI E MMp e aélélgncé'ﬁ i i ng

chl ori ne High-GMpetdtie-daas es Gasgalieh imst ©RIvHitl BodsGlod reach WithMancéHjedtitgle 4
(BCI3), tetrasilicon chloride Si Cl4), or carbon tetrachloride (]C014)) can

be enpl oyREcPragessed bythent tneptmant, ﬂsfédlsmifogmeraf@rea%wcws aygopds vegfli vel y, a
gas cont 3P?30;]g fluorine (a fluorine-based gas such as carbon tetrafl uoride
(CF4), fluoride (SF6), nitrogen fluoride (NF3), or trifluoronethane

( CHF3Y) ; hydr odren ekampliedss he frktBieht treatyget) GRPA magrye pdrfdrined as goldmes. t 0
which ar as such as, helium (He) or argon is added; or the |ike
can be us ?&im s placed in %&s‘nf“[‘\éaﬂwmé‘t‘&%qﬁ ﬁa‘eetﬁ%ép a lailaﬁeanpp@ﬁurﬁwét e RIE

(reacti ve;snop f 56y B8, hésﬁgeglhf&fj s9\';er "intes( %ﬂlﬁﬂ%@fé’r?%]dyarﬁpﬁ%r?gutpﬁ

et chi ng nethod can b€ n-or er to e ayer Into eS|red
shapes, theetedtindrt gas. c ONith tGRTA ( high-tanperaturoheat [teatmént fpowshompetioeédft 0 a
coi |l -shaped el ectrode, the anount of electric power applied to an el ectrode

on a subdimecan S gehieveh (Rumbher LFRFA igheatymeatment fosfo Skt period ghdimest e
si depgor tﬁé}@folré, K€danitR cﬂﬂilb‘yﬁd%eﬁ‘%n@&%rtgﬂbéﬁﬁﬁc cbRREH which is higher than a

strain point of the substrate.
[0231]
Note that the first heat treatment is preferably performed in an atmosphere
which contains nitrogen or a rare gas (e.g., helium, neon, or argon) as its main
25 component and does not contain water, hydrogen, or the like. For example, the purity
of nitrogen or a rare gas such as helium, neon, or argon introduced into a heat treatment
apparatus is greater than or equal to 6 N (99.9999 %), preferably greater than or equal to
7 N (99.99999 %) (that is, the concentration of the impurity is less than or equal to 1
ppm, preferably less than or equal to 0.1 ppm).
30 [0232]

Depending on conditions of the first heat treatment or a material of the oxide



20As 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, an

et chant swohoask3s® 07N (produced by NTO CHEM CAL CO. pcirN€010/n@ryode used.
[0228] Next, first heat treatnment is tef erably perforned on the oxide

sem conductor 25 layer. By the first heat treatnent, the oxide

sem conduct or | ayer can be dehydrated or dehydrogenated. The tenperature of
the first heat treatnment is higher than or equal to 300 C and | ower than or

equal t o sébondudibelifieabtie bixiResehidamiveforelyal i§ crfdifllicedndd| @vde shan a
strain point of the substrate. For exanple, the substrate is introduced
into an dnisgacrystalking file er g Pokigrystaling Gim i some sesepg Boresiample the pede i ke,
and the ' ' I S: ' . r nt at
350 C toreBinil SPILEERMREC Sl AR bl MU IS LAIBERdIERITT The

oxi de serma¢igdsl egree! Gty iysthfitkation MR G4 br Oadrd IPTU P2 LAORS 7 FAethe) not
exposed to air to prevent“entq;ty of water or hydrogen. [0229] . Note
that & helgpendingondhn cerpbuonst efsthe firploheat itieptment apd dhe alatasial PE dhe oxideace,

and may %@m%nﬁtg&)?{ %tyEF t}%'i %d@%%?coﬂ%c?% ﬁi&%{ tbgc&ﬁ‘e by Cﬁ&ﬁgmj\[’svi d@eat

conducti on or a adiation grven um such as a neated gas or

the |ike.sefnfdon@xasilhger confadiihglné bigstatHineomahdni@n (fMEAGaseppar at us such as a
gas rapid _thermal annealing (GRTA) apparatus or a lanp rapid thernal
anneal i nd0¢33%TA) apparatus can be used. An LRTA apparatus i s an apparatus

for heating an m@io‘ige steﬁiaﬁldg&?f;%%&gqféﬁy bEM A %d@%eﬁrxicsmuc(cﬁrlayer in

el ectromagneti c wav emtte anp such as a hal ogen | anp, a netal
hal i d@ | amigch AGniaroceystaldlirer portiam{with acgminodiameter [gaemer thathogbquat ésdume sodi um

| anp, or a Nhi ressure rcury | . A GRTA apparatys is appar atus for
noat 1 DU TGt el PGP YR AN Egh e AL ol 1g 2m 2 EselPBn Ghs  whi ch
does not cGBAGD 4'hil eRis ﬁlbmsxhomo@@oﬁa%@ﬁ&@ﬂdmoﬁg& edanfiAd, B&irfac8@gh as

nitrogen or a rare gas such as argon is used. [0230] 15For ‘exanple, as the

first hedhe oxidasompigenducRTeyegy be perfornmed as follows. The substrate is
pl aced irtogsx}1 inert gas which has been heated to a high tenperature of 650 C
to 700 C, ezlt ed for several mnutes, and transferred and taken out from

t he heated i neFurtBérs whith inficiobiyAtal i glipnke i afmdipHoRs,edtrié crahdremdtics of a
short period of tine can be achieved, Further, GRTAis heat treatnent for a
~ short perth®@xige semigondygior lpyeeeasy Be changsdn Ber exampigca the saseuyyhere the

E gggi]r At U G1e SRR SrlaBB oty 6D id rilkd 16he WRAR-Ga-Zh!GbisedTh&t Slial BfgauRst rate.
microcrystalline portion where crystal grains of In.Ga;ZnO; having electrical
anisotropy are aligned is formed, whereby the electric characteristics of the oxide

20  semiconductor layer can be changed.
[0235]

More specifically, by aligning crystal grains of In,Ga;ZnO; whose c-axis is in
the direction perpendicular to a surface of the oxide semiconductor layer, conductivity
in the direction parallel to the surface of the oxide semiconductor layer can be increased,

25 and an insulating property in the direction perpendicular to the surface of the oxide
semiconductor layer can be increased. Further, such a microcrystalline portion has a
function of preventing an impurity such as water or hydrogen from entering the oxide
semiconductor layer.

[0236]
30 Note that the oxide semiconductor layer including the above-described

microcrystalline portion can be obtained by heating a surface of the oxide

semiconductor layer by GRTA. The use of a sputtering target that contains more In or



Note that the first heat treatnment is preferably perforned in an atnosphere
whi ch contains nitrogen or a rare gas (e.g., helium neon, or argon) as its
mai n 25 cwoponankisand does not contain_water, hydrogen, porgptrobékes For
exanple, the purity of nitrogen or a Par e gas such as helium neon, or
argon introduced into a heat treatnent apparatus is greater than or equal
to 6 N (99.9999 9%, preferably, greater than or equal to 7 N (99.99999 %
(that is, the concentration of the inpurity is less than or equal to 1 ppm
pr ef er abl ¥a {haf IntchableOs nRQH glreféﬂable okideR@hicoadudtorBdr to ¥Oformed.
2011/ 052383PCT/ JP2010/ 067996 51 sem conductor |ayer, the oxide
serm condU®23f 1 ayer is crystallized and to be a mcrocrystalline filmor a
PO' YCWSta"'“@rhf'ﬂ]H;Q héht %%g&e%?%a. perforii¥ 4;1 thet&?deoé%nﬂg cﬁl@o‘r“i yetor
ayers may crystal ize ecorne cry I Né seni con ers

havi ng a wiigh &as abt beansprakbtsséd int® rnheofslﬁﬁ s%lperd oxide seicoBductorolay o149,
Further 5 depending on _the conditions of the first heat treatnent and the

mat er Pal IBf"h%th%I“S%x'ﬂlefé the first disafuEeadments dher substiate d ftaken Qukifogh Hischeting ay er
becones q@P%qR&gggu hgﬁﬂﬁkﬁéﬁiggfeﬁqyﬁﬁﬂﬁHJayer containing no crystalline

conponent ‘I n ot her cases he" ox1 de semi conductor | ayer mi ght becone
an oxrde[ﬁéﬁﬂconductor | ayer in 10 which a nrcrocrystalllne portion (wth a

grain diameter greater than or aI to 1.n Ie than or equal to 20
nm typically gré&t ﬂr%ﬁrﬁtdrateﬁ cRtcas i B g r@sieirﬂ@ﬁoaﬁreéaﬁ%nt %o 4 nm

exits in dely EraBBH Pre 20l b&RMRCP ROLFELCAVe {f Rhy8BAPbEdelR didPechfy @E the
oxi de senrcd%ggctor Igyer) [Og%4] 15Furt%er ahenﬂg1cr%§r§#% ﬁﬁ% al i gned

i n ankdr pruds, Seml@;mldrlctor biyer 4k edi ispogsibloto péréormxdugh dsb)rdrvmndmatmﬁntloayer can
be chang he.case ere. the .oxi S onduc | ayer is
For mea ey iSherplBEleGimda? gt P Mo i EioR Hef HORH SloPkip e
portion Wagfce dndydiasl eREROAS 1@Ersh8x%laza@&1dbayddﬁgoﬂ@ﬁﬁrlay‘eil 140)ig504fteppy are
aligned is forned, whereby the electric characteristics of the oxide 20

sem condJ@F@PgladV@WC%ﬁenan\é‘a@&}@g@dOVeF (¢he3sgjurce and drawml@:t@ﬂééayrer&: alSugh py
al i gni ng &Pg&%@é QL t&fdeh?&‘ég&é \@Q%ﬁt fna E ﬁ(ﬁlcieﬁ rhJIE et ogl%é' on
(0] () 4 uc

per pendi cu a sur ace 0 det'sem co ayer, conductivity
in.tHé di[o23d]i on parallel to the surface of the oxide senlconductor | ayer

can be increased, 2 and an in ulatin opert in the direction
per pendi cul ar DXt e§8\"1°5c?ée°8f’ ¢ F’f’é’eb}g %‘E %‘ﬁﬂh@?ﬁfoqeal%"rr LG22 25%

e o onf 8o B SHOENSI AU LSHRLORR 0 L R
sem Condukt@rdubmvjﬁelayer[lé Ag6ied to cover the oxide semiconductor layer 140 and then partly
etched, so that the source electrode layer 142a and the drain electrode layer 142b can be
20 formed.
[0240]

The conductive layer can be formed by a CVD method such as a plasma CVD
method or a PVD method including sputtering. Examples of the material for the
conductive layer include an element selected from aluminum, chromium, copper,

25 tantalum, titanium, molybdenum, and tungsten; and an alloy including any of these
| elements as a component. Alternatively, one or more of materials selected from
manganese, magnesium, zirconium, beryllium, and thorium may be alternatively used.
Further alternatively, aluminum combined with one or more of elements selected from
titanium, tantalum, tungsten, molybdenum, chromium, neodymium, and scandium may

30 be used as the material. The conductive layer may have either a single-layer structure

or a staked-layer structure of two or more layers. For example, a single-layer structure

of an aluminum film containing silicon, a two-layer structure in which a titanium film is



30Note that the oxide sem conductor |ayer including the above-descri bed

m crocrystalline portion can be obtained by heating a surface of the oxide
sem conduwwbanil@yms by GRTA. The use %f a sputtering targeurthabeomnt ai ns
more In or WO 2011/ 052383PCT/ JP2010/ 387996 52 Ga than Zn enables a nuch
pref erabl e oxi de sem conductor |ayer to be formed. [0237] - The first
heat treatnment nay be perfornmed on the oxide sem conductor |ayer which has
not been processed into the island-shaped oxi de sem conductor |ayer 140.

51 n that gaked oati & aldiginfunr film,hedlireé-tB0t BRIdturet MEwhithd fih@um Filinglegn out
fromthe heating apparatus and_a photolithography step is perfornmed. [0238]
Not e t hataluminuny file, and aititaiwgdmare stagked)in ghip grdep|and theddipy@p eigdient r eat ment
or dehydr g@ﬂation treatment because it is effective in dehydrating or
dehydr ogenati'ng the 10 oxi de sem conductor |ayer 140. It is possible to
perform such dédibelr dtraviolet rayt adkitF hserdsdayd roogmnAtE tasert beand lie ptefahiler
formng the oxide sem conductor |ayer, after stacking source and drain

el ect Bode“SFgg%fre%‘P%’é?SfPﬁ@a %gaee@fﬁgc‘a uct or | ayer 140, or after forming a
protectiwgzhﬂpulating | ayer over the source and drain el ectrode | ayers.
Such dehydrat’ion treatnment or dehydrogenation treatnent may be conducted
nmor e t han once.Thesdh@@sd]length (L) ofNbx trandifter salstarminelddryt tho déstdnmy betwiedla and

the drain electrode.l ayer, 142b are fo ds s tp . be ipn contact with the
oxi de senEGRITAN BPR T ey seted elocwads Taysey4 7o and i harfogt PPLa, of ther o e
to cover dihm eledudae 581 CAMIUTH @e da8Y RihereAfle @RshneRAAAL) yshoken@dn 250 t hat
the source el ectrode | ayer 142a and the drain electrode |ayer 142b can be

20 f diOnechm{ expesireTioe neaking i tmask isagestormed with pen pbexisyme ultiaviolelt Wl such
as a pl as%eggg'r gl?irg%javgfengthg V(E gg@%&?qlaln&%le{égs' B 2PNt &hd Y- nali:%ﬁn@%lrf s of

the material
Exposure with extreme ultraviolet yields high resolution and a great depth of focus.

Therefore, the channel length (L) of a transistor, which is formed later, can be from 10
nm to 1000 nm inclusive, and thus the operation rate of the circuit can be increased.
15 [0243]
The materials for the conductive layer and the oxide semiconductor layer 140
. and etching conditions are adjusted as appropriate so that the oxide semiconductor layer
is not removed in etching of the conductive layer. In this step, the oxide
semiconductor layer 140 is partly etched to be an oxide semiconductor layer having a
20  groove (a depressed portion) depending on the materials and the etching conditions.
[0244]
An oxide conductive layer may be formed between the oxide semiconductor
layer 140 and the source electrode layer 142a or between the oxide semiconductor layer
140 and the drain electrode layer 142b. It is possible to successively form the oxide
25  conductive layer and a metal layer which is to be the source electrode layer 142a or the
drain electrode layer 142b (successive deposition). The oxide conductive layer can
function as a source region or a drain region. Such an oxide conductive layer leads to
the reduction in the resistance of the source region or a drain region, and thus
high-speed operation of the transistor is achieved.
30 [0245]
In order to reduce the number of the masks used or the number of steps, a resist

mask is formed with use of a multi-tone mask which is a light-exposure mask through



conductive layer include an el enment selected from al um num chrom um
copper, 25 tantalum titanium nolybdenum and tungsten; and an all oy

i ncl udi ngwany11@ls2ishese el ements as a cagnponent. Al ter nabpicyab¥100699r NOre
of materials selected from nanganese, 5ﬂ‘agnesi um zirconium beryllium and

thoriummay be alternatively used. Further alternatively, alum num conbi ned
with one or nore of elenents selected fromtitanium tantalum tungsten,
nmol ybdenum chrom um neodym um and scandi um nay 30 be used as the

mat eri al .wHiBe 16B0dY GkdndRitady &) haRY ahgNealRy tdteintéhsiicBOhfd |edtBig ShdyusE Ure or
a staked-layer structure of two or nore layers. For exanple, a single-layer

st ruct ur epeoprmed withrisp oftle tesisicbagkai Himgy asfesist mask formgd usiagay mult-i@Beure in
which a t] um filmi . 011/ 052383PCTY JR2010/ 0674996, 53 st acked over
an- ol um AR e ol ik e APC Pl Rl e Ay Sl G o

al um numtyi petforminek asHing, aRé Wesidtithavkadam I5d asddeth a phirhiity ofr eleing anegs the | i ke
can be given. [0241] Here, ultraviolet rays, a KrF %ase_r beam or
an Ar P | Jseyidediferens ppiterper abheyefore, a sesist gpask gpmesppading & atdaast fwjo kindst chi ng
mask. [O . Tale] f angi st i rm ned
by the di%;{tf?‘]latfrff%:rgntbpeattt\'/\ale;l;leg'ralca¥i @}Eﬁlﬁdﬁ g%p% iglg)r%u%f “’E‘?g‘aé%u Pﬂée‘ﬁéﬁ%&lﬁ%%gto?ayer

142a and ligheehmistem masksi ocanof bd heediced nasd eahe odembeay eof 14@Mespbindine case

where the channel length (L) is shorter than 25 .10 nm . exposure for naking
a mask igha@f yufteRs éP:f'ealé‘P be,derusees Wherehy: Bmelifigtion @fxftrzwrygs hor t

wavel engtpg;Rfi several nanoneters to several tens of nanoneters. Exposure
with extreme ultraviolet yields high resolution and a great depth of focus.
Ther dor 0246je channel length (L) of a transistor, which is formed | ater,

can be from 10 0.1000 nminclusive, and thus.the operation rate of the
circuit can be I\F"H‘]éf“é%’ aymaqtesalpong using ‘a gas syeh a5 NaQy Np. 01y lstPIrS%eéﬂﬁ}ﬂucti ve

| ayer andohitédhfié thembeegivetR! ThY PlaskhOireittle @t ehioves GafdidritROsikar e
adj usted as appropriate so that the oxide sem conductor |ayer is not

rermoved ithateadbpiendo gn expesedotwiaes Pl éha aide semicopdyciorsiagey, méheopiagraa
b ﬁg”g%@a{?ﬁen't,aayrﬁfxeﬁ%‘?as bPoRBeh h¥d S5H Gthylse i€ 2N OXide sem conductor |ayer
15 [0247]
Next, the protective insulating layer 144 which is in contact with part of the
oxide semiconductor layer 140 is formed without being exposed to air (see FIG. 13G).
[0248]
The protective insulating layer 144 can be formed using as appropriate a
20 method, such as a sputtering method, by which an impurity such as water or hydrogen is
prevented from entering the protective insulating layer 144. The thickness of the
protective insulating layer 144 is at least 1 nm or larger. Examples of the material for
the protective insulating layer 144 include silicon oxide, silicon nitride, silicon
oxynitride, and silicon nitride oxide. A structure can be either a single-layer structure
25 or a stacked-layer structure. The substrate temperature for the deposition of the
protective insulating layer 144 is preferably higher than or equal to room temperature
and lower than or equal to 300 °C. The atmosphere for the deposition is preferably a
rare gas (typically argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of
a rare gas (typically argon) and oxygen.
30 [0249]
When hydrogen is contained in the protective insulating layer 144, entry of the

hydrogen to the oxide semiconductor layer 140 or extraction of oxygen in the oxide



20 groove (a depressed portion) depending on the materials and the etching
condi tions. [0244] An oxi de conductive |ayer may be fornmed between

t he oxi deweenmiasesdact or | ayer 140 and 5%he sour ce el ectr ede/Jpamenc7ad?a or
bet ween the oxi de sem conductor |ayer “140 and the drain el ectrode |ayer
142b. It is possible to successively formthe oxide 25 conductive |ayer and
a netal layer which is to be the source el ectrode | ayer 142a or the drain
el ectrode | ayer 142b (successive deposition). The oxide conductive |ayer
can functseiiicodduéos Riye€ €40 B itk h@drogendisadalsede Beeby rhalcihg dlie fsist@ceonduct i ve
| ayer leads to the reduction in the resistance of the source region or a
drai n r egh®backghannel sidenphthes peide ssmigoadneior bver Aa0 dewnse dhasra paragitii eved.
30 [0245] j i iS5 t 1Lt . p | d j Lties,
and- ot ohy Ll ey, O, | TRERAAL, K sRHRKR By Wi olrbarRn bEHEL [
mask f or nehichidydrggen isuot usdddreenipleyedniarderpd foral the praéctivieiindoiaigdsyer
(step-like shape). and.can be further changed in shape by perform ng ashing,
the resi s]t44rﬁ9§@“ti%aso]émﬁ§e‘é Ogﬁ“ésﬁﬂséﬁbg'i ty of etching steps to 5 provide

di fferentgpgdit erns. Therefore, a resist mask corresponding to at |east two
ki nds of different patterns can be fornmed by using a nulti-tone mask. Thus,
t he nunber of [If ghpredorplls upeformsths mratectre msdlatieg layed t4dewhilebemowving

correspondin hot ol.i t hogr aphy s s .can_al so,be reduced, er.eb

b e Sagning b B R L SRR n Butef st i K5 GOee R DU Tt as e
t r eat MeNtmyiSfuRdframins titbred SntddRe okide sericdhdihctorlh @drer4ding tﬁ@PfHd&ItﬁQ after
the above process. The plasma treatnment renoves water or the [ike that
adherl®s tipsWatingdpypsdd4surface of the oxide seniconductor layer. In the

pl asma tgﬁaggent, a m xed gas of oxygen and argon may be used. 15[ 0247]
Next, th tective insulating |ayer 144 which is in contact wth part of
t he oxide semnm dnnedeite rethayeresiidl mbisfudé iretheirdabrfelit dhembex, ax Rasgsném ai r
(see FIG 13G . [0248] The protective insulating |ayer 144 can be forned
usi ng as ‘REPHBIUTR dS avr%eraﬁbft Mg JQEExamPple, S GHYORPIAg 2R dPARIMIbYORAA| ch an

i mpurity (gus r ' 2V e er] t

protecti ve%ﬁ?ﬁgﬁg% 3{1/131}9’ %4@9@%%?tuEeIFagk%g&g&ﬁﬁﬁi@%ﬁﬁg@%eﬁﬁrﬁgul ating
| ayerl5144puny mbvidedstithla cukd tap.| aingbe tredbrenpihambef whivh isretaenatad withrusthe -
protecti \C/}%}hnsul ating lLayer 144 include silicon oxide,, silicon nifride,

silicon § CEORUMPA AYSIQER 3P 4 FOTROW cputaining @ hydrogen 31am SYch @8 her 4
si ngl e- | ayakr 0N LHI AE TR ard EhROKE dyharBY 1R THBUHY CoonlifrabiBRShr &t ©

tenperature for the deposition of the protective insulating |ayer 144 is
pr ef er ablprotattijrednsulating layerdgddormed in dhmtreatmpetrchamber @andelredwsedt han or equal
to 300 C. gﬁ at nosphere for the deposition is preferably a rare gas

(typi cal I[9 gon) atnosphere, an oxygen atnosphere, or a m xed at nosphere

of appare gas m%b%t%x%g%ﬁisg@mr tAE e s HDANDT tROpbR2AYd insWifting layer 144 is

2011/ 052383PCT/ J 996 55 sem conductor 1layer 140 by the hydrogen is

caused, tPieferbly mrhighipyritheas iasyhiehthecopeentiatiomatn ety sughos hyrdragee, oxi de
e NS UEf ki b ApPAORREN S EUPRRS o GO,
i's not ugprtfarebleapproyinlately sevatalrpaits pbobittido@pp))ot ective insul ating | ayer
[0253]
25 Next, second heat treatment is preferably performed in an inert gas atmosphere
or oxygen gas atmosphere (preferably at from 200 °C to 400 °C inclusive, e.g. 250 °C to
- 350 °C inclusive). For example, the second heat treatment is performed in a nitrogen
atmosphere at 250 °C for one hour. The second heat treatment can reduce variations in
electric characteristics of transistors.
30 [0254]

Further, heat treatment may be performed at 100 °C to 200 °C inclusive for



5144 containing as little hydrogen as possible. [0250] It is
preferable to formthe protective insulating |ayer 144 whil e renoving

noi st ur e weeiisiggsi N the treatnent chgnber, i n order te@cRIPYRIbeBYAr ogen,
hydroxyl, or noisture from being entePBd into the oxi de seniconduct or | ayer

140 and the protective 10insul ating | ayer 144. [0251] In order to
renove residual noisture in the treatnent chanber, an entrapnent vacuum
punp is preferably used. For exanple, a cryopunp, an ion punp, or a

titani umfgdhklonBBouP o BOMOulsSinPLiefl ermd hyatUstmenthBayeBapedbinRdll Mna fixedy be a
turbo 15 punp provided with a cold tra In the treatment chanber which is

evacuat ediepfing teperaiprey hé\ltgﬂgatipdmaotheatogwmgg@wna@ dmntheaheasimgoamgperabnie ai ni ng
a hydrog such a er (H20 and the.| i are remye er eby the
e £y T pE bR P eiles iR e it (SRR AT S BIRLE"Y I

t reat mentroéiiashpérated td0LtechipRri®dd of [10852]to 206 *canéllavd At GRA desesheli@s t he
deposition of the protective insulating layer 144 is preferably a

hi gh- pur iregmdempératuphi diurthhe this heatrireatménd mnayf beaperfarmed ibefpre fermatien f dr ogen,

wat er, hydroxyl .. or. hydride is reduced to r oxjmat el ver al ts per
w11 on S0 o iaiing Bl HEE et BaBSRE WISt PR e o

[ 0253] 25betkig tiheeanbe bieenéd. e dte filat itlsis BEA tRARRYNY nfagbe PeBemedlingead ner t
gas at nosphere or oxygen gas atnosphere (preferably at from 200 Cto 400 C
i ncl usi veofthe S@?orzls@aég@%mss@r@eﬁﬁen@sw@l)@ and gftepbhg sprosd heptdreaiBgiid heat
treat mentghssyperformed in a nitrogen atnosphere at 250 C for one hour. The
second heat Jreatnent can reduce variations in electric characteristics of
trandDstors. 3WexkQ2e| inttrorr dnsuliting layer 304 asirformed aover thhi proksetive

t r eat ment, . be perforned, at fixed heating t erat ur Alternatively,
the fol | SUAmENaYEd 4 (oeeitChidhy né?‘f’é‘?'?ﬁ@?y_ﬂ | kg bajer 196 eRneclamBedyr o
times repgal BdbYmethd® I€XD ABhbERERATIRE € TR ihi&ﬂﬁﬁ‘fﬁﬁﬁlzﬁfn‘gﬁh 2QUb can

li
tenperature to a tenperature of 100 C to 200 C inclusive and then decreased
to 5 roorpetfermed nsing @ matgrialhincludingi an inerganicr wsulating mateyiab suglens oitivenl bef or e

formation_of t.he protecti.ye insul at.i.n ayer under r.educed, pressure. Under
Feduced. S PR BT sypr g hab R ot Aot S SR NPT RHI s oy
treatigentoxiRy PEteP SoimRdtivRtof thetifRela®r nb\BathAC RYer NeRtit i pRifeable Rit a
performed before and after the second heat treatment. [0255] 10Next, the

i nt er | ay&hrfageshel planasiged by EMR ghing, eothgdiieover the protective
[0256]

Next, openings reaching the electrode layer 136a, the electrode layer 136b, the
electrode layer 136c¢, the source electrode layer 142a, and the drain electrode layer 142b
20 are formed in the interlayer insulating layer 146, the protective insulating layer 144, and
the gate insulating layer 138. Then, a conductive layer 148 is formed so as to fill the
openings (see FIG. 14B). The openings can be formed by etching using a mask. The
mask can be made by exposures with use of a photomask, for example. Either wet
etching or dry etching can be used as the etching; in view of microfabrication, dry
25  etching is preferably used. The conductive layer 148 can be formed by a deposition
method such as a PVD method or a CVD method. Examples of the material for the
conductive layer 148 include a conductive material such as molybdenum, titanium,
chromium, tantalum, tungsten, aluminum, copper, neodymium, and scandium; and an
alloy and compound (e.g., nitride) of any of these materials.
30 [0257]
Specifically, as an example, a method can be employed in which: a thin film of

titanium is formed by a PVD method in a region including the openings; a thin film of



insulating |ayer 144 (see FIG 14A). The interlayer insulating |ayer 146 can
be formed by a PVD nethod, a CVD nethod, or the like. The interlayer

i nsul at i ngol2ayars2346 can be forned usigg a material inclpaaiypgienc7osor gani c
insulating material, such as silicon 3% ide, silicon nitride oxide, silicon
nitride, hafnium oxide, alum num oxide, or tantalum 15 oxide. After
formation of the interlayer insulating layer 146, it is preferable that a
surface be planarized by CWP, etching, or the like. [0256] Next ,

openi ngs digide hitsiguihHe fenedt iyosd €V ysthol3 @ad atthfgstdrefilni adforinay &6 filldéb, the
el ectrode | ayer 136c, the source electrode | ayer 142a, ~.and the drain

el ect r odePERpes. 1Hetp the titapiem fpiogmed, by ﬁé’Ylatrmth%%@Wwam%e flhrg/er 146,
the prot eacftag\fﬁeffg'& s B gfiglgc%eéonfa%f‘res Pt W‘?thgtﬂE? «f}séf%]&lto'dgq??,e?y erel38-

Then, a conductive layer ornre SO as to e openi éee FI G
14B) . Thehopkeoiredyslagani 36e, thercheetroby lagtc |1136bg tmselagrcalermﬁd( 13‘6b,ethmeukrcean be

made hy exposyres with use of a ph far a Ei t her et chi ng
or dr3 et éi@ﬁ 69%1 @g drajn fiﬁtcernq&ﬁéayer ﬂ43'i%e tH‘F‘&‘PB’f @m%f“* é&f?on dry
25 et chi ngrmh&i Hi&f eI % s fuﬁ&?orpéa%%g?kkéf éxfh@ib?nrof]a“&nﬁiﬁ@mtéemﬁfefﬁpd by a
deposi tion method such as a PVD net hod D net hod. Exanpl es of the

mat er i al Huothex, hfterdbeHarcier {ibn batianiuig ditamahmaeide, amhnjhloez isfernmaly e copgder such as
nol ybden titanpum .chrom um tantalum tungsten, alum num copper,
neodyni u:ﬁnna‘H @%g’ﬁ'&?ﬁﬁ?a%ﬂ‘%@?ﬁ?%y and conmpound (e.g., nitride) of any
of these [ (mggtgrl als. 30 [0257] WD 2011/052383PCT/JP2010/ 067996 57 nitride
titaniumis fornmed by a CVD nethod; and a tungsten filmis formed to fill

the dfenings. dtes the ﬁ@duptlmwlaum 148 in fosmagcpast ofathpvondeativedayrs dBds zes an
oxi de fil gﬂtn éf"QY e{lhﬁ]rf P50t t?% 1 L H\%en e?lqul@tcﬁ’lilgg&ﬁgs a&nxc?ﬂ‘)"‘lt{hug he

| ower el e ayer ere, e elec & electrode | ayer

136b, thexpbsed] tipdeby @ymiind 3be, eléduedsduyaelﬁ)aelthcteﬂaﬂedé dygdr 13, thand t he
drain electrode layer 142b). The titaniumnitride filmforned after that

has a barl§cPds layet Lo, tthe §l§ﬁtﬁﬁ>®s1§%r 130ds pndh thr elgcteqsts davari 1p0e fegeefiGal .

Furt her er m , e like
is for mec}aiz CI(\)I%%ZPQ?F lﬁénet%%%le%gbﬁ)r kert by’uﬂgb Sféggrle%}é%pwdgl HF CI%EK]OH?ON ter
t he donduayer ViEOkatter eltdtgodes ldyer 180d, pat theotlettnadec taydudb0w eard dymumedl ¥y i s
removed by etchin r.the |ike nd .t he i r insul ating | ayer
136 1 o 1 AtOURE g0 Me-ray G Iy 4ot t EsrrabE ) &rpiame duteribe’

el ect r odgofmasde’ BYOHknari, tﬁl: QGiHERYT théMEdrla éoﬁsulhhﬁgnﬁ &Ci4608R didyRbe 150d,
and the el ectrodée 1ayer e (see FIG 14C). Note when the el ect rode

| ayer 150ayer lh@a, sheeleetoatie lhwelﬁob_stbb electiedeelagert 15@@ethtEldCa§bé¢ lays0t30d he

el ectrode_| he e ect ode e forned by, renovi ng
oot of At et bR ol 5 floBR0de) AP o mind Ryer oA FeOuERF T mce be
fornmed. ByyeRlo2fed il dag behgefotablyafoemed id tie ldtettsedp. ayer insul ating |ayer 146,
the el ectrode | ayer 150a, the el ectrode |ayer 50b, the el ectrode | ayer

150c, thd0%&1%Mctrode | ayer 150d, and the el ectrode |ayer 150e, an el ectrode,

a wring, an i 'ﬁ;ﬂh {l&QQnJuﬂﬁgrlagerﬁngic%grggtf A0 o%glluﬂése{egﬁlﬁflg El‘[& elddiigge CaN be

preferably for he 1’ nsul ati ng
| ayer 152ayes 1504, nEtlclectraticdpgsnilsgb, the akbirode laher B0erthe eiitiody dayed HSRl, t he
el ectrode Ia%‘l 150b, the el ectrode | ayer 150¢, the el ectrode I%yer 150d,
and the @ndctieoelectiodselayesddOs ae tirmed inthen Bisplabng daysig 1pay edham22 Then,

a 25  conductive layer is formed so as to fill the openings. After that, part of the conductive
layer is removed by etching, CMP, or the like, and the insulating layer 152 is thus
exposed, thereby forming an electrode layer 154a, an electrode layer 154b, an electrode
layer 154c, and an electrode layer 154d (see FIG. 14D). This process is similar to the
process for formation of the electrode layer 150a and the like; thus, detailed description

30 is omitted.
[0260]

When the n-channel transistor 164 is formed in the above manner, the hydrogen



25 conductive layer is formed so as to fill the openings. After that, part
of the conductive layer is renoved by etching, CVMP, or the like, and the

i nsul ati ngolavifrs23k32 IS thus exposed, thereby form ng apcelipsditecoed ayer
154a, an el ectrode | ayer 154b, an el ed®r ode | ayer 154c, and an el ectrode

| ayer 154d (see FIG 14D). This process is simlar to the process for
formation of the electrode |layer 150a and the |ike; thus, detailed
description 30is omtted. [0260] concentration of the oxi de sem conduct or

layer 14QohSentadiO Bt ﬁﬁ%iﬂ%’s%ﬂﬁéonﬁﬁctbflﬁénolr@ﬂg sk6 gzitéﬁ@kﬁlpfoxclﬁ%ﬁ Blhd of the

n-channel transistor 164 1s 1x10-13 | ower. Such an 'h-channe

t ransi st ahe dbffdstitacunentexakt hehbhnmh anastter 164 i< sxi105Yagdrilowehe Sucgan
circuits described in Enbodinments 1 to 6, whereby, reduction in standby
pover and-etaspeleansistorsiad haying icyerlisnt ehasagteristiss ds pegd in thenlogic Girwitayed.

[0261] < B Gatd 15 ELGS. 17A
and 176, Snd e EnRARATEY 305, yhercby iehilidimin By bV IR s ot

st r ucur asalffnctibe ofithe hagio eircutit @ndiesichievddb4. Each 10 structure of the

t ransi stcir Oillustrated in FIG 15, FIGS. 16A and 16B, FIGS. 17A and 17B,
and FI GS.[038 and 18B is the same as that in FIG 11. [0262] FIG 15
i1 ustratepoaiti@lgnBksmpk 5t he n-channel transistor 164 having a structure
in which the gate electrode |ayer 136d is placed bel ow t he oxi de

sem conduct or [HGet5,IHGH0 18Adndht6B,dkliGse 1@heutdr bR, dndyBIGS14BA amd18Bie drai n

el ectrode,l r 1 re in contac i th ottaom surface of.the oxde
cem cond BegE mpdimal ey of Sttty ¢ 8 1 AR CE P R
st rugpur etriubtufd 6% thd dramsiglot 160 iHuEtHEEMINEFIGN1 5 IFEGE516.4 ab D €6 BAFGS. PMA@Rd Whi ch
t he oxi de sem conductor |ayer 140 is connected to . the source and 20 drain

el ect r odel 7Baged EIGY A8 Annd 18Bp themame asdhatin FKp 1dyr f ace of the oxi de

sem condjg%)j | ayer 140 is in contact with the source and drain el ectrode
| ayers 1472a '@nd 142b in the structure in FIG 11, whereas the bottom
surface of the Rigi Heillasifitesckxainple bfadie h-chdfhnel srangistooddatedving 4 dinichge sour ce
and drain electrode Ig%ers 142a and 142b in the structure in FIG_ 15.

Mor eover 10 (chy ther gate pleetrods laper 1304t 1&&%ﬁ°ﬁ%§ﬁh%ﬂlﬁz‘8‘é%iﬂfﬁl§°94\l¢&f da¥ef er ent
arr aﬂggﬂgfab Rk 1Y J&‘ﬁfce%h&%ﬁ@ﬁ%@xhlm dnB S @&Weét@}i@ ﬁFﬁy&ﬁﬁzﬁ € i &diffact The

~det ai each conponent are’the sane as those
with a bottom surface of the oxide semiconductor layer 140.

[0263]
A big difference between the structure in FIG. 11 and the structure in FIG. 15 is
the position at which the oxide semiconductor layer 140 is connected to the source and
20 drain electrode layers 142a and 142b. That is, a top surface of the oxide
semiconductor layer 140 is in contact with the source and drain electrode layers 142a
and 142b in the structure in FIG. 11, whereas the bottom surface of the oxide
semiconductor layer 140 is in contact with the source and drain electrode layers 142a
and 142b in the structure in FIG. 15. Moreover, the difference in the contact position
25 results in a different arrangement of other electrodes, an insulating layer, and the like.
The details of each component are the same as those of FIG. 11.
[0264]
Specifically, the n-channel transistor 164 illustrated in FIG. 15 includes the gate
electrode layér 136d provided over the interlayer insulating layer 128, the gate
30 insulating layer 138 provided over the gate electrode layer 136d, the source and drain

electrode layers 142a and 142b provided over the gate insulating layer 138, and the



[ 0264] Specifically, the n-channel transistor 164 illustrated in FIG
15 includes the gate electrode |ayer 136d provided over the interlayer

i nsul at i ngol2ayes23838, the gate 30i nsul_ating | ayer 138 provijdadoosmese t he
gate el ectrode | ayer 136d, the sourcesgnd drain el ectrode |ayers 142a and
142b provi ded over the gate insulating |ayer 138, and the WO

2011/ 052383PCT/ JP2010/ 067996 59 oxi de sem conductor |ayer 140 in contact
with top surfaces of the source and drain el ectrode |ayers 142a and 142b.

I n addi tigxide saticondiRtor-1ayan@l int E@itddt Stieh topbdurfdcbe opithd e@irtey and risdihat i ng
| ayer 144 is provided so as to cover the oxide sem conductor Iager 140.
5[ 0265] electrode dayess 142ananhd43lpB lagadditiqn, @yer theen-ghammel HapHEPT dbhnbE st or

164 i . e . . . .
e conddipiset S aRbdhElaF FAF pidiia i LB R bAC BHELRGREIGT, - |
whi ch t hel4®ource and drain el ectrode |ayers 142a and 142b are in contact

with a bottom surface of the oxide sem conductor |ayer 10 140. FI G 16B
i || usPr atl8463n exanple of a structure in which the source and drain

el ectrode | ayerfflG%.Af?cﬁA%q 1682 acf Riubifat€ QLR anpLT Rardish@P164 5 RhfenOhe t NE

oxi de sem conductor [ayer 140. [0266] A big difference of the structures in
FI GS. 16Aatncledtédicf lapen 136dsie providédCoverlthd DxatedseRiicorntiuctos layeatl40heFl§at e

el ectrode, |l ayer 136d i s placed over t.he ,oxide sem conducto ayer 140.

Fur t her o0& HESEHES 1 Pt 6ES sEV e SHECLIF SBE P &0 e Heclrlt Ty he
struct ur ej4o8 ahl G426 Eré fn &chﬁzlct tWith £0Ufi6R safdcdbainR &Ji@&&é@i@@ndt@l@“@&‘lza and
142b are in contact with either the bottom surface or the top surface of

t he dfi del49enFEGntf tilbystiateyean axpmploviof @ostricture Hegehich e seieegnd dsaint in a
different ArA09e0B0t AL AR08t oF! LSS wAR 4 N13H! Bkk09 dPer oxtld the

like. The detarls’of each component aré € Same as®those and
the |ike.sef@etddhctor layer 148peci fical ly, the n-channel transistor 164
illustrated in FIG 16A includes the source and drain electrode |ayers 142a

and 142b [B2®li ded over the interlayer insulating 25l ayer 128, the oxide
sem conduct or | Q4ET4ifdntdofRP5REL M i FIGS. TN LRF £6B Hond 1BsS AUERE 11

15 and FIG 15 is that the gate electrode layer 136d is placed over the oxide semiconductor
layer 140. Furthermore, a big difference between the structure in FIG. 16A and the
structure in FIG. 16B is that the source and drain electrode layers 142a and 142b are in
contact with either the bottom surface or the top surface of the oxide semiconductor
layer 140. Moreover, these differences result in a different arrangement of other

20  electrodes, an insulating layer, and the like. The details of each component are the
same as those of FIG. 11, and the like.

[0267]
Specifically, the n-channel transistor 164 illustrated in FIG. 16A includes the
source and drain electrode layers 142a and 142b provided over the interlayer insulating

25 layer 128, the oxide semiconductor layer 140 in contact with top surfaces of the source
and drain electrode layers 142a and 142b, the gate insulating layer 138 provided over
the oxide semiconductor layer 140, and the gate electrode layer 136d over the gate
insulating layer 138 in a region overlapping with the oxide semiconductor layer 140.
[0268]

30 The n-channel transistor 164 illustrated in FIG. 16B includes the oxide
semiconductor layer 140 provided over the interlayer insulating layer 128, the source

and drain electrode layers 142a and 142b provided to be in contact with a top surface of



and drain electrode | ayers 142a and 142b, the gate insulating | ayer 138
provi ded over the oxide sem conductor |ayer 140, and the gate el ectrode

| ayer 136wloQuewoskise gate insul ating I%éer 138 in a regi eaTQoranb/e@EIang Wt h
t he oxi de sem conductor |ayer 140. [0288] 30The n-channel transistor 164
illustrated in FIG 16B incl udes the oxi de sem conductor |ayer 140 provided
over the interlayer insulating |ayer 128, the source and drain el ectrode

| ayers 142a and 142b provided to be in contact with a top surface of WO

2011/ 052388 RBkide) RAAIEHIAEED I8y ef 01 40 eheO fit GnSRATINEORGHC 138 pkdiddd v}, thehe gate
i nsul ating_| ayer 138 provided over the oxide sem conductor |ayer 140 and

t he sour CBidgmgmieqriducter byer K@eandthesoaprquand dipig electngde layerstlidda ged ¢4, ect r ode
| ayer 13 i i | at ] i L on

over | appiad i EhEheRUEC 1408 158 okl oB) 08 0o iy 06 158 Bnd ST
that in trbgios bverddppimgswitintheloxile stiicomddctdbByeral40onponent (e.g., the

el ectrode | ayer 150a or the electrode |ayer 154a) is sonetines omtted from
the sPrudfP®¥ in FIG 11 or the like. In this case, a secondary effect such

| C L F T cat ; \ :
as sinplitica 'M%g{nat%nrﬁ%%ﬁ%ﬂés‘ FBI{EGS{CF@& AHaM e P%ﬁg@ﬁ&t (g.tg,,'t‘ﬁe

needl ess to say t a nonessentl a conponent can be omtted i n the
st ruct ur edectiodo layerF130a ad tlendlachredd ilkyer [5@3Y(G§ sometimes FinG8ed from ahd 17B

each illustrate.t n: channel transistor 164 in t case where.the size of
the. el endiets il 1 8F J ey TS - At nERact ot h HGIBATPS o aced
bel ow t heyroxindRufa@itif® pritessOfan! B 66taihé®- Tt s hédBess 36 Say thatl@TRAEssEMIalt he 15
planarity of a surface and the coverage is relatively noderate, so that it

i s ndd neomponent cawbe omiticd injithd sigictuses asacinthlodtl andibielike | i ke to be
enbedded [b’%ﬁ(ﬁn insulating |ayer. For exanple, the gate el ectrode |ayer 136d
and the I'"ke“can be forned by patterning after formation of a conductive

layer. [0271] Z08ShigAdintf ETBREGch HRiswerRNthE heckshhelCiratsitdrnlddl {a thk7Asand t he
structure in FIG17B is that the source and drain electrode |ayers 142a and
142b ar e Where i sieg ofithenclementels relativelytlates andrthe gateoslegtipdetlayershddddse of

the oxid 1&%8‘3%2&9%& %idef‘é’e‘?ﬁicén“cfhctd}’%%}v?io. tIHftlﬁﬁeQ%bsEf &' & fo‘f‘?ﬂ%:; In

ot her electro an insulatin ayer, and the el ng arrange a
di f f d6entplamarineof a Sirface @hdithescovtragea dsdretatinplynmeoderate esot that is st ascedsdrpose of
FlG 11, 0 ?grng Q %virlirilgk,ea'n electrode, and the like to be embedded in an insulating layer. For
example, the gate electrode layer 136d and the like can be formed by patterning after
formation of a conductive layer.
[0271]
20 A big difference between the structure in FIG. 17A and the structure in FIG
17B is that the source and drain electrode layers 142a and 142b are in contact with
either the bottom surface or the top surface of the oxide semiconductor layer 140.
Moreover, these differences result in other electrodes, an insulating layer, and the like
being arranged in a different manner. The details of each component are the same as
25  those of FIG. 11, and the like.
[0272]

Specifically, the n-channel transistor 164 illustrated in FIG. 17A includes the
gate electrode layer 136d provided over the interlayer insulating layer 128, the gate
insulating layer 138 provided over the gate electrode layer 136d, the source and drain

30 electrode layers 142a and 142b provided over the gate insulating layer 138, and the

oxide semiconductor layer 140 in contact with top surfaces of the source and drain

electrode layers 142a and 142b.



[0272] Specifically, the n-channel transistor 164 illustrated in FIG
17A includes the gate el ectrode | ayer 136d provided over the interl ayer

i nsul ati ngol2ay@rs2338, the gate insulating | ayer 138 proecadgd2nvesrothe gate
el ectrode | ayer 136d, the source and &lain 30 el ectrode | ayers 142a and
142b provided over the gate insulating |layer 138, and the oxide

sem conduct or | ayer 140 in contact with top surfaces of the source and
drain el ectrode |ayers 142a and 142b. WD 2011/ 052383PCT/ JP2010/ 067996 61
[0273] [0273] Further, the n-channel transistor 164 illustrated in FIG 17B
i ncludes the gate el ect r ode Ia er 136dz£rOV|ded over the interl ayer

i nsul ati ng | aydjurthor the prehaymeb fP?féQiPraW Blustsgted Hlféapﬂﬁ/i“tf&ﬁe&\?}@r galhe gate
electrod d o] virde ver the
gate insu %C?rlkl)ﬁég ll:‘l[ge?epédgg’r%a%g 0? Slsgf\;/gerqﬁtgp%trt ns‘%laﬁgéééyiéqe eégtirh gdga t ayer
136d, andn$uistingoulsyee 381 ploaidad ebeat tigdepateaydecsrodd 2 ayandl 3642 bxhpr oxideled t o
be in _contagt with a top surface of the oxide sem conduyctor |ayer 140.

g o

[0274f Noemiqondpctay Lagen FAQ peovaded, yfer; thesats, insplating 19yer g sp7as, oPvedAB onent
is 10 songi ffﬁsga?éTElE&tﬁﬁef ?ﬁri“ 1388, Sid He tsHﬁrpce aﬂd atdm %ﬂecﬁ?dé B‘ﬁalls'llﬂga a1 SO in
this case, a sectondary ef such as sinplification o nuf act uri ng
process cldab ipeovadetdatp e dn cord&T Sith a top surfade@d.thel @Adasanit8Blucte hayiek 14t r at e
the n ch Eﬁg transistor 164 in the case where the size of the elenent is
relatlvelg rge and the gate el ectrode |ayer 136d is 15 placed over the
oxi de sem condyedt®rthataMes iddfe Mueurés it IRISSCATA afd dgmRNA chbRpohdhe is _
planarity of a surface and the coverage is relatively noderate, so that it
is nd0 né@é@gmey omtwtb ifxomn the stregjureain ElCectlr odéhe lkel tMlsolin Kihist epspea |

embedded ?( %Qrir}ﬁ Wgamﬁ}h 1ca1Fnocr)faer)ﬁgrr{mJ Urntlgg %secaglbg {aPneﬁ | ayer 136d

and the I| ernlng ar er ion o a conductive
| ayer. 2Qq0p1576] A blg dlfference between the structure in FIG 18A
and the structure in FIG 1 is that the source and drain el ectrode |ayers

142a and 142b &1€ES; ﬂi%owiak%B \RP‘EWIB{SFW@rthP HechagnelotiansiptaratQd By thenease op
surface Qfpd, ‘?heo %st FRTLICABUS! Rlatil & ﬁSr 40d N5 %Vaéﬁr&d?elg gfg%g%ences

result in ot ectrodes, an insul a | ayer, nd t el n
ar r aiged placed od'blf ther edide mmnemdudfhdaybetldﬂl sAdJsfo mathis coapaodemandife thhe sane:

as those of FIG _ 11, and ellke 5 Z ecflcalls% the n-channel
transi st gHanagly of 4 Sfirface apd therorprage igiklatiyely IRtESOLBl L 1S HOK CCFSSAT

el ect r odeo lraeh Vikfg andtirbde nltRY ket BY&hbddasd ilhf is@Bhg 1ayer! Fok ng

example, the gate electrode layer 136d and the like can be formed by patterning after
formation of a conductive layer.
20 [0276]

A big difference between the structure in FIG. 18A and the structure in FIG.
18B is that the source and drain electrode layers 142a and 142b are in contact with
either the bottom surface or the top surface of the oxide semiconductor layer 140.
Moreover, these differences result in other electrodes, an insulating layer, and the like

25  being arranged in a different manner. The details of each component are the same as
those of FIG. 11, and the like.
[0277]

Specifically, the n-channel transistor 164 illustrated in FIG. 18A includes the

source and drain electrode layers 142a and 142b provided over the interlayer insulating
30 layer 128, the oxide semiconductor layer 140 in contact with top surfaces of the source
and drain electrode layers 142a and 142b, the gate insulating layer 138 provided over

the source and drain electrode layers 142a and 142b and the oxide semiconductor layer



30 layer 128, the oxide sem conductor layer 140 in contact with top
surfaces of the source and drain electrode |ayers 142a and 142b, the gate

i nsul ati ngol2ayers23k38 provi ded over the_source and drai npelrgetmodeodayer s
142a and 142b and the oxi de seni condu®or | ayer WO

2011/ 052383PCT/ JP2010/ 067996 62 140, and the gate el ectrode | ayer 136d
provi ded over the gate insulating |ayer 138 so as to overlap with the oxide
sem conductor |ayer 140. [0278] The n-channel transistor 164 illustrated in

FI G 18B j40chmtige daheelovtiode layer 386d roR1HeE 109Er thaYafe iddatRigdMicdadgaveak t he
interlayer insulating |layer 128, the source and drain electrode |ayers 142a

and 142b teoy¢ilapwith thegxidaseadeansductoplaypr H0: op surface of the oxide
sem condag&zg] | ayer 140, the gate insulating |ayer 138 provided over the
source a rf‘ain el ectrode | ayers 142a and 142b and t he oxi de sem conduct or

| ayer 140, and Theenghhsnet! @aisistsie 164yilasthkded ipraG. dBB dneiddshehegakide
insulating lLayer 138 in_a region 10 overl agapi ng with the oxide
seni canduepsondygtar laygn 14¢ gpopided over the pderiayen Hisulating 13ysr tf@ the (SQBKCGres in

FIGS. 18 . j i {1 3 twre in
FI G 11 orergeiifisnbyf BIBRIAZ: ah 1 ERTFRLLES (PIE ft ] B d6p RUEME'H
si npl i fi ctht ioxideo$ensicominafoadayeri 1, phicogate Sinadatinyelagbt aB3 gaovidds] 6°0&0the

In this enbodi t, the e | e_i ich the n-channel. transistor 164 is
For med ovBRI B0 iR sldare ks 14 FuAner b age iR/ ae Suieniodr Fet T
descri be%dhﬂé"@é’t@'&lecﬁ&fe l%&ér‘&%%blrp‘?&{i@éd 6@?tl&'%’f@fﬁ@ﬂbtiﬁg RY& £380h alrégoand the
n-channel tranSistor 164 are not limted to the above. For exanple, the

p- chdi®neloverlapping with thevokidhsenmicodrhuetos lay2014Q.ansi st or can be forned over the

sane pla Zﬁaurface. Further, a structure in which the p-channel transistor
160 and t -channel transistor 164 overlap with each other may be

enpl oyed. [ 028Notd hBatabiRY Eind@sCétnabded i€ FAGSE! 18A angi 1MB)ra tohpobherdpigl i ed to
the n-channel, 25 transistor included in the logic circuits described in
Enbodi merfogetimes agnittogh fraamythe stipetaee br FEG bk pr ¢he Hke.gedlsphipotiiphcaspea

e e BB g e e SRR e B PR
15 [0280] _

In this embodiment, the example in which the n-channel transistor 164 is
formed over the p-channel transistor 160 to have a stacked structure is described;
however, the structures of the p-channel transistor 160 and the n-channel transistor 164
are not limited to the above. For example, the p-channel transistor and the n-channel

20 transistor can be formed over the same planar surface. Further, a structure in which the
p-channel transistor 160 and the n-channel transistor 164 overlap with each other may
be employed.

[0281]

The above-described n-channel transistor 164 is applied to the n-channel

25 transistor included in the logic circuits described in Embodiments 1 to 6, whereby
leakage of electric charges through the transistor can be suppressed. As a result,
reduction in standby power and suppression of malfunction of the logic circuit can be
achieved.

[0282]

30 Note that the contents of this embodiment or part thereof can be combined

freely with the contents of other embodiments or part thereof or the content of Example

or part thereof.



[0282] 30Note that the contents of this enbodinment or part thereof can be
conbined freely with the contents of other enbodi ments or part thereof or
t he cont ewD 20f1/0Bxmapl e or part thereof [ 0283] ( Enbodi mwemtyp8No67996¢ |1 n
this enbodi ment, an exanple of a tran®Pstor included in any of the logic
circuits described in Enbodinments 1 to 6 will be described. Specifically,
an exanple 5 of athin filmtransistor in which a channel formation region
is formed using an oxi de sem conductor will be described. [0284]

One enbodongsjt of a thin filmtransistor and a manufacturing step thereof
in this enbodiment are described with reference to FIGS. 19A and 19B and
FI GS. 20AEmbodumenyB) [ 0285) FIGS. 19A and 19B respectively

illustrate a pl e r | r: r exanpl e
of B thin f i1 el s chitodihty o Baole! GHP LARGLO RNl Y| BE 1B X!
19A and X9BuitadesaribapingBinboditrentst Litoe6 wiB[be2R6¢ribed. SpedHicallyO4n exangplpl an

view Qf the top-gate thin, fi transi stor 460, and FIG 19B is a .

ct 055 Ssect o T SRAPSIPEhE WH% acﬁ-aszéoffmﬁt@nlmon[léé%rﬂedvm% 11 pyide
transi st QenR@Rdhd6! WAESe dR¥Gteqd Ssubstrate 450 having an insulating 20
surface, an insulating | ayer 457, a source or drain electrode |ayer 465a

(465a1 arl@2&f5a2), an oxi de semiconductor | ayer 462, a source or drain

el ectrode | ayer, 465 w.ri.ng,.layer 468 a gate insulating |gyer 452, and
o gate el ectt ot hdinEn R Hi uabier o382 Suutibteiine Frn M Har e ode

| ayer 465Ris(cAfbodimdit dred@Bambed Witk kefelentCl FIGS: QDARGHEAYDB! dFTUS DOA th ayer
464 through the wiring | ayer 468. Al though not illustrated, 25the source or

dr ai A0el ode |l ayer 465b is also electrically, connected to a wiring
| ayer in [aﬁlsﬁpeni ng provided in the gate insulating | ayer 452.

FIGS. 19A and 19B respectively illustrate a planar structure and a
cross-sectional structure of an example of a thin film transistor. A thin film transistor
460 illustrated in FIGS. 19A and 19B has a top-gate structure.
15 [0286]
FIG. 19Ais a plan view of the top-gate thin film transistor 460, and FIG. 19B is
a cross-sectional view along line D1-D2 of FIG. 19A.
[0287]
Thin film transistor 460 includes, over a substrate 450 having an insulating
20  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,
25  the source or drain electrode layer 465b is élso electrically connected to a wiring layer
in an opening provided in the gate insulating layer 452.
[0288] |
A process of manufacturing the thin film transistor 460 over the substrate 450
is described below with reference to FIGS. 20A to 20E.
30 [0289]
First, the insulating layer 457 serving as a base film is formed over the

substrate 450 having an insulating surface.



[ 0288] A process of manufacturing the thin filmtransi stor 460 over
the substrate 450 is described belowwith reference to FIGS. 20A to 20E. 30
[0289] WQ020iulo50483383PCT/ JP2010/ 067996 64 [ 0290] PCitIPLM/867996

enbodi ment, a silicon oxide layer is rmed by a sputtering nethod as the
insul ating | ayer 457. The substrate 450 is transferred into a treatnent
chanber, a sputtering gas containing high-purity oxygen in which hydrogen
and noisture are 5 renoved is introduced thereinto, and a silicon target
or quart zoggojef erably synthetic quartz) is used, so that the silicon oxide
| ayer is deposited as the insulating |ayer 457 on the substrate 450. As the
sputtering gas,Indhiygabodiment,q siigpryide faysk isgformeth By arsguticringmpibod a8,
[0291] 1 : I il4 i i ttering
et hod untoimsFRBTR ifer 35T, TROQURhEsDH Sanerbr PR iy RadBULh ST "2

quartz (ppeftaimpkys centainlivgd highepiaity Zxypen us ewhich g dsogest andt moistwrpearat ure i s
108 C,_ the di stance bhet n the supstrate and the target (the T-S di stance)
i s 60 mmrepREed) i ddioucds thgreintpaand B esikeqintarged i sagfz %Bwé?rablg synthefigy and
the at MSAARY PisiSedSo MaARBAIRA AU &G SHEPR e inRindII6RA 467 bR ] OW
rati o of oxygen to'argon 1s 1:1 (each"flowrate is 25 sccny).” The thickness
of the sith¢ substrotei 450. i As1DO sputterihgtges,tdxyen nsd edsedfaspfaxtyger pandagpabl vy,
synthetig?ﬁﬁartég, a silicon target can be used as a target used when the
silicon EY4Vyer is formed. [0292] 20In that case, the insulating |ayer
457 is prgberably fornmed while rempving noisture remaining in the treatnment
chanber. This is for preventing hydrogen, hydroxyl, or noisture from being
cont d0ned i n t ther examplat 4 siljcomgdde layor is|farmddebyt areRY spviteringaneshed widezh i s

evacuat ey B 4R e PR, At SRRSO, OB lhahy

hydr ogen a?on1suc as water- ( and k€ are Teénpve ereby, the
25concentsyatheGd qdrtz) is LseaAL tHet abstrhtd (t)?lgpge]?ﬂuie&'& 1108 °CauRr didarcef s¥iwesh the t he

treat ment chanber can be reduced. [
: substrate and the target (the T-S distance) is 60 mm; the pressure is 0.4 Pa; the high
frequency power is 1.5 kW; and the atmosphere is an atmosphere containing oxygen

15  and argon (the flow ratio of oxygen to argon is 1:1 (each flow rate is 25 sccm)). The
thickness of the silicon oxide is 100 nm. Note that instead of quartz (preferably,
synthetic quartz), a silicon target can be used as a target used when the silicon oxide
layer is formed.

[0292]

20 In that case, the insulating layer 457 is preferably formed while removing
moisture remaining in the treatment chamber. This is for preventing hydrogen,
hydroxyl, or moisture from being contained in the insulating layer 457. In the
treatment 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 removed, whereby the

25  concentration of an impurity in the insulating layer 457 formed in the treatment
chamber can be reduced.

[0293]
A sputtering gas used for the deposition of the insulating layer 457 is preferably
a high-purity gas in which the concentration of an impurity such as hydrogen, water,

30  hydroxyl, or hydride is reduced to approximately several parts per million (ppm) or
several parts per billion (ppb).
[0294]



A sputtering gas used for the deposition of the insulating |ayer 457 is
preferably a high-purity gas in which the concentration of an inpurity such
as hydr ogwo,20matsess3 30 hydroxyl, or hygri de is reduced troTappnosimedt el y
several parts per mllion (ppm or sever al parts per billion (ppb). [0294]
WD 2011/ 052383PCT/ JP2010/ 067996 65 Further, the insulating |ayer 457
may have a stacked structure in which for exanple, a nitride insulating

| ayer such as a silicon nitride layer, a silicon nitride oxide |ayer, an

al um num ni tri d@rthdy &he ifduladilg aﬁyyim:sunmgjr_ havéla 9adkee strapare anwhash foxi de
insulating layer are stacked in this order fromthe substrate 450 side.

5[ 0295] example, gaitridg ansylabing dayep seeheasi hgjligasnidiidet layeri agilispyRitpde pxige

ni t rogen, o] i ch hy e j : r .S introd

bet ween tl eerr’sgl} %Ugﬁﬁg% g%&?eag}l ?Eg)r{g&lt Efellﬁ{slﬁ Igtlﬁg{dg?&én% l%ﬁ:éiaﬂl c%ngglgfgget IS
used, whdaheting 18ydriatedtadkied i this drdyefior shd subbieale 480 sidei N this case, in a
manner. simlar to formation of the silicon oxide layer, it is 10 preferable
that fhe [82%3lcon nitride | ayer be formed while renoving residual noisture

in the treatne r. @?@ﬁh NEXS hidh-5Q8RJ UGt f a4 W Bich or med
over the insul gitolr%%eéra : : B%/ ggcsarcfogtrarrlhlgn%el%? &gﬂgi rgr%)g%hot%’ﬁ]i tﬁlggr aphy
step, a riydikenrmdknoistufeoaraaemovet istineodifeed batheeh ithe siliconmozidd Iswlr@aadi ve

etching is performed, sq.that the source or. drain el ectrode |ayer 465al and
46582 T's POSHRFACT AR & SHEOT Laggedis etk Wherthynp oltpop uEide layersB APmId ey

in cross 86tk QRisassd,fint enaBEY SighiRE t§BintatRInCs 1RAGLERY 8%idé Gawt and 465a2
i s divided; however, the source or drain electrode |ayer 465al and 465a2 is

a corfi nuyweferabld that tiotsdiqon atitrida dayes be derme¢dewhio temodye residvdl todsterednn

el ectrodei If}%aqr gtr fer gbly have 20 tapered shapes in end portions because
coveragelw P 63’3{“ Fnsul ati ng | ayer stacked thereover can be inproved.
[ 0297] 0296] As the material of the source or drain electrode |ayer 465al
and 465a2, there are an elenent selected fromA, C, Cu, Ta, Ti, M, and
W an al |l oy i néYaxéi ageendyctive Simy e famesde oxplefihtinsulaiingallaysy 437 m By

cont ai ni i pat o] el S; t ! Furt her,
one. o miriogis; Bl B CbhARNinGhabliF Nerl £ T el Rimed e M
ber yl15i ursonduudive Hibini anchseteytivecetcising is peiformediiochat\tbe s@yes omdiginhdsatrode
single-layer structure_qr a stacked-|ayer structure of t or_nore | ayers.
For exanph¥r 495a} a&ﬁ’ égiagylérfogv%ctﬂ% TEHSIIPATH HURmPEX m?seeﬂﬁa?%hg

silicon; Iﬂsée‘ﬁ%‘ InP%6Es KEAYE LY IO sodle B didiHTIAHENL %ﬁ/@f 48541 &nd k651 | ayer
stacked thereover; a three-lTayer structure in which"a Ti layer, an alum num
| ayer, andiividediihowayer; ther susteawkdrdlini aledtivde layedd6jalaad 465a2lis keootmudae gi ven.

Al ternat if}ir%l. y ’Noatle lth%}/ﬁlre’sogrr(]:e %lelchdé laaxgrrdndc%fxe gra?ri tt:lgci:tgo%ellgye? rpre\:qlfe]riagg Have tains
20 tapered shapes in end portions because coverage with the gate insulating layer stacked
~ thereover can be improved.

[0297]

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, and W; an alloy including any of

25  the above elements; an alloy film containing a combination of any of these elements;

and the like. Further, one or more of materials selected from manganese, magnesium,

zirconium, beryllium, and thorium may be used. The conductive layer may have a

single-layer structure or a stacked-layer structure of two or more layers. For example,

a single-layer structure of an aluminum layer containing silicon; a two-layer structure of

30 an aluminum layer and a titanium layer stacked thereover; a three-layer structure in

which a Ti layer, an aluminum layer, and a Ti layer are stacked in this order; and the like

can be given. Alternatively, a layer, an alloy layer, or a nitride layer which contains



WO 2011/ 052383PCT/ JP2010/ 067996 66 al um num (Al') and one or a plurality of
el ements selected fromtitanium (Ti), tantalum (Ta), tungsten (W,

nmol ybdenuwwo(ivhi)as2zsar omi um (Cr), neodynium (Nd), and scamrdiruroi&ed79sey be
used. [0298] 5In this enbodi nent, a tlpaniun1layer is formed to a thickness
of 150 nm by a sputtering nmethod for the source or drain electrode | ayer
465al and 465a2. [0299] Next, an oxi de sem conductor |layer with a
t hi ckness of 2 nmto 200 nmi ncl usive over the insulating |ayer 457 and the

sour ce oralghiuth @UPehd 66tCol RpRiralitH o8 tlcaltdtssRlcéRAdom [ta3@&h (Ti), tantalddext , the
oxi de sem conductor | ayer is processed into an island-shaped oxide

seni conddd®ortupgsier Bk melybdertn ndMehothypmive g(Gphypeedapiups BdE| andoB) . | n

this enbqdi , j sem conductor |ayer is formed by a sputtering
PRIl 30 Pl R

met hod wi use n- Ga- Zn- O- based netal oxide target. [0301]

The subst[0298] is held in a treatnment chanber kept under reduced pressure, a
sputtering gas _from which hydrogen and npi sture are renoved is introduced

into Phe treat MBS CRRREEICTIH li@niughByPhl fPEBEdiiRa? thigkrepupklithnmy a
treat ment ﬁ(Eé} Shethdfdr Y soal et(n%rﬁﬁ'eg:@trﬁ a%}QQ%QI Qhd hgwser 1S deposited
gu S 11 % net al ~ oxi

over the trate 450 wth the use o e as atarget. In order to
renove rg829Jal noisture in the treatnent chanber, an entrapnent vacuum

punp is preferably used., For .ex | e, a cryopunp,, an i unp, a

FUant um subl | Aot G eaganEiosripr s Trgiaehd Rontuafd Ty e a
turbo purmclﬁgioe/b&ke@hmn&m@.g:ﬁ&@} 45784 d thd'sduh&@ dr'd@ah @?é&iro&é‘?a'}@ﬂﬁ% 'aﬁél‘_ I'S
evacuated with use 25 of the cryopunp, for exanple, a conpdound containing a

hydr df§en 4badn such as water (H20) (further preferably, a compound
containigﬁ(i)carbon atom, and the |like are renoved, whereby the
concentr %OA of an inmpurity in the oxi de sem conductor |ayer formed in the

treat ment chanb&it,ahé okile rsefitopductdNRysiuBSIrocdssednayo be islaritshdpsehexide he
oxi de sem conductor layer is forned. 30

0302] WO
2011/ 05238BiRerHiugtonarHTD I 26PCoRt ebqtolfiéleg@péy stegr(ses EIGdeDR)s fediged to
appr oxI ”%ﬁ;loﬁnﬁ&\{,%@'oxi%i%rs%ﬁn&ﬁhu&b} laly&Nis €8 B a SEURIRE RARSFwRE usP! 11 00

( ppb)ls of an In-Ga-Zn-0O-based metal oxide target.
[0301]

The substrate is held in a treatment chamber kept under reduced pressure, a
sputtering gas from which hydrogen and moisture are removed is introduced into the
treatment chamber while removing residual moisture in the treatment chamber, whereby

20  the oxide semiconductor layer is deposited over the substrate 450 with the use of metal
oxide as a target. In order to remove residual moisture 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. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with use

25  of the cryopump, for example, a compound containing a hydrogen atom such as water
(H;0) (further preferably, a compound containing a carbon atom), and the like are
removed, ‘whereby the concentration of an impurity in the oxide semiconductor layer
formed in the treatment chamber can be reduced. The substrate may be heated when
the oxide semiconductor layer is formed.

30 [0302]

A sputtering gas used for the deposition of the oxide semiconductor layer is

preferably a high-purity gas in which the concentration of an impurity such as hydrogen,



[ 0303] An exanple of the deposition condition is as follows: the substrate
tenperature 5 is roomtenperature, the distance between the substrate and
t he targewoi8116323881 the pressure is 0 4 Pa, the direct pcunpEnb/ ¢ power
supply is 0.5 kW and the at nosphere |Z an at nosphere containi ng oxygen and
argon (the flowratio of oxygen to argon is 15 sccm 30 sccn). Note that
when a pul se direct current (DC) power supply is used, powder substances
(also referred to as particles or dust) generated in filmdeposition can 10
be reduceaghtaiHydbeylf of Rydride GK RRia6ed ® dppldXlintately d2@erdNpdrty por mdillRont (Bpmkness of
t he oxi de sem conductor_ layer is preferably 5 nmto 30 nminclusive. Note
that an é’éﬁ?‘@ﬁ?lm&f‘épﬂhlﬁl@ﬁéﬁ@)dl ffers depending on an oxi de sem conduct or
mat eri al , [?@g the thickness may be set as appropriate depending on the

mat eri al 04] 15In this enbodi nent, the oxide sem conductor |ayer is
processed i nt o Arhexanfpll@ofihs depssitionxdodditivaris apfolloes othe Isalyseratedtempbiatuae wet
etching nethod with a mxed sol uti on of phgosphoric acid, acetic acid, and
ni t rig adf 40018 teAPIRIUFa the {S@@é@})m@fﬂ thtt sebshteandstbpitaigais@bmmdher 462

is subj e%@sgulte% b'4rlsz$ tltke@ltrectt rcﬁﬁtt: t S ) Xégfecg'ﬁﬂ%f -5 @(W ra?ndene Btﬂﬁ)sg drdt heat

treatment 1 s higher than or equa wer t’han or equ to 750
C, prefenabh ytdmsghme chhtaiming oxypealand arghp(the ﬂmdrzitm/\eﬁoxygam té zostis B n poi nt
of the substr di ment, the substr i S in an electric
Fur nace WRTEHD) Sem)i Nl ohohggen o Bl dEct EERPh(00) ZREhSupPY Fotstont | <
per f or "eGoQet %s@ﬁééﬁ?aﬁ@ PSR PHACHs Partich®r duft) BerltirdtE @ HEMInAHEPISRRc8n At 450
C for one hour, and t 25 oxi de sem conductor "l ayer is not exposed to air

so tHAt \ketreducsd ansidlnq;gbm thlskrpswelnkeésdtof bomigormer iy thicknesgiafghe oxide

sem cond or l.a By. th t,4rea e sem con duct or
ayer - a65enRRn Gy et i raeisb bk PSR R R a0 Py AORREE heat
t r eat mentthielgsds diffess d&pending lonnint @ddd sensiborffuedk itifdrial faadnBe thicki@ssrnay may be
the one provided with a device for heating an object to be processed, using

heat condGéet asipBroPHakidepending puthemmaesial: heating el ement such as a

resi stangg d]gatl ng elenent. For exanple, a rapid thermal annealing (RTA)

apparatu uch as a gas rapid thermal annealing (GRTA) apparatus or a lanp
rapi d5t her mal dmrthil émgoc{ﬂnlaiftA)thapnpadeatsumcmadudna lsyed.is Fppocessedmpite, thas t he

first heat treat GRTA by Whl ubstrate js tr ferred into an
i nert gagslwééfefﬁﬁsxaierﬁegﬂcqn&%& YGF gg%liwrﬁ ¥t sich B‘@O‘n@?@at"‘b‘ﬂ‘?%“‘é@ heat ed
for severglytith 'Bf'gﬁ'& h@rwa&@ka%&l@é&d fahemthésclli'&%ﬁ eifigntheat ed to the high

tenperature ma formed. Wt A, high-tenperature heat treatnent
for a sthIOSﬂerl od of ti me can be achl eved. [0307] .

Next, the oxide semiconductor layer 462 is subjected to first heat treatment.
20  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. In this embodiment, the substrate is put in an electric
furnace which is a kind of heat treatment apparatus and heat treatment is performed on
the oxide semiconductor layer in a nitrogen atmosphere at 450 °C for one hour, and the
25  oxide semiconductor layer is not exposed to air so that water or hydrogen is prevented
from entering the oxide semiconductor layer. By the first heat treatment, the oxide

semiconductor layer 462 can be dehydrated or dehydrogenated.

. [0306]

Note that the heat treatment apparatus is not limited to an electronic furnace,
30 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



Note that in the first heat treatnent, it is preferable that water,
hydr ogen, and 10 the |i ke be not contained in the atnosphere of nitrogen or

a rare gagsoyfisasgshel ium neon, or argon. It is preferablrgpidighcioe purity
of nitrogen or the rare gas such as hé&® um neon, or argon which is

introduced into a heat treatnent apparatus be set to be 6N (99.9999 % or
hi gher, preferably 7N (99.99999 9% or higher (that is, the inpurity
concentration is 1 ppmor lower, preferably 0.1 ppmor |ower). 15[ 0308]

Dependi nGel@feONdot &xakplfa fapRl thifsdl ah®Aling (REATBSParAdsiches aBda8irapili of the
oxi de sem conductor |ayer, the oxide sem conductor |ayer may crystallize to

be mi cr octhermad| anngelingr (GBI rapparalisi ae.a oo Ippidothermdli panealingt(LRAAAL nent

of the oxi der ﬁ_‘esm' coor(]:du %aorFIra er ay tgﬁ gnesrf(ért red ntfjlefto r C%lecihnlget he

oxi de senPRIRANCEOr l'ayer | At B A -4 pé& KT ‘_%‘ém onderct or yers. In
that casesubithfte SUPSsfelcd ihtd dnaker g heatddoid 4 Kigh RaRpdrtdredRNagIRbYI65@PCer the
first heat treatnent, and then a photolithography step is perfornmed. [0310]

25The Sheab 100e’4i, heated ffor salera} dniaties,nandr takighyalr fograrthe iimart gdés hdagedotoi the

sem conductor |ayer may be rformed . at of the follow ng timngs: after
The oxi dduRmsersY bapiormens oo RIK, Bah i Sacriue Ml Beiiial ey o
drain el ecdopdRried of liRk¥RA bOY&iieddae Oxide sem conductor layer; and after a
gate insulating layer is formed over the source el ectrode and the drain

el ect r odd03@0[ 0311] WD 2011/ 052383PCT/ JP2010/ 067996 69 sem conductor | ayer

462. By perfor C f. t hi otolithogra t a.resist mask.is
Tormed over tnaedemitde b fisk e eafnensy R PlRerat iP ;b Ridbefhaia’ 3o

t hat 1phe t5OUike deQot @bataihe@|ift Ghe G spRE lof Hitedbealtd 4 he \the buith dsahediund68 are
formed. Then, the resist mask is renoved (see FIG 20C). The source or

drain el E€PRotk a1gePer lt4is yctsrble thap dheppritygofl pijwgem @ theyareeas fugk@susi ng a

mat eri al S i 10, . i I | ayer
46501 andhaus 9EtE o5 pon WnitR id TR hidts SRLLERnRE: Bk HuEhERORE
fornmed t wN(399959n%5 &r BighdH Prafenably BN 9999991 BY ofkighed(tha s, theimpuiitge or
drain el ectrode | ayer 465b and the wiring | ayer 468. 10 In this enbodi nent,
t he sour cCeOnentiatan is lePRIe OF kuveer) pigierabls8.d PPaner 198582 is forned fromthe
titanisum bgd)gr]] fromwhich the source or drain electrode | ayer 465b is

for rreg; a[cco dingly, the etching selectivity of the source or drain

el ectrode | ayerDepohdihg andcoh@dftivhsi of thbdirstaheat akatiens Wndt thatmatdial dfhthesane as

that of the source or drain electrode | ayer 465b. In order tQ prevent the
sour ce oro%feisEmicadytglayeny e 2%ids 1seaterayeiap lavers g Hstallizet onda when

the sour Ciﬁicﬁfcr%ﬁiiﬁ‘e&]Jﬁﬁ%c][&s?ﬁlihéyer 465b is etched, the wiring layer 468 is

provi ded over @a porti e source or drain electrode |ayer 465a2, which
is not cq080¥d with the oxide sem conductor |ayer 462. In the case of using

O ST T et e B IE B BRSSP bt P BSHALE:
465a2 in gehste ClgrbielénSt @  bkide Wiskiit@nductor layer into island-shaped oxide
semiconductor layers. In that case, the substrate is taken out from the heating
apparatus after the first heat treatment, and then a photolithography step is performed.
[0310]

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

30 [0311]

Next, a conductive layer is formed over the insulating layer 457 and the oxide



20 | ayer 468 which protects the source or drain el ectrode | ayer 465a2 in
etching is not necessarily provided. [0313] Note that materials
and et chiwg 20oimdeissons are adj usted a§9appropri ate so tlpatr/ypinao/oscoee

sem conductor |ayer 462 is not renoved”when the conductive filmis etched.
25[ 0314] In this enbodinent, a Ti layer is used as the conductive

| ayer, an |In-Ga-2Zn- O based oxi de sem conductor is used as the oxide

sem conductor |ayer 462, and an amoni a hydrogen peroxi de solution (a

m xture abmicondnétds layei 262. aByl parfoptineg @i aehidxpiitolhbgtupldntep,Sa vl as an
etchant. 30 0315] WO 2011/052383PCT/JP2010/067996 70 groove (a depressed -
porti on) MiskHs fosmed ovasthe conducting jayer mﬁelqsgé@e%mgfl@wﬁwe%@ thafuthee or

drain el es%h{?%gﬁ dﬁﬁ}{ee'iecﬁﬁﬁ?l (6518 ald {Her\glr ylggeran i 3f Qr?edfog'%gﬁ gkth an

i nk-j et rmat1on the resi st nmas jet nmet ’needs no
phot omas kgsisthuask isaombwddt (se¢ BIG. Q0€Y). cHie bmrcecoiudmih elbftinlbdhyer 465b andlext, a

gate |nsu ating layer 452 is or d .over the |nsul ating, Iay 457, the
oxi dese %&’Hﬁ%ladf“ ﬁ%&,&aymfo uyipg A dBatgrialng; seps  supjl ?roteéLP%rthaesal

and 465aZouicdQr 3R S8ctRdedhvdr A65d 1eMd 43882 | ayer 465b, and the wiring |ayer
468. [0317] 10The gate insulating layer 452 can be a single |ayer or a

stacked I[@gE}] formed using any of a silicon oxide layer, a silicon nitride

| ayer, a silicqn oxynitride |a il.i tr| e .oxi de and an

b et hum oxi de T APS et € R 41y s SSRpdbioid B SOt B er  ng
et hod, Qpuftdithg rhktﬁod kdt tRE Q&Ircé&d?ﬁﬁ%roﬁ@@ay@ﬂh@sﬂ Aduha Winfg la3ve468452 from
contai ning a | arge anmount of hydrogen, the gate insulating |ayer 452 is 15

pr ef dPablly thléﬁmbgdlmﬁna tW@rqrn@alﬁ@iﬁﬁﬂde lager 4f9at a8¢ 40paris fermed|ffagwn oxi de
layer is tfaé’r 1urgy ll?n %Pogﬁ Lol ndsh Qg oradJ%H 'eﬁ?t?o& %g%'\ 485b s %'x%ﬁetdz target

is used as arge oxygen or a mXx and argon rs used

.as.a SpUtatedSrdﬂ@l)gaﬁe e{cﬁﬂl.'g&]ele-Eﬁeltgaﬂthet IGurbaTolr ligaih sal€otrodb Aayer yi6lial and
structure where a silicon oxide |ayer 20 and a silicon nitride Iayer are
 stacked f4083¢ intbe spme aéPftSH'éSt%@F&éh%Fa"éFr a3 thab b the, WuEce| ofytpingdectipdg ng

465a2 anq, jeggmﬁgurﬁleox‘a@r & ﬁig@exﬂ'tﬁé’s& g of AV e#@ég%e laYe I[blﬂdsﬁlea[}f‘aozfﬁ sggnt, a

silicon o ayer 1s forhed to at |cknesso y an RF sputtering
met hdd urfdem belng dtcdied ovhengthe csoutict oo draxm blecpodsshyered65 19 .efched, the lvaringgh
is 1,5 kW and the e.cont ai ni ng

oxygon a8 e ABRIF BOHISEH OYtE 4 Bortion 9501 GRFSEH rtn ARG BYE eRatNoR | on
rate ,i S 39 n8€&Vkred with the oxide semiconductor layer 462. In the case of using different
materials which provide high selectivity ratio of the source or drain electrode layer 465b
to the source or drain electrode layer 465al and 465a2 in the etching step, the wiring
20 layer 468 which protects the source or drain electrode layer 465a2 in etching is not
necessarily provided.
[0313]
Note that materials and etching conditions are adjusted as appropriate so that
the oxide semiconductor layer 462 is not removed when the conductive film is etched.
25 [0314]
In this embodiment, a Ti layer is used as the conductive layer, 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.
30 [0315]
Note that in the third photolithography step, only part of the oxide

semiconductor layer 462 is etched, whereby an oxide semiconductor layer having a



[ 0319] Next, by performance of a fourth photolithography step, a resist
mask is fornmed and selective etching is perforned to renove part of the
gate i nsuvethngskmger 452, so that an_gpening 423 reachipag/iPiaomémoang | ayer
468 is forned (see FIG 20D). 30 Al t hod8h not illustrated, in formng the
openi ng 423, an openi ng reaching the source or drain electrode | ayer 465b
may be fornmed. In this enbodi nent, the opening reaching the source or drain
el ectrode | ayer 465b is fornmed after an interlayer insulating layer is WO

2011/ 052 38sReT(a L HI0HSH rﬁ%hf bé Ehrededst Jhk gebist dabkaised for@rmaigethe f or
el ectrical connection is formed in the opening. [0320] Then, after a

conduct i \euIcapEdraig efestragde) lwéﬂﬁmw%ﬁwévmgdamrﬂﬁé mag be forgedapidh pm t he
t t 6 1 d
oyer o dfSiet BeHSE. ® RASHOPIR, N Elsid Shalid 7 o DM BEURRCALIE MU TS,

mask may ﬁhetoﬁﬂsh;etdué)ynmufdcnk;ngtcomﬁiahbdxedﬁ@edrat|on of the re5| st mask by an

I nkj et rrﬁt h]r{g needs no phot omask; thus, manufacturing cost can be reduced.
[0321 Fub? the gate el ectrode | ayer 461 (46la and 461b) and the wiring

| ayer 464 10 Cle:xP% %@E mléﬁn haf"crsﬂsﬁ% ?o&?e)&%ve?ttﬁélﬁkﬁ'lﬁﬁ n?'iay%r g5pcked- | ayer

structure using any terial's such as nol ybdenuny titani’um
chromu moxich:rstailmMuttuanerectﬁz tlelsource oy dmnppiect;od@dmyb; Ao Had) araidb5e2 aheli um

and an allo erigl .includi t hes ials as a main conponent.
[ 0322] 1§PH‘>‘/:FHF é‘h%Sfff‘?fér]l?yergg§ éﬂﬂlf' g‘?yclrégéor med to a thickness of
150 nm bgogq putter| ng nmet hod for the gate eI ectrode | ayer 461 (46la and

461b) an thée wiring |ayer 464,
The gate insulating layer 452 can be a single layer or a stacked layer formed

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, which is formed by a plasma
CVD method, a sputtering method, or the like. In order to prevent the gate insulating
layer 452 from containing a large amount of hydrogen, the gate insulating layer 452 is
15  preferably formed by a sputtering method. In the case where a silicon oxide layer is
formed by 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.
[0318]
The gate insulating layer 452 may have a structure where a silicon oxide layer
20  and a silicon nitride layer are stacked from the side of the source or drain electrode layer
465al and 465a2 and the source or drain electrode layer 465b. In this embodiment, a
silicon oxide layer is formed to a thickness of 100 nm by an RF sputtering method
under the following condition: the pressure is 0.4 Pa; the high frequency power is 1.5
kW; and the atmosphere is an atmosphere containing oxygen and argon (the flow ratio
25 of oxygen to argon is 1:1 (each flow rate is 25 sccm).
[0319]
Next, by performance of a fourth photolithography step, 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. 20D).
30  Although not illustrated, in forming the opening 423, an opening 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



[ 0323] Next, second heat treatnment (preferably at 200 C to 400 C incl usive,
for 20 exanple, from 250 Cto 350 Cinclusive) is perforned in an inert gas
at nospherwoaoii@s2msiygen gas at m)spherg. I n this enbodi meatrriheosesond heat
treatment is perforned in a nitrogen ilrmsphere at 250 C for one hour. The
second heat treatnent may be perforned after a protective insulating |ayer
or a planarization insulating layer is fornmed over the thin filmtransistor
460. 25[0324] Further, heat treatnment may be performed at 100 Cto 200 C

i ncl usi veufther stdcked, an€a Ratiig fa§eSOr BlRYtial ddnatdtion THfoimbe & thefopahiaBnt nay be
performed at a fixed heating tenperature. Alternatively, the follow ng

change i 103HY heati ng tenperature nay be conducted plural tinmes repeatedly:

Lemporatur o of THBb 2 § ibieR%E RARER GERE A% AL BME HREARY 1 35 na

t enper at ure of hen®decrease

t enper at un ehe opuninpe423, thy gatberictrodehiyoeail (W6)a hed @61 boamietic wideg layeduced
WO 2011/ 052383PCT/ JP2010/.067996 72 pressure before formation of the oxide
i nsul ati 7§94 Agdprmeshda Hiftk photlitegraphyseter-o Notsethaleatresiste Mgl M2y Pée can

be short ggegkd b jet method. m?;%am GRQUE AR PR R4 goe thin
filmtransi stor}pgl%g]kl]enc eu (l)ng the 5 ox?glg sem conduct or fdgyerﬁitgréeei % whi ch
t he concewtphatdnoaskpthud) yamofpeniringwiostaande réduted.de, or hydroxi de i s reduced
can be fﬁéﬁa (see FIG 20E). [0326] A protective insulating |ayer

or a pla ation insulating |layer for planarization nmay be provi ded over

the thin filmiHaRs BePatc?EBetrotleMRy 981 19614l dnldUsh bPhRFshe AViriAR $YePd64 0

reaching the source or drain electrode |'ayer 465b may be fornmed in the gate
i nsull@t i regn |bgyfermed vithral single-lpyest soictuye of psuiacked-hayer atroetursy usipg any of

s NIRRT TR A e -
openi Nng. aluminum, copper, neodymium, and scandium, and an alloy material including any of
these materials as a main component.
[0322]
15 In this embodiment, a titanium layer is formed to a thickness of 150 nm by a
spuftering method for the gate electrode layer 461 (461a and 461b) and the wiring layer
464.
[0323]
Next, second heat treatment (preferably at 200 °C to 400 °C inclusive, for
20 example, from 250 °C to 350 °C inclusive) is performed in an inert gas atmosphere or
an oxygen gas atmosphere. In this embodiment, the second heat treatment is
performed in a nitrogen atmosphere at 250 °C for one hour. The second heat treatment
may be performed after a protective insulating layer or a planarization insulating layer is
formed over the thin film transistor 460. |
25 [0324]

Further, heat treatment may be performed at 100 °C to 200 °C inclusive for
from one hour to 30 hours in 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

30 room temperature to a temperature of 100 °C to 200 °C inclusive and then decreased to

room temperature. Further, this heat treatment may be performed under reduced



[0327] 15Mbisture remaining in a reaction atnosphere is renoved as

descri bed above in formng the oxi de sem conductor |ayer, whereby the
concent r avoaniafs23zydr ogen and hydride_in the oxide senm eomdentionsayer can
be reduced. Therefore, the oxide senigénductor | ayer can be stabilized.
[0328] 20The above-described thin filmtransistor is applied to the
transistor included in the logic circuits described in Enbodinents 1 to 6,
wher eby | eakage of electric charges through the transistor can be

suppr essgflessiye BeféreStothatidnesiUtk ioxidel MsWNSIRREr. PWRIer (et A frewars, and
suppression of mal function of the logic circuit can be achieved. [0329]

25Not e t Hh¢ heah freatgiepbtims can be phastedethodi ment or part thereof can be comnbi ned
freely wﬁp he contents of other enbodiments or part thereof or the

cont ent J anple or part thereof. [0330] (Enbodinment 9) 30In this

enbodi ment, an Thxeughl the above-deseritsidgiradess, tlod thikefilm mraasiytond60 meluldigi the
circuits described in Enpbodinents 1 to 6 will be descrjbed. Specifically,
an exanpl®idss semicandpctar) lyyer 4618 which theyropeeniratipn ifehydrogeta MYIHUegi on i s
formed usgj de: a6 0UG R o ddl | bed. [0331] One

enbodi rneflﬂtyEl ggég) r?’ ﬁ{l%ﬁ%dielqgnf%d?anm stbgrfoeoﬁfédt(ﬁ%gmgﬁ%g I'ment and a

manuf act yb32f§ net hod t hereof are described with reference to FIGS. 21A to
21E. 5[ 0332] o 21E illustrate Gross; sec i onal . st.ructures

: - I I:il G ul%lr'e : I; atigglayer rizati
of a thin filmAPRIFSHYS Bysulaling el A plamarizptionmylatplayen for planarizgtion v g
tzﬁFn h?? | %n{&?g%] @?gfﬂgg ?v&ttﬁé i Fifin #afksiéedr 46U, eTAIBbulR nBFillab4tey, ah bpehiag agger ed

10  reaching the source or drain electrode layer 465b may be formed in the gate insulating
layer 452 and the protective insulating layer or the planarization insulating layer, and a
wiring layer for electrical connection to the source or drain electrode layer 465b is
formed in the opening.

- [0327]

15 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. Therefore, the oxide
semiconductor layer can be stabilized.

[0328]

20 The above-described thin film transistor is applied to the transistor included in
the logic circuits described in Embodiments 1 to 6, whereby leakage of electric charges
through the transistor can be suppressed. As a result, reduction in consumed power
(standby power) and suppression of malfunction of the logic circuit can be achieved.
[0329]

25 Note that the contents of this embodiment or part thereof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
or part‘thereof.

[0330]
(Embodiment 9)

30 In this embodiment, an example of a transistor included in any of the logic

circuits described in Embodiments 1 to 6 will be described. Specifically, an example

of a thin film transistor in which a channel formation region is formed using an oxide



[0333] 10The thin filmtransistor 390 is described using a single-gate thin
filmtransistor; however, a nmulti-gate thin filmtransistor including a

pl uralitwehothigpseg! formation regions_can be formed whegrieadeds7o9dd334]
Hereinafter, a process of manufacturi ﬂé the thin filmtransistor 390 over a

15substrate 394 is described with reference to FIGS. 21A to 21E. [0335]
First, a conductive layer is fornmed over the substrate 394 having an
i nsul ating surface, and then, a gate el ectrode |layer 391 is formed by

per f or mangmicndactbt Wil beddeat@bdd hogr aphy step. It is preferable that an end
portion of the forned gate el ectrode 20 | ayer 391 have a tapered shape

because d83%%kage with a gate insulating |ayer stacked thereover is

i nproved. Note at nesi st S . he .Jred by i.nkj net hod
For mati on of ttgsenrlr eelsnl%gfiﬁéréégkoﬂ? glﬁﬁ?)rf&j etnraﬁégﬁroa& né@gs&gngé&gﬁg?tor%gk? t hus,

manuf act uhidiact@ridg MHethod ehekd deedbsclibd3bikh 2BdAkideau FIGShEr2td IR0 particul ar
limtation on a substrate which can be used as the substrate 394 having an
i nsul ati r{83%3]rface, the substrate needs to have heat resistance high enough

towthstand alp8a51AReE IGHIERLsd QB RILALAE belAh filnh uhASS:.

substrate fornmed using bariumborosilicate glass, alumnoborosilicate

gl ass, orAtthia filnk aansistobd39@Wskhaktratd| @3B 21E3khsG bett@rnefaer sthicjurasmd.isAs a

gl ass subsirate, a glass materi al .smclh as alum nosilicate gl ass,

al uni nobdFEEEf i % ‘Ql"%f%"é’,s“lﬁgef?grth‘& BufdsISlAcat e gl ass i s used, for

exanpl e. [b@j, that nore practical glass with heat resistance can be

obt ai ned when it contains a |arger anount of barium oxide (BaO than boron
oxi dd0(B203) . Thertkihdilm, transbtayl3Q8ds desbgbadusingosinglergategthiohilen Ba®istblan B203
is preferably used. 10338]. Note.t hat as the..above gl ass substrate, a
subot r at dOMSTRba Bpldses Ak Sty pranfiSh it itnd 3 AiEATOBE Epdpds ortighte | -

subst r at gegibhs eandRIBHhéEwhetPsdedad e may be used. Alternatively, crystallized
glass or the like may be used. Further alternatively, a plastic 1l0Osubstrate

or the |ilR34an be used as appropriate. [0339]
Hereinafter, a process of manufacturing the thin film transistor 390 over a

15  substrate 394 is described with reference to FIGS. 21A to 21E.
[0335] '

First, a conductive layer is formed over the substrate 394 having an insulating
surface, and then, a gate electrode layer 391 is formed by performance of a first
photolithography step. It is preferable that an end portion of the formed gate electrode

20 layer 391 have a tapered shape because coverage with a gate insulating layer stacked
thereover is improved. Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask; thus,
manufacturing cost can be reduced.

[0336]

25 Although there is no particular limitation on a substrate which can be used as
the substrate 394 having an insulating surface, the substrate needs to have heat
resistance high enough to withstand at least heat treatment to be performed later. A
glass substrate formed using barium borosilicate glass, aluminoborosilicate glass, or the
like can be used.

30 [0337]

In the case where the temperature at which the heat treatment is to be

performed later is high, a glass substrate whose strain point is higher than or equal to



An insulating |layer serving as a base filmmay be provided between the
substrate 394 and the gate electrode | ayer 391. The base filmhas a
function Wh w114essi Nng di ffusion of an inpurity el ement priQ@dihgsBoPSt r at e
394, and can be forned 15 to have a si7f'igl e-layer structure or a stacked
structure including one or nore filnms selected froma silicon nitride

| ayer, a silicon oxide layer, a silicon nitride oxide |ayer, and a silicon
oxynitride layer. [0340] The gate electrode |ayer 391 can be fornmed with a
singl e | aygr cpr i@ StRERY &d! av&s 415%15@' bR, FRHRE HatdiENsih as

nol ybdenum titanium chromum tantalum tungsten, alum num copper,
neodyni umluoinositieateliglasy, abumianb@bsitivaterglass, ioa baruiri blorasditati glass anysedf forhese

mat eri al s as in component. .[Q341] Fqr. exanple, as tw- | aye siructurel
o the- gaPealte AV TR PrstCal B3k wilhdah Jereraier dap e @ORIPRNY L

ol ybdenuintadies latedr Bkt baMeh oxtledBLD) MaM Ho@dﬁﬁéxid@fﬁz‘@:})' apiRfefdiel HCt Ure

in which a nol ybdenum | ayer is stacked over a copper layer, a two-[ayer

st r uctur eglass subsitiate containing mone BaOrthaneBiQgyie preferablytused-al um nitri de | ayer is
st acked o[g %]a copper layer, a two-layer structure in which a titanium
nitride | 3% and a nol ybdenum | ayer are stacked, or a two-l|ayer structure

in which a tung&d€mabiaé tedgbolvayliss Sebstak, a shbigtd Riimk@ e bn ddsalatdrasukrd i s
preferable. Alternatively, a three-layer structure in which a tungsten

| ayer or a& & fsERiensubsiatEda quayier subshats) Ofi AR substrate| wpy | Reyapedr an

al um num 4 } . I I i ni &l j:L.ani um

| ayer ar eﬁéﬁg%}ég}dg{))égg#g?é?‘%fns&gggg.gdakoq{}e&tg?fat F‘%‘ﬂ%?ag e%evle ef 3’(1) EEI ayer
can WO f cubschteior the like bargbd uded apappropriiatg conducti ve | ayer. As an exanpl e of
the |i ght-ééga]nsm tting conductive layer, a light-transmtting conductive
oxi de or [P | i ke can be given. [0342] 5Then, the gate insulating | ayer 397

is formed over ANe, QiR Chgat §Q@he! /Y& badd Kilnl §Rd3be provided bB&vedAlthe
i nsul ating | ayer 397 ca% be formaé with a single’layer structure or a
st acked swubsinite384 umidntheogate electrode layer 3K | iThonbaski filen has er funatien lofcon

nitride layer,. a.silicon oxynitride | r siJdico itride oxjpde layer,
and an a!%%‘eﬂﬂﬂg 83*"&5’% N %6"181?%6?@ t&/ﬂ"?f‘é‘f’ﬁgiddl ﬁnifﬁf’t lfee#qrﬁlﬁd net hod,
or thg |itkehavt ™ SingRIIay® RARUROlort Stabldidesthittt hilNdink 2R o3thord bk
containing a | arge anmount of hydrogen, the gate insulating |layer 397 is

pr ef er ablspletisd fean lbysilicogitriderlayes, msilipenioxide daysxangilieon nifridenexidalayenhere a
silicon oxi,de.la ned by a sputtering nethod, a silicon target or a

gquartz taarnaéitSilllc xﬁég}g?%ieqéyﬁrar get, and oxygen or a m xed gas of oxygen and
argon is [0349] as a 1l5sputtering gas. [0344]
The gate electrode layer 391 can be formed with a single layer or a stacked
20 layer using a metal material such as molybdenum, titanium, chromium, tantalum,
tungsten, aluminum, copper, neodymium, or scandium, or an alloy material which
contains any of these materials as a main component.
[0341]
For example, as a two-layer structure of the gate electrode layer 391, a
25  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, 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
30 and a tungsten layer are stacked is preferable. Alternatively, a three-layer structure in

which a tungsten layer or a tungsten nitride layer, an aluminum-silicon alloy layer or an

aluminum-titanium alloy layer, and a titanium nitride layer or a titanium layer are



The gate insulating |layer 397 can have a structure in which a silicon
nitride |layer and a silicon oxide |ayer are stacked fromthe gate el ectrode
| ayer 39hwei0fay/0skses exanpl e, a gate insulating | ayer haypichrgpdibbéoéness of
100 nmis formed in such a 20 manner t/fat a silicon nitride | ayer (SiNy (y
> 0)) having a thickness of 50 nmto 200 nminclusive is forned by a
sputtering nethod as a first gate insulating |ayer and then a silicon oxide
| ayer (SiO" (x > 0)) having a thickness of 5 nmto 300 nminclusive is

st acked %&e&%@@fkrﬂﬁ& sedISWGE ithd tha e Relodé Myel ichf be daineed ating

| ayer. [0345] 25Further, in order for the gate insulating |layer 397 and an
oxi de serlighttrdusmigting xpadu@ns dayesontAs namy@(ﬂagém,oﬁytbﬁogght;trmmﬂmhmure as
little as ssible, it.i referabl e that the suybstrate . 394 over which the
gate | nodeRtraleifiser st i B R ab Rk S LRI P A <t oo af ter
the gate [0842)l ating |l ayer 397 is forned thereover be preheated in a
preheati ng chanber of a sputtering ag,arat us as pretreatnent for film

f or maPi on so t HAen3be gatp insulatiag layige B9 Als fagmedoeien ther gatpelsetinds 1agsdPbed to

t he subst 394 are elimnated, and then evacuation is perforned. Note
that the [tengerature of the preheating is higher than or equal to 100 C
and | ower than The gaguinbulhtingd D§eC39peaf by fidimgd Righe kinghalayarstaquad of # 150 C
and |l ower than or equal to 300 C. an. evacyatjon unit praovided for the

pr eheat i ACKFh BRGUICISING ORF A TOLE Qféﬁﬂ}cgswl yer. Rotilieonriderjayer, a
preheat | naideh Al e G, BSilfedh hifide ot 14RE an8 UANIRARIRALLBOIECRY FENt MY
be performed wth 5 respect to the substrdte 394 in a state whére "a source
el ectlfodeplasmpeCVED frtlandd asspdttering micthotly odéhel bkeer 18 IBtieratoepreamirght pat€ or e

formati on of .an 0Xi i psul ating | ayer 396 i nner simlar tp..the
oove. [ oasiigte Be o7 B3 Sndhfts ¥ rarcanoml & HRERED. i isbBibdl o, e
to a thi gkpes9s7@f prEfe%Bl)Zfd}Hie&@ taGspaHEdpMnethed. tp&&aﬁ@w, E!rﬁthk:;%hier\ghér@yer 397
(see FIG 21A). [0347] te that” before the oxide sem conductor

| ayer 393 sikcomorxadaglaper is fermedibyra spyttapng mgthodya siligpn targalof aguads targeé gat e

i nsul ating | 397 IS ferably r ed.b S ter| In_which
an argon ‘gélé‘%y?g i%n af%?éu%rg‘;lg)éfﬁf%p+ra§ nlg&?é %(sar%r(%@é%.; ﬁﬂeﬁ%& r%e\l}ger%séés a

sput tisr i ngutt@igrgaist o a nethod in which, w thout application of a voltage to
a target side, an RF power source is used for application of a voltage to a
substratd9344e in an argon atnosphere to generate plasnma in the vicinity of

1 Subt 2 YT g7 S Wl e ot
at nos pherlm;;cr and ahldidonloxidedyydreare stéfkedeﬂnfn Gi3Agdte electrode l,ayer 391 side. For
example, a gate insulating layer having a thickness of 100 nm is formed in such a

20  manner that a silicon nitride layer (SiNy (y > 0)) having a thickness of 50 nm to 200 nm
inclusive is formed by a sputtering method as a first gate insulating layer and then a
silicon oxide layer (SiOx (x > 0)) having a thickness of 5 nm to 300 nm inclusive is
stacked as a second gate insulating layer over the first gate insulating layer.

[0345]

25 Further, in order for the gate insulating layer 397 and an oxide semiconductor
layer 393 to contain hydrogen, hydroxyl, or moisture as little as possible, it is preferable
that the substrate 394 over which the gate insulating layer 391 is formed or the substrate
394 in a state after the gate insulating layer 397 is formed thereover be preheated in a
preheating chamber of a sputtering apparatus as pretreatment for film formation so that

30  impurities such as hydrogen or moisture adsorbed to the substrate 394 are eliminated,

and then evacuation is performed. Note that the temperature of the preheating is



The oxi de sem conductor layer 393 is fornmed by a sputtering nmethod. The

oxi de sem conductor |ayer 393 is formed using an |In-G-Zn-0O based oxi de
sem condugbehi1/@p3shN- Sn- Zn- O based oxi de sem conduct or, pgi/gbstndeidsy O based
oxi de seni conductor, a Sn-Ga-Zn-0O basdf oxi de semi conduct or, an

Al - Ga- Zn- O- based oxi de 25 sem conductor, a Sn-Al-Zn- O based oxi de

sem conductor, an |In-Zn-0O based oxi de sen conductor, a Sn-Zn- O based oxi de
sem conductor, an Al -Zn- O based oxi de sem conductor, an |n-0-based oxi de

sem cond qﬁ%ﬁé& thad orRy 2108366 °©%hd fowis %&%}Fégﬁh% 400 pCSpr%ﬂ:‘re@‘l?ﬁ%ﬁ@r @xhde
sem conductor. In this enbodi nent, the oxide sem conductor Tayer 393 is

f or med byraqsgud 160 PEgndddacthas ongyuahto 300GC. ZMAribasedativat wlit rovided 30
target. Further, the oxide sem conductor |ayer 393 can be forned

b
sput t eri rfgr thetmeheating shambed, g s&yoprgpiit Rrafsrablygisay- aNpts<Spadhis, prawaasyeggen
at ”DSphe.rtFe"aH?ént & b¥Bnafdd’ ORedes Fs’ﬁ}{ gﬁ%@&kﬁ{ g@%?rﬂéﬂxﬁ%@pggéﬂ&%e% Wina rare

gas (typically argon) and oxygen. e ca enp a sputtering
nmet hod, degpest toithe smesyratee3 Peinf Dstaedwhiire la sosseaflectroialayet 3PFechnda depisi 02 at

2 % to 10 wt9% inglysive, [0349] 5As a.target for.formng the oxide
sem condiiEPUs yer S9HSar ouheth b PR B S HUT, OHOR I REUBE faE S gt
I ncl udi NG ZnREsiRlafR @S aBovdi N conponent can be used. As anot her exanpl e of
the netal oxide target, a netal oxide target including In, Ga, and Zn

(conposi tiP¥b]rati o: 1n203: Ga203: ZnO = 1:1:1 [nolar ratio], In:G:Zn =

1:1: 0.5 [atom tjo]). b d., As t al  oxj.de t i ncl udi
In, Ga and zn ThE1b° PAE SPmRERREHad8 a0ah R 1F hiSb S it 2, 1Y,
[ at omoc t80® hmWvedtHeafa@Sinsklatigdigyé 399MRRFIG Pay.atio of IniGaizZn = 1:1:2

[atom c ratio] can also be used. The filling factor of the nmetal oxide
target i d03Y1% to 100 % inclusive, and preferably 95 %to 99.9 %i ncl usi ve.

ng mPii)RgutC[‘gr ”ﬁé);i/‘cié Ft&%‘? ) (r)% ﬁn{eeg&&dé"ée%c&lcﬁ@mfrilé)lek 193 i@fdrfied 13 AGRIRHRE! de

method, dust on a surface of the gate insulating layer 397 is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. The

15 reverse sputtering refers to a method in which, without application of a voltage to a
target side, an RF power source is used for application of a voltage to a substrate side in
an argon atmosphere to generate plasma in the vicinity of the substrate 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.

20 [0348]

The oxide semiconductor layer 393 is formed by a sputtering method. The
oxide semiconductor layer 393 is formed using an In-Ga-Zn-O-based oxide
semiconductor, an In-Sn-Zn-O-based oxide semiconductor, an In-Al-Zn-O-based oxide
semiconductor, a Sn-Ga-Zn-0O-based oxide semiconductor, an Al-Ga-Zn-O-based oxide

25 semiconductor, a Sn-Al-Zn-O-based oxide semiconductor, an In-Zn-O-based oxide
semiconductor, a Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide
semiconductor, an In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor,
or a Zn-O-based oxide semiconductor. In this embodiment, the oxide semiconductor
layer 393 is formed by a sputtering method using an In-Ga-Zn-O-based metal oxide

30 target. Further, the oxide semiconductor layer 393 can be formed by a sputtering

method in a rare gas (typically argon) atmosphere, an oxygen atmosphere, or an



15[ 0350] The substrate is held inside a treatnent chanber which is kept in
a reduced pressure state, and the substrate is heated to a tenperature

hi gher thgp 01yR8s3! to roomtenperature and | ower thanpé@Qgpssrodéess a
sputtering gas fromwhich hydrogen and’moi sture are renmoved is introduced

into the treatnment chanber from which remaining 20 noisture in the
treatnent chanber is being renoved, and the oxi de sem conductor |ayer 393
is formed over the substrate 394 with use of a netal oxide as a target. In

order to r I ' byt t apment
acuum po e L g B e o &

ti t ani umsputtdringahétbod, gleppsiiion pay be patidbrynedsweith usEhe ageeumciudingFi0p ahdy be a
turbo pugpt\%é)rovi dg{;l wWth a 25 cold trap. In the treatnment chanber which is
evacuat e Qe gpelpsige-cr yopunp, a compound contai ning a hydrogen at om
such as B3 8] (H20) (preferably a conmpound containing a carbon atom, and
the like are renoved, whereby the inpurity concentration in the oxide

sem c6nduct or |Asy&ntaretr fordforminghthe toxadet semiconduatdrdayeara?P3oby raeshuttedng By fil m

formation usi a sputtering nmefhod while. renoving noisture left in 30 the
t ot menHTIERC OH4E ENoBHIME B St iod: BALHTEraEDr SUape SHe i me. of
form ng tA\eardxied 8x ARMIE &P REUAEET 0XidY B gc? WBme@NobAe Mrghi8hclt AR ID'GLANGI tO
room WO 2011/ 052383PCT/ JP2010/ 067996g
Zn (composition ratio: Iny03:Ga;03:ZnO = 1:1:1 [molar ratio], In:Ga:Zn = 1:1:0.5
[atomic ratio]) can be used. As the metal oxide target including In, Ga, and Zn, a
10  target having a composition ratio of In:Ga:Zn = 1:1:1 [atomic ratio] or a target having a
composition ratio of In:Ga:Zn = 1:1:2 [atomic ratio] can also be used. The filling
factor of the metal oxide target is 90 % to 100 % inclusive, and preferably 95 % to
99.9 % inclusive. By using the metal oxide target with high filling factor, a dense
oxide semiconductor layer is formed.
15 [0350]
The substrate is held inside a treatment chamber which is kept in a reduced
" pressure state, and the substrate is heated to a temperature higher than or equal to room
temperature and lower than 400 °C. Then, a sputtering gas from which hydrogen and
moisture are removed is introduced into the treatment chamber from which remaining
20  moisture in the treatment chamber is being removed, and the oxide semiconductor layer
393 is formed over the substrate 394 with use of a metal oxide as a target. In order to
remove remaining moisture 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. The evacuation unit may be a turbo pump provided with a
25 cold trap. In the treatment chamber which is evacuated with use of the cryopump, a
compound containing a hydrogen atom such as water (H,O) (preferably a compound
containing a carbon atom), and the like are removed, whereby the impurity
concentration in the oxide semiconductor layer formed in the treatment chamber can be
reduced. By film formation using a sputtering method while removing moisture left in
30 the treatment chamber with a cryopump, the substrate temperature at the time of

forming the oxide semiconductor layer 393 can be higher than or equal to room



78 tenperature and | ower than 400 C. [0351] As one exanple of the
deposition condition, the distance between the substrate and the target is
100 nm twe 2press3sse is 0.6 Pa, the direct-current (DC) ppomeroisu@pdey is 5
0.5 kW and the atnosphere is an oxyggﬁ at nosphere (the proportion of the
oxygen flowis 100 %9 . Note that when a pulse direct current (DC) power
supply is used, powder substances (also referred to as particles or dust)
~generated in filmdeposition can be reduced and the filmthickness is

i kely thﬁiEeﬂdﬂ!}é adowkhthahBogROoess of the oxide sem conductor |ayer is
preferably nmto 30 nminclusive. Note that an appropriate 10 thickness

di ffers dépeHdi ng on an oxi de sem conductor material, and the thickness may

be set as appropriate depending on.the material...[ 035 anpl es of
Csput teri ng. mATt SIS SegBeiom coBRg: MeCiRATer REuren fhesubs e

hi gh- f r e Giag kY taBRARY 1000H S Ehel pfreddtRAs DY P2 tisPdifdcBEdricht POTF powbiRIpyly i8 DC
sputtering 15 nethod, and a pul sed DC sputtering nethod in which a bias is

appl i &d it kEWand e atmesphere inan Rrysepetmesphary (theteppriien ahthaloxygandlow n t he
case wher.e i\ns ti,ng lLayer is f.orped DC sputtering,method is
iy oded00 o8 NS L R & i e Bl P e BB SRS

addi ti on,subdigi®s i(flsélréferrdd M laé ipaRRWsCHR SR f@ktAdl APARA Qf\«/:\?&iﬁéh whi 6b a
plurality of targets of different material's can be set. th the

mul ti - soueduced padttbe iflm tigkaesst igdikelnyebs wiforns f Ehe thicknese of dhes oxidn be
formed t : Ln. t or fil Lural kin of
mat eri al gselglgcﬁ%gg&grgg*éﬂlstpggfgfagci}? ? %@9 go:D g@: gt ldlé:ﬁlg{vet W{sﬁaﬁrrlé1 ?I?a rlolr)ﬂ%tﬁe sane
chamaer . tRekf3b4iffers dependigtodr anadidesemicondiRtol ingatérid, adAE SHicknepy muy ded
with a magnet system i nside the chanber and used for a nagnetron sputtering
met hod, GF s§t asFpprapriakiflepppding on theyatgridlor an ECR sputtering nethod in

whi ch plgﬁﬂﬁzgenerated with the use of mcrowaves is used w thout using

gl ow di scharde can be used. 30 [0355] WO 2011/052383PCT/JP2010/067996 79
met hod i n whi clExamiplasgdta spubetimgmethmddncudpen Réripagemes methoddneviticlaa e
chenicalhg reacted with each other urinq%de osition to fo a thin
conpound FEI-HFAHFEFE POV CH SOUCH IS SO A FRUNGTRE PRYET SYPRNAI L P aSRISICHAGe i s

al so 13pplh&fod, ard £ 'paRLE BE sﬁh‘t’iérﬁ& £eieal ihi Whick 3Nbiae ié‘%ﬁﬂied in a pulsed

manner. An RF sputtering method is mainly used in the case where an insulating layer
is formed, and a DC sputtering method is mainly used in the case where a metal layer is
formed.

[0353]

20 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
apparatus, layers of different materials can be formed to be stacked in the same chamber,
or a film of plural kinds of materials can be formed by electric discharge at the same
time in the same chamber.

25 [0354]

Alternatively, a sputtering apparatus provided with a magnet system inside the
chamber and used for a magnetron sputtering method, or a sputtering apparatus used for
an ECR sputtering method in which plasma generated with the use of microwaves is
used without using glow discharge can be used.

30 [0355]

Further, as a deposition method using a sputtering method, a reactive sputtering



5[ 0356] Then, by performance of a second photolithography step, the
oxi de sem conductor |ayer is processed into an island-shaped oxi de

sem condwwoanilmyss 399 (see FIG 218? Note that a resipetr/mBalosrssd for
formati on of the island-shaped oxide gniconductor | ayer 399 may be forned
by an inkjet nmethod. Formation of the resist 10 mask by an inkjet nethod
needs no phot omask; thus, manufacturing cost can be reduced. [0357]

In the case of formng a contact hole in the gate insulating |ayer 397, its

step can hehe®lih WHIEH aabrgeh Subistdiee @hd fOEpRdeting @ cohpoed: e Scﬁamfdangluct or
| ayer 399. %ﬂ{0358 For the_etching of the oxide sem conductor |ayer

393, wet rerctel with eaely other Hprigg deposBinmhtogform e thinragmpeunsniii fheaeof] 0839

As the et f h
(et or i neibn Sy RSRg Bl inbARE. v PR 000 BBl (1 Ablfcy dyrine
silicon afepoditiclecdnPeGikdd., or carbon tetrachloride (CCl4)) is preferably

used. [036 Alternatively, a gas containing fluorine
(fl uoPi nd? ed gas such as carbon tetrafluoride (CF4), sulfur fluoride

(SF6), nitrogerpykhugy, a’q%%"”ﬁany Qb Llediar PRBNARERy (Heb3)the BYHE 00en

brom de (HBr); oxyge t hese ga es to are gas such as
hel i um ( Hemniandectgolay¢rAs processeddetd; arorslamufshhpdde:)mmsdnacmxindtor 1686399

As the d | | te R E t chi
ot hod orCesrFICEaTRh. e i Ry BSbprdnsBi Resmetidn S il aedh SPEe Daea.
I'n order ¢:pi@halctdOlalée3doansy be 'fé}hﬁdclﬁ'sdﬂﬁﬂ b ARRRY. FORnAldnbiMNge sQREI tion

(the amount of electric power applied’to a coil-shaped el ectrode, the
amourd® ofmaskeby rancingishemethpp|reeds no photermnasks rtbee manufaciuting castecan He, the
tenperature of the electrode on the substrate side, or the like) is WD
2011/ 0523‘§‘§15&‘1"/ JP2010/ 067996 80

[0357]
In the case of forming a contact hole in the gate insulating layer 397, its step
can be performed at the time of formation of the oxide semiconductor layer 399.
15 [0358] ‘
For the etching of the oxide semiconductor layer 393, wet etching, dry etching,
or both of them may be employed.
[0359] ‘
As the etching gas for dry etching, a gas containing chlorine (chlorine-based
20  gas such as chlorine (Cly), boron chloride (BCls), silicon chloride (SiCls), or carbon
~ tetrachloride (CCly)) is preferably used.
[0360]
Alternatively, a gas containing fluorine (fluorine-based gas such as carbon
tetrafluoride (CFy), sulfur fluoride (SF¢), nitrogen fluoride (NF3), or trifluoromethane
25  (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.
[0361]
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
30 the layers into desired shapes, the etching condition (the amount of electric power
applied to a coil-shaped electrode, the amount of electric power applied to an electrode

on a substrate side, the temperature of the electrode on the substrate side, or the like) is



adj usted as appropriate. [0362] As an etchant used for wet etching,
a m xed solution of phosphoric acid, acetic acid, and nitric acid, or the

| i ke can we us@@d23sn addition, | TOO/N &produced by 5 KARC@QJEHEWEAs CO. |
INC.) may al so be used. [0363] 8%he etchant after the wet etchi ng i s
renoved together with the etched materials by cleaning. The waste |iquid

i ncluding the etchant and the material etched off may be purified and the
material may be reused. When a material such as indiumincluded in 10 the
oxi de semdpgtedustappropayter is collected fromthe waste liquid after the
etching and reused, the resources can be efficiently used and the cost can
be reduce[9362[]0364] The etching conditions (such as an etchant,
etching tine, t r ' r.opkj at . ad] i on the
maori ol sot ha phATRE! SR wal ARRE AN Blulof O G BRAE RAE G PO o)
Not e t hatacide\wad stripatitieor g like paefber ededy pendditiord I T@ITN pfoducmsit bpn of a
conductive filmin a subsequent step, so that a resist residue attached to
sur f aces W@Q&H@W@A&e céwg:t?d’c‘%?alﬁ%é%\‘s"g% and the gate insulating |ayer
397 is re[(m;gad. 20 [ 0366] Next, a conductive layer is forned over
the gate insdl ating |layer 397 and the oxi de sem conductor |ayer 399. The
conduct i ve | aydhertghatteaffep theedetlpychingsisutmevédiggetbeihwith the etchedanatemials

evaporation. net hod. As a material .of the conductive |ayer n.el enpnt

cel bot od WrdrRgE: e e T inpludls heFigRo 4 e P AR o
these 25 plige@Rh@ tRSmateAARANBOtouséd) AWhEY alndtérial GREH & MdNRGh atYudell ik hese

el enments in conbination; and the |ike can be given. Further, one or nore of

mat edPal sheexide semidopdusteralayernie sellecied; fremi thmwaster bt wifter Bergiehingiand and
thorium qa}ée&%hé’fe%g&rc%!‘ aan%te?%icfi&ﬂg%%& LY e DS callB% [LRVeEa 2 ST ngle-| ayer
structureé oOr a stacked-Tayer structure of two of nore layers. For exanpl e,
a singl e{0364r structure of an alum numlayer 30 including silicon, a

two-| ayer structure of an alum numlayer and a_ titanium/layer stacked
thereover, a tHhe&tqhingsongditions (tHch a5 anetshapt, stching e rand MBI A% | ayer

At er nat (B Eh aBbREN ek kS 1P BES SR R B PRSI L BT S | ayer
or alfit raiddsirédshapewhi ch contains alum num (Al) and one or a plurality of

el enment s ﬁf{iﬁted fromtitanium (Ti), tantalum (Ta), tungsten (W,
ol ybdem.[ chromum (Cr), neodym um (Nd), and scandium (Sc) may be

used. [0367]  Note that reverse sputtering is preferably performed before formation of a
conductive film in a subsequent step, so that a resist residue attached to surfaces of the
oxide semiconductor layer 399 and the gate insulating layer 397 is removed.

20 [0366]

Next, a conductive layer is formed over the gate insulating layer 397 and the
oxide semiconductor layer 399. The conductive layer may be formed by a sputtering
method or a vacuum evaporation method. As a material of the conductive layer, an
element selected from Al, Cr, Cu, Ta, Ti, Mo, and W; an alloy containing any of these

25 clements as ‘a component; an alloy layer containing any of these elements in
combination; and the like can be given. Further, one or more of materials selected
from manganese, magnesium, zirconium, beryllium, and thorium may be ‘us.ed. The
metal conductive layer may have a single-layer structure or a stacked-layer struéture of
two or more layers. Fof example, a single-layer structure of an aluminum layer

30 including silicon, a two-layer structure of an aluminum layer and a titanium layer
stacked thereover, a three-layer structure in which a Ti layer, an aluminum layer, and a

Ti layer are stacked in this order, and the like can be given. Alternatively, a layer, an



By performance of a third photolithography step, a resist mask is forned
over the conductive layer, and the resist mask is selectively etched, so
that a sowoeralsesssr ode | ayer 395a ang a drain el ectrodecirayano8&sss ar e
formed. Then, the resist mask is reno dd (see FIG 21C). [0368] 10For
exposures for making the resist mask, ultraviolet rays, a KrF | aser beam
or an ArF | aser beamis preferably used. The channel length (L) of a thin
filmtransistor to be formed later is determ ned by the di stance between

t he bot t aiflopQadrost Phittile layervbhedodediisoglemlimmme(ABmd @iecort ) plubity @M
portion of the drain electrode |ayer 395b which are adjacent to each other

over the dsmens sdeqtebifauctitariuma(id), taggum Wa),ﬁbnﬁﬁé‘g(‘ﬁblmﬁéi?@nﬂﬁ’e(l‘é%nngl
length (Lo iy y&;r},%%o&%ﬂn@@%nﬁmﬁ’rgﬂ%%&%a)g';%(hﬁg. a mask in the third

phot ol i t hograp ep I's per use reme ultraviolet with
extrenel y036Mrt wavel engths of several nanoneters to several tens of
nanoneters. Exposure with extrenme ultraviolet yields high resolution and a

great >dept h of HYoRerEormapce @ ihird Rhololihegiarhy Siem grksit pasks is fhrnad Q¥eSi st or
whi ch i s ,0bSRclicd ﬁ?eri %gﬂhp?esﬁsmmsﬁ% %?cii@el}%%egoso thp 4 _k&%le/&md@ndf;hus

the operation rate o circult can incfeased. In addition, the o
current Jayane395s awdt a elngh yelemmakdé ;layen 395b| aredformalie rTheon shenpsisomaskins be

achi eved. [036 Materials of the layers and etching conditions
are adj us’F%‘ﬂV%fEésﬁepBIr%ﬁilﬂate so 25 that the oxide semiconductor |ayer 399 is

not -rerm\{ggiﬁg]n etching of the conductive layer. [0370] In this
enbodi ment, a Ti layer is used as the conductive film an |In-Ga-Zn-O based
oxi dd0semi conddier expasures §esgnaking He resistdeaskewltravolit caysy a Kalj dasegloam, 0 and an

Oseni ¢ e . . o 2 K
nyar ogen Hebdogiers Ceaf b Prrsieby hEE Tue Ukhibidrfety TR fyn M fans P 2

2011/ 05238 HRGbrmER A6y B6dAQGmiNe by the distdnct hetwdenr e Mottoal poiografphy st ep,
only part of the oxide senm conductor |ayer_ 399 nay be etched off, whereby
an oxi de SQBIGE Slisirade daver 493 apdhihenbotiony pegipe 9fathg clspip deciroge dayes 3P bay be

f or ned. . : [ f ' e |ayer
305a and THE" o ED| Al BARE ok e bRiac CRIOAFuC ORISR SEE ThRRLERES

nmet hdd. Rdierathieathandel tidrgthr @9)iis shorkes khay25Hnmi ekgostrenfet nallingeeniasknin the

phot omask; . t hus, .manufacturin ost .can be reduced. [0372] . I.n order
Lo r educdhihaheiatibesaphy P cdSath ¥ Oéeﬁsﬂaps|uit_{4m7}?t]a‘me’9f%elénd
reduce thgoR WQ@@lreng’tBs BhQL/Blal hARBKARE Yo SIveRS tendBf RAFIHAGsST ERpdtdte Wfh

per f or med
extreme ultraviolet yields high resolution and a great depth of focus. Therefore, the

channel length (L) of the transistor, which is formed later, can be from 10 nm to 1000
20 nm inclusive, and thus the operation rate of the circuit can be increased. In addition,
the off current value is extremely small; thus, lower power consumption can be
achieved.
[0369]
Materials of the layers and etching conditions are adjusted as appropriate so
25  that the oxide semiconductor layer 399 is not removed in etching of the conductive
layer.
[0370]
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 399,
30 and an ammonia hydrogen peroxide solution (a mixture of ammonia, water, and a
hydrogen peroxide solution) is used as an etchant.

[0371]



- the oxide Ins

10 with use of a multi-tone mask which is a |ight-exposure mask through
which light is transmtted to have a plurality of intensities. A resist
mask for w0 20itvds2asse of a nulti-tone nmask has a plurali pgTaP2ibochsmesses
and further can be changed in shape by<etching; therefore, such a resist
mask can be used in a plurality of etching steps for processing into
different patterns. Therefore, a resist nmask corresponding to at |east 15
two kinds or nore of different patterns can be forned by one nulti-tone

mask. Thus, thdnnkertigid sHotdlitBblr SplroalyTpak of @ oXide kafiesadicirdayene
nunber of correspondwg hotollt ogr aphy steps can be al so reduced, whereby
e

si npli fi G Bay die el s¥herhy R pwidrsemiconfucionjayephryaesa SraoNe fdnt
using a eé%ﬁtboﬁoryq‘f?zgf 6\47foP8§%ArN5‘EEéhJ?% BG4 iI‘ﬁ ed R)Irayer}{%‘é’%h&fceor the

| i ke adsor ce o e oxl Seém con

exposed. dRtada liyeeBO5®ahd Nhey dben pRicfrodeTBgeti 393ty nﬁyrbexfdﬂhed dgsarofnkfetygen

and ar_gon. t510374 25l.n the case of performng plasm treatnent, an oxide
£\

i nsul at i igethadrer Fosggtion, of Hygirgeist w%%a} inkist mathodogede ne phrarakidhe: | ayer
is formed,y gquat |%3(%SF&H%F} gto air (see FIG 21D). In this enbodi ment,

ayer |sforrred|n contact with the oxide
sem cond68d2] llayer 399 in a regi on Wnere t he oxi de sem conductor |ayer 399

is overl apped th nelth r e So ectrode | ayer nor 30t he drain
el ot rode’ | ayerln S48 1o reivs (0 pERBerIcE DS BTBRC T ch BB HUSETaBEY Hop

i sl and- shapedd®ot He nuiiPef %F%H%ﬁfhdg?a?ﬁg s&P9; ad eﬁhﬁ,g%@pe nf2ly Qe pftRmkayer
395a, and the drain electrode |ayer b are for is heated to a

t enpdfat uwith bghee mHtifony n@sfumhlqlolsra)bghtt@mwamnsb thmlgh ovhaeh lightnis 100 C,

ot st ur o e B BSOS oL iRt o NP RRah ol Balh pct°R e

i ncl udi ngmaltidtehe alask Had @mlmﬁlxtg%ftthﬁk@ss&eanurﬁuhat¢a|ﬂg>d @Mﬁgecﬁﬂxﬁsmpé byuse of
a silicon target. £0376] For_ exanp a silicon oxide_ layer is fornmed

by a pul Séehms thergiarersush antesisbmask ﬁWdﬁe‘é igja) plueshity 8f glchingopens fArt h
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89 mmS t heroﬂnmﬁmrmonemf&iﬂer@ﬁ pdtﬂemschanemtfonwd EBnond MG)ti-pmeanaskupibhys;i s 6

kW and ap atnpsphere is an oxygen atnosphere (the prqportion of the oxygen
flowis 18@ ibe ‘l?ﬁfe{%‘ﬁleék?ﬁé’é%“{ 91 b E0gerst 4 he TRimbied o COTRPORTIPE con

' lith. n b d I s1 ficati C
target %{&E c(g?;{ nfy lcx S URbNEI Ed WAL By sihlifR&idtSeth foctN@ah BEget for

formng the sil
realized.

[0373]

20 Plasma treatment using a gas such as N,O, Ny, or Ar may be performed to
remove water or the like adsorbed on a surface of the oxide semiconductor layer which
is exposed. Plasma treatment may be performed using a mixture gas of oxygen and
argon.

[0374]

25 In the case of performing plasma treatment, an oxide insulating layer 396 in
contact with part of the oxide semiconductor layer is formed without being exposed to
air (see FIG. 21D). In this embodiment, the oxide insulating layer 396 is formed in
conta(;t with the oxide semiconductor layer 399 in a region where the oxide
semiconductor layer 399 is overlapped with neither the source electrode layer 395a nor

30 the drain electrode layer 395b.

[0375]

In this embodiment, the substrate 394 over which layers such as the



15 layer. As the sputtering gas, oxygen or a m xed gas of oxygen and argon
is used. [0377] In this case, it is preferable that the oxide

i nsul ati ngolaVifr523336 be fornmed while renoving residual peirgb160é79d he
treatnent chanber. This is because hy®Pogen, hydroxyl, or npisture is
prevented from being included in the oxi de sem conductor 20l ayer 399 and
the oxide insulating |layer 396. [0378] In order to renove residual
noi sture in the treatnment chanber, an entrapnent vacuum punp is preferably
used. Forise¥@uRipRd oRide! SRRETRUCBN 1dyeN390)iRe s@ifrc@elbbddii 14PerSIoBhi ARe dhen punp
is preferably used. The evacuation unit may be a turbo 25 punp provided

wi th a colrdintelegtrod¢ tayeh393br aaformred is heatbrbto avteimperdteredvghen thaadbrvequal tohe

cryopunp, a conpound containi ydrogen atom such as, water . ((H20

(br o or aiiom EmBEBGEAe AN Eubin 100 ACe Ab0 PUCHIE Shdaniating h By
removed, EEBY whitth RRIGELH il IeRnRE a2 rdrARRAI & Yntréddhcbd)&o0hhdE siitek! at i ng
| ayer 396 formed in the treatment chamber can be reduced. 30 [0379] |ayer,

an al gmi mrideobayer includmgl aadedect informied ab ithecoxidminselatise thyas39¥hwitbuiselof a

i nsul ating,.l ayer 396. [0380] Furthernore, heat treatnent nmay be perforned
at a tenpsgll’%“d?rgetof 100 Cto 5 400 C under such a condition that the oxide
i nsul ati n@3yelyer 396 and the oxide sem conductor |ayer 399 are in contact
wi th each other. Since the oxide insulating |ayer 396 includes nany defects

in this enbodi fonexample; aplieon gxidelayeras forpned byerpulsedi RE spettermganathed. . or

hydride i.ncl uded i.n_ the oxide semnj,conductar, | ayer 399 | | Rt o the
oxi de | nslﬂl‘gf_élllc d‘ Tlg‘y‘/oé} g?é% ‘g’yeiéﬁlh B?ré’gt%@n?a,w atﬂ’i’éﬁy toﬁeéi{ ur y% n the
10 oxipde FREHGAPAGI0T Werh Pié&Ised K GRRarRE betidelGhe 1R8MCAM. thE Q88kkate (T-S

Through the above-descri’bed steps, the thin filmtransistor 390 including

an oxi de digtancedisciyonoy, thegressude OidrPapttieghirechenrreoh 2@} pawérsnpply ihg §¥Mogen,
noi sture,_ hydroxyl .. or .hydride is reduced can be for (see FIG 21F).

T5{ 062) AN SlngspnSP oS e UpBiRBerE (BR raresidH O et RESePRYi S
removed afpot by, t iTAE Rickh&8 MBRYL-idSDOr Aked Ifpaaebf ot SflicbhQaiR¥, dfhartz _
sem conductor "l ayer, the concentration of hydrogen and hydride in the oxide

sem condupteferablyy synthedic qrrtzpdarc bd uset eothti tagtep for Feming the sibadrcoxdact or

I ayer, .ca be sé?t&itl i zgd. 20 [0383%‘ . A protecti vg i nsul ati.ng | ayer may
be” pridvi da¥FfovaP HeHRUELIMEETHTHIESR PR MixSHsas Of AxY§rnand AFSH RS ~
protectivesyysul ating layer 398 is formed over the oxide insulating |ayer

. 396. As the protective insulating |layer 398, a silicon nitride |ayer, a

si li con nitriddn#h gesel Kyeprefeazble thatitheonide insulating layer 396dhe formed milidteni tri de
oxi de | ayrgrrnbvﬁrg }ers]ﬁual moisture in the treatment chamber. This is because hydrogen,
hydroxyl, or moisture is prevented from being included in the oxide semiconductor
20  layer 399 and the oxide insulating layer 396.
[0378]
In order to remove residual moisture 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. The evacuation unit may be a turbo
25  pump provided with a cold trap. In the treatment chamber which is evacuated with the
cryopump, a compound containing a hydrogen atom such as water (H,O) (preferably, a
compound containing a carbon atom), and the like are removed, whereby the
concentration of an impurity in the oxide insulating layer 396 formed in the treatment
chamber can be reduced.

30 [0379]

Instead of the silicon oxide layer, a silicon oxynitride layer, an aluminum oxide



25li ke is used. [0384] As the protective insulating |layer 398, a silicon
nitride layer is formed by heating the substrate 394 after the oxide

i nsul ati ngolayif523336 is formed, to a tenperature of 100 pErliP24006799¢
introducing a sputtering gas containi % hi gh-purity nitrogen from 30 which

hydrogen and noi sture are renoved, and using a silicon target. In this case
also, it is preferable that residual npisture be renoved fromthe treatnent
chanmber in the WD 2011/052383PCT/JP2010/067996 85 formati on of the

prot ect i igyer, Ui @hinih d)gmafidéi?a%eﬂ, Br theTXRRGA b8 uBdd Arthé Bxidb asubting gepxi de
insulating layer 396. [0385] In the case of form ng the protective

i nsul ati AY6l ayer 398, the substrate 394 is 5 heated to a tenperature of 100
Cto 400 6:308% the tine of formation of the protective insulating | ayer 398,
wher eby t{y rclgen or noisture included in the oxide sem conductor |ayer can

be diffused i niparthdimhopiHat irbftleat inBY be F¥Bormed at Ditémpersifse SEAIO ¢C eat ment
is not necessarily perforned after formation of the oxide insulating |ayer

396. p0386P ADIlunde¢rhsuchas econtligios thhtethei bxiderinelating layye 39asandhtheoskide

insulating lLayer 396 an silicon nitride. | ayer th rotective
roul ot | A cidoRyal D8 af infohadianill Fratatheki Sendenbe barinsHEteg | | con

nitride lieerosacii@esd MaE defebistiianidmbddiehiMBAtinpRANPQIchUS Rirdgdn0MON
silicon target. First, a ‘sputtering gas containing oxygen is introduced and
a sil i commaisturee Hydyaxyl,i er hydndal inglided in ¢he ozisle seamigenduglonclayeri 329 de t he

treat nent,.cha r..15..and then th utterin as | i t.ched. to

spuct o SFRRTREE GRS WRIRE UACREAG! PR RRR b M il 8 e, e
usi NGOt hexsRFemsdonti Ao lairP80 cadSbe tttehtedubéd.con oxi de layer and the
silicon nitride |ayer can be forned in succession w thout exposure to air,

an i npuril®384uch as hydrogen or moisture can be prevented from being
corben 0 2 TR USRI ol AL DR b LD
nitride loajder seasicordncior dagat 392 in nehitlatthe goheenentiGid ®f diyerageas enistufeeat
01 ot Ur 0 WY HRRBHLI TR ORF L O SEHALGEOFIG 2J8 {nto the ox)de
i nsuhati rrg3g2qyer may be perfornmed. [0387] :
When residual moisture in the reaction atmosphere is removed at the time of
the above-described formation of the oxide semiconductor layer, the concentration of
hydrogen and hydride in the oxide semiconductor layer can be reduced. Accordingly,
the oxide semiconductor layer can be stabilized.
20 [0383] . ,
A protective insulating layer may be provided over the oxide insulating layer.
In this embodiment, a protective insulating layer 398 is formed over the oxide insulating
layer 396. As the protective insulating layer 398, a silicon nitride layer, a silicon
nitfide oxide layer, an aluminum nitride layer, an aluminum nitride oxide layer, or the
25  like is used.
[0384]
As the protective insulating layer 398, a silicon nitride layer is formed by
heating the substrate 394 after the oxide insulating layer 396 is formed, to a temperature
of 100 °C to 400 °C, introducing a sputtering gas containing high-pljrity nitrogen from
30  which hydrogen and moisture are removed, and using a silicon target. In this case also,

it is preferable that residual moisture be removed from the treatment chamber in the



25After the formation of the protective insulating |ayer, heat treatnent
may be further perforned at 100 Cto 200 Cinclusive in air for 1 hour to

30 hour s wBGhigGisysss This heat treatment nmay be perfornegcgiypsyibigess heati ng
tenperature. Alternatively, the foll 0\§15ng change in the heating tenperature

may be conducted plural tines repeatedly: the heating tenperature is
I ncreased fromroomtenperature to a tenperature 30 of 100 Cto 200 C
i nclusive and then decreased to roomtenperature. Further, this heat

t r eat mentgoRMidaCrARE hREMEVe URHREIn £898 i £auh& dafier ® thardrahd exiaef the
oxi de WO 2011/ 052383PCT/ JP2010/ 067996 86 insul ating |ayer. Under the

reduced pneadaingdayerB86heat treatnent tinme can be shortened. Wth this heat
treat rrent[ & normal ly-off thin filmtransistor can be obtai ned. Therefore,
reliabili P’;’/ (;f t he sem conduct or device can be inproved. [0388] 5Wen

residual noi st Ui ¢hd East BE foraakd tHRMprotedReP R RLiS 1dyeNB9S dhabubshatetIoass of t he
formati on of the oxide sem conductor |ayer, in which a channel formation

regi of i deplgd e aftemperdturg ok 10Q Ae tg40@ *Crat heatiing f Iforprationtdf dhe pretestive at i on
of hydr ogen qr h\;jdri dg 'gn the §Xi de, sem conducttor I.aé/ler an 35 redyced.
[0389] 10THEURSVRL: 338 SHIFBY (DAEOSRr Sratiitite ABgPed i dlif a%0 st al

di spl ay pem@dondddio€la9ért ¢aal BediffessienaLthei oxitledyisilaie layerdNdhn ﬁli@@éﬁéfh@'ﬂe (a
substrate over which a thin filmtransistor is forned) of a display device
usi ng el deeatpgt és natjecceppisily pejermedafisr formatien phihawyidgtinspdating leyer B8g»er ;

t her ef or 3é63e above steps can be applied to a manufacturing process in

whi ch a 3Pas substrate having a thickness of 1 mmor snmaller 15 and havi ng
a side that is Ihdegase where the silicen owsidellayéy ds thé exidb divsalsing [isyee 306 bed a

performed._at 400 C or |lower; thuys, a |arge anmpunt of enerfglgy 1.s not. needed
for manufsdicen ﬁltﬁ]@le daysr & erﬁtéﬁté‘fc. 1@@3@1@ layer 398 are stacked, the silicon oxide

layer and the silicon nitride layer can be formed in the same treatment chamber using a
common silicon target. First, a sputtering gas containing oxygen is introduced and a
silicon oxide layer is formed using a silicon target placed inside the treatment chamber,
15 and then the sputtering gas is switched to a sputtering gas containing nitrogen and a
silicon nitride layer is formed using the same silicon target. Since the silicon oxide
layer and the silicon nitride layer can be formed in succession without exposure to air,
an impurity such as hydrogen or moisture can be prevented from being adsorbed on a
surface of the silicon oxide layer. In this case, after the silicon oxide layer as the oxide
20 insulating layer 396 and the silicon nitride layer as the protective insulating layer 398
are stacked, heat treatment (at a temperature of 100 °C to 400 °C) for diffusing
hydrogen ’or moisture included in the oxide semiconductor layer into the oxide
insulating layer may be performed.
[0387]
25 After the formation of the protective insulating layer, heat treatment may be
further performed at 100 °C to 200 °C inclusive in air for 1 hour to 30 hours inclusive.
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 room temperature to a temperature
30 of 100 °C to 200 °C inclusive and then decreased to room temperature. Further, this

heat treatment may be performed under reduced pressure before formation of the oxide



The above-described thin filmtransistor is applied to the transistor

i ncluded in 20 the logic circuits described in Enbodinents 1 to 6, whereby
| eakage oWoebamatse3ss char ges through tgg transi stor can leTrgeppoesssd. As a
result, reduction in consumed power (Standby power) and suppression of

mal function of the logic circuit can be achi eved. [0391] Not e t hat
the contents of this enbodi nent or part thereof can be conbined 25 freely
with the contents of other enbodi nents or part thereof or the content of

Exanpl e dfisudainl lhyeer eUhder[tRSRAhcddipresdieltiztheaOreatmerithtinge eanoekhorsicd. an
exanple of a transistor included in anylof the logic 30 circuits described
1

i n Enbodi Withthis heat gregtmgnf,|a nosmalkyeH; thadfilmgransistqr can by obtainedy o ABeefase, a t hin

filmtrangst ' |G ¢ ' egion is forned using an
oxi de VE@¥%T%?SE9&%%@%???3%@?@#%%?%8§£g®b§§ﬁ§bonductor w Il be described.
[0393] [0388] An enbodinent of a thin filmtransistor of this enbodi nent
and a_manufactuyyjng nethod thereof will be described with reference_to

FI GS. 222A t o 22Bcms[egisal moisture in theggactivnatigsphers 1S 1oy P abheriag 8fpl e of
a Cross- SRCERARL ot fﬁégxﬁﬁeeseﬁfic&l&t]agg Il:z)lfyb}, M Wh Zz«i StaRhel Prthftidh febloMis

transistor 360 1llustrated in Fl I's a kind of bottomgate structure

cal | ed a tehahoreledpocir vt gate insylating tyan el casicopratipp of hpdrogersonbyslidean | ed an
i nverted ﬁt%g er ed. th(jéllrg filmtransi ator. 10[ 0395] The thin film
transi st 6P %BHC PGy }%éﬂ’eﬁ??’ﬁbe 15945yl e-gate thin filmtransistor:
however, [g3gygjl ti-gate thin filmtransistor including a plurality of channel

formation regi ons can be fornmed when needed. [0396]
10 The above steps can be used for manufacture of a liquid crystal display panel,

an electroluminescence display panel, and a backplane (a substrate over which a thin
film transistor is formed) of a display device using electronic ink. The above steps are
performed at 400 °C or lower; therefore, the above steps can be applied to a
manufacturing process in which a glass substrate having a thickness of 1 mm or smaller
15 and having a side that is longer than 1 m is used. All the above steps can be performed
at 400 °C or lower; thus, a large amount of energy is not needed for manufacturing a
display panel.
[0390]
The above-described thin film transistor is applied to the transistor included in
20 the logic circuits described in Embodiments 1 to 6, whereby leakage of electric charges
through the transistor can be suppressed. As a result, reduction in consumed power
(standby power) and suppressionvof malfunction of the logic circuit can be achieved.
[0391]
Note that the contents of this embodiment or part thereof can be combined
25  freely with the contents of other embodiments or part thereof or the content of Example
or part thereof.
[0392]
(Embodiment 10)
In this embodiment, an example of a transistor included in any of the logic
30 circuits described in Embodiments 1 to 6 will be described. Specifically, an exémple

of a thin film transistor in which a channel formation region is formed using an oxide



15Herei nafter, a process of manufacturing the thin filmtransistor 360 over
a substrate 320 with reference to FIGS. 22A to 22D. [0397] First, a
conduct i weolav@s2iss formed over the substrate 320 havi ngcgprdisué?aéd N9
surface, and then, by performance of &7first photolithography step, a gate
el ectrode layer 20 361 is formed. Note that a resist mask nmay be fornmed by
an i nkjet nmethod. Formation of the resist mask by an inkjet nmethod needs no
phot omask; thus, manufacturing cost can be reduced. [0398] The gate

el ect r odgeldaudlwipbe R&chigdaned to have a single-layer or 25

stacked-| ayer structure using a netal material such as nol ybdenum

titani um[08¥om um tantalum tungsten, alumi num copper, neodymi um and

scandi um or an, all mat eri al l.ch.cont ai ns an f. these.materials as its
mai n conponent A7 0739 ﬂrﬁ@‘ﬁt ,O?aa\é\g‘t“é f‘ﬁ%u{rﬁﬂsfsi‘br I‘%y&?s ﬁ‘gquémf"gr r’?@@ Bver the
gat e el eGhidinidipahetBd thedldf W BB ldescibed Adth/ e h@s RGN 20A06 061996 88

[ 0401] Next, an oxi de sem conductor |ayer is fornmed over the gate
i nsul ati Mg@394yer 322 to have a thickness of from2 nmto 200 nmand is

b ocereed | 1% 3Bs, SN HIRStaR AR SORAE RSN EAE P, oy e

phot ol i t hogr aphy St €p. 0d Xi de sem con

i s formedilgsitiagsisaor. | NAGhiZIfill basgstonsicel ilnxiraed tiar BEX 28D das SPpKiddErof ng
met hod. [0402] In this case, it is preferable that the oxide
seni condottem-galy sirugurer iled @ ehapndd-pretgetiventype dhagpelrstop yped aad jinalgo

treat mente, fOMIPRLertdd Ugadefed AT NAIRIEN.
10  [0395]
The thin film transistor 360 is described using a single-gate thin film transistor;
however, a multi-gate thin film transistor including a plurality of channel formation

regions can be formed when needed.

[0396]

15 Hereinafter, a process of manufacturing the thin film transistor 360 over a
substrate 320 with reference to FIGS. 22A to 22D.
[0397]

First, a conductive layer is formed over the substrate 320 having an insulating
surface, and then, by performance of a first photolithography step, a gate electrode layer
20 361 is formed. Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask; thus,
manufacturing cost can be reduced.
[0398]
The gate electrode layer 361 can be formed to have a single-layer or
25  stacked-layer structure using a metal material such as molybdenum, titanium, chromium,
tantalum, tungsten, aluminum, copper, neodymium, and scandium, or an alloy material
which contains any of these materials as its main component.
[0399]
Next, a gate insulating layer 322 is formed over the gate electrode layer 361.
30 [0400]
In this embodiment, a silicon oxynitride layer is formed to a thickness of 100

nm or smaller by a plasma CVD method as the gate insulating layer 322.



10 hydroxyl, or noisture is prevented from being included in the oxide
sem conduct or | ayer. [0403] In order to renove residual noisture in

t he treatwnhigfzadggher, an entrapnment vacuum punp is preperaPbiopsess For
exanmpl e, a cryopunp, an ion punp, or &315 titani um sublimation punp is
preferably used. The evacuation unit may be a turbo punp provided with a
cold trap. In the treatnent chanber which is evacuated with use of the
cryopunp, a conpound contai ning a hydrogen atom such as water (H20), and
the |ike [64®1]" enoved, whereby, the inpurity concentration in the oxide
sem conductor |ayer fornmed in the treatnent chanber can be reduced. 20

[ 0404] Nexpantoxidersgmicondustediagerris farmed opersthe gatn infulating layer 322

sem condyctor | ayer is preferably i gh-purit as in which t

concent r &% i"G¥e 81(3 55?“?%)‘&%3‘9 @ﬂ%‘htog%(%a‘@r %&ﬁ,&ﬁg‘?%ﬁd IfQ, 4p d%ﬁ‘@s}ﬁpe%ydri de
i s reducestidexeRiiUnductERIa9enbSLYRbAd Fﬁtﬁéﬁﬁio@@ hmdgb.i OfA thidRMbodiment, the
approxi mately several parts per bil g 25[ 0405] Next ,

. : . lion (ppb :
dehydPat ioFilegemiesduetonlaier is ormet using a@%ndga- 810 based meata oxidgytaigst hsa
per forne t ature of first heat treatnent for dehydration or
dehydr oggﬁlé@}ﬁlﬁﬁ%ﬁﬂi'gher than or equal to 400 C and | ower than or equal to
750 C, prie4@]ably higher than or equal to 400 C and | ower than the strain
poi nt of the substrate.. t he 30substrate_.is introduced into an

Here I
electric furnad®thiihfass it & Rygfsrable thabthe oxidersemigondpgiar layeiheformedwhils eat ment

is perfor wth respect j S ug .

2011/ 052§§’§‘g‘5§/ %333%0?8’%%%‘865@% ﬁéégﬁﬁﬁr ogeﬁ&gt %@%ﬁ%ﬁ%%‘%“ﬁ@b“‘%g%“ or one
hour 10andytlitesy], drhmoiskirelés peaventod duwrh dreidgairetuded inmdhe explessthitendatctor so t hat
entry of water and hydrogen into the oxi de sem conductor |ayer is

prevent ed®Fhus, an oxide semiconductor |ayer 332 is obtained (see FIG
22A) . 5[([6 Next, plasma treatnent is performed using a gas such
as N20, N, or Ar. By this plasma treatnent, adsorbed water and the |ike
attached to anlerpdlsséel remoeveagsidud]l meistugs indde dreaineem ¢hember, hmyeirapament

removed. VPI asme treatment nmy l%% pg‘rf%r rrlt%dl usi (r:lgl a m erg 98s %1; oxygen and
argon as ety pfénp[ 68487'1 Tably” usClnex Pt AAMBXr de iﬂglfﬂl%’tfing ?aﬁ}lerp’i s Torned
over 15he tatiemi sublimatibm $uinpyis 'préiérabiy dsddne Thsi caciflioh amdmay de 4 apbs 332.
After that, by performance of a third photolithography step, a resist mask
i s for nedumprigoyided with@ecoldsan- atinike treapment chambprewhich ds ¢vashdp@Withais¢ or m an -

oxi de i Nkt 08 S confBund BSRainkl}S ARSbSh HBH SudtSas\FatbEERSnd the

like are removed, whereby the impurity concentration in the oxide semiconductor layer
formed in the treatment chamber can be reduced.
20 [0404]

A sputtering gas used for the deposition of the oxide semiconductor layer is
preferably a high-purity gas in which the concentration of an impurity such as hydrogen,
water, hydroxyl, or hydride is reduced to approximately several parts per million (ppm)
or approximately several parts per billion (ppb).

25  [0405]

Next, dehydration or dehydrogenation of the oxide semiconductor layers is
performed. 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, preferably higher
than or equal to 400 °C and lower than the strain point of the substrate. Here, the

30 substrate is introduced into an electric furnace which is one of heat treatment

apparatuses, heat treatment is performed with respect to the oxide semiconductor layer



[ 0408] In this enbodi nent, as the oxide insulating |ayer 366, a
200-nmthick silicon oxide layer is deposited by a sputtering nethod. The
subst r at aybeip@isaisgr e i n deposition may be hi gher than egrraasabeé@eg oom
tenperature and | ower than or equal t®”20 300 C and in this enbodinent, is
100 C. The silicon oxide |layer can be fornmed by a sputtering nethod in an
at nosphere of a rare gas (typically, argon), an oxygen atnosphere, or a

m xed atnmosphere containing a rare gas (typically, argon) and oxygen. As a
target, &pSf hitfRPn AhEPhERI AAS00C Forshilel KRR, 4 GRh, MRYoRE YSflondiRlor
exanple, the silicon oxide |ayer can be forned by a sputtering nethod using
a sili conlayar genot expose@3oatinzephat entfy ok ywgeer amt hyidtogegento [iE409ide

In this case, it is preferable that the oxide .insulating lgyer 366 he

{ or med wHEPRCOSHEOT HEeF BoPavEnedfls dR@XIdF 1oRcT RS IIAET JHA b ePiainef s | s
because hyew p@enpAhydroxyl, or noisture is prevented from being included in
t he oxi de sem conductor 30l ayer 332 and the oxide insulating |ayer 366.

[ 0410 WO406]11/ 0523830PCT/ JP2010/ 067996 9 In order to renove
residual noistuyce.in the treatnent chanper., an entra acuym pynp is
preferably useg\.lexlg’o‘? asé?(%ﬁ%?t@fmtalscﬂﬁ{)tﬁgﬁ%?m%aigS%S'b‘i?n%fﬁg#’ 2’t°f%k£'ni M

subl i mat @R Mash tréatBem] £saied wiiétnd theliRy dedehtd @arléposdiduriage af ther bo
punp provided with a cold trap. In the treatnent chanber which is evacuated
with use Sxids sempieondugton lasst are reaenedindPlagm Hedment may pepsefermed vgach as
water (1 I ved, whereby the inpurity concentration
in the o%%)gd' ﬁggﬁ‘%{}%ﬁghﬁ?géfg%%gﬁbrmd in the treatnent chanber can be
redudéd. [08@71] A sputtering gas used for the deposition of the oxide
insulating layer 366 is,10 preferably a high-purity gas in which th
concentrat i on” oYe%&rm Bdf eyl auRgelayers’ fRred gAt tWérIPSLngolﬁw,ﬁaranﬁydr i de
s reducafle t g,RPLAKLARAElY BRYPT Ry PANRr Phfat Mhl! bORMRREL 6 a third
approxi mately several parts pér billion (ppb).” [0412] Next, second heat

t r eat nentphotolithegrapyf steped iesisamaskeist fogasd,aamb $ih exaleomsalatidd layeygien gas

at nosphere referagbly ate rature. hi gher an.or ual .to 200. C and
oer ¢ narlebfved e iogiont i PRe hsing BYEEAbe: aTtine T gt Tfkoisor
equalist o @h@véd.and | ower than or equal to 350 C). For exanple, the second
heat treatnment is perforned in a nitrogen atnosphere at 250 C for one hour.

‘Wien the [940%nd heat treatnent is performed, heat is applied under such a

condition that IH "%ﬁlts e?r}cbohﬂl(laen?,lelsdt%e oxide insulating layer 366, a 200-nm-thick silicon

oxide layer is deposited by a sputtering method. The substrate temperature in
deposition may be higher than or equal to room temperature and lower than or equal to
20 300 °C and in this embodiment, is 100 °C. The silicon oxide layer can be formed by a
sputtering method in an atmosphere of a rare gas (typically, argon), an oxygen
atmosphere, or a mixed atmosphere containing a rare gas (typically, argon) and oxygen.
As a target, a silicon oxide target or a silicon target may be used. For éxample, the
silicon oxide layer can be formed by a sputtering method using a silicon target in an
25  atmosphere of oxygen and nitrogen.
[0409]

In this case, it is preferable that the oxide insulating layer 366 be formed while
removing residual moisture in the treatment chamber. This is because hydrogen,
hydroxyl, or moisture is prevented from being included in the oxide semiconductor

30 layer 332 and the oxide insulating layer 366.
[0410]



20 sem conductor |ayer (a channel formation region) is in contact wth the
oxide insulating |ayer 366. [0413] In this enbodi nent, the oxide
sem conduwwoanil/@yms 332 which is provided with the OX|decmnBuHQMCmgslayer
336 and is partly exposed is further g bjected to heat 25 treatnment in a
nitrogen atnosphere or an inert gas atnosphere or under reduced pressure.
By the heat treatnent in a nitrogen atnosphere or an inert gas atnosphere
or under reduced pressure, the exposed region of the oxi de sem conduct or

llayer 332, whi dh ordernotrefioueresiduili mbistude ithedeeatmait chhinbex, bAyafrapidénti s i n
an oxygen-deficient state and has reduced re5| stance. That is, an n-type
oxi de” serfaCBWRURYBR it jeferaply pesi o cxpmplez@ EYQRPIE, BRSSP RUMALFeAt | s

per f or e I &0 4

D011/ o dBngr R Hslitaf bl ROGRCAINIPIRYET MrebvaPRRioRME maOEY bl

oxi de sempungnpkoeided wmtyzecol&&ﬂp prinvthel grdatmiehhcambeowhibh is esachated mjthluayer 366
in a itro en at m)s her e, g resj stance, of the exgosed rem ‘éhe oxi de
ser canduiiBe Ctya%r? sasc?ltpw gortapingr,hydrogan atom suchyasvatsh ) omn d| Ger 362
i ncl Ud' ”th{eeﬂé %ﬁox)@dt @h@:‘efé ﬁ{eefﬂ{pu"ri?ys b&k@ﬂt‘iﬁﬁm(xhrtﬂé S%fde%s%ﬁtﬁgslﬁﬁ@@%r egi on
and 5 white regions in is fornmed. [04

conduct i erthed/mrth¢ Erezftmenedlambercanﬁw rgducedi nsul atl ng | ayer 332 the oxi de
sem condﬁ@éi)g | ayer 362, and the oxide insulating |ayer 366. Aft er that, by
per f or ma f a fourth photolithography step, a resist mask is fornmed, and

the 10 conductin@pltRyial das uS€d et th¥ Rlepodific €l tHeOoXi@E salabial Nawer SJ6BGk I ode
| ayer 365a and a drain electrode | ayer 365b. Then, the resist mask is

renovi@d (psefsrablya highepurity gaslig|which the copgengration ef amimpity Fechasydewgenect r ode

ever SOt Mg, 5o H9E 401 ARy 208 BB SR Bad o A

a corrponeﬁtappmlrﬁ:itbmsetreﬁymartspatlallmnr(gpla)ny of these el ements in
corrbl nat i on and the |like can be given. The nmetal conductive |ayer nay have
si ngl e- pé%]r structure or a stacked-layer structure of two or nore

'ayers [0417] N&§ Quedhd! Gt mgntﬁh%pﬁd%&’ﬂﬁﬂleamaﬁﬁeﬂ?eﬁ &BH&H%}% | ayer

is subjected to 20 heat treatment f hydrati on or enation after
fi | miSor nadygemn gas asiosghercpreftrablyeataxiemipernant hiphdutianior qugm to 260 FE@anded,
that is, the oxide sem conductor |ayer becones of an n-type. After that an

oxi de i ndawet thagor egual to 400 & M&ampkomteamerwrprhlglmt@%m&%m éfhdfact or
oxvaen- exidene dhip Sicalfh G50 A3 FPEctivpen B Sovad et el Pegi on
363 whi Ckperformed in a nitrogen atmosphere at 250 °C for one hour. When the second heat
treatment is performed, heat is applied under such a condition that part of the oxide
20  semiconductor layer (a channel formation region) is in contact with the oxide insulating
layer 366.
[0413]
In this embodiment, the oxide semiconductor layer 332 which is provided with
the oxide insulating layer 336 and is partly exposed is further subjected to heat
25 treatment in a nitrogen atmosphere or an inert gas atmosphere or under reduced pressure.
By the heat treatment in a nitrogen atmosphere or an inert gas atmosphere or under
reduced pressure, the exposed region of the oxide semiconductor layer 332, which is not
covered with the oxide insulating layer 336 is in an oxygen-deficient state and has
reduced resistance. That is, an n-type oxide semiconductor layer is provided. For
30 example, heat treatment is performed at 250 °C in a nitrogen atmosphere for one hour.

[0414]



25 overlaps with the gate el ectrode |ayer 361 becones an i-type region. At
that tinme, a high-resistance region 364a which has higher carrier density

than at |\washiivdaessghannel formation regi on 363 and over pgpgpiblicofe source
el ectrode |ayer 365a, and a hi gh-resi $ance region 364b which has hi gher

carrier density than at |east the channel formation region 363 and overl aps
with the drain electrode |ayer 365b are fornmed in a 30sel f-alignnment
manner. Through the above-described steps, the thin filmtransistor 360 is

conpl eted. [043Gikn ihea Lbiaras &R ot A ALRiQREA&Br $fer 332 providédt ek . heat

treatment may be perfornmed at from 100 C to 200 C inclusive for from one
hour to 3be hwide dnsufatiagrlayar 360Hns eitiogeti aterasphdrecthe treséstaneeraf the eppastdr med at

150 C for_10 heurs..This.heat .treat t. b rfornmed,at a fixed heating
t enper at JF&" 3\? H’ K ie; S\%’I‘fﬂn%{lﬁgr ﬁ?ﬁ?r{%\% H g%%ﬁ%(ﬁggﬁuﬁ’ %oémllueesaeﬂlﬁ(@“ﬁ'g erature
may be 5 1§@pdee itdudihd fepliors witls difRPER r&ibtaticed (IRdioRad b8 shARIKAGEGbAAR | S
increased fromroomtenperature to a tenperature of 100 Cto 200 C

i ncl u8i vévmmeglﬁé?llnc@@rng%l?)e@f@@qdoom tenperature. Further, this heat

t r eat ment Oﬁrﬁ’j be perforned under reduced pressure before formation of the
oxi de insulating layer. Under the reduced pressure, the heat treatnent tine
can be short enékxt, Wdohdsdsivb 1iyeats forraed owditthe fatel imsgRiting $ayien83Ndhecexidd0 from

t he oxi de sem conductor | ayer to the oxide insulating |ayer; thus, a

nor mal | y-SEPfCOpARGIOT 13%er t $ehsird dhe caFidh dntttinendayer THeG- of SYfter thati bwility
of the sephGantiiet Hh Cn bt i d. esdrhill. Byq feRg mati on
of the high-resi gtﬁggﬁg?ai% regpg%ﬁgﬁéilg%?hﬁdiegﬁg%%&gikg -reEsi’l lsat(zlantc‘lse source
T egi A 3@dadudtine dyer pasetectifely kechod tal ormemsawcrdele¢tordellayee 365 end adpiimg wi t h

the drain el ectrode layer, B 365 and the source el | ayer 365a),
reliabil iﬁ‘f‘g?“8§e [aer ﬁﬁn &PFWF? ‘%ﬁ’é& s ZEROYR @?ﬁl&%@%& Specifically,
formati 030@6]'[ he hi gh-resi stance drain region 364b enabl es such a structure
that conductivity gradually varies fromthe drain electrode |ayer to the

‘channel f or mat iAsra metgrighoBUE sphecetalestioretayzo 3023 hrd theckaigred¢atrodedaysn 364b.
Thus. 10 48 FRSESHERRTA A9CL TpTaL P RES I, B @l hehy 0oe

r
| ayer 36 connéc WTT Ng sSuppl yi nog a hryg upp

pot ensi alof \hide eldhgenty 8a lcomipbhéiCan GN@ iyeegdmiinE@r atgSofathest dlerhéds in and
thus | ocal concentration of an electric fyi el d hardly_occurs even if the
. hi gh el ecombinatipg| and thegbike jcal bsegivern Thie mpsalecandagtiveolpye] Mayr hayg1a and t he

w £ ht ang P Uy B Ptk SAGyS T 08B MR BIBE. T o1 msul ating

| ayer 32304¥7]f ormed over the source el ectrode |ayer 365a, the drain

el ectrode | ayer_365b, and the oxide insulating layer 366. In this ;
embodi nent, t hd U8R dRe AbQVE iers: Htfen dhg %@F sepicopduqtor laper i§sPPGEEd 491 i con

nitrbge lay@tealf&R 6t déhydraldn oP@EHYAtokknation after film formation, resistance of the

oxide semiconductor layer is reduced, that is, the oxide semiconductor layer becomes of
an n-type. After that, an oxide insulating layer is formed in contact with the oxide
semiconductor layer, whereby part of the oxide semiconductor layer is to be in an
oxygen-excess state selectively. As a result, a channel formation region 363 which

25  overlaps with the gate electrode layer 361 becomes an i-type region. At that time, a
high-resistance region 364a which has higher carrier density than at least the channel
formation region 363 and overlaps with the source electrode layer 365a, and a
high-resistance region 364b which has higher carrier density than at least the channel
formation region 363 and overlaps with the drain electrode layer 365b are formed in a

30 self-alignment manner. Through the above-described steps, the thin film transistor 360
is completed.

[0418]



el ectrode | ayer 365a, the drain electrode | ayer 365b, and the oxide
I nsul ating | ayer 366, and the protective insulating |ayer 323 may be

further syackfidhseugr the oxide insulating |ayer. [0422] peTh®2010/067996
above-described thin filmtransistor 9% applied to the transistor included

in the logic circuits described in Enbodinments 1 to 6, whereby | eakage of
el ectric charges through the transistor can be suppressed. As a result,
reduction in standby power and suppression of mal function of the logic

circuit can be melkeyes tre{a DObESRRY at ont 200 €8S 20) “CingusyROdi ment
ree ot her

or part thereof can’be co y wth the contents o

enbodi menfos from (& iout e B8 (hbutsrm alre bothisehbafimEnta hpdtereatmgmalig parfoemedf .

[ 0424] (Enbod|nent 11) 15In _this enbodi nent, exanples of sem conduct or
devi ces etchli el %ﬂ%wpfﬁe T beaéutfeéun%ntdé@ebpﬂ@afopﬁedaﬁyaofﬂquh’éeaézﬂsve

enbodi ”e%r?lPWa dr(% beAﬁé‘rﬁ&tﬁd li’f %A{"‘ﬁ%ﬂbgéﬁ% %%613 e 'i[eﬁﬁxagr ge%r?%aglg%grtﬁ% bgte that

the logic rcul W th an
exterdal cndested phosl tipes aépaan:dqf. thlaehehm@ temparatuid isaimdrdabel [fioke reora
mounted on a circuit board; the laogic circuit is included in sem conductor
20 devi cd§MPEBYYE]O a temperatimef 9@ °[ tp 290 Qtlé%luavr apd Bndsersatedrto toRMudi ng

2202, dBRA e o e bfichday fofche WS ORI PhoRP farced brosQufy ' 1O

FI G 23B |Helfarstfbﬁﬁzﬁﬁ)naotpuhetoahieemslnﬁtﬁng“rhtyelon Unglentheateddendi Iﬂess(JRDAl)e hml udi ng
any of the above.logic CI rcuit, which includes a mai nyIQOd y 2211 proyided

with a ditE&3fment Jipe Cam be shertengd. o Wikl sugh heaf dreptment, by 02N’ JBEPASEBN
but t qgy 2244k @%M@%Mé&ﬂdu&mﬁagé% the baide AhsIRE, éaifagan thu}, & AetHsigdofes an

accessory. 30 4271 WO 2011/ 0523834PCT/ JP2010/
thin film transistor can be obtained. Therefore, reliability of the semiconductor device
can be improved.
[0419]
Note that by formation of the high-resistance drain region 364b (and the
15  high-resistance source region 364a) in the part of the oxide semiconductor layer
overlapping with the drain electrode layer 365b (and the source electrode layer 365a),
reliability of the thin film transistor can be improved. Specifically, formation of the
high-resistance drain region 364b enables such a structure that conductivity gradually
varies from the drain electrode layer to the channel formation region 363 via the high
20 resistance drain region 364b. Thus, in the case where operation is performed with the
drain electrode layer 365b connected to a wiring for supplying a high power supply
potential VDD, the high-resistance drain region serves as a buffer, and thus local
concentration of an electric field hardly occurs even if the high electric field is applied
between the gate electrode layer 361 and the drain electrode layer 365b, which leads to
25 anincrease in the dielectric withstand voltage of the transistor.
[0420]

A protective insulating layer 323 is formed over the source electrode layer 365a,
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. 22D).

30 [0421]

Alternatively, an oxide insulating layer may be formed over the source



9 housings, a housing 2221 and a housing 2223. The housi ngs 2221 and 2223
are bound with each other by an axis portion 2237, al ong which the e-book

reader 2330 26amskgszopened and cl osed. Wth such a strucpgrgp2dihes994000k
reader 2220 can be used as paper book$3 5[ 0428] A di splay portion

2225 is incorporated in the housing 2221, and a display portion 2227 is
i ncorporated in the housing 2223. The display portion 2225 and the display
portion 2227 may display one image or different inmages. In the structure

wher e t helgtitoRb 3eP 634, BiesdrdlinSdi @ de idyep BESY, ahdagesxilid aRuBARY (NS, for
exanpl e, the 10right dlsPIay portion (the dlsplaﬁgfortlon 2225°in FIG 230
4

can di splal theprotephise insulatiag daygr 333 mpy derfuither sfacked averghagxideinsulabing227 in
FI G 230 gan di spl ay i mages. [0429] Further, in FIG 23C, the housing
2221 is pr%vided wi th an operation portion and the like. For exanple, the
housi ng 28312]i s provided with a power supply 2231, an 15 operation key
2233, a speaker 2235, and the like. Wth the operation key 2223, pages can
be tuPned. Not elherphpverdessiibeshthan film Seansiston is ¢ &0 thetranpistor jinchudedyin 3| so be

provi ded tﬂglééi}ﬁcﬁéﬁﬁtfs Ae&erBEd EJ‘EHIBBF&H&% 1 86 Whethyf féﬁk%e?ﬁ'ef’e‘étr&oﬂﬁlrrég IS
provi ded. Fu ernore, an external connection termnal® (an earpho

t er m nal ,thughkhd ®anvisedl candetsappiessel. t Aata resuit, baduectom ac stead Hyopowadt iand s

cabl es such as .an AC adaPter %gﬂ a USB cable, 20 or the like), a recording
medi um i FYBPEFN géﬂeliﬁaw,loaﬁat @SIF CReuiheAp 'I?eacs’reﬁ?ﬁ'-ded on the back surface
or the si@gzﬁurface of the housing. Further, the e-book reader 2220 may
have a functi'on of an electronic dictionary. [0430] The e-book
readdf 2220 mayNdse tieabrth¢ gantesitstaf thisaersbodimantdor parithereafatan BS combimedssl| y.

Through wirel ess co nication, desired book data.or .the |ike can he
U ehasedreRi VI Sl o SRR e GRS A Bor BRIREBF therconl oS ERmAE o
that el ecdripanitkergper can be used for electronic appliances in all fields

as long as they display data. For exanple, electronic paper can be used
for, instl@of 30el ectronic book (an e-book reader), posters,

advertis ggg i icles such as trains, display in a variety of cards
such as gre %@h@%¥§£i and so on. [0432] WD 2011/ 052383PCT/ JP2010/ 067996

15 In this embodiment, examples of semiconductor devices each including the
logic circuit described in any of the above embodiments will be described with
reference to FIGS. 23A to 23F. Note that the logic circuit relating to the above
embodiments are integrated with an external circuit for operation of the logic circuit and
the like and mounted on a circuit board; the logic circuit is included in semiconductor

20  devices.

[0425]

FIG. 23A illustrates a laptop computer including any. of the above logic circuit,
which includes a main body 2201, a housing 2202, a display portion 2203, a keyboard
2204, and the like.

25  [0426]

FIG. 23B illustrates a portable information terminal device (PDA) including
any of the above logic circuit, which includes a main body 2211 provided with a display
portion 2213, an external interface 2215, an operation button 2214, and the like. A
stylus 2212 for operation is included as an accessory.

30 [0427]

FIG. 23C illustrates an e-book reader 2220 as an example of an electronic paper

including any of the above logic circuit. The e-book reader 2220 includes two



95 FIG 23D illustrates a nobile phone including any of the above
l ogic circuit, which includes two housings: a housing 2240 and a housi ng

2241. Theybowsigiss3241 i s provided with a di splay panel peZApri180806aker
2243, a m crophone 2244, a pointing d&8¢ice 2246, a canera |ens 2247, an

external connection term nal 2248, and the like. 5 The housing 2240 is
provided with a solar cell 2249 chargi ng of the nobile phone, an external
menory sl ot 2250, and the like. An antenna is incorporated in the housing

2241. [ 041_%31511%41% HAuSiRE 292 PANEL hatdftg 1183, aThOHEMiIRAML1 hHNOb  Dike bOuR Ur al i ty
of operation 10 keys 2245 which is di splayed as images is illustrated by

dashed | iwitsedch ¢thed 3@ aKistportidia223 7 alangbwhich pho edopk etadde 2220 baobe er
circuit for increasing g,.yoltage outpuf fromthe s cell 2249 to a

Col tage MBEAHEINGES, Rkt R Sdithhlne ' Reriel P o e sl ioretr
struct ur @goRrs.contactless IC chip, a small nenory device, or the |like may be

i ncor porated. 15[ 0434] The display orientation of the display panel
2242 éharl®&8las appropriate in accordance with the application node.

Further, the c ens,: ! I f
di spl ay panel %@%ﬁla&ﬁxﬁrﬁéﬁ% ﬁ%gé\%oqgtggﬁﬂa&slpgm\ﬁg oﬁg%’o%&f a?‘ﬁ%ﬁ ltégeaker
2243 and pokteon22270RHACperd2d ifahe heusised22nr ThHeddigiiw pertioal 1225 andabe di ng,

20 and playing sound, etc. as well as voice calls.. Moreover, the housings
2240 and 95Pley portiqn <3227 sman displayheye Amase) o difbsrent images. (o thet SRciue FI G 23D

can be sl -lﬂzré thel &]Qﬁlaf?@rdoﬁs 'dﬂs?%??diff&%bgﬂfge@fﬂﬁﬁ éa%léﬂ(i:xﬁﬂ Wiexanflfie, $he € Of

the portable Information ter can reduced makes t'he portable
i nf orlfrat irght tisplay pattionu(tteatispday portibe 2825 oafFiG 23C) §0vdsla EXhaendethe defhal

connection termnal 2248 can be 1ec an AC adapter or a variety of
cabl es s&éﬁ?ﬁaé’spoét‘%%g%i'ﬁiﬂé?‘ Pﬂﬂ%’i"&%ﬁﬂ&b}g]ggzéﬁh?adﬁ (ﬁﬁf)lﬂf "'F Smobi | e phone and
data co iggati on between the nobile phone or the |ike. Mreover, a |arger

anount of dafa can be saved and noved b%/ inserting a recording nediumto
t he external néuhe, &1 BIG 2360 therhousing 2223 1nis quayided withon eperatippveortigmct i ons,

oD 1 g OGO SEMAD LIS PSR SRR b
-incl uges operation kbpdy3R A6peakkr A23NIaall tIROlikd. OrW(ththe2@feratiohlke§y2BEFEe@263, an
.|inE(r-_3_at I[ gz:gri}lget t(il?ne%.ZGANotg tlcljz;t Sap lkggl/bog(r)dr,tzll ?)gin 1%}; dZC%?cSe; 0? tES tli[k%rr)rlla)% za?s% bg nd the
provided on the surface of the housing, on which the display portion is provided.
Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a
terminal that can be connected to various cables such as an AC adapter and a USB cable,
20  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. Further, the e-book reader 2220 may
have a function of an electronic dictionary.
[0430]
The e-book reader 2220 may be configured to transmit and receive data
25  wirelessly. Through wireless communication, desired book data or the like can be
purchased and downloaded from an electronic book server.
[0431]
Note that electronic 'paper can be used for electronic appliances in all fields as
long as they display data. For example, electronic paper can be used for, instead of
30 electronic book (an e-book reader), posters, advertisement in vehicles such as trains,

display in a variety of cards such as credit cards, and so on.

[0432]



FIG 23F illustrates a television set 2270 including any of the above |ogic
5 circuit, which includes a display portion 2273 incorporated in a housing
2271. Thewoieplmyssporti on 2273 can di%ﬁlay i mages. Her epctrhehousvsyg 2271
I's supported by a stand 2275. [0438] e television set 2270 can be
operated by an operation switch of the housing 10 2271 or a separate renote
control l er 2280. Channels and vol une can be controlled with an operation
key 2279 of the renote controller 2280 so that an i nmage displayed on the

di spl ay porti o/FIG275D Giustiates GOMbbik bRshe Moludiigeiny el Bogobiré, | er
2280 may have_ a_di spl ai portion 2227 in which the information outgoing from
t he renot¥ehighiciusdes vo howungss adiosingded) andsp hausng 2241, Thodausing 2241 he

el evi Si G0 RRacAA0Mh b s SEAPLYADLAPLARD Mk hy RilBRRILON142, ABARAY and

the |ike. h the recerv a genéra evi sion br cast ¢
r ecei ved.dekite 22461 camenatlens 2247, taal extdrsdl aons&dtiod 2dfninsl 2248nand dt kike. a
communi cati on netwark by wir or wireless_connection via the nodem

one-way (Fediuaingrzzfd it Dratdedonid p el gelt y2Pockareipg of ke mOBE¢E Rbete g
transm t leferfl) ndndr§totV£150, B HRERKd. < e Xf’l%flball%(r)i]ntz&ﬁo}a'téﬁei)n e ltBusipe

conmuni cati1on can perfornmed. anple 1
exanpl e, 284sured val ues of off current using a test elenent group (also 25
referred [bg%ﬁs a TEG w Il be described below [0441] FIG 24 shows initial

character cs of athin filmtransistor virtually with LIW= 3 pnf 10000

pmin which 20Ghkhiigpidy pahel LANRS had PicuchaleMunbiidd. WA pRirllit) I opBRafibe
connected in parallel.” Atop viewis shown in FIG 25A and a partially

enl adfed kepp 2345 whach ishdisplayed as dinagesiin iHugatebby dashedr befisoin EHSe|128Ded by a
ot o0 | o EnghB g el b5 STEIRSLBe ShE 2
from the solar cell 2249 to a voltage needed for each circuit. Further, in addition to the
above structure, a contactless IC chip, a small memory device, or the like may be
incorporated.

15 [0434]

The display orientation of the display panel 2242 changes as appropriate in
accordance with the application mode. Further, the camera lens 2247 is provided on -
the same surface as the display panel 2242, and thus it can be used as a video phone.
The speaker 2243 and the microphone 2224 can be used for videophone calls, recording,

20 and playing sound, etc. as well as voice calls. Moreover, the housings 2240 and 2241
in a state where they are developed as illustrated in FIG. 23D 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 terminal suitable for being carried.

[0435]

25 The external connection terminal 2248 can be connected to an AC adapter or a
variety of cables such as a USB cable, which enables charging of the mobile phone and
data communication between the mobile phone or the like. Moreover, a larger amount
of data can be saved and moved by inserting a recording medium to the external
memory slot 2250.  Further, in addition to the above functions, an infrared

30 communication function, a television reception function, or the like may be provided.
[0436]

FIG. 23E illustrates a digital camera including any of the above logic circuit,



97 to neasure initial characteristics of the thin filmtransistors, the
changi ng characteristics of the current between source and drain

(herei nafwenroriaisesssed to as a drain cgrrent or | d) werepaeasneds7oender the
conditions where the substrate tenper bure was set to roomtenperature, the
vol t age between source and drain (hereinafter, a drain voltage or Vd) was
set to 10 V, and the voltage between source and gate (hereinafter, a gate
vol tage or Vg) was changed from-20 Vto +20 V. In other words, Vg-1d

char act erv/lsth GsclvRE @ ﬁeaswd@dzzélloaahim@t pEﬂtiGnZtA)SZmWSaﬂ/ey fﬁbde@&@ﬂﬁle of
from-20 Vto +5 V. {20442] shown in FIG 24, the thin | mtransistor

havi ng a QPEEHABSWIER226Ma display PPOaO(R) 226k tadtepf 2266\anst the §ike has an of f

current gb%x 10-13 [A] or lower, which is less than or equal to the
resol uti ﬂOO fA) of a neasur errent devi ce (a sem conductor paraneter
anal yzer, Agil| @16 2356Iusmatesfaedevison Byt 2070 énludieg Ianplofghesabbm logic [ 0443]
A nmethod for, mapufacturing the thin filmtransistor used for_th
rreasuﬁemﬁ‘ff”‘iﬁwglchég?,ll‘?%e‘l‘j display portion 2273 meppporated, ig |al}l°(‘:‘é‘ﬁgrﬁzt7ﬂi d&he ayer

was for meg i tg?,ﬂaﬁ%fm 'camyse,; ﬁnngﬁs ﬁ&@sme%%sm 2"2753\{Psg§5 pad: f!ﬂd a

silicon ox | ayer was ver the sil nnitri

t ungst en stagde27vas fornmed as a gate el ectrode Iayer over the silicon
oxynltrl ﬁdﬁyer 20 by a sputtering nmethod. Here, the gate el ectrode |ayer
was for selectively etching the tungsten |ayer. [0445] Then, a

silicon oxynit rihdqelb@yidh sBe¥i70%ad belipekddbBy & opQatioiswiRch dOhBERdugdag 8 gate
insul ating | ayer over the gate electrode |ayer by a CVD net hod. 25[‘6446]

Then,10an 231 e assapatabm thmate icontzgiter 22804 nghannels andheelymefcagPeneanirgtied or ned

over the latln b [ t.hqd usin
I n- Ga- Zn ‘%ﬁbas%%f:romnakee y k?con %Plg) a?ré)g?r %ﬁp@ t?r%lagrlma ?dgplg?' ed on
| n203: Gazhsdiépiay Foﬁhoia '22)73 chiebe cortfvlled) anMbrediepeake RxiciecsrivlleppzBIChay | ayer

was formed by selectively etching the oxide 30 sem conductor |ayer. [0447]
VO 2011/ d9y&gs pisplay ppertion G223 gich the information outgoing from the remote

controller 2280 is displayed.
15  [0439]

Note that the television set 2270 is preferably provided with a receiver, a
modem, and the like. With the receiver, a general television broadcast can be received.
Furthermore, when the television set 2270 is connected to a communication network by
wired or wireless connection via the modem, one-way (from a transmitter to a receiver)

20 or two-way (between a transmitter and a receiver, between receivers, or the like) data
communication can be performed. |
[Example 1}
[0440]
In this example, measured valﬁes of off current using a test element group (also
25  referred to as a TEG) will be described below.
[0441]

FIG. 24 shows initial characteristics of a thin film transistor virtually with L/W
= 3 um/10000 pm in which 200 thin film transistors each with L/W = 3 um/50 pm are
connected in parallel. A top view is shown in FIG. 25A and a partially enlarged top

30  view thereof is show in FIG. 25B. The region enclosed by a dotted line in FIG. 25B is
a thin film transistor of one stage with L/W = 3 um/50 um and Lov = 1.5 um. In order



Then, first heat treatnment was perforned on the oxi de sem conductor |ayer
in a nitrogen atnosphere in a clean oven at 450 C for one hour. [0448]

Next, a twbaoiiwsisayer (having a thickness of 150 nm weetliPiliBHs78% a
source 5 el ectrode layer and a drain &ectrode | ayer over the oxide

sem conductor |ayer by a sputtering nethod. Here, the source el ectrode
| ayer and the drain electrode | ayer were fornmed by sel ective etching, so
that LIW= 3 R 10000 1.1mof the thin filmtransistor was virtually

achi eved {Byn&OMRSkitiaNchafddbrishiof tht Wik A SaRkiRloss, thd CHAREAL (cRhracteAGs Of
whi ch has a channel length L of 3 pmand a channél w dt of 50 'Am 10

[ 0449]  of the ciNesnt betavesh [spwron andk drden (heyeanafteavifogedita 4si admagseurreht 0B nm was

formed as_a protective,insulating |ayer by sputteri net hod ,.so as to be
| cont actTREERE Wi BBl aey Bt R R oReo s o ol er
serving agmpetudé, ahd h¥RadeediciitsoubdeCAROIAR @etcind®iey, a MR RdagORENd)gS were
formed over the giate el ectrode | ayer and the source 15and drain el ectrode

| ayers. AFasefet tchi V, andbhayohage: between spunee andsgapetherminalir,a g6 Rolege®r one

pert or moc &k “AS8RReRd FRID BB 10 BR St ¢ Tointhrot@ieNETE ppagrTES e
charact ersfsifed. R8td 4OMIG, 24showsJgimehaﬂﬁ%fmﬂvez@vqgagw a bottomgate
thin filmtransistor was manufacturéd. [0452] The reason why the thin film

transi std044ds an off current of approximately 1 x 25 10-13 [A] as shown in
FIG 24 is that, the conc ratipn of drogen in the oxide sem cqopductor

| ayer colul d be %gﬂ“@} Ehﬁt?/ ?‘{elcfﬁ%élﬂnlﬁ}/rl Hég%\%B{/gaY’rﬁ%ﬂf I aeli Wg}ﬂb?gé’ ss. The
hydr qgen @06 ¢t ff VaRrafvibheo OXhAnSEFLERH $eh A 145 Aphddvel nRFBLCNB) Or

| ower, preferably 5x1018 (atons/cnB) or |ower, further preferably 5x1017
(at ons/ crigys than doegeal toNbe eesohdiion t(h@0 Hydofogmeastoereen tdewice (nsdmiconthicoxi de

P TE CETRARES Je ol TN A A e e
[0443] ' '
A method for manufacturing the thin film transistor used for the measurement
15  is described.
[0444]

First, a silicon nitride layer was formed as a base film over a glass substrate by
a CVD method, and a silicon oxynitride layer was formed over the silicon nitride layer.
A tungsten layer was formed as a gate electrode layer over the silicon oxynitride layer

20 by a sputtering method. Here, the gate electrode layer was formed by selectively
etching the tungsten layer.
[0445]

Then, a silicon oxynitride layer having a thickness of 100 nm was formed as a

gate insulating layer over the gate electrode layer by a CVD method.
25 [0446]

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 oxide
semiconductor target (at a molar ratio of In;0;:Ga;03:ZnO = 1:1:2). Here, an
island-shaped oxide semiconductor layer was formed by selectively etching the oxide

30 semiconductor layer.

[0447]



99 Al t hough the exanpl e of using an In-Ga-Zn-O based oxi de

sem conduct or is described, the oxide sem conductor is not particularly
limted tweretims23aot her oxi de senicogguctor mat eri al , PUTHIPRA0/867996

I n- Sn-Zn- O- based oxi de sem conduct or, Sn- Ga- Zn- O- based oxi de

sem conduct or, an Al- Ga-Zn-0-based oxi de sem conductor, a Sn-Al -Zn-0O based
oxi de sem conductor, an In-Zn-0O based oxi de sem conductor, an In-Sn-0O based
oxi de .seni conductor, a Sn-Zn-O based oxi de sem conductor, an Al -Zn-0O based
oxi de sem condUkHeq] firshedt iretni2as@ds perfdited &l tho0gide kahicoaddstorlayrrsed oxi de
sem conductor, or a Zn-O based oxi de senlconductor can al so be used.

Fur t her noBEOgAsAtmAsRheraia adeAnyar atd W “Griar &ne APUL. an 10 | n- Al - Zn- 0- based
oxi de segg Qggductor mxed with AIOx of 2.5 wt%to 10 w % or an

| n-Zn- O bas oxi de senm conductor mxed with SiOx of 2.5 % to 10 wt % can

be used. [0454|Nekiiea titanlfunelayde(habing aothidkhessfi 130 mevaofimed as alsajee whi ch
is neasured by a 15 carrier neasurenent device is 5 x 1014/cnB or | ower,

pr ef ePabl e;le%rosée 1ep/2adee drain gleetrodariayrr prert beaxide sameondustas layerdyunval ent
to 1.45 X &9& th 'Cﬂeg: @%ufc@;eiécﬁﬁh& g{ Il d&the AEHS Elte&r&ie] Bbddwge- In

ot her wor e carrier dénsit e sem COI’ldUCt or er can be

made as ct’oﬁﬁai by saeét@eaacmﬁg,ssobth@t L/A0 =[DAbB10000 um of hiee thi filki tkaisistoansi st or
can al so have a channel length L of 10 nmto 1000 nm which enabl es an
i ncr ease Wb drtpally achisyed by Fewegb%%OO thiryfilop gapgistorsyinrpapallel, caeh of whigh y

S| ohlagh BAA el BE 4 ISR LA QSp onsuTpe i on. (04561 251

addi t| on, in Circul sem con actor layer can be regarded
as angoi ngoksdjor when the th|n fllmtran5|stor is in an off state. [0457]
After that, the tenperature _characteristics of off current of the thin film
transi stor mandfexét asBigon Pxids E?Y@thﬁﬁp& amiér%n@sﬁa%é%am wasfermadyaea

charact ey BRSPS Aokl R ORPLY B SOMEP U e |
whi ch t hesetlicandictbnialyemndihstsidicon S)XLdi:ddyerIsbrviimg aa pmtedie layer was etched
2011/ 052358%5’(?\-!6{]5'], Z}Pe]fggyogpé?ugnfsgs were formed over the gate electrode layer and the source
15 and drain electrode layers. After that, second heat treatment was performed at 250 °C ..
for one hour in a nitrogen atmosphere.
[0450]
Then, heat treatment was performed at 150 °C for 10 hours before the
measurement of Vg-Id characteristics.
20 [0451]
Through the above pfocess, a bottom-gate thin film transistor was
manufactured.
[0452]
The reason why the thin film transistor has an off current of approximately 1 x
25 107 [A] as shown in FIG. 24 is that the concentration of hydrogen in the oxide
semiconductor layer could be sufficiently reduced in the above manufacturing process.
The hydrogen concentration of the oxide semiconductor was 5x10'® (atoms/cm’) or
lower, preferably 5x10'® (atoms/cm?®) or lower, further preferably 5x10" (atoms/cm®) or
lower. Note that the hydrogen concentration in the oxide semiconductor layer was
30 measured by secondary ion mass spectrometry (SIMS).
[0453]



100 understood that a smaller amount of change is nmuch preferable, which

i ncreases the degree of freedom for product designing. [0458] For the

t enper at we 20harsassseri stics, the Vg- | % characteristics wergpmhb/aémed 5

usi ng a constant-tenperature chanber Ader the conditions where substrates
provided with thin filmtransistors were kept at respective constant
tenperatures of -30 C 0 C 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. [ 0459]AlHIubks tRS Ex MhpI¥ef gk thnC haGaTncDibabddCoxile 8micofldwttortige above
t enper atures _and superi nposed on one another, and FIG 26B shows an

enl ar ged dgsdibeds thy oxisis gemisondygiorcig npepartiadaivlmiediheretglot ted |ine in FIG
26A. The (i nost , cu L.phdicat a r [ i.Sqa ve
ot ai ned ASHi R AR PRLEP BndHOMERCRY BR8P AP N SofE LT
curves obkmidoaducbdr, alSh-GhlZarOtbasakoste sasicanductoncai AllGalai-Obleised exide 15 The

t enper.at ure dependence of on-state currents can hardl&lbe observed. On the
ot her Sharf§micendpstan 3 Pnohbip OQrbassd; pxifde scamgorducar \anedp-dp-@basedgpxide he of f

currents s‘éfﬁ%‘o‘i’igl_léltgr,E %ff Mﬁﬁ-@i-ﬁé&e&’f oRiddalénikondudly, of Szy.OAbssel OBkiget Nan or

equal to 1 x 1 Ich 1's near the resolution of the nmeasurenent
devi ce, asemiddndtaopenat ledn-Oabaded hexide nsenabudetale pamd&nrOebdsbdr exilei s not

observed. In other words, .even, at hi gh.tenperature of_ 20120 C, the off
urrent . ETRBHUTeR (AR Beebqusier URiRIRaS PRy 2 AHOGEh PRAE ¢ he
channel wegfidbnWhéisr, E80N8 be'lsed. t Fafflerafrs, R Mn ke sehcdalilicternaRBhl, hf
significantly small. [0460] Athin filmtransistor including a

hi ghl19- puniAlZa Oobdsde ozl semicbnducior sliadswith AdOk of @.dweféertd dficet%bor oft f
current qn tenperature. This also resujts fraomthe fact 25 th t he oxi de
seni cond BIZdVOH%i‘é“LHX’éﬁe"FWOQEWBT mixed WP ik O Amel wt??trchgw & F3n Pew
intrinsiggegrriers. In addition, the source region and the drain region are
in a degenerated state, which is also a factor for showi ng no tenperature
dependend8454)peration of the thin filmtransistor is nmainly caused by,

carriers which_are injected frgmthe degenerated source region to the oxide
o bomduetor | Tk aiits e, O fhE e ey eucish Trsen dUROh o EEoBH ot

currqRt QA i S TREEFEEHER) dGAR 88 104 R 18Wel gf&?&%ﬁ?@&%ﬂ e Ib®Er, d€Nsi ty
on tenperature. W) 2011/ 052383PCT1JP20101067996 10 [0461{ When a

| ogi ¢ ci rmawdht pieerfitdly rowemilian or tduivaléit! o 1.4506 16 @in’halichgs She finteinsic
extrenely small off current, reduction in standby_ power or suppression of
mal f unct iSBH1EET density| 86 dlican: cuiln Qther yeordphithsy gairier density of the oxide

semiconductor layer can be made as close to zero as possible.

20 [0455]

The thin film transistor can also have a channel length L of 10 nm to 1000 nm,
which enables an increase in circuit operation speed, and the off current is extremely
small, which enables a further reduction in power consumption.

[0456] |

25 In addition, in circuit design, the oxide semiconductor layer can be regarded as
an insulator when the thin film transistor is in an off state.
[0457] ‘

After that, the temperature characteristics of off current of the thin film
transistor manufactured in this example were evaluated. Temperature characteristics

30  are important in considering the environmental resistance, maintenance of performance,

or the like of an end product in which the thin film transistor is used. It is to be



This application is based on Japanese Patent Application serial no.

2009- 250415 filed with Japan Patent Office on Cctober 30, 2009, the entire
cont ent s wb 20hisbssar e hereby i ncorporated by reference. PCYIP2010/067996

2011/ 052383PCT/ JP2010/ 067996 102 CLAI MY 1. Alogic circuit including
a first period during which a clock signal is input and a second period
during which the clock signal is not input, conprising: 5a transistor which
is in an off state where a potential difference exists between a source

term nal @irsboddl thiah a ts@alleN dino@MESE éﬂlﬂgéﬁﬁlﬁﬂdh ReéfeRble, WHEE intraas&haenel
formation region of the transistor is forned using an oxi de sem conduct or

i n whi ch degrmsedridipedomdpcrinducidesigning. 5x10' 9 (atons/cnB) or lower. 102. A
sem condﬁ@a% device conprising the logic circuit described in claim1, and
an ext ernal c]i rcuit which is configured to operate the logic circuit.

3. A logic circREortthe nempelatge @hiractstists) ted vVdudi ¢i@rastristicawveaN ablathedi gnal

is at a high level and a second period during which the enable signal is at
a | owd eVising 3 sopsiaRirte@pgiature chamber yndenhe gapditiopg whetersulstratess provigsdt

term nal - I i cal C | gnal

l'ine, and‘%}{atth gﬁggén era%%@r% ‘g?rr%ﬁk%é{ £torfg @pte %VCA(%%Q%g{ tggﬁpégélﬁg%ﬁ]?@al ? f:wdnnect ed
to a clocks s¢ometC,l40es, 8O, 100 °C, and 320 PCPthk!desin thgg@ms getftd 6SY, angput
termnal of the flip-flop is electrically 20connected to a data signal

| i ne, andha gatevoltagd wanithahgednfirom|-26fV tohe20M.i p-flop is electrically

connect e&oag an output term nal of the AND gate, wherein the
flip-flop™ %]I udes a transistor which is in an off state where a potenti al

di ffegence exi $t16. DEA WBODs FoTaWheRcleRikidsAtasaRd a2 tkl Move i@hperiatesanar the
second period, and 25wherein a channel formation region of the transistor

i s fornecupsiimgosed axontcanother.canddidér doBishowpiae lenlargeddviey et aciengeaf et i on is
5x1019 (4 utilR grrlg%gseg I’byl £W5lted line in FIG. 26A. The rightmost curve indicated by an
arrow in the graph is a curve obtained at —30 °C; the leftmost curve is a curve obtained
at 120 °C; and curves obtained at the other temperatures are located therebetween.
15 The temperature dependence of on-state currents can hardly be observed. On the other
hand, as clearly shown also in the enlarged view of FIG. 26B, the off currents except in
the vicinity of a gate voltage of 20 V are lower than or equal to 1 x 10™*? [A], which is
near the resolution of the measurement device, at all temperatures, and the temperature
dependence thereof is not observed. In other words, even at a high temperature of
20 120 °C, the off current is kept lower than or equal to 1 x 107** [A], and given that the
channel width W is 10000 pm, it can be seen that the off current is significantly small.
[0460]
A thin film transistor including a highly-purified oxide semiconductor shows .
almost no dependence of off current on temperature. This also results from the fact
25 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.
Operaﬁon of the thin film transistor is mainly caused by carriers which are injected from
the degenerated source region to the oxide semiconductor, and the above characteristics
30 (independence of off current on temperature) can be explained by independence of

carrier density on temperature.



4. The logic circuit according to claim3, wherein the AND gate conpri sing:
30a first p-channel transistor, wherein: a gate termnal of the first

p- channelworangissiser is electrically @ﬁgnected to the emalnlyemo/gsvads | i ne;
and a first termnal of the first p- nnel transistor is electrically

connected to a high power supply potential |ine; a first
n-channel transistor, wherein: a gate termnal of the first n-channel
transistor is electrically connected to the enable signal line and the gate

5 termrhengf the first p-channel transistor; and a first term nal of the
first n-channel transistor is electrically connected to a second term nal
of the first p-Whehaelogicr GiFdiitsisoformed with a thin film gansisternbaving isughhean

ol cotr oo el of AL, LAl find) HoRREBP Rulb EAMHE mikApaL ' 7L ' ©

second n-ofhkealogic dircanensboiachised ectrically connected to a second term na
of the first 10 n-channel transistor; and a second term nal of the second
n-chardnel transistor is electrically connected to a | ow power supply
potential |ine; a second p-channel transistor, wherein: a
gate term nal of the second p-channel transistor is electrically connected
to the clTukapplgmtédn is besedind JapanesaPatented pplivation keridi enos 200ha50H16HARM el

transi stor. first terminal of the secand p-channel 15 transistor is

ol octr i cariy Suron Fatenb ety S Otnbgh Snobe! thafratiy Nt parbRr hgiehy 5
second t ghédrpérate@bylrlbRrepeeond p-channel transistor is electrically
connected to the sécond termnal of the first p-channel transistor and the
first termnal of the first n-channel transistor; a third p-channel

transi stor, wherein: a gate termnal of the third 20 p-channel transistor
is electrically connected to the second termnal of the first p-channel
transistor, the first termnal of the first n-channel transistor, and the

second term nal of the second p-channel transistor; a first termnal of the
third p-channel transistor is electrically, connected to the high power

supply potential line; and a second terninal of the third p-channel
transistor is electrically connected to the second input 25term nal of the
flip-flop; and a third n-channel transistor, wherein: a gate

termnal of the third n-channel transistor is electrically connected to the
second termnal of the first p-channel transistor, the first termnal of
the first n-channel transistor, the second term nal of the second p-channel
transistor, and the gate termi nal :of the third p-channel 30 transistor; a
first termnal of the third n-channel transistor is electrically connected
to the second input termnal of the flip-flop and the second term nal of
the third p-channel transistor; and a second termnal of the third
n-channel transistor is electrically W 2011/052383PCT/JP2010/ 067996



104 connected to the | ow power supply potential |ine. 5. The
|l ogic circuit according to claim3, wherein the AND gate conprising: ba
first n-coNernglostssansi stor, wherein a _gate term nal andpeatfipz|b/iosmeseri nal of

the first n-channel transistor are el rically connected to a high power
supply, potential I|ine; a second n-channel transistor,
wherein a gate termnal of the second n-channel transistor is electrically
connected to the enable signal line, and a first 10term nal of the second
n-channel transistor is electricallgragmgected to a second term nal of the
first n-channel transistor; a third n-channel transistor,

wherein: a gate termnal of the third nchannel transistor is electrically
connected to the ,c K. ine; ) 0 channel
transistor is relr éXCJI %Cc%{ +§Q§Jélﬁlrile % réocfsducrgl{rgd%p%!’m &3 1@?@1{] lgg econd

15n- chann@d atseesisli petiod duﬁﬁ@wﬁwﬁ&ﬁ@ﬂdcﬁ ﬁgﬂalﬁﬁhotﬁﬁpﬁtf@nﬁﬂ’tisﬁﬁg n- channel
transistor is electrically connected to a | ow tpovver pply potential: Iline;

a fouPth n- chadrfEAnsisiosydiich isrin apiodh gats Wherga pe e?‘é‘i‘lrﬁlﬁ@ﬂen%ﬁn%f“%{s pgtvgen

t erm nal [ ectrically connected to
t he hi gh ag%b\lggqes%gpip;an%gtdg%?@a}m?aﬁr?g&%héd&g E%cl)(ﬁdd termnal of the fourth
n- channel transitetan aicmaﬂfbelf@matuonabglyn oﬁltmaettirﬂd;tdros tfdnmaxlemrgjan oxide
termnal of the flip-flop ghannel transistor,
wher ei n: SS‘“g‘iS’Pé“‘f‘%frlm‘Wth %hyérﬁéew ?WPP‘F?“@H&%??@O t(aém%/%rpdror.l%\wa ectrically
connected to the second termnal of the first n-channel transistor and the
first termnal of the second n-channel transistor; a first termnal of the
fiftHAONn-channel2. Wsemibmtductoir sieeicecc:brripdaﬂngyhcmmctradt tlesctihed seclaim 1, nput 25
term nal of the fl 0 ond ter n of. the fourth n-channel
transi st énd aﬁﬁH‘CH‘%g’é H‘B{“&FH Wé‘?‘gﬂfe i aP¢raictthc gt"n%lfﬁ‘f&t transistor is
electrically connected to the | ow power supply potential Iine.

6. The logic circuit according to claim3, wherein the flip-flop is a
del ay-type 30f Bi p-loigircuinindading @ SaIGRPOH/dUFRG WHice 79 @able signal is at a

high level and a second period during which the enable signal is at a low level,

' 15  comprising:
an AND gate, wherein a first input terminal of the AND gate is electrically
connected to an enable signal line, and a second input terminal of the AND gate is
electrically connected to a clock signal line; and
a flip-flop, wherein a first input terminal of the flip-flop is electrically
20  connected to a data signal line, and a second input terminal of the flip-flop is electrically -
connected to an output terminal of the AND gate,
wherein the flip-flop includes a transistor which is in an off state where a
potential difference exists between a source terminal and a drain terminal over the
second period, and
25 wherein a channel formation region of the transistor is formed using an oxide

semiconductor in which a hydrogen concentration is 5x10" (atoms/cm®) or lower.

4. The logic circuit according to claim 3,
wherein the AND gate comprising: ‘
30 a first p-channel transistor, wherein: a gate terminal of the first

p-channel transistor is electrically connected to the enable signal line; and a first



105 and an external circuit which is configured to operate the |ogic
circuit. 8. Alogic circuit including a first period during which

an enabl eygign@dls2iss at a low | evel and _a second period @giljpsh1weéods t he
enabl e signal is at a high |evel, SCOH%}ising: a NOR gate, wherein

a first input termnal of the NOR gate is electrically connected to an
enable signal line, and a second input termnal of the NOR gate is
el ectrically connected to an inverted clock signal line; and a

f1ip-fl opernAgK &tithe first blchhnreN BahsiéteF WieRtricAfly thgheltedRo &/hogh ﬁ&w&'s@ﬁﬁlgi cally
10connected to a data signal line, and a second input termnal of the

flip-floppatentiel Beesri cal ly connected to an output terminal of the NOR gate,

wherein the flip-flop ncludes a transistor which is in an,off state where
A botential differendelytrtapg JaRSiR Shotll P ag \iniihy of R A

term nal pykinnth@asetonid gectrioslly aothetdher direnablehgipng! lifeo Akt theopate €gi ON
of the transistor is formed using an oxide sem conductor in which a

hydr ogen teowiganet the Gt ipschornel 1wansistesngnd ppfirsy teqmypady of the first n-chagnel The

| ogi c ci redl > -Gt | WO ©HR t l si.ng: 20a
first p- ct%hﬁfr?teqqqf@éﬁg%{yo@?ﬁﬁdﬁgﬁdnsea gatt% l(Lad;']%néfr](r?fn'tna Sg? C?'ﬁlg&frlrlpr% gﬁgt%?c hannel
transi stor is el ectriacatdnd nchineel adndisior, whessimld gatsitepneihall ofrtke sevodda fi r st

termnal of the first p-channel transistor i | ectrically connected to a
hi gh powet<RaRpgh Yansistas s F%Ftrw?ﬂaésorglesﬁaa%&'epcﬁeﬁ%ﬂa@l Wi S (TP oi n:

gate ter nhoddcofill nldhGnif 53R ris e@é&ﬂ?@a}il?i%bnﬁéc?é&%_%ts%oddsteﬂhﬁﬁlt &t thé ik

connected to the inverted clock signha ine; a first termnal of the second

p- chdfineln-thaaneli stangistps aideat scicord |tgrmupalnet ttea stownd sebam! ttemsistoal isof t he
first p- ce'lfartmel transi sttor 1 and a sec?nd tt erm.nal of the second p-channel
transi st SeqCally coppacied tp a'lay power SUPPILPOEAL BB%ng i nput terminal of the
flip-flop; a first nacR -ch&rieb trahsNtor, WhRfcdh:N gate JernfindlSfthé8éconll t he
first 30 n-channel transistor is electrically connected to the inverted

cl ock si ghehannglhtransister jsselegtgicallyy gongsctadnto ther slock-signshrdie andathsi gater i s
oot CabhighERAR ol Oy ISt P s AR P Ul it o
201171852 38:3kisibr JPAB LA /QRbected to the high power supply potential line; and a second
terminal of the second p-channel transistor is electrically connected to the second
terminal of the first p-channel transistor and the first terminal of the first n-channel
transistor;
a third p-channel transistor, wherein: a gate terminal of the third
20 p-channel transistor is electrically ‘connected td thé second terminal of the first
p-channel transistor, the first terminal of the first n-channel transistor, and the second
terminal of the second p-channel transistor; a first terminal of the third p-channel
transistor is electrically connected to the high power supply potential line; and a second
terminal of the third p-channel transistor is electrically connected to the second input
25  terminal of the flip-flop; and
a third n-channel transistor, wherein: a gate terminal of the third
n-channel transistor is electrically connected to the second terminal of the first
p-channel transistor, the first terminal of the first n-channel transistor, the second
terminal of the second p-channel transistor, and the gate terminal of the third p-channel
30 transistor; a first terminal of the third n-channel transistor is electrically connected to the
second input terminal of the flip-flop and the second terminal of the third p-channel

transistor; and a second terminal of the third n-channel transistor is electrically



106 a second termnal of the first n-channel transistor is electrically

connected to a | ow power supply potential l|ine; and a second
n- channelworangisziser, wherein: a gate term nal of the secwnd2ne/cérasnel
transistor is electrically connected 1¥ the enabl e si gnal line and the gate

5 termnal of the first p-channel transistor; a first termnal of the
second n-channel transistor is electrically, connected to the second i nput
termnal of the flip-flop, the second term nal of the second p-channel

transi st @onnédfdd tb ke IBW[&iwdr@dlsplyl@bteﬁﬁialﬂfﬁe first n-channel transistor; and a
second term nal of the second n-channel transistor is electrically

connected to the | ow power suppl y potential line. 10 10. The logic circuit
according to clzai i NOR e conpri sing: a
first n-channe '?Eaaﬁ)gfcll%}%&ﬁa\% n aaglg?é termnal and a first termnal of

the NOR gate aMeﬁdnmﬂkrANBIga;emrpmﬁtged to a high power supply potenti al
line, and a 15second term nal of the NOR gate is el ectrlcally connected to
the sécond i nput ter Prlfﬁ%{ln‘g?anf‘ﬂérapﬁ‘?‘ﬁr’fwit?ﬁem a gate terminal and ayfitshicgminal

n- channelyet © h@handt A Bior LU UEMEGHT Athcla 1% REAOBGWE: Sipe!

transi stc?r tlhg%llsectrfncl:a l'y Efgr?rr\eéte ?é@nsée%%tetg c:[ﬁ?hkﬂm gna

first terpotendhl lofe;t he second n- channel tranS| stor is electrically connect ed
to the second input 20 ternnal the flip-flop and the nd termnal of
the Tirar nchannel  fiioot-spanngh s Wareit R ik forgina A6 AeRegt

n- channely ¢HaaRi #4MistdrSisebiBtitalfalcbineeRANRC iReAdIA slghWl BA¥EAnE 4PREsY
potential |ine; and a third n-channel transistor, wherein: a

gat e 10er términal of therrecend n-ghannehtzansistords eleetiisally cangeettd tet 7 sesand Sﬁl’mmhect ed
to the eng Pheehréﬁxgn annef s1s?orf' rst terminal of 25 the third n-channel
transistor Is ri ca cohnected to the second input term nal of the

flip-flop, the second t’hﬁﬂnﬁ oRdnnef tiafiistbr, rherBin€ hapmel tefrhinal os the thisdd t he
first term nal of the second n-channel transistor; and a second terninal of

the t hi r d-¢haprel Arepisior inelpatrieally conaeed 1q thsidlgcksignab bipesce first tem@inab @t pover
supply PRLEREMH-cHahh- tranll*Qo?%é&ﬁ%ﬁ?%%%&éﬁ%%%@%ﬁ%@ﬁn %ngof the second 12. A

sem conduct or device conprisin ogic clircuit descri 158 m 8, and
an exiber mathaanel ctrafisisabu; c:ind R semnh'd gmnﬁﬂlat ofopter #iial trhehahogi (ranmstouus
13. Al ogi cui t includi afirst]dperlod during which an enabl e signal

is at a E?iﬁcﬁl?a[éﬁ%‘ime&'r’? t%aé‘é‘gBﬂﬁ%%‘PP ofenti2hliPS%hi ch the enable signal is

at a low level, a fourth n-channel transistor, wherein: a gate terminal and a first
terminal of the fourth n-channel transistor are electrically connected to the high power
supply potential line; and a second terminal of the fourth n-channel transistor is
20  electrically connected to the second input terminal of the flip-flop; and
a fifth n-channel transistor, wherein: a gate terminal of the fifth
n-channel transistor is electrically connected to the second terminal of the first
n-channel transistor and the first terminal of the second n-channel transistor; a first
terminal of the fifth n-channel transistor is electrically connected to the second input
25  terminal of the flip-flop and the second terminal of the fourth n-channel transistor; and a
second terminal of the fifth n-channel transistor is electrically connected to the low

power supply potential line.

6. The logic circuit according to claim 3, wherein the flip-flop is a delay-type
30 flip-flop.

7. A semiconductor device comprising the logic circuit described in claim 3,



conpri si ng: a latch, wherein a first input termnal of the latch is
electrically connected to an enable signal |ine, and a second i nput

term nal WHhh@shsggch is electrically connected to an i pyepadosé0sk Signal
line; and 10a flip-flop, wherein a fibQ&y input termnal of the flip-flop is

el ectrically connected to a data signal line, and a second input term nal
of the flip-flop is electrically connected to an output term nal of the
| at ch, wherein the flip-flop includes a transistor which is in an

of f st at &nah@leRictnabeir&nf Wilchdd &flﬁfgﬁfh‘a%%?s&ﬁiesth@ﬁfg‘w&fbuﬁ, source termnal and
a drain termnal, and 15wherein a channel formation region of the

transistor is forned using an oxi de sem conductor in which a hydrogen

concentration i 1019 t.onslcnB)..or | o . . 14.. . The l.agi¢c circuit
cecordi ng to ol il BTHAERE 53l neriisineartigh am gtins Sep¥afar or

| at ch, wheweieReldatBhesecoiidripaabd MurinBewhicBNhE Sdnablei Sigll 66 tat | £ Aldhy 1evennect ed
to the enable signal line, and a first termnal of the transistor is

el ect Bi calompristghect ed to the inverted clock signal |ine; a

el ot f Behect ed to the | nvert e al lin |
el cat ri cal 1y cOron G4 Vel B0N oP BEbE Benfhl; S e WOR LIS My, of

and an owophiéctetbtoetinrienable @ignahiind,i 4ndit a isevomdtigputi @rin@C bf teaNOR gawriect ed to
the second input term nal of the f| ig-]‘lop; and a second
i nver t er ,clégidgally gompectedfaan inyefted glock signpldingeanthd i nverter is electrically

connected to ”&eflﬁﬁﬁ{?ﬁ‘,dujh@&‘iﬁ d ?g%?;jﬂg;lut Lkiff b IRe fﬁi?ﬂloo?)nﬁ]teik%trfedhgm

termnal of the first inverter, n output termna e secon
i nverl0er dosnedteictbrai dagd dignal Gine,camd ecseeahd iopithternsiedlafdhda Biprflopais etectridally

transistor for Jatch and the i npuyt m nal of the first inverter. WO
2011/ 05293REI9S1B30 P06 vgenal ghthe NOR Bale

wherein the flip-flop includes a transistor which is in an off state where a
potential difference exists between a source terminal and a drain terminal over the
second period, and

15 ' wherein a channel formation region of the transistor is formed using an oxide

" semiconductor in which a hydrogen concentration is 5x10' (atoms/cm®) or lower.

9. The logic circuit according to claim 8,
wherein the NOR gate comprising:

20 a first p-channel transiétor, wherein a gate terminal of the first
p-channel transistor is electrically connected to the enable signal line, and a first
terminal of the first p-channel transistor is electrically connected to a high power supply
potential line;

a second p-channel transistor, wherein: a gate terminal of the second

25  p-channel transistor is electrically connected to the inverted clock signal line; a first
terminal of the second p-channel transistor is electrically connected to a second terminal
of the first p-channel transistor; and a second terminal of the second p-channel transistor
is electrically connected to the second input terminal of the flip-flop;

a first n-channel transistor, wherein: a gate terminal of the first

30 n-channel transistor is electrically connected to the inverfed clock signal line; a first
terminal of the first n-channel transistor is electrically connected to the second input

terminal of the flip-flop and the second terminal of the second p-channel transistor; and



15. The logic circuit according to claim 14, wherein the first inverter
conpri si ng: a first p-channel transistor, wherein: a gate
term nal WHhh@sbisgst p-channel transistor is el ectricalbpby psringched to the
second ternminal of the transistor forl0® |atch: a first termnal of the
first p-channel transistor is electrically connected to a high power supply
potential line; and a second termnal of the first p-channel transistor is
el ectrically connected to the second input termnal of the flip-flop; and

a first n-chagnnedmdifaAnst &b Hrst WORARED irafsi@ot & LIBERLAR). coinetidg thid Fw
n-channel transistor is electrically connected to the second term nal of

t he tr angioseosupply pdtentiahiiots andd t he gate ternminal of the first p-channel
transistor; a first term nal l?f tlhe first rﬂ-che_mnelt ransis%% is
electrically connect 83°tdHenaraelapsisig, vhetei a gate frminal of the,secpad, ong

t he secondcHaBhdT halsisr ish@edtiiéally EormbBaBdab thé anabIetsnal Ad MmdSEe
termnal of the first n-channel "transistor is electrically connected to a

| ow pdwertersuipyl| 9f st 8t | athanpele traggigion] Syiestefermingl of dbo secandy eichagnel
conprising: . . . econ - channel. transi.st,or, . wWher el n: gate
Corm nal Wpsisior is sletrically AnREE(s feColBORFimit INFFNCLe in HiipSdE, e 37 ©

t he seconrecdndpgimingl of thel seednd pehhhrep tiahsipror,tdnd the dhstdteiingl oA kheofirst he
first p-channel transistor, and the first termnal of the first n-channel
transi st drchagngl; fransistes; Andap ssFondhéermdnabnef Hhec Reaond| n-chagmel $ppyistps is

|l ectri : | tential |ine; d
Cecond © arierically EORRERNT ulctab Sl AbeP PBEnGBRLY PO Clectricalty ©

conndbted to the second termnal of the transistor for latch, the gate
term nal of thei first p-channel Ciiransis,to , and the gate term nal of the
first n-channel Oth’&lé’g cgeuit aceerding o laln f. channel transistor, wherein: a

gate term nal QheldhetROFORGatoMiprIARNEl transistor is electrically

connected to the second input term.nal' of the flip-flop, the second
terminal of the firsa fisstahchaneg! transistor, syherein fatgatef terminak andrd fiest teghinahe fir st

n- channel  tr istaor, and th ate termnal ,of the second p-Ghanne

e anet ot OFf MERPRCERE preXiecotifhis e Red &L 4 e Bonieh Subf e g i =

el ectisi cabdondaerninstsfdhé NOR @aeds eR6tricallyreailecRtl tb g decand irpudterhial | at ch,
the gate termnal of the first p-channel transistor, the 30 gate term nal

of the fiof&e fhipdlopanel transistor, and the second terminal of the second

-ch I ' : . ) i
p- channel transi st or, a0 SEEAN LR he Rl WO REATM b laRGhy

transistor is electrica connecte o)

l'ine. WR-chandd] GradsBRIPGY /elicitithlly @oMix26ed1€dOthe inverted clock sighal [ a figt C
circuit accqording to claim 14, wherein the first inverter conprisi n(t:jz a
first n- derEnRAof thessesprd Brchangsh fransistoryis glactriqally coppgctedig the sgcpad inpu
termpgal (Ginihdi%eithd filp-fla £l sl SR IR Al of¥he fRUGELEAAA! thahsERRNGRE £d tO
hi gh power sluppl y- p%jpt e?ﬂﬁ‘r{ﬁ isﬁe; angﬁla s%coné ter I’#I{ na o%ﬁst ﬁg’ %ﬁ st
n- channelsedomdrsinsinal of theedeeatd nechhingl ¢ansistot édielectrichldy seoeodditoputow er mi nal
of the fIi&-ro and ..
power sup%ly potential line; and
a third n-channel transistor, wherein: a gate terminal of the third
n-channel transistor is electrically connected to the enable signal line; a first terminal of
25  the third n-channel transistor is electrically connected to the second input terminal of the
flip-flop, the second terminal of the first n-channel transistor, and the first terminal of
the second n-channel transistor; and a second terminal of the third n-channel transistor

~ is electrically connected to the low power supply potential line.

30 11. The logic circuit according to claim 8, wherein the flip-flop is a delay-type
flip-flop. |



a second n-channel transistor, wherein: a gate termnal of the second
n-channel transistor is electrically connected to the second term nal of

t he transwetor/dsess310 |atch; a first @erm‘ nal of the secwond2nemcdévasnel
transistor is electrically connected {% the second i nput term nal of the
flip-flop and the second termnal of the first n-channel transistor; and a
second term nal of the second n-channel transistor is electrically
connected to a | ow power supply potential l|ine, and wherein the second

i nverter conpriigl Adsemi&shdublof devicE Banpasing Elfé”l%%ﬁt&fcuit%%rﬂieﬂiin@laﬁlﬂt&
termnal and a first termnal of the third n-channel transistor are

el ect ri caAndyanegipmed cieuit whichds eendiguprslieopsaisghy 1qgin efbital | ine; and a
second term nal of the third n-channel transistor is electrically connected
to the second termnal of the transistor for latch, and the gate term nal

of the second n3chdogelcifciaimlisding a fied peAOd dhdnyg Which-aalerablelsignabidsit at or ,
wherein: a gate termnal of the fourth n-channel transistor is electrically
connect edigh leved andcyd secandpprriodedvging whigh thee epgblle) signalyis aha losc dayel,

t erm nal &Enaf;rﬂagf'i rst n-channel transistor, and the first term nal of the
second n-channel” transistor; a first termnal of the fourth n-channel
transi stor i s allechywhatiny fichinpat edninal dfhthe dctondldcaicailp@bnwdctedite an

transistor for_ lafch, the gate.term nal of the 25 second n-channel

transi sto‘inf’I’léﬁtgng{m]éﬂesé‘&‘Eﬁ&egCPE IR fergfnal Hé‘hFMtFIH‘Sr‘F-I“&H g|coppegtsi'8@8r ;  and
a second ihe&rBdN@ckQigdalfind; @Gt h n-channel transistor is electrically
connected to the | ow power supply potential |ine. 17. The

| ogi dOci rcuit acEldp-Biopgwhereth zd Mirgt3 inpnh etemiinalt o€ the i fhipfflapp i slestrifallpy - t ype
O O ORISR RGBT R S o0
connected to an output terminal of the latch,
wherein the flip-flop includes a transistor which is in an off state where a
potential difference exists between a source terminal and a drain terminal, and

15 . wherein a channel formation region of the transistor is formed using an oxide

semiconductor in which a hydrogen concentration is 5x10" (atoms/cm3) or lower.

14. The logic circuit according to claim 13,
wherein the latch comprising;:

20 , a transistor for latch, wherein a gate terminal of the transistor is
electrically connected to the enable signal line, and a first terminal of the transistor is
electrically connected to the inverted clock signal line;

a first inverter, wherein an input terminal of the first inverter is
electrically connected to a second terminal of the transistor for latch, and an output

25  terminal of the first inverter is electrically connected to the second input terminal of the
flip-flop; and

a second inverter, wherein an input terminal of the second inverter is
electrically connected to the second input terminal of the flip-flop and the output
terminal of the first inverter, and an output terminal of the second inverter is electrically

30 connected to the second terminal of the transistor for latch and the input terminal of the

first inverter.
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15. The logic circuit according to claim 14,
wherein the first inverter comprising:

a first p-channel transistor, wherein: a gate terminal of the first
p-channel transistor is electrically connected to the second terminal of the transistor for
latch: a first terminal of the first p-channel transistor is electrically connected to a high
power supply potential line; and a second terminal of the first p-channel transistor is
electrically connected to the second input terminal of the flip-flop; and

a first n-channel transistor, wherein: a gate terminal of the first
n-channel transistor is electrically connected to the second terminal of the transistor for
latch and the gate terminal of the first p-channel transistor; a first terminal of the first
n-channel transistor is electrically connected to the second input terminal of the flip-flop
and the second terminal of the first p-channel transistor; and a second terminal of the
first n-channel transistor is electrically connected to a low power supply potential line,
and

wherein the second inverter comprising:

a second p-channel transistor, wherein: a gate terminal of the second
p-channel transistor is electrically connected to the second input terminal of the flip-flop,
the second terminal of the first p-channel transistor, and the first terminal of the first
n-channel transistor; a first terminal of the second p-channel transistor is electrically
connected to the high power supply potential line; and a second terminal of the second
p-channel transistor is electrically connected to the second terminal of the transistor for
latch, the gate terminal of the first p-channel transistor, and the gate terminal of the first
n-channel transistor; and

a second n-channel transistor, wherein: a gate terminal of the second
n-channel transistor is electrically connected to the second input terminal of the ﬂip-ﬂop,
the second terminal of the first p-channel transistor, the first terminal of the first
n-channel transistor, and the gate terminal of the second p-channel transistor; a first
terminal of the second n-channel transistor is. electrically connected to the second
terminal of the transistor for latch, the gate terminal of the first p-channel transistor, the
gate terminal of the first n-channel transistor, and the second terminal of the second
p-channel transistor; and a second terminal of the second n-channel transistor is

electrically connected to the low power supply potential line.
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16. The logic circuit according to claim 14,
wherein the first inverter comprising:

a first n-channel transistor, wherein: a gate terminal and a first
terminal of the first n-channel transistor are electrically connected to a high power
supply potential line; and a second terminal of the first n-channel transistor is
electrically connected to the second input terminal of the flip-flop; and

a second n-channel transistor, wherein: a gate terminal of the second
n-channel transistor is electrically connected to the second terminal of the transistor for
latch; a first terminal of the second n-channel transistor is electrically connected to the
second input terminal of the flip-flop and the second terminal of the first n-channel
transistor; and a second terminal of the second n-channel transistor is electrically
connected to a low power supply potential line, and

wherein the second inverter comprising:

a third n-channel transistor, wherein: a gate terminal and a first
terminal of the third n-channel transistor are electrically connected to the high power
supply potential line; and a second terminal of the third n-channel transistor is
electrically connected to the second terminal of the transistor for latch, and the gate
terminal of the second n-channel transistor; and

a fourth n-channel transistor, wherein: a gate terminal of the fourth
n-channel transistor is electrically connected to the second input terminal of the flip-flop,
the second terminal of the first n-channel transistor, and the first terminal of the second
n-channel transistor; a first terminal of the fourth n-channel transistor is electrically
connected to the second terminal of the transistor for latch, the gate terminal of the
second n-channel transistor, and the second terminal of the third n-channel transistor;
and a second terminal of the fourth n-channel transistor is electrically connected to the

low power supply potential line.

17. The logic circuit according to claim 13, wherein the flip-flop is a delay-type

flip-flop.

18. A semiconductor device comprising the logic circuit described in claim 13,



WO 2011/052383 110 PCT/JP2010/067996

and an external circuit which is configured to operate the logic circuit.



