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| ECHNI CAL FI ELD [ 0001] The present invention relates to a
sem condugbaniidmysoge i ncl udi ng a sem conductor el ement peirg2EN0REs0E
sem conductor. 10 BACKGROUND ART [000?] In recent years, a neta

oxi de exhi biting sem conductor characteristics and call ed oxide

sem conductor has attracted attention as a novel sem conductor materi al
havi ng hi gher nmobility and higher reliability than anorphous silicon, and
havi ng 15 uni form el enent char acpgicRiperONMet al oxi des are used for
various applications. For exanple, indiumoxide is a well-known netal oxide
and used as a material of a transparent electrode included in a liquid

crystal display device or t ' I such netal oxides having
sem conduct or characteristigENthﬁﬂﬁgé?gﬁb§Egﬁé%xide, tin oxide, indium
oxi de, and zinc oxide. Thin filmtransistors whose channel formation
20region is formed using such a netal oxide having sem conduct or

char att elESHNIEAdy EIHUAb W (Pat ent Documents 1 and 2). [Reference] [0003]

[ Pat ent Eﬁﬁ%ﬂent 1] Japanese Published Patent Application No. 2007-123861
25[ Pat en ument 2] Japanese Published Patent Application No. 2007-96055
DI SCLOSURE OF TheVENEdeaN invention relates to a semiconductor device including a

semiconductor element using an oxide semiconductor.

10 BACKGROUND ART
[0002]

In recent years, a metal oxide exhibiting semiconductor characteristics and
called oxide semiconductor has attracted attention as a novel semiconductor material
having higher mobility and higher reliability than amorphous silicon, and having

15  uniform element characteristics. Metal oxides are used for various applications. For
example, indium oxide is a well-known metal oxide and used as a material of a
transparent electrode included in a liquid crystal display device or the like. Examples
of such metal oxides having semiconductor characteristics include tungsten oxide, tin
oxide, indium oxide, and zinc oxide. Thin film transistors whose channel formation

20 region is formed using such a metal oxide having semiconductor characteristics are
known (Patent Documents 1 and 2). |
[Reference]

[0003] _,
[Patent Document 1] Japanese Published Patent Application No. 2007-123861
25  [Patent Document 2] Japanese Published Patent Application No. 2007-96055

DISCLOSURE OF INVENTION
[0004]
Conventionally, in semiconductor integrated circuits such as a normal central
30  processing unit (CPU), the circuits are designed in advance and cannot be changed after
manufacturing.  In contrast, in a semiconductor integrated circuit called a

programmable logic device (PLD), a logic circuit is formed using basic block units



[ 0004] Conventionally, in sem conductor integrated circuits such as a
normal central 30processing unit (CPU), the circuits are designed in
advance age 6anRosbe changed after manufacturing. | n coptirgpielonidsd

sem conductor integrated circuit calléd a programmable |ogic device (PLD),
alogic circuit is forned using basic block units WO

2011/ 089808PCT/ JP2010/ 072839 2 havi ng an adequate structure and

i nt erconnections between the basic block units can be changed after

manuf act yo)ifg an GRS Gortditn i el HURIRR1A bl BBORURR dndler CUIt
configuration can be changed by a user, and the tinme and cost spent on
desi gn anbanged eftapnantfaairirg. c iThewforecthn Ph® psdugh versagidlitne batauds] DO 0]t

The PLD includes a conmplex PLD (CPLD), field programmabl e gate array
(FPory . SPUSHGIR, 8. DURGHEEROY it SgTalicbiicy B AL, SEOhPR QR B0t can be
rew itteqediinit of h Birbt dalbe LbR1yGhAGit configuration of any of the above

PLDs i's set in accordance with a Structure of connecti ons between basic
bl ock® wWiP@®3]is stored in a 10 seni conductor nmenory such as an EEPROM or an

SRAM ' Dependi ng, 0 he circuit configuration whi i S progranmmed, there can
be & case. wher &8 PHELREfFCHicombRY hE' CEHE, ReEl piokrRREF B sy

confi gur gPGA), ahd tRATkd. CWRED th_@ﬁ)r@%rﬁ’rhthl?@ci?cu'itad'oﬂﬁgur_%tiéﬁ canbe ivahen
versatility, the nunber of basic blocks increases; since the circuit

conf i gur &tithgut ilimitatien.othcz elgcuito corfigupationt pE an¥ eof thee abeMebBEDsfishsesii® bl ocks
whi ch do g b t he I+ CUi L gurat | i.ncre +. [.0006].
Fovever . “BodE ity suhfte ol REEhY bloy e b bR WP bR BT in i ol o
not cont sérhicbeductortohenaryrsach ks a0 BEPROMior @d SRANMhe DRpéxdidden efeatigniti n t he
basi ¢ bl ocks, various capacitance jncluding parasitic capacitance are

char ged SPRfigaioRaYRiel 1oprogrsqmaedthre cap be Bass yiiete 3 Basiohlogheacs Mien t he

pove’ S;Jg&g%ébmglta39&&&@@%%@%&nnp SRR RAPLDIRRSUARIE Qe Ofmgur S 11

t he bas ocks due to e current or off-state currert. For exanple,
i n the chigbemhmsatilign themuerticepf basid Wpdsdnusasas) simcEMBSiralittdoofigirationdisal | vy,

power is not consuned i.n a steady state, .power is.consunmed i. ractice due
Do T caka§ EPLIT Adreee froUs Tdmber o1 Pasit oGk Rish rmontanribul i esy ar o
25 cys r epfrcihéonfighlafve iRedad@en a source electrode and a drain electrode. In
the case where a CMOS inverter is formed using bulk silicon, an off-state

current (008pproxi mately 1 pA is generated at a roomtenperature with a
A R e R A e
m ni at ur haBédn@ibudd tcAths @IiFcEie Befidu@dtical IANBOPLD.  dMerefore, in the basic blocks,
various capacitance including parasitic capacitance are charged and discharged
20  wastefully, so that power is consumed. When the power supply voltage is supplied,
unnecessary power consumption occurs in the basic blocks due to leakage current or
off-state current. For example, in the case where an inverter is formed using a CMOS,
although, ideally, power is not consumed in a steady state, power is consumed in
practice due to leakage current which flows to a gate insulating film or to off-state
25  current which flows between a source electrode and a drain electrode. In the case
where a CMOS inverter is formed using bulk silicon, an off-state current of
approximately 1 pA is generated at a room temperature with a power supply voltage of
approximately 3 V. When high integration of the PLD is achieved, power consumption
is expected to be increased due to miniaturization of a semiconductor element or an
30 increase in the number of elements.
[0007]
In the case of using a rewritable PLD, the EEPROM or the SRAM is generally



"30i ncrease in the nunber of elements. [0007] WO

2011/ 089808PCT/ JP2010/ 072839 3 used as a programmng cell for storing a

st ruct ur ewof20cicuspsmst i ons. However, since the EEPROM wri tes/Jandoerases dat a
utilizing the principle of tunneling Burrent, deterioration of an
insulating filmeasily occurs. Accordingly, in practice, the nunber of
times of rewiting data is not infinite, and the upper Iimt of the nunber
of rewitings 5 is approxinmately tens of thousands of times to hundreds of

t housandgseff astd prBgraminfind €6l FdrQforid h SRARAINLE cHiflebforRl Haevel Singetmappl i ed
to the EEPROM when data is witten and when data is erased is as high as

around 28EYROMemeltesr and poiness clotas witibzingn thea giringiple cofe dwwsling egurtat.a i s

witten d.when data.is, erased. I.n additiaqn .redundant. circuit. design
for covernigoanth &F4Emsfhe M soaloBehi  AgcoRidEdm PRt decinpa To; Soos,
On the obh@mefanN@writhe deRAVNal WEYEe, Aedfk dfper BMRU ¥hOhurleshf réuiilgs vol t age
to hold data. Accordingly, power is consuned even in a steady state while

~the powers arpprimalely tageoli Bousapg pedmeado degeielbed tayssrds elhemet.orle, if the
power - cordRORATR FhrR: DBhuled Spplftlo BE FERRE MR s it o" 2t 1 D7

vi ew of the whbn\datapisodrhedsis ak thigls agaroahil @0t Vof Thérefops, gt comu@iptioan t o
provi de a sem conduct or devi ce which can reduce power consunption. It is
anot her &bjl¥dRCrgases whehAda enwritter, ait Wheh 4352 prasisede B addgiany a redundgte

seni CO”dHﬁ&R{deg%\;l!f&ecd{é}iﬂgahi% ) &RM&M%@&%%@Q%%% In a

! sary. . .
sem conduct or ice according to one enb Shit the pregent i nventi on,
in ateor 298¢ with changing of a structure of connections between basic

0o B oSS SRR BB et R P 820 o
the conneghilamatact WReskdifiey, BBSEE isloASlifeBarialateay hasi Ghlk agkpotzch does
not contribute the circuit configuration, the supply of the power supply
vol t age suppiheolisgs icsuppbied ap desqtdggi ahoryej hersfasppéthe uoden pf programming
cells using the SRAM increases with high integration, power consumption of a
15  semiconductor device increases.
[0009]

In view of the above problems, it is an object of the present invention to
provide a semiconductor device which can reduce power consumption. It is another
object of the present invention to provide a highly reliable semiconductor device using a

20  programming cell. |
[0010]

In a semiconductor device according to one embodiment of the present
invention, in accordance with changing of a structure of connections between basic
blocks, presence or absence of the supply of the power supply voltage to the basic

25 blocks is changed. That is, when changing of the structure of the connection between
the basic blocks generates a basic block which does not contribute the circuit
configuration, the supply of the power supply voltage to the basic block ih question is
stopped.

[0011]

30 In one embodiment of the present invention, the supply of the power supply

voltage to the basic blocks is controlled using a programming cell formed using an

insulated gate field effect transistor (hereinafter simply referred to as a transistor) with



30l n one enbodi nent of the present invention, the supply of the power
supply voltage to the basic blocks is controlled using a programm ng cel

f or med uswogormmsbsesul ated gate field effect transistor eoegernahtzsss sinply
referred to as a transistor) with wWo'2011/ 089808PCT/ JP2010/ 072839 4
extrenely low off-state current or extrenmely | ow | eakage current. The band
gap of the above transistor is wider than that of a silicon sem conductor,
and a channel formation region of the transistor includes a sem conductor
mat eri al \haeQy IdW bifk@dt€ cE@édt lof ExHGRIY 1obv Icakh @\&IrehNaMHeAhd %ﬁlp of Ihecon. A
sem conductor material having such characteristics is 5 included in a
channel fbovedtansistor égider than thiveaf aasitieamssinycandugior, and et ¢henmd] yoinaagionf f - st at e
current can b ealized.. exang{es on sucp a s niconductor.nﬁteﬁial, an
oxi de. sefEghhIEs Brrshat ingRa e e aT BRCr R SRR RE SR APBAY, i s as
| ar ge asist dafer BanShati FANiGAN PEseaiivd@uctbd hhedrial BAving Bechesran@idBies Rf the
present invention, the transistor with extrenely |ow off-state current or

ext r ehrel nclusigd i akhyymeb{prmanen regians sqithaba tranyisten i hexemels|low fodi-state

controllin necti.on, be en the i,c. bl . 013 | es t herw se
speci fi eﬁ‘,"g?nﬁ Ct%ﬁimée geﬁg%?dfi é%ats\tng%arI\I,] pl%nofﬁzéhcﬁssg%gé%%gﬁ&& C a}ater{}nggl an %g%e
transi st eémicamdueior hating @ taud gepivhich if approk@ittcIWitired tieO uS1ab@t waka ot source
el ectrode_and a drain el ectrode when a potential of the drain electrode is
hi gher t BHROR $ARtPeHVeMme source el ectrode or that of a gate el ectrode while
a potentgﬁhsz the gate electrode is less than or equal to zero when a
reference potential is the potential of the source el ectrode.
Al t ethat i vel y, Ini onetdmisodépentidfitb@apiesant inventitrg thasensidtorawph ekiaemelly low

an off-state 20 current is current ich flows, bet

transi st or,, n a
sour e ePHSADAETe P SXTPREY 1O olcakags SURERN SIS0 daht PrazrarmingCell & n

el ect r odgoftllif¥eEornb@ibntital e thd PRISHYEGE el ectrode or that of a gate
el ectrode while the potential of the gate electrode is greater than or

equal to[G8Bb when a reference potential is the potential of the source
electrode. [ 0004} 28RPEGLI LLaly f 1S PWERELILAMTIAG SebL o HGhuges at
15  transistor, an off-state current is a current which flows between a source electrode and a
drain electrode when a potential of the drain electrode is higher than that of the Source
electrode or that of a gate electrode while a potential of the gate electrode is less than or
equal to zero when a reference potential is the potential of the source electrode.
Alternatively, in this specification, in the case of a p-channel transistor, an off-state
20  current is current which flows between a source electrode and a drain electrode when a
potential of the drain electrode is lower than that of the source electrode or that of a gate
electrode while the potential of the gate electrode is greater than or equal to zero when a
reference potential is the potential of the source electrode.
[0014]
25 | Specifically, the above programming cell includes at least a first transistor
functioning as a switching element for controlling a connection between two nodes and
a second transistor for controlling the supply of a potential to a gate electrode of the
above first transistor. The second transistor includes a channel formation region
formed using a semiconductor material, such as an oxide semiconductor, which has a
30 band gap approximately three times as large as that of silicon, and an off-state current or ~
a leakage current extremely low. Accordingly, the voltage (gate voltage) between the

gate electrode and the source electrode of the first transistor is held for a long time by



functioning as a swwtching elenment for controlling a connection between two
nodes and a second transistor for controlling the supply of a potential to
a gate el\wehhpdRegk the above first transistor. The secepd psrAnetB8ieor

i ncl udes a channel formation region férned using a sem conductor nmaterial,
such as an oxi de sem conductor, which has a 30 band gap approxi mately
three tines as |large as that of silicon, and an off-state current or a

| eakage current extrenmely | ow. Accordingly, the voltage (gate voltage)

bet ween {heGahe Rinsslor ARt GG LG h&tfeh{ 1b§,ansi stor
is held #orsaa{’ong"tgﬁ me Dy \r/}\%sz%elﬁfﬁ‘g%sospd Jng&ib%%?‘%ssg 5% essecond
t ransi st tmakageianbrehtas extrenely | ow of f-state current or ext rerrel y | ow

| eakage &g)[ fnt [ 0015] An oxide sem conductor is a netal oxide exhibiting
seni condttlsf 5 characteristics, which includes a hi gh mobility which is

al most the Sanﬁna%xid%atseﬂﬁcdﬁhﬁétepr%Staf'ﬂrhétﬂﬁ Silid CQ;EhlﬁﬁElngoké&ﬁfch%&& dri ne
silicon, and a uniformty in characteristics of elenments which is al nost

t he s@necmaqthmtlcmfwmnbrlpdodﬁ & jhlighc owobilitn vahicldes slenmist tredsrae@ps that of

hi ghl f b t trat f i t
Such s Hoerarah e RHiskp sE ERTS Rl neat b s st AP EEARGH P OB Er TSIy )| 1o

an 10 i Blehich8 Whi@MiE AMEUQt e Gafle | ast YRR SEHnfRpbSt AlidodT AnSWRfeantial Iy
intrinsic sem conductor. Therefore, a transistor including the above oxide

sem condmléendmg)rahxghbfrmtfmdu & iprigied e Q6) ebvelryducmn ofnf coneentratéerr radnt  or
extr eme ! urvyles gl?égl G‘% gru;ee(')’]rthyd%) e¢| \Iv 1%?{l \A%%e%ase ectx%drd%g a (%(g/nor nirati on in

t he high y pur’i sem conduct or 'S freasure tlgﬁaary i on

mass 16 peaitfingiet ieYnl(:(Sid\(Et)orl anl €istypd hegmiodndedied) dr0 &5 subStamtiall)lIntriasiB,
preferably | ess than _or equal to 5 x 1018 /cnB, nore preferably |ess than
or equal s§micenductog 7T h%ﬁf@re StiTanpisiop el ysting theaBpye Pxide S@mlﬁﬁnfbwt%d@ap to 1 X

1016 1cn§h%wer§sgg|5f on; de,,%ﬁ; lgﬁrgﬁg ated%ﬁl,%l{tyoroéxt}éﬁ?el?ﬁbxgele§ han ¥ptor

film I S neasure ect neasurenent, x 1014
[ cnB, pr 8penifadally, lleshydrhgcm doncedigdtidn/ mnBe hnphlg- gmméﬂeércadncleysdmsnddcm 1 x

1011 1cnSB urt hernore, the, band of the o sem condu tor is
oroater phish o meguig] oY sreanday l%rrg?s}é)ﬁa%ﬂtvngerrég'?‘&ﬁsmg anéa&ava 1465, 5 ev
mor e pr ef qpahly?, qﬁa@;a% Cyhfelgggmafp ghgemko 59 70'€Nm* Wy pel lsllafer&tﬁ@ Cﬁalﬂ%rox' de

sem conductor fi’l'm whi 'y purified by 5u cientl cing the

concent r afuadmo 6fx i10Buerht, iseifl morehpraferatiy issitieanosr dyadr gen 1@‘1S f/cnﬁ atie current
or |eakage current of the transistor can be reduced. 25[001 The
anal ysi sadtitiem shaspaigglensibiorfcn pxide semicPrducts fim; H’é“céléﬁrff@éﬂﬁ%lt’bﬁaﬂl Imis

descri begfﬁg{? easdrgmfﬁéﬁQQthxp?tx 10? %;Uﬂ? ferf)szl% €S hah 1dI ff)lz?&ll iﬁ r{l(ﬁreObt ain

data accur roxrm ace a Sanp

proxi i tyreeératﬂﬂ leBd eniraqe @qu%m%tap&ﬁﬁnﬁbﬂemhé Oéaﬁﬁﬁd ébSld’fgtHé' bkreent
materials by the SIM anal ysis principle. Thus, 30in tﬁe case where

di st 2@ busdnoiaenduttor fregthgtar haear eqmatierit ¢ Wtprefarbhyf greater thin or equel wrid y¥ed by
tSIh stiirutertl)lrecli)(rggerﬁ)l)g 'grregfétr kh%gsét equa? to 3 e{} a\&ﬂt%%lg QseO(];f tfxeh gxﬂélc': lserIT}ulcjzgr(lj(ﬁlrcto?t udy,
film which is highly purified by sufficiently reducing the concentration of impurities
such as mbisture or hydrogen, off-state current or leakage current of the transistor can
be reduced.
25  [0016]
The analysis of the hydrogen concentration in the oxide semiconductor film is
described here. It is known that it is, in principle, difficult to obtain data accurately in
the proximity of a surface of a sample or in the proximity of an interface between
stacked films formed using different materials by the SIMS analysis principle. Thus,

30  in the case where distributions of the hydrogen concentrations of the film are analyzed

by SIMS in thickness directions, when, in a region of the film under study, the value



WO 2011/ 089808PCT/ JP2010/ 072839 6 does not vary greatly and an al nost

const ant val ue can be obtained, an average value is accepted as the

hydr ogen wwengfinisbgki on. Further, in the case where the pbirgkngssrRio t he
filmunder study is small, a region wPth an al nbst constant val ue can
soneti mes not be obtained due to the influence of the hydrogen
concentration in adjacent filns. In that 5 case, a |ocal maxi numvalue or a
| ocal m ni mum val ue of the hydrogen concentration in a region of the film
iS accep [ i I .« in the
case mhe?gga&%%%f%?én{g’;ﬁggéﬁ %ggﬁd&hgt\% tn‘gﬂieh%nltbg?gfdl@k f“ﬁg{;n%r %@ﬁiﬁd a

val | ey- shappidd pedic Hydwigeg coientratical. rRunthenin thalcase vderadie thicksdss bhthehe

regi on where the fjlns are provided, the value at an inflection int is
accept ed 48 UPAY SR8 GBA ngf@ﬂfwewga{liai}wst cesiant value can someHes gt be

exper i Mepb@ine@Auetd HR! ihMudicl e oY dPbdenSloRt&itaHES §idjXent BEnd." ARTHaATL O
i ncluding the highly-purified oxide sem conductor fil'mas an active |ayer.

For eXxanpise, a keadmasimomavahed @mdncal winhmiam ehlannétheliydtdgentorcertrdt@th inAnt  and
a channel length,15 of. 10 lam jn.the range of fram1 V to 10 .V of the

Vol t age. {ERELMRONBF il F5er GLen Mg hydect Sarabtisdh - EFRUETREL r ode,
it is pogstRl st RAker®fal mohimhR-shdpde peak( WiVifg) theS I0dhR AX fbkirh 8 AludM@N at he

vol tage between a gate el ectrode and the source electrode is |ess than or
equal t ovdleyjshpped pegk haviag therloead waininpwn vhlkue de aotiexastanthd region vdferathe

sem cond or._ch terization te hat is,. |ess thap or .equal to 1 X
T0- 13 A M arE SRR e V" 345 oFberhh® painl s rined 8 B B Gens 1y
cor r ggpooastice@rdtiona val ue obtained by dividing the off-state current by the
channel width of the transistor is |lower than or equal to 100 zAd4tm

Furt her, [Q07} he experinment, a capacitor and a transistor (the thickness of
a gate insul aty i 3 t a
circuit in vvhig %éﬂgeégp%r}{@élg%g%bgﬁ?IWﬁogg?ﬁ‘?gﬁ%r&gtfercg%%?ﬁgf g%gg{ﬁsﬁgb? was
control | eclddyng hiee thightgpstified wasdeu sedico@ducirefiln has hn gddtiye playerf | etbroxi de
sem conductor film was used as,ta channel formation region in the

transi st BFRMRIRHEVERYitGrap.c withrardapned widthot d poHEjuam and gehanmeblengtBd from a

chan i f i t it i ime, it
a5 Y TR e B HERL O SO0F of e DBERARI PBE] ptlekn b e
and the ghacdeledtRdthnde defin ERetrddeanss gmfblemat off-Matel cuent @ffictsisakrgncur r ent
of 10 zAMdtmto 100 zA/ Am was able to be 30obtai ned. Therefore, in the

sem condeiteat whey itheeveliaa betvigen @ astreclestindgiand i wrreerdleqiiods dnless thaant i on,

the of f- I . ' [ ' '

2011/ 0sofloberS o810h 5338 o badglis MERRSEGhel RN Y ciBondBlor 1, o
an acti veharay@atzatdemsyzen,ak s, 1dsathadrorequiito t & 108 A2 AdMN, that caseiteaabky | ower
than or equal to 10 zA4tm or nore preferably |ower than or equal to 1

zZA i ¢ Eoupd it ap offrstatp surpent dapit Virorigeramdingdo @d@h@e)béal@f@tbyo@é%mﬂhm ain

el ectr odg AREQLALADVone (Rl MNGHSHhe RLULE RO\ ANE BLOBE YaRYid hipgd oxi de
5seni conductor 111'mas an active ayer has nuch lower o s¥Et e’ current
than a tz&0gi. StRufkther, in the experiment, a capacitor and a transistor (the thickness of a gate

insulating film was 100 nm) were connected to each other and a circuit in which electric
charge flowing into or from the capacitor was controlled by the transistor was used.
25  When the highly-purified oxide semiconductor film was used as a channel formation
region in the transistor, and the off-state current of the transistor was measured from a
change in the amount of electric charge of the capacitor per unit time, it was found that
in the case where the voltage between the source electrode and the drain electrode of the
transistor was 3 V, lower off-state current of 10 zA4um to 100 zAum was able to be
30 obtained. Therefore, in the semiconductor device relating to one embodiment of the

present invention, the off-state current density of the transistor including the



including silicon having crystallinity. [0018] A transistor

i ncluding a highly-purified oxi de sem conductor shows al nost no tenperature
dependencwoahiiafgdsost ate current. This_i s because an i nprcirtip2@enwssyy as an
10 el ectron donor (donor) in the oxi dé semiconductor is removed and the

oxi de sem conductor is highly purified, so that a conductivity type is
close to a substantially intrinsic type and the Ferm level is located in
the center of the forbidden band. This also results fromthe fact that the

oxi de sefjghBPslHcaroti@sscaiicRRREBY fmarasqh_agﬁe@ta?ér Ednae I_Q{A/eﬁﬂidﬁbrte?ua'i eV and
includes very fewthermally excited carriers. In addition, the 15 source

el ect r odto 40(dzAMmen, dreferably)l oter sk ar equiahtoa 1@ eddmer et mdresprafeesblywkiveds i s al so
a factor for show ng no tenperature dependence. The transistor js inly
oper at edhaPtas cGuH 1P or 4T eperIing o g&\éﬁtag? BFiveRR theeSanes HFLEPEGf ce

el ectrodg,.t id i dyet : | : ] t Qajjct here is
no teme?g%ﬁr%%ggéndg%g%@gnk}%f 2 gsf1§?€ lgﬂ?@gﬁtﬁﬁeg uiggﬁl{}ﬁ%rd elai ;sdeno

t enpe’ at semicoejuetul dibbeasah actve lager snsudhylow20pH3 4@ current than/Astransstapxi de

semn conduct or, - @.quat er nar tal oxide such as an | n-Sn-Ga-Zn-0-based
oxi de semcm&“%aﬁl%ﬁ%éﬁn%t al oxide such as an |n-Ga-Zn- O based
oxi de sepagpductor, an In-Sn-Zn-O based oxi de sem conductor, an

| n- Al -Zn- O based ox.i de_sem'.condl_Jct or, a Sn-@&-Zn-0- based oxi de
sem conduct or , AgrangistoplinaBedizg 2 Gighdw-puribied dede sermisondlictirohowsplingst no

Sn- Al - Zn- O-based 0Xi i cpnduct bi tal oxide. such
- 2n- 0- YR O B SERR SOG R b e T 8 bE e T e L S BBAS BB or - an
Al - Zpo 0- brétesh Qonde (6#ary ond s @xided séiichBdittdiasedeyiéle nentheoodidet or, a

Sn- My- O- based oxi de sem conductor, an In-M-0-based oxide sem conductor, an
| n- Ga- 0- BriRigendyeionds Bighivcpdfirsh & thana copdurligith Avpedis slasado genbdanialiyt or, a

Sn- 0- based . 1O targ - i . 1 du r, and
the 11 ke i paps BT FREHH Rt i€ ST P Re B ARIER G The

2011/ 08988 Rsultd Ramlié tacP BiaOthd oxiderspmécondictdbinhaSan EGaergn-gap bhgedtcothade

sem conductor neans _a netal oxide including indium (In), tin (Sn), gallium
(Ga), anfr sA4# 1@ 2n§Y 2rAdpeudss VoY davineadly %CW?C? SPTISH- o ﬁﬂ@gmn, the

st oi g 0%{:&! &e?ﬂﬂggﬁ& e aih@hdcfrodd B i@gqgge&aqtaﬁstﬁar@vﬁeﬂwm £y 1 ncl ude
silicon. 50020 Al'ternatively, oxI'de sem conductors can be
r epr esenfadshoying eroc teerpecabiref deprndence.] nWHS (tZmGistor i nm2inl) opéteted, wikh

represents .one or nore.meta | enentg selected fromGa, Al, , and
[0821] carriers which are 1n]ectec|1 rom the degenerated source r’Qlectrode to tIYpe oxfgje

Co.
semiconductor, and it can be explained that there is no temperature dependence of an
off-state current because there is no temperature dependence of carrier density.

20 [0019]

As the oxide semiconductor, a quaternary metal oxide such as an
In-Sn-Ga-Zn-O-based oxide semiconductor, a ternary metal oxide such as 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-O-based oxide semiconductor, an

25  Al-Ga-Zn-O-based oxide semiconductor, and a Sn-Al-Zn-0O-based oxide semiconductor,
or a binary metal oxide such as an In-Zn-O-based oxide semiconductor, a
Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide semiconductor, a
Zn-Mg-O-based oxide semiconductor, a Sn-Mg-O-based oxide semiconductor, an
In-Mg-O-based oxide semiconductor, an In-Ga-O-based oxide semiconductor, an

30 In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor, and a Zn-O-based

oxide semiconductor, and the like can be used. Note that in this specification, for



10Accordi ng to one enbodi.nent of the present invention, the supply of the
power supply voltage to basic bl ocks which do not contribute to a circuit
conf i gur avoami@Issopped by a progranging cel |, wher eby ppwoezo10/012888NPL i ON
of a sem conductor integrated circuit®can be suppressed. [0022] 15The
progranmm ng cell having the above structure can suppress degradation of a
gate insulating filmby tunneling current, as conpared to a conventi onal
programm ng cell using the EEPROVM therefore, a sem conductor device in

whi ch t hexdmprbein BiSH Gam-Ofbak@ibititié BnidaiducdMndans b @asd oxale iaeudingvi ded.
[0023] 20In the programm ng cell having the above structure, the operating
Vol t age. wilen (. roaiaceallom (SR, mndZoF (dek o ToRrcas comadiuias fingtation ons

appr oxi ngt el.y. det er m ned .t he .operat i ge.of the second transistor.
Aobor i ngley B RBERE CGae Rt S fhm s vy BelBSnRbortdier S8 frshidie
EEPROM giligedni conduct or device in which the above operating voltage can be
reduced significantly and power consunption is 25 reduced can be provided.
[0024} [0020] unlike a progranming cell forned using the SRAM the

programm ng Ce{dteﬂﬂ@t‘(ée’l‘gf bRfe ARMEoEMRL YWl &O'r%gf:%ﬂ&g Y | g Gheligls! stor

havi ng extrenely Tow off-state current,; accordi nnection state can
be hel d fanmubiydn®Q;EDi0RVEn WORN Hire, pOwepressOsupmd yr ndre ageall slemehtsal ways
supplied to the programm ng cell. Therefore, a sem conductor device in

whi ch poﬁ%?dﬁgﬁgﬂﬁ%¥ﬁ&ﬁ"Psmwgghced can be provided. WO
2011/089§Q§EFT/JP2010/072839 9 BRI EF DESCRI PTI ON OF DRAW NGS

10 According to one embodiment of the present invention, the supply of the power
supply voltage to basic blocks which do not contribute to a circuit configuration is
stopped by a programming cell, whereby power consumption of a semiconductor
integrated circuit can be suppressed.

[0022]

15 The programming cell having the above structure can suppress degradation of a
gate insulating film by tunneling current, as compared to a conventional programming
cell using the EEPROM; therefore, a semiconductor device in which the number of
times of rewriting data can increase can be provided.

[0023]

20 In the programming cell having the above structure, the operating voltage
which is needed for writing of data on a connection state is approximately determined
by the operating voltage of the second transistor. Accordingly, compared to the
conventional programming cell using the EEPROM, a semiconductor device in which
the above operating voltage can be reduced significantly and power consumption is

25  reduced can be provided.

[0024]

' Unlike a programming cell formed using the SRAM, the programming cell
having the above structure holds data using a transistor having extremely low off-state
current; accordingly, a connection state can be held to some extent even when the power

30 supply voltage is not always supplied to the programming cell. Therefore, a

semiconductor device in which power consumption is reduced can be provided.



[0025] FIG 1 is a diagramillustrating a structure of a sem conduct or
device. FIGS. 2A to 2C each illustrate a circuit diagramof a progranm ng
cell. 5+wb%oirhsbgesa diagramillustrating an operati on etrapsRivesIUCt OF
device. FIG 4 is a diagramillustratPng an operation of a sem conduct or
device. FIG 5 is a diagramillustrating an operation of a sem conduct or

device. FIG 6 is a diagramillustrating a structure of a sem conductor
device. FIG 7 is a diagramillustrating a structure of a sem conductor
devi ce. %@%ﬁ%&dﬁp@ (%NE&EEMWN@N&‘“ ng a structure of a sem conduct or
device. FIGS. 9A and é are timng charts each illustrating an operation of
a sem cof26i or devi ce. FIGS. 10A to 10C are views illustrating a

nmet hod for nman turing a sen conductor deyice.., 15FI GS.. 11A and 11B are
views illustra Iq?é is gy T RSatiRg A TS P @Sf‘é“@%’}?{‘:‘&@ﬁd%‘e%r devi ce.

FI GS. 12A 10 1RG0 §i2@W8ch iibidfrhfedlc it diggRNBF, bRrdMfiHEREHUT T N0 &
sem conduct or devi ce. FIG 1371s a | n& t udi nal .
crossssect i onaFl(vBeswa diageam illwgeatingchnstpaggien efl a serawonditconr d2@icevhi ch i ncl udes
an oxi de sem cgﬂg ctor,. . FIG 14 is an_ener g¥ bglon)cil di agram
(schemat i ¢ di abihiy® bfiga BusrdmEd b rRe st APgREOMSE AR 0 Fl G 13
FI'G 15A il ustr@abkesa anghheliB¥traitndpRekdNoM SéRicendR e ldevige Vol t age (VG >
0) is applied to a gate el ectrode (GE), and FIG 15B illustrates an energy
band di agr am 2BWWhériga diageagnilluyleating] a igetufe/of agpmirendapior dedcd.o t he gate

el ectrode (GE) . .. FI G, 16 1s a.diagr ill.ustrati .r el ationshi ps
bet ween a vacuEIn(%' I7é§/zéfh,agglm\/\glruﬁ"?thnﬁcatSltrélﬁ%g 8‘{;& ?F’enflg?ndé%% ?gvéﬁed el ectron
affimpty (x) oFIGS8 ioXdigrapeiNue@athgcd @huctuld 65 sclmborddactby Beviice Vi ews each

illustrating a_structure of an electronic device. )
FIGS. 9A and 9B are timing charts each illustrating an operation of a

semiconductor device.
FIGS. 10A to 10C are views illustrating a method for manufacturing a
semiconductor device.
15 FIGS. 11A and 11B are views illustrating a method for manufacturing a
semiconductor device. |
FIGS. 12A to 12C are views illustrating a method for manufacturing a |
semiconductor device.
FIG. 13 is a longitudinal cross-sectional view of an inverted staggered transistor
20  which includes an oxide semiconductor.
FIG. 14 is an energy band diagram (schematic diagram) of a cross section taken
along line A-A’ in FIG. 13. |
FIG. 15A illustrates an energy band diagram where a positive voltage (VG > 0)
is applied to a gate electrode (GE), and FIG. 15B illustrates an energy band diagram
25  where a negative voltage (VG < 0) is applied to the gate electrode (GE).
FIG. 16 is a diagram illustrating relationships between a vacuum level, a work
function of a metal (¢u), and electron affinity () of an oxide semiconductor.
FIGS. 17A to 17D are views each illustrating a structure of an electronic
device.
30
BEST MODE FOR CARRYING OUT THE INVENTION



30 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON WO
2011/ 089808PCT/ JP2010/ 072839 10 [ 0026] Herei nafter, enbodi nents of

t he presegb oyRMoson Wi || be described in detail with ﬁ:@frg[)gﬁ@,@n%g) t he
acconpanyi ng draw ngs. However, the pkksent invention is not limted to the

followi ng description and it is easily understood by those skilled in the
art 5that the node and details can be changed in various ways w t hout
departing fromthe spirit and scope of the present invention. Accordingly,
t he pr eSfdﬁ%anenti‘on shoul d not be construed as being limted to the
descri pt f the enbodi ments bel ow. [0027] Note that a sem conduct or
device of the Heesefier,iembedimaits ohtleystesnt im/ehtﬁcm wil0 be alesgibey in datailous
sem condugt or |nt eq a]hegd circuits forned Ef sem conducgt or el ements such
oit

as m croPfYdELEGIcE, HEOPPHVERE YR8 Ve’izé*n‘ﬂ PIGPqné iV epEpn Is not
sem condygfiRk t&uﬁ%ﬂawﬁg\@e&@%mﬁi hed hrad ea%ng RAlerRbO& 6 e gﬁgg’é n th%ﬁr 0

controllers, and the dition e sem conductor device of the
pr esent thav éfret inode aﬂld;detaﬂmtambesphanged nrsva:rmlsg\m)y witteoit dalsartimgnfmesthsuch as
RF tags far. d usin e above. semi con%uct 15 int e%Hat ed circuits,

seni condtRt! n‘?}lf‘%"éﬂea‘if E%\Pl“i?ﬁ%t X1 e ACCREINER dhes RIS ABYLISR SBPYHI ay

devi ces hodetd@sthta ok Bkin anﬂ&d'thHetc&s&%t%foYhe dohbbdife s pob@! di splay
devi ces, | |ght emtting devices in which a light-emtting elenment typified

by an or 8@/t |ight-emtti ng el ement (OLED) is provided for each pixel,

el ectroni c pap it mrror dv DF/DS di s y panels
(PDPs), field g%esgllagn 9mlc ndugtoﬁél et"l'—:ﬁlfgf hea[hrﬁée ‘)ehgg?nl%%a%t:t"gr‘tsdl spl ay
devi c@s wegdaychaﬁo@ersbmm@dw@dmr imtgaRat cirsuitshbmetad ukinga séthicyductdrr cui t .

[ 0028] (Enbodi ment 1) In this enbodi nent, a structure and
oper at i ORIEHENtY SHER can dETORTOCESSATSHe IMage processing circuits, controllers for

semiconductor display devices, digital signal processor (DSPs), micro controllers, and

the like. In addition, the semiconductor device of the present invention also includes,

in its category, various devices such as RF tags formed using the above semiconductor
15  integrated circuits, semiconductor display devices, and the like. The semiconductor

display devices include the following in its category: liquid crystal display devices,

light-emitting devices in which a light-emitting element typified by an organic

light-emitting element (OLED) is provided for each pixel, electronic paper, digital

micromirror devices (DMDs), plasma display panels (PDPs), field emission displays
20 (FEDs), and other semiconductor display devices in which a semiconductor element is

included in a driver circuit.

[0028]

(Embodiment 1)

In this embodiment, a structure and operation of a semiconductor device

25  according to one embodiment of the present invention will be described.

[0029]

A structure of a semiconductor device according to one embodiment of the
present invention is illustrated in FIG. 1, as an example. The semiconductor device
illustrated in FIG. 1 is provided with nine basic blocks A to I, programming cells SWAB

30 to SwIH configured to control connections between the basic blocks A to I, and
programming cells SwWVA to SwVI configured to control the supply of a power supply
potential VDD to the basic blocks A to 1. |



25according to one enbodi nent of the present invention will be described.
[ 0029] A structure of a sem conductor device according to one

enbodi menyoahilddssopr esent invention is illustrated in Flper k0186785
exanpl e. The sem conductor device il | Ustrated in FIG 1 is provided with

ni ne basic blocks Ato I, programmng cells SwAB 30 to SwiH configured to
control connections betvveen the basic blocks Ato I, and progranm ng cells
SWA to SwWVI configured to control the supply of a power supply potenti al
VDD to tpfm@j”i c blocks Ato I. WD 2011/089808PCT/JP2010/072839 11 [ 0030]
Note that Tn"FIG 1, a programmng cell configured to control a connection
bet ween an out Nute ther im REb fa phgrzbmaing dmlllocdnfilguwddtoacbritmplatcotneeational of

t he barSTm‘C’ bl ock B is denoted E\s SWAB, exanple. On the other hand, a
pr ogr ammP Y SER AT OBPBHFIBHALY ¢ %b%wel%‘? Aéneaﬂﬂ&w%wnﬁépm@&agﬁ put

t erm nal pofg H@ﬁot@@sdsCSQA@Ckfoﬁ &Bﬁlﬁ?é‘ '@Huﬁmet&l%é? Rghd, OJ ﬁrS‘ @.ﬂﬁh dfjock Ais
denot ed as SwBA 1, in order’ Id conplexity of

descri pt confj gutetdetowsEo] :ncmtmnecﬁnﬂaad:hem art theputi texeniba sif (thdabamddslocls Bamdnect ed
to the basic bl| ock of | ef or, ri via the 10 programm ng
cells is? fqpﬂg}epg{ngﬁoftﬁg W‘]’Cl& é‘?ﬂ%edji E’r?eggﬂ%%f the present invention is

not |imy (@31!]0 this structure, and a designer can set the nunber of basic
bl ocks and the structure of the connection, as appropriate. [0032] In FIG
1, each basic bl Békliis Oedﬁdirﬁ@@‘tédlcvmaleﬁhbobd@gﬁamﬁ,ﬁ@qaeft in whicheasbd¥ to 15
whi ch theg po otenti al i ed; howeve rac not
onl vt he oty P Rk BraRtTe 1B e ARk S Uy R defear et e

di f f es enprdptLimingeeNOWalustARl Y HieRBY, bid emlnﬁmtﬁép@s@ﬂmmlmentl al,

are applied to each basic bl ock That is, when the power supE tenti al

VDD i s appiliteted tp thitestBis8Ie apf gedesieneneanst Bistnuabes of basie hlosky n the

pover  suppl ¥R Yk Httdofthe b, RAFplpRaRPOVE fixed

[0032]

In FIG. 1, each basic block is connected via the programming cell to a node to

15  which the power supply potential VDD is applied; however, in practice, not only the

power supply potential VDD but also a fixed potential which is different from the power

supply potential VDD, such as a ground potential, are applied to each basic block.

That is, when the power supply potential VDD is applied to the basic blocks, the

potential difference between the power supply potential VDD and the above fixed

20  potential is supplied to the basic blocks as power supply voltage.

[0033]

In FIG. 1, the case where one output terminal of a given basic block is
connected to one input terminal of another basic block via the programming cell is
described. However, one embodiment of the present invention is not limited to this

25 structure. One output terminal of a given basic block may be connected to a plurality
- of input terminals of another basic block via programming cells. |
[0034]

Note that there is no particular limitation on the structure of a logic circuit used

as the basic block. A logic circuit which performs a simple logic operation such as an
.30 inverter, an AND, a NAND, or a NOR; an adder; a multiplier; a memory (e.g., a DRAM
or the SRAM); or various arithmetic units can be used as the basic block.

[0035]



20potential is supplied to the basic bl ocks as power supply voltage. [0033]
In FIG 1, the case where one output termnal of a given basic block is
connect edybooPnBedogput term nal of another basic bl ock yicgphRoRiR8 amm ng
cell is described. However, one enbodl4rent of the present invention is not
limted to this 255tructure One output termnal of a given basic bl ock may
be connected to a plurality of input term nals of another basic block via
programmi ng cells. [0034] Note that there is no particul ar
limtation on %ﬁ%;ﬁrb%&%%ﬁ%&i B0k ok hEHl liraiSi6: i1 BicAABhGaRlock. A

| ogic circuit IC erfor a sinple logic operation s as an

i nvert er commrchdiDbeteveSAND) nodesanli@Recaml @adetor (@Arwihiclpeomrgls thersepplyy (e. g. ,

a DRAM or .t he SRA arl us_arithmeti.c units be used as the basic
bl ock. [86%8?“"“%'\9?651‘/3(9 pAEREhS Bt TenoBadpeaifically, stnichigal HABPYSr ammi ng
cell 'ncbf'ﬁx% r(?rarlnﬁﬁl?ce@ls a}erlﬁhsth&&f‘ﬁ'ﬁb@rzAT(S 3¢. which controls a connection
bet ween two nodes and a second transistor (Tr2) which controls the supply
of a pot €MB36hl to a gate electrode of the first transistor. Specifically,

structural exa of the programm cel l are iJlustrated in FIGS. 2A to
2C. 5[ 0036] mﬁ‘%?’&f" FO aﬁme%ﬁwfag@ 6{5‘? Hﬁﬁi‘iﬁf;“%‘%m ing the

si npl est et prdgiadiiRingaddl ImbRJISY BRI BRTAGsiIG6! (T NGIHEESordthes hi dodhedifognsi st or

(Tr) which controls a connection between two nodes and t he second

transi st Betwemp ZWOV\#ﬂdéﬁ apgrthe @ﬁ@n@h@arwppl GATOX Wéwbomﬁphathet wpabgaf @

el ectrod ( Y

el ectrod Ot%m}l é§§ etlércg{rz}glés fo{he %% t|ras {:Sooﬁngcrﬁed %p eClﬁCﬁo eal l\sﬁougfﬁd a

dr ai mo el elétﬂf(&&&)f(lﬁe fifse thhgistbr (Yr&ﬁﬁlc@hﬁete(d'ﬁb)a nckle QUNMRLA @fhid OlearatRE N2.
Further, one of the source electrode (denoted as S) and the drain el ectrode

(denot edt}§sf1rﬁ3)tr3t9ﬁlsf% £1id @ isgvanestedhioiastade N2rr Jyurther, pegpldbe seprege F‘ﬁ@dﬁat e
el ect rodg-‘d ﬁPtea he § | dhdtthd B{%ﬂflal%% de.((giéamedagg oP%ee&}rb@ ngﬁmﬁoﬁ 19@31 (Sigl)
(0] t (0]

for cont I ng s tching o st transistor I's appl t he
ot her of cernecttd 3o thecgate klectrodrdef (hd dirett teaimamﬂ;)l‘ﬂa)mhd hpotndalrofed sighalode

(denot ed(sas

i)or controrflmg sw1?cqung of the first transistor (Tr1) is applied to the other of the
15 source electrode (denoted as S) and the drain electrode (denoted as D) of the second
transistor (Tr2).
[0037]

Note that a capacitor for holding a potential of the gate electrode of the first

transistor (Tr1) may be provided.
20  [0038]

When the second transistor (Tr2) is turned on in accordance with a signal input
to a gate electrode of the second transistor (Tr2), a potential of a signal for controlling
switching of the first transistor (Tr1) is applied to the gate electrode of the first transistor
(Tr1). The first transistor (Trl) performs switching in accordance with the potential

25  applied to the gate electrode of the first transistor (Trl). When the first transistor (Tr1)
is on, the node N1 is connected to the node N2. In contrast, when the first transistor
(Tr1) is off, the node N1 is not connected to the node N2, and one of these nodes is in a
high impedance state.
[0039]

30 Next, when the second transistor (Tr2) is turned off in accordance with a signal
input to the gate electrode of the second transistor (Tr2), the gate electrode of the first

transistor (Trl) is in a floating stéte, and the potential is held. Accordingly, a



transistor (Tr2). [0037] Note that a capacitor for holding a
potential of the gate electrode of the first transistor (Tr) nay be

provi ded.waQpDidi3edos When the second transistor (Pczyre@|obessed on in
accordance with a signal input to a g%ﬁe el ectrode of the second transistor
(Tr2), a potential of a signal for controlling swtching of the first
transistor (Tr) is applied to the gate electrode of the first transistor
(Tr). The first transistor (Tr) perforns switching in accordance with the

pot ent i akonméetigiPhte Btween iftenddd N £ldast hetendis et first transistor (Tr).
When the first transistor (Tr) is on, the node NI is connected to the node

N2. In cOMMPhst, when the first transistor (Tr) is off, the node Ni is not
ance

d de. N2 , . Of is, in a high.i
ctate. [0039)  SakaRr UhtssPR, RS TRl 415 | SebicR il B i n

aCCOfdan@@Tw?_bﬁtisato'Sitlﬂiné‘thtei P Wthidho clifdént J@bleagR] OF tgoRd@iaDlad e gfiedthr
transistor (Tr2), the gate electrode of the first transistor (Tr) is in a

f | oat® ngtransamigied.gnkher¢ferep Heestate f cornerepm docadwd phyaygimeana stappof direct

2011/ 089 PCT/ JR201 8309. nectjon st.at. e he node Ni and

t he nodeg%%e%&heq%g%%g%%oﬁ ltS'L%at%g&yl\%tS{ea?fi ﬁgtlﬁlgegﬁgé% ef%g(r)\I£ Thi A i

speci fi caleinent suehas 8 witinglagesistot al dicde) beg tramyistéd th Which eGemdsoltage tdie st ate
in which current, voltage, or potential can be applied or 5 transnmitted.
Ther ef or Boteptid can he aunplicd ghisasmidsd: does not al ways mean a state of direct
connecti ghgqbut includes in its category a state of indirect connection via
a circuit elenment such as a wiring, a resistor, a diode, or a transistor,

i n wihd ch cur r eNbte alsal thatgeyen ovhepat @rtbitatiagran ilhestratepphdependent comapmrntst ed.

which are connected to each other, there is the case where one conductive film has

functions of a plurality of components such as the case where part of a wiring also

functions as an electrode. The “connection” in this specification includes in its

category such a case where one conductive film has functions of a plurality of
15  components.

[0042]

The names of the “source electrode” and the “drain electrode” included in the
transistor interchange with each other depending on the polarity of the transistor or
difference between the levels of potentials applied to the respective electrodes. In

20  general, in an n-channel transistor, an electrode to which a lower potential is applied is
called a source electrode, and an electrode to which a higher potential is applied is
called a drain electrode. Further, in a p-channel transistor, an electrode to which a
lower potential is applied is called a drain electrode, and an electrode to which a higher
potential is applied is called a source electrode. '~ In this specification, for convenience,

25  although the connection relation of the transistor is described assuming that the source
electrode and the drain electrode are fixed in some cases; however, actually, the names
of the source electrode and the drain electrode interchange with each other depending
on the relation between the above potentials.

[0043]

30 Note that in the case of using a programming cell for controlling a connection

between the basic blocks, the node N1 is connected to an input terminal or an output

terminal of one basic block, and the node N2 is connected to an input terminal or an



[ 0041] 10Note also that even when a circuit diagramillustrates independent
conponents which are connected to each other, there is the case where one
conduct i weof2oimosbses functions of a plurality of conponerts/isralvomssd he case
where part of a wiring also functions!4s an el ectrode. The "connection" in
this specification includes in its category such a case where one
conductive filmhas functions of a plurality of 15 conponents. [0042]

The nanes of the "source electrode"” and the "drain el ectrode” included in

the tranghphPlenhafbf BARAEG WsicbiBACh 1RtRE Laddepansing %grﬁxﬁﬁli Lar fdry of the
transistor or difference between the levels of potenyla s applied to the

respect i ventsilleng the depply oh thea®wye nepm@y voltagedn thre lasarbletk, thealpasicsilogk isan

el ectrode to ich a | ower ential is applied is called a sour

ol ect r odgonrt anond ek BF BHuRD S0 FRnad AT Red B todiet Sumety dsBfal N o
called aj p?iiéu &) 18E biheASE thEHHA WY and thedoBe Mannel transistor, an el ectrode
to which a'Tower potential is applied is called a drain electrode, and an

el ect¥ odf0044] whi ch a hi gher potential is applied is called a source
el ectrode. In ghis_specificati f or convenienc 5 al h e
connection rel F?%ﬁ“§¥m?ﬂs° ?%ﬁ§?§F8P“W§“8%§€f#b§%“§§?hHlﬁgggﬁatHgﬁe sour ce
el ect r odgroafdinhiig @nailist@lc8Gh FOGQBnRluldex @ firt tE@BBtoE EH@F whitAWRYEbls
actually, the nanes of the source electrode and the drain el ectrode

i nt er chaRGanNRGCtAN Befdecn e nodrspsdicsrpdoransistor (Er2atwhieh petigdethetsieplibove
potentia e ' ' ' ell for
controlIFﬁ%péggéﬁhégggg%E%%%ag%hp¥%gﬁgg%?§m%Fg@iggg?%gﬂﬁggégﬁﬁhRgr onnect ed
t 0 amo i nphicht@htrol’al coaniection betwaeh ohebfriheabowf twansodeaand a hbdcto, whitklat he node
N2 i s connected %ﬁ gg,input termnal or an WD 2011/ 089808PCT/ JP2010/ 072839
14 out puf XeEPFHEY Vo 8aRR!dr basic block. In the case of using a

progranngggS ell for controlling the supply of the power supply voltage to
t he basic block, the basic block is connected to one of the node N and the
node N2, and t Spgecfally, theigpirge gottemdeiodkhe\iDE! ransmpyy|(Teld is comneetedtdde of t he

node N rallcl;lcge I% Pgng %%%rzla\llrzl 'ele%[rgc?cllcl)ll] the first transistor (Tr1) is connected to the node N2.
15  One of the source electrode and the drain electrode of the second transistor (Tr2) is

- connected to the gate electrode of the first transistor (Tr1), a potential of a signal for
controlliné switching of the first transistor (Trl) is applied to the other of the source

electrode and the drain electrode of the second transistor (Tr2). One of the source

electrode and the drain electrode of the third transistor (Tr3) is connected to the node N2,

20  and the other is connected to the node to which the fixed potential VSS is applied. The
gate electrode of the first transistor (Trl) is connected to a gate electrode of the third
transistor (Tr3). Note that the first transistor (Trl) is an n-channel transistor, and the
third transistor (Tr3) is a p-channel transistor.

[0046]

25 The programming cell illustrated in FIG. 2B includes a capacitor Cs for holding
a potential of the gate electrode of the first transistor (Tr1). . Although the capacitor Cs
is not necessarily provided, when the capacitor Cs is provided, a connection state
between the node N1 and the node N2 can be held for a longer period of time.
Specifically, one of the pair of electrodes of the capacitor Cs is connected to the gate

30 electrode of the first transistor (Tr1), and the other is connected to the node to which the
fixed potential VSS is applied.

[0047]

A



Next, an exanple of another programmng cell is illustrated in FIG 2B. The
programming cell illustrated in FIG 2B includes the first transistor (Tr)
whi ch congpabh@egpgnnecti on between two nodes, the secopdripansooksy (Tr2)
whi ch controls the supply of a potentldal to the gate electrode of the first
transistor (Tr), and a third transistor (Tr3) 10 which controls a
connection between one of the above two nodes and a node to which a fixed
potential VSS is applied [ 0045] Specifically, the source el ectrode
of the first tgang I t [, : ain
el ectrode of the ﬁ@% é%%%pg%gﬁ??QQ§1§%x%%h%2§g§§gﬁgh%ﬂ@9gﬁhgqﬁéh 15 One
of the sautheg@aklcdatiodelof dpdeddond tehnsistor €Ty tarpatkmtial oft heigsat ¢onentroRingi st or
(Tr2) is connected to the gate electrode of the first transistor Tr) a

pot ent i aPWiehing &f f@ﬁélwstftr@}m&tah@r&) isjapplicg\ip thergatgcleptradg of the fémst rangistarst or
(Tr) is gﬁﬁ)# tﬁ(ﬂ éﬁt@ eledfot Hthe Pird H?rzs?s‘?(gf ﬁ%&qéﬁg%ﬁe ﬂgctﬂﬂg o e ?cht or o ng

el ectrod second transi stor e source
t he d¥ai €sel €hd flmlerami:stbhéTlﬂhpeﬂommsemtdmng in( %céh)danee with nhse:petdnmaj dfhe node
conne ted to. the._node to e fixe gBotential

N2, 20 and th
VSS is a |§‘%‘EP Q({;Eﬂ @*ee&aéf'cﬁ gedeopt theetinst F@?Sl%t?raﬁgrﬁ%t orhepsTihe §
connect eg,iGtér @R 3)$pe?f‘o%§ cRfeniR v&m it Rbpkid namsit o g{e f(rIlrﬁ)’QnsmNQt grfyhat the

first transistor is an n-channel transistor, and the third tr nsi st or
(Tr3) i sbecapsec Hmnpelhrlltyr ahd¢hesthord trpdist®] (B3 e d;ffemgnahmnn@at: ef Ithd Ifirsist r at ed
in FIG 'B LQCI S a capacitor Cs for holding a potential of the gate

el ectrod s frst transistor (Tr). Although the capacitor Cs is not
neceg§argkmgprOV|ded when the capacitor Cs is provided, a connection state
between the node NI and the node N2 can be held for a | onger period of

time. Specifi cBongxample vifent the fal wansistas| deb)risdumedon; the gﬁaﬁaﬁearts@torc:s is

connect e 15991%3@ gffe ?&%%l rgﬁlg ﬁ%glo% I\}lhxg {glﬁr{eged% o%i% K2, ( -Eﬁ}é%ntgagg the

other is co nected ch I'xed po ent i al I'S”appl i ed.
[0047] V¥oh2 fhk/ fASABOSRIGT (TR (k12 d 286 $helthird transistor YHB)istiiided 66.0n4s a
transistor (Tr2) is turned on in accordance mnth a signal input to the gate
el ect r od&s ttlmod;e% oot coppsetet 4 themods N2ganghthe pode, N2ds C%{mgs:ta%g the oy

cont {ol | o ©\WH;iSinP 9ixd StléﬁtlJl'VSSH rapgmﬁl st or (Tr) is applied to the gate
el ectrode of the first t anS|stor ET the gate electrode of the third

tran5|stﬁm4err3) and one el ectrode of the capacitor 5 CS The first
i ccordanc W th entlal of the

transistor ( d&eﬁe h SMAtChlng nB? :

signal appli ed£% VA" Jgseconddapsisigr ( )PHBH*ﬁP ‘nﬁfﬂﬂ thargignal Thep
the thirgphi Wb%ﬁ@relécﬂb@} operef QLBR ﬁmshs%}l agz)wme td éleapcmescsfttﬁe figet hat  of
the first tran5|stor (Tr) because the polarity o he third transistor

(Tr3) i strepsisterr(dnt) ahd o gHetleofrodenef the thind ttanatsmrﬁriﬁ) afeTin)a, fldaging 61483,
20  and the potential of the gate electrodes is held in the capacitor Cs. Accordingly, a
connection state between the node N1 and the node N2 and a connection state between
the node N2 and the node to which the fixed potential VSS is applied are held.
[0050]
Note that in FIG. 2B, a p-channel transistor is used for the third transistor (Tr3);
25 however, when a p-channel type is not generally obtained similarly to ah oxide
semiconductor, or with a very low mobility. Therefore, a resistor R can be used
instead of a p-channel transistor, as illustrated in FIG. 2C.
[0051]
In one embodiment of the present invention, in the programming cells
30 illustrated in FIGS. 2A to 2C, off-state current or leakage current of the second
transistor (Tr2) is extremely low. Specifically, a channel formation region of the

second transistor (Tr2) includes a semiconductor material whose band gap is wider than



For exanple, when the first transistor (Tr) is turned on, the third
transistor (Tr3) is turned off. As a result, the node Ni is connected to

t he node W.201msesegt r ast, when the first transistor (TrPpcirgpriuonedsoff, the
third transistor (Tr3) is turned on. & a result, the node Ni is not
connected to the node N2, and the node N2 is connected to the 15node to

whi ch the fixed potential VSS is applied. [0049] Next, when the
second transistor (Tr2) is turned off in accordance with a signal input to

the gat eyl 6£h 0”6 AmichEIRAFURE WHARD HitShSE cz(r}rélzaensft @s H)%Je?tlf‘ah%étrd?de of
the first transistor (Tr) and the gate el ectrode of hird transi stor

(Tr3) ar elicon.a Whoaeisgigndueor a@temdl hmng)@ucémhaaact@fsupm@ gahléedallreet r odes
is held in the_c citor. Cs. Accordin a _conpection state enthe
node N SHETERETHBHEN BEafa? AREORsCY b xS et BB E HARBhE B eand 't he
node to y@ah%uthe fixed potential VSS is applied are held. [0050] Note that
in FIG 2B, a p-channel transistor is used for the third transistor (Tr3);

25 ho’@vevéQOSzi'\hen a p-channel type is not generally obtained SI mlarly to an
er ef ore, si stor

oxi de sem condyct ar Wi T

can be used msf@ﬁaexo'fnple OftHlﬁasﬁnecfoxxllfhl}(9 rsfnsa{%mi “X'gse ifsEPat o nﬁ’léf'G 2C
[0051] |fhaOBBa@ﬂﬂ@@lﬁjbﬁﬁi&bnd}fctdﬂhﬂdWlﬁ)ﬁ@ﬂﬂrmd‘weﬂhhﬁﬂbnsﬁ? ig mevepmgrtaﬁmfng cells
30 illustrated in FIGS. 2A to 2C, off-state current or |eakage current of

the s ecowacwaawgp@p@rnd( Feapondyciox spehas ilicen, cadde ($1C0 | galligm ahtidsel
o e USRS L pRRBE ISk Ykl g S SRR
t hat 1®f ar giel llkeoammhemse@nd()ﬁtl&se ahel oxdde semicohdiudisi 6 adaami@busjﬁn&iat itis
| ower than that of silicon, sem con of mater| havj.ng such
char act eFiTsbs REmFeby cpiitaieime BoCel MG rl“é‘ﬁgﬂ‘?efé'i‘%’lr? the ikEhsetlst or
Wi th extqeBlperoPH Rbds Soab@ioRUr heﬁﬁco@.aem@e RERRLABER: niBlRRot form a
single crystal, silicon carbide and gallium nitride do not obtain satisfactory
characteristics. The process temperature of silicon carbide for forming a single crystal
15 is approximatély 1500 °C, and the process temperature of gallium nitride for forming a
single crystal is approximately 1100 °C. However, the film formation temperature of
the oxide semiconductor is as low as 300 °C to 500 °C (at the maximum, approximately
700 °C), and a semiconductor element formed using an oxide semiconductor can be
stacked over an integrated circuit formed using a semiconductor material such as single
20  crystal silicon. Further, the oxide semiconductor can accompany an increase in the
size of a substrate. Accordingly, of the above semiconductor with a wide band-gap,
particularly, the oxide semiconductor has an advantage of high mass production
effiéiency. In addition, a crystalline oxide semiconductor having a superior
performance (e.g., field-effect mobility) can be easily obtained by a heat treatment
25  comprised between 450 °C and 800 °C.
[0053] |
When an oxide semiconductor is used for the second transistor (Tr2), it is
preferable that the above oxide semiconductor have a band gap of greater than or equal
to 3 eV, and a carrier density of less than 10'* /cm’, preferably, less than 10" /cm’.
30  Specifically, the hydrogen concentration in the above oxide semiconductor, which is

measured by SIMS, is less than or equal to 5 x 10" /cm®, preferably less than or equal



As an exanple of the sem conductor material whose band gap is w der than
that of a silicon sem conductor and whose intrinsic carrier density is

| ower t hawot2batosagossi | i con, a conpound seni conduct or suebTag2@ibizesn
carbide (SiC) or galliumnitride (GaN37, an oxi de sem conductor fornmed using
a netal oxide such as zinc oxide (Zn0), 10 or the like can be used. O

t hese, the oxide sem conductor is advantageous in that it can be forned by
a sputtering nmethod or a wet nmethod (printing nethod or the like) and it is

Superi or ¢4 B PBges Wn?’?%&ﬂe%}efehfblysilésisctﬁﬁh GRrusteRnd, gal j™ Riifirhge do not
forma single crystal, silicon carbide and galliumnitride do not obtain
sat i sf acpmfsrasljdessahar bstquasto Thel@Ef ame'ss Wienmpar atide semicosductor dravingr bi de

for form ng a single c,regstal 15 is approximately 1500 C, and the %rocess

t enper at theealpve gdraractrmstics; isi vreds oH-state PRAgNtacs leaktas eyryest of the secon
appr oxi n?’;‘%i%ﬁl@%s&f‘é’?ﬁ%@é%b the filmformation tenperature of the oxide

sem conduct or Cto 500 C (at the maxi mum approxi mately
700 G, @04y sem conductor el enent formed using an oxide sem conductor can
be stacked over, an integrated_circuit fornmed usj or materi al

) ng em conduc
such as si ngl e he@ats y&Lating; filr . theusacRe rRsE ¢ T30 BEHPERHADEY 8r can
acconmpanihiheld\ifane: thih biual 62 0% ind it AbS- crbfiGha HOlgtal @f10bhe above

sem conductor wth a w de band-gap, particularly, the oxide sem conductor
has an adwantlhgehofindhilefgtinms shepsendod ttiapsistof (1) an pyeferhblyagtdater tap @&

crystal line, oxi sem conduct havi ng a super.i or, perforganc .g.,
£14F et PRE Tl mitypore dne bbb trer Db o daieg P, WRE e fictss
conplid Sedrk@ivasAdgRel, ofattate8iPrehit of RARAE current of thiigebrANTMSisEE (Tr2)

sem conductor is used for the second transistor (Tr2), it is preferable

that thecabssdusedde semi conductor have a band gap of greater than or equal
to 3 eV, @@ a carrier density of less than 1012 /cnB, preferably, |ess
t han 101£ C]TB 30Specifically, the hydrogen concentration in the above

oxi de sem condlicthd wawhivabn itise seeasdit@dsiktyr Bl withs rdn@skablhdow @ff-stgteal to 5
x 1019 7cnB, preferably less than or equal W) 2011/ 089808PCT/ JP2010/ 072839
17 to 5 furen o 1gpgkably lew deakngs grept iesedy the fupply 0§ afotengaktoghe gate / cng,

stilhs moee psff 6f AR ﬁréﬁg%gfsa@ns UonfGIa, .&&réng}%O%agee g;&)ﬁg%e ¥hene angoxi de

sem conductor having t above characteristic f-state current
or | eakagensistoriehtlddbr b hengsenendlherefos] geaonfcktidh saanbddeeanattie eade NB[ 0054]

The gate ipsul ati fil f the second. transistor (Tr2) preferably has a
t hi cknesé‘“‘ga‘eé‘Pé%&grca?ﬁ H%SIhe]B(fah? P8 ME-nm nore preferably greater than
or equal p;(g6 00 nm The channel |length of the second transistor (Tr2) is

preferably greater than or equal to 100 nm nore preferably greater than or
equal to 300 nim orheto firtheaboduse Ifbstatgctwirest os leadtaga ewrrenyfof -tbe see@ndur r ent

or | gpkage, SHE! @) Shed BE SREXNG MaBRRIL nd Jtiaf 3P 1RG4 CIUGE e of

the second transistor (Tr2) may be set to be the lowest among the programming cells.

Specifically, it is preferable that the potential of the gate electrode of the second

transistor (Tr2) be lower than any other potentials by greater than or equal to 3 V, more

préferably greater than or equal to 5 V among potentials of electrodes and terminals

25  included in all circuit elements which form the programming cells such as a transistor, a
capacitor, or a resistor.

[0057]

A channel formation region of the first transistor (Trl) or the third transistor

(Tr3) may include a semiconductor material whose band gap is wider than that of a

30  silicon semiconductor and whose intrinsic carrier density is lower than that of silicon in

a manner similar to that of the second transistor (Tr2), or unlike the second transistor



[ 0055] In this way, when the second transistor (Tr2) with
remarkably | ow off-state current or remarkably | ow | eakage current is used,
t he supplwoebiimspsssential to the gate 15 el ectrode of thaabroisnra8s@nsi st or
is control |l ed, whereby the gate volta]gge of the first transistor is held for
a long time. Therefore, the connection state between the node Ni and the
node N2 can also be held for a long time. [0056] In order to further reduce
off-state current or | eakage current of the second 20 transistor (Tr2)

when t he(TONNRE hathe tatitib® réBbs of iR Lansiset (m) bhencoti@ ®imiidrode of
t he second transistor (Tr2) may be set to be the | owest anong the

pr ogr amm{Fg) oel liscludpe s¢rhicerducior material vgirlelf aasabighert hebilityhe Asotxemplesl of the
gate el ecérode of the se Oag translkngih gTrtZ) be |.ower 'lt han a(aw.ot her

pot ent i aPs 2p3F Y rEsPEIOT THARIE, MOOVLY: g7 RAWHED SFESy 207 SALP than or
equal to Mnmmldwae%f}a{aﬂmfy skpas pogessanhelorkighadrgstdbhmesinged in all
circuit eI enents which formthe progranm ng cells such as a transistor, a
capac? t oftysit silicersprdidsrcan[igogivpn. The first ivapsigtan €11} oF thet thivd traagistl of t he

ser condbie by e GbeE SAGHAGARERRE S iR Bk, co

sem condsghioondudthr litas@tel ntrinsic carrier density is |ower than that of
silicon in a manner simlar to that of the second transistor (Tr2), or
unl i ke t H958kcond transistor WO 2011/ 089808PCT/ JP2010/ 072839 18 (Tr2), the

channel  for mat o T6AAANA0L Sile hL 1Rk UshaRSE 1Y of Tho uft dSldb ey

transistor (Tr may | nclude a sem con er| al
nobi k0 t y hasteweodfistateesuradnt ar kmﬂaahar@lmlmnt sratikar ncathahaf/tlueged:mghramistdrl ty,

0o U P! KSR G SRR B SRS FENBL LD i =
S St AT 55 T
sem Condn@\t/@'r supphs petgniéal VDD to the basic block, a field-effect mobility of the %rst '
transistor (Tr1) of approximately 10 cm®V™'s™ is sufficient for operation and not so high
15  operating speed is required. Off-state current or leakage current generated in the
programming cell which controls the supply of the power supply potential VDD to the
basic block directly leads to an increase in power consumption. Therefore, in the case
of using the programming cell which controls the supply of the power supply potential
VDD to the basic block, the former structure is preferably adopted.
20  [0059]
In the latter case, the mobility of the first transistor (Trl) increases; therefore,
resistance between the nodes connected with the first transistor (Trl) can be reduced.
In particular, in the case of using the programming cell for controlling a connection
between the basic blocks, high connection resistance between the basic blocks leads to a
25  decrease in operating speed of a semiconductor device. Therefore, in the case of using
‘the programming cell for controlling a connection between the basic blocks, the latter
structure is preferably adopted. Note that when the channel formation region of the
first transistor (Trl) includes a semiconductor material which has higher mobility, the
thickness of the gate insulating film is preferably greater than or equal to 10 nm in order
30 to reduce off-state current or leakage current.

[0060]

Note that when each channel formation region of the second transistor (Tr2),



[0058] In the fornmer case, since the first transistor (Tr) or the third
transistor (Tr3) 10 has low off-state current or | ow | eakage current
simlar twothatosedost he second transistor (Tr2), power ceoIurmii)onssf a

senmi conductor device can be further r¥Huced. In particular, in the case of
using the progranm ng cell which controls the supply of the power supply
potential VDD to the basic block, a field-effect nobility of the first
transistor (Tr) of approximately 10 cnRV-1s-1 is sufficient for operation
and not g ﬂfsghrangétopw?ﬂz,t At tRPERA rendi®AUTSH halher SIn Serfiltbh&orOr

| eakage current generated in the programm ng cell which controls the supply
of the poweriagupepifiystgoimestor 4111yEDd tthe thial bassistor{Tadkmdy bedbiged maths t 0 an

or oo ammie BOFTS SR SHE Rl TERC LB i B DSt B s o
VDD to thRukass @ﬂﬂlal&qhe fik 1 Qrah QLR (Tid} Itahmw t%_irh?tra%i@t]‘:o?r(ﬁ@b Ys adaRhRts

20[ 0059] n the latter case, the nmobility of the first transistor
(Tr) % ncthatebihe scenmddfansistor (E2) it dasigm; bewowesrthe hbammoldlesgtb omleecehadnadi t h t he

the pr o Aok et e ind SR i dhind Bt ibh Toon bbb ORaERBRPY 07 ook

hi gh conpegieisedbnd@sdnsisn ¢Er2het P eRanPR, hash ehetdhastket fb@adion r&pien ofacdecr ease
in operating speed of a sem conductor device. Therefore, in the case of

usi ng t h&rshfrapsiseniInl) is dpgirefl ¢ havsripworsistapceathe sharnel withh ety \hsdwiders basi ¢
bl ocks, ' ) h
channel Fisfeaf i aabh Hesocn@ BELTUBP IR 10BLRAL, FOL B (IR (HISTS! e

sen t@ndisegeods thattof theedecovtd wdnsizas (Ti2gher nobility, the thickness of the gate
i nsul atipéb fil mis preferably greater than or equal to 10 nmin order 30to
reduce otd{ate current or | eakage current. [0060] WD

2011/ 089808PCTEIRZOLAL ATRAAAG: LHE) It tbAAAS] Bbn (T bigridndiig. L i 1
transi stor (Tr3) has the same sem conductor material, the %lrst transi stor
(Tr) andByhke ndri-seadf-aligned nsttlood, alfk@ieh paxasivie dapaaitenicel orcuisalus amevdrkperf as t he

second transistor (Jr2 In that .case, t t.hi.ckness, of each.af th ate
i nsul at i h’ﬁ 3*7 ﬁt)eBtF‘gqeh@')q fhresstouf(igaﬂ%qt@?f)ror?% )d”{é’h&petcﬁgdet’ H\O?ao {]’Pé}\&"?go? (Tr3)
is the sgpRatash isdehiindd @F thd)Ers @@ALGO (m?,i Ad%he GB6V }[)airﬁ'siﬁl@ﬁiygx@itaﬂé@V\BVer,
t he channel length or the channel width of the first transistor (Tr) and

t he t hi r doasrnohdpennen a prabdym melpsisad,dhé pleguenpardsitiheapheitangé furtetioseesothd

transi stor (. .~ FOr . ex | e e he channel ,forpatiQn reqgio t he
o o r pabildrts) hicn SERAM o of (E g6 3NFhat BF AR HahERP 0L 1P |

may be t@®nake 6theiham, 8 padsiec apatifimte of tHehRcERICRAGistor AMR) S¢ prefdrdtlR) |
preferably five or nore times_as 10l arge _as that of the second transistor
(Tr2). [boein order to prevenygepsagtion ¢fea ehange in therpatentigl of the)gateaglegieode  ned by a

ror 291 LABHAE LA lpynor, el -2l e e o ol hough parasi
el ectrod@062] t he drain el ectrode, not so high speed
Even when the same semiconductor material as that of the transistor which
forms the basic block is used for the first transistor (Trl), the thickness of the gate
insulating film is preferably larger than that of the transistor which forms the basic
25  block in order to reduce leakage current of the first transistor (Trl). In that case, the
first transistor (Trl) may be formed by the non-self-aligned method, and a conductive
film formed in a layer which is different from that of the transistor used for the basic
block may be used as the gate electrode.
[0063]
30 Note that in FIGS. 2A to 2C, the first transistor (Trl), the second transistor
(Tr2), and the third transistor (Tr3) each have the. gate electrode only on one side of the

semiconductor film. However, one embodiment of the present invention is not limited



15 operation is required for the first transistor (Tr), and the above
parasitic capacitance does not becone a problem Instead, the above

par asi ti oypapaisb@gce functions as the capacitor (Cs) Wpi¢hphRrbasside
potential of the gate electrode of th¥ first transistor (Tr). On the other
hand, the parasitic capacitance of the second transistor (Tr2) is
preferably low in order to prevent generation of a change in the potenti al
of the gate electrode of 20the first transistor (Tr) in switching. [0062]

Even whe @gﬁ- <SS GRS g i 12Se LhgdckO, ANShhok which
forns th{eb thsglstg Stgrml g%ugsggdgﬁlgpgqtgﬁg *lﬁ&st %raansclks%aé)% Q%ﬁr? ta'he t hi ckness
of the gapmsiteigul tht iside bf Ithe igatepeletendabivith | the geemi¢dndnctoh dilmofntdrhesed

transi stqor which for the basic. 25 bl ock in order to reduce | eakage
current BEredRBveEns oin Patsrse.dhepa T83te cleriredeapay s glectrically isubte G Re st or

(Tr) ”HYixPEﬂlB;SH ; z&ﬁ,%’ortrﬂé‘y Wﬂ'éﬁ&t@'@le‘r@ﬂﬁ%a@ﬁgﬁkglﬁiiecﬁﬂ&’e i sﬁgﬂ%%iuy g film

formed in a lay ch i's different fromtha the transi stor used for

t he basi potehtiadk Imathebetterseade,abe tghte ¢attmdel reayt bodkectrjcd@leIpnEZ@Not © thhat i n

FIGS. 2A to 2C, the first transistar (Tr), the second transisto Tr2), and
he ¢ i r Bk G eliefpaq 1 TaBlipoRalel Y dat Eruldorpauiel GHD,COAVENE o de of
the sem gONRHGHO tof tht Bhc ¥REtrod®Ne TOHRNAR BB e PtentiAfafPlREH khe BERNTI ON 'S
not limted WD™2011/089808PCT/JP2010/072839 20 to this structure, and the

above tr gasi dedroslenisy coninadled, mdekebyathsesbbllc voliee whithe trapssppoednt et o t he
si de of chW%aﬁEe el ectrode with the sem conductor filminterposed

t her ebet WY In that case, the back gate el ectrode may be electrically

i nsui@t efbobe) be in a floating state, or may be in a state where the back
gate electrode is supplied with a 5 potential. In the latter case, the
gate el ect rodeThﬁayr(’B@mgP’é‘étqelldﬂllFl}/C@bgﬁéﬁﬁde@f ths serdcHERtogdedceiseatr ode, or

a fixed : i : : QUL i I S i only to
The backIoied & e B A s B G ol R TR E back
gat e el ecdll odg indudoat feadt|thel firsthiemeiotor ttor estolithgvo comgetiad bttwect taasi st or

can be controlled. 10[ 0064]. The progranm cel | ich can be used
for the B eaﬂdﬂ%f%fPLgéw%étOI £°rn%¥ltrpﬂmgttéa_%wﬂ?ﬁquq P%‘ﬁi_“\é\ﬁé%rﬁ? §tifati on
11 ugd ratiedrddd §fl tfSabdR iRt &nsisthie aRl Al &ha%oaRAtlon R Yidh g HESe@ha ! east
the first transistor for controlling a connection between two nodes and the
second t framsstertroay inglude arstmadohdygort hatesalpplly avdn otide ponigotdugiorthavinpe gat e

15 el ectrode, of the above firs ransi sto and, th hannel formation
regi on of g?’f‘flegaé)e‘x}blﬁl?jlsﬂpafpé‘i"g?%ty thgfi tli”?'f’élaﬁj]dégeaasgg?ﬁogéﬁ{fﬂﬂt or material such
as an oxjg#gspem conductor having a band gap which is approximately three

tinmes as large as that of silicon. _ ) ]
Next, an operation of a semiconductor device when a plurality of basic blocks

20 is arbitrarily connected using programming cells having the above structure will be
described.
[0066]
In the semiconductor device illustrated in FIG. 1, a connection between all the
basic blocks is cut, and the supply of the power supply voltage to all the basic blocks is |
25  stopped. From the state illustrated in this FIG. 1, a state in which the basic blocks are
connected when some of the programming cells are on is illustrated in FIG. 3.
Specifically, in FIG. 3, when the programming cell SWAB, the programming cell SWBC,
the programming cell SwCEF, and the programming cell SWFI are turned on, the output
terminal of the basic block A is connected to the input terminal of the basic block B, the
30  output terminal of the basic block B is connected to an input terminal of the basic block
C, an output terminal of the basic block C is connected to an input terminal of the basic

block F, and an output terminal of the basic block F is connected to an input terminal of



[ 0065] Next, an operation of a sem conductor device when a
plurality of basic blocks 20is arbitrarily connected using programm ng
cel | s hawvogotihBosseove structure will_be described. [0066i/Ir2010/072830 t he
seni conductor device illustrated in AG 1, a connection between all the
basic blocks is cut, and the supply of the power supply voltage to all the
basic blocks is 25 stopped. Fromthe state illustrated in this FIG 1, a
state in which the basic blocks are connected when sonme of the progranm ng
cell's ar gheOhsicSblbéld UStWakethd problammidg SRS VA Cihk | pYogrhMmihgScel BSWMEEN t he
programm ng cell SwAB, the programm ng cell SwBC, the programming cel

SWCF, anthet pregiomaejna ekl yv \Cel the upgrampang gelh 8w Vdn and e progpmmingcgllnal  of

t he basi ock A iS C t t i ern. he ikC.hl ock B
the 30 Sunpare PAKURREMBENER e Rupettl-DpnioRiBRlo Bt i FBaE T g ¢

t er m nal bagic blaek Bagcbabic MldckE, tAd bl Wutk Femdithabastd bibdlel. baltiea, 41l ek C i s
connected to an_ input termnal of the basic block F, and an output term nal
of the bE¥ZEMNEEKCHIS exceph fHicc pbeyet Brogrmmngt cellsr aienaff. oAs 2 HesWasiSc bl ock

. Wen r i r. B
pr ogr arrmE 1‘3‘3“%‘8??‘5 g@én qt;ﬁgl 1gﬁfr ?é\%ﬁar%r# (;r}g ag elﬁlgj tgﬁﬁﬂga@gi %’%agg\%@gglrrﬂahr%r%ﬂrng cel |
SWVI ar edévicdhe basi¢ bieckh duvelie ssjalyckpoB) thabasit bMIob G, shealipsid tdock B dnle basi ¢
bl ock A the basic hlaock B, e basic block C, .the basic pblock F, and the
basi ¢ bl 8&9903?1.6 Bloctd, 1s dom hetfgmarafaa'r% ﬁ&)_ceﬁm%m@f%eﬁ?ed? peaghel e

progr ammig,Giakik $16ek€ V@{et‘ebr%'qassi dl Fssl\%hlt%:‘t £d%n Ad &Mgﬁtrtéltnﬁ%l' @UHG 3, a path of

a signal froman input term nal ( a sem conductor devi'ce to the basic
bl ock0 A, [@06&] basi ¢ bl ock B, the basic block C, the basic block F, and the

basic block | js, f . T i i | i ng. i f d i ,
cach of the abivie Al Hunrakin Fchar Bhy™a%ERan HeFCP Rt Rt b Patar i Tout put
t erm nal aft&Rg first QgA@Bpbcessing is Féﬂforhﬁ@ ontthé ehput ki#ﬁﬁlraﬁnﬂeﬂ dufputsfgnaBis When a

second signal processing is performed after the first signal processing is
per f or meebtglmedha qonpeqtioni briwkeemike Apsiollonaks isi ¢graged. s Bist eliangel ofathe
connecti s si ¢ .hl I; : f e
connecti g@%@%&@gﬁ%ﬁ E%s ib§S] I@% lgs ili pg?%g%ﬁgtﬂ%ﬁg%#gﬂr}%gdﬁgf %lzrthf he all
the 15 ppegramimggelehlksuascecut once. [0068] : An exanpl e of a
connection state between the basic bl ocks when the second signal processing
IS perfoﬁﬁgé]is illustrated in FIG 4. Specifically, in FIG 4, when the
programm ng ce : 1 WE G t I \ el

SwWEH, 20 and t%}e1 egr ogr‘)'a(;mfh'rglF ﬁ(g{nggﬁq%tglgocg?%énttﬁr ne C(fwrll(?c th k@ggﬁ%%&{l gr m nal

of the bsighd podaesdingisiperfoonebstibubtaedan FiGput Specificalbl, imFIG Rewbastihe bl ock

D, an output term ngl_of the basic bl ock i.S_connected to an, L.n
tern nal P rmmmﬁéme %@roswnawwﬂgéﬂﬁ% P sreremains gk SeESL K is
connget eghd &e%gr;ﬁmﬂﬁng &S RAT 2R il oﬁ?ﬁie%u@d&@é&nﬁhal %Fqle?ﬁsfé%&ktAt erm nal

of the basic block His connected to the input term nal of the basic bl ock
| . is connected to an input terminal of the basic block D, an output terminal of the basic

block D is connected to an input terminal of the basic block E, an output terminal of the
basic block E is connected to an input terminal of the basic block H, and an output
terminal of the basic block H is connected to the input terminal of the basic block I.
25  When the element SwVA, the programming cell SwVD, the programming cell SWVE,
the programming cell SWVH, and the programming cell SwVI are turned on, the power
supply potential VDD is applied to the basic block A, the basic block D, the basic block
E, the basic block H, and the basic block I. Then, all the programming cells except the
above programming cells are off.  As a result, as illustrated in FIG. 4, a path of a signal
30  from the input terminal (IN) of a semiconductor device to the basic block A, the basic
block D, the basic block E, the basic block H, and the basic block I is formed. Then,

the second signal processing is performed in each of the above basic blocks, whereby a



25 When the el ement SWA, the programmng cell SwD, the programm ng cell
SWE, the progranm ng cell SwWH, and the programmng cell Swl are turned
on, the powehiispRky potential VDD is applied to the bagig PrAask 2839 t he
basi ¢ bl ock D, the basic block E, thetasic block H and the basic block I.
Then, all the programm ng cells except the above programmng cells are off.
As a result, as illustrated in FIG 4, a path of a signal 30 fromthe
input termnal (IN) of a sem conductor device to the basic block A the
basi c bl gk 1D 186 25 e QlioftKermi atlg sic block H, and the basic bl ock I
is for m&*g)(.é ?hsé?ls,i B?‘he&geconéﬁgi%né? réoc ssing is performed in each of the
above ba$iddn9bl ocks, whereby a WO 2011/ 089808PCT/JP2010/072839 22 signal is
output fromthe output termnal (QUT). [0069] . Also int case
where a third &S@ﬁa|thepqaaw§]§ﬁeﬁgihir§)§%eﬂfr69<f?éa}'g i‘stpfirgo“BF%f‘b’rsé’b?féragg 'ehange a
connect | eR,hetVBRfcdisd ARG, b talie S Tiel b tRepREPAIARET A GRI kit are cut
5 once. An exanple of a connection state between ?h basi ¢ bl ocks in

per f 0% m ngcet he\nt énampls bf) aalonpeatior st etivsen theubdsicabledks m perfarming the

Specificglly,.in FIG 5 when th i | | SwAD, t i |
cor | Swplird Hend), Bigritient TUpra&herbng. poBg BiHindh ORI Soaer e
pr ogr ampAG 4 ingeiFswANd tﬁéﬂ%ogfaﬁgﬁiﬂg%m Svash! thoWdgrahmiddEIESwWOHN, the

output termnal of the basic block ATs connected to the input 10 term nal
of the b#wsirroplapwkin® cell (Savidit hatprogramimieg cadi Swid’, pad the progamnbngsebonnect ed

an input ctermnal af the basic bl.ock n.o t,termnal,of . .the basic
ohock e STl Ak med ony B AER et BRE BBk Iidtnbdia B k1Rl 2%0 0, oo

t er mmal tepiidahef DR YasicWieukkD Hhe Sufpanresird of thetBasicibigukt Dtieesiineaded @h t he
basic bl ock E, the out gut, termnal of the basic block E is connected to the
i nput t efpuhisrmpel effbe Basic blogk 6k pn putpuiigrinal of theyhasiq blpgk [dp conscisel t he
basi ¢ bl F i C : { ] : i . Wen
t he pr og%%lﬂgﬁ(}g@mm&? Selé E?’Sg?gﬁ’ﬁ %g{p g}efkﬁ%g%g/g nﬁh@%r@&&a%cnﬁng cel |
SWG, t heompreogd aonthenmmpoetermBal/bif thehtesior dgckaBnthegowpiit] teSn®, oft the basiogr ammi ng

Il SwV dth i ] SwV : th . I
ot ent 1 aPlogh seomiaidn o et Lok DRSablihd’ 8L I BRRERTBIA e basi ¢
bl ocks E, of fig Hﬁ@i%ib%&llofskco'ﬁn?&&?to R0 iR teemHaP 6K thl% basieb18ASI, ¢ WhattheH and

the basic block I. Then, all the progranm ng cells except the above

pr ogr anmprograehing tleSwVA, thaspragramenihg celhSwWVDuthe raogdmming-tell S& V@ pat h of

a signal fromthe.in t i.nal [ .0f em._conduct or _devi t ot he
basi oh1 et et s B b o bintnifh L S eV PREr SRR IS BB hy ¢ e
basi ¢ bl gk ufe plopfaniabiCodil OGN Fare alfled B8, BRShovdl! Aplly! pdtenif01vBD. is Then,

the third signal processing is 25 perfornmed in each of the above basic

bl ocks, epmicetiy the basigribdocki 4, thebptie block B, theebasictilock Edherbasie blocksT) the[ 0070]
Not e, t hat._t i equl: rforni. confd qur gt i,an :

R Y S e L A T
smal | enediBlextept bie: dbone prgramdthgasil aRMIAS A £ieseltids ilhawrhiedun B1G.G)aas

illustrated in FIG. 3 is used, depending on the size of a matrix fornmed
usi ng t hBathadjacsignal dram dhel inpwe tspiral AR Plga semicondysier devigepioethe tigicabove
time neegpdy PEindRRICHIBLODK heWasRBodk QW the bASS BlobR &) 1R bRRUAbcH B, hE0
basic block F, and the basic block I is formed. Then, the third signal processing is
25  performed in each of the above basic blocks, whereby a signal is output from the output
terminal (OUT).
[0070]
Note that the time required for performing a configuration process (switching
of the programming cells is controlled to form a circuit).is small enough to be ignored,
30 as long as a circuit configuration as illustrated in FIG. 3 is used, depending on the size

of a matrix formed using the basic blocks and the programming cells. For example,

the above time needed per basic blocks of one row is less than or equal to 100



VO 2011/ 089808PCT/ JP2010/ 072839 23 nanoseconds. If a matrix formed usi ng

the basic blocks of three rows as illustrated FIG 1 is used, the above
time i s |lweoiiargogd m crosecond. [0071] In one enbodi mercTab2dibver8sesent
i nvention, the supply of the power s ly 5 voltage to the basic block

whi ch does not contribute to the circuit configuration is stopped, so that
power consunption of a sem conductor device can be reduced. In particular,
in a sem conductor device having a channel length of |ess than or equal to

50 nm t Bgndsbionlif €S aQhatAx R BHY AL bRE BbEUNOf kSRl RMudatedqgl to
several nanoneters, and | eakage current flow ng through the gate insulating

fi | m accdunessdfthe aborssimnisileds thadahmimoseofndiower consunption; therefore, the
above st m@rre is effective in decreasing power consunption. [0072]
In one e ment of the present invention, when the connection between the

basi ¢ bl ocks i m 6RNEmBbdiREnDYf Metpreddal fivehtion, i QupplyebEthe ;Lmrcshf)m?t ate
current or 15 extrenely | ow | eakage current, |eakage current or off-state

curreht wpltage | hadbabist bleekh which dessi rothastribute tavthe hirgtie cofigarationpis| y

vol t age i and th asi.c block to ich the power supply woltage is
not appl %@Hg %‘gﬁo Egatr%ogﬁeée%f] %mn%noﬁlo?/\gg Sg%lhcso\é\lﬁrr%cg?ro(tri\evéﬁ %ans%emrecdglﬁe u'ctIBr devi ce

can be r pshiesid:, il §0ddicordidagrdadiat hevin®h chiveDRhgthi 0FSess @idnng equhlioiso t he
programm ng cel | having the above structure due to tunneling current can be
reduced WhethectHigkassPitaogatt isulating ik iy dass ithanr qapdlfossHsTAlgnaemetersr ned

using th ] 1. GO : hce | [ aynber of
i moe of bi inardn) soni (R RRL kBhuRE MRl s R RCEr O
pr ogi@mramgualf] pokay cogsutripeiontherefat r the hbowe, sttuomro pesfiectinginvddckagagwhi ch i s
needed for witing of data is approximately determ ned by the operating
vol t age BPWEHONSHRRIMY- transistor (Tr2). Accordingly, a seniconductor device
in mhichﬂkhg]above operating voltage can be significantly reduced and power

consunption tan be suppressed as conpared to the conventional programi ng
cell fornmed uslmgpetdmebodiment of the present invention, when the connection between the '

basic blocks is controlled by a transistor with extremely low off-state current or

15  extremely low leakage current, leakage current or off-state current which flows between
the basic block to which the power supply voltage is applied and the basic block to
which the power supply voltage is not applied can be reduced, and power consumption
of a semiconductor device can be reduced.

[0073] -

20 Degradation of the gate insulating film in the programming cell having the
above structure due to tunneling current can be reduced when compared to that in a
conventional programming cell formed using the EEPROM; therefore, a semiconductor
device in which the number of times of rewriting data can increase can be provided.
[0074]

25 In the programming cell having the above structure, the operating voltage
which is needed for writing of data is approximately determined by the operating
voltage of the second transistor (Tr2). Accordingly, a semiconductor device in which
the above operating voltage can be significantly reduced and power consumption can be
suppressed as compared to the conventional programming cell formed using the

30 EEPROM can be provided. |
[0075]

Unlike a programming cell formed using the SRAM, the programming cell



30 EEPROM can be provided. [0075] WD 2011/089808PCT/ JP2010/072839 24
havi ng the above structure can hold a connection state to sone extent even
when t he wower/@sugapl y -voltage is not al ways supplied topchapprogrssm ng
cell. In addition, data is held using&% transi stor with remarkably | ow
off-state current. Therefore, a sem conductor device in which power
consunption can be reduced can be provided. 5[0076] (Enbodi nent 2)

I n Enbodi ment 1, the exanple in which a given basic block can be connected

to up tophaHg tRdiRRBRrubBR] CanPhd18 aScdnfic dRBCHAD 86l 50O WRNAT evenwhéll fhe
enbodi ment, an exanple in which a given basic block is connected to eight

adj acent pbusi sspplyowkiagensniot PevayDsippbied ettic pjagparmhing cell.  In additionrdaiaer

sim |l ar EO}JE@t Pf FIF%}% - niConEqﬁt r“ge§%§§ iélu%iraaﬁdr}Q FIG 6 is
provi ded" W't APHE Hadtt 8 otkd KRG pPog g™ CEts WHFER ®oft r ol
connect i edthichRdutRR Metib€ ildRBicE pbivetishstinpGor candRdeqicedtai®be p@videll] s whi ch
control the 15 supply of the power supply potential VDD to each of the

basi cd bl B¥K8I A to |. [0078] Unlike FIG 1, in the sem conductor
devi ce ibéﬁg&ﬁg%ﬁt in FIG 6, the central basic block E can be connected to
all the basric ocks except the basic block E, via progranm ng cells SwAE

to SW E and prhgEabvdingnce)|ths ewipfle tio whidhl a gi20h B8IOblock can be chieeteihat i n
FIG 6, only the programming cells. SwAE to Sw E which control connections
bet ween {h&Pdenfougadiggeit cbasicoblecks isndescribeds thpuyeveiadn this) geRedimepfe an

pr ogr amn : $ . I P | : e
centrarnkgg?@gIiggéwgé%%%lﬁﬁgt%t éggggg?%H%??%E§?$§%EH?§EQ%§%§S§H%£ng cel
SWWE1Whi déscobedt.rol s the 25 supply of the power supply potential VDD to the
basi c blgﬁg f are illustrated. However, connections between the basic bl ock
A and t he g ic block B, between the basic block B and the basic bl ock C,

bet ween the bagi £mhhskikiRM6 tHab6f PRS11Ca BéRknductd? AewRe Mksheted s FiG. bl ock F
and the basic block I, between the basic block A and the basic bl ock D,

bet ween 6his pewyidedbwishknibe abagict htockash ctobl.optog@mmsgnedls whichhggiteolbl ock G

connections between the basic blocks A to I, and programming cells which control the
15  supply of the power supply potential VDD to each of the basic blocks A to 1.
[0078]

Unlike FIG. 1, in the semiconductor device illustrated in FIG. 6, the central
basic block E can be connected to all the basic blocks except the basic block E, via
programming cells SWAE to SwIE and programming cells SWEA to SwEL

20 [0079]

Note that in FIG. 6, only the programming cells SWAE to SwIE which control
connections be;[ween the central basic block E and the other basic 'blocks, the
programming cells SWEA to SWEI which control connections between the central basic
block E and the other basic blocks, and the programming cell SwWVE which controls the

25  supply of the power supply potential VDD to the basic block E are illustrated.
However, connections between the basic bloék A and the basic block B, between the
basic block B and the basic block C, between the basic block C and the basic block F,
between the basic block F and the basic block I, between the basic block A and the basic
block D, between the basic block D and the basic block G, between the basic block G

30 and the basic block H, and between the basic block H and the basic block I can be
controlled by the programming cells.in a manner similar to that of FIG. 1. In addition,

the supply of the power supply potential VDD to the basic block A, the basic block B;



30 and the basic block H and between the basic block H and the basic bl ock
| can be controlled by the programmng cells in a manner simlar to that of

FIG 1. Iwoadflidsbsen. the supply of the power supply pot gtrjpho1ypHsseo the
basi ¢ bl ock A, the basic block B, W2$»011/089808PCT/JP2010/072839 25 the

basic block C, the basic block D, the basic block F, the basic block G the
basic block H, and the basic block | can be controlled by the programm ng
cells in a manner simlar to that of FIG 1. [0080] 5Note that the

structur ' | [ t : e e r ' cells.
ovag] | e RR K I TRRCHIRR 1 e RRSCHIUSCE HE-LE R BFTARE Wi ch
can be coliekd,addtie Basgi Mock basi e &dnoked by threpregtanhying caksingnmanneas
appropriate 10{11008&] Thi s enbodi ment can be inpl enented by bei ng
conbi ned &1 iHhateiElGel wi t h t he above enbodi nent. [0083] (Enbodi ment 3)
15A sem gqp@yctor device in which a large matrix is formed using basic
bl ocks will Dbe described using an exanple which is nore generalized. [0084]
5 Note that the structure described in Embodiment 1 can be used for the

programming cells.
[0081]

As illustrated in FIG. 6, the number of basic blocks which can be connected to
a given basic block can be set by a designer, as appropriate.

10 [0082]

This embodiment can be implemented by beiﬁg combined as appropriate with
the above embodiment.
[0083]
(Embodiment 3)

15 A semiconductor device in which a large matrix is formed using basic blocks

will be described using an example which is more generalized.
[0084] |

In this embodiment, attention is paid on a basic block U(n, m) of the n-th row
and the m-th column included in the semiconductor device. As illusirated in FIG. 7,

20  around the basic block U(n, m), there are eight basic blocks: U(n—1, m-1); U(n, m-1);
U(n+1, m-1); U(n-1, m); U(n+1, m); U(n-1, m+1); U(n, m+1); and U(n+1, m+1). The
basic block U(n, m) is connected to these eight basic blocks via programming cells in
‘order to transmit and receive signals.

[0085]

25 In FIG. 8, an example of a specific structure of a programming cell for
controlling connections between the basic blocks illustrated in FIG. 7 and a
programming cell for controlling the supply of the power supply potential VDD to each
basic block is illustrated.

[0086]
30 Note that an example in which the programming cell illustrated in FIG, 2A is -

used is described in FIG. 8; however, any of the programming cells illustrated in FIGS.



In this enbodinent, attention is paid on a basic block Un, m of the n-th
row and the mth colum included in the sem conductor device. As

i |lustratwdon/dshbges 7, 20 around the basic bl ock U(n, wrrarhaoersse ei ght
basic blocks: Un-1, m1l); U(n, ml);2€’tJ(n+1, m1l); Un-1, nm; Un+tl, m;
Un-1, ml); U(n, mtl); and U(n+l, mtl). The basic block Un, m is
connected to these eight basic blocks via programmng cells in order to
transmt and receive signals. [0085] 25In FIG 8, an exanple of a specific

structur QBodfnd@cpﬁﬁ?rb%m%@.g TR dtrdcBire 60 e PokiafnHEREE G h&NsmPed weae the
basic blocks illustrated in FIG 7 and a progranm ng cell for controlling

t he suppkiycwf configurators illysippsed/inddGSn A4 2UDD Tihe studhretyd shecpiopakming

illustrated. [0086], 30Note that . l e in,which the. i [
11 et r o may e SRS iR iraRdo R bt SRt BPETRY O | e
DI 0gY AT &@ks 6Bl b Seddnkl¥shEiato e thricon b IS thoWBbR9 bt AGRARABRET hR20AAIE2839 26

2B and 2C may be used. The structure of the programmng cell is not limted
to the cpfiaiaboveofinst Gansisteramd 4 chanral fermagion megiprosf the Acqopd p@nsisteemayr uct ur e
of the PrLAARTING SRR Li0g | HOE8ho SRR schhildnlaibiol RARSL ' ha’dh
control ling a connect 16N bet weer two’ NOdes and a second trafsi st ot f or

contr ol | ivhgchtifepraopiplayel pihree tateatlngk ab chablofélieoel ectrode 5 of the above
first transistor and a channel fornmation region of the second transistor
may i ncl (¥87h seni conductor material such as an oxide seniconductor havi ng

a band gap whi ghgi pproxi. r t ] ilicon.
[0087] In FI & MgFlG Erganet %‘%‘f}i% fited folihe 3’?°%f%29’§‘%%3?1‘a%%“n§'f“§§| | and
whos&0 16hanhelnfeimdtion medgian indgdesn ai sarhicdsductors entesiahduch o#s raat exidal such

22 2 OxL e SR eI O 3 L) YSLERLPS U 2oL A i el gl e
anot her {5 anabrSyRibol ind8&to be distinguished from another transistor.
[0088]
The semiconductor device illustrated in FIG. 8 includes signal lines for
15  controlling an operation of the programming cells as well as the above basic blocks.
[0089]
Specifically, an example, in which five data signal lines Y1, Y2, Y3, Y4, and
Y5 per one column and two scan signal lines X1 and X2 per one row in a matrix are
used as signal lines, is illustrated in FIG. 8; however, a structure in which one scan
20  signal line per one row and nine data signal lines per one column are used may be
employed. When the number of scan signal lines is reduced, the time for performing a
configuration process can be shortened.
[0090]
Note that in FIG. 8, five data signal lines of the (n-1)-th column are Y1,;,
25  Y2,-1, Y3,1, Y4,-1, and Y5,_1, whereas five data signal lines of the n-th column are Y1,,
Y2,, Y3,, Y4,, and Y5,. In addition, two scan signal lines of the (m-1)-th row are
X1,,-1 and X2,,_;, whereas two scan signal lines of the m-th row are X1,, and X2,,.
[0091] -
In order to reduce the total number of signal lines, the number of scan signal
30 lines and data signal lines may be set in accordance with the basic blocks which form a

matrix. For example, as illustrated in FIG. 8, when five data signal lines per one



The sem conductor device illustrated in FIG 8 includes signal lines for
15controlling an operation of the programmng cells as well as the above

basi ¢ bl agl2011ld3658] Specifically, an exanple, ipgrobbdalofdsye data
signal lines Y1, Y2, Y3, Y4, and Y5 p& one colum and two scan si gnal

lines X1 and X2 per one rowin a matrix are used as signal lines, is
illustrated in FIG 8; however, a structure in which one scan 20 signal
| ine per one row and nine data signal |ines per one colum are used nay be

enpl oyed, n rgof. n.si i LS I ‘%FI( t [ for
pert o m RO oAP Sl kS B0 SAORR, ate ERALE ABRGEREH QL Wt

FI G 8, fighdl 1Rt areshc@ded inl fofed Sorathe HRiconduk}ortdeviee liktlindiag eheWadiclblodB Y2, 1,
Y3,1, Y4,1, and Y5" 1, whereas five data signal lines of the n-th colum
are Yin, ofphrowszand Magplugpy Yo the) pthergband, enjge datasigapyliags parm@§ of t he
(m1)-th row are X1, . and. X21. whereas. t scan .si-gnal. | i of .the mth
Fow ar e SLOMa Qigispm bRttty QHORBERR, 0208, FERE BrBNThy 1 SWEwiB of

si gnag | lin@sare tleeddauini6tal &r th€ sémibadatoricaaficladitlg @ad Bastd Bldaks b Nes may
be set in accordance with the basic bl ocks which forma matrix. For

exanpl e, reves and Mstolemesd iAccprdiiglg, if wisemidonduectoradexicsi wieat the rekgiopé¥ <one WD

2011/ 089 PCT/ JRP2010/ 072839 27 colu and two, scan signal, |ine er one
row are g ol Elaé’dgegd?)ru&qz’n‘g? é’l%?ptf%\l_ogq O@Teéﬁéﬂ“cﬁuf%&tggr Q’aﬂetgﬁjﬁé)rn t ot al
for the s@nbteenehisCtQiucdand a6tai Mubibdi 1P dibeal DafsC EInOetes offer Man@Wst and M
colums. On the other hand, when nine data signal |ines per one colum and

one scansygnigprductar devigerwgre ¥ owAMr is sasislded ppsedx itheaaddpyion Nf+heNpttesi gnal
10 structure rather than the former structure can reduce the total number of signal lines.
[0092]

In the semiconductor device described in this embodiment, a power supply
potential is supplied using the data signal line Y5. The data signal line Y5 (Y5, Y5,
vees Y5,1, Y5, ...) transmits a signal for controlling switching of a first transistor 801

15  included in each basic block to the first transistor 801 included in the programming cells
for supplying a power supply potential. Then, in a manner similar to that of another
data signal line and another scan signal line, a signal is not needed to transmit to the
data signal line Y5 in a period in which the configuration process is not performed.
Accordingly, in that period, a power supply potential can be supplied to each basic

20  block from the data signal line Y5..

[0093]

Note that in FIG. 8, the example in which only one input terminal and only one
output terminal are provided for each basic block is described; however, a basic block
including a plurality of input terminals or a plurality of output terminals may be used.

25  [0094]

Next, an example of an operation of the semiconductor device illustrated in FIG.
8 is described. A timing chart of a signal input to each signal line of the
semiconductor device illustrated in FIG. 8 is shown in FIG. 9A.

[0095]
30 As illustrated in FIG. 9A, signals each having a pulse are sequentially applied

to the scan signal lines X1,,-1, X2,,-;, X1,,, and X2,, so as to have different timing. In



5 lines are needed in total for the sem conductor device including the
basi ¢ bl ocks of N rows and M colums. Accordingly, if a sem conductor

devi ce wheoeotinsegogl ation N < 4Mis satisfied is used, thesagapbizes of the
former structure rather than the latt® structure can reduce the total

nunber of signal lines. On the other hand, if a sem conductor device where
N>4Mis satisfied is used, the adoption of the latter 10structure rather
than the fornmer structure can reduce the total number of signal |ines.

[ 0092] FI_(Fv. 9A, &Q&P&eﬁt{?ﬂﬁo@% Gf HplidgYo B4R s@ﬁ?ﬁgﬁﬂ%ﬂem t hisSegrahadyment, a
power supply potentfal is supplied using the dafa signal” 1Tne Y5. The data

si gnal | bpe s¥8d (1¥e,landYdPotential ofa_slgna¥applied. tp the adasmsigal finss Yoal, Xoy,
controlling_switching of a first transistor 801 15 included in each basic

bl ock t oRh&24 s iepresendgshbse dpttgbling ndn F¥aPA-rihe petepiad gf asignaliskept 9 f or
suppl yin NV E ial. T i . ik fathat of
anorhor | S0P REn T AR 0B S Blriod 1 hich ! pBifTR pen i BLLks b o'
neededl t Actordingiy, wheo atsip@ali@dvingsd prisd islappléedvb each stapeighaldinenthelseadndt he
configuration process is not performed. Accordjngly, .in that period, a
pover sufpPSSipovRereigale derrode isoppaiekiorte ¥4 RIZBASNE BOBSKAR £ 1 om t he dat a
si gnal I'my% 5. [0093] Note that in FIG 8, the exanple in which
only one input termnal and only one output term nal are provided for each
basi ¢ bl ock i sThigsdn iabaddancowsthetiming When ¢ pulsedk applidduhi eagh acqpi sigadli ty of

i nput teE.m' nals .or a plurali t?/ of output t ergi nal s may be gged. %5[0094]
Next, an'8% ton, siggals 5 pppliedriodhe (ke dgmal dBsdidcror Ydevi dénitl ¥istrated in
FI G I §cdesori ) ty- m ar trof i i C L: | I'ine
of 1hS saaSortcrs: Yauv B MY F3E: HRGssecRb g el ApHed kO cRAGR P BRR

[ 0095] 30Asis inputstoraagad clentrébdeGof DA firsti tepmaistor pa@tidddoati anginrgeuliGe ofithe
sequentially applied to the scan signal lines X1,, 1, X2" 1, XIm and X2"1
<0 as t oSSV fing AaRhe # égnal Fne' i o oot sipsbTohumesen

Then, in accordance with a potential of this selection signal, switching of the above first
transistor is controlled.
15 [0097]

For example, in order to connect the basic blocks illustrated in FIG. 8 in order
of U(n-1, m-1), U(n, m), U(n, m+1), U(n-1, m), U(n, m-1), and U(n+1, m), a pulse
may be applied to each signal line in accordance with the timing chart illustrated in FIG.
9A.

20 [0098]
Specifically, first, a pulse is applied to the data signal line Y4,_; in accordance
- with timing when a pulse is applied to the scan signal line X1,-;. Then, the first
transistor at an intersection of the scan signal line X1,,-; and the data signal line Y4,_; is
turned on. The first transistor is a switch which controls a connection between an
25  output terminal of the basic block U(r~-1, m) and an input terminal of the basic block
U(n, m-1). Accordingly, when the above first transistor is turned on, a path of a signal
from the basic block U(n~1, m) bto the basic block U(n, m-1) is formed.
[0099]
Next, pulses are applied to the data signal lines Y2,_;, Y5,-1, Y2,, and YS,, in
30  accordance with timing when. a pulse is applied to the scan signal line X2, ;; then, the

first transistors at respective intersections are turned on.  Of these, the first transistor at



28 FIG 9A, only a potential of a signal applied to the scan signal |ine
Xl,n_i is represented by a solid line, and a potential of a signal applied
to the sowmo28igsedes! i nes X2,"i, and X2, n is representedpoysedobiesh | ine.
In FIG 9A the potential of a S|gnalsis kept to be negative in a period
other than a period in which a positive potential pulse is applied.
Accordingly, when a signal having a pulse is applied to each scan signa

| ine, the second transistor whose gate el ectrode is connected to the scan
signal | 'tHEeinle?seEH('SrpgfjthQ@car{ Qg%hme X2,1 and f1atd (g@f 4 ARNCES W dellichi M g
when a pulse is applied to e scan signal |ine, selectlon signals are
appl i ed whidhh®ndalsa ®ngeuaion lbetvan ¥i obtpul'i2rthinalvaf the b¥sic blocRUGYSY, m51)YI "
Y2", Y3", Y4n, and Y5n, The sel ectiaon S|?nal applied to each data S|gnal

line is PRbaR npyt rgmabofethe dpsie dlockfU (e e f|Il‘lsalddtt’to&nglle§tr8rtf%‘ﬁ’é\9iféb@‘eat an
I nt erSecﬁdté’@ec‘&onto?@ﬁ.ss‘&ﬂ{‘mgﬁeg nal ﬁg Olnang?.ﬁ &a*?aemgf'i‘&ﬁ‘m% ISE'S@ﬁ%MVﬂmLhe

second transisto accor a potentla

of thss sedtsd iheRupplgddla,poSit &@ﬂylyﬂgoteﬁnan he thirlavre Hld;dksm(nt PN dSthe FirdtS
control |l ed. 15[ 0097 For exanple, in order to connect the basic

bl ocks i Ihugisteraatdle interseictipn of the sgmd@gnaiflm@(?iin 1, anghthy datgysignaidine Bmnis mr1)

i ne. | RUBPBRRED SR D P Riat g ronar P ot tha? TP Rt loeB AR50, 5055

Speci 11 CAD! Y Furbiidr Sthe it AdhiGol & ALRILELLA of $eAUANR X3 DnltheL 11
accordancé with timng when a pulse 1s applie to t e scan signal Tine
X", . El‘iuemgnhhma‘YZ,sm atsmateh ivdticr cattrobna conhectiomdieiwoeenadn dutgutseratindi gnal

line XI,n i and.the data si naI line Y4"1 is turned on. The first
trandd st e? tli%"%?‘%WQCEhU(aflbh ) 2o ¥ pub terpyinal afi BR basicuilesk dKnoh Bt put

term nal A%f:ormﬁ%l}b%'eﬁ tlﬂi: %e 'ﬁ(rﬁ tilansg?(])r@ﬂg t@r'ﬁe? BH uj pgtﬁrdparﬁéna?ho}rpﬁl basi ¢

bl ock U(n Accordi ngl'y, when the above tirst trans i's turned on,

a path obasic bloghaln£1, eml) kethbassic blakb &k, Ukyant,a path bha Sipeallfasn thetblagick U( n,

m1) is fornmed. [0099] Next, pulses are afﬁlled to the data signa
t

| i nes Yz2blogk Ufm, m-1)pmthehagicvigack h{'(’gﬂadfe)o?féafﬂﬁ@e% rheria P W SHPRIY pul se i s
o005, el s SRR R g WDl o), (LEmsrsters 2t
WO 297 1/ A98P8PCT/ JP2010/ 072839
Next, a pulse is applied to the data signal line Y2,_; in accordance with timing
when a pulse is applied to the scan signal line X1,,. Theﬁ, the first transistor at an
intersection of the scan signal line X1,, and the data signal line Y2, is turned on. The
first transistor is a switch which controls a connection between an output terminal of the
20 basic block U(n, m+1) and an input terminal of the basic block U(rn-1, m).
Accordingly, when the above first transistor is turned on, a path of a signal from the
basic block U(n, m+1) to the basic block U(n—ll, m) is formed.
[0101]
Next, pulses are applied to the data signal lines Y5,-; and Y1, in accordance
25  with timing when a pulse is applied to the scan signal line X2,,; then, the first transistors
at respective intersections are turned on.  Of these, the first transistor at the intersection
of the scan signal line X2,, and the data signal line Y1, is a switch which controls a
connection between an output terminal of the basic block U(n, m) and an input terminal
of the basic block U(n, m+1). The first transistor at the intersection of the scan signal

30  line X2,, and the data signal line Y5,-; is a switch which controls the supply of a power



29 the intersection of the scan signal line X2,n_i and the data signal |ine
Y2n_1 is a switch which controls a connection between an output term nal of
t he basi ayBlofkshdos- 1, m 1) and an input termnal of thechaprdomiRsk U(n,
m. In addition, the first transistor3lat the intersection of the scan
signal line X2, _1 and the data signal line Y5 _1is a switch which 5
controls the supply of a power supply potential to the basic block Un, m,
and the first transistor at the intersection of the scan signal l'ine

of & poudtbPLh BBIeRCIShE Biic, b IR, P 5 b bt Shef WL 7B o, PP Y

first treaagdigdok nahed B o pAtIeOSLSiEhATrod tHelRsie ATk @NA) td tthbaéiBl’ﬁkﬂskand the
data signal line Y2" is a switch which controls a connection between an

out put t &(rimal) is Tormsfd andea pupplcpish of k rover supply patedtialntoi the basie dlagknal of
t he ba5| bl ock m . Accordingly, when the above first transistors

are turn &"6’?\+ )éséﬁ”i"ﬁdof a signal fromthe basic block Un-1, m1) to the
basic5blgp1 2 (n and a path of a signal fromthe basic block Un, m1l)
to the basic’ bl ock Un+l, m are formed. Further, a power supply potenti al
is supplied toWhee tltmsbqyetdpotahsnum perfpriaerd thi path of )signhb fro0GE basic

Ui mi o whBRE W SE50ES i ioes e g %lpglhlg‘#é’l St foshe Seehockne 11 rst
transi St er e%ﬁﬁt{ne%@xc%&él& Qgh%fl]ﬁ ﬂ-;f;:s;fa?ﬁ‘ois b Al kﬂoﬂlethé'ﬁlk@rlﬁ?él{:ﬁ\(,ﬁ?t a

si gnal i's turned iTst transistor 1s a sw ich

control Smalptmﬂhecbhslemdaewen ra)) i Aph bf & eighalnfadm Gle bR bldék basiic )l ock
Un, mtl) and an |n{2ut termnal of the basic block Un-1, m. Accordingly,
whenlq hetcatlbéxbesw blosk Ur.ans])s tust the path afraesdignah from thabhsioblogk %J(fg,rml)ftpom t he

b bl , k U 101] Next,
pﬁflsgs a%%ﬁ%%lﬁéé t[‘lh’é’5 d4t %SB'F r?ﬁfi?li(‘:‘? ﬂ&’@pwgﬂh@’fawaﬂw P'% p&L"é‘HPlaanceX 25 .
with ti mﬂe%@@b@cwgﬁﬂﬁ ecfl gqinﬁ@(hbf r@%{i‘@f&hﬁ@al line X2,,,; then,

the first transistors Intersections are turned on. O these,
the firsf0l0Bhnsi stor at the |nt ersectl on of the scan 5| gnal line X2m and
t he data signal

tch. which t bet
an out put ter nﬁHggP“nggfnott I‘l%“sbré‘se dn %@R"‘@(‘%‘gnrﬂ%ﬂhd&g SUPR LRa esg‘? rﬁoqr‘]f‘éﬂreo:‘lve? Re
basi i: %ﬁﬁfﬁ&gntﬁﬂﬁ- h}%hﬁ fc'tfléékstlf(ﬂnf'rﬁtng lgh #08) aRb ‘U(ﬁePtrhm ?{? the scan

5|gna man data st gnal 11 n1is aswtch control s

t he suppth tagic dlqeRwWE(n, MD)20%1 H)SARAERET/ 1 P20 T6ma2839 30 supply potenti al
to the basic_ block U'n, mtl). Accordingly, when the above first transistor
is turneP194] a path of a signal fromthe basic block Un, m to the basic

bllock U(n, m-1) i cBBécF%Bv%”Q?@nn%&g&' %ﬂf\g%zhl]hgfbaﬁc B%%{/@]Mglsgpﬁg%?gti al to

t he basi c bl ock ove
oper at i opswart sapplyr parentiatl aret fee byadchnrofig af sadnsdanfsignal ling thesfore,bdsok U( n- 1,
m1l) to the baS|c bl.oc at h, of aagnal froqr:gth b i c block

th
u(n, 24y pymbHetss s lﬁdevzs H(quas ﬁo §oR SmatoR Seifing 1S TegHix basi ¢
bl ock the s@ﬂ'rf]-?lmre%& BRe BRI Forfdl BRK ddifdtyl thdYime WHenRAHlIsLls aﬁpﬁécﬁﬂﬁhef romthe

basi c bl ock U(n-1
scan signal lme 1s less than or equal to 100 nanoseconds. Therefore, even when a

semiconductor device includes 1000 scan signal lines, the time when all the scan signal
lines are scanned is less than 1 millisecond.
25  [0105] )

As described above, after a connection between the basic blocks and the supply
of a power supply potential are set, a power supply potential is supplied to the data
signal line Y5 (Y51, Y52, ..., Y5,01, Y5, ...). A power supply potential is supplied
from the above data signal line to the basic block provided with the supply path of a

30  power supply potential via the first transistor; therefore, an arithmetic process can be

performed.



10 to the basic block Un, m1l), and the path of a signal fromthe basic
block U n, m1l) to the basic block Un+l, n are formed, and the supply
pat hs of woweri/mugpl y potentials to the basic bl ocks U(rcTmedggotdssy, m,
and U(n+l, m are forned. [0103] sl Al t hough not illustrated in the
timng chart of FIG 9A, supply paths of power 15supply potentials to the
basic blocks Un-1, m1l), Un, m1l), and U(n-1, m besides the basic bl ocks

un, ml), Un, m, and U n+l, nm) are formed. [0104] As descri bed
above, a(ggepection bet ween the basic blocks and the supply of a power
supply potential are set by scanning of each scan signal line;, therefore,

as the 20 nunBext, ef operation jofibd S¢m1¢esdu0m§r@ayéslllu%trdt@hgleﬂ@|8mé’lli de setting

is required. te that, the sc ne. scan Si i ne Iy, t he
U e oo RESintPudng et tanbR oh FG R, RGindAi Y Ve BB OERLY cue
to 100 nsigpdemendshe sthedoaliadtes deRNINRRddn FEOTSRRAGGH O devi ce incl udes

1000 scan S|?nal lines, the time when all the scan signal |ines are scanned

is |ess [HAAT 1 millisecond. 25[0105] As described above, after a

ConeCt | N Dt RSl er%dtmi@g@%gﬁasaea%[mn ygeﬂ%pﬁ BulOAL SSHRRLY anal

potential are se I al su

line Y5 {oYfht, scX®Rign¥blinds, XYR1, X2m1) X14, BRIV, 9P 46 RVeeditfeht hﬁu%ppl i ed
fromthe above data signal line to the basic block provided with the supply

path of Al®Opokkr Bupplyya potteemllcéla vignaltappliéd tasthet scamsigoabline Xanefore, an
arithneti r ss can .be perfor VO 201 8PCT/JP 10/ 072839 31
[0106] ifusffated Rg s fine, b RPIRBRAS P RS D RILIE6T HBYAI 00T Rbwst r at ed
in FG & ddd Re, desARbbRe: ¥5iddge@nathenn @f@n@ﬂz Sthe pRIdhiG oﬁ;Bmgﬂaltlgm ng
chart of a signal input to each signal line of the m conduct Oor devi ce
i |1 ustratled kept ol & n@ative shewperiod other than a period in which a positive potential

pulse is applied. Accordingly, when a signal having a pulse is applied to each scan

signal line, the second transistor whose gate electrode is connected to the scan signal

line is turned on.
15  [0108]

In FIG. 9B, a pulse is not applied to a data signal line in a period in which a
pulse is applied to the scan signal line X1,_;. Next, a pulse is applied to the data
signal lines Y5,.1, Y3,, and Y4, in accordance with timing when a pulse is applied to
the scan signal line X2,,-1; then, the first transistors at respective intersections are turned

20  on.
| [0109]

Of these, the first transistor at the intersection of the scan signal line X2,,_; and
the data signal line Y5,_; is a switch which controls the supply of a power supply
potential to the basic block U(n, m). Further, the first transistor at the intersection of

25  the scan signal line X2,,-; and the data signal line Y3, is a switch which connects the
output terminal of the basic block U(n, m-1) and an input terminal of the basic block
U(n+1, m-1). The first transistor at the intersection of the scan signal line X2,,_; and
the data signal line Y4, is a switch which connects an output terminal of the basic block
U(n+1, m~1) and the input terminal of the basic block U(n, m). When the above first

30 transistors are turned on, a path of a signal from the basic block U(n, m-1) to the basic

block U(n+1, m-1) and a path of a signal from the basic block U(r+1, m-1) to the basic



5[ 0107] As illustrated in FIG 98, signal s each having a pul se are

sequentially supplied to the scan signal lines XImi, X2mi, XIm and X2"1
S0 as to Wavwedishdogrent timng. Also in FIG 9B, onIy apgqbﬁﬂﬁm@hsgf a
signal applied to the scan signal lin& X ,n_i is illustrated by a solid
line, and potentials of signals applied to the scan signal lines X2mi, 10

XI'm and X2n, are illustrated by dotted lines. In FIG 9B, the potential of
a signal is also kept to be negative in a period other than a period in

ohi oh 3 BRRl ot QteRiria, a4l 2 Sty BAR!droo AP I dhial P hebatiodnal

havi ng a pu se 1 s’ appli to eac scan sign secon transi stor
whose gabkcklZetmpddomsedconnected to the scan signal line is turned on
15[ 0108] In FIG 9B, a pulse is not applied to a data signal |ine

in a perﬂH&OIn which a pulse is applied to the scan signal line X1", 1.
Next, a pul se j t . . 4,, in
accordance mﬁtﬁéy?gghgga%gﬁhg@gﬂﬁééﬁfié Pné E%*é¥§§§¥?gﬂgﬁm i ne

- X", 4; uhemaphhe1§amﬂkdtdﬂmscatggmﬂameD@@pﬂﬁhﬂhefmmtﬁnsaotmanﬁwabe turned
200N [0109] these, the first transistor at the intersection of
t he scana%‘ifgWéquqCPﬁ’éoﬁ(% sean pignalianedbiaand helata sigral Yge Yp.iis Ahefirttch whi ch
cont 1ol s\ hRSSHRRY Yol SHRANESHPPLAROSENBL BLet el ARG GCthe U

Furt her irst transis € I'ntersection B € scan S|gna

l'i ne X2nbasi@bidck Wgn, daf endsthg fiplut lekmal'st the Hagic Blbick U(nmmﬁ)h FReREIGY,t he
output termnal of the basic block U n, m1) and an input term nal "of the
basi ¢ bl B&Rn tyerabove first yransyiar witymed ppampdts obp signak fifemithg basicllocloH (B t he

scanlélgn kolﬁ@gmx%gk nd th IS?ata signal line Y4n is a switch which
connects out put “ter ﬁa} asic bl ock U(n+l, m1) and the input

t erm nal [@fi1}f he basic block U(n, m. Wen the above first 30transistors are
turned on, a path of a signal fromthe basic block Un, m1) to the basic
bl ock U(n+1, nNext, apdlse ipapphicdto theglagintignal HioenYilhe nbagmdamlcmvkthw(rnmg m 1)

and & sUBRES B BY TPIRUBARS O SRR far Dent HE BASTECR Ben. m i s
formed. flﬁég&ilof}lﬁ(ihe s@arpﬁéﬂiﬂ 1ing X2PRnH ekt daa §ipeal iat & 151, GORImddidie fRe_1 ' n
accordance with timng
15  first transistor at the intersection is a switch which controls a connection of the output
terminal of the basic block U(n-1, m) and an input terminal of the basic block U(n-1,
m+1). As described above, a path of a signal from the basic block U(rn-1, m) to the
basic block U(n—-1, m+1) can be formed.
[0112]
20 When the above operations are performed, a path of a signal from the basic
block U(n, m-1) to the basic blocks U(n+1, m-1), U(n, m), U(n-1, m), and U(n-1, m+1)
in that order is formed, and the supply path of a power supply potential to the basic
block U(n, m) is formed. Although not illustrated in the timing chart of FIG. 9B,
supply paths of power supply potentials to the basic blocks U(n, m-1), U(n+1, m-1),
25  and U(n—1, m) besides the basic block U(r, m) are formed.
[0113]
This embodiment can be implemented by being combined as appropriate with
any of the above embodiments.
[0114]
30 (Embodiment 4)

In this embodiment, a method for manufacturing a second transistor which is



5 when a pulse is applied to the scan signal line Xi,; then, the first
transistor is turned on at an intersection of the scan signal |ine Xln, and
t he dat a wogoalosbgoge Y3, 1. The first_transistor is a swcrgloavoriscontrol s
a connection between the output termiml of the basic bl ock Un, m and the
input termnal of the basic block UWn-1, m. Accordingly, when the above
first transistor is turned on, a path of a signal fromthe basic block U(n,

10 m to the basic block Un-1, m is formed. [0111] _ Next, a pul se
is appl i gekdtfor h pRgd@hminy @NaindlWiieh ¥iBrled WiREHPHHBO A MbAductdr MiNGeWhen a
pul se is applied to the scan signal line X2,1; then, the first transistor

at the i dessribedt iNoete dhattinghiscembasdigert the methrdfor armaufacuringtthe stepndl | i ne
Yln_ 1 is, turned on. The, 15 first trapsistqr .at the intersectionis a

swi Toh whrREG R oc siediofbiet SRR g ntte e SrosthBm ey bl itk

bl ock U( pBlas 4f) exaiithl@rhowepert atbgianmin@ccll havingsin6thll eftuilkditikurdtibna) . As
descri bed above, a path of a signal fromthe basic bl ock Uén- , M to the
basi cd bl ¥kaley be formeg-aging the panufastyrng, methad descobeghiarthisgambaBinaat.oper at i ons
are perfg;qg?, a path of a signal fromthe basic block Un, m1l) to the
basi c bl gks Un+l, m1l), UYn, m, Un-1, m, and Y (n-1, mtl) in that order
is fornmed, andAtfiret supptot et 41 tiofd aapeT cad izpfoympd tueingi aahorbmal UMOBasi ¢
block Un, m is fornmed. Although not illustrated in the timng chart of

FI G 9B, PESRYSIY WutheergrniygheHic@ppiligonogarmanivm, singly ¢rigtalpaliGon gartidess U n,
1), e Ii s used. S ie-first'ira . .a Si o)
m1), U Fﬂh 31?1&1) %53%11 W e s 5{11 }P&sﬁbrdﬁxﬁibmaﬁhk}ﬁ%m QJOS?IEVU%@f fHeqdr €

formed. [011 I S enbodi nent ca e i nplenente el ng conbi ned
as appr opsingt & seinticonangtoof thirheilabmre aehblédisersitdbsduci@ 1 $dljsti3@. ( Ebablisment 4)
i ment, a nethod for a.second .trans or which is

{/\;‘) tzgﬁ_ / g’%gg%gﬁﬁf%ﬁﬂ 6@2%@&3? tnrgris?s%rufrohpxgd using an oxide sem1ci)r?c}uctor

is formed over the first transistor and the third transistor which are formed using an SOI
(Silicon on Insulator) substrate is given as an example, and a manufacturing method
thereof is described.

15  [0116]

First, as illustrated in FIG. 10A, a first transistor 501 and a third transistor 502
are formed using an SOI substrate. Specifically, the first transistor 501 is an n-channel
transistor formed using a single crystal silicon film 503 over a substrate 500 having an
insulating surface, and the third transistor 502 is a p-channel transistor formed using a

20  single crystal siliéoﬁ film 504 over the substrate 500 having an insulating surface. A
gate insulating film of each of the first transistor 501 and the third transistor 502 is 10
nm to 100 nm, inclusive, and a channel length of each of the first transistor 501 and the
third transistor 502 is 100 nm to 500 nm, inclusive. The channel length of the first
transistor 501 may be different from that of the third transistor 502.

25  [0117]

Next, a second transistor is formed using an oxide semiconductor over the first
transistor 501 and the third transistor 502.

[0118]

First, as illustrated in FIG. 10A, an insulating film 505, an insulating film 506,

30  and an insulating film 507 are sequentially formed so as to cover the first transistor 501
and the third transistor 502. Note that in this embodiment, the example in which the

first transist_or 501 and the third transistor 502 are covered with three films, the



used for a progranm ng cell and which is forned using an oxide

sem conductor will be described. Note that in this enbodi nent, the nethod
for manufwehyiidegokhe second transistor using an oxide @@mﬁgﬁgl/uﬁzrsgj is
descri bed taking the programming cell34n FIG 2B as an exanple; however, a
progranmm ng cell having another circuit configuration 5can also be for rred
usi ng the manufacturing nmethod described in this enbodinent. [0115]

A first transistor and a third transistor can be formed using a nornmal CMOS
process i u tal

G 1 con TuHAIAE B S5 Bla kit B89, 508) pERR, ASTTRR U 53 BOUBCAOUE ™ he
third traosewsit,othe maybbeof orsniatng idnsprovided teeweanothd fostotrankistan SOl lamdor a

bul k sem conductor substr te I n_thjis. enbadi ne he case where the second
transi st 8¢ FEPHEHAR AN %‘%F%t@éhf‘ééﬁa%‘?bﬁgé éné SrentsqoRsl HRSHE i r st

transi st g ﬁ‘&@ssfah@rt tLd, dnli " GHRSihSh1inMink Nevid) ﬁlsflﬁhﬂg“fllﬁﬁ' &gfcf'i‘xP ophoreS | 1 con

on Insulator) substraté is given as an exanple a manufacturing nethod
t her ebf nxsutdeagfllrbenhayﬂﬁm}mbﬂ] First, as illustrated in FIG 10A a
first trg&si' tor 501 and a third transistor 502 are formed using an SO
substr at gf)ecifi cally, the first transistor 501 is an n-channel

transistor forigdinysiafige Bins 509 tRe %Mﬁﬁﬁ%ﬁﬁﬁ kb6, Ad fthd A ONIRL 5G7 Sdbstrate
500 having an insul ating surface, hird transistor 502 is a

p- channelformednemgtmterflds rvéuclusamglthstarzba sqmrg?lraéumqfsheat tredtimestoin § laten 504

over the subtrate .nsu surf .gate ins ting film
of “each BPHRENAE PP, - SRR ol BEBhb o A SHREp i MEebBBIA 18
to 100 nelicom&ltigd ¥tide, dMikon dxyanned, alenghh Miridkashmiurh BRide] 6:Sthe tlikansi st or
501 and the third transistor 502 is 100 nmto 500 nm inclusive. The

channel faribe Hsplating §lmi503¢ the ingylatiag SHmsp, ard thedngilatingfdm 547 ofMshat of
the thirg M}é@ﬁécﬁﬁ&{ 015 O o %ﬁlltgr]il]:'?c]ompound dex#h‘&?&’m € aqcc(aﬂgnhggqglhgﬁe?r IS

fornmed using an oxi de ‘'sem ctor "over t Irst transi st and t he
third trgasitsy of dxgen fHahlBht bf mittggeas and |au1$i'trlldi:t exiide reolpGundl @égotesn a

i nsul ating fj‘m505 a i nsul at;ng filmb5 30_and an insulating film 507
are sequ8Rigral FSptgiging2 dighs? guantisy %Wé‘Pg‘T‘h alr ML Pf Y8R st or 501 and the
thirgstramspptor 502. Note that in this enbodi ment, the exanple in which
the first transistor 501 and the third transistor 502 are covered with
three fil ns, tAesurfk@e 2<ﬁflme08«eawﬁg’murpmomyzaeaﬂemw¢Luyaau cgnficdlm 505,

t he insul atfgﬂﬂgaﬁ] 506 e i ng! %’[I ng film>507 is described; however,
t he nunb8FCH™MS 8518{/ ®between the first transistor 501
and the ggeepd tranS| stor and between the third transistor 502 and the

second transistor is not necessari I]% three, and one insulating film two
i nsul ating filNext, as iljustratedin fdpell sajgam}@trpm 081 rag clestrpdasnedly. are

20  formed over the insulating film 507.
[0122]
The gate electrode 601 and the electrodes 602 can be formed to have a
single-layer structure or a stacked structure using one or more conductive films using a
metal material such as molybdenum, 'titanium, chromium, tantalum, tungsten,
25  neodymium, or scandium; an alloy material which contains any of these metal materials
as its main component; or a nitride which contains any of these metals. Note that
aluminum or copper can also be used as such metal materials if aluminum or copper can
withstand a temperature ef heat treatment performed in a later process. Aluminum or
copper is preferably combined with a refractory metal material so as to prevent a heat
30 resistance problem and a corrosion problem. As the refractory metal material,
molybdenum, titanium, chromium, tantalum, tungsten, neodymium, scandium, or the

like can be used.



[0119] The insulating film505, the insulating film506, and the
insulating film507 are formed using materials which can withstand a

t enper at uge 29f1/d3esk treatnment in a later manufacturing skeRpIReRkid cally,
it is preferable to use silicon oxide3d silicon nitride, 10 silicon nitride

oxide, silicon oxynitride, alumnumnitride, alum num oxide, or the like
for the insulating film?505, the insulating film506, and the insulating
filmb507. Also, in this specification, an oxynitride conpound denotes a
mat eri al m@’ ai ning a higher quantity of oxygen than that of nitrogen, and
anitri dé oxi de conpound denotes a material containing a higher quantity of
ni trogen than Foaexahploxygentwd-Hyod 26hicture of the Aasuelagedeob0t haadi theul at i ng

L T e Ty
el ect rodg,BbheAft FHCRIGRIES 0PY2ntl1EmAP HilRda W@ﬂa}e'ﬂgtrh&&ﬂé' it men &i | m 507.
[0122] The gate el ectrode 601 and the el ectrodes 602 can be forned

t o have mddyhighenlfilyens stackmdt ove orcoppest Hloked tebdayet strectuss g vdneh ar nor e

conductive fil ns .ysi a netal. materjal., such nol ybdenum _titanjum
o ons it ARG (st SHrasd e oS SRt A CaPPah FuP| B9 fat or i al

whi ch copf@idyer @ment id RERE A REALMTBLRE fASnd% hoSbi&uh SRIRRNeRked.OF a
nitride which contains any of these netals. Note fhat al um num or copper

can al soAsa theedayes stsuatine b the gateatleqtiode 01 aind therrlentnodes 6o tsdpllowme

w thstand a.tenperature of heat treatnment .perfgorned ip a |ater .process.

Al um nuny 8 Ee e Skl el BRsPRam i T i Bl i el S o 1 a
SO a0t Oalhfi@htand dilkén, 30 J110§i fHlABE Qlupdifth edfdafidniant Wl AShigy AmRIfem As
the refractory netal nmaterial, nol i/bdenum titanium chromum tantal um

t ungst enalugdeHYy mnd eod v i Biddienlayer prd ampoba tysgsten fiyy a tungsten

2011/ 089 P 7 . PR -l ayer
struct ur gﬂ%&?ﬁ% aég%éel(ngll Ié@it%?(g%g’ %gjjlaz%]ﬁ%m%félmeine{@%%gglg(}o%?mt e?afy%wl)ovm ng
structur @¥l2die preferable: a two-layer structure in which a nolybdenum film
is stacked ove nalymnumfjlm a two-]ayer_structure in which a_5

mol ybdenum f i !ﬁw Ttk éaﬁwaﬁmgao’eeﬁa&aﬁ% lYen{ﬂHa?f w&mr%g;@?ie,s%nrﬂ&mfe in

Whi ciis @ bR oW e ini rindfkidd (IRIALSHD,! 26H:& ;e B IFdHan alibi'bf maflRekRd over a
copper film and a two-layer structure in which a'titaniumnitride film and
a nol ybdemlimirci bxider gins taides dzincAsluminim eexillqyanc sdumiotor exwiitridne zigat e

o oot 0050 AR b kSl 8% S T BRI 1 oy 11 m
of [0125]
The thickness of each of the gate electrode 601 and the electrodes 602 is in the
20  range of 10 nm to 400 nm, preferably 100 nm to 200 nm. In this embodiment, after the
conductive film for the gate electrode is formed to have a thickness of 150 nm formed
by a sputtering method using a tungsten target, the conductive film is processed
(patterned) into a desired shape by etching, whereby the gate electrode 601 and the
electrodes 602 are formed. Note that when end portions of the formed gate electrode
25  are tapered, coverage with a gate insulating film stacked thereover is improved, which is
preferable. Note that a resist mask may bc formed by an inkjet method. Formation
of the resist mask by an inkjet method needs no photomask; thus, manufacturing cost
can be reduced.
[0126]
30 Next, as illustrated in FIG. 10C, a gate insulating film 603 is formed over the
' gate electrode 601 and the electrodes 602. The gate insulating film 603 is formed

using a film having a single layer or a stacked layer which includes a silicon oxide film,



10 alum num and silicon, an alloy filmof alum numand titanium or an
alloy filmof alum num and neodymiumin a mddle |ayer and any of a

t ungst en wol2m1/89dogngsten nitride fil a titani um nitripde/gprdiom728sd a
titaniumfilmin a top layer and a bot om | ayer. [0124] Further, a
light-transmtting oxide conductive filmof indiumoxide, an alloy of

15i ndi um oxi de and tin oxide (1n203-Sn02, abbreviated to ITO, an alloy of

i ndi um oxi de and zi nc oxide, zinc oxide, zinc alum num oxide, zinc alum num
oxyni t ri dgijlicgh Afridefilrh WRiRedndSynRfidd HBn,ld $BcdifrfR JAERAiIAS ah ARINYALA

el ectrode 601 and the el ectrodes 602. [0125] The thickness of each of the
gat e el eexidpdiémas@nalyminunh sitiedeiing, ad @bungio 2mj ax ynitrideBlng @nrafurgi@uwf nittlenm t o

ferably 100 200 In thi di
conduct i D6 s Spriti Cledngy Be st O oy FRBT s it Fbiedinges of 150

nm f or meehefiodaa Sputtdrinigi MEGho®IdraBe URE.NAt & préfgsle that &icd@ite idsiRtiGOMIMCE i ve
filmis processed (patterned) into a desired shape by etching, whereby the
gat e 2l eb0? JwdndsompaFtics sishas apqiptytseer Ipoipogenastliyiorasipossie tIndhe @tsen end

i . . : it h
meul ati e suieh g A7 & BxfEd bPdSputorndfe FER Mhon R AR E" 0, 37 ©

that a resgatis owslkasnaardee ahd brRBgEnhy amiiedkdastof BRYFedchndFapdmls wwad @k at he

resi st mask by an inkjet nmethod needs no phot omask; thus, manufacturing
cost canSPHHHBEERRd. [0126] 30Next, as illustrated in FIG 10C, a gate

i nsul ati 2f7!)I m 603 is formed over the gate el ectrode 601 and the

el ectrodes 602. The gate insulating film603 is fornmed using a fil m having
a si hyl e | ayer The oxids samientucty ¢hrat whinede forte] andetsp@osidt samicondicthe ok il m WO
2011/ 0898Q8PCT/ JP2010/ 072839 36 a Si | i@on ni tr.g.%ﬁ fid!gm a si)ican

oxyni t ri dESERPAY 4HERY B PRTIPPHYCOKi wehiy-pygitied, oxjdasemipensec9s) ¥l m  an
al um nundmdvial @ ifdpuftiels akiddth{BeRNHN 6 iadeintdrfadt stfle ahdMINHRPdL! | de
oxide film a hafniumoxide film or a tantalumoxide filmby a plasm
enhancedeclexpcerabatgsdthus, enmactasistipgohen irderfacyrbetwieen thkdiighly-pugtipd ekigleabl e
that the_gate insul ati filmy5 .603..1n de tnpuriti such noi sture or
hydr ogenseglglcﬁl({utc Og aélg tggsgéf‘ #%fnesplaf"ﬁg Sf H%l §éz)§sjém rrgﬁoé{aé&'s?ﬁ}e{:e ﬂreogﬁedgatf:i Imis

formesl binsalatipgtil@r (GIY th@t Ko, coatast Witothet RigHgtpw@ificd i@ b@micaidiRtori S used
as a-target and oxygen or a m xed gas of oxygen and argon is used as a

sput t er i Rgpdgarbe pipiglypuality.
[0128]
For example, a high-density plasma enhanced. CVD using a microwave
(frequency: 2.45 GHz) is preferably used, in which case an insulating film which is

20  dense, has high withstand voltage, and is of high quality can be formed. The
highly-purified oxide semiconductor and the high-quality gate insulating film are in
close contact with each other, whereby density of interface states can be reduced and
favorable interface characteristics can be obtained.

[0129]

25 Needless to say, a different deposition method such as a sputtering method or a
plasma enhanced CVD method can be used as long as a high-quality insulating film can
be formed as a gate insulating film. In addition, any insulating film can be used as
long as film quality and characteristics of an interface with an oxide semiconducfor are
modified by heat treatment performed after deposition. In any case, any insulating

30 film that has a reduced interface state density of an interface between a gate insulating
film and the oxide semiconductor and can form a favorable interface as well as having a

favorable film quality as the gate insulating film can be used.



10The oxi de sem conductor that is made to be an i-type oxide sem conductor
or a substantially i-type oxide sem conductor (highly-purified oxide

sem condugbonidiysogenoval of inpurities is extrenely sepgiriyp¥gobhDgdN
interface state and an interface el ecthic charge; thus, characteristics of
an interface between the highly-purified oxide sem conductor and the gate
insulating film®603 are inportant. Therefore, the gate 15 insulating film
(A) that is in contact with the highly-purified oxide sem conductor needs
to be of [(hi3g quality. [0128] For exanple, a high-density plasma
enhanced CVD using a m crowave (frequency: 2.45 GHz) is preferably used, in
whi ch case an Tixs patatinsutpting [fimw{i3cinay dai0a stestisre, in wdectharg mswiatihg fidmd

vol tage, .and . is. of high. qual.ity can be.formed. The highly-purified oxide
s condlitisR Sifg 3 Mt hotba BEh avs” SHUG XA gt PSR et Dge
contact Pro%_@ﬁibn%fr}ﬁfrogéﬁhs%Eﬁlay adaReh toki®f filohbes kiesn sk RtifRIcGAMm Be reduced
and favorable interface characteristics can be obtained. [0129] 25Needl ess
to sa¥y, stadkiedf efrethat dapoghe ilnmulatiogHolth sudhhasg silicopuetide ifibg omet sdiboor a

pl asma enhanced D peth an be used.as.]opg.as a. hi,gh-quality insulating
Pl T canoRanrar fat mLoripeg efin s SRR e P E a Bish i e dnl s g
Film cantexiedniondaddr &l | ARHiaUabilhtingfilh 6\dh@a hefh BdrieSpoperd)) a
interface with an oxide sem conductor are nodified by heat treatnent

per f or mediligdn aitridrelilysja sikigpn nityidgPxidesfdlm, ag Wumingm nridadilmg an pluningiRat has a
reduced i . ensl f . EDt e . i-nsul ating
i1 m andlPHE GESARATNA (PR% cob WP pih, I CRERARD PHISERNZ: AR EiRY 26 W21
as havi nhigh Haavarpabpeztyf islused)wal thatyimparitibeingat stmosphergtsudiy a$ molter@rorbe used.

[ 0130] The gate insulating film 603 may have a. structure in which
an i nsul BY4TREE™ ioF anPB’r‘%*dmﬁ]é‘ﬁFfi; ”h%T‘Fai"éﬁSﬁr%{E 4 i%%g?{naalhfﬁg metrrieheayy oper ty
and an i Hl%wl,aéah'Bg,plfrédemeﬁ%}’dnﬁlgntkzﬂfg% H#eﬁ%%&eﬂﬁcdhfdu&bf fiRgaRe BMEIn@fuigeSI | 1 CON

oxide filmor a silicon oxynitri mare 5 stacked. IR that ca§e, t he
i nsul at i fin 0B norsthe nterdace teiwd¢endhe oxiddeemidonthatordilgi andcawthex ymsutatinde il m

is formed, between .the insulating filmhaving.a high barrier property and
![ he oxi dghgé nvdﬁ‘gﬁﬁ:theféjqu inAgddt“:’%l’ itqfs‘\é%‘gg?wp?ﬁ’%&“hﬁm OH OBH’fﬁar rier
Propes t Ynitdgsh SichQR anilidon @Ridel il orth SliédrCOFntilE FHE iCpoheed §d hddo rNnal um num

nitride film an alumnumnitride oxide film and the |ike can be given,

for exanpomdact Phith theseride isergicpndueidrafilim goathat] the Hngythatingr filne haping pekigh i s
used, 5ot Rat oI ARHE ek 62 ohdleRRy HITPBRAEiS cofda S DL RAE LS REndegl; 0T8N,  or
inmpuritieés FnBiHded T Pt REVSUBS AL 878Ut FORE“ an L e T RCOH T, heavy
met al , cHlnldgeqlyevented fromentering the oxide sem conductor film the
gate insulating film®603, or the interface between the oxi de sem conduct or
fil mandlMadl her insulating filmand the vicinity thereof. In addition, the

| nsub@ting fi 'ﬁar@}(f'ngﬂa LQt‘ﬁ’cl&fdQBfJ tfih?ﬂm?l; auﬁ@n@&sﬂg%%ﬁ}ﬁt%g bg?orﬂleﬁiaki con
oxide filmor a silicon oxynitr de filmis Formed So as e in contact
Wi t h t hethexgaie isanitia@ ilc 603 af ifbllawssa $iliadn hhedd fiswl @INNQ Bidnwidvang a

hi gh barrier property can be prevented from bei n? in contact with the oxide
ttering method as a first gate

sem condthéekaessiaf|3p ran 29] gm, inghisiyp is formed by a spu
insulating film, and a silicon oxide film (SiO, (x > 0)) with a thickness of 5 nm to 300
nm, inclusive is stacked over the first gate insulating film as a second gate insulating
25 film. The thickness of the gate insulating film 603 may be set as appropriate
depending on characteristics needed for a transistor, and may be approximately 350 nm

to 400 nm.

[0132]

In this embodiment, the gate insulating film 603 having a structure in which a

30 silicon oxide film having a thickness of 100 nm formed by a sputtering method is

stacked over a silicon nitride film having a thickness of 50 nm formed by a sputtering



20For exanple, a stacked-layer filmwth a thickness of 100 nm may be
formed as the gate insulating filme603 as follows: a silicon nitride film
(Si Ny (y woQpji/osbgoB a thi ckness of 50 nmto 200 nm i nclrasiyemiis728sr ned by
a sputtering nethod as a first gate i #sul ating film and a silicon oxide
film(SIQ (x >0)) with a thickness of 5 nmto 300 nm inclusive is
stacked over the first gate insulating filmas a second gate insulating 25
film The thickness of the gate insulating film603 nay be set as

appropri glethodapehgiedd on characteristics needed for a transistor, and may
be approximately 350 nmto 400 nm [0132] In this enbodi nent, the
gate insl@@Bing fil m 603 having a structure in which a 30silicon oxide film

havi ng a thickgpess, of 100 nm formed by a sputterjng nethod i.s stacked over
A e A G e R e S D T
WO 2011/ OBE808RedgehPad0/ tQd DR sehhib®idnedr,i chafRtciBAes 6O #@3dransistor are Not e

that the gate insulating filmis in contact with the oxi de sem conductor.
When hydpdseseherffestest; theecfpse Hds peshsralln dint thyy gate ingulatingfils dp awt egntaine
transi st fected: I r T .ef bl at the
gate i nsﬁf%{? éeﬁlg%?' ?ﬁﬁ%%g@é{oﬁ%ﬁt a?“n"?ﬁ‘%?‘é}gteh%, &ﬁ@@ﬁs%l@?é? hg{]rllgb?mcf)g a%JnE e. In
order t hat littlehygedgenj malibaylj a1gl hblstir6 a3 positilgiing @sfekdbld that by hpaes,

hydr oxyl, and noi sture as possible, it Is preferable that an ir’r(ri)uri ty
adsor bed2&Rriedeo 1B tsehstets 980, sudh adneisiues QF dydroga)dPe gaininged endni nat ed

and remoyaeh Ry R HlGEkinEIhd RebstdRS§02 08P ARichOME ealbiERrddl &AL flect rode
Obg/l 1383 6 rge gqla

601 and the ectro 2 are tformed, inap eat1 ng er of a

sput 1@r i plgctaqiear@use fasnal, pnet peehtatorgt caorbef iof m $prteehg @appardtus, beaper at ure
for the preheating is, 100 Ct{o 4 C, inclusive, preferably, 150 C to 300
C i ncl uBleigaimaat o7 Bleh JQuFatisn- uro{gtf (mpvRbEe foh theppreprabmgasi MY chdftber, a
Cryopunp hs opr tRatot i fo i tr .omtted.
157 or34] 08 B TR Trebbfy 138 0¢ W SR TEAIRILAR, | ACHE R halBh gfiuc™ 1€
sem condpividedf id nhdgvétegting tdhhmberess cpfopampmid @redO@blrm Notel that Ris
preferably 3 nmto 50 nm_inc|lusive, nore preferably 3 nmto 20 nm

i ncl usi vBrepgatingtrgatment gan bsomitedeni conductor filmis formed by a sputtering
met hpd ugjyag) an oxide sem conductor target. Moreover, the

Next, over the gate insulating film 603, an oxide semiconductor film having a
thickness of 2 nm to 200 nm, inclusive, preferably 3 nm to 50 nm, inclusive, more
preferably 3 nm to 20 nm, inclusive is formed. The oxide semiconductor film is
formed by a sputtering method using an oxide semiconductor target. Moreover, the

20  oxide semiconductor film can be formed by a sputtering method under a rare gas (e.g.,

- argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of a rare gas (e.g.,
argon) and oxygen. |

[0135]

Note that before the oxide semiconductor film is formed by a sputtering

25 method, dust attached to a surface of the gate insulating film 603 is preferably removed

by reverse sputtering in which an argon gas is introduced and plasma is generated.

The reverse sbuttering refers to a method in Which, without application of the voltage to

a target side, an RF power source is used for application of the voltage to a substrate

side under an argon atmosphere to generate plasma in the vicinity of the substrate to

30  modify a surface. Note that instead of an argon atmosphere, a nitrogen atmosphere, a

helium atmosphere, or the like may be used. Alternatively, an argon atmosphere to



20 oxi de sem conductor filmcan be forned by a sputtering nmethod under a
rare gas (e.g., argon) atnosphere, an oxygen atnosphere, or a m xed

at nospherwoabiimspsse gas (e.g., argon) and oxygen. [013prTi¥etmonizase before
t he oxi de sem conductor filmis for by a sputtering 25 nethod, dust
attached to a surface of the gate insulating film®603 is preferably renoved
by reverse sputtering in which an argon gas is introduced and plasma is
generated. The reverse sputtering refers to a nmethod in which, wthout

‘appl i cat WhﬂzhocﬁxyF@ﬁ: NEbUsAI§dd, Br hd BKORadlb@fhayat 3Ed POMEEhes AHEGSVely, used for
application of 'the voltage to a substrate side under an argon atnosphere to

gener at edphrgonatmesphére ty wbiahi dhijoroike, ¢diborsighstlvciids, orthg kot dddeimaybtace.

Not e t hat idnstead of an argon atnosphere, a nitrogen atnosphere, a helium
at nospheP¥% or the |ike may be used. Alternatively, an argon atnpsphere to

WO 2011/ ig88p8PCT/ JP2010/ 072839 39 whi ch oxygen, nitrous oxide, or the like
i s added may be used. Further alternatively, an ar_ggn at nosphere to which
chl or¥ ne, car b&f destrrbgfl| above.des ther oxide seineonilectordfién, theyfdblowing @xidg0136]

5As descrj ve, as the oxide senm conductor fil,m_the foll owi ng oxi de
sem condtgjec lgggﬁgg)ﬁs afSo %130 u§%d:ug%ds‘q5at%lra%é?a§yrre eézfl oXi de Ssuﬁiéh a sagn

| n- Sn- GainZBn G abBsEbAxd dexige nseobohlicr; a2 teMhfjamyetaietoxideoxucle suah as an
I n- Ga- Zn- O- based oxi de sem conductor, an_In-Sn-Zn-0O based oxi de

seni condlicParin-Qrpased Rridy prrmicordustproali MeStsEni(@bated e seicddagiozgn O based
oxi de Sem-ggmktﬁ.tb%ed d@&é&ﬁka@%—c@;a%g-%ﬁ.l%-@ib%%d %?mecs%gi(w)%tdgﬁor gpd a

Sn- Al - Zn- O based oxI sem conduct or; inary nmetal oxide such as an
| n- Zi6 O Ba$dZo-bsed e ndxdda d isetmiegndactSn - ZandD)- bas é8h-AkZdd)-basedc opnsgidet or, an

Al - Zn- O- based oxi de sem conductar, Zn- My- ased oxj de sem conductor, a
Sn- My- O 6‘3’%‘8&“‘@%0&%" S’é‘ﬁfyc@ﬁﬁﬂ@f F,S“‘g"nasl ?’ﬂ’\/gb-?‘b%ﬁé%?é@l O e FEMICOR WS dAct or, an
| n- Ga- O Basgdomsiae oxtd¥ %&H%ﬁ&ﬁtér, ath l@LZ}i-@r-}%é@doyﬂdé d&nﬁé‘éﬂdﬁ@t@ﬁ“ﬁt or; a

Sn- O based oxi de sem c.onduct.or; and a Zn- O-based oxi de sem conductor. The
above oxZddMgéhbeoddoddorsemigonidngbude Si-MgeQrbas¢dd3ide semiconductor, an

In-Mg-O-based oxide semiconductor, an In-Ga-O-based oxide semiconductor; an
15  In-O-based oxide Semiconductor; a Sn-O-based oxide semiconductor; and a Zn-O-based
oxide semiconductor. The above oxide semiconductor méy include silicon. |
[0137]
Alternatively, oxide semiconductors can be represented by the chemical
formula, InMO3(Zn0O),, (m > 0). Here, M represents one or more metal elements
20  selected from Ga, Al, Mn, and Co.
[0138]
In this embodiment, as the oxide semiconductor film, an In-Ga-Zn-O-based
oxide semiconductor thin film with a thickness of 30 nm, which is obtained by a
sputtering method using a target including indium (In), gallium (Ga), and zinc (Zn), is
25 used. As the above target, for example, a target having a composition ratio of metals,
In:Ga:Zn = 1:1:0.5, In:Ga:Zn = 1:1:1, or In:Ga:Zn = 1:1:2 can be used. The target may
contain SiO; at 2 wt% to 10 wt%, inclusive. The filling rate of the target including In,
Ga, and Zn is 90 % to 100 %, inclusive, preferably 95 % to 99.9 %, inclusive. With
the use of the target with high filling rate, a dense oxide semiconductor film is formed.
30 [0139]

In this embodiment, the oxide semiconductor film is formed over the substrate



Al ternatively, oxide sem conductors can be represented by the chem cal
formula, InM3(ZnO ", (m> 0). Here, Mrepresents one or nore netal

el enent s w0 298lmegoed from Ga, A, M, and Co. [0138] PCT/JP2010v01283%

enbodi nent, as the oxide sem conduct of0 fi | m an | n- G- Zn-0-based oxi de
sem’conductor thin filmwth a thickness of 30 nm which is obtained by a
sputtering nethod using a target including indium(ln), gallium(Ga), and
zinc (Zn), is 25 used. As the above target, for exanple, a target having a

conposi t koM ak %"Bll&v@fthér%ﬁ@tﬁte Isnh i e cHandbe® with bRbséie 48diuted;: rbsidual O
In:Ga:Zn = 1:1:2 can be used. The target may contain Si 02 at 2 W% to 10

W % i ncmegstyre, mTH@ Fhdnbengsrzmoved, 2 putaingegas fionuditigh thydrogen aadd Zn is
90 % t 100 | bl 5 %t 09.9 % | i ) yth th
oo ot Ot e gef SapSyetnss dRrSdeE o, BR abole ek s dkedso At Bmautn: 11 m
5 1 o o0 4ahe hmmmm@&@%e@w PRLILOFRAIHG00 Auufpid.ons: the

substrate is held in the chanber with pressure reduced, residual noisture
in the cheiséere. i $ilmedowadon as petfoineed mhilgabe fsubmamlscheamtlr\zdwbyathd
noi sture are renpv iS introduced, .and the above t ?ﬁh_?ls used. At that

time, thEORGBETHR Y eI hERUEChIN PEXEETEERIECIOT HUT (&Y, CAB P& er abl y

200 C t ordiiBeds, InndlitiohUsdnvse dule! tB)sh@ftd Rzl @R HeSreB@deldOr Perdehid fntdie
substrate is heated, whereby the concentration of an inpuri ty contained in

t he oxi deesihgl m@w@uemthef tirerammereirqlaémlb@raﬁn lgatrapeent edcuunh pueidiis profcrablsinage due

to sputtering rder_to renpve. r. isture. in the
oot monibed 9 FER xRSl At B e 6 ¥farif &ﬁﬁm o0 Bymppis,

exanpd e, aefaﬁbacymsem Hit dvatuatidiunitahiayebd & tdbo puinprovided wah apietdtras 10
pr ef erabe used. The evacuation unit ma?/ be_a turbo punp provided with a
col d trah the,deppsitinspehambes Wik ibevagmaiednwith tBe EveRuE. Pt 1§Xemelec Ay opunyp,

for exa”ﬂ%«ﬁ%?n Qt}ég{ Q%Harpgpﬁcfrb% ain QHMo%&P&tB}nngﬁ& z%\g%(tgl{ ﬁ%%g @B&@ such

as water , (mbre prefera so” a tonpouhd cont arbon
aton), apctfdrhly) alke aaccanpcvaed;tamﬂngraebyrbbmeat@n);czmdt matlll@namfremnvedrpurl ty

contai ned.in thF oxi de sem rgnduct or, filmahs f Ce)tieme‘d.' n the IE}'iTP

chanber ®HABY e goRasatratiqy 9fogn impurity copgai Qs Bt tion
condik i Oﬂﬁ»meghﬁt}fél&bgsn% gﬁﬁib%p&ntg}erem§trate and the target |s 100 mm
the pressure is 0.6 Pa, the direct-current (DC) power is 0.5 kW and the

at nosphet®40§ an oxygen at nosphere (the proportion of the oxygen 20 flow
200, g S R S0P S SRR PR BN b2 111
t hi cknessutzaiteRad MRd@rdénisf100mm| B PHdssire i90 dera, thRaircbbeirnt dRCpRIwegonduct or
filmcontains as little hydrogen, hydroxyl,
is 0.5 kW, and the atmosphere is an oxygen atmosphere (the proportion of the oxygen
| 20 flow rate is 100 %). Note that a pulsed direct-current (DC) power supply is preferable .
because dust generated in deposition can be reduced and the film thickness can be made
uniform.
[0141]
In order that the oxide semiconductor film contains as little hydrogen, hydroxyl,
25  and moisture as possible, it is preferable that an impurity adsorbed on the substrate 500,
such as moisture or hydrogen, be eliminated and removed by preheating the substrate
500, on which the process up to and including the step of forming the gate insulating
film 603 is already performed, in a preheating chamber of a sputtering apparatus, as a
pretreatment for film formation. The temperature for the preheating is 100 °C to

30 400 °C, inclusive, preferably, 150 °C to 300 °C, inclusive. As an exhaustion unit

provided in the preheating chamber, a cryopump is preferable. Note that this



25 and noisture as possible, it is preferable that an inpurity adsorbed on
the substrate 500, such as noisture or hydrogen, be elimnated and renoved
by preheaypngiilfdesegubst rate 500, on which the process upcigpaigoi2gsd udi ng
the step of forming the gate insulatiflg filme603 is already perforned, in a
preheati ng chanber of a sputtering apparatus, as a pretreatnment for film
formation. The tenperature for the preheating is 100 C to 30400 C,

i ncl usi ve preferably, 150 Cto 300 C, inclusive. As an exhaustion unit

Phie. “oPoBed s BEaaRat SR B Sr0k s or GNP HIE Arindltfy ShAPE: sk et
om tted. peifiorintedron theisubgiraad 660 iongwifely threp®ess lwr foyandeintiadingdhe Btep e

substrate 500 on which the process up to and including the step of formng
a sour cel¥mies ¢ sRpEcegactrode V8 %d@rne@%qff@é@ 68B.oAndarigings gl%@séléfﬁlaltr‘?f‘dﬁm is

al r eady ees nféd. nsulating film614. 5[0142]
Next , asBi&Irfﬁg@{set ratfogqflﬁfoﬁ;mran@n %PJJHE%] lg[nlg}é}e sem conductor filmis processed
(patt@rn{a(mmz] into a desired shape by etching or the |like, whereby an

i sl and- shaped i de sem co duc film 605 is for d ov the ate

nsul ating 111 NFE0Ss ARG Hof 4 G, PR gRie Semicrrouer B iseg)

A resi st ﬁﬁ%lﬁeﬁ%té 9'&@31% sfhE'ﬁe b?bt@ﬂﬂg%ﬁ‘@l&eﬂk@w}ﬂ%@eﬁ' 1§1Qﬁkﬂ§'l§£p@& oﬁdd' m 605
may beforrre y an inkjet nmethod. Formation of thé resist mask by an

i nkj et rre@rh@dnm@@dsfllm&%hetfmmslkovet Hhegatemmsulfitang filmh 63 ¢wsterlprwibetheeduced.

[ 0144] 15 écil s the etching of the island-shaped oxide sem conduct or
fil m605ga(‘3|¢53 ?eh? g, wet etching, or both of them may be enployed. As an
etchimg gmsizfor dry etching, a gas containing chlorine (chlorine-based gas
such as chlorine (C12), boron trichloride (BC13), silicon tetrachloride

(Si C14), or caAb@}‘ﬂSttné%Si(é Irﬁoanméh% chndjshaped W@r@ﬂmwﬂumeﬁlm AP? Bvaiat i vel y,

I
Cetrar | uoy oo, ot SOUPE ibfhol, *FOmroRast e iot R B2 of MBRCRRod (g
or trifl Uéﬁ‘cbmiBtphamﬁlaélﬁl'ﬂE&),)nanhﬁadﬂilﬁggﬂosbk:ﬁn‘bdﬁad(lbﬁ) oxygen (02), any of

t hese gafes o which a rare gas such as helium (He) or argon (Ar) is added,
or the | 1%&4tan be used. [ 0145]

15 Note that as the etching of the island-shaped oxide semiconductor film 605, dry

etching, wet etching, or both of them may be employed. As an etching gas for dry
etching, a gas containing chlorine (chlorine-based gas such as chlorine (Cl;), boron
trichloride (BCls), silicon tetrachloride (SiCly), or carbon tetrachloride (CCly)) is
preferably used. Alternatively, a gas containing fluorine (a fluorine-based gas such as
20  carbon tetrafluoride (CF4), sulfur hexafluoride (SFe), nitrogen trifluoride (NF3), or
triftuoromethane (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.
[0145]
As the dry etching method, a parallel plate RIE (reactive ion etching) method
25  or an ICP (inductively coupled plasma) etching method can be used. In order to etch
the film into a desired shape, the etching condition (the amount of electric power
applied to a coil-shaped electrode, the amount of electric power applied to an electrode
on a substrate side, the temperature of the electrode on the substrate side, or the like) is
adjusted as appropriate. |
30 [0146]
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, ITO-07N (produced by



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

met hod 25 or an I CP (inductively coupled plasna) etching nethod can be
used. | n woaeri/dsesoet ch the filminto a desired shape, trergbpmhinmpssondition
(the anmount of electric power appli ed? 0 a coil -shaped el ectrode, the
anount of electric power applied to an electrode on a substrate side, the
tenperature of the el ectrode on the substrate side, or the like) is

adj usted as appropriate. 30[0146] WO 2011/ 089808PCT/ JP2010/ 072839 42 KANTO

CHEM CAL kGATO |MEMICRY. 06, UNed) miPee Qfs@d"anfheaétél?éht Lh&E WEtw R EdhimDisi S

renoved together with the étched material's by cleaning. The waste |iquid
i ncl udi ngenumdetogd’qhmtwammet ¢tehadameterials lrytdhming)f fTheayadte liguadi incledingnd t he

mat eri al reused. n er| as .indiu ai.ned in t he
oxi e ceMteSaLES B Mg Creled B iy b PRARR U AS AR BbaF st ho
et chi ng gngnremaRHal SUBR af BRI CBRtaiR ubqleetfxf]aecge@n&ddauu@eﬁhﬁﬂﬁca%tecic an be
reduced. [0147] Note that it is preferable that reverse sputtering

be pe? f ofreeuthpavastediquidbafierthaetiching and acusehdhe rdsgerces ¢amtiereticisnibsesgdent st ep
so t hat %nc[gokgangead% or the like 10that is attached to surfaces of the
i sl and-s apeci’ 3 e S conduct or fil m 605 and the gate insulating film®603
I's renoveei47] 0148] Note that it is found that the oxide

sem conductor filmformed by gutterl ng or the like includes | arge anount
of inpurities Nohthas it i’ﬁf?ré r thRY aPGEREnsPUSTiBE (heeperiagmad dbatgigr tgen

easi |y 1 ofim 8o 8P cohfive 3 i Guﬁlb@?c{u% ?;F]WHH'E LiLES rkﬁdﬁé‘& AXIHE

sem conduct or. %E In one err%odl men resent inventron, 1n order

t o reeuceaais atmphnfd toysusfacdss Gfsthﬁmlﬁtdﬂfﬁpm oxidel rsag&nnductdrkfﬂno&(bijmd the

sem conduct or |Im he treat is perforned on the oxide sem conductor
fil m 6058HFgEH aé‘ﬁgé‘tlrf’r@éﬁ%‘iﬁéméﬂg ‘ni trogen, oxygen, ultra-dry air (air in

whi ch a t4g¥ content is less than or equal to 20 20 ppm preferably |ess
than or equal to 1 ppm nore preferably |less than or equal to 10 ppb), or a
rare gas (ar goNoterbati itiis founrd thiakthe iok&she semiconductor film formed by sputtering or

the like includes large amount of impurities such as moisture or hydrogen. Moisture
15 and hydrogen easily form a donor level and thus serve as impurities in the oxide
semiconductor. Thus, in one embodiment of the present invention, in order to reduce
an impurity such as moisture or hydrogen in the oxide semiconductor film, heat
treatment is performed on the oxide semiconductor film 605 under an atmosphere of
nitrogen, oxygen, ultra-dry air (air in which a water content is less than or equal to 20
20  ppm, preferably less than or equal to 1 ppm, more preferably less than or equal to 10
ppb), or a rare gas (argon, helium, or the like).
[0149]
When heat treatment is performed on the oxide semiconductor film 605,
moisture or hydrogen in the oxide semiconductor film 605 can be reduced.
25 Specifically, heat treatment may be performed at 300 °C to 700 °C, inclusive, preferably
300 °C to 500 °C, inclusive. For example, heat treatment may be performed at 500 °C
for approximately three minutes to six minutes, inclusive. When an RTA method is
used for the heat treatment, dehydration or dehydrogenation can be performed in a short
time; therefore, treatment can be performed even at a temperature higher than the strain
30  point of a glass substrate.
[0150]



[0149] When heat treatnent is perforned on the oxi de sem conduct or
film®605, noisture or hydrogen in the oxide sem conductor film 605 can be
reduced. wd2ofipsesosi cal |y, heat treatnent may be perfor wed/ato16002s8 to 700
C, inclusive, preferably 300 Cto 5004, incl usive. For exanpl e, heat
treatment may be performed at 500 C for approximately three mnutes to six
m nut es, inclusive. Wien an RTA nethod is used for the heat treatnent,
dehydration or dehydrogenation can be perforned in a short time; therefore,

treatnent can hﬁtlﬂ@rérﬁﬁdﬁ?ﬁeﬁV% AecRichETRRLEL WL RI GReTort RaR ddemelr ai n
30poi nt of a glass substrate. [0150] WO 2011/ 089808PCT/ JP2010/ 072839 43

I n this eprodisesntysedn el ectrical furnace that is one of heat treatnent
appar at uf@% 'Ls used. [0151] Note that a heat treatnent apparatus is not
limted dh electrical fur nace, and 5 may include a device for heating

an obj ect to bRoRIASESERH teMntaBhp iU thbPImPed REAE clea@ical fuftact,rAMm a
heating el enent such as a resistance heating el enent. For exanple, an RTA

(rapid t mayria¢ludmndayipe fdwatingian sbickl tadeapraperred ypabeat gpdictine orétatanneal )
appar at u?ad? tlonr}rom a'ﬁ‘ezgtmé < a{{la I d targearrg%star?cer}leagn%ﬁ Calglgleltlt at %ér %)?&%8)2% saﬁzegy An

LRTA apparatus 1's an a an o

radi at i oRTAf (rhpighthein@dd anhlal |aF§irﬁlQ§99@Bl€talsCa \GRRY (4% tapRU tHer@A andedlyp such
as a hal ogen lanp, a_netal I de | anp, a xenon arc |anmp, a carbon arc

| anp, a APRFRALPY @%%%@Tédéﬁwq%gxenapl @“ﬁi‘léﬁpﬁﬂ@%eﬂéb%ﬁ%r A0 BRBA"A” GRTA
t
e e gl B isRBLRLS, (hOA NGB LR R prbSlsif B PoBlich SPREREGHT © oas

pr océs s edleblyorhagiictit vaat)raantied fum hmpmut:hi agehalogenalamay Engaﬂ; hslidzHamp, ar gon
i s used. 15{10152 Not e t hat Qwhe heat tr at ment , jg is preferable
that moi 8GRY 358 Bg AATOAM AT HEIPY b bish-@reRgte SOsHmTHER Grrd b PEGEHCOr a

rare gasnpip&iy agmpe! wrmRmoa]apa%usaw% afgardtSs %Iefh%ataft)ﬂeﬁn{ehatus}dgeapur' ty
of nltrogen or the rare gas such as hel Ium neon, oOr argon

i nt r oduchbighitemperaturegas. t Psethergns, aappert gaushish doet notorehe wltlgheob]bd:tetn or
((388%9;856 E%%c%élﬁégy p%a??rteﬁtﬁephgﬁcﬁ]? &%gf@ Fg{el%gg‘ip@o# i uallf Ht . (7)rN equal to
1 ppm p[@Eferably | ower than or equal to 0.1 ppm. [0153]

Note that in the heat treatment, it is preferable that moisture, hydrogen, and the
like be not contained in nitrogen or a rare gas such as helium, neon, or argon. It is
preferable that the purity of nitrogen or the rare gas such as helium, neon, or argon
which is introduced into a heat treatment apparatus be set to be higher than or equal to

20 6N (99.9999 %), preferably higher than or equal to 7N (99.99999 %) (that is, the
impurity concentration is lower than or equal to 1 ppm, preferably lower than or equal
to 0.1 ppm).

[0153]

Through the above steps, the hydrogen concentration in the oxide

25 semiconductor film 605 can be reduced and the oxide semiconductor film 605 can be
highly purified. Thus, the oxide semiconductor film can be stabilized. In addition,
heat treatment at a temperature lower than or equal to the glass transition temperature
makes it possible to form an oxide semiconductor film with a wide band gap in which
carrier density is eXtremely low. Therefore, a transistor can be manufactured using a

30  large-sized substrate, so that mass productivity can be increased. In addition, by using
the oxide semiconductor film in which the hydrogen concentration is reduced and purity

is improved, it is possible to manufacture a transistor with high withstand voltage and a



Through the above steps, the hydrogen concentration in the oxide 25

sem conductor film 605 can be reduced and the oxi de sem conductor film 605
can be hiwbl2y11pspsoi ed. Thus, the oxi de sem conductor fipkcmiezanobes3o
stabilized. In addition, heat treatnelft at a tenperature |ower than or
equal to the glass transition tenperature nmakes it possible to form an

oxi de sem conductor filmwith a wide band gap in which carrier density is
extrenely low. Therefore, a transistor can be manufactured using a 30

l'ar ge- si gpAl SHOSILES.© TIRCabNahe FRESatREATUME e FérYQrﬁi%El ;Reany NGheaf&dihe! N

addi tion, by using the oxide sem conductor filmin which the hydrogen
concent r axidoremsondutsddmantbrmedi ty is inproved, it is possible to

manuf actggg ETtransi stor with high withstand voltage and a WO _

2011/ 089 B /JP2010/ 072839 44 high on-off ratio. The above heat treatnent
can be perfor myheaitheddRidd tdiBicaiduslor Fing iOXéAR1, PRME-GROENShRIard fdrifel 9nf OF Med.

[ 0154] Wien the oxide sem conductor filmis heated, plate-like crystals are
f or e othe Bumfdne therdaic dependingopndepmaigiiay aod heatmeenditign @idthsearideondi ti on
of the oxide sem conductor filmih s ases., ,Jhe plate-like crystals are
or f o1 abPYPEPRILST VY0 SPMBSAIRs W BACAIE aoslp Aol pAgls @alct | on
subst ant beditywbich aeN¢lhgitlalifnddina drefi@CubofantiflB sotpdRicuRte @Besde@t fil m
Even if the plate-like crystals are not single cr}/éstal bodi es, each crystal

i s pref efhgb?Xide spicpreussarafilm.nEvsady thiipkate-like erysigls aggl pgjndegle erystal 10

directio ' ic rface : '

sem condg%(tﬁgstf)%%?fnﬁ%ﬂ{éh)r{st ﬁ%&é}@@ 9 @é’lgéré%tglrl %‘Eﬁ’gﬁk’ h‘La‘?&t?ﬁngSgéF%é%és‘Fg] fi ne

bodi 85 bdirectiaxi substhntiphlgdpeapchdiduddr tb hee aulfaqel afhde @fide sgtsicahduconrfilespond, or
the a-axjis or the b-axis of the crystals be aligned with each other. Note
that in FREPTAEE RiREFRIGhaythr ROy cpist ThschodTestber g o haned SB i Rk Ebor 11 1 m
I'S unevep a6 tridiall @ofrtdpBnd ' Thdh-akR R RODYEHRTUR crydthBHRIPipRed (iR Surface
of the 1l5base is preferably ‘as even as possible. [01%5] Next, the

i nsul at i eaghfdthen SNBte thitanithesedsawibarg o surfacd 062 badeeofiths okide sengiconduetdB07, and

the gate_.insulating film 603 are partly.etched, ereby. contact | es are
for mad. BB Tt BvsRedab e e Brorl 3 AR aRa] AR e g SHES D ol naed
in the fbis%tisﬁﬂeﬁﬂﬂﬁilﬁh@éveﬁ@%possﬂﬂe.ﬁ pair of inpurity regions 607 included in

the third transistor 502, a gate electrode 510 included in the first
transi stBH58D1, and a gate electrode 511 included in the third transistor

fﬁg ‘ |[ 9256% rg‘ﬁ@%g; lglr%tiné?ﬂaﬁin%ffilﬁxl“?os?‘%hé inRl1atifP #ith 106! BY'i00%tRQGuk'shpded 1 n
and the gate insulating film 603 are partly etched, whereby contact holes are formed, the
contact holes reaching a pair of impurity regions 606 included in the first transistor 501,

20  a pair of impurity regions 607 included in the third transistor 502, a gate electrode 510
included in the first transistor 501, and a gate electrode 511 included in the third
transistor 502.

[0156]
Note that one of the pair of impurity regions 606 included in the first transistor

25 501 functions as a source electrode and the other thereof functions as a drain electrode.
In addition, one of the pair of impurity regions 607 included in the third transistor 502
functions as a source electrode and the other thereof functions as a drain electrode.
[0157]

Then, a conductive film to be used for a source electrode and a drain electrode

30  (including a wiring formed using the same layer as the source electrode and the drain

electrode) is formed by a sputtering method or a vacuum deposition method so as to

cover the oxide semiconductor film 605, and then the conductive film is patterned by



25501 functions as a source electrode and the other thereof functions as a
drain electrode. In addition, one of the pair of inpurity regions 607

i ncl uded wo 2bhsvsesr d transi stor 502 functions as a source/setrcnresie and
the other thereof functions as a draiff el ectrode. [0157] Then, a conductive
filmto be used for a source electrode and a drain electrode 30 (including
a wring forned using the sane | ayer as the source electrode and the drain
el ectrode) is formed by a sputtering nmethod or a vacuum deposition nethod

SO as toeeﬁmgrortm@maéImragy%@@a@tu@martdé 0L U dafidelbdrilictdne, sangect i ve
filmis patterned b 1/ 089808PCT/ JP2010/ 072839 45 etching or the

li ke, mhé@@%¥fﬂﬂéo§b@ﬂ@ébem@b@ﬂBW§m6@8nFmﬁdléraln el ectrode 609, and the
W rings @ﬁ% }o 613 are fornmed as illustrated in FIG 11A. [0158] Note that
t he sour § ectrode 608 and the drain el ectrode 609 are in contact 5 with

the oxi de sem mefdiet he sbudcte@lrodel BE8 Whd itHitgdr@ikOele@rdde 60OMr@6t cythdt one of
the pair of inpurity regions 606. The wiring 611 is in contact wth the

ot her5 of Withehp axide semigepdwdterfilm: §0HnsTBOBIrMED 1608 inFontpe Wigh pnoef thepurity
regi on he e t gct th
the of nepaibpt HRAS R cde STRPWi: FLOREE6RaA ) Be BB0 ol DA, 1L L0,
Wi th t heirggirity eb@OhS’ 60& abd Gnand tbﬁ@aﬁfoftlhq)uﬁt)eﬁdgﬁ(ﬁdéﬂWGOIn adi@itionathdi t i on,

the wiring 613 is in contact with the gate eIectrode 511 and another one of
the el ectPBefedegtasie 60 isaso in contact WAE the ohgréxfithn Py ofipwuEBEERs 0&7-fi I m t o

f or m t herRowifgy 6 25! QdRETi el Bl fleon Rl HE P thd dectided Bgp 610 to

613 (including another wiring f I'n-the sane  ayer as the source
el ecl® odé&n &B8Btion, rthae wiraigno 8l isg rcoxdect@@m thargdtet dlectsade iShy snd afother GEI)f, t here

are an el.e ted fromA, C, Cu, Ta, Ti, M, and W an all oy
|nclud|nﬂwgﬁ?%83 ﬁ%%e el ements as a conponent; an alloy filmincluding any
of thesefmlsopents in conblnatlon and the Ilke A structure in which a
refractory netal filmof Cr, or the like is stacked on a

| oner side andfse Hamertﬂépéfhestodéucéwe aﬂlﬁe@ a(PmT the spwree plectrode 608, the drain

electrode 609, the wirings 610 to 613 (including another wiring formed in the same
15  layer as the source electrode 608, the drain electrode 609, and the wirings 610 to 613),
there are an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W; an alloy including any
of these elements as a component; an alloy film including any of these elements in
combination; and the like. A structure in which a refractory metal film of Cr, Ta, Ti,
Mo, W, or the like is stacked on a lower side and/or an upper side of a metal film of Al,
20  Cu, or the like may be used. When an aluminum material to which an element for
preventing generation of hillocks and whiskers in an aluminum film, such as Si, Ti, Ta,
W, Mo, Cr, Nd, Sc, or Y, is added is used, heat resistance can be increased.
[0160]
The conductive film may have a single-layer structure or a stacked structure of
25 two or more layers. For example, a single-layer structure of an aluminum film
including silicon, a two-layer structure in which a titanium film is stacked over an
aluminum film, a three-layer structure in which a titanium film, an aluminum film, and
a titanium film are stacked in that order, and the like can be given.
[0161]
30 The conductive film to be the source electrode 608, the drain electrode 609,
and the wirings 610 to 613 (including another wiring formed in the satne layer as the

source electrode 608, the drain electrode 609, and the wirings 610 to 613) may be



20 Cu, or the like may be used. When an alum num material to which an

el ement for preventing generation of hillocks and whiskers in an al um num
film suckoasiiBisssosi, Ta, W M, C, Nd, Sc, or Y, is asdedrrmousssh heat
resi stance can be increased. [0160] THe conducti ve filmmay have a
single-layer structure or a stacked structure of 25 tw or nore | ayers.
For exanple, a single-layer structure of an alum numfilmincluding
silicon, a two-layer structure in which a titaniumfilmis stacked over an

al um numdrideMusigtdéoRanétakahetall 6484 UrLs 1h8 coRdiiva nietdl dRideMddidox Rl _
alumnumfilm and a titaniumfilmare stacked in that order, and the |ike

can be g(lweh), iposidt (SUTezivoaxide (Z0@), fan|ahtoy of buliuth @xglsianddinedrdde, aode 608,

the drain,el ectr.ode 609, and the,w.ri 10 to 6 i | udi n not her
e o BTN o O and Pl ey B by S0P St BB RR O
el ect r odencffi¥he AREbndIRilWoh oR[R cBd Be 16ed613) may be WO

2011/ 089808PCT/ JP2010/ 072839 46 fornmed using a conductive netal oxide. As

the condl@O2Ve netal oxide, indium oxide (1n203), tin oxide (Sn02), zinc

e he metal oxide, i ndium n203), e (Sn02),
oxi de and 2} noihal 62t B EAGERER EORbl Lo i B P Unflb A ™

i ncl udi nglfbj 1hec@Addtive i filinC pidfeabl gehas @Rolpth hisie desistdnd @@ Jwithstand the heatt he case
where heat treatnment is performed after formation of the conductive film

t he condUfé¥M¢BLfi| m preferably has enough heat resistance to withstand the
heat treﬁhgg t. [0163] 10Note that materials and etching conditions are

adj usted as appropriate so that the oxide sem conductor film605 is not
renoVed as nucNo&sthptomstietihle and eéthig oapditions hage edjnsted ts wpprbpliare sdelpendi ng on

etching gondi.tions, an expos portion of. the island-shaped oxid
Sen condlEBiae e ersBcRAD BSOS & brty BORHbE: MUt FHES R doTng 8 Mecessed
portion) coiiub@d8im. N BEERIRBSBR - etching conditions, an exposed portion of the

island-shaped oxide semiconductor film 605 may be partly etched, so that a groove (a
recessed portion) is formed in some cases.
15  [0164]

In this embodiment, a titanium film is used for the conductive film. Therefore,
wet etching can be selectively performed on the conductive film using a solution
(ammonia hydrogen peroxide mixture) containing ammonia and hydrogen peroxide
water; however, the oxide semiconductor film 605 is partly etched in some cases. In

20  addition, as the ammonia hydrogen peroxide mixture, specifically, a solution in which
hydrogen peroxide water of 31 wt%, ammonia water of 28 wt%, and water are mixed at
a volume ratio of 5:2:2 is used. Alternatively, dry etching may be performed on the
~ conductive film using a gas containing chlorine (Cly), boron trichloride (BCls), or the
like.
25  [0165]

In order to reduce the number of photomasks and steps in a photolithography
step, etching may be performed with the use of a resist mask formed using a multi-tone
mask which is a light-exposure mask through which light is transmitted so as to have a
plurality of intensities. A resist mask formed with the use of a multi-tone mask has a

30  plurality of thicknesses and further can be changed in shape by etching; therefore, the
resist mask can be used in a plurality of etching steps for processing into different

patterns. Therefore, a resist mask corresponding to at least two kinds or more of



15[ 0164] In this enbodinent, a titaniumfilmis used for the
conductive film Therefore, wet etching can be selectively perfornmed on the
conduct i weof2oimosesisng a sol ution (anmoni a hydrogen per oricagrmiN1288)
cont ai ni ng anmoni a and hydr ogen perox?ﬁe wat er; however, the oxide

sem conductor film®605 is partly etched in sone cases. In 20 addition, as
t he ammoni a hydrogen peroxi de mi xture, specifically, a solution in which
hydrogen peroxide water of 31 wt% amonia water of 28 w% and water are
m xed at qafe¥Qlt UsRiehRt & BE férrgec? byS oS @hitiAbdcC bk | VEhs, HE Ynu@ltehigig may be
performed on the conductive fil n1u5|ng a gas containing chlorine (C12),

bor on tr light-exposiee ( BGHB) , car tbhe dedbasd 26{01%H8] number of | gopesponding r educe

be. por f opPRa UPERPENGetRg e 45 Breth RulieSy St RaloReY aPikRooBbBre ok

~whi ch i sralikéght - exposure mask through which light is transnltted so as to
have a plurality of intensities. Aresist nmask formed with the use of a
mul ti5tob@6Ghsk has a 30 plurality of thicknesses and further can be
changed in shape_ b t chin herefore, .the r can sed in a
plurality of eﬁc)ﬁt ﬁla? trea %‘E of:oéglgcll rtllber?on o§13§1‘a fg? ][\1?(2,r

Ther ef or ar. aBy ah¢ Spﬂasﬂfﬁsﬂfeaftﬂélﬁtesm&dd)mgletEkeatvhﬁdha&t adsMbeHldhdSn Q&p@@éﬂe of WO
2011/089808PCT/JP2010/072839 47 different patterns can be fornmed by one
nul ti -t oftfaeasel thengxzidet seanigapdyetor dilm jiyHemevgsos Urlesmmdieatmeah My beduced
and the g@gﬁ{ r r y steps can be al so reduced,
wher eby Elnp Fpﬁ%g 96%&2@g%gg?%gggghggkggg%pgg ‘i zed. 5[0166] Next ,
pl ash@ t f@&Tprent is performed thereon, u5|ng a gas such as N20, N2, or Ar.

By the plasma treatnent, water or the |i ' i s adsqrbed.on an exposed
surface of t he}\gfﬁ’i é‘@ pgé%aé{fﬁﬁlﬂfé‘f oS IRStRg{eddn ﬁ%ﬁ?d theppgpdane ilaneifest nay be
per f or meg, il RY ad tdeoveHHeABuRE cR\HIRNEE) %eadrgi%rblé%:‘éroﬂ@ 64)9 HOLHEREl610 ,
After the plasma treatment, as illustrated in B, the insulating film

614 is fbr Al wd te axide ssmicondustas dilme 6051 Biter udelaemg,ﬁlmh@l‘!dp@fmaldyect r ode
609, the. S 0.613, and t 1 conduct or 'In16 . Th
hsul at el Aeies s dne S, be ldben s HAR FORSYHlen ind o Sr-Lhtng o

hydr pgenfigs 61 tnidyebea®rines siibk @ sirialybeinkulstid 2fiinn gr 4 pldrhlitnof Idkuli@ivgb

formed using a single-layer insulating filmor a plurality of |nsuFat|ng

films stBbrestacksden Whearygeagen ds eniagchithe xideeingilpting il 01htantry ofi | m 614,
f h f
entry o the[]%'cﬁ%gan d%et'ﬂe tRide ?nﬂ? F%Fffh%;%ﬁ%gﬁg&m‘h' Af”})x@ %Hﬁfﬁ% 8” 0

oxygen in € Semcon
causi ng tdisichatukmn filnely r@drdgeﬁmayfocbﬁnetmwb@e:asﬁﬁrg ﬂﬁﬂﬁuk:dh@ﬁnefl Ipbfﬁth)fhave
| ower resistance (to be n-ty L so that a parasitic 20 channel nmy be
fornmed. thserédcoraicondugter Bk@f% N @Wﬁh%“ﬁm%%é’ﬁnﬂdﬁe)nﬁq H@aaipﬁrawﬂpch

hydr ggencfnd If??ﬁorhéae”%&)éﬁ)‘?e iisr gﬁ%feabieothapg Rl lohnﬁai,@& i hlfc I'm 614

containing as rogen as pos terial having a barri er
pr oper t yhydroganeif @ptidey msraplomyed it ordeaodosn ithesinbwd dtinpgfilin b ﬁdlndamﬁgras exanpl e,

as the inpsulatjn f|In1h a hi barrie ert a silic itride
oIS B Bttt as SRsOBle o Pl pAne, i high it fropiup it pretgratly
al um num,Qidtfot de él?é'vé’@nsfulalnﬂg fifn 612 IHoKex ebﬁ ﬂh%ei{i’suléf\fhgrhlﬁn Haldiﬁgala' ty of
insulating films stacked i s"used, an insulating filmhaving | ower

proport i bmhdfarmﬁrtmoxg@m a§mﬂ¢nagtraiesfnlm, @oﬂqhm nitridei dxidofilm, & plugyrum
C ductor

£ mebosEre e b R BRee Ry T s HBIRe R ok G o Frrtf PhFaREr oy
Then, thef iinsalstiak i filehsf ithdRebaiyi w@d aaxlimﬂdmabﬂ;gr fiRh HavRREToMWET | fropoHide bf SO
nitrogen, such as a silicon oxide film or a silicon oxynitride film, is formed on the side
closer to the oxide semiconductor film 605 than the above insulating film having a high
barrier property. Then, the insulating film having a high barrier property is formed so
30 as to overlap with the source electrode 608, the drain electrode 609, and the oxide

semiconductor film 605 with the insulating film having lower proportion of nitrogen

between the insulating film having a barrier property and the source electrode 608, the



30 as to overlap with the source el ectrode 608, the drain el ectrode 609,
and the oxide sem conductor film®605 with the insulating film having |ower
proporti omoebimisbsoegen bet ween t he |nsulat|ng fil m havi rgTarhaoni2ese
property and the source el ectrode 6088 the WD 2011/ 089808PCT/ JP2010/ 072839
48 drain el ectrode 609, and the oxide sem conductor film 605. Wen the
insulating filmhaving a high barrier property is used, the inpurities such
as noi sture or hydrogen can be prevented fromentering the oxide

sem condyefiPElefidd® G199 and NR B3dEsdniesdationilhidos 6WhenQhe H%@lahﬂg gilhace
bet ween the oxi de sem conductor film 605 and another insulating 5 film and

t he vi ci hitipg tarhglebn‘meﬂ propetthi isivsed, thhanpuigieh avémyy mpisterhanhydgogepnian

proportigon of ni en such .as a,sili.con o filmor a sil xynitride
TPt PO pvanics R0 PaBie M i berbiSRRty flimossu sl Bishaliee 677 1)
605, whes@bhYortthe irtétdet deivit@nfthé BXO sEMIEoRGI e fﬂnﬂ@(yseéﬂca!mdaﬁewlﬁmaam@l gh
barrier propertg can be prevented fronlbern? in contact with the oxide

q ati

seni condiiénandfthd viceds thereelct Ly addigpotgjnsulating filmhavingjlewenpregpment , t he
sl at ! Bfpllok Q14 P08, BREIHE! S Cilibn Gk Bl R0 {0 4G ok m

havi ng a’ ness o 1 ¥ §t'8cKed over

a silicoin evitgte with ﬂﬁbfb&\ﬂer@nﬁcdnﬂh@tbﬂﬁﬁﬁ 605 &B&enynﬁeolrxgrﬂ@h@/ﬁm Sqietier i ng
met hod is forned. The substrate tenperature in deposition may be room

t enper at UiBg fstlee%élaengranlegm@?wr RFPeTth cah P PEYISBIGH Hom being 1n gentest [ 0169]
Not e t ha @rr_‘fg%mhé‘?erﬁx@éﬁﬂu@fo'r @lgm 5@@% | s fornmed, heat treatnment may be
at i

per f or med. treatnent 1s per or med “under an atnDsphere of nitrogen,
oxygedh, (0HeB8h-dry air (air in which a water content is |less than or equal

to 20 bl t.h to 1 bly I
than o equal PoloeHpBgimesh Be gt s B drtaid F OFogre thaisia) o
pr ef er abkiicat n%ﬁ@e @lﬁm%a‘lzﬂ% £rthickdsy! DF M0 rfrﬁ)rfom & spaftfrife hRihdalisC,

inclusive. In this enbodi nment, heat treatnent 1 hour at 250 C under a
ni t r ogenstackedspiaen silicen perdfecfrln’emavmﬁg 2 drickaepssed mO wm Aotmesalye sputfepinga short

tinme at e ra ormed before the fornption, of the
sour ce. ersoRdudSERE: *rHE SR rReialat B dendSiBh Sl tRE TretReSe 61071 o
613 5 atdBOURT, idlkSiveAdndtif thif ehb&dimehe ihBmtoct. r eat ment perforned on the
oxi de semiconductor film Even when oxygen deficiency occurs in the oxide

sem condUd68t film605 due to the heat treatnent performed on the oxi de

sen conduct or sulat f nt a n rovi ded
T contact v tNolintal At A% ulshfe it T g AN B AR AAER (R0
30pr ovi dséifd}ﬁieweeneéth@easﬁeﬁtce rﬁﬁhé@dﬁd&o&l aﬂﬂostpheedcrfam&ogéreqixrygaﬁ 609,
and then heat treatnent is perforned, whereby oxygen is suppl to the

oxi de sehiteghnait(@r i Whish awmtotepf085de8MEN RE0al0r 392889 preferably less
20  than or equal to 1 ppm, more preferably less than or equal to 10 ppb), or a rare gas

(argon, helium, or the like) preferably at 200 °C to 400 °C, inclusive, for example, 250
°Cto 350 °C, inclusive. In this embodiment, heat treatment for 1 hour at 250 °C under
a nitrogen atmosphere is performed. Alternatively, RTA treatment for a short time at a
high temperature may be performed before the formation of the source electrode 608,
25  the drain electrode 609, and the wirings 610 to 613 in a manner similar to that of the
heat treatment performed on the oxide semiconductor film. Even when oxygen
deficiency occurs in the oxide semiconductor film 605 due to the heat treatment
performed on the oxide semiconductor film, the insulating film 614 containing oxygen
is provided in contact with an exposed region of the oxide semiconductor film 605
30  provided between the source electrode 608 and the drain electrode 609, and then heat

treatment is performed, whereby oxygen is supplied to the oxide semiconductor film



49 605. Therefore, when oxygen is supplied to the region of the oxide

sem conductor film605 which is in contact wwth the insulating film 614,
oxygen dekocbamsyseser ving as a donor can be reduced andpChgpstiobri8sonetric
conposition ratio can be satisfied. AY a result, the oxide seniconductor
film605 can be nmade to be an i-type sem conductor 5 filmor a
substantially i-type sem conductor film Accordingly, electric
characteristics of the transistor can be inproved and variation in the

el ectri cegharpeh&olsStitea dBELH supplicd o HRIMGRS of R' Sxills s@iRicBAddctdrul ar
limtation on timng for thrs heat 'treatnent as long as it is perforned

af t er f ofilmt60dmhidh is frecantant athithginfulatimGfikn 6 Th@xpigat daficeacysavinglase serves
as heat treatnent in another progcess,.for ex | e,. heat treatnent in

form ng 2000 bR ne e QR BReic iSSP Btie St be relisdance or a

t ranspar egdhltCOHB Bxsdd ¥ghitdddictoMiBheds EdnebOKiade t& BB1aaaANGYPE k&hichbhdutt®05 can
be made to be an i-type sem conductor filmor a substantially i-type

seni condfitm or afsubstantiallbiadypeassmienndeetor film. t Ascaidimplyy cletric gbatagigristy st eps.
[0170] 13Ahter nductive filmis f ver. the insulati fd |l m 614,
the condbeirye frPReRkSe et Al By fulFue itk Mo bRH RS et be

formed i Be geduo&d. t i THereMBaioepartidldrabiitgRheoneiaiipr fofl hiON&it lnrpnent bdilonpe oxi de
sem conduct or film 605. When the back %gte el ectrode is fornmed, an
i nsul at i AYitfis Prsfpanedafice dorgstign of theeiyelating,Blm R ghbebedt dreptnydé alsghe back

ate ele de. . ; i I.i n ; imlar to
Thoce of &R faR (REni Al TEGHURL pfusTHor ek BhpRI s Rptd  Sorily T 706
608 ahd tdsem filmion hehieotatmdst HOJeduwing tesistance P2 tEdBOpdrent6doddudttr 7flln,

The thi ckness of the back te electrode .is set to be 10 nmto 400 nm
orof or abNIEDs g STTICHRILCIon B3 8, b EeHdE Aok EPe R Ry be

formed i B1R%ra S%Hgfbmfaugmnpgﬁr sdnfi@éndicfo? TIMC ithGut fah iR rbdte WR It n@nbdrtggni um
Ifm an

film an al um num atitaniumfilmare stacked is forned, a resist
mask is fabrigattbngeps. phot ol i t hogr aphy nethod or the like, and unnecessary
portions(g58 removed by etching so that the conductive filmis processed
(patterng ) 10 a desired shape. [0172] 30Wth the above steps, a second

transgs st or 620AaBda dosduRaed fili iSH3Mad SvérohBReulabias gilinhal, tHeecoaapaiet or 623
is formed in a region where the source el ectrode 608 overlaps with still

anot her Bhe ippattareedape that adhask gate algatiede maydue tormed in appsigon wheresths

back gate electrode overlaps with the oxide semiconductor film 605. When the back
gate electrode is formed, an insulating film is formed so as to cover the back gate
electrode. The back gate electrode can be formed using a material and a structure
20  similar to those of the gate electrode 601, the electrodes 602, the source electrode 608
and the drain electrode 609, or the wirings 610 to 613.
[0171]
The thickness of the back gate electrode is set to be 10 nm to 400 nm,
preferably 100 nm to 200 nm. For example, the back gate electrode may be formed in
25  asuch a manner that a conductive film in which a titanium film, an aluminum film, and
a titanium film are stacked is formed, a resist mask is formed by a photolithography
method or the like, and unnecessary portions are removed by etching so that the
conductive film is processed (patterned) to a desired shape.
[0172] '
30 | With the above steps, a second transistor 620 and a capacitor 623 are formed.
Note that the capacitor 623 is formed in a region where the source electrode 608

overlaps with still another one of the electrodes 602 with the gate insulating film 603



i nterposed therebetween. Note that the capacitor 623 is not necessarily
formed over the sane | ayer as the second transistor 620, and for exanpl e,

t he capacybohiagdsogay be formed over the sane | ayer as @b@/ﬁwlg/tmrsgganm stor
501 and the third transistor 502. [01%3] 5The second transistor 620

i ncludes the gate electrode 601, the gate insulating film603 over the gate
el ectrode 601, the oxide sem conductor film 605 which overlaps wth the
gate el ectrode 601 over the gate insulating film®603, and a pair of the

source ej rﬁ@rbf)%eth@xgget@@gn t Qo tRAtNhE |c§&§cft91d§2§%9nétq{ee&ga y%rrﬁaﬁo%' de

sem conductor film 605. The second transistor I ncfude the

i nsul at i thy faimertaBt 4s tlor sesondtransistdred200and e esenpl@'oﬂldlmpmtof 6237116@@6 as a
componen second transi stof. 0 ill rated in FIG. 11

channer - sreag Ene s SPashe i fabysor iRt o bamiedh cor i1 m s0s
IS expos 71313t ween the source el ectrode 608 and the drain el ectrode 609.
[0174] t hough the second transistor 620 is described as a single-gate
trans?stor, a The serond itragsister 62Quimsnludes thd gaie glchiodeat@l, dhakite yn&u?atmﬁannel

el cot r oatln & iRy R B8R BALithe Ot RHnRofoict sy o BLuh ¥ ofiRsa

[0175] Newith, thegaterelédiiode GUD@démetgatehlﬂmlﬁ:thﬁy’ Al 603, SdnldCsp&f of e sohRBSI st or
are affected 20 by high purification of the oxide sem conductor film by

renoval 8lecirofsup@d prds the drpingaleditnds 1099 formegdipygethe oxidet yemi¢qndecteb i ned i n
t he oxi dgosemyrondyed %&i&&”&sﬂ? \%}#%ﬁh&& tﬁlgﬁﬁéu‘i’altﬁ Wik ?Pﬁfo‘?ﬁ%ﬁ ovhee [0176]

FIG 13 I's a cross-sectional vie transi stof 1 nc di ng an oxi
sem t@ndugidersemiondudtatefilae 605 an dauaﬁmon’entl MTheSycong tpmeiwiod A0 destraed g at e

el ectrode ) ate insulatin il t her ebet ween; a sour ce
el ect r od %%E gdftl%% & FBAnCleftele dpis b)“‘ &{péc(hp?%wg&f PHey egvisPadugi an
i nsul at i {gm bk 'f@éx%o@'d%’t\g&q tRY &Jurdd e FOHE 808 ShEMEIRAR clekodt ot he drain
el ectrode (D). 77] 30FIG 14 is an energy band diagram (schematic

di agr am) [Mf74h cross section taken

Although the second transistor 620 is described as a single-gate transistor, a
15  multi-gate transistor including a plurality of channel formation regions can be
manufactured when a plurality of the gate electrodes 601 which is electrically connected
is included if needed.
[0175]
Next, as in this embodiment, how characteristics of the transistor are affected
20 by high purification of the oxide semiconductor film by removal of impurities such as
moisture, hydrogen, or the like contained in the oxide semiconductor film as much as
possible will be described.
[0176]
FIG. 13 is a cross-sectional view of a transistor including an oxide
25  semiconductor. An oxide semiconductor film (OS) is provided over a gate electrode
(GE) with a gate insulating film (GI) therebetween; a source electrode (S) and a drain
electrode (D) are provided thereover; and an insulating film is provided over the source
electrode (S) and the drain electrode (D).
[0177]
30 FIG. v14 is an energy band diagram (schematic diagram) of a cross section taken

along line A-A’ in FIG. 13. In FIG. 14, a black circle (*) represents an electron and has



along line AAA" in FIG 13. In FIG 14, a black circle (*) represents an

el ectron and has an electric charge -q, whereas a white circle ()

r epr esentwoaohwises)and has an el ectric_charge +g. Wien pesiruepuaovmsiage (VD
> 0) is applied to the drain el ect r od® (D), the case where voltage (VG = 0)
is not applied to the gate electrode (GE) is indicated by dashed |ines and
the case where positive voltage (VG > 0) is applied to the gate 5

el ectrode (GE) is indicated by solid lines. In the case where voltage is

not appl bediccRict dRArgat e Wheeds'LaRitd Srdle (e)afeF)'te@élas @&loRE P RS ar ER iRt
injected to the oxide sem conductor (OS) filmside fromthe source

el ect r odehqr®) +queWhen pokitigh vpltege(Vilab Mds npplied tohbavlragp elactodde ($x)athe i n
whi ch current does not flow. On the other hand, .in thfﬁs case where positive

vol t age F&capprs saltags (e =dhtie net applicdde thacgate elastodrot@h) isdndisated byr i s
d d, i t i Al fl . i '
oo CRIBRe A Rnag  Bos Vo L IRYE hBidL5 O BRe

di agraums el(e&t@df@r@ﬂ)qs i AGr@®y sélfd lencgr ORStheRatd Wherk aloRAgAIsQvY appled tB- B' i n
FIG 13. FIG 15Aillustrates the case where positive vaoltage (VG > 0) is
appl i ed ths gateeleerasde ) caeriqretylecionsaaic aat Bicsted taribe exide semisprductos
(electro 3| &) . I rode. FIG
1111 D PLiioE WaP BOPRR hidee SRULGR, () ALY ittty Bl SO RCC, | C
gat e el eoffrsetkein(¥dbkh curneatdoes notdtods, Mdintheanabe hahdrie thdenst malek [gistivei S i n an

of f-state. [0179] . FI G 16 shows the relation between the
vacuum | ¥0¥4ge it #pligd f%thF@ﬁ@tqle&HO@ﬁsG%% thecppiendial Dagrier 16 Fedugede showEAPT i ni ty

(x) 9h tBe @ iV RATHES Ofo tht Q;J%Q]semiconductorngE‘lﬁhﬁm tenperature,
el ectrons in the netal are degenerated and the Fer level is located in

t he cond{@78bn band. On the other hand, a conventional oxide semni conductor
is an n-type sgm uct.ar.,, and the,Ferm |evel (El). thereof i.s | ocated 25
nearer 1ot he ERHHISOIGH ISEHe CREEY Rosy SReB A Rl AR R OhR T80l (B
whi ch i ssd @R A4n albrighCBH 8h FRG. 13he Fents AaRistrNed thel d38¢ wihtrel p%sfiﬂ@"\’” t hat
part of hydrogen is a donor in the oxide sem conductor and is ‘one factor

causi ng saoltagei (VG sk soapglied oo atgatdeleatnode- (Giearslem oorsche wdiere Earriedaer ,
oxygen vacancy is known as one of the cagses to produce a ngr':l(yjp%oxi de
a

sem &dnd %fpn@séf)mh@lt]veerr e sP¥sh slectare jandr thasyrain pleg B

subst ant i ' jNSH ' ] d hch j novi ng
nyar ogen Tt §56id\Bhéic BHliGe SEMEVATE ks HERd BeARMATOIVGER

puri fyi ngh éthe voxridslehs east axhorbthé aansidiohis ihad offspty.i ti es ot her than a main

conponent of the oxi de sem conductor are prevented from bei ng cont ai ned
t herein [0179]

FIG. 16 shows the relation between the vacuum level, the work function (¢m) of
20  metal, and the electron affinity () of the oxide semiconductor.
-[0180]

At normal temperature, electrons in the metal are degenerated and the Fermi
level is located in the conduction band. On the other hand, a conventional oxide
semiconductor is an n-type semiconductor, and the Fermi level (Ef) thereof is located

25  nearer to the conduction band (Ec) away from an intrinsic Fermi level (Ei) which is
located in the center of the band gap. Note that it is known that part of hydrogen is a
donor in the oxide semiconductor and is one factor causing an oxide semiconductor to
be an n-type semiconductor. Further, oxygen vacancy is known as one of the causes to
produce an n-type oxide semiconductor.

30 [0181]

On the other hand, an oxide semiconductor in one embodiment of the present



5 as much as possible. That is, the oxide sem conductor beconmes an i-type
sem conduct or not by addition of inpurities but by renoval of inpurities
such as nwoWLwm9ses hydrogen and oxygen vacancy as nuchpas/iJpmasiids® t o have
high purity, so that an oxide sem conductor which is an intrinsic (i-type)
sem conductor or is a substantially intrinsic (i-type) sem conductor is
obtained. Wth the above structure, the 10Ferm |evel (Ef) can be
substantially close to the sanme level as the intrinsic Ferm level (E), as
i ndi cat e¢hveyti@isadr i@wins{cO1-8gle) or a substddtiall§ istdinsic hake sehecdddiclogwRichEg) of
an oxi de sem conductor is 3.15 eV and the electron affinity (x) is 4.3 V.
The wor kist hEanegdn byf remevang Umidrogen thabdist ap -6yhei AgPwie from gguoEideand
drain el I i hal e t l.ect. . i Al ) of the
oxi doscrs bisafiRd:nd PRRHAME b e BBodBebl Sk BRFRAR Wl ¥l B °hon
formed amadncinpakhtsfahdetide ssinicodud®ir ate @oadkntddefrendibdidgsoniateddustiar . There
are materials satisfying this condition other than titanium [0183] 20In
that ®as@S BYch |3syPopsibled i Fhat) &8, thsaoxidge sanicerqustor nBeRoEnes| dRgI-tRE | owest
part of - 0X i 1 or o whi ch i rgetiga t,.an
ot erf ace Betaabr R L RANELE o JthEes PuOF LA ISRl el 155 de
sem condumisture drMyBebjgen and oxygen vanardelyGs niddB, asvgossibleagdiavy dighghtriag &oi S

applied to the gate el ectraode . holes . 25whjch are minority carriers are |
Shbst ant 11 149983 SeRERIRGPE WAT Fedn. PUTSIbOESHDI SO ¥ S ar o

[0185]  substantihily fn%ﬁ‘sd"{?ﬁ‘%‘) sethREndUEtHGs SRFINE@ N WG fe ziﬂdvgkfﬁctﬁ‘ﬂeﬂmey _
purified so that” inpurities such as noisture or hydrogen other than a main
conpbdhentewii leved (BRicde bg Gulestrintiolyl alosoto the samo itval arctie aigrinsic Femmidsvelossi bl e,

wher eby h?li agﬁ)r?c{ic%ttécplgly é)rl‘arthNe. transi stor can be favorable.

[0182]
It is said that the band gap (Eg) of an oxide semiconductor is 3.15 eV and the
electron affinity (x) is 4.3 V. The work function of titanium (Ti) used for forming the

15  source and drain electrodes is substantially equal to the electron affinity () of the oxide
semiconductor. In that case, a Schottky barrier to electrons is not formed at an
interface between the metal and the oxide semiconductor. There are materials
satisfying this condition other than titanium.

[0183]

20 In that case, as illustrated in FIG. 15A, the electron moves along the lowest part
of the oxide semiconductor, which is energetically stable, at an interface between the
gate insulating film and the highly-purified oxide semiconductor.

[0184]
. In FIG. 15B, when negative voltage is applied to the gate electrode (GE), holes

25  which are minority carriers are substantially zero; therefore, current is substantially
close to zero.

[0185]
In this manner, the oxide semiconductor film is highly purified so that
impurities such as moisture or hydrogen other than a main component of the oxide

30 semiconductor are contained as little as possible, whereby the operation of the transistor

can be favorable.



[ 0186] Thi s enbodi nent can be inplenented in conbination with any
of the above enbodi ments. [0187] 5 (Embodi ment 5) In this

enbodi menyo 2811%dshgeet ure of a programming cell in which acthbsdobigmsi stor
i ncl uding an oxi de semi conductor filmthas a structure which is different

fromthat of Enbodinent 4 will be described. [0188] 10A progranm ng cell
illustrated in FIG 12A includes the first transistor 501 and the third
transistor 502 simlar to that of Enbodinent 4. A bottom gate second

transi st gi1ggp0 which has a channel protective structure and includes an

oxi de sem conductor filmis fornmed over the first transistor 501 and the
third transi st ®hiss@bodimdt Gad bA, impn@ch8@l] in combinatiofhwitls @syofl the alyest or 630
i ncl udes abg(?\te el ectrode 631 provided over the insulating film507, a gate
i nsul at i AGPPYMPB32 provi ded over the gate el ectrode 631, an oxide

sem condpeiggy film 633 which overlaps with the gate el ectrode 631 over the
gate insulating film632, a channel protective film 634 which is provided
over % he(forbetiment S)seni conductor film 633 to overlap with the gate

el ectrode 631, ,and, a Soureecheghinde §32 and.a.diaidyeleghiqls G4 whi ch
are provided oVe M KA AE s Anf R naL Y of HPFRMEERS CFHe s&Cnd?t Y'fisi st or
630 may trasdiste€inaldingSinl Xide@nficdnduédr filh Y & e cdive fwHikleisakffelent from

sem conductor film 633, as a cor’[gonent . [0190] 25The channel protective
fi1 m 634thahaf Bnbodiment hwilhbe desskb@t t he oxi de semi conductor film 633
corvina, gaggchornel Lor on s on from being damged i 2| e step
Therefore, rel Agbddramyning cdlhiblubtraedinsFIGr 124 indbelek tipr finsetansisdirSDll 230 The
channel - Br ohEa tissidtor 08 38 o that B Embodiment 37 'A'olm gatd mecond s 2!
transistor 630 which has a channel protective structure and includes an oxide
semiconductor film is formed over the first transistor 501 and the third transistor 502 in
FIG. 12A.
15 [0189]
The second transistor 630 includes a gate electrode 631 provided over the
insulating film 507, a gate insulating film 632 provided over the gate electrode 631, an
oxide semiconductor film 633 which overlaps with the gate electrode 631 over the gate
insulating film 632, a channel protective film 634 which is provided over the oxide
20  semiconductor film 633 to overlap with the gate electrode 631, and a source electrode
635 and a drain electrode 636 which are provided over the oxide semiconductor film
633. The second transistor 630 may include an insulating film 637 provided over the
oxide semiconductor film 633, as a component. '
[0190]
25 The channel protective film 634 can prevent the portion of the oxide
semiconductor film 633 serving as a channel formation region from being damaged in a
later step (e.g., reduction in thickness due to plasma or an etchant in etching).
Therefore, reliability of the transistor can be improved.
[0191]
30 The channel protective film 634 can be formed using an inorganic material that

contains oxygen (e.g., silicon oxide, silicon nitride oxide, silicon oxynitride, aluminum

oxide, or aluminum oxynitride). The channel protective film 634 can be formed by a



cont ai ns oxygen (e.g., silicon oxide, silicon nitride oxide, silicon
oxynitride, alum num oxide, or alum numoxynitride). The channel protective

film634 wanobashsegned by a vapor deposition nethod suebrapr@epgsm™®
enhanced CVD nethod or a thermal CVD et hod, or a sputtering nethod. After

the channel protective film634 is formed, the shape thereof is processed
by etching. Here, the channel protective film634 is forned in such a
manner that a silicon oxide filmis formed by a sputtering nethod and 5

processed, Ry ®p&HidOmeiiodGugh 588 K14sBaEhaRoedPEV DO LHBE Y APRYrmd 93]

An inorganic nmaterial containing oxygen is used for the channel protective
fil m 634methiody eby sputkring anethed. c aftdyehp channdieprotechverfiim r63éxgl@1;med,sthsuppl i ed

to a regi,on e oxi de m conductor film 63 ont | east

t e chantipe Shestaldt PoscsErd Y 6Smeo . Bie amreertesiBR et ffsd 5 Gonor
is reducpdsich gahamky thdiea StiRbk xEEtilth Gis %Hﬁ&ﬁb?'a@@ Jtﬁ:frﬂn BY8Hd Whagn t he
oxygen deficiency occurs in the oxide sem conductor }f)l | m 633 by heat

t r eat renprocessed byleiching uswg atmgsk formdash i phpealithggredyydi ngl y, the channel
formatlo ? ion can be nmade to be an i-type channel formation region or a
subst ant B i -type channel formation region, variation in electric

characteri st | CAn@forganl®materiaNedntdifing W Pednds Qé%)ﬂ@f@ﬂtlﬁ%hhxﬁie@f)fbl/ecﬁa@ fing
reduced, and electric characteristics can be inproved, [0193] Not e

that the %‘bdﬁwapbwa%ﬁ%lfwanmrwgeCf aR thish xyesugsupplisddr agegien ef Bet r ode
over t heoklﬂggé ﬁ@uc‘}dr' 1%6%?3 P&t?&%ﬂ%t L%as‘?'tﬁeCEﬂaﬁﬂa O;EFB%CH\% hifh%q so as
to overla Wt e

a chann ormation regron 1n € sem conduct or
fil mcﬁSSandl' loeydrmc efgadney edeedihg adea mayob®s eddecddr i adtisyy ithes stoadhdainttacbe in a

floating state, or . be in a state guere t he back g atﬁ el ectrode is
suppl | edCWE‘??‘té)“p‘Gf‘%ﬁ¥?‘hWhe'P et freygem deHidency ey in dhe OYife sgaicRndysios
el ect r odgeys308y IRPkkathett Ko ThRCcHRBoRAKE Yrl l?}idrég%nt h@x&éxtd‘ihggy eqEr ode

631, or may be supplied wth a fixed potential such as a ground potential.
The | evethanhelt foem2tion egicantdnale mappltqr bd and-type chawkl fyametied eggiorndeanay be

controlle control .the threshold v eco d tyansi stor

630, ' Dorgphsanudlly 1BpR Bpt st cgBPn; rartiled PRI AR EBES hERlGes the
firsist ramﬁshs%roaueﬁaloxygwgcﬁdimfy%ahluaefeﬁudeucm @bérit Qﬁarhaemlcg rcamest or 502
using crystalline silicon in a manner 30 simlar to that of Enbodinent 4. A

bot t om ct#Rra¥ed- second transi stor 640 which includes an oxi de sem conduct or
filmi-s BgTad over the first transistor 501 and the third transistor 502
in FIG _

Note that the second transistor 630 may further include a back gate electrode
over the insulating film 637. The back gate electrode may be formed so as to overlap
20  with a channel formation region in the oxide semiconductor film 633. The back gate
electrode may be electrically insulated to be in a floating state, or may be in a state
where the back gate electrode is supplied with a potential. In the case of the latter, the
back gate electrode may be supplied with the same potential as the gate electrode 631,
or may be supplied with a fixed potential such as a ground potential. The level of the
25  potential supplied to the back gate electrode may be controlled so as to control the
threshold voltage of the second transistor 630.
[0194]
A programming cell illustrated in FIG. 12B includes the first transistor 501
using crystalline silicon and the third transistor 502 using crystalline silicon in a manner
30  similar to that of Embodiment 4. A bottom-contact second transistor 640 which
includes an oxide semiconductor film is formed over the first transistor 501 and the

third transistor 502 in FIG. 12B.



[ 0195] The second transistor 640 includes a gate el ectrode 641
formed over the insulating film507, a gate insulating film 642 over the

gate el eaypoda, fdshs @ source el ectrode 643 and a drain elegbsReeR844 Which
are over the gate insulating film 642° and 5 an oxi de sem conductor film

645 whi ch overlaps with the gate el ectrode 641. The second transistor 640
may include an insulating film 646 provi ded over the oxi de sem conduct or
film 645, as a conponent. [0196] The thickness of each of the source

el ectrodgi®4p and the drain el ectrode 644 10 of the bottom contact second
transistor 640 in FIG 12B is preferably smaller than that of the

bottom gat e trahsisstond densistorbe4) iimclilesonligatsntledirgde 64lddormed pyavthet

di sconnect i of..th xi de sem condyct film645 fqr | ater.

Spect 11 casHing i T2 e ks SEHRE G 61, u0hF eareL e @ 1608 ¢ ne
drai n el ertiéie5434mdiasdrdid detirb@e 8DwWRITh b 6@ iiRbiie RBulaiihd Aind 547 MBnd 15[ 0197]
Note that the second transistor 640 nmay further 1nclude a back gate

el ect? oden euisle serucandyefiontilmgb4s which4werlape withctke gateecletteader @tle iy be
formed s t rl with hann r i region,in th xi de
o condgeP iy PnRNOL A0 Wb Tndu bl BANGuf Bl Hhel B84 et P B

i nsul at egerhi@omicion fidtmfd46pds A t@, Or may be in a state 20 where the
back gate el ectrode is supplied with a potential. In the case of the
latter, {H&0back gate el ectrode may be supplied with the same potential  as

the gate el ect ﬁ]i% | d 1 ke 0, iaal-,guch as a
ground potenti ’g%pl g‘%%ﬂ%ﬁ%# ?ﬁeﬁ)gg({%eééﬁﬁrgp% %E%%f]{j (Itaﬁc% ('?rgﬂlt ﬂg& dggl?%at e
el ec10 odef timyboltemecamtacobdc@dd sansistot 64€ oNFHDI12Bhe ptdiereslycithlleotlaagkatof t he

second transistor 640. 25[0198] . . rogranmm ng cell illustrated in
rC 12CoT B cordtont e r fiAbStor sissribed ins GReAmEHo % B 0T AMSPEYER. 502
whi char gistQneBsbnust Mk ekt Rhditd@u&bt HEAN64I (EnTTANARE. SSHEC RGN, OmEhat  of

Enbodi ment 4. A top-gate second transistor 650 which includes an oxide
sem condthickpess ¢ff ench of ftlar sradceoelectradeH4Bi andtthe dears elsrisedes@it Bnld) mhdot hird

transi st 502 | F 12 0199] 652 which are fornmed over the
i nsul at i 2‘30 Pt ?ﬁegeé%)?yéﬁngﬁogé r&%m conductor film 653 forned over the source
el ects odfp185L and the drain el ectrode 652, a gate insulating film654 over

t he oxi de sem conductor film 653, and a gate el ectrode 655 whi ch overl aps
with the oxi deNg@rthetothelgeeand tranpigtos 940 anadr fugther walude jarhagk atergjeqtiodm 654. | n

S o A A ALY, BB LA Mol 050
with a channel formation region in the ox’ide semiconductor film- 645. The back gate
electrode may be electrically insulated to be in a floating state, or may be in a state

20  where the back gate electrode is supplied with a potential. In the case of the latter, the
back gate electrode may be supplied with the same potential as the gate electrode 641,
or may be supplied with a fixed potential such as a ground potential. The level of the
potential supplied to the back gate electrode may be controlled so as to contrbl the
threshold voltage of the second transistor 640.

25  [0198]

A programming cell illustrated in FIG. 12C includes the first transistor 501 and
the third transistor 502 which are formed using crystalline silicon in a manner similar to
that of Embodiment 4. A top-gate second transistor 650 which includes an oxide
semiconductor film is formed over the first transistor 501 and the third transistor 502 in

30 FIG 12C.
[0199]

The second transistor 650 includes a source electrode 651 and a drain electrode



[ 0200] ' The thickness of each of the source el ectrode 651 and the
drain el ectrode 652 of the top-gate second transistor 650 in FIG 12Cis
pref er ablyos9Rldsedost han that of the 10 bottom gate trapgirgpyioAessy i bed in
Enbodi ment 4 in order to prevent di sc¥hnection of the oxide seni conductor
film®653 fornmed later. Specifically, the thickness of each of the source

el ectrode 651 and the drain electrode 652 is 10 nmto 200 nm preferably 50
nmto 75 nm [0201] 15This enbodi nent can be inplenmented in conbination

W th anyess wiién %%ﬁn%&@'tﬂ@msﬁlatlhgﬁﬁﬁ%(ﬁ hh dx@202knifomiabio gid Wskor

devi ce according to one enbodi ment o resent invention 20 is used, so
that a hifghleg ovet thalsberceksctrodsrt muh@éraande@tmdewéam gate insubing dilmi t h | ow

power n rovi de par icu
Do s abl o 0ef 88t B e b FrUE R TmSSal A 3&4eyeliﬁﬁr°<98nf{5%n\ﬁ€fﬁﬁ JEFiBervi ng
el ectri cwadWRE okRle UeMfbondudGNHIGO HSEI6VQ thél Mtk GRuliting fl1AV6FAOVEH aganSHMPL i ON
accordln%lto one enbodi nent of the present invention is added to t he
conponentheofecond trapsister 05Avmay epglude andosmatingefil 656 providedeawir ribe ehte
continuo erio n _be obtained. Further, by use of a transistor

W th Iomﬁ%??&%%ggéfg g”@%Pe redundant circuit de5|gn which is needed to
cover a f{@ooyre caused by high off-state current is unnecessary; therefore,
the density of _an integrated circuit used for the sem conductor device can

be increased, AR thckictmedcash of dhentonee @m@eﬁé&@%ﬁh%%%@le@me@% or ned.
30[ 0203] o pleqyhdad s‘é’b&xﬂl t5ERId 630 H‘ﬁt‘ralicﬁ gso r‘éfékal ﬁén Wit SP epr oduce

t he content of recordi ng nedi a and have playi'ng t
h ¥b % % h
repr d@uc bdttom@&:strmqrstvr alsscullbgd i@ Embersaxnt [4ein dlrdm'SO @wam) dlsccﬁnbc&rontdfan t he

above, ect.ron h cap use the sem conducto evi ce
accordln eﬂB“%% HHH@ iﬁﬂ“ﬁié@% gP IW&HGI@Cﬁﬁﬁ?Pée d% gane
machi nes tieNehrdicnGBa¢ B@Pln?d ﬁh@@%ﬁ%@h@@é@sm rioafh f 260 Rk mﬁbly spmi nal s,
e-book readers, video caneras, digital still caneras, goggle-type dlsplays

( head nnumﬂ@dSGWSplays) navi gati on systens, audio reprodUC|ng devi ces
(e.qg., ﬂfﬁ@rdlo systens and digital audio players), copiers, facsimles,
printers, tifunction printers, automated teller nmachines (ATM, vendi ng
machimes, and Thie dnvedireén e b@i1#?[bmell%apﬁhc¢(fm&nzﬁmrmitﬁf%n9fof e SOve

e

el ectronic devices are illustrat in FIGS. 17A to 17D. [0204]
embodiments.
[Example 1]
[0202]
A semiconductor device according to one embodiment of the present invention
20  is used, so that a highly reliable electronic device and an electronic device with low
power consumption can be provided. In particular, in the case where a portable
electronic device which has difficulty in continuously receiving electric power is used, a
semiconductor device with low power consumption according to one embodiment of the
present invention is added to the component of the device, whereby an advantage in
25  increasing the continuous duty period can be obtained. Further, by use of a transistor
with low off-state current, redundant circuit design which is needed to cover a failure
caused by high off-state current is unnecessary; therefore, the density of an integrated
circuit used for the semiconductor device can be increased, and a higher performance
semiconductor device can be formed.
30 [0203]
The semiconductor device according to one embodiment of the present

invention can be used for display devices, laptops, or image reproducing devices



FIG 17A illustrates a display device including a housing 7011, a display
portion 7012, a supporting base 7013, and the |ike. The sem conduct or

devi ce acggndigodoe one enbodi ment of the present invenp@ipsafoeseised for
an integrated 15 circuit for control1?hg driving of the display device, so

that a highly reliable display device and a display device with | ow power
consunption can be provided. Note that a display device includes al
di spl ay devices for displaying information, such as display devices for

per sonal peRIRt R4h; rebOinge GRUMI (tg itcﬁlfvae%ice@ WHiORGERBHuceahE Eddfierdli G¥P! ayi ng
advertisenment, in its category. %[0 05] FIG 17B illustrates a
por t abl eregardngraeiarradihae¢ ddplags for ldinpbiymyg the 3dproduchd isageg sTOB®, digitali spl ay

portion 7033 .di ortjion, 7034, .a m crophone 7035, . speakers 7036, an
operati oneRae %&%iﬁﬁwl Lés'hgfo%%'} POy Fre™ Ef'ﬁg?aﬁ%‘éc §%‘H138g‘?18' @ devi ce
accor di ngsd theoyemi@HaaetbMetic®hedobEin® i@ 98O embBYRItht BN tikAPredns dnRatitged for
an 25 integrated circuit for contro Ilngﬂthe driving of the portable gane

machi fe, ile phenes, gangghingchingsiingipding pertaile samemachinehipagatde ihfarmpsionabl e
game machine wth | ow r nsunpt i on. can rovi ded. ' Al t hough t he
port abl epeélél(r%lea\[\éfraec Oloﬁerelg%ruﬁlﬁg & ”Ierz]ls, lét %ﬁEFF%{:’ qées’ ICA!YBF sdssl%éa Sporti ons
7033 and (hedd4noultvd didpiigy, nabigaiiGpd@enRpaldi® Rgprodieingdrdice(d decapandiabl e gane
machine is not limted to two. 30[0206gw a light-receiving portion 7046,
and the PYS@ns pdydigitalerudia Blayemn), capiers; fesintikes cpiiiterg, pykuration gaigtars
converted e ri [ S, ernal | e oaded.
The senigg%g%g?o#ﬁg%6+%€hg§é%?gbhdmﬁgﬁgﬁgxgﬁ%%ﬂﬁﬂgﬁ?ko tE%F%Ee g%%

i nveh® i oSpeafic edtanplézofubesd efeotromin devitesgrailbdtrated GuFIGY. a7AconTbol | i ng t he

driving ﬁ@t Te nobi | e phone, so 5 that a highly reliable nobile phone and a
mobile p Blwith I'ow power consunption can be provided. [0207]

FIG 17D is a pryte qidsthRs Ridiphyt &vRenacddies 'ddixdlﬂixfg msianeiséﬁgl, a
di splay portion 7052, an operation key 7053, and the |ike. fn th ortabl e
i nf or mat pomioneYMiZna sagporting dasat’683,i and-itig 1ikeD, Taensddeondagtobalevice

i ncorporated.in the housin 0 The sem conduct or deyi.ce according to one
enbod, meAtCSIng b s SBERER! AP T RSt A1 0OB D S Pt el ed
circust E@éuicmtd’oﬂ{rbilﬂﬁg drivenglbf iendisgihy tdeeicp0dot tat @ HigHipremdbleBispRK M nal ,
so that a highly reliable portable information term nal and a portable

i nf or mat Aece @cﬁq Hisplaydevics with powppwensrnswppliiohcands ievigedyiNietd that 8] 0208]

Thi s exa . ol hei | ne r i ith any
of the apB0aY SRpisE o RS LRy BR3P JRBRI e AR B bR S
Pat ent Applitssaotr parsedlicdmpters, 702 ELOvi{pORdisidn bdbadabt) ad@gandibplaging Of fice
on January 20, 2010, the entire contents of which are hereby incorporated
by refer é%\@ét_lsement, In 1ts category.

20 [0205]
FIG. 17B illustrates a portable game machine including a housing 7031, a
housing 7032, a display portion 7033, a display portion 7034, a microphone 7035,
speakers 7036, an operation key 7037, a stylus 7038, and the like. The semiconductor
device according to one embodiment of the present invention can also be used for an
25  integrated circuit for controlling the driving of the portable game machine, so that a
highly reliable portable game machipe and a portable game machine with low power
consumption can be provided. Although the portable game machine illustrated in FIG.
17B includes two display portions 7033 and 7034, the number of display portions
included in the portable game machine is not limited to two.
30 [0206]
FIG. 17C illustrates a mobile phone including a housing 7041, a display portion
7042, an audio-input portion 7043, an audio-output portion 7044, operation keys 7045,



CLAIMS 1. A sem conductor device conprising: basic blocks each conprising a
|l ogic circuit; and Sprogramming cells configured to control supply of a
power suppbyopaisesski al to each of the, basic bl ocks, PCT/JPf1a0/872834 he
programm ng cells each conprise a first transistor functioning as a
switching el enment and a second transistor configured to control supply of a
potential to a gate electrode of the first transistor, and 10wherein the
second transi stors each conprise a channel formation region conprising an
oxi de semiggindetzivinig pdrtioh @10, coddmet lge. ddigiterecaRY ifitig lighgkeiviagocks
each conprising a_logic circuit; and 15progranm ng cells each configured to
control @%’r‘?@gg%ﬁﬁsc%éﬁf\h@e‘ﬁtq cAertieal ﬁl@@alﬁa‘gg@e%{ pewgal images can hgHepdsdn t he

pr ogr anmpjg sgrﬁlcloﬁdlﬁ,@(%hde%)&pe{cic%%'r% o' St echbARRESE & thk %?&Eﬂtofﬁb&ﬂ'o%%aﬂ
swi tching el'enent and a secon ansi stor configured'to cont Fol supply of a
pot ent i ahlsb e aisghfor aelimegmedeirodit fdreohiroBing thadsisg of theansbiR(phoas,ason t he

second transi staors each copprise a channel formatiaon region conprising an
oxi de® sethat grivghly cs?l.lab& mebUde RRRsYCc? B1obYePhere WHRIPYVIONGT CHRMIMPUINoCKs

each cong&1§gﬂgvﬁebpgic circuit;
[0207]
FIG. 17D is a portable information terminal including a housing 7051, a display
portion 7052, an operation key 7053, and the like. In the portable information terminal
10  illustrated in FIG. 17D, a modem may-be incorporated in the housing 7051. The
semiconductor device according to one embodiment of the present invention can also be
used for an integrated circuit for controlling the driving of the portable information
terminal, so that a bhighly reliable portable information terminal and a portable
information terminal with low power consumption can be provided.
15 [0208]
This example can be implemented by being combined as appropriate with any

of the above embodiments.

This application is based on Japanese Patent Application serial no.
20 ° 2010-009569 filed with Japan Patent Office on January 20, 2010, the entire contents of

which are hereby incorporated by reference.



25first programm ng cells each configured to control connections between
two of the basic blocks; and second programm ng cells configured to
control swppby/msHsos power supply potential to each of treThasiicosscks,
wherein the first progranm ng cells and the second programm ng cells each
30conprise a first transistor functioning as a switching elenent and a
second transistor configured to control supply of a potential to a gate

el ectrode of the first transistor, and wherein the second transistors each
- conprise a channel formation regi oifCLAIM®ri sSing an oxi de sem conduct or.

4. A sem conductor device conprising: a first basic block and a second
basi ¢ bl ock, each conprising a logic circuit; 5 and a circuit

configured to fpngggkkgn&ﬁﬂgq@&kgggﬁﬁﬁgﬁ n the first basic block and the

second basi c bl ock, circuit conprises a first
transi st or funbdsicslocky eash eomsprdinga lgicdien@nindand a second transi stor
configured to control supply of a potential to gate 10el ectrode of the

firstdtransi st Biogragyging cells Configyerddp coptiel supply Y aRoYYEEiSURRYY PelsAiRlitees a

channel ggmgﬁqﬂp&qugég@ conprising an oxide sem conductor. 5.
The seni conductor device according to claim1, further conprising a third

15t r ansi st or cwhéreguhe dragoancmirtgralls saghpdoynpoise a firsttetsipor éniciiahing@s ane of a
source el ectrode and a drain ectrode aof t first transistor. .
20 e ShRiReteRe Bu St iaRi A onbukd fo ot LRt B gRshiding
third trapslelRiro8O6 thgHfeeahgst60Rkd ol supply of a fixed potential to one
of a source el ectrode 20and a drain electrode of the first transistor.

10 wherein the second transistors each comprise a channel formation region

comprising an oxide semiconductor.

2. Asemiconductor device comprising:
basic blocks each comprising a logic circuit; and
15 programming cells each configured to control connections between two of the
basic blocks,
wherein the programming cells each comprise a first transistor functioning as a
switching element and a second transistor configured to control supply of a potential to
a gate electrode of the first transistor, and
20 wherein the second transistors each comprise a channel formation region

comprising an oxide semiconductor.

3. A semiconductor device comprising:
basic blocks each comprising a logic circuit;
25 first programming cells each configured to control connections between two of
the basic blocks; and
second programming cells configured to control supply of a power supply
potential to each of the basic blocks,
wherein the first programming cells and the second programming cells each
30 comprise a first transistor functioning as a switching element and a second transistor
configured to control supply of a potential to a gate electrode of the first transistor, and

wherein the second transistors each comprise a channel formation region



7. The sem conductor device according to claim3, further conprising a
third transistor configured to control supply of a fixed potential to one
of a soung@ 28l1aRbgpede and a drain el ectrode of the firspchlpngheiRse 25
8. The sem conductor device according®®o claim4, further conprising a
third transistor configured to control supply of a fixed potential to one
of a source electrode and a drain electrode of the first transistor. WO

2011/ 089808PCT/ JP2010/ 072839 61 10. The semnm conduct or device
accordingmhgdghggﬁbgdegaﬁkgﬁﬁwﬁﬁnprising a capacitor connected to the gate
el ectrode of the first transistor. 11. The sem conductor device

according to claim3, further conprising a 5capacitor connected to the gate
el ectrode of the first transi The sem conduct or device

tor. . . 12.
according to cﬂaiﬁfﬂ?“PH¢FW€F%¥§ﬁﬁPW@PﬂBgé capacitor connected to the gate

el ectr _ode of theirdtivasic Blé_@cnéﬁidsﬁ @éeonéﬁﬂaﬁc bTJS&, SRR &ﬁiﬁﬂi&%gﬁ 165y icﬁ&liﬁ}CCOV di ng
to claiml, further conprising a resistor connected to one of a source

el ect? odendaind a drain el ectrode of the first transistor. 14. The

sem conductor device according t laim 2. further copprisi.ng, a, 15resi stor
connected t o ot soRFeCkefiof  daMichion Baeh i B RIERARECT ot
transi st ge.second basic blockl5. The sem conductor device according to claim 3,

further conprising a resistor connected to one of a source electrode and a

drai n el ect r od®hefein Hie eireudt comPprignss? Jirgr transistor functioning as a switching
element and a second transistor configured to control supply of a potential to a gate

10 electrode of the first transistor, and
wherein the second transistor comprises a channel formation region comprising

an oxide semiconductor.

5. The semiconductor device according to claim 1, further comprising a third
15 transistor configured to control supply of a fixed potential to one of a source electrode

and a drain electrode of the first transistor.

6. The semiconductor device according to claim 2, further comprising a third
transistor configured to control supply of a fixed potential to one of a source electrode

20 and a drain electrode of the first transistor.

7. The semiconductor device according to claim 3, further comprising a third
transistor configured to control supply of a fixed potential to one of a source electrode

and a drain electrode of the first transistor.

25
8. The semiconductor device according to claim 4, further comprising a third
transistor configured to control supply of a fixed potential to one of a source electrode
and a drain electrode of the first transistor.
30 9. The semiconductor device according to claim 1, further comprising a

capacitor connected to the gate electrode of the first transistor.



16. The sem conductor device according to claim4, further conprising a
resi stor connected to one of a source electrode and a drain el ectrode of

the firstwbheiaissdeqr - 25 17. The sem conductor ¢exlpa)1868R54i ng to
claim1, wherein the oxi de seniconduct’or is an In-Ga-Zn-O based oxide
sem conduct or. 18. The sem conductor device according to claim

2, wherein the oxide 30 sem conductor is an |In-G-Zn-0O based oxi de
sem conductor. sem conductor is an | n-G-Zn-0O based oxi de sem conduct or.

20. The sem copgluciy sdm¥bificRf CRY AL NRcbQify & Plafn %Ftﬁéﬂ“g&ﬁ&is@ﬁ‘é de

sem conductor 1s an |In-Ga-Zn-0O based oxi de 'sem conduct or. 21. The
sem conduapaoitordeunaredtodhe gitaglettoodel oditim first tnbresistdrn hydr ogen concentrati on
in the channel formation region is |lower than or equal to 5 x 1019 /cnB.

22. The sem conduct or device according to claim 2, wherein hydrogen

10concentrati om.i Nrehgneib@ietor fRYFBLdcBRdIRIiPBlaik 3, 0Rkert Etﬁﬂpr@o*ingaﬂum to 5
x 1019 icnB. 23. The sem conduct or devi ce according to claim 3,

wher e n  bynicihoresonoentesktiotthagite plettnodeld tieehfarshishnsistormat i on regi on is | ower
than or equal to 5 x 1019 1cnB. 1524. The sem conductor device according to
claim4, wherein hydrogen concentration in the channel formation region is

| ower than or eguathe endicdndieb? de¢it8. according to 2him T EfusiBéd EanstigiOn devi ce
according to claim1, wherein off-state current density of the second
transi st 62Packon coppectediarihegate lgeirodet tiyofissragsistaro 26. The

sem conductor device according to claim2, wherein off-state current
density of the second transistor is |lower than or equal to 100 zA/ttm

27. The seni comdlucTier saeivomtncae ey it n@coding & Bladn MWhartkémcahpristigbe
current 25density of the second transistor is |ower than or equal to 100
ZA p. m resistor connected to one of a source electrode and a drain electrode of the first

transistor.

14. The semiconductor device according to claim 2, further comprising a
15  resistor connected to one of a source electrode and a drain electrode of the first

transistor.

15. The semiconductor device according to claim 3, further comprising a
resistor connected to one of a source electrode and a drain electrode of the first

20  transistor.

16. The semiconductor device according to claim 4, further comprising a
resistor connected to one of a source electrode and a drain electrode of the first
transistor.

25
17. The semiconductor device according to claim 1, wherein the oxide -

semiconductor is an In-Ga-Zn-0O-based oxide semiconductor.

18. The semiconductor device according to claim 2, wherein the oxide

30 semiconductor is an In-Ga-Zn-0O-based oxide semiconductor.

19. The semiconductor device according to claim 3, wherein the oxide



28. The sem conductor device according to claim4, wherein off-state
current density of the second transistor is |ower than or equal to 100

zA/ Rm WO 2011/089898- The sem conduct or_ devi ce accor di ngpk@/38h@b/i128390 Wherei n
the first transistor conprises at | edt one of silicon, silicon ger mani um
and germanium 531. The sem conductor device according to claim3, wherein
the first transistor conprises at |east one of silicon, silicon germani um
and germani um | 32. The sem conduct or device according to claim 4,

wher ei n t&gicbhduztortis ANH-642h-OHIR X6k RmitgAatiopne of silicon, silicon
germani um and germanium 10 claim 1 15claim 2. claim 3. 33. An electronic

apparatus including the sem conductor device according to 34. An electronic
apparatus incluyding the sem condyct.or devi,ce accprdipg to 35.. An_el ectronic
Sbparat us 1 nol ol ngnt AEAESHGHENES sHEVHEE BCERIE Rovbem s itk

el ect r. onsgmRPRAICET USar BCGETINNQ-bhll 3@l Laniebiduabr. devi ce according to claim

4.
5

21. The semiconductor device according to claim 1, wherein hydrogen

concentration in the channel formation region is lower than or equal to 5 x 10" /em’,

22. The semiconductor device according to claim 2, wherein hydrogen

10  concentration in the channel formation region is lower than or equal to 5 x 10" /em®.

23. The semiconductor device according to claim 3, wherein hydrogen

concentration in the channel formation region is vlower than or equal to 5 x 10"° /cm>.
g q

15 24. The semiconductor device according to claim 4, wherein hydrogen

concentration in the channel formation region is lower than or equal to 5 x 10"’ Jem?®.
g q

25. The semiconductor device according to claim 1, wherein off-state current
density of the second transistor is lower than or equal to 100 zA/um.
20
26. The semiconductor device according to claim 2, wherein off-state current

density of the second transistor is lower than or equal to 100 zA/um.

27. The semiconductor device according to claim 3, wherein off-state current

25 - density of the second transistor is lower than or equal to 100 zA/um.

28. The semiconductor device according to claim 4, wherein off-state current

density of the second transistor is lower than or equal to 100 zA/pum.

30 29. The semiconductor device according to claim 1, wherein the first

transistor comprises at least one of silicon, silicon germanium, and germanium.
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30. The semiconductor device according to claim 2, wherein the first

transistor comprises at least one of silicon, silicon germanium, and germanium.

31. The semiconductor device according to claim 3, wherein the first

transistor comprises at least one of silicon, silicon germanium, and germanium.

32. The semiconductor device according to claim 4, wherein the first

transistor comprises at least one of silicon, silicon germanium, and germanium.

33. An electronic apparatus including the semiconductor device according to

claim 1.

34. An electronic apparatus including the semiconductor device according to
claim 2.

35. An electronic apparatus including the semiconductor device according to
claim 3.

36. An electronic apparatus including the semiconductor device according to

claim 4.



