DESCRI PTI ON NONVOLATI LE LATCH CIRCUI T AND LOG C CIRCU T, AND SEM CONDUCTOR
DEVI CE USI NG THE SAME 5 TECHNI CAL FI ELD [ 0001] The invention

di scl osedwbensis2078l ates to a nonvol atlil e | ogi ¢ circuit pcmirkhitchestrbe

| ogical state of storing data is not erased even after the power is turned
off, and a 10 sem conductor device using the nonvolatile logic circuit. In
particular, the invention disclosed herein relates to a nonvolatile latch
circuit and a senmi conductor devi G5 1 §]e nonvol atile latch circuit.
BACKGROUND ART 15[ 0002] An‘Tntegrated circuit has been pr oposed in
whi ch nonvol atile logic is i ntegrated V\/nere a feature of "nonvol atile"
with which data is not era even Is turned off is applied

to a logic ci rNGNVO WIEEMTQH glR@W@MPI@G&@&JMVE@ﬁNBm ng a
Document 1) [Rof or ShaaC PR H R PRI, O3 G EEe  Coment 1) Pe
I ntermati onal Publication No. 2003/044953 DI SCLOSURE OF | NVENTI ON [ 0004]
TECHNICAL FIELD
[0001]
The invention disclosed herein relates. to a nonvolatile logic circuit in which the
logical state of storing data is not erased even after the power is turned off, and a
10  semiconductor device using the nonvolatile logic circuit. In particular, the invention
disclosed herein relates to a nonvolatile latch circuit and a semiconductor device using

the nonvolatile latch circuit.

BACKGROUND ART
15 [0002]

An integrated circuit has been proposed in which nonvolatile logic is integrated,
where a feature of "nonvolatile” with which data is not erased even when the power is
turned off is applied to a logic circuit. For éxample, a nonvolatile latch circuit using a
ferroelectric element has been proposed as nonvolatile logic (see Patent Document 1).
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[Reference]
[Patent Document]
[0003]
[Patent Document 1] PCT International Publication No. 2003/044953
25
DISCLOSURE OF INVENTION
[0004]
| However, a nonvolatile latch circuit using a ferroelectric element has problems
in terms of reliability of the number of rewrites and reduction in voltage. In addition, a
30 ferroelectric element is polarized by an electric field which is applied to the element,
and stores data by remanent polarization. However, when the remanent polarization is

small, the following problems might arise: the influence of variation becomes large, and



However, a nonvol atile latch circuit using a ferroelectric el enent has
problenms in ternms of reliability of the nunber of rewites and reduction in
vol t age. wo 28ddické7en, a 30 ferroel ectrd c el ement is pol acirzezhibyyscoasy
electric field which is applied to the elenment, and stores data by renanent

pol ari zati on. However, when the remanent polarization is small, the
follow ng problens mght arise: the influence of variation becones |arge,
and a high-a i:ng:.Cj it is needed. [0005] I n view of
t he abovgq}&ho%ﬁ%g%rr%?){%?{rﬁﬁ%g?g%t l%)ch?ﬁa'errbodi ment of the present invention is

to provi g@oos]novel nonvolatile latch circuit and a sem conductor device
5using the nonvolatile latch circuit. [Oq%o A nonvol atile | atch

6 :
circuit ac_cord%@j_‘%oﬁﬁl@ abdEapieBlemsofnt C})Pésaé‘n%m'i’%’é‘ﬁ’t‘ti %ﬂienl&r!eﬁf’d'és a
| atch poﬁﬁdeﬂpoﬁ‘%’ id‘gfcﬁi&eOQFho%er [afile 'lzﬂchwefrﬁn% ahd Q%HH%Pn‘aFct%r fqk¥ied
element is electric y connected to an I nput of a second elenent, and an
out puf ofusinpehe ddhvelrdtnidtchloperint i s el ectrically connected to an input of
the fi rst[ Qedéﬁmant; and a data holding portion for holding data of the latch
portion. 9 he data holding portion, a transistor using an oxide _
sem conductor as n@n%ﬁﬁl@oﬂfﬂﬁ%ﬂéuiﬂ%ké‘&rhﬁﬂg {PTont OtAbEMImRnC RANRE! plegniat i on
region is used as a swtching elenent. In addition, the data holl)dl_ng
portion iimvehtioe snchrdes aatch gortign ldvirigsa Blopotmuiciuad, liy whichharc oetdut of afissbur ce
electrode,or a. 15 drajn electrode of the transistor. With the u of the
Cr ans! ot glemealisetrnibnePRESrA R Bspl Pon SEQRT T, i oh B Lgag e
capaggt okeddndtdiémé i relkriclly acomAdéd tdhn Wit Mofi the FrSIPEIEMENtS QRA AR Y -
Further, with the use of the transistor, the data witten into the gate

capaci t oholsking pertiop\fer helding dath of dhp daich pertipni cin the date palding perigpatel y can
be hel d. 0 [ .ds. vol at C L:LCHY T rding to
one enbodi rr%%tZ 1 (131151 Ql#hnaenl %Q@sees\r%?ﬁ?o?\l\(}g%? ?gg 4 lr;]eg\t"ﬁ edsdcgotrlrg?tghslpgqrtfloglﬁﬁ%n% a data
hol di ng Rhirdnebformatiohfdgibmiy wSed as #kwittitng aleatenporihiadditionwhe datachobdihgli ng
portion includes a transistor _ and an i DVﬁl‘ter. ~A channel foymation region

of the t PRAWNsineludes,2n inysdenwhish; 1§ &leckifally ranRIcdd 1003 EPUrcORlECEPdaOsBur ce

el eCtlSOd%raarHQle%trQ&@bf‘tkﬁ' (eilsIspie  With (A€ usE IP BhStrMsistet, Qé]tﬁ%fd fodhk MagpNnect ed
toa 25 wring supplied wth an output signal, the other of the source

el ect r odpottivak tamebel vaitteneingw tar gede capacithe of ithm snvetter or @ edpeditari whichyis

connected to an in of _the inyerter, an output of the inverter is
el ectri cRFRY" o?‘?ﬁé’g?e th"Qlew ‘?’ﬁ%&‘csﬂrsﬁp‘i?fin g %nﬁﬁtog’nﬁ‘le rf%ltﬁ wEittgp apto tF6008] I'n
t he aboveg,peapglidt bf ficliMar 6 thehpacitbh@hRALAp: ?Juea BépapPAElyican be Bldi ncl ude a

30 capacitor In addition to the transistor and the invertér. The capacitor

can be ud@@Mor writing and hol ding data held in the latch portion. One of

ehechpodes of 405GRRARIS Rach U JEFF e REORARE\SAE LablbPBtifet =d o
present invention includes a latch portion and a data holding portion for holding data of

the latch portion. The data holding portion includes a transistor and an inverter. A

channel formation region of the transistor includes an oxide semiconductor layer. One

. of a source electrode and a drain eléctrode of the transistor is electrically connected to a

25  wiring supplied with an output signal, the other of the source electrode and the drain

electrode of the transistor is electrically connected to an input of the inverter, and an
output of the inverter is electrically connected to a wiring supplied with an input signal.

[0008]

In the above nonvolatile latch circuit, the data holding portion can include a

30  capacitor in addition to the transistor and the inverter. The capacitor can be used for

writing and holding data held in the latch portion. One of electrodes of the capacitor

can be used by being electrically connected to the other of the source electrode and the



drain el ectrode of the transistor. [0009] In the above nonvol atile
latch circuit, the latch portion includes a first elenent and a second

el ement, wodohas2@s| oop structure in which an out put of pclrgpridioséezed enent
is 5 electrically connected to an input of the second el enent, and an

out put of the second elenent is electrically connected to an input of the
first elenment. In addition, the input of the first elenent is electrically
connectegnﬁﬁ)ﬁkd%dgoq %ﬂﬂﬁ}(ﬁd with an input signal, and the output of the
first el engnt 18 ele rica y connected to a wiring supplied with an out put
signal . Fwo9gxanple, an inverter can be used for each of the first el enent
and 10 the second elenent. Alternatively can be used for the first

el enent, and alrcihe @Reve nepyelatils laéc&rpltféltu@éda% porztwe igeludiicr HIstAlsmeEnt f or
exanpl e. | t

tr anei ot &P Radbond cloment, ol e RARGrRREY B Phich S oBfloPUE Mt cterdifis 6
gat e Tapakctricallptorneeted v eint iaputost the csaq:«mdl dlanemhamhan sutphbop tl&pmcentki

separately in the data hol di ng port.ion. ddition, the rans stor has a
F unet | onclmerp ssiGeHe campestedtp apdppyt of &bet t?jawemcaﬁfa fiqigien.dhe fpat

I nverter oPinet fige 91@91@51' iTsQ:'iecYma‘Hg doﬁn&ft&pﬁ‘)r @%ﬁﬁ?@ﬂpﬁ@h Yvithark Hﬁmgﬂgﬁalhm di ng
portion. [0011] In the above nonvolatile latch circuit, wth-a transistor
i ncl udi ngnditheuitpie oﬁchesfam cJomdutcis @]rectrmyléy comected tos WlungﬁdpmeﬂMIdnmX| de
sem conductt og rratle Fa f or a channel g)r mat(;i? 9 g f r bta he

fol | owi n§UPHLPERYler Ot PRADRIG AR INCT S 2R LS8 °’f‘?5’F &8 @?ﬁ) e © H‘CQ

whos g0 Chetengcon ElfethelY. | Alferiatitery, dMNIARDH c4NBANSId for B First eleineht, landM an
off-state current at normal tenperature is |ess than or equal to 1 x 10-13
A; and acloghbrdipeestesican bowseg fosthespennd clemegipfopsxamplel y 0.1 V/ dec. (a gate
i nsul ati 1an m 100 25 nmthickness). Therefore, |eakage current, that
is, an off-state current at a state where a voltage between a gate and a
sour ce el ect r oltethesabap monvotatile|1ytch cirsuilthb tansikioe had hdondtivatofokridng

transi stor using silicon. Accordingly, with the transistor |ncl ltljdl n

oxi de seftadgldiaiths latchpartipn inte,a gg rﬁ%ewtpapfrmeﬂw%araﬁapa\xﬁ%w ey es as a
swit ¢hin r t t t

stor:f%g el%%nl%gﬁ ara&ﬁ”ﬁe%tg %58&2,%1%%6“& up ﬁaﬁgﬂc ar}gée tgd&gl%{bgfl%grésuppl y
of a powénctionrafeholdingathe data twréstdnaintdn the rgau:l tapaamorsbbﬂpemvettnr ot ke words,
data witten.into fhe data,hol d| n kept held wi thout any
change. FRRESHYYhic fstléeracrﬁ%S‘?ﬁf% g'g?h @ %@gpgﬁlﬂ‘ce voltage to the |atch
circuit 1ptarted again, the data held in the data hol ding portion can be
read. Accordingly, the logical state can be restored to the logical state
prior to the sirbpheoﬁquen@wpkﬂtrie datch leircpibwerith s transiston lincheding Rorexide , in

t enpgkat ure. ch rlstl statg current, ¢ f |C|ently
ow 2ha ereicBnRicR Bhen it 1S 8msd Sk Pae YF O OE S ™ gt

t enper at ghghneFRIrmatieiTRgion, &an YEtaiMtHehfaIawiny dittddtdgistts eV fhrtﬁél%hs‘etdf( dat a
is obtained in a range of -25 Cto 150 C with | opw tenmperature dependence of

of f - st at éorcqxamem an elgment whesechanneh wddth {5 1 xt18s pmognd channgl leagth L is 3 hj s

manner,

latch ci I”Bhlafl %g%tﬁ cHggntftt \Rpﬂﬁalg‘%ﬁf’%ﬁ'ﬂﬂéﬁ ess?ﬁ'an S equalptoqvI ?8’ 18 Anona/ platile

subthreshold swing (S value) is approximately 0.1 V/dec. (a gate insulating film: 100

25  nm thickness). Thereforé, leakage current, that is, an off-state current at a state where
a voltage between a gate and a source electrode is approximately 0 is much smaller than
that of a transistor using silicon. Accordingly, with the transistor including an oxide
semiconductor layer for a channel formation region, which serves aS a switching
element, a charge accumulated in the capacitor of the data storing portion can be kept

30 stored without any change even after supply of a power source voltage to the latch

circuit has stopped. In other words, data written into the data holding portion can be



10 tenperature range and operates stably even at a high tenperature and in
which a logical state of storing data is not erased even after the power is

t urned ofywo 208@k2d7s In the abovet nonvol atil e | at clpclipsiHbbeoTy@r i Ous
logic circuits can be provided by using the nonvolatile latch circuit. In

addi tion, various sem conductor devices using 15 the logic circuits can be
provi ded. For exanple, anong a plurality of block circuits of the |ogic

circuit,  su 0 ower sour.ce voltage.to one or.the plurality of block
ci v out t 5 KGR vEhaf B8 SFenged Mdro e 35 sheubhl fhint ARvBL IR (ot

nonvol at itd thelltk Bir&lif KddistartetRGaih Ok data helPinahOHath RBIdM Qsdttioh Efnbd regdn be
kept stored even after the supply of the power source voltage to the bl ock
circuit Hesomslinghy,dbe loginabstatercan bhaeored éel thedgeisal state psipntethe stophd thead
after the suypply..of fh wer source ¥oltage to the blogk cjrcuit has
tarted SRRt PO RONEE BTHEET KPAFET  CakOBuR: SHisfLESS (hE

| ogi cal sifadtste Rhirédt ca bk ReffRically 0dw tahe tisugPbtitefurdehecapMssy fisaeHtBehiyp| t age.
[0013] In the above nonvolatile latch circuit, as the oxi de sem conductor
| ayer, a€ycbat aiugh feanpegmtisw Kgr eramnle. 45 & colarchpracieaistics of thq transistozrndati pased
mat eri al ; 1 ny Sn- 0- & s~ an - Sn-7n- Lal . .an
pe s i e AR RS IR T

Al - Ga- Znclrbas amh-diit @uirahts, @obiftes AndZS vilubasad thBtnidningd, an @mbolient Of based
material; an Sn-Zn-O-based material; an Al -Zn-0-based materjal; an

| n- 0- bas &k PFateaH inYPAtiemis 4 Provisieserpiyaladily latch cinenit viueh Iosigaxide opgrebirg al . 30
In aggiti ' ' Voot o Y 1.1 41:ndi yum and
Zi nc:qgl\/brtéeq@%eer%t,n&t%ééﬂéﬁ%%ﬁgﬁ%@g%ﬁda?iagf%gl n I%'gmd% 4313 lgg"’nl? %:Hoarll céta(h)r | ayer
can be satatd df stdragpsdathi@ mooerasmiusven hfierlthy pd@dOis endded pffef er abl y, | ess than or
equal to $ﬂé%%018 /cnB, nore preferably, less than or equal to 5 x 1017
[cnB, st 99 re preferably, less than or equal to 1 x 1016 1cnB, and even

more preferabl y, Heedsvd féfolatite ﬂa@&xﬁciﬂcﬁﬂ?varl:dﬂstll@gf: cirb@i® &ﬁrlfei;%vided b¥1
concentration in the oxide sem conductor |ayer Can be set to less than 1 x

1014 / cn®singBhpneferatdt Jatch esuit.hdn addition) yaripusngminerducior afeeicebiising | ess
than%x 1011. / cnB. Furtherrri)dr(é-, {:he off-state curre
&? at ®Ban

Loy ar o8iC Fhu PR BoRRedan P8P aPioBed HRERbGR Witk Res o1 10- 13
A the logic circuit, supply of a power source voltage to one or the plurality of block
circuits which is/are not used can be stopped. With the use of the nonvolatile latch
circuit, the logical state of the block circuit can be kept stored even after the supply of
the power source voltage to the block circuit has stopped. Moreover, the stored logical
20 state can be read after the supply of the power source voltage to the block circuit has
started again. Accordingly, the logical state can be restored to the logical state prior to
the stop of the supply of the power source voltage.
[0013] |
In the above nonvolatile latch circuit, as the oxide semiconductor léyer, any of
25  the following materiais can be used: an In-Ga-Zn-O-based material; an In-Sn-O-based
material; an In-Sn-Zn-O-based material; an In-Al-Zn-O-based material; an
Sn-Ga-Zn-O-based material; an Al-Ga-Zn-O-based material; an Sn-Al-Zn-O-based
material; an In-Zn-O-based material; an Sn-Zn-O-based material; an Al-Zn-O-based
material; an In-O-based material; an Sn-O-based material; and a Zn-O-based material.
30 In addition, the oxide semiconductor layer may contain indium, gallium, and zinc.

Moreover, the hydrogen concentration in the oxide semiconductor layer can be set to



[0014] In the above nonvolatile latch circuit, the transistor using an
oxi de 10 sem conductor nmay be a bottomgate type, a top-gate type, a
bot t om copbagiidey®@e, Or a top-contact 3ype. A bottom gaperipaisHebey
~includes at | east a gate el ectrode over an insulating surface; a gate
insulating filmover the gate el ectrode; and an oxi de sem conductor |ayer
to be a channel formation region over the gate electrode, wth the gate

i nsul ati filminter eqd . .foherebetween. The top-gate transikstor includes
at | east T&iﬁha&rf”(f)g?’%etgghqgggﬂﬂctpf)‘?ferlagg'elresi ﬁ‘aﬁé’?ﬁa‘&‘"’héﬁh& (?lo oo "SR r egi on
over an | i . t1e171 psal adl fJ i

sem cond?tf:]%t?f %Hra ﬁiltyh{%gsr @Hg%ge aég%gge]]%ec/?ﬁlo’cfzﬁlo@%re I{r%]fg}agﬁgegg gg‘r?‘l%é gﬁlgdl}é? or

| ayer, wilth10Hgcpytandicvsnniré peeférably) iesd tapasedot®hemébeFwveen. thd kerrier

bottom contact transistor includes an oxide sem conductor |ayer,to pe a
channel fForaeatration meticqrxidp samigonrsugios dayer gan bgdet intessithimal »x H) edemode. The

20 top-contact. transistor ingclipdessa source el ectyode, and a drain e ectrode
over gn Bﬁfﬁfégger]rfséoh@ﬂcéo?‘ _(gye/r%mt?”o nee a[_’rﬁf‘?éar'?ﬁ%l {ef%rtm ﬁoﬁ‘ ﬂggi Z‘ﬂ“ [ 0015]
Not e t hatpyjtRerd¥rs, thOSEJthte RuirOt aﬁ%rﬁlgletehip%ﬁituryb? thefrIRsitoCEndse sahgve” and
"bel ow' do not necessarily nean "directly above" and "directly bel ow',

r espect i Vesb yhanion egéalttthnéd >dk(l§8rA.pti on of a physical relationship between
conponenrtl] 4ior exanpl e, the expression "a gate el ectrode over a gate
i nsul ati @01I yer" can nmean the case where there is an additional conponent

bet ween the gayp ihRSUb&Nd Nbnbauale aiteht Beclat ﬁleE|t?aﬁ§i§@geusiI§e_aﬁ epxme Of
"above" and "bel ow' are just used for conveni ence of explanations and they

can Be i semicohdunteroman begdotiphegalf txpes péan-gite dype3a[bogesiconkdchiypet prea
function, of ¢ nents, ,For exanple. an. "electrpde" can be used as_part of
it ng- ChREER ARG 24 RRomEER Ratiiad ingltgRs bl B 4, 5RR STEA0PE QB o

addi ti oninsul¥ing euitaet; ‘achmet ndalatin® rfilmMok e @he Gaft @lesRodeaind agosHideat i on
of a plurality of "electrodes" and "w rings", for exanple. 5[0017]

Not e t hasemisaaduciprdlaydr tptbs 2 chonnel formatipnt iegionvar Hie gags clsetreds wathethein t he
case wherg, t. ' . | fif arfid £3. Al StRkY; | e case
where t hggtg i}‘i‘%@ﬁ%@é’f "gérg gérerd éﬁ%ﬁp%tggvg%haﬂlr}%ée@ﬁi% Eeatrm I’C(lg.l}i l? gl(l)lgéesr %tp F{I)SE.

Ther ¢for an dxide sanitendwnor’ igér ande "dchanme]l cavmadionr @gioacedtr vin ihsehdhg ot her
in this specification. Note that in this specifi catgLon and

the |ikeSUH#& f&AlA mwl@z’}fgh(i)@igx]vv thoAHEE semcopdiqterdarcr AMl 2 gate _
e A G N B s SR
as | ong #lereieprtan. c Tae dpottbm-aamch gansigosmcludledamoxide egmicondhdiert lapeto
Corrponentbg at Qﬁgnng{ (teon]hSa 18{1] nrggigg dovterh raOchl)%pcet Ql%ct%)cjeegrgd a[cggi:rl'lgxllectrode. The
20  top-contact transistor includes a source electrode and a drain electrode over an oxide
semiconductor layer to be a channel formation region.
[0015]
Note that in this specification and the like, the terms such as "above" and
"below" do not necessarily mean "directly above" and "directly below",.respectively, in
25  the description of a physical relationship between components. For example, the
expression "a gate electrode over a gate insulating layer" can mean the case where there
is an additional component between the gate insulating layer and the gate electrode.
The terms of "above" and "below" are just used for convenience of explanations and
they can be interchanged unless otherwise specified.
30 [0016]

In this specification and the like, the term of "electrode" or "wiring" does not



Exanpl es of an object having any electric function are a switching el enent
such as a transistor, a resistor, an inductor, a capacitor, and an el enent
with a vagpebhmhosunctions as well a% an el ectrode andparieidihbso7el [ 0020]
According to an enbodi nent of the present invention, with the use of a
transi stor using an oxi de sem conductor as a sem conductor material for
formng a channel formation region, which serves as a swtching el enent of

a data hel dj ortion, a nonvolatile latch circuit which has a wd

operati ny teldPRotandcoydPT ki SemBle Ja s Eupds K9 be 408 of i OF

t enper at ufgimn dardthtiviihngd daf Bk @add &t phireofathe Sél0¢ttdag".dafnaddfionOthe@tmsed even
after the power is turned off, or a latch circuit provided with a data

hol di ng Pbr'ele@rrdah oF e WarRgf ¢aasdispaerpd qombingtioncofeh plugality of "elgptrodes
realized. Sin a [ting is perforned by switching of the transistor,

t he nunbénr“?o‘f/ﬁlr%é\%r’}f‘?reéga%n ker'1ot substantially limted. In addition, the

writifg yeou7pge i s al nost equivalent to the threshold voltage 30 of the
transistor; thus, the transistor can operate at a | ow vol t}gge,. tFor exanpl e,
gn

the operation Yo haefupgionsof dha "squrcapprbibientiad)’ymay be gyitgheddn thegasper |
since a . ; [ Lon can
be kopt ROl Rty ot QR hoBrfiRP R rlip i i spPLAC U 1R, BRELRPY 200
dat a canobe cerdt dasi thanges ooapacei dperatihe. cibaefohe rthe tamansnturcpbhad i zat i on

is used g5 data. [0021] Various |logic circuits. can be provided by using the
nonvol at i ﬁré“q é:E‘EHLé‘ipii‘w]\‘?Flt“.’“h eé*’céSPheg}{‘atHﬁIS@,eC‘f‘ﬁatiOﬁ‘e logic circuit using the
nonvepat ijp@gjat ch circuit, the power consunption can be reduced by turning

of f the power of the unused block. In addition, since a |logical state is
stored even whdlote Hat provhis sperification dndfthe likesthstterm Celactbicaléyt genngdtedhen t he

power is.turned on or.termnated when th wer i s turned.off t high
e andAiEE TsiidsEwpb AR ile teRad e PRI i QRS iy Hef 21
1B i | | ustiiitin aNTR¢3 IPhE piticalaf BiiitaGoH a4 bR BbREL Ravidiph B! @édttie filitieh aSi rcui t .

15FI GS. 2A and 2B illustrate an exanple of a configuration of part of a
nonvol at iong 3s¢le¢irie jsignglst can be transmitted and received between components that are

15  connected through the object.
[0019]

Examples of an object having any electric function are a switching element
such as a transistor, a resistor, an inductor, a capacitor, and an element with a variety of
functions as well as an electrode and a wiring.

20  [0020]

According to an embodiment of the present invention, with the use of a
transistor using an oxide semiconductor as a semiconductor material for forming a
channel formation region, which serves as a switching element of a data holding portion,
a nonvolatile latch circuit which has a wide operating temperature range and operates

25  stably even at a high temperature and in which a logical state of storing data is not
erased even after the power is turned off, or a latch circuit provided with a data holding
portion where a refresh period is sufficiently long can be realized. Since data writing
is performed by switching of the transistor, the number of rewrites is not substantially
limited. In addition, the writing voltage is almost equivalent to the threshold voltage

30 of the transistor; thus, the transistor can operate at a low voltage. For example, the
operation voltage can be set at approximately 1 V or less. Further, since a charge

accumulated in a capacitor of the data storing portion can be kept held without any



FIGS. 3A and 3B are a cross-sectional view and a plan view illustrating an
exanpl e of elenents of a nonvolatile latch circuit. FIGS. 4A to
4H i | | ustwaheisexanpl e of a nmethod ffor manuf acturi ng apraPahei®nts of a
nonvol atile latch circuit. FIGS. 5A to 5Gillustrate an exanple of a
met hod for manufacturing elements of a nonvolatile latch circuit.

FIGS. 6Ato 6D il I ustrate an exanpl e of a nethod for manufacturing el enents
of a nonv](B)I atile tﬁl grcutt 25FI (Jsa{‘ustr tes . .an ampl e of

ot oss- setbimge iefHiedes oL VEhdon i el by S R0 E BB an

oxi de sefieCaswWhére remimcet lhﬁza@fén@@@sfeﬂ)éslaaﬁd di agram (schematic di agram
along an A-A' section in FIG 7. FIG 9A illustrates a state where
a positil®2pbtential (+VG) is applied to a gate 30(Gl), and FIG 9B
illustrates a r | d the gate
(aL). %@é"gl %&C%lt?fé%gbre O‘pg%‘ﬁ% i t|-hgns b&aﬁ%pltatﬁgecﬁ}ct% he vacuum
| evel 5 an@ot kgamplek ihuthet ldgn: Qircemt B the Ir@naﬂdnbelmemrbm m'&cpum:i evel

and the electron affinity (x) of .an oxi de sem conductor.

i |1 ust r afQSUBNREPR Gar %{?ﬂp@d Byourmieg off dhe pasyeriof fhecruge blﬁcls. | Im@éﬁlt{os: ).
SFI G 1251%1:%5 Z&gé@aggt?ggg Slo9d é&g%ﬂe‘ﬁ%.% ‘3%3 & 15164 bR a bybkdat ChPPe LiBrtéD

| n- Ga- Zn sem conduct or
when the power is turned on or terminated when the power is turned off, at high speed

and low power.
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BRIEF DESCRIPTION OF DRAWINGS
[0022]
FIGS. 1A and 1B illustrate an example of a configuration of a nonvolatile latch
circuit.
15 FIGS. 2A and 2B illustrate an example of a configuration of part of a

nonvolatile latch circuit.
FIGS. 3A and 3B are a cross-sectional view and a plan view illustrating an
example of elements of a nonvolatile latch circuit.
FIGS. 4A to 4H illustrate an example of a method for manufacturing an
20  element of a nonvolatile latch circuit.
FIGS. 5A to 5G illustrate an example of a method for manufacturing elements
of a nonvolatile latch circuit.
FIGS. 6A to 6D illustrate an example of a method for manufacturing elements
“of a nonvolatile latch circuit.
25 FIG. 7 illustrates an example lof a cross-sectional structure of an inverted
staggered transistor using an oxide semiconductor.
FIG. 8 is an energy band diagram (schematic diagram) along an A-A’ section in
FIG. 7.
FIG. 9A illustrates a state where a positive potential (+V) is applied to a gate
30 (G1), and FIG. 9B illustrates a state where a negative potential (-V) is applied to the
gate (G1).



FIG 13 illustrates energy required for hot carrier injection in silicon
carbide (4H S O). FIG 14 shows the results of device sinulation as

to short-wbaon@sekfect. 10FI G 15 sh@wns the resul ts of pdevpsigoséorsyd ation
as to short-channel effect. FIG 16 shows CV characteristics. FIG 17

shows the relationship between VG and (1/C) 2. FI GS. 18A and 18B
Illustrate an exanple of a confi gurati on of a nonvol atile latch circuit.

I5FIG 19A il lu |on of onvql atile | atch
cireu i, and FROAER ST BfiontuGSReb Bt e, TRyl BrflGRdghe bpus

nonvol at igkRibRloFR HEBEMD) -ank bGvaRA the lzéb%hﬁﬁie@@l A 18X 316N affirfty () of
configuration of a nonvolatile latch circuit, and FIG 20B il us rates an

exanpl e ef oxidespmicanidugtoof t he nonvol atile | atch circuit. FIG 21A

illustrates an e.0 confi of a non .O|atl h circuit,
20and FLG 21 BFG g Fsipies Bafeg sl o e PR SR S piEon i nvol o 1 e
llatchscircuit. Fib.G 122 illidtebsds’ aér@ﬁgzyarkeqmeéml ®rohof &4kl Jinjertib®NiPf a
nonvol atile latch circuit. FIGS. 23A to 23F illustrate exanples of a

seni condeGarZn&ybased gxida germicandnetdr{IGLO). at ch CI rcuit. FIG 24
Illustrates a”FﬁgagjhﬁlsR;te?eﬁe g%%ﬁr%? resu{ f‘nveocltﬁ bl psi lgc hchagaLcurt.

25FI GS. 25A and OW an ex nonvol atile
(4H-SiC).
FIG. 14 shows the results of device simulation as to short-channel effect.
10 FIG. 15 shows the results of device simulation as to short-channel effect.
FIG. 16 shows C-V characteristics.
FIG. 17 shows the relationship between Vg and (1/C)2.
FIGS. 18A and 18B illustrate an example of a configuration of a nonvolatile
latch circuit.
15 FIG. 19A illustrates an example of a configﬁration of a nonvolatile latch circuit,
and FIG. 19B illustrates an example of an operation of the nonvolatile latch circuit.
FIG. 20A illustrates an example of a configuration of a nonvolatile latch circuit,
and FIG. 20B illustrates an example of an operation of the nonvolatile latch circuit.
FIG. 21A illustrates an example of a configuration of a nonvolatile latch circuit,
20  and FIG. 21B illustrates an example of an operation of the nonvolatile latch circuit.
FIG. 22 illustrates an example of a configuration of a nonvolatile latch circuit.
FIGS. 23A ‘to 23F illustrate examples of a semiconductor device using a
nonvolatile latch circuit.
FIG. 24 illustrates an example of a configuration of a nonvolatile latch circuit.
25 FIGS. 25A and 25B show an example of results of evaluating a nonvolatile

latch circuit.

BEST MODE FOR CARRYING OUT THE INVENTION
[0023]

30 Hereinafter, embodiments and an example of the present invention are
described below with reference to the drawings. However, the present invention is not

limited to the following description. It is easily understood by those skilled in the art



| atch circuit. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0023]
30Herei nafter, enbodi nents and an exanple of the present invention are

descri bedybebfweydsh reference to theodraw ngs. However pctrhie2d16/66064
invention is not limted to the following description. It is easily

understood by those skilled in the art that the node and detail can be
changed in various ways unl ess departing fromthe scope and spirit of the

present invention. Therefore, .th resent invention, shoul d .not. be construed
B ber ng T T Bt gPre TRt b Paierin vitons s RS Bt RE® 4

exanpl e. sddpedRdGpirkioTGhs predit UnRhtioh. t NRerBloRs R pieBiif Thveéafionishduld @ber ence
to the 5 drawi ngs, reference nuneral s denoting the sane conponents are used

i n di f f eberfongiruedi asgleing dopitrd to the desmaptéon hnthet fpdlogiing embpdimatcReess of a
| ayer, an region, of .each, struct illustrated.in fhe N nd the
ket n” SRl ran? QefribtR RuBbbHS ' Pt pieil R WAL R
Ther e or ﬂra“ﬁﬂ%@d"bfmics imdrile dunétiedithd R¥BBt dodipoats Nt dsediihediffeensuch

5

scal es. [ 002 Note that terns with ordinal nunbers such as
"first", dra¥dBEnd", and "third" in this specification are used in order to
i dentify onents, and the terns do not limt 15 the conponents
numner i cam‘d)?@[ 0026] [ Enbodi nent 1] In this enbodi nent, an exanpl e of
a confi gur at i oNognthaamho piee,athicothickhesa ofom\ayent adealragioh afi ¢achi strustureh i s an
erbod mamus?r];tezl ?ne thiend\faGV[flllnigg an? ’ihse(ﬂkgslr? gm (e)crii?rile?lts aare exaggerated for simplicity in
10  some cases. Therefore, embodiments of the present invention are not limited to such
scales.
[0025]
Note that terms with ordinal numbers such as "first", "second", and "third" in
this specification are used in order to identify components, and the terms do not limit
15  the components numerically.
[0026]
[Embodiment 1]
In this embodiment, an example of a configuration and an operation of a
nonvolatile latch circuit which is an embodiment of the invention disclosed herein, a
20  method for manufacturing an element included in the nonvolatile latch circuit, and the
like will be described with reference to FIGS. 1A and 1B, FIGS. 2A and 2B, FIGS. 3A
and 3B, FIGS. 4A to 4H, FIGS. 5A to 5G, FIGS. 6A to 6D, FIG. 7, FIG. 8, FIGS. 9A and
9B, FIG. 10, FIG. 11, FIG. 12, FIG. 13, FIG. 14, FIG. 15, FIG 16, and FIG. 17.
[0027] |
25  <Configuration and Operation of Nonvolatile Latch Circuit>
FIG. 1A illustrates a configuration of a nonvolatile latch circuit 400 including a
latch portion 411 and a data holding portion 401 for holding data of the latch portion.
FIG. 1B illustrates a configuration of the data holding portion 401.
[0028]
30 The nonvolatile latch circuit 400 in FIG 1A includes the latch portion 411
having a loop structure and the data holding portion 401 for holding data of the latch

portion. In the latch portion 411 having a loop structure, an output of a first element



20 net hod for manufacturing an elenent included in the nonvolatile |atch
circuit, and the like will be described with reference to FIGS. 1A and 1B,

FIGS. 2A wododARe2075CS. 3A and 3B, FIGR) 4A to 4H FI GS. pedvibfy156s976d CS. 6A
to 6D, FIG 7, FIGS8, FIGS. 9A and 9B, FIG 10, FIG 11, FIG 12, FIG 13, FIG
14, FIG 15, FIG 16, and FIG 17. [0027] 25 <Configuration and Operation of
Nonvol atile Latch Crcuit> FIG 1A illustrates a configuration of a

| ati | h circuit 400 includi. tch ti d dat
ol di ng. BBF #Bhfemeerigilh cintene dnn B oiet pepel Siopei g2 as ag ot °
i ['1 ustr ab@pubof MfdesdtdadimbntQD2h 13 datRettichlt) AshnReied it®an 48t of Af2Rlst 30The
nonvol atile latch circuit 400 in FIG 1A incl'udes the latch portion 411

havi ng acleawpt @HHdLure and the data hol ding portion 401 for hol di ng data
of the | portion. In the latch portion 411 having a | oop structure, an
out put ot a ?i rst elenent (Dl) 412 is electrically connected to an input

of a second el ¥HERpul ERthe 4ikstelenitiht @D1 PHUAVEleBfrichite coifieoRd t¢h iBng 4(P2) 413
is electrically connected to an input of the first elenent (Dl) 412, [0029]
5The i np&eppbied ttith an ppt Epealwhthe lptch drepitj sThe eutprt efathe firstiereentdBl) o a

of the 1Al BReHE ekl Al b il B0 ogBlipd W LG gt Se nd M) £

suppl i edcistedibh an out put signal of the latch circuit. [0030] 10Wen there is
a plural I({)(ﬁ’ ﬁ)f i nputs of the first elenment (Dl1) 412, one of the inputs can
be el ect 1944 | y connected to the wiring 414 supplied with the input signal

of the latch ciwl there WaNpILAGEE of SnpdtPot ! fidky el@fnehf‘f]ﬁ)%ﬁ, dnB&rsggONd
el enent (D2) 413, one of the inputs can be electrically ‘connected to the
out put ofinpuksecahi res¢leattieatyrnton&t¢d withe Witih@34 jsupplied with the input signal of
the latch circuit. When there is a plurality of inputs of the second element (D2) 413,
one of the inputs can be electrically connected to the output of the first element (D1)
412.
15 [0031]

As the first element (D1) 412, an element in which inputted signal is inverted
and the resulting signal serves as an output can be used. For example, as the first
element (D1) 412, an inverter, a NAND, a NOR, a clocked inverter, or the like can be
used. As the second element (D2) 413, an element in which inputted signal is inverted

20  and the resulting signal serves as an output can be used. For example, as the second
element (D2) 413, an inverter, a NAND, a NOR, a clocked inverter, or the like can be
used.

[0032]

In the data holding portion 401, a transistor 402 using an oxide semiconductor

25 as a semiconductor material for forming a channel formation region is used as a
switching element. One of a source electrode and a drain electrode of the transistor
402 is electrically connected to the wiring 415 supplied with the output signal. In
addition, the data holding portion 401 includes a capacitor 404 and an inverter 403
which are each electrically connected to the other of the source electrode and the drain

30 electrode of the transistor 402. In other words, one of electrodes of the capacitor 404
and an input (an input terminal) of the inverter 403 are each electrically connected to the

other of the source electrode and the drain electrode of the transistor 402. A node



As the first elenment (D1) 412, an elenent in which inputted signal is
I nverted and the resulting signal serves as an output can be used. For

exanmpl e, w8 wh@ehisst el enent (Dl) 4121 an inverter, a NANDp2@NF s 2
cl ocked inverter, or the |ike can be used. As the second el enent (D2) 413,

an elenment in which inputted signal is inverted 20 and the resulting signal
serves as an output can be used. For exanple, as the second el enent (D2)

413, anl erter NAN a . a cl.oc i pverter can be
Sson. ¢ biE ot Betplvcnronty ATl Qafvfes 59 ond Y6 ipun ol TebiP¥srts Darqy o
oxi de s eraswoaaaﬁ&aqry chanéiePtoIREHHRNSIUAE QburbBEIBEtkGtle adn@'thd @rafh dlectdde B@n nel
formation region is used as a swtching elenent. One of a source el ectrode

and a dr abtrasistardfads esferradetoras ameids Sor Thopthes clsrtsederofdhe Fapasiterdtied t o
the wiri rggmﬁllegwc,ﬂ_g{p& ra\i\”l}h the output signal. In addition, the data

hol di ng p udés a capacitor 404 and an inverter 403 which are
each &l eqo033¢al |y connected to the other of the source el ectrode and the
drain 30 el ectrode of the transistor 402. In wor ds, one of el ectrodes
of the capaci t &t addition, 38 oaﬁmrt pthe ipwsiter AP3ds %lé@tﬁf:ﬂhn qongectechto thayeFipgr 403

are each 48k 0 to I 0 and
t he drai #qeﬁg%éléegg‘g t%ft e ﬁ@ﬁ ﬂ%ll S{I%?‘?%%;@? 409 dé l%\ﬁk?e{rfé&gsrﬁ(gj g‘d %rﬁﬂ?
el ect r odemnsiftot H21.c appaourco relet&édaloﬂ thdmansrqmrt 426)f isteertiicwigrdornect@Btoas e each

el ectricall nnected to t eot t he source.e rode .and the drain
ol oot 1 oG IBTIeESloP el Sl s VD ok SPEEE BIFHEIE of it Pansi e 41 i

el eCthOd%llencfaﬁ?cGﬁﬁéf‘cHtt@ﬁléw‘kde? SWaRboLRY vtk wspotential V. 5[ 0033]

I'n addition, an’ output of the |nverter 403 is electrically connected to the

W ring 41@0?&4L]|ppl i ed W|th the input signal. The inverter 403 includes a
transi stor 42

420 s o ect i L Sy ebRRE LB e A N B AP Ry TE ML e Racd AP PG A% oo,
source elaggmdigclalie, fof ekampis] &t ﬁfchéﬁ?rﬂel itansiQlo£ 42T biid a@hldhafimInp@tie@drt o a
ow | evel42?(:)a\slvlel{ustsrgtlé£1 Er? F\I/((}).|2J[Aa geAl\t/esrﬁatwf:ly, the output may be provided with a buffer.
15  Further alternatively, a sense amplifier circuit may be used instead of the inverter 403.
'~ For example, a differential amplifier type sense amplifier circuit as illustrated in FIG
2B may be used. The differential amplifier type sense amplifier circuit as illustrated in
FIG. 2B includes an n-channel transistor 421, an n-channel transistor 501, an n-channel
transistor 502, a p-channel transistor 503, a p-channel transistor 504, a p-channel
20 transistor 505, and a p-channel transistor 506. In either case, it is important that the
input (input terminal) be in a floating state (a high impedance state).
[0035]
The transistor 402 using an oxide semiconductor has a function of writing data
. held in the latch portion 411 into the capacitor 404 and a gate capacitor of the inverter
25 403 in the data holding portion 401. In addition, the transistor 402 has a function of
holding the data written into the capacitor 404 and the gate capacitor of the inverter 403
in the data holding portion 401.
[0036]
A writing operation of the data held in the latch portion 411 into the data
30 holding portion 401, and holding, reading, and rewriting operations of the data will be
described. First, the transistor 402 is turned on by supplying a gate electrode of the

transistor 402 with a potential at which the transistor 402 is turned on. Accordingly,



[ 0034] The configuration of the inverter 403 is not limted to that
illustrated in FIG 1B, and may i nclude, for exanpte, an n-channel

t ransi st owo4a80/@persan n- channel transiZtor 421 as il | ustcatiezh1d/meoFsG 2A.

Al ternatively, the output may be provided with a buffer. 15 Further
alternatively, a sense anplifier circuit my be used instead of the
inverter 403. For exanple, a differential anplifier type sense anplifier
circuit jahd Al adof 2 y - i ehd fier
type sen?ge dﬁrrp#??ingr c?tlrccglg%t%géﬁllapﬁug???ygﬁﬁfﬁﬂﬁﬁﬂiﬁm kl gciswgtn n‘lichannel
t r ansi st ontpdf signalnisnapphiadine lont rafnthe sletrodésl of e capabisornéd4 tmdadsd gipat 502, a
p- channel transistar 503, p- channel transistor 504, a. p-channe| 0
transi st §mEws of ﬁ’ﬁdf“éﬁ“ﬁf éPE_gnn/é$ a f5suhsthe chpres gpaccpilagt wgﬁ theptentjaf of s

| mpor { aNihd Widingl41S id BRNmuldEP H oreSHH Th BlebirBfes of 1 padlck 194 Sha iR dae Ni o

i npedance state). [0035] The transistor 402 using an oxi de sem cohduct or
has a5 f unagacibor of therinvértey 408t @his opetation rwotrhgponds ¢ wpdimg). onAftdrithantthe t he

capaci tor_ 404 and a gat acitor of the inverter . 25 403 in th at a

ol d no_ AT Bh G0 KRS afiaR Shchs mefer e A PUEHaT a6 ofails o thretat oS of

hol di ng thfsislat F0Mkisttt A é;bfbhﬂaltdi‘%ylﬁélpﬁneitiaﬁﬁstﬂ%O’ﬁﬁduin'@& offat Aceadadfaly,or of
the inverter 403 in the data holding portion 401. [0036] A witing

oper at i otheo¢hargre agrumulated dn janet ¢fetheagledirqses tof dhe £apaditar ¢0¢ randdthe sgata0

hol di ng rtion 1,.and h in r i ng, d,rewitin erations of the
data w1 PR GRof e nfOR R g G 1 965 el M RaBBR RS o i g

a gal@ ebewrhfidldsf oie bhehd ElRrOBodes Wt the Zaphdifor 30d0imNk ipdkendial vhitlehidphe
transi stor 402 is turned on. Accordingly, the data held in the latch
por ti on, termigal o§ theginyeter A0S Athis pperpdon porrgpgondsstogaatingle d Ravriting (o thet put

signal i ﬁatﬁQ9+ Bgﬂexifﬂgféiﬂ% 9%:&&9%@?19%9%%% H/hein g&?‘ﬁélhﬂﬁé A%t @ the

i nput term na nverter aresult, t charg& 1 n accordance
with the[@37¢ntial of the wiring 415 is accunul ated in one of the

el ectrodes of the capacitor. 404 and the gate .5 capacjtor aof the_inverter
303 (Lhi s oper 8115 CRBlEr ESHEGLCDD e apelged iy e ammisior 4Pe aby D5aPe L or 402
I's tysnegoiRfWing MatiGdls affBeGfed MR IRGRYALOBRL] Hhatti; IRIR-S-6C8ka4e of
the transistor 402 is set at a potential at which the transistor 402 is

t ur ned ofifateriatcoardi haySy-Zn-Qebastrhr gutatdunan ated\liZn-Otmsed wiaterdlliecan odes of
t he capagi tor. 404 . and th it e capacitor .of the inverte i s hel
(ot i gy Gz SRR, maff  fny BEOF ZacDuBted Mrtialt e Purdn-OriRed ¢ e

el ect r odastdifal;t fie [¢-ZRATIbasYd AHAdrial thrd SRHEOtHased afatdrid® A PULZd-©ctHsedl of
the inverter 403 (this operation corresponds to reading). Rewiting of the

dat a canmiéerigbrandpridtased materiglhay Sahbasgd materiabzand g Zn-Rebaged mategiahnd

hol d'?@g @O3tg£e data. [0037] As the oxide sem conductor |ayer included in
the transistor 402, any of the 15 following materials can be used: an

| n- Ga- Zn- O- bas Bdreyeieayxidd senficondaetdniaebis pecteniblyedn @ide semitondudtoZleyex based
material; an I n-Al -Zn-Q based terial; an,Sn-Ga-Zn-O based material; an
Al - Ga- Zn¥Bithad% dighy Purified by sufiicintly nremqyinge an piRRYFity, suchy 23| hydoges; hased

oo Sy AR TAGAG 10 S BT L b B0
less than or equal to 5 x 10" /em?, preferably, less than or equal to 5 x 10" /cm®, more
25  preferably, less than or equal to 5 x 10" /cm?, still more preferably, less than or equal to
1 x 10" /em®, and even more preferably less than 1 x 10 fem®.  Further, the carrier
concentration in the oxide semiconductor layer can be set to less than 1 x 10 fem®,
preferably, less than 1 x 10'? /cm®, more preferably, less than 1 x 10" /cm®. In the
oxide semiconductor layer which is highly purified by sufficiently reducing the

30 hydrogen concentration, the carrier concentration is sufficiently low as compared to

carrier concentration (approximately 1 x 10'*/cm®) in a general silicon wafer (a silicon



20 [ 0038] Here, the oxide sem conductor |ayer is preferably an oxide
sem conduct or | ayer which is highly purified by sufficiently renoving an

i mpurity woehi@ds2dr¥dr ogen. Speci fical ty, the hydrogen cegaggpigighésy i n the
oxi de sem conductor |ayer can be set to less than or equal to 5 x 1019
/cnB, preferably, less than or equal to 5 x 1018 /cnB, nore 25 preferably,
| ess than or equal to 5 x 1017 1cnB, still nDre preferably | ess than or

Far Cher . YE1sS BarhehA WahEaRoR TiomAuRe] HERRR G R A reaTIGR S PADBS can. be

set to | gggedyhan 1 x 1014 1cnB, preferably, Iess than 1 x 1012 /cnB, nore
preferably, ess than 1 x 1011 /cnB. In the oxi de sem conductor |ayer which
‘i's highl ﬁa/q%?ﬂi fied by sufficiently reduci ng t he 30hydrogen concent rati on,

the carrier concentration,is SuffICI ar r
e coat Fart on TR BRhhar o) Joihdld, §H5 henlico it SREPY SignlpbRidLRL, .
silic®dn swicRatly Oreditial Bydib} ahtcoafmuﬁtlo@f andmuﬁdet ycoeberrantﬁtypactsmaé

phosphorus or boron is added [0039] In this manner, by using an oxide
sem condé@t"&?nm%wf|a§uh$tgl?ﬂa}ly|ddypﬁf pide pgmicgndyetar; veitle ptremalie dave caigiehy dr ogen

concent r i‘&ﬁlﬁ%ﬂ rg&ﬂ: ”@19%5 iR 8 | AR CnX LG n?eetg‘ ﬁQBSpﬁJ Off-dite Fcurrent
subst ant y I oxXI e Sem conduct 6r Wt h I"ow carrier
concentr aharm:tenstthe chn dasibsdined. 4Edr whampleh agereint thercabey of an elemidne wdioke st at e

current characterjstics cap be obtained. For exanple, even in the case of

an el emefkangebwidtl H4ink m mrhawFlsanteMert&ml{lﬁr% Rd bﬁaﬁﬁamwehgﬁeh D is 3
pm Weg“@léi{g'agpt‘ec{ an% C%Q\;@" \Ahgl'll'é HJ%' g%tgate%&t {cﬂqse s +1

V or +1 |ch|sa rode

ranges fapplieddo\a bate -e?there adheed frost at oy t-‘dJl’-Q@'V aﬁtoffl%ﬁ&lurﬁeﬂmeﬁcﬁrhﬁle i's
| ess than or equal to 1 x 10-I3 A Further, in tenperature characteristics,

a transi getmperatnrcmmshtlan omfequ%tt(ate Iﬁj?rAantFwtmr be teuicratoiearhatagteristicsand an
on-state curr.ent caﬂ f|C|entIB}/ t?gffé t ah hte erature can be
obt ai nedatti‘BF‘S‘é&M ieh ap oli-glate, quriepf e e sythicienty t“h8“15 LATEnhr 402,
data is el 8 @\‘?ﬂlcieﬂtlﬁl h'ig”}ﬂ%nojt a tﬂéh @:ntx raefe &anVhe $bt£1ﬁ¥\ﬂ t elfﬂieerxﬁﬁlbree as

dependence of off-state currents, on- state currents, lites,

val uts. NKatle Chhlatterlbtmsaifdhetrhmistogﬁ)ﬁ cetace wbtaatedan ai mngchef a4 Héto 150
sem condy | ayer was neasu by SIM5 (secondary ion mass spectroscopy).
[0040] 2ROEE LG TR T HEPSRARRED HE BECHE CHEPRIGRR # e o] BEDies

Sem C."”dklﬁ& Qrval ¥ ET Nbit AR th3bdye Clgﬂ,d%eéte}ﬂ éoPE@nfu%ﬂoﬁﬁm {&r&l&éﬁt&lc&ﬂﬁctﬁ

non-si ngl e-crystal structure. riety of structures, such as an anorphous
.structur myeawasmemg&b;aSlMS@e@umtmyctopsﬁalslspmmonyme | i ke) structure, a
pol ycrysi@l ine structure, a structure in which mcrocrystals or

pol ycrys 404 are included in an anor phous material, or a structure in

whi chp 25 m cr ofioYSthal sn &EldPQélﬂi%ﬁlcﬁfcﬁJr?mélﬁ&‘edf AR ExAL sBmRGhiRTS 18§erad
anmor phous structure, can be enployed. [0041]
not particularly limited as long as it has a non -single-crystal structure. A variety of
structures, such as an amorphous structure, a microcrystalline (nanocrystalline or the
like) structure, a polycrystalline structure, a structure in which microcrystals or
polycrysrtals are included in an amorphous material, or a structure in which
25  microcrystals or polycrystals are formed at a surface of an amorphous structure, can be
employed.
[0041]
In this manner, by using as a switching element the transistor 402 using an
oxide semiconductor which is highly purified by sufficiently reducing hydrogen

30 concentration and made to be an i-type oxide semiconductor or a substantially i-type

oxide semiconductor with extremely low carrier concentration, the charge accumulated



In this manner, by using as a switching elenent the transistor 402 using an
oxi de sem conductor which is highly purified by sufficiently reducing

hydr ogen 80 20omeeovsr at i on and nade toldée an i-type oxi decsgraonedaet or or a
substantially i-type oxide sem conductor with extrenely |ow carrier
concentration, the charge accunulated in the capacitor 404 and the gate
capacitor of the inverter 403 in the data hol ding portion 401 can be kept

hel d for . f . ;e vol t age
o the | i B SapaaiPAds yBe bulRaRRl: 8| hETRHEPIS und REVRAREGS 01 102
t he dat a40vlcdn g kept héld fort ol emennebg lckxg)tlmlaeﬂvdn fafter suppbx bf erpelwr keurge t i ne.
In addition, 5 after the supply of the wer source voltage to the latch
circuit Xotageds the é?ﬁ‘flbﬂlr%‘ail(ﬁjoh%sk%om%&fia ﬁb?@e’i Wotdse thedata Wé‘l“GP AROB% ti on

401 can Rg.rgadin ﬁs%ﬁ%ndh k¥ bk ept Hﬁh%} aﬁte%@?a?“loﬁg St Ahefhditfont he
| ogi cal state pr% rto t e stop OP t he suppl ower source voltage
In thds aﬁemﬂab supglylﬁnhgpawelascRWet wiliagg te tlenkanth ¢1fomtt40@rimsstan’red4{g2mu5| ng an

oxi de se or mhl hlgh urifie UffICI uci hg 10
hydr ogen Eda’t“i g‘ﬁ ‘BE 0 (ianﬂifpé’ gw Q&e °§ g’[gfﬁaflor a
subst ant Isﬁ{el &’ad bd mﬁ)rw kcdﬁlesr%glcﬁp&%qsr% 141 thé sﬁypt 6191!H€|s)i ﬂ)l?%fctﬁ_é Rler

concentration, a novel nonvolatile latch circuit which as a wde operating
t enper at gpwce ambwandn dhis rmamwsT, sltsabmyg evmsmtcfangne@hnmemlpretranmter 40d in

whi ch a | ogi cal stteofsorln a i,s not _er erthe ower is
Ur ned-offeaih wedt Sphisefafder Jud) & 'Mefly' pASr By ENEReBH LY rehiind
nonv e at hl@rokéd Edhcehtttidntand@adedo BBER-tRe dXidtedeniibEdudior 6xh Sgbss@Balbpnduct or
can be used as a sem conductor material for the el ements other than the
transi st G1YREOPXidgs SEHICORAUGPT FYithpt gxdtemelnjoyn casricd e cancgniEditiuct ohoveli ngl e
crystal | S xampl e,
t he el errzlh{l%ggﬂot ﬁé%{%ﬁlﬂ.gn %ﬁth%%%g‘?gf o({rp ezfglglgcan %ﬂg? 2%% %giovgr £t§§

subst r at etablyné\&innitnghfghstenipemndu(ahdrm nelfieli iaallogicAls stafeeofsutbdtg data isaiot ai ni ng
a sem condu%fi terial, a.sili aon wafer, an SO (silicon on insulator)
subst r at &ased eyemjatightheinoiwen {sdhmg offrf‘é‘ﬂlbﬁtr?ar%’éegurface or the like can be
used.lSWldetzEe use of the material other than an oxi de sem conductor,

hi gh- speed operation can be realized. 25[0043] Further, anong the

el enents of thdnmmgvadéraents of thet minvolatibulatchd@fuitt 408, elrmtarialwtmrhhan aman t he

t t 402 I be, f d usi d t
Serm condQKCE REBARIP: cioBh Ap-hte 2ReRaP Pt BT Sl e e B na

St ruct ur enaf thel edmBRtoy 2. NV Gk ahhteHall 8then tHah! fitlbkide seRficoald8&Br tsingdé her
than the transi stor 402 of the nonvolatile latch circuit. Here, as the

el enent erystal Stlt@‘an, eristallingsdiconopr thediketdse herusedi sFor expmple,rfhe ehestenin t he

i nve t | g ofti des appl e.
e &) omdiel Bemclt®, RARSHE' M2 keRobh, iRl (Fsre i Sdfle ifE S D ame or
simlar 'fs@nicbﬁdud&fr raeerial.ansk shorsubstiate containing a semiconductor material, a

silicon wafer, an SOI (silicon on insulator) substrate, a silicon film over an insulating
surface, or the like can be used. With the use of the material other than an oxide
semiconductor, high-speed operation can be realized.
.25 [0043]
Further, among the elements of the nonvolatile latch circuit 400, the elements
other than the transistor 402 can also be formed using an oxide semiconductor as a
semiconductor material.
[0044]
30 <Planar Structure and Cross-sectional Structure of Elements of Nonvolatile Latch
Circuit>

FIGS. 3A and 3B illustrate an example of the structure of the transistor 402 and



5 The el enment such as the capacitor 404 can be forned using a filmfor
formng the transistor 402 or a filmfor formng the el enent other than the
transi st owo402/068076 3A il |l ustrates a dboss section, andPErGr2088osdzéaustrat es
a plan view Here, FIG 3A corresponds to section Al-A2 and B1-B2 of FIG
3B. As illustrated in FIGS. 3A and 3B, the transistor 421 using a nateri al
other than an oxide sem conductor is provided in 10 a | ower portion, and

the tran%ffégg@fé@%tﬁg i BB (BHLiG8: 365THEARHNG! AhvifeTah QAL fifte2R gipPEr

portion transi st or annel

regi on 1bﬁ:n|irm0‘®'tldedlahrthatmnﬂ)§tbf amza, tHO fansimibred 21 ingluded enthednckitet d03 wht eri al ;
i mpurity 8| ons. 114 and %3 -concentration re_gllE ons 120 g}agconbi nation
of the i r&-{sfu ata yrolding prytion #4914 SPHEC%?%*H’ EEREGt r Bhs gamerigiodiss theaghe an

simply berh&t®k r49§ iR iBTe a”BHf A}IX tﬁ@g 0%t stiidfead it Br iﬂletr&ﬂ?s%}eiz

formation region 116 interposed there etmeen a gate i1 nsulating Iayer 108a
over fHhe Thieasiereéntf smchesitbe capayiton 4!1)4&;ana>egﬁxrmeéllsutgr addmlfoddoomimg thhe gate

insul ating l.ayer 108a;. a pree of ain electrode 130a el ectrical
connect ed’%PB‘ '1>‘/’ 30%87 ‘f‘qg‘éff’lffs’ﬂ/ 'tli‘ef e&“enéﬁﬂleétt?f}dﬁ“cga’bﬁ’ tﬂrr‘g(?zn é:lqglc%‘gode
130b el egliisians! ¥ GORNGLLBH, taﬂdtm 'ml—iflh§t%té'539'15lﬂn Ihéw. [ SRAS] Fider A
sidewal | insulating |ayers 118 are formed on the sides of the gate

el ect r odgomrespendivier sectien Alad?2 and BB of 51@ Hhe, As Hustragd e 5&@&1%@@ on
regi ons bstrate Qes

over Lap et e weBros SR e e APl el i R SEREb Rttt aBERIAHATT i ons
124 aoe priesenpordvs) arddntbe hiagtisop 02 mlhgtahmldee@hﬁ&ﬁxdﬁaﬁr 1d:ptbt/ia1eﬂ in an
el enent isolation insulating layer 106 is forned over the substrate 100 so
as to sulMPBERPTEMEe transistor 421, and an interlayer insulating |ayer 126
ranei st BY43" “the ‘Source ar drain el ectrode 130a and the source of drain
el ectrode 130b TaeeransBoirr42aidcjudesnneldnnedl famntahienregidh tidnpowitdtdriagaons 124
through Oﬁgsrt]rla{]e 100 containing a semiconductor material; impurity regions 114 and
15  high-concentration regions 120 (a combination of the impurity regions 114 and the
high-concentration regibns 120 can simply be referred to as impurity regions) formed
with the channel formation region 116 interposed therebetween; a gate insulating layer
108a over the channel formation region 116; a gate electrode 110a over the gate
insulating layer 108a; a source or drain electrode 130a electrically connected to the
20  impurity region 114; and a source or drain electrode 130b electrically connected to the
impurity region 114. |
[0046]
Here, sidewall insulating layers 118 are formed on the sides of the gate
electrode 110a. Moreover, as seen from a plane, the high-concentration regions 120
25  are formed in a region of the substrate 100 which does not overlap with the sidewall
insulating layers 118, and metal compound regions 124 are present over the
high-concentration regions 120. Further, an element isolation insulating layer 106 is
formed over the substrate 100 so as to surround the transistor 421, and an interlayer
insulating layer 126 and an interlayer insulating layer 128 are formed so as to cover the
30 transistor 421. The source or drain electrode 130a and the source or drain electrode
130b are electrically connected to the metal compound regions 124 through openings

formed in the interlayer insulating layer 126 and the interlayer insulating layer 128. In



formed in the interlayer insulating |ayer 126 and the interlayer insulating
| ayer 128. In other words, the source or drain electrode 130a and the
source orwoOraimegd7ect rode 130b are el é6trically connect edTie2d1ne69764

hi gh-concentration regions 120 and the inpurity regions 114 through the
metal compound regions 124. Further, an el ectrode 130c which is provided in
a manner simlar to that of the source or drain el ectrode 130a and the

source ot Aot Rl ool AT A LETabl 4Rl b SUNASH! B! Qe 9356

el ectrode ransrs I nc es a ga ectrode
136d ovefard Bcirithlty | coyaéctédso!l thé i High- b@rweﬁtrétﬂﬁl, regigist @20 nad| thiei mgpuriayer 138
over the gate electrode 136d; an oxide sem conductor |ayer 140 over the

gate i nsdfEPINH4 Arepeh the metal compaynd gegipnyiddfn Fertharean ekgtoduda0and a
source on Hi&ﬁis'brgY ‘;9/& anPﬁlaﬁé@r§lfﬁhbxtﬁtﬂ tﬁéteof HEEodrEE o aﬂledé&fﬂaggr@@&’gg&” | ayer

140 and el ect ritc connecte e oxl e sem conduct or [ 0048]
Her e, 5t hehegsoueceadr eledin okbetrdBO6BAObSs Eloctaiedllys comscted tdthe eatecdabedde hlGan
insulatkgggéﬁ | ayer 132 which is over the interlayer insulating |ayer 128.
Furt her simlarly to the gate el ectrode 136d, an el ectrode 136a, an

el ectrode 136bqnandn@fofh6F iHoRes 366 ArofiONTBH ot tﬁemt@fgyemsmahﬁg sour ce
or drain electrode 130a, the sourc€ or drain electrode 130b, and the

el ect r oddaye80LE23; raaga&tlnsx@tylg [z{yeﬂg]38205¢crpﬂ@t @oftei vbdm@ulléﬁd,n@nl exide 144 is

formed over.th rapsi s 402 so as to ontact with part af .the

oxi de. serrRishiteds; Ryes 480 pY8” ke et Stz BYECTRT ind)a SRyB 4r @ik "F o e
over 1ohe eRicb@ 428 dndsu! sduirdtd ok atin kéirodderab t MRicRT &t egddr Vel BgdE at i ng

| ayer 144 and the |nterl4‘%er insulating layer 146 are praovided with

openi ngs s¢mionducieinlayerel 4band eleglrically conneciedt todhie oxieaseaHerndyetos dalicte or
drain elqg rode 142b. An 25 electrode 150d and an el ectrode 150e are in
contact wwth the source or drain electrode 142a and the source or drain
el ectrodgoa4®&lb t hrough the openi ngs. At the sane tine as formation of the

el ectrode 150d_and the el ectrode. 150e, an, el ectrode 150a, . an electrode
150b, and an ele&s thiigate sksctrade 1364 isdarmygd shasiode embegded in agmslating

el eCtlS'Odg a;l-,?@?rz WG &l &t RGBS in S‘uﬁ%:ﬁa Fﬂa?fé.r qfiﬁthlx?nﬁ& £1ﬁ§19ﬁ tyvely,

t hrough enings In the gate 30 "I nsu atl yer 138, e prot ec ive
i nsul at i ke gy electieldt, 130ddart tiectmdedﬁba,wareleqﬁmdb é.Bﬁlmgmtiayetecﬂrdﬁe 13@0606)]

Her e, oxi.de sem con ctor erably an o

e cond e PERCGRIEAG SursegiiaBaischpdh LE0R Sir 1ecaAryn 59 an

i mpur ity 1306 hnd$hdWektRABN30SREettivedy.| Y, the hydrogen concentration in the
oxi de sem conductor |ayer 140 can be set to less than or equal to 5 x

10191cnB [0¢4%f erabl y, |less than or equal to 5 x 1018 /cn8,

20 A protective insulating layer 144 is formed over the transistor 402 so as to be in
contact with part of the oxide semiconductor layer 140. An interlayer insulating layer
146 is formed over the protective insulating layer 144. Here, the protective insulating
layer 144 and the interlayer insulating layer 146 are provided with openings that reach
the source or drain electrode 142a and the source or drain electrode 142b. An

25  electrode 150d and an electrode 150e are in contact with the source or drain electrode
142a and the source or drain electrode 142b through the openings. At the same time as
formation of the electrode 150d and the electrode 150e, an electrode 150a, an electrode
150b, and an electrode 150c are formed which are in contact with the electrode 136a,
the electrode 136b, and the electrode 136¢, respectively, through openings in the gate

30 insulating layer 138, the protective insulating layer 144, and the interlayer insulating
layer 146.
[0050]



5 nore preferably, less than or equal to 5 x 1017 /cnB, still nore
preferably, less than or equal to 1 x 1016 1cnB, and even nore preferably
| ess tharwd 28111836G51cnB. Further, theltarrier concentrarcearrnobédesoxi de
sem conductor | ayer 140 can be set to less than 1 x 1014 /cnB, preferably,
|l ess than 1 x 1012 /cnB, nore preferably, less than 1 x 1011 1cnB. In the
oxi de sem conductor |ayer 140 which is highly purified by sufficiently
reducing 10t hydr tr at e e S
uticiontly | BeauOResGRRGRRLIT AP 140 Epk AN o ATl * )
1014/ c nB)aerfl whidhein eﬁgﬂy putified by waffsienfly sinohingranwiaipairity suskhaschydiogeni ght
anount of ur|t el ements such as phosphorus or boron is added). In this
manner , eqa ically, Hie hydregenscoRcetIatian tip rthwwéﬁ SPEIGOPARtYT [3yeY H(baarbpe

suffi ciegliy {SQ%%' a6 308 202006 BB ol Balil P8 LIV'E dppe Oxi de

15 sem ¢ or or ubstanti bxi de sem ctor

extregel ﬁldr@?‘rdfé’fﬁlﬁllyel’eséﬁﬂﬁﬁeﬁteﬁﬁill t81%, xtlbé7 /bﬁlanﬁilﬁin@fe %Q?erMy Obsshiaan ext renel y
favorabl e off-state current characteristics can t ai ned. For exanpl e,

even in theltade ' dm'ehedrevin mhrssmetcrabin tess vhadtlhx\l\!h Sgem’ x Iilothepnhe and
channel length L is 3 | a drain vo is ap dtoa
drain el @erf%ba%nqegtratpwngt}w X e\ﬁﬁ%@ﬂ&ugafb gﬁi‘ %@SW&HSS.@ appl i ed
to a gat el 8r 1V, 1 0 f LHr ents at
nor nal tgrrpegrgt ﬁ%&@{"g@g ﬂHwn 01? e/ﬁtna’l it éfefe?:%? l SSStmklot etqlhgéta{f he
above hy i agesxidoOsesivbducioonayen 140 evidet iieh@lﬁmpm@nﬁﬂdcbtycyuffﬁcﬁmry redscingasur ed

by SI M5 éhecondary i on mass spectroscopy)..[0051]. 25An insul ating |ayer 152
is f&fme eoh»@rogenecorl?ﬁnérmla@séhe FRTEET %&chrthéﬁ suffigienfly, Iy éEP?‘BH%‘e‘iSQla an

o be onbaiRea 1SRRI pBSRAdS 216 M The 2 eBFL SRAH Fafr (LMEM 27 Oae
154a i s wafaaotwaltdth \Msﬂilght Beoehtestt ingieityl blémentshenck|ag gthosstordsSébbaordn iig)

cont act WI th the el ectrode 15Qb, the, el ect rode 154c.is in.contact with the
el ect r od@ddesyc Brifis;manner.chyt peingan guide SS@M} dygtar whichtis bighly purfigddy

contact %ff@w‘hﬁ? B RldREih Oﬂ?drqagg? 00519% and made Fgabﬁleérb ai![ 12 pé Nxifid ement s

of the nonvol at Iat h Circult I n F 3A and el ectrode
110aldf stmiconduesirsr arsubb@antiadlyettgpd oxxdalsd:rylcomdlmmrt\enih enretmfly $owicawieor drain
el ectrode 142a of t e transi st‘@% 4192 t hr ou Iecg[ 130c t he

el ect rod&ori“(?%at‘%e &1 EASISEiQfe 446 gwhich hléaseF ‘T’? He t?tﬁ cusreatt r ode

150d. 5[ Qﬁzﬁg&terﬂ&& *&Qﬂ bfanbtdYﬁéE’f %ﬁ' lé&hrﬁﬁleEE%?ﬂlt ﬁlleasé\'Gf“éﬁ)'ePénhén? wHREE N

Crcuit> , an exanp manuf acturing the el enents
of the nohaxmlelamdthastbh quamd vhalnhelblengtbicmib@m wiien gtdrain vioiageokb f or

manuf act uri ng, the transistor 421 in the |lo portion wll scr.i bed
bel ow wi PHGTEisapRieh{o  dpimglechiode s oV A+ 15 2pereate H%‘f%g% hich is

bl ot %‘#‘E%%?Eﬁ%éae%%‘fﬁf’%& R EEY PR B%h PR SRR ot o
for - ManutasperstuitgisTles3hait of cigialLWErx AOr'?i AN>Note that the above hydrogen
concentration in the oxide semiconductor layer was measured by SIMS (secondary ion
mass spectroscopy).
[0051]

25 An insulating layer 152 is formed over the interlayer insulating layer 146. An
electrode 154a, an electrode 154b, an electrode 154c, and an electrode 154d are formed
so as to be embedded in the interlayer insulating layer 152. Here, the electrode 154a is
in contact with the electrode 150a, the electrode 154b is in contact with the electrode
150b, the electrode 154c is in contact with the electrode 150c and the electrode 150d,

30  and the electrode 154d is in contact with the electrode 150e.

[0052]



First, the substrate 100 containing a sem conductor material is prepared
(see 15 FIG4A). A single crystal sem conductor substrate of silicon,

car bon siwoeonyoser7st he |ike; a mcroct§stalline senm congatiieroisndsés ate; a
conmpound sem conductor substrate of silicon germaniumor the |ike; an SO
substrate, or the like can be used as the substrate 100 containing a

sem conductor naterial. Here, an exanple of the case where a single crystal

si | ' con subst r?ﬁff 1§ 3n eeqe gntg ngl%g‘lgﬁk%?ﬁlg lé}"l@? cﬁ'&m i?l'lpl ﬁ[aﬁl%%B the

sem conduct or eri a esc [ ener e térm" SO
‘subst r at gate masdalmahﬁtthatrendiaw 40 B eSdckriicatip cﬁ)ﬁﬁ!&cﬁmhlduﬁé séurb@yedragver its
i nsul ati ng surface. is specification and the like, the term"SO

substr at élec%?‘@ol%é’rﬁéh%tréﬁb%qrrﬂ?éhwp ke glegtéqﬁeclfﬁl{)@u@p@}eqrgg%,m% ithfg a
materi al cRLMG. 150RhS He‘:ﬁg& dﬂ‘ﬁ‘ér rlrc]ittﬁg g%&&é&tis@g surface. That is, a

sem conductor layer Inc UbStrate” is not limted to a
silicon E®S8em conductor | ayer. Exarrpl es of the SO substrate include a

substrate ich h a_senj cqonduct or er i nsul ating substrate
such as “@1@%‘4 &fﬁ‘é"t‘fa&‘(“é‘“g Igrpengs of Hg%‘f"é”ltqﬁg‘aﬁchéwuﬁét ween the

sem conduct or N@)YteranaréQaﬁnBI% bf‘SAJHﬁ‘éth&Q fék‘%&ﬁtﬁ&&urnﬁé)qg@]elén@ﬁt@t&Ctthé/ e |ayer
102 that serves as a nmsk formng an el enent isolation 30 insulating

| ayer i snéwrolade dateh dirgait S\Mibbbc atescritgd. ( Eiset, Al Gethd, fonrmamdfadtatingighd ayer of

cxcarpl o, Aoy F1caRe hsreecion 3 bE8%ieRbed by i fureRhet BB #Ana.
af t e10 t htcs4H} &3 thé a infEgkiid foy neIn@fRAfring! tAP Bthkdidier 402 MABe ﬁg;ﬁtdtp@hﬁoﬂ Wwill or an
impurity el ement i nparting p-type con§u0t|V|ty can be added to the

subst r at be depgribed baletw withorebesencede FIGe Shtoex(iandiFlGd-1ofy® &7 t he transistor.

As the |f®3rLty i nparting n-type conductivity, phosphorus, arsenic, or the
| i ke can sed, for exanple, when the sem conductor material contained in
t he subskMetidifoDManufasturing@hansisortih &oivepPortioy>i mparting p-type
conductivity, boron, alum nunhlI gal lLium or the |ike can_ he used, e{

exanpl e. [ 0056§1rst; the subgigate 100 oRtainiag gsemigondyeron prajeriab it PERRIcdeSFay er 102

as a4meskyG R e)t N anEFc é9Q§lt £e?1’il€orﬂd99to¥ @uﬁst{a?&bg)ﬁ!ih%'ﬂ CJ%rBo?l ﬁH&orF%YQﬁéad wi th

the protective |ayer (an exposed region) Is renoved by étching.
Thus, anliksdd an@dcrsstailmersdmmooductegsulmtraleAa |cempoumbsbmlsmmwm®suuﬂpa,te As the

RGN CIR RN G LI T AR TN T
dependi nguiRfaR 16U Sbmtanin als%ﬁﬁéosxdh&op%aﬁ‘é&h.edﬂe{eg%nxample of the case
where a single crystal silicon substrate is used as the substrate 100 containing a
20 semiconductor material is described. Note that in general, the term "SOI substrate"
means a substrate having a silicon semiconductor layer over its insulating surface. In
this specification and the like, the term "SOI substrate" also means a substrate having a
semiconductor layer using a material other than silicon over its insulating surface.
That is, a semiconductor layer included in the "SOI substrate” is not limited to a silicon
25  semiconductor layer. Examples of the SOI substrate include a substrate which has a
semiconductor layer over its insulating substrate such as a glass substrate, with an
insulatirig layer between the semiconductor layer and the insulating substrate.
[0055]
A protective layer 102 that serves as a mask for forming an element isolation
30 insulating layer is formed over the substrate 100 (see FIG. 4A). An insulating layer of
silicon oxide, silicon nitride, silicon nitride oxide, or the like, for example, can be used

as the protective layer 102. Note that before and after this step, an impurity element



15Next, an insulating layer is formed so as to cover the sem conductor
region 104 and a region of the insulating layer which overlaps with the

sem condugboniesi7@n 104 is selectively renoved, so thapcihe:Rbe60604
i solation insulating layers 106 are forned (see FIG 4B). The insulating

| ayer is formed using silicon oxide, silicon nitride, silicon nitride
oxide, or the like. Methods for renoving the insulating | ayer include
et chi ng, are

Soolt oo pifParREs b b bR Por el G0Gen Pan R -B% PhBV LA T ot or

the el erraéitaddeﬂqbahé Qiibstrateul 08t inBddray @bftrdiGhe MiresHold (Bithge o @hdirMisastdd Ve ,
| ayer 102 is renpved. [0058] Next, an insulating |ayer is forned

over theAsdhe &BpenifytiBwartig lbtypz(mndwﬂa, piBIsBlyarns, cssenis, oF thf Wk eambet | ve
materi al uée%l ffé)rr ér%gl&ac% q{’heg’lht%F asg;?ﬁ’co%{lu&(gr ‘F\%? 1al c&rﬁ%ﬁgg ﬁﬁ%a#iﬁgtrait?%m 53 ulating

| ayer serves as a nsu ayer

pr ef ef abkijictins As Ehenigi[ﬁ-rilt)a)iﬁ?arﬁhg paypy eordluchvity, doka ahintinGhppaliuml og a film
contai ning silicon oxide, icon nitride oxide, silicon nitride, hafnium
oxi de, afhgriksran e ussd, & exampleal um oxi de, or the like formed with a CVD

met hod, ﬂxg Pttering met hod, or the like. Alternatively, the insulating

| ayer ca e fornmed by oxidizing or nitriding a surface of the

sem conduct or Nexfi ovithl the g &fi thh-adbens iptqteqmivaslawrt I(Eaasmrnnaskr parh of rthd

oxi dation treatment. The h| -densi t treat e C erfo

ai g, 1 Ol an & caion SipgLS R cayrdd B e b 102 n REBoSH e and
a gagp SUG&:&? iOYhIRRd BY dEREEN PsdEn 1s%l£¥@m§e%uc6}idu6f69%glorpﬂoii$€dﬁoﬁﬁ@d‘ There
is no particdlar limtation on the’ thickness of the insulating |ayer; the

i nsul at i (ﬂg,e F&G.e4B)c adstibe ¢tohimeddryretahing is greferably performed,thyt ¥00etabing gen usi ve,

for exan‘B perf(g %0] An etching gas and an etchant can be selected as appropriate depending

on a material of layers to be etched.
[0057]

15 Next, an insulating layer is formed so as to cover the semiconductor region 104
and a region of the insulating layer which overlaps with the semiconductor region 104 is
selectively removed, so that the element isolation insulating layers 106 are formed (see
FIG. 4B). The insulating layer is formed using silicon oxide, silicon nitride, silicon
nitride oxide, or the like. Methods for removing the insulating layer include etching,

20  polishing such as CMP, and the like, and any of these are applicable. Note that after
the semiconductor region 104 is formed or after the element isolation insulating layers
106 are formed, the protective layer 102 is removed.

[0058]

Next, an insulating layer is formed over the semiconductor region 104, and a

25 layer containing a conductive material is formed over the insulating layer.

[0059]

Because the insulating layer serves as a gate insulating layer later, the
insulating layer preferably has a single-layer structure or a stacked structure using a film
containing silicon oxide, silicon nitride oxide, silicon nitride, hafnium oxide, aluminum

30 oxide, tantalum oxide, or the like formed with a CVD method, a sputtering method, or
the like. Alternatively, the insulating layer can be formed by oxidizing or nitriding a

surface of the semiconductor region 104 by high-density plasma treatment or thermal



The | ayer containing a conductive material can be fornmed using a netal

mat eri al such as al um num copper, titanium tantalum or tungsten.

Al t er nat iwel2g11/dsbezs| ayer cont ai ni ng a2@onducti ve mat eri acToemibessier med
using a sem conductor material 10 such as polycrystalline silicon

contai ning a conductive material. There is no particular limtation on the
met hod for formng the | ayer containing a conductive material; a variety of

film for . eV '
Sputt o] Rdh HERRRHS HEhiBR oBibi) ARAEEATAPLPE: o8 oyeai”ﬁ%aﬁﬁ)&% hat in
thi s enbedimplata mitedepaawphearefgat bechcadde, wieKe, drixe hxayzegamnh ak Dkygena

conductive material is 15fornmed using a netal naterial descri bed. [0061]
After thatrogemexidss pEONiRy DILERRER, Anbydregen; aJéPreclémoamﬁﬁlﬂéarahreB M ve

mat eri al 08a and
The b o 1 GERALSGFkGhl i B B9, A5 rsal) P et 2

i nsul &t i no ﬂod}b@mnﬁmzlmsiva;focemlslel he gate el ectrode 110a is forned (see FIG
4C). The Q?bge impurity regions 114 with a shallow junction depth are
f or med b‘j/]0 i ng phosphorus (P), arsenic (As), or the like to the

sem conduct or REi1NEr 1QMtdiSiRg £ !cbndietive Nahrikin@in BROKPIGA URiHY adme@bi C i S

added here in order " to forman n-channel 25 transistor; however, an
i npuri tyrrealt@mbmchsascﬂiuramunnrconpe(rB)tammnalta;mlnmnp( mngstnay Alcraaideady.ithe t he

case of form a. transi tor ormat,lo jpurity
aai ons 1SR et RN ABRTHT 8l g ol ng 81Tl dferal™

sem ¢@Ndyedhods pob@r PiallifkdsiiedDyvrtdifingat dnti@iveahdtigall aYRére 1986 psiealal-| G
4C). Here, the concentration of the inpurity added can be _set as_

appr opri é}frétatlph@nc@ﬁc@ﬁ&hpétfpbrﬁorrryngrtb¢ 42y£B| GpniaHng AseANAPpEYe SRtTRE &j ze of
a sem COQQH&%%‘% fﬁ@1 ub Orméﬁfﬁﬁkﬁ’agﬁﬁee Sttion! R PGB WDV\JHE Bathe

i npurity regrons ter t rmatlono the I'nsu atlnglayer
112 is sputtering method, and a spin coating method can be employed. Note that in this

embodiment, an example of the case where the layer containing a conductive material is
15 formed using a metal material is described.
[0061]

After that, the insulating layer and the layer containing a conductive material
are Selectively etched, so that the gate insulating layer 108a and the gate electrode 110a
are formed (see FIG. 4C). |

20 [0062]

Next, an insulating layer 112 that covers the gate electrode 110a is formed (see
FIG. 4C). Then, the impurity regions 114 with a shallow junction depth are formed by
adding phosphorus (P), arsenic (As), or the like to the semiconductor region 104 (see

" FIG. 4C). Note that phosphorus or arsenic is added here in order to form an n-channel

25  transistor; however, an impurity element such as boron (B) or aluminum (Al) may be
added in the case of forming a p-channel transistor. With the formation of the impurity
regions 114, the channel formation region 116 is formed in the semiconductor region

104 below the gate insulating layer 108a (see FIG. 4C). Here, the concentration of the
impurity added can be set as appropriate; the concentration is preferably increased when

30 the size of a semiconductor element is extremely decreased. The step in which the
impurity regions 114 are formed after the formation of the insulating layer 112 is

employed here; alternatively, the insulating layer 112 may be formed after the formation



enpl oyed here; alternatively, the insulating |layer 112 may be fornmed after
the formation of the inpurity regions 114. [0063] Next, the

si dewal | wo=ulatskorg | ayers 118 are fo2hed (see FI G 4D) pcWyemiameorasul ati ng
| ayer is formed to cover the insulating |ayer 112 and then subjected to
highly 5 anisotropic etching, the sidewall insulating |ayers 118 can be
formed in a self-aligned manner. At this tinme, it is preferable to partly

etch the,j i : 112 so that a top surface of the gate el ectrode
110a andﬁ@%%ﬁﬁ@gg@a}éﬁ%‘%e inmpurity regions 114 are exposed. [0064]

10Then, §06B8hsul ating |layer is formed to cover the gate el ectrode 110a, the
inpurity regions 114, the sjdewall insulating |ayers 118, and_the |ike.
Next, phosphor Dgx é;e, Sl@?%mnéule%&s layggs {ifear 312@1%(8%5&% ol ré'{ﬂ]i“’éln%n_i n

cont act Yﬂshﬂ_tih%?aylsm%frﬁéfd {oSHe ﬁne%ﬂattﬁl% a{%yf@tnmﬁd me%nsﬁe&le% rhgfh};gn

inmpurity regions 120 are forned. After the insulating | aye

r enoved, amiseirapicretching] theesidedi®l insulhtmgriayetsol I8ocaarbet foemgditie a séB-adigeedt r ode
110a, the sidewal |l .insulatjn ayers 118, the hi.gh-concentration inmpurity
egi ons TBNCTond s ikl baLelcRPE Peari el hESIATE A 32 RUPBI et hods
such as gp/affaibEURPAIEAEIOFod¥EL108 And Fop PHHELRS bf"gleniﬁgﬁlﬁgﬁ re@fond 13Piafe coati ng
nmet hod can be enployed for formng the netal |ayer 122. 'The netal |ayer 122

is prefeesssgdformed using a netal material that reacts with a
sem cond@é{i material included in the 20 sem conductor region 104 to be a
| owresi Stance netal conpound. Exanples of such a netal material are

titandum tant The))ant ﬂﬂgﬁtiﬁ‘%\ Jlaydrckeformed®hal dovetiie heat élBttrode[ DA Jthe
Next, heat treatnment is performed so that the netal |ayer 122 reacts with
t he seni HBPMiI¥t Bgianst &k athe vidgwallt insulating| layegppbifadande dhodikes 24NeHat are

in conta 1 Aiqly r:at i | e ' or med
(seo Fi conepRoils (B, bfent (A0, PEACELARA b FBHER  (RROLOEn b infhfiy
pol ycr ystaidrisrid4 siol thatahe bightdoacdntlation ampitglregionpiinde fergiedn Asteathay f or ned

e SRt S S St B0R Bk bl DT gl Laver 122
ermp! gy edelctRbdct AOR! e AN Eulafing aft8€ U185 thd KightonbfitatiBR i et
regions 120, and the like (see FIG. 4E). A variety of film formation methods such as a
vacuum evaporation method, a sputtering method, or a spin coating method can be
employed for forming the metal layer 122. The metal layer i22 is preferably formed
using a metal material that reacts with a semiconductor material included in the
20  semiconductor region 104 to be a low-resistance metal compound. Examples of such a
metal matérial are titanium, tantalum, tungsten, nickel, cobalt, and platinum.
[0065]
Next, heat treatment is performed so that the metal layer 122 reacts with the
semiconductor material. Thus, the metal compound regions 124 that are in contact
25 - with the high-concentration impurity regions 120 are formed (see FIG. 4F). Note that
when the gate electrode 110a is formed using polycrystalline silicon or the like, a metal
compound region is also formed in a region of the gate electrode 110a in contact with
the metal layer 122. |
[0066]
30 - As the heat treatment, irradiation with a flash lémp can be employed, for
example. Although it is needless to say that another heat treatment method may be

used, a method with which heat treatment for an extremely short time can be achieved is



used, a nethod with which heat treatnent for an extrenely short tine can be
achieved is preferably used in order to inprove the controllability of

chem cal weaetigs7sn formati on of the22retal conpound. Nekgsphabnébhe neta
conpound regions are fornmed by reaction of the netal material and the

sem conductor material and have sufficiently high conductivity. The
formation of the netal conpound regions can properly reduce the 5 electric

i st i | t teristi Note . that th tal |
155 +s r RATRNY MRLR FHE Babaro SRR FeRlioh HEG R Gon
Then, thegf ih@trﬁéthladbﬂfcfdufi&.m RbieNBatltRY Rictal 26mpHishd BLiohH hRMoANET by Radliat | Ng

| ayer 128 are formed to cover the conponents forned in the above steps (see
FI G 4G . offiee mealj mageriahyand th@s@ﬁr@w;glctoay@ptemb agsh chavp esuffieientlyyhegh
insulatin er 128 can he f d in n_i;nor.gani.c nsul ati erial
such as St Ths Bepifuacft fFdlE RGP PP R O

oxi de5 akledtriaUs’istihdtCandOinpréve élbrbhthhtiteriicse O \Nte tHabehd mtAl lagye122
insulating layer 126 and the interlayer insulating |ayer 128 can al so be
formed u¥iTRBoNef ¥ftegabs metahsemeaundgegignelidare &dwdas pol yi mi de or acrylic.
Not e thapxg7imo-layer 15 structure of the interlayer insulating l'ayer 126
and the nteflayer insulating |ayer 128 is enpl oyed here; however, the
structure of aWhémtier ingerkayer insulhtivig lager Eperndithe im¢rldyeninseldtitg ldyhr $28
structure. After the formation of the inleala er insulatgﬂ | ayer %28, a
surface B8f¢ 1oFEed {0 EPYLyF CORDANES fermes 8y thg JROYS SIGPRF ?‘vy@an % zed

Wt hy EVPini&50E Mbula@ing l1BGer! 126Cand2Re[i8R88Yer insulating B§Br 199@BA BEStokhéd reach
the netal conpound regions 124 are fornmed in the 1 nferlayer insulating

| ayers, asidgaméosganicmselating miateria] sch s didico® 0zidassilicanenitsigroxedeggilidemi n -

el ectrode., 130 r.e forged.in the apenings (see EIG 4H). The, source or drain
el ot r odBido defifim RHIE Sl ab o fPE b R el Gl 1 bishensfn 3o FFFET n' such
a manner insghatih@layex 20®hed theliaferl@yes aslitin8ydr 428 cah SlsB%HBﬂnémuﬁn%(ﬂgi on
i ncludi ng the openings with a PVD nethod, a CvD nmethod, or the |like and

then par Prespict nsulainglupateal Fugpens ipolyimwds, @8 asyylic: c Vo, thave, twe-layee | i ke.

[ 006 i n. . I: t a and
oSSt R FERSINEE BB B8 bR SR AT 0, o
conduct i emplogye heret hewpveaachs Strucuier cffadriakridyqranfudatingdager it mat litnfited sair f aces
are planarized. For exanple, when a thin titaniumfilmor_a thin ti%ani um

nitride fH$ pracduieor Al the formatiemnat thednisdlayey instlatiigelayeigh?s, a surface o

the interlayer insulating layer 128 is preferably planarized with CMP, etching, or the
like. |
20 [0068] _

Then, openings that reach the metal compound regions 124 are formed in the
interlayer insulating layers, and the source or drain electrode 130a and .the source or
drain electrode 130b are formed in the openings (see FIG. 4H). The source or drain
electrode 130a and the source or drain electrode 130b can be formed in such a manner,

25  for example, that a conductive layer is formed in a region including the openings with a
PVD method, a CVD method, or the like and then part of the conductive layer is
removed by etching, CMP, or the like.

[0069]

Note that in the case where the source or drain electrode 130a and the source or

30  drain electrode 130b are formed by removing part of the conductive layer, the process is
preferably performed so that the surfaces are planarized. For example, when a thin

titanium film or a thin titanium nitride film is formed in a region including the openings



and then a tungsten filmis formed to be enbedded in the openings, excess
tungsten, titanium titaniumnitride, or the like is renoved and the

pl anar it wahoiiig2e8r f ace can be i nprof2®d by subsequent ¥R pMWi6ocobhe
surface including the source or drain electrode 130a and the source or

drain electrode 130b is planarized in such a manner, an 5el ectrode, a
wiring, an insulating |layer, a sem conductor |ayer, and the |ike can be

f avor abl rmed. in | ater steps.,[0070 . te t.hat only.the source or
arain- e get Pisler wisgsteR i, §eSBen b Pnbpaed iny DR PORE s i iPact i ¢ n
t he net atit@amRauRtiufetitrales ol i 1keqs fdheved Rad ehe plaRaritdWEIRS surfBe BAEBE I 0de
that is in contact wwth the gate electrode 110a §e.g., t he el ectrode 130c

in FI G 3nypm@ied thye subspguead CHIPs o Whery ghansurfage inclusling dhe sowiee eorj dragip

parti cul i m i n teri.al ; in. electrode
1308 anacRaodi R Rl B ot iR 18, L3l  BRaREAGR Bin £ Bl [ Ue
mat er$ al slec@ddd)er Waitth, dmomseMan®/1er,0a comiboalluctér PEErandl theUuike am be

nmol ybdenum titanium, chrom um tantalum tungsten, 15 al um num copper,
neodymi ufAvosdly foamed ivlatastepe used. [0071] Through the above steps,
t he tranﬁkﬁbfr 421 using the substrate 100 contai ning a sem conduct or
material "1s forned. Note that an electrode, a wiring, an insulating |ayer,
or the |ike naiNokxethatiranhe thef soured oafdrain did¢utrodbchd@a sindpthe Sdbere oihdraim ri ngs

have a 20pulti-l ayer. structure of a stacked structure jncludin n

ot or | ay ECRASL AN rig Soaffet i e STl Rt L EIoTS S, B Shoh BBfea od
sem g@ndygkeVverdaVEilcQrdRthAtbs B 8 tate Gvithl m%&le TR0 d16Lc. 8VBiNd ehiciiBaé NY
Transistor in Upper Portion> Next, steps for manufacturing the transistor

402 over 180@in Fi(e3Agyasd thedike san algo 26 foryped im thés step.| Drerelessue padigular t h
reference t.o..FIGS. 5A t.o 5G,and,.FI GS. 6A to 6D. t hat, FL GS. 5A to 5G
ind Fi Gamkip 583 Raetigl Py B0Eng seten o didin At ipac by s de
transi st gfaift@Rctréded 30BCand & Qa@dt§ lof bhtiuciveagtyials dafl beluséd.NgFdraxemple?8;
therefore, the transistor 421 and the |like placed below the transistor 402

are onit fe@ndpdiypapatgga; such ast malybdenmy titagiumawhromigm, jtantplyrdungsteds t he
I nt elig ay gfuniiﬂ&rﬁ! ?&p‘p@lg nL%%iurL,zgr scandium can be used.
[0071] '
Through the above steps, the transistor 421 using the substrate 100 containing a
semiconductor material is formed. Note that an electro.de, a wiring, an insulating layer,
or the like may be further formed after the above steps. When the wirings have a
20  multi-layer structure of a stacked structure including an interlayer insulating layer and a
conductive layer, a highly integrated semiconductor device can be provided.
[0072]
<Method for Manufacturing Transistor in Upper Portion>
Next, steps for manufacturing the transistor 402 over the interlayer insulating
25 layer 128 will be described with reference to FIGS. 5A to 5G and FIGS. 6A to 6D.
Note that FIGS. 5A to 5G and FIGS. 6A to 6D illustrate steps for manufacturing
electrodes, the transistor 402, and the like over the interlayer insulating layer 128;
therefore, the transistor 421 and the like placed below the transistor 402 are omitted.
[0073]
30 First, the insulating layer 132 is formed over the interlayer insulating layer 128,
the source or drain electrode 130a, the source or drain electrode 130b, and the electrode

130c (see FIG. 5A). The insulating layer 132 can be formed with a PVD method, a



t he source or drain electrode 130a, the source or drain electrode 130b, and
the el ectrode 130c (see FIG 5A). The insulating |layer 132 can be forned
with a PMporeifgeh7sa CVD nethod, or the |ike. The insulpgtjpehibesess 132 can
be formed using an inorganic insulating material such as silicon oxide,
silicon nitride oxide, silicon nitride, hafniumoxide, alum num oxide, or
tant al um oxi de. [0074] 5Next, openings that reach the source or drain

el ectrod 0a,, the sour.ce drain.electrode 130b, and t.he el.ectrode 130c
are for nz:c}’j]? ﬁn‘%ﬂﬁ@ioﬁiﬁﬁ ft:ilfei nglrhledﬁ}ﬂkr‘}f@l?yﬁt h(fag%}ei ,e‘gHSIB%@ﬂi"?%g?IEC al so
formed i AnsaldtiagiieddSueh b Siligen BxRketiEAARItAROEKiUS, dilcorenifrfeMBskniuh e .
Then, a conductive layer 134 is fornmed to be enbedded i n the openi ngs (see
FI G 5B) . OFis, dpminumg oxidarprientdlommeddei t h a net hod such as etching using a
10 mask. di ]nask can be formed with a nmethod such as |ight exposure using
a photon&s . "Either wet etching or dry etching may be used as the etching;

dry esching isNekgfdpeafky this @8adhNthle &doiEceObr diati elcatdbdeC 88020 Nhe IhEce onduct i ve
| ayer 134 can be forned with a filmformation nethod such as a PVD net hod

or a CvDIFiR Risgtrodenk30boprslibe ielstrods, b10cie formed pe thedpswlalingday 1a2coMuct i ve
mat eri al y{ueh, A4y Lﬁ’ig §14463 f&rﬁleh'ihig!egﬁh voHUrO e Uihte El@&'r@de“i%dtik”t‘&ﬁ%e”i
al um num  coppér, neodym um or scandidmor an alToy or a conpound (e.g., a
ni tride) faimedriyteof THease comduvetivalayer 134 isefivangd ®. bd &OF&lded in the opebings

specifically, it s possible to enplo net hod, for exanple, in which a
thin tit &G -ﬁﬁhq_ i fhﬁr BPFHIRES; %nagc?&ﬁ"&_ﬁ Y i tsvr@l_ %"gwﬁwgsusea& h a PVD
met heg amthsRO &ht NThikk! CAABE UBALE WHE o hleMddS st TR g eRpésute/Msigt od, and

then, a tungsten filmis formed to be enbedded in the openings. Here, the
tit ani umpholomaglor nigitheriwet etchipgdrdsy letetiingamanbé usest dsghe efchingg deyi etching oxi de

filmat the ifntglirfacg1 .vvi%h thg ins(#lfslti ?18 Iaﬁr 13(? S.o Icjecre e th§ cont act
resi st ande PR TR Yol &) SEPF S THEYE PR $8UFRRMSHVArAH 1"t 8de 1304,
the sour gem@dd WitkhTilfl RehAGIEmEHO8, sutl s &IPVD hReRIIFACCVINtheitda. | Tke) . 25
The titaniumnitride filmforned after the formation of the titaniumfilm

has a barcppductive fayer 3¢ san pe furmediusied egnduridye wateripesuchrpgurelybdengay eri al .

A copper £]l: L p. L i.on of
A e T LR e e R T
t he conduatallygot ayenpdudd (k3. laaritiidd) ofpaiytof afiest heateariuly) fiotaxdmpleayer 134 is
renoved igweshchi ng, CWP, or the like, so that the insulating layer 132 is

exposed he el ectrode 136a, the el ectrode 136b, the el ectrode 136¢c, and
the gate el ect ppge sﬂygb@ﬂcﬁiry?it is possible to employ a method, for example, in which a

o,

thin titanium film is formed in a region including the openings with a PVD method and

20  a thin titanium nitride film is formed with a CVD method, and then, a tungsten film is
formed to be embedded in the openings. Here, the titanium film formed with a PVD
method has a function of reducing an oxide film at the interface with the insulating layer
132 to decrease the contact resistance with lower electrodes (here, the source or drain
electrode 130a, the source or drain electrode 130b, the electrode 130c, and the like).

25  The titanium nitride film formed after the formation of the titanium film has a barrier
function of prevehting diffusion of the conductive material. A copper film may be
formed with a plating method after the formation of the barrier film of titahium,
titanium nitride, or the like.
[0076]

30 After the conductive layer 134 is formed, part of the conductive layer 134 is
removed by etching, CMP, or the like, so that the insulating layer 132 is exposed and the
electrode 1364, the electrode 136b, the electrode 136c, and the gate electrode 136d are



formed (see FIG SC). Note that when the el ectrode 136a, the el ectrode
136b, the electrode 136¢c, and the gate el ectrode 136d are fornmed by
renovi ng wenbiiafs2d7ee conducti ve | ayer2334, the process ipeTRPEI&D@IEy
perfornmed so that the surfaces are planarized. Wen the surfaces of the
insulating layer 132, the electrode 136a, the 5 electrode 136b, the

el ectrode 136¢, and the gate electrode 136d are planarized in such a

manner , , Wi i | at.i I G- 1 €0 C | ayer,
ond e HHEEICEL PG, 5O, MAdEdharAInGi Bl Lt PEL e gRERRIMTNRE )OI
i nsul at i BBcirédec 134G 8ands tHeopare delé@rodeVE36dt e foimel aby mgmbwiygrpati3af thd O t he
el ectrode 136a, the el ectrode 136b, the electrode 136¢, and the gate

el ect r od€ondysHvY daver A& i) proprss iaprsterally parfosmed Spethay s suffrse o%r ned
with a od; sput i t |42 shel €14 ting
| ayer 19%9‘?‘?%% Wit %f%‘?ﬁgﬁ’gﬁgﬁ%ﬁgﬂa% r%%g"iilc?g: the Pﬁﬁg‘?\&en?%@?gié?
silichn ekymoder 136b, theidl¢atrode nB6a, iadé tlexgatke ¢clectkade IBorhaox pldearidedfinisuch ©xi de,

t ant al um oxi de, of the like, Note t{;at he gate .i nsul at kn% I ageg{%. 5 138
may have "§PBF At glecligls, astiring: ¢t sBlating LAvAE et U EQnduEtgF layergndd H%‘F e, the
gate i nsehpbd AYolaBKelorrheédirCiatdr Bgpd.0r med using silicon oxynitride with a

pl asma CVD net hod using sil ane (%i H4), oxygen, and nitrogen as a source
gas. Thef@77¢ no particular limtation on the thickness of the gate

10°nm to 00" nRernE ey BsiREFe iRt P B bR R AR

stacked s dledttode.13bMthe¥RERO& 136b6 tigAdlectidde Ul38E, 4nd thegete elebrole 186@f er abl y
a stack of a first gate insulating layer with a thickness of 50 nmto 200

nm i ncl uéseo E1GapB).-a Bl srte ippasingnlaygratiBnenn| by, Eprmgd twithy at Y Planetded.od 5 nm

to 300 ng, i.nclysi Y h e j | at. 1 ng e te
t hat an gg)(l%t{c%glhg %‘l&ggﬁdﬁ%%ﬁgr mf‘{iatﬁ%e%génggguﬁ#fgﬁ%gé}cl%sﬁyss Egg%ran? ?%’Pﬁgd\b

i ntrinsi asiby silizonvalideyfsilicop witride esiliéan bxyalitride psitiedn exridex oxide sdomamnduct or )
is quite susceptible to the interface |eyel e interface ,chilry%re;

| \ d th
t her ef or @Xidgnkginiann: pxide, tantaln oxidecenthsdiksy %@tm%atlrosatfawsskefla%
seni gondygg QIE]ayIOﬁ%@ra sxh?%él?%r%rtrfu@ﬁﬁe Wamt;féited Q%ﬁgfyegftﬁfgtgkgmﬁg{eﬁw %dté

i mportant. | t her wo the gate 1 nsulating Is To be 30
i n cont adtsulating layehil3htan paiforied dsiogisdizos eryuitidtueition plagerCViPaughod have

hi gh lity. .[007 hi gh- densjty pl CVD net hod, psi n
(220 G asing silaie At Evtens ARt e oy SPUiLscitan ThE e de s PATE Have hi oh
W t hst an@inmiatibAeR tRMidknedd Tl pdty insUYABiRg fayet IHE; ¥hdpatk insarhtiaxifer 138

sem conductor layer and a high-quality gate insulating layer are in close
cont act win haesghthiskness, oft h@ nmntte508cem| iaolsiveaforpexamplrucdd thndaseavbr abl e

i ntepface characteri,stics can: be obtained. [0080]. ' i ess to
oy Bhat SRR SROGHTTAREL serodmel B st DRng lnver 130 bapEBE o,
anot her grtkofla fitst Bate SnsalAidgldy@r With whidkacks@f 50 npl RS200 Mayhd@ivepehdcan be
enpl oyed as |l ong as a high-quality insulating | ayer can he forned_as a gate
10 i nsul 8¢90oRg gateyiasulatipng laygrevith a thicknesy ek pmeto 300 pra inglusivesoyes thefrst ayer
- whose qughtietix arlel igs;e?rface characteristics are inproved with heat

treat ment per orrréd after the formation of the insulating layer. In any
case, an[00v8yl ating | ayer that has favorable filmaquality as the gate
i nsulLating | ay 138 and can reduce. interface | evel. densit i th an oxide
seni gnductor ﬁ&ﬁfer‘hactoaqé’l" €aSeMieaRdstar that epomes i'%mf‘ﬁ‘Fn‘é%s tat“ﬂgﬁbate

i nsul at i igrih@Y ¥y removal of impurities (a highly purified oxide semiconductor) is quite
susceptible to the interface level and the interface charge; therefore, when such an oxide
semiconductor is used for an oxide semiconductor layer, the interface with the gate
insulating layer is important. In other words, the gate insulating layer 138 that is to be

30 in contact with a highly purified oxide semiconductor layer needs to have high quality.
[0079]

For example, the gate insulating layer 138 is preferably formed with a



15138. [0081] In a gate bias-tenperature stress test (BT test) at 85
Cwith 2 x 106 Vfcmfor 12 hours, if an inpurity is added to an oxide

sem conduwwbaniy/m2irend between the inpéity and a nai n ceowaranbd/afed he

oxi de sem conductor is broken by a high electric 20 field (B: bias) and

hi gh tenperature (T: tenperature), and a generated dangling bond causes a
drift of the threshold voltage (Vol). [0082] In contrast, when

i mpuriti 0 j C n r, are
reduced ? %h Jenglﬂ’( %ur%glgng ?nﬁ‘ %chéS% ar ac({réé‘%%&set iXS be \Reo%%g?% &C%&i&g 25
sem condimsubtinggyer NS8gah e daidt ahd M@ve g wahﬁaxﬁmdeltzfg%vmdabﬂgﬁ qualigescri bed

above, a tranS| stor that is stable througp the BT test can be obtai ned.
[0083] When a highly punibied gxidgscmisandurian Bysr and g drgh-qualiy et wydatinge gate

| nsul at | ngel a¥etn LAR A0 9865350 LD o THERAG SueD cap 16! AR i 19 @

mask, so that t oxl de sem conductor [ayer I's forned
(see ¥I Gfavokble [nfaBt chnmtdestsemmbmdmmed. | ayer, an | n-Sn-2Zn-0-based oxi de
sem Condil@}g@i | ayer, an | n-Al-2Zn-0-based oxi de sem conductor |ayer, a
Sn- Ga- Zn sed oxi de sem conductor |ayer, an Al-Ga-Zn-0-based oxi de

sem conduct or {13y &feediRssSfy Sy i, Qv@ﬁ%@fénoa('hijg% fﬁﬁhﬁ@d’@%ﬁifeosrenh@dfﬁhetoﬁ”
| n- Zn- O based oxi de sem conduct or 5 | ayer, n- Zn- 0- based oxi d

semni condlayenis usedanpthanmathod isuch romspittoning megmcn@rm:zmao@w)al}aeﬁlod aan

| 0-b d d d i
oy DB OB LU S Mt ifeing, DR S ten BT SOR i " s

the oxi dﬂlsﬁﬁﬁhQWﬂCthrdoaMeit is PBsSIO ftdp NS 8n msuraﬁngweﬁmds@qwuy ayer is
formed with a sputtering nethod usi ng an | n-G&-Zn- O based netal oxide

target. Medaceishpragristiciase tmpreved with deatdreabnentpeefpunesheftes thsfogmation

sem cond r b e C t hous
oxi de se%ﬁgh%r{aéggtg{rg lﬁg‘%}ér f’h gﬁp%{(s? e fsii'é@‘lx%lﬁg’:}'&tgthm %syfgpogagle t?ﬁ] &%ﬁ]’g for
exanpl e, asisiengate ihsalagiap layentB8nandgcani Rducy uﬁerﬂic%lé‘&l mnwy%vuthczinumme.

[ 0085] 15As, a arget usegqfor form ng an oXi sem conduct or ?r with a
sput t er i SRIFERHSIPT 1ayarde Jrmog fayerable ﬁ’é? 28t 1T gs il?en%atwsal@nas PEE nmai n
conpgsenyzgan be used, for exanpl e. Moreover, a netal oxide target
containing In, G, and zn (a conposition ratio of 1n203 : Ga203 : zZnO = 1 :
1: 1 [rr{)(D(Brl]ratlo]) can be used, for exanple. Furthernore, as the netal

oxide target Cont o bI temperanire and 20, BT &P 8 £x 10° Viem for
12 hours, if an impurity is added to an oxide semiconductor, a bond between the
impurity and a main component of the oxide semiconductor is broken by a high electric
20 field (B: bias) and high temperature (T: temperature), and a generated dangling bond
causes a drift of the threshold voltage (V).
[0082]
In contrast, when impurities of an oxide semiconductor, particularly hydrogen
and water, are reduced to a minimum and interface characteristics between the oxide
25 semiconductor and the gate insulating layer are made favorable as described above, a
transistor that is stable through the BT test can be obtained.
[0083]
Next, an oxide semiconductor layer is formed over the gate insulating layer 138
and pfocessed with a method such as etching using a mask, so that the island-shaped
30 oxide semiconductor layer 140 is formed (see FIG. 5E).
[0084]

As the oxide semiconductor layer, it is preferable to use an In-Ga-Zn-O-based



20 conposition ratio of 1n203 : G203 : ZnO=1: 1 : 2 (nmolar ratio) or a
target having a conposition ratio of 1n203 : (203 : ZnO=1: 1 : 4 (nolar
rati o) cawoabswebeEsused. The filling Ratie of a netal oxipdegpangessress 90 %
to 100 % inclusive, preferably, greater than or equal to 95 % (e.g., 99.9
% . A dense oxide sem conductor |ayer is formed by using a netal oxide
target wwth a high filling rate. 25[0086] The at nosphere in which
the ox! dRxRRTSGRRIHGIMT IRLET ab S1n' SLIRD bicdl’ BLRANicBndiRidt 2 an
(typical l'y, ‘argon) atnospHere, an oxygen atnosphere, or a m xed at nosphere
cont ai ni myAd-ZnaOebagéad (dxydd Cabmjcondugon) lare oxygBn-GaSpe©-basedl | yxidet is
preferable to use a high-purit as, for examle, fromwhich an inpurity
such as RSBIEBSHIOT\AtATFT aansoAﬁy(g“(%Stﬁ'b@ﬁeéup?XIG‘F I EGoRduster ¢ dished®t o a
concent r at.i o770 A.S . aply. . - [ 0087]
At the t?gr}e&f;%ﬂporgarﬁeﬁ\gxt gg cgfillc(ggﬁgtg%nm o%%lcitﬁogn Icgggesr%wotgﬁ% %u lé(tﬁlr%g%tgri s held
in a §redaywenta SmEhdd-badedt dxsdeneienticindectont layeriuard AlrzsOchrasedanaxitbie

substrate te rature is set_to 100 G to 600 C.inclusive, preferably, 200 C
Lo 400 CSPRIEPRGIRY, laye 38, ina-bbscdk fride, amitogausiay Lyer o oy hbashrgd  ne
subst r at gehol@RtGdayet Qo d2h-O-BRell BRIME IsEHiGRACRHL 1a§er O tHis EdBodinkAE _

sem conduct or | ayer can be reduced. Myreover, damage due to sputtering is
reduced. aTitlenoxide semicoaduater lgper, fim amovghions okiddrssgeepndnctondayer isafoemednoved
“is introduged into.the treatnent ch r il i,sture remai Ring,in the

tr eat mentiiha BRI Beled Yoot iAo mRPCRHOE (BT Bl e
formed usinkg ciydtaliBiatibn @F iafl @nideplbub VxGRL semAEbIRANEIOA VRN tarV BE BufPréedby S
preferably used in order to renpve noisture remaining in the treatnment

chanber . afding siliaep t, the asarphansPXidt sempigopduepr layergan joxidsi semisQuduEtoRt i on
punp can sed.. An i on_ unit be. pu V| yth a
o d tr aber Sk EnEL A6 Bl B DB Rl LSRR B O
Cryopunp.indudiedr ogen atom a conpound cont ai ni ng a hydrogen atom such as 15
wat er (H20 Sand nore preferably also a conpound containing a carbon aton),
and the I90&]are renpved, whereby the concentration of an inpurity

contakned in t ol i CO et 0 Mer, j b ion
changser can beﬁ&a&&fg@e&ﬁ?ﬁ@é&% & %nx%)%}eﬁgssgﬁ‘%gﬁ%ﬁ% g‘&gﬁegé%lrﬂcgalﬁ{egg f ormed
under t hendtidd, auh¢tal exideltargedr6ntaiind finc exiemk éts thdie cdinpbadit eabbe wesl) t he
substrate and the target is 10Q n the ress.ur? iréao. Pa; the .

di r ect - c P SRMPIEOMBEREST & Distal pXide terge! qopjainiag I, ’épa@pﬁqépgmp%me&ygen
(the pro ' At Xy flowqi s 1100 9 tochl | able to
use a puP%fe& B??%%% 'cﬁfgzr(%n’tg ) 1pi)v}/e'r 15@8@%@? t@?ag%&elg u‘%s% &’cg"ﬁ €g‘redﬁﬂfpga{ﬁluced
and t he Fhithémess, ah iermbial brideitargancomiifingThe Gd)i andnZmsa edrgéthieaving ae

sem conductor |ayer is 2 nmto 200 25 nmincl usive, preferabl gh 5 nmto 30

nm i A8l uspmpositiph eationefi IneOne Gaxlds afHP ot it dt 2 (HPIK Fty ogjartargeShaydbadi ng on

an oxi de sem condugt or erial ~ t hi ckness ,i.S,.s€et,.as ropri.at
Gapond! nsoBRORASH HieOhr IR0SL Ghopt 250 PEAI R hiaf TSRO B WBE,
sem conduge Gllih@YRE of & hQANBEHdMdrEetds 50Yh &1 009, JL1E€) %feﬁﬁ%@ gféﬁte@

y

surface of the gate insulating |ayer 138 is preferably renove
than or equal to 95 % (e.g., 99.9 %). A dense oxide semiconductor layer is formed by

using a metal oxide target with a high filling rate.
25 [0086]
The atmosphere in which the oxide semiconductor layer is formed is preferably
a rare gas (typically, argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere
containing a rare gas (typically, argon) and oxygen. Specifically, it is preferable to use
a high-purity gas, for example, from which an impurity such as hydrogen, water, a
30  hydroxyl group, or hydride is removed to a concentration of a few ppm or less

(preferably, a few ppb or less).



reverse sputtering in which an argon gas is introduced and plasma is
generated. Here, the reverse sputtering is a nethod with which ions
col I i de wohoa/mwo75ace to be processe@8so that the surf acegpmiooaizés ed, in
contrast to normal sputtering by which ions collide with a sputtering
target. An exanple of a nethod for making ions collide with a surface to be
processed is a nethod in which a high-frequency voltage is applied to the
5 surfacegyge; be processed under an argon atnmosphere so that plasma is
generated near a substrate. Note that an atnosphere of nitrogen, helium
oxygen, or theAt theaimayf foemirgettie iorklesatic@hdactonlaganthatsubstpiteischeld BOH0] As
an etching nethod for the oxjde sem conductor |ayer, either dry etching or
10 wet etrgﬁm?gt rhayhse thathy Bpmdringd atiredyged resswreagd Shy sybslipte dePEIRNRT ng~ and
Wt oG RGP W TinE R RELOAblY. BOB L6 ID0OCRANLLE Py Bl - "
etching gas or an etchant, etchi Ime,” and tenperature) are set as

appr opri sdmeicompendi lageroiy fdimmeduaiviilé ahe Sabdthaed i heatok ste tisa nthe oinchueityr | ayer

can be etched into, a desired shape. [0091] 15An exanpl e of an etching gas
used f or COReFNIEIIGH Hgthe oxide semicgpductari Ryerceanobs Freluced. ¢ HYlgreoNe. Hameee gas

such as ﬁl?éﬁf%ﬁiﬁt i dROION 142h OF KBlRtekiRE13) frofl Whi@ih | i §mbCl4) . or
carbon tetrac ofﬁgé%%gh§§§§. Ngrbobggflag aé %Bnta?%ﬁﬁ%ﬂégﬁggﬁne a
fl uori neatcasemdvehss mtrotuced is@rtho treh@iena thambdr dehileGRGIstw el rdroainingxaftheior i de

SF6), nit trifl ide (NF3), trifluor. h CHF, hyd
brom e [ESPFR Smey B s ovEnpndihe e SHETRDERT NEE R Bhhid BB such
as hed i UmetdriRkide as?d 805t Ahh én‘iraﬁx?llgﬁtldvacﬁﬁmt Pfnp iKpref@ib1PQised & ordeP 492]

As the dry etching nethod, a parallel plate RI'E (reactiVve ion etching)
met hod ofemgye| 1@Pis{ure gersainipg| ip tho tshteebnp ichamdr. eFehexagnplat hetyopamppan used.

In order.to etch t.he oxi.de.sem conductor laygr into.a desired shape,
et chi ng. iBrRF Q2 Rahif SEHRRE PhEBIN B dsed VAR YRy PRT S bt 201 e

el ect r odeurbé pemp Peeiidedowitle h @6Ld trap. P ivelie RlpPfdre@tid® cledintsdr tigdt iveiacedted he
substrate side, and the el ectrode tenperature on the substrate side) are
set as apjpthdpe Favopumpopbadroggnatons acopmpand cegnmgra hdrogancatpmguch agi xed

211 1l RO LS 5 ol i AT
like are removed, whereby the concentration of an impurity contained in the oxide
semiconductor layer formed in the film formation chamber can be reduced.

[0088]
The oxide semiconductor layer can be formed under the following conditions,
20 for example: the distance between the substrate and the target is 100 mm; the pressure is
0.6 Pa; the direct-current (DC) power supply is 0.5 kW; and the atmosphere is oxygen
(the proportion of the oxygen flow is 100 %). Note that it is preferable to use a pulse
direct current (DC) power source because dust can be reduced and the thickness
distribution is uniform. The thickness of the oxide semiconductor layer is 2 nm to 200
25 nm inclusive, preferably, 5 nm to 30 nm inclusive. Note that since an appropriate
thickness differs depending on an oxide semiconductor material, the thickness is set as
appropriate depending on the material to be used.
[0089]
Note that before the oxide semiconductor layer is formed with a sputtering
30 method, dust on a surface of the gate insulating layer 138 is preferably removed by

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



hydr ogen peroxi de solution), or the |like can be used. An etchant such as

| TOO/N (produced by KANTO CHEM CAL CO., INC.) may al so be used. [0094]

" Then, fingbbfals2ékeat ment is preferahby performed on therO¥bd6o69764

sem conductor |ayer. The oxide sem conductor |ayer can be dehydrated or
dehydrogenated with the first heat treatnment. The tenperature of the first .
heat treatnment is 300 Cto 750 C inclusive, preferably, higher than or

| to 400 C d - th t.h trai int.of.th bstrate. F
evanpl e, {5 SH S HisREE A PRipduueyhRhieR gt f SftipiabEbRietitch a
resi st angg thaahé BerfRISEMYdifEd, iR Rohtrdse té %oﬂﬁﬁ(igﬁﬁéhﬂgh@y Rhidheiofi§ Bbgi@pduct or

| ayer 140 is subjected to heat treatment at 450 C for 1 hour under a
ni t r ogen vethmasyphtierdng Tnget] 00xi ekampderiof anohgthodr for apelring 4onsi eollida wathpased t o

h ir durd he h . . . f d
e o A el GRSl e RN R T,

t he ebectsuifce torrap@cenel Gader ke AgordMpRisplidis sb Ohat Raniang gRAerakiarhr ko be
processed by thermal conduction or thermal 15 radiation froma medi um such

as a heatsubstigtes. Noje that ampateospherey of @itragspnbglivahregigehr(thr Aikeappabat us
such as i = ling (GRTA) apparatus or a lanp rapid

t her mal glrsmea {eﬁ‘gbgi’%}%’ appogpg?erg's can be used. An LRTA apparatus is an
appar at ugo®a9] heating an object to be processed by radiation of light (an
el ectromagnetic wave) emtted froma | anmp such as a halqgen lanp, a netal
halide |anp, a/8eofiCiing methqdalop the0tds sopicapducifpyeract _egﬁryp?t 881% sodi um
| AMP10OT ot bt i PGS B InpIBYcLT Xt {5 HBdIcdd (GREH (BRRAY Adking InPRcARBR! US T Of
perform ng heat treatnment using a high-tenpefature gas. As the gas, an

i nert gasan bhausaloesombinatienct Thé ¢tohiag cohjitons (e@.bm gichine gasewt ap\ctdhant,

treatnment, .for.exanple, nitrogen or a rare.gas such as arqgon is used.

[ 0006] - 2SI ST oo R S srcarpRorgiath pranpong S SATRSL S Ry be
per f or medh@sxill®bdntiebndulite 1:5/¢Pedd B8 &chedl iRtdta dddirddshaper t gas that has been
heated to a high tenperature of 650 Cto 700 C, heated for several m nutes,

and takedOQU] of the inert gas. The GRTA process enabl es hi gh-tenperature
heat ,treat nent Jfor .a [y r oV, . 0 y . enpl oyed
oven hen the. (e St deiRy APREAIBE unf ORI BSGRRIN 68 BulFnf
because i(h chiorinedfaséd ga st asf Clilofiné (0L}, Hord® chiodid® {BCl;), silicon chloride

(SiCly), or carbon tetrachloride (CCls)). Moreover, a gas containing fluorine (a

fluorine-based gas such as carbon tetrafluoride (CF4), sulfur hexafluoride (SFg),
nitrogen trifluoride (NF3), or trifluoromethane (CHF3)), hydrogen bromide (HBr),
20 oxygen (O,), any of these gases to which a rare gas such as helium (He) or argon (Ar) is
added, or the like may be used.
[0092]
As the dry etching method, a parallel plate RIE (reactive ion etching) method
or an ICP (inductively coupled plasma) etching method can be used. In order to etch
25  the oxide semiconductor layer into a desired shape, etching conditions (e.g., the amount
of electric power applied to a coiled electrode, the amount of electric power applied to
an electrode on the substrate side, and the electrode temperature on the substrate side)
are set as appropriate.
[0093]
30 As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic
acid, and nitric acid, ammonia peroxide mixture (a mixture of ammonia, water, and a

hydrogen peroxide solution), or the like can be used. An etchant such as ITOO7N



Note that the first heat treatnment is preferably perforned under an

at nosphere that contains nitrogen or a rare gas (e.g., helium neon, or
argon) aswotzsimmmseersconponent and does3thot contai n wat er pchydzogesmeor the

| i ke. For exanple, the purity of nitrogen or a rare gas such as helium
neon, or argon introduced into a heat treatnent apparatus is 5 greater
than or equal to 6 N (99.9999 %, preferably, greater than or equal to 7 N
(99. 99999 ¢ I 4. i } n tyraf | i ss than or equal to 1
ppm pr eEper@l (%9,b‘;I%%Ig?ﬁh%ﬂ%ﬂg{rlb%‘éugﬁ’?@EC?@Mp%% bgr%g%] In the case where
~an el ectf0o%d} furnace is used in the first heat treatnent, an 10 atnosphere
can be changed when a heat treatnent tenperature falls. For exanple, an
inert gas suchThen dirstrhsgetscatment s prefephly rerfamsd ondhe gxiderssBrcongictar gon i s
used as t i I I & wi t ched
Lo an at EBebnarE RakCabLIRc0s Syt R KPRyl drEnRRaRIE S Tl

fal | s5 Asirst heatafréad@piter @he asthpérdiurgod e ofimt heat texyngan iga60 6C ta 750X€ gas of
an oxygen gas and a nitrogen gas 15 can be used. In the case where the

at nospheinelusbies armrh@yobagg@rthars opppiabyed0 PE and lpwer hiam bheesttaimpoinhef

at nospherpe dp..not ntain er.. hydr. n r,the |ike.. ternati.vely, the
purity o#het%lgs%ag?gg%rﬁégm l\ﬁ?‘tﬁlﬁém?ﬁnt%geolggnﬁrdggge llngo zE)nr%l %Flggi:'r)rll%erlga hé& t han or

equal t oa6distfite B8Rh%6lemem oe thy liecis abddyandghe akide séinndict&dupdr 140 is’ N
(99.99999 % (that is, the inpurity concentration is |ess than or_equal to
1 ppm ppétiedtehio heas decatment abd50 0 Cebpial how wnder gprijroggroewaisphere.  Thg n sone

case t he. ,.oxi de sem cqndu t.layer is.crystalli 1 Cc talline
or obyc PEIeE AP RRB AR AR Fl ks Ghoteh oS IR s hoy REaMAL B e, ™!

t r eat menentoy of WeteNMidiydadgenicah be peoveedsen conductor | ayer. For exanple, in
sonme 25 cases, the oxide sem conductor |ayer beconmes a microcrystalline
oxi de seff®shduct or | ayer having a degree of crystallization of 90 % or

more, or 80 % eHPart%atﬁ%ﬂé%ﬁarathé‘is%f’ﬁmﬁgéﬁ?thfe@?ec% ﬂx‘?na%@%&‘%ﬁbl@{a r layer

may be an anorphous oxi conduct or er containing no crystalline
conponentppandtic Hord bpeingsam wbjche te dedpiocessed bf thhendli caidubtéat ot teatiakbnt or

t he terial. of the oxj.de sem conductor layer. 30 [010Q], whjch a.
m cr btr y&diationfrqm agn WﬁU&%Eqat@%tggfﬁamﬂ?%ﬁgﬁ it{}ggnaimeglélpg y, 2 nm

to 4 nm ER‘PA §ﬁﬁé‘f»‘:§tu§ Sudh a4 gia§‘ rapid Qﬁ@%ﬁﬁhﬁﬂ&aﬁﬁ%%@@@}iﬁﬂmwt&ra {fnp. . @
surface of t’he oxide sem conductor |ayer). [0101] 5The el ectric
char act erdpid ithegmel anivaling i(HBTAR mppaatisctaorbd asedr  dan LB Acppatptes fsyaml i gni ng

m crocrystals i n_anor phous .sem conduct or. ..For anpl e en the.oxide
e contaertugtuy By Bpa B LR o BF RGBT hY catiafin R (St bAFRAERGIE T f ot
the el ecivave) &hided o hhinpSubll aé Bhalogel arfip A a0 UGLIAE 1dndy, &F xéhoh abe
chang&d by formation of a mcrocrystalline portion in which crystal grains

of | A GalEmon carton ag¢ lagps p digh pressuressodivap lamp, or a highyergssure mercury lamp.

A GRTA apparatus is an apparatus for performing heat treatment using a
high-temperature gas. As the gas, an inert gas that does not react with an object to be
processed by heat treatment, for example, nitrogen or a rare gas such as argon is used.
[0096]

25 For example, as the first heat treatment, a GRTA process may be performed as
follows. The substrate is put in an inert gas that has been heated to a high temperature
of 650 °C to 700 °C, heated for several minutes, and taken out of the inert gas. The
GRTA process enables high-temperature heat treatment for a short time. Moreover, the
GRTA process can be employed even when the temperature exceeds the strain point of

30 the substrate because it is heat treatment for a short time.

[0097]



[0102] More specifically, for exanple, when the crystal grains are
arranged so that the c-axis of 1n2G2Zn0O7 is perpendicular to a surface of
t he oxi deweeniaepgact or | ayer, the coBtluctivity in the dcrgetiionsyper al |l el
to the surface of the oxide sem conductor |ayer can 15 be inproved and
insulating properties in the direction perpendicular to the surface of the
oxi de sem conduct or | ayer can be inproved. Furthernore, such a

. on: ayer ! . —_—
Cuch a5 water SPpgar bETR kLt HBRA & bcler PR E e B0 K aflosiht "D oo &

that t he tigaticogtaine mitesped W h@tirel gay €¢. g, Aeliuneli (on] drearPorm)rag ¢is ysdiakbmpengnor t i on
can be forned by heating the surface of the oxide sem conductor |ayer by a

GRTA pr o](:?ég goesrptcaptain Wasr dydrpgereitbo Hbuct o axapele. therPusity PORIROESR n a f
T s L A e i

t r eat fentgrdater thive 00Xiqdsl 61N (D9089D) pycferabi) gecarer thap ok fequaled DNt he

oxi de semni conductor |ayer that has not yet been processed into the

i sl and- sK2DHeWITHE esdh Bepidily corceptsion isAcss than ariegaldedeppmafpreferablie fir st
heat treatnent, the suRstrate is taken out of the heating apparatus and a
phot ol i tﬁ%sg?hzfﬁlhreg'tugzo@ Ifpén)perfor med. [0105] treatnent, dehydrogenation
treat menoog®) the |ike because of its effect of dehydration or
dehydrogenation on the oxide sem conductor_ | ayer 140. Such dehydration
treatment or d&hilr eageeheroAn ehesHiGb fmagnispiscd an thyy Hisl heatdreatinempp, after

t he ggid ' S ini.electrode
o stk SPLER TN S ghat Rindrte RO TRl | pcha A Ky BB e ve
i nsul at i apert gasesuchsasfotrogsh avarart Igas sochr ee heliumlr séon, ef ergonas@sedSac hn

dehydrati on treatgent or dehydrogenation treatnent be perforned once or
ol Tl t FRBRSPHE 1BinEERet et otTRE e GHmaPIeFe 8 SERTSddo o AmREhTRe
source Olgoffafifly Ok§edn” Qien It hedO tRhifhchP téRperhtird PAlisaC tAsMHeNathtRpIOEE de

sem conductor |ayer” 140 (see FIG 5F). The source or drain el ectrode 142a

and t he souteinengHoxyeni an etygcn rgasier a4dikked gas dfcarf oxygeu gam and amitzogenrgaer t hat

2, CORUCLLY B LBYET ThIpk QLIPS (BOYBloshliSe At B ey s 140 and
preferable that the atmosphere do not contain water, hydrogen, or the like.
Alternatively, the purity of the oxygen gas or the nitrogen used is preferably greater than
or equal to 6N (99.9999 %), more preferably, greater than or equal to 7N (99.99999 %)
(that is, the impurity concentration is less than or equal to 1 ppm, preferably less than or

20 equal to 0.1 ppm).
[0099]

In some cases, the oxide semiconductor layer is crystallized to be
microcrystalline or polycrystalline, which depends on the conditions of the first heat
treatment or the material of the oxide semiconductor layer. For example, in some

25  cases, the oxide semiconductor layer becomes a microcrystalline oxide semiconductor
layer having a degree of crystallization of 90 % or more, or 80 % or more. Further, in
some cases the oxide semiconductor layer may be an amorphous oxide semiconductor
layer containing no crystalline component, which depends on the conditions of the first
heat treatment or the material of the oxide semiconductor layer.

30 [0100]

Furthermore, in some cases, the oxide semiconductor layer becomes a layer in



15The conductive | ayer can be forned with a PVD (Physi cal Vapor Deposition)
nmet hod such as a sputtering nethod, or a CVD (Chem cal Vapor Deposition)
met hod suwb 2as/@2@sasma CVD net hod. A32a nmaterial for tlreTgerdocssrse | ayer,
an el enment selected fromalum num chrom um copper, tantalum titanium

nol ybdenum and tungsten; an alloy containing any of these elenents as its
conponent; or the like can be 20 used. Myreover, one or nore nmaterials

sel ect ed fi . ' { reoni 1 . i Aam may
be. used i ARARAIREFaIRARRT) UPR of L WARR' 2 Am ML, AR 2 BRI AT T
conbi nednwi fnelwihe) & mivgdeinndn ahwiEivus oxaleeirdchbriductor (e.karn surfact afitthd um
tungsten, nol ybdenym chrom um neodym um and scandium The conductive

| ayer caRXKgsemicordudiordayetyer structure or a stacked structure including 25
two or ®1hayers. For exanple, the conductive |ayer can have a
single-layer structure of an alum numfilmcontaining silicon, a two-|ayer
struch ur e i n whhe hlegtricichamcternstids| ahthesoxdd@asdogidoralnetor dayeakbambarchanged by or a
three-laygr .structure in which a titaniumfilm an alunjnumfil .and a

it ani unPAETRG FEOSSIakea 0 AmRPROYS FAHCOMEAF , JitF FAPPPlEA PR REOTHE O based
oxi de copgiicbhdiRtdr lafer @snfdrﬁfeSDus%%)aaeﬂn-exJzﬂeoaﬁs&pﬂmt oM8e frhrsbl, tBO

I n- Sn-Zn- O based oxi de conductive Tilm an In-Al-2Zn-0O based oxi de

conduct i ekectric| ohpragtegaticspi 2he oxide sunicondugtor dayed gen b ehangedby sormation of

a microcrystalline portion in which crystal grains of In,Ga,ZnO; with electrical

10  anisotropy are aligned.

[0102]

More specifically, for example, when the crystal grains are arranged so that the
c-axis of In,Ga,Zn07is perpendicular to a surface of the oxide semiconductor layer, the
conductivity in the direction parallel to the surface of the oxide semiconductor layer can

15 be improved and insulating properties in the direction perpendicular to the surface of the
oxide semiconductor layer can be improved. Furthermore, such a microcrystalline
portion has a function of suppressing entry of an impurity such as water or hydrogen
into the oxide semiconductor layer.

[0103]

20 Note that the oxide semiconductor layer including the microcrystalline portion
can be formed by heating the surface of the oxide semiconductor layer by a GRTA
process. Further, the oxide semiconductor layer can be formed in a more preferred
manner by using a sputtering target in which the amount of Zn is smaller than that of In
or Ga.

25  [0104]

The first heat treatment for the oxide semiconductor layer 140 can be
performed on the oxide semiconductor layer that has not yet been processed into the
island-shaped oxide semiconductor layer 140. In that case, after the first heat
treatment, the substrate is taken out of the heating apparatus and a photolithography step

30 is performed.

[0105]

Note that the above-described heat treatment can be referred to as dehydration



Al - Ga- Zn- O based oxi de conductive film a Sn-Al-Zn-0-based oxi de conductive
film an In-Zn-O based oxi de conductive film a Sn-Zn-O based oxi de
conduct i weof2olmme2@s Al - Zn- O- based oxi 3& conductive fil mpcapimedsdbesed

oxi de conductive film a Sn-O based oxide conductive film or a Zn-O based
oxi de conductive filmcan be used. In that case, as conpared to a nateri al
for the oxide sem conductor |ayer 140, a material 5 whose conductivity is
i gh of WA%RnL e8hdib¥iratioh frehibtinl Br ILCHES b sc HHIH crEBCOCRATMGLLY bF Y OF an
oxi de conductl Ve can be increased y an increase In the’carrier
concent r dthyinogehhior an nthe pxide emidondadtomlayer d40.08uth dehpdiatidon vreathidnm can be

i ncreased by an increase in the hydrogen concentration. Fyrther, the
carrier QBn%E@HB’E"&F'P%W“i preatmesk i e O8n BerEeTmed: £ioF n?’@é‘??q?)e aHﬁ’crtE%ls‘é’Hg%y an

i ncr ease gl icBxNRFS Q?ér' &I fopnYd, Ak Q1QRkce or drain 'E'fe%ﬁ?dé’ id s@vite@l &erlthoht . KrF

| aser light, or ArF taser [ight 1's preferably use or l1ght exposure at
t he t5 neosidefsemionduadoniagér e dr after acproteictige ifsOlb@g laFheiscloamedbvdrghgt h (L)

of the transistar .is determne di st ance bet n,a 15 .1 ower, edge
or t1 o SPutch Bt St GEeEpar oty et 1 EASSEnS oy BT e oD SeRE on of
the sour gRiy®e RiBHHeLbReldr plGallifigly. Note that in the case where |ight
exposure i S perforned so that the channel length (L) is less than 25 nm
light expdd@le for formng a mask is performed with extreme ul traviol et
rays whose wavel ength is extrene sho of veral nanoneter ver al
Lens of manoms e tegufee g B Elobud i aainddfd Shite SAGEMEIG DAL T438

ultragi oagt formgd inScontagh wittd tHehéxideRthicohdidsukyes 14@nge. FIRrsRheThe
reasons, it is possible to design a mask so that the channel l[ength (L) of
the tran§PWeopr dgineestindecksZp and the spureeser drpjaflentrodenl 4¢thean baformadime range
of 10 ””kﬁ&hal&gg?é?%ét%céo&iﬂh&ﬁ»e 1%%1’ id fAEmEl tFEdver ﬁ?e%vﬁ@ee{]e?ﬁigorﬁfucwr 9%}@? speed.
Moreover, the off-state current 1s extrenely |ow, i ch prevents an

i ncr ease 140 apdthen icehstinglyictched 25[ 0110] The materials and etching
condi ti ol](?]éﬁﬁ t he conductive | ayer and the oxi de sem conductor |ayer 140
are adju as appropriate so that the oxide sem conductor |ayer 140 is

not fgenmoved i nTRE ehAdIRiOE léy@?c&PB@ﬁﬁHeMQvikl@quVD Mﬁiéah%pérrbmio% Ses,
t he oxi de sem conductor layer 140 is partly etched 1 n the etching step and

t hus has metiB@ gpchaser smtteiing nfeshade oe 9sE€WDp(rhemied] \dppePdperitian) metbod
materials and the etchi candi ti,ons. [01 . An oxi de, conducti ve
over asudnss b bshiaCVIL i, R melesit B s conpustiyg drveast SR
sour ce Okelédtad Tréth EftimAfien, 1ddamaits, B6peE entalifn Oxitadfuns e foty®adkiih Ohnd ayer
140 and the source or drain el ectrode 142b. The oxide conductive | ayer and

a conductyngstenagreliqyorontaining ngy oh hesoelementsras dis sompenent: eiode lika gan bed t he
Sour 5§ %sé!{. al Prorebvet, S6id %‘i‘em%?'ezQnéi&’i‘al?esefe‘éi’e%??I%bv%%{n%ﬂés%‘a%a §uftx! de
conductive Tayer can’function as a sSource region or a<dral h region. By
provi di ngirserdimabergRivie adntlotimifay By @sed inldrad @fitld awse mitetifle. shisce
region or the drain region can be r educ%d, so that the transjstor can
oper at e also lﬂoﬁﬂb@p@é&c aluminum combined with one or more of elements selected from
titanium, tantalum, tungsten, molybdenum, chromium, neodymium, and scandium.
The conductive layer can have a single-layer structure or a stacked structure including
25 two or more layers. For example, the conductive layer can have a single-layer
structure of an aluminum film containing silicon, a two-layer structure in which a
titanium film is stacked over an aluminum film, or a three-layer structure in which a
titanium film, an aluminum film, and a titanium film are stacked in this order.
Alternatively, an In-Ga-Zn-O-based oxide conductive film, an In-Sn-O-based oxide
30 conductive film, an In-Sn-Zn-O-based oxide conductive film, an In-Al-Zn-O-based
oxide conductive film, a Sn-Ga-Zn-O-based oxide conductive film, an

Al-Ga-Zn-O-based oxide conductive film, a Sn-Al-Zn-O-based oxide conductive film,



[0112] 10In order to reduce the nunber of masks to be used and reduce the
nunber of steps, an etching step nay be perforned with the use of a resist

mask forngg yiges78 nul ti-tone mask wedch is a |ight-expegypsiiaeHed hr ough
which light is transmtted to have a plurality of intensities. A resist

mask formed with the use of a nulti-tone mask has a plurality of
thi cknesses (has a stai r-I i ke shape) and further can be changed in 15

shape by ashi theref her i st Kk n he used in a plurality of
ot ohing. of dpeanil B0t Shadithvt B pbrn- ERRed o Songpefu Bl 2,
mask cor mszﬁloa)diagw tRidt coRdrdive WaIK RES RD-Biskd e5804 &ﬂ&iﬁ&lﬂs fian e
formed by using a nulti-tone mask. Thus, the nunber of |ight-exposure nmasks

can be r §ﬂ&ééﬁedmld€f@nﬁumb’@rfﬂm‘, OCQrZrne@ﬁ@mﬁ ergdp penduciivenblgr sphbe viedps can
al so be ﬁ Not e

d, whe bif
Phat pr b fis AARHBREd o BirbfiER 16 PRick shRldop o Bl J407d material 0P 5

N20, 42, whosAlcoadictivity e BB VEr sdhapa rdsMtivitpl RS MG tig q;’iéiféﬁﬂbly reeMVeThavat er or
the Iike attached to an exposed surface of the oxide sem conductor_ |ayer.
Plasna t FeRugtvity #hin peidpeprdichise filsicap bs insreased fasnoncisasegarthe Ay gon

251 01141 concentraiddXtrme LB SR, I3UDALL Pehd BEY il Be fREORE:

contact wt of the sem con a er out exposure to
the air bpsgae ihdr€sbG thd ﬁ)ﬁdk&ienT&@cﬁtt@hmtl F&rthd’tsﬂnleaj“arrltg coagemtratidalircan be
formed with a nmet hod_such asaBOSutterln nmet hod, th which inpurities
such as %Wércoﬁ’&"ﬁ?ef‘%ﬁ%‘h %F’@reﬁF ‘b‘&cﬁ“e?g?rﬁ“lﬁ’é‘p’&ﬁ“?ﬁ%éeﬂ‘ci’o the protective
i nsul@ti T@ldgzyer 144, as appropriate. The protective insulating |ayer 144
has a thickness of at least 1 nm The protective insulating |layer 144 can
be forned usi nHess biteewlgAighs, Kdi llaSQrdighniqrrAﬂdasesililght:isrprdwai)t useddor si | i con
nitride i ke...The prote nsul ating | ayer 144 can have a
si ngl e- | gﬁlétreng)?%%?{}ﬁ‘élnw ngg?lgegganagha%ff SPCH*FI% substrate tenperature at
the ti ma[@lfoggorm ng the protective insulating layer 144 is preferably room
tenperature to_300 Cinclusive. The 5 atnosphere for form ng?the

prot ective i nsthachangel lgpgth (L)1 of the tamsistor 49 dgtermingd by gadistangehegsedna ar gon)
at m)? heﬁ&ﬁr%ﬁgé)égr%ﬂ of It rt%%gﬂ:% oF dra%['. B%EQ&eﬂﬁta%%%@ér ed2PhaldN didné rare

gas ypicC on) an
source or drain electrode 142b. Note that in the case where light exposure is

performed so that the channel length (L) is less than 25 nm, light exposure for forming a
mask is performed with extreme ultraviolet rays whose wavelength is extremely short of
several nanometers to several tens of nanometers. The resolution of light exposure
20  with extreme ultraviolet rays is high and the depth of focus is large. For these reasons,
it is possible to design a mask so that the channel length (L) of the transistor to be
formed later is less than 25 nm, that is, in the range of 10 nm to 1000 nm inclusive, and
the circuit can operate at higher speed. Moreover, the off-state current is extremely
low, which prevents an increase in power consumption.
25  [0110] |
The materials and etching conditions of the conductive layer and the oxide
semiconductor layer 140 are adjusted as appropriate so that the oxide semiconductor
layer 140 is not removed in etching of the conductive layer. Note that in some cases,
the oxide semiconductor layer 140 is partly etched in the etching step and thus has a
30 groove portion (a recessed portion) depending on the materials and the etching
conditions.
[0111]



I f hydrogen is contained in the protective insulating |ayer 144, the
hydrogen 10 nay enter the oxi de sem conductor |ayer or extract oxygen in
t he oxi dewperigmndyct or | ayer, whereb¥5the resistance opclthP20%060864

sem conductor |ayer on the backchannel side m ght be decreased and a
parasitic channel m ght be fornmed. Therefore, it is inportant not to use
hydrogen in formng the protective insulating |ayer 144 so that the oxide
i nsulating | ayer 144 contaj.ns, hydrogen as |itt]e as, possible. 150117]

by sover |t e’ BPatids FOBETEEIET RS iy BFmes etop ind SR Ay heshRbdonnl 1 o
wat er | efdyer 140 B tHe@BLAR W dedid BRBIrodS 14BN MMdesbiwedh BE GRidetRAficdiddérggen, a
hydr oxyl group, or noisture is not contained in the oxide sem conductor

| ayer 14tayand4@ ped pheosaeed gediais eleetradegl42Ry e The axidepgynduatgie layer and pn
entrapnen acuu u ls .preferably used in, ord to e L Sl ure
Fora ni ng1dERE Iy PLER ety Picislice o SRR APad ot o BERS IR B 7
or a $itaRttsdes4Ub cHat BeOsuchesselySfophed.e Bty yxids edndubtiveviyetiadn fmctiti t My
be a turbo punp provided with a cold trap. In the filmfornmation chamnber
that is @YASOHEREESIN o Ddrajmiegiony o Byripsovidingysyeh g Rxide sendwdive 1ay6mibeind
contai ni P&is‘i’an@ggf %e%u?équkioﬁ o %ea&a%gfon(éﬁ'ﬁ@e’ e@lfc%d,rs%WBXtetﬂe tlfa%istg%(am)l e
t hus, the concentration of~an inpurity ontained i n the protective

i nsul at i can dbpeyste aflHighkpeedted in the filmformati on chanber can be reduced.
[0119] 32 E sputtering gas used at the time of formng the protective

I nsul at i Gﬁp yer 144, it is preferable to use a high-purity gas from which

an i gpurity sughoRR: By fHideethe ﬁ’tﬁ?lﬁ:} of FndIHTIPBY hisll HdPredBee MY HubfhRr bf

renoved to a concentration of a few ppmor less (preferably, a few ppb or -
| ess). [ 6t@9]an etching stdpxnay be periainiedavith theavseeofta fesishmadke ferpled ysevgf or ned

under an_inert gas ,at pher.e .or an ox n..gas .at her e referably, at
200 C ¢ o WU euelREC R Rofertiox By S 1SS b MIBONGLE: [RTTIREER Y] “ror
exanpl e, hhvtea pREANY oh BRénsitiegat ARBdistinSasRELFIRETWEh Wie WH2Of @ h@ki-tdné Bldbk Under a
nitrogen atnosphere. The second heat treatnent can reduce variation in :

el ectri c haharplenatity of thigkngsses {bas; # stdrkilkeophape] and ffurther can be changed in
15 shape by ashing; therefore, the resist mask can be used in a plurality of etching steps for

processing into different patterns. That is, a resist mask corresponding to at least two
kinds of different patterns can be formed by using a multi-tone mask. Thus, the
number of light-exposure masks can be reduced and the number of corresponding
photolithography steps can also be reduced, whereby a process can be simplified.

20 [0113]

Note that plasma treatment is preferably performed with the use of a gas such
as N2O, Ny, or Ar after the above step. This plasma treatment removes water or the
like attached to an exposed surface of the oxide semiconductor layer. Plasma
treatment may be performed using a mixed gas of oxygen and argon.

25 [0114]
Next, the protective insulating layer 144 is formed in contact with part of the
oxide semiconductor layer 140 without exposure to the air (see FIG. 5G).
[0115]
The protective insulating layer 144 can be formed with a method such as a
30 sputtering method, with which impurities such as water and hydrogen are prevented
from being mixed to the protective insulating layer 144, as appropriate. The protective

insulating layer 144 has a thickness of at least 1 nm. The protective insulating layer



Furthernore, heat treatnent may be performed at 100 Cto 200 C inclusive 10
for 1 hour to 30 hours inclusive in the air. This heat treatnent nay be
per f or redwetoa/dstovsed heating tenperatdfre; alternativel ypctrhe2diobéooss ng
change in the heating tenperature nay be repeatedly perfornmed plural tines:
the heating tenperature is increased fromroomtenperature to a tenperature
of 100 Cto 200 C inclusive and then decreased to roomtenperature. This

heat tregimeply u{@ﬁn?& Fﬁﬁg sﬁfd&ﬁ% HAAd8H; c@nr{x]fgr‘i‘%gg{i'ic{?ﬁ BRytride, %ﬁc&?mﬁ the

protective Ins 'S forhe rea I me can
shor t enedxidaderhd hike. r éﬂmq&dtepuiﬁmsulmngﬂhya Tadadan thheas single-lapet shactner f or med
i nstead of the second heat treatnent or be perfaormed before or after

the secoff? Rasked tﬁ“é‘é&‘lfﬁantT ypsimte Wt“ret%éhq g of £rarng e praterys | ayer
146 is fpy ﬂﬁﬂn% %ertli' ér%ﬁei%)‘{g 108 u't?ﬁofgé?gtalca*? 30pH4 (ﬁﬁ‘fusE &G 6fY}e The

“interlayer 1nsul |ng h™a PVD nethod, a CVD

met hofl,  amdspieert ifse foﬂi{iﬂg ithé (prdt&yﬁrre inflakirgd 1aygr 18y 65 ptdferabin abard gagred
using an inor ?anlc insulating material such as si]icon oxjde, silicon
nitride OXPIGRLY: a1e0n)L§MAPRere.G OXHESHItIMASBRGTEIOT 24PiiRT ARSBRETLONBINIASNt al um

oxi de. %aqg ﬁgé(irtﬂtﬁcgl%ﬂg/%%| nsdo(f g%‘?‘? interlayer insulating |ayer 146, a

surface o Ing layer 146 is preferably planarized
with a nmfila6p such as CMP or etching. [0123] Next, openings that

reach the el ecjr.ode 136a, the rode 136h, he el ect 1 t he
source or draill WMOEREEP I8 SOREDL lﬁﬁhe Prfecliy Ay *B’rngd]laé‘?r {‘g“l &b ﬁ%‘i‘@g%Zb are

30f ofgredmia ehi2e thbg04 %ﬁfcohdl&wr%w Or et 03(§$en fnhBe Rk RIcQehidoadidtsr| ati ng
| ayer 144, and the gate insulating |ayer 138 a conductive | ayer 148

i s for meltyen wherebyithethsistange of the prtqﬁengsor(dse@r Hy@r opBE)e bapkeha@pelrﬁu#gs can

o mou o g dBeRAGa 3 Yol RS Bt e Wufed ™ Hhir et I LnGRARES |

etching A6t @ yseehydhogtd iBforhgUthebragctivicingtiatih gayedrm4esbcmmnglel Sxide
preferably used in terns of mcrofabrjication. The conductive |ayer 148 can

5 be for Heulating layer ¥44 ¢anfainsiuidregenmsdittdspsnossiblés a PVD met hod or a CVD
met hpgl @ gond_uctl ve |layer 148 can be formed using a conductive nmateri al
such as 'ybdenum titanium chromum tantalum tungsten, alum num

copper, neodynMaomgover, tiscproticting arsuRtinglldyey 144 isgprefengbdy fisinded. vohile watar t ri de)

~of any of these materials, faor exanple. 10[0Q1 ecflcall , 1t is
possi bl eIelf'omet sgtmenteharaber 1§ BMQKEdnin e 1{ &1 m}dsﬂg% myﬁ O ZHIPY 1 m i s

formed i pofudrBYs %t'daﬁ a%dnﬂ, H%eoﬂﬁﬁ %bﬁ%n&ﬁ&@r JE Rageliothe ahatedtitdi N

titaniumnitride filmis forne D net ho and then, a tungsten
filmis muhsdgtayebu%nbedded in the openl ngs. Here, the titaniumfilm

for gl vigtgft VD

An entrapment vacuum pump is preferably used in order to remove moisture
remaining in the treatment chamber. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. An evacuation unit may be a turbo
pump provided with a cold trap. In the film formation chamber that is evacuated with
25  the cryopump, a hydrogen atom and a compound containing a hydrogen atom, such as
water (H20), are removed, for example; thus, the concentration of an impurity contained
in the protective insulating layer 144 formed in the film formation chamber can be
reduced.
[0119] v
30 As a sputtering gas used at the time of forming the protective insulating layer
144, it is preferable to use a high-purity gas from which an impurity such as hydrogen,

water, a hydroxyl group, or hydride is removed to a concentration of a few ppm or less



15 nethod has a function of reducing an oxide filmat the interface with
the interlayer insulating |ayer 146 to decrease the contact resistance with
| ower el agbnefiamadeere, the el ectrode3136a, the el ectrogerhBfhooidhes

el ectrode 136¢c, the source or drain electrode 142a, and the source or drain
el ectrode 142b). The titaniumnitride filmformed after the formation of
the titani umfi I m has a barrier function of preventing diffusion of the 20

conductlve A.copper filmmay be formed with a plating nethod
after thépﬁ‘e ggﬁwétpbt(ﬁzgsﬁiarrier filmof titanium titaniumnitride, or
the |iKke. [0{31)}25] After the conductive |ayer 148 is forned, part of

the conductive |ayer 148 is renoved with a nethod such as etching or CMWP,
so that the infNexlasespnd rheal dxcptmeent i eprefmably epriormed owd¢r aaid indik 285 ect r ode

150a, the. el ectrode 150b, the el ectrode .15 t nd the
ol ect r oad HeBELE S p GRien PauRpTEREprerg Pl piP FBHAERE SetBele B 150a,
the ekecthagslel20B50 theo 5800 AdRsAEHC, F&r*’t%aﬁnbfccttﬁé)%oﬂ@%at @fntdEs

el ectrode 150e’ are formed by renmoving part of the conductive |ayer 148, the
process ipsrfpmaddenald5 ferfborinboursondehnad nitnegeausthmspierar eTid asamdzbeht When
the surfaces of the 30 interlayer insulati nga | ayer 146, the el ectrode 150a,
the el ectifeaReni spbreditrevasiatien oelectis sharagtpastics SEe@BSH8Dd, and t he

el ectrodﬁoﬂﬁ e are planarized in such a manner, an el ectrode, a wiri ng, an
i nsul at i yer, a sem conductor |ayer, and the | i ke can be favorably
fornmed in | at eFusthepsore,[H#aP6i¢atment may Bagmerfothed ansdl A€ itm @00 aCeinclisizei s
formed, and_  openings that reach the el ectrode 150a, the el ectrode 150b, the

el ectlPoddor bheur o) hqust inclgive i8dhe ainn (lhis eal|teatmeny aydhsapersormed af gr ed i n
the i nsulegll Rgati, %@ﬁl{)érégne Alitkfifa t@el?q}?gftﬁfo'vﬁ %kl?a)ﬁﬁé il ﬁlefhgﬁtﬁ%jt fngelt%?urg nbedded

in the openings, par t’he conducCtive layef 1s renmoved met hod such
as et chi mgpyobe Gigeatedlyupsriorimed iphsal tumiesigthe dheeatingl Enfiesateepo gecteaad frdme

el ectrode 154a, the el ectrode 1542 @Ig el Sét,rodé 154c, and the el ectrode
154d ar e TPYPAAPAWE e aepByratuzR;of 10 §t 200"t indlpsiye apd, ther degregsed g i ng

the el eCtrB&gEIerLEQﬁtlﬁ@d 313 hlsﬁtkt‘?eatﬁlgﬁrﬁfi?rb% epeﬂﬂ%né@qﬁ&&' 4 eiudEs Pfés?&rbon s

omtted. [0127 In the case where the transistor 402 is fornmed with
t he dbovdetizs dh¢ tpeotectatehmsulatlmg linyedlrio giormedn cEmet hedti @eatinant hmeoc(andbe

sem condugt or Ia r X 1019 ato cnB or |ess and ff-state
currentSRodined Rt e dadicsd plesiint 1hE Tl easent B85 bR prtotaed nsiedf ot o
402 W t h gxRelsb&@nd Edaartraingdnt Tri moy HRMpdforRleld alchsd &Yaﬂé?Qh@%B&dlﬂahéa@n of
t he oxi de sem conductor |ayer 140 that is highly purified by sufficiently

reduci ng txehendm.dr ogen concentrati on as descri bed above. Mreover, it is
possi bl e P% nuf acture a sem conductor device that has excell ent
characterrstics and includes the transistor 421 formed using a materi al

ot herot han an o¥kixgetize Mte4y@t CinSulatiny tiyer| 4@ ris Pt ® Noven dihie h proféttive
transi stor 402 formed using an oxide sem conductor in the upper portion.

[0128] insulatingdayerdlfigi(sesi FliGe 60).calhs erfayeyyinsulatipgslager 146 gan s formed
sem condyghpr pYA Gldidld, %‘G’Qgﬁ%ﬂ&@ rCtﬂErF?ﬂcEedTﬁ% flterMy P Xsdfting ri%ifee'i%ﬁ or.

An oxi de sem conduct or ' and ’have sone ngs I'n conmmon: carrier
densi ty ican drefonied hsimg &am inorganic insulating material such as silicon oxide, silicon

nitride oxide, silicon nitride, hafnium oxide, aluminum oxide, or tantalum oxide. After
25  the formation of the interlayer insulating layer 146, a surface of the interlayer insulating
layer 146 is preferably planarized with a method such as CMP or etching.
[0123]
Next, openings that reach the electrode 1364, the electrode 136b, the electrode
136¢, the source or drain electrode 142a, and the source or drain electrode 142b are
30 formed in the interlayer insulating layer 146, the protective insulating layer 144, and the

gate insulating layer 138. Then, a conductive layer 148 is formed to be embedded in



25 accordance with Ferm-Dirac distribution, the density of mnority
carriers in an oxide sem conductor is estimted to be approxi mately

10- 7/ CMB.wohbsl/06ad78e of the minority S8rrier density ispertpanebsrsnal |
simlarly to that in 4HSIC, 6.7 x 10-11/cnB. Wen the mnority carrier
density of an oxide sem conductor is conpared with the intrinsic carrier
density of silicon (approximtely 1.4 x 1010 1lcnB), it can be understood

wel | thatp3Q gélflg%vﬂ%ég rFIS‘}/ 683! 1 TR oﬂ@@ﬁ% Xax?fbeaiﬁ)rr%d Qﬁth’s‘i%&gﬂﬁl UGER", fasan

significantl her e energy band gap o

oxi de serucctmrgjummg)a mask 3. theknasloczﬂm be fovmad dvitthe netiexdgspch as dightagxpofurdH- Si C

is 3.26 eV. Thus, an.oxi senic ductg n](115|ll oncrblde%}ée rsdé{mlar in
Br e P&

that they>dite ‘I’fn%kde H%’Etrﬁt R&Qat ing 1y PosesRd @ et

there is cachif Rprétefabf §2AGn AR MidfdrBHdBos NMTIROAHMELH R 1871 198k ON
car bi de, that |s t he ‘process tenperature. Since heat treatnent at 1500 C

to 2000 @ei f@ﬂgethevnéxl ] ﬁllmeﬁedeellommtlmdmucbmdeHD pretodsy a6y mykthad on

carbide, 4,t iS i.fi tack of sil |co r bi de .and

o bons Mo poufuiclit v, 1 Gorhe BHBES, Rinedae coousiPE aErial Ruth @ an
silicon Qﬁ(ﬁl?b&ﬂumﬂﬁha’iﬂdlﬁ élﬁ‘&%i{ﬁﬁ? t@nt%ﬁﬁlﬁ qmsg&w Qrumlﬁ&nsétkp'ikf %Gdyrﬁﬂilﬁx
sem conductor el enent, or the like is ciama ed at such high tenperatures.

Meanwhi | @ seandiun g asertion Hdueampowndr(cige 4 aﬁﬁé@ ofi anpy ofetheser matgtipenforat 300
C to 500 Q&bﬂe glass transition tenperature or |ower, up to about 700 O);
t her ef or & is possible to forman integrated circuit with the use of a
sem aondyoi»y] nmaterial other than an oxide sem conductor and then to forma

sem conductor e] ement i nc| udi ng an 15oxi de sem conductor. [ 0131]
addi tion, in cOREFHSHIN & sinoseBls applar a mAthedi the cxampleo ititdichy 2 thin

advant ag‘i‘ﬁé&ﬁunﬂ%ﬂij& 3%&@‘% Q‘%@éloﬁ Gdigdi ttheSH%%tu%%t»@ltl% YPYPSnéanéd 356 a

substrate can be use Mbr eove an ox e se duct or does not need to be
subj ect edhipctithiiam nipdet ﬁbmhsrﬁnmwtwitﬁ aCVYPnpethad,uand, them & hagstemdiligyiscost

can be r duc uffici as are to sil.icon i de,

anot her afée ?ﬁs i thic open g?‘noﬁﬁ?? the tifaniym ﬁ@%g"a’?’lﬁqe%“ ﬁq)\?]ipertl es
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conducted, they do not include the idea of sufficiently 25 reducin the DOS
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fabrication of very excellent industrial products. 30[0133]
the formation of the titanium film has a barrier function of preventing diffusion of the
20  conductive material. A copper film may be formed with a plating method after the
formation of the barrier film of titanium, titanium nitride, or the like.
[0125]
After the conductive layer 148 is formed, part of the conductive layer 148 is
removed with a method such as etching or CMP, so that the interlayer insulating layer
25 146 is exposed and the electrode 150a, the electrode 150b, the electrode 150c, the
electrode 150d, and the electrode 150e are formed (see FIG. 6C). Note that when the
electrode 150a, the electrode 150b, the electrode 150c, the electrode 150d, and the
electrode 150e are formed by removing part of the conductive layer 148, the process is
preferably performed so that the surfaces are planarized. When the surfaces of the
30 interlayer insulating layer 146, the electrode 150a, the electrode 150b, the electrode

150c, the electrode 150d, and the electrode 150e are planarized in such a manner, an

electrode, a wiring, an insulating layer, a semiconductor layer, and the like can be



sem conductor by supplyi ng oxygen to a dangling bond of netal which is
gener ated by oxygen vacancy and reducing the DOS due to the oxygen vacancy.
For exanpwe,2oamegxsde fil m cont ai ni ng3®xcessi ve oxygen ipsTiiezomedsoreu cl ose
contact with a channel formation region and then oxygen is supplied to the
channel formation region fromthe 5 oxide film so that the DOS due to

oxygen vacancy can be reduced. [0134] A defect of an oxide
sem cond ttributed to a level of 0.1 eV to 0.2 eV under
t he cond%%?ag) ghg“aper% gcesa ve hydrogen, a deep level due to shortage

of oxygef0126i the | i ke. Thorough renoval of hydrogen and suffici ent supply
10 of oxygen for elimnation of such a defect would be ht as
t echnol ogi cal Th8udh nsplatngiayer 152 is fnﬂn%&aa%oeemesdheJe% thpelege%er ally

consi der ?%ﬁ?heaé]ecgrc)td)é%oﬁgﬂ%]&%&%&tﬁOc e WREGDde ?ﬁfdogﬁid R di&ide §5H0di ment

of the invention disclos€ erein, an i-type semconductor is realized by
r enovd ngarenfoumied i iesthe pasutlating kayky 1ﬁ&t eAftand ¢qndnag&nlaybm isl fortried stor Bs pect

it can be an enbodi ne i nvention di sed erel
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Conducti on Mechani sm of Transi st or 1N em conductor> 20 An’

el ectri ctie edftnmdetlﬁﬁn threel betrads rhSé¢, aadtthcadsﬂmd@rlSéé aregfoamedseel E1G. 6D).

sen condygt or crlbe w th f rence FI.G 7,. GS. 9A
o o ARl Yaptds b0 TR e SF bl hE SREGOGELIR b e ik Baellie b e
assumpt i Qaaﬂéd@d’gcmﬂﬁﬂhs@hﬁw@il on for easy understandi ng and does not

necessarily reflect a real situation. Note also that the follow ng
descripti¥s7ls just a consideration and does not affect the validity 25of

the invention.y, Q134 phere. the quhqér’%t r 4 R f8ﬁ1§’e%swﬁr?ﬁ{e ABBRL-dY c?iWe&’fneﬂIb | nverted

st aggered tranS| stor ransi sto usi ng an oOxide sem con UC'[ or.

An oxi detiraiyidesyed wohntladiyein I(h@S)udeS‘seﬁﬁ@mUdadr nyer 140 §3t e 10Vetdmgea’ ( GE1)
with a gate insul athf? | ayer i nterposed 30 therebefvveen, and a source
el ectr oder (=3 anddthe atuaht elreqm rtxﬁdée (tBpsiatoe 4020ii Hed 1@veA phdesexi libe

sem ctor An i tin row t he
sour L8 oPitat B by Dok B RpiaetClap o Aded 87 58 afidebiof Wihes "5 | ¢
an ener ghxilaaruénﬂuﬁﬁham (sfehenmt that G aﬁglﬂyf) u@ﬁﬁe&hfy SiffRfendQClei@ing\the i N
FIG 7. In FIG 8, a black mrcleéeh an a white circle (0) represent an

el ect r onhydragen exicentzaiontas dsseibed abpye. c MMprgexer( itds pasgible emapufactyea Wt h
a positi ¥§m\é8ﬁciu%&§ cfeVBe that has excellent characteristics and includes the transistor 421

formed using a material other than an oxide semiconductor in the lower portion and the
20 transistor 402 formed using an oxide semiconductor in the upper portion.
[0128]

Note that silicon carbide (e.g., 4H-SiC) is given as a semiconductor material
which can be compared with an oxide semiconductor. An oxide semiconductor and
4H-SiC have some things in common. The carrier density is one of them. In

25 accordance with Fermi-Dirac distribution, the density of minority carriers in an oxide
semiconductor is estimated to be approximately 107"/cm®.  This value of the minority
carrier density is extremely small similarly to that in 4H-SiC, 6.7 x 10™//cm®. When
the minority carrier density of an oxide semiconductor is compared with the intrinsic
carrier density of silicon (approximately 1.4 x 10" /cm3), it can be understood well that

30 the minority carrier density of an oxide semiconductor is significantly low.
[0129] '



5 0) applied to the drain electrode, the dashed |line shows the case where
no voltage is applied to the gate electrode (VG = 0) and the solid line
shows thewoasa/osbese a positive voltadfe is applied to tlreTgatromedeect r ode
(VG >0). In the case where no voltage is applied to the gate el ectrode,
carriers (electrons) are not injected to the oxide sem conductor side from
an el ectrode because of high potential barrier, so that a current 10 does

not flow, whi CPI i e 21 rggi)?rﬁf % X (:ftarﬁ)’g) fdes %&ﬁdu&ﬁ9§3 $B9%0 3 PAFLId Ve

voltage is app arrirer is lowered, and
thus a ctlreremtgyf&anm@apWﬁl%hS@&r&zawonTﬁﬁsataﬁ oxjd21s3gicdndGSor 9 sitidoPB ar e
ener gy band. di agrans (schematic diagrans) along the 15 cross section B-B
in FI G 7¢2] 1d839§ASI¥qlllaD§‘ttPétttE§Y %Fesbpﬁ’c@%?ée@mﬁﬁgv‘ft?‘i?e voltage (VG> 0) is
appl i ed L ? gate electrode (GEl), that is, an on state where a carrier
(electro(?’ ?oms bet ween a source electrode and a drain electrode. FIG 9B
illusirates a @maheomhehzmdathe&gistai majov diffeagnee (ob@eeﬁ)anioaidxmghiimwctot he gate
el ectrode t hat an off state (where,_,a mnority carrij does not

flow. 28799 1&@!} carbide, thaf jsgUeoPIoFsS dTPBATANITS, hoSinGs| B} Hﬁ%tmeagatb e ¢ he
Vacuum' V@} g&e‘éﬁyﬁe‘g@fﬁﬁ ?%ff?ﬁ%o%dﬂa&a r g“s‘é')us g “@a'?ﬂld%nfi AR

| evel ron an ox ] 25At

nor mal t erfﬁarlawoﬁn aedtakt csfcyﬂscohrtatM@e amt akerﬁicendimrwerrﬂéxedomm ishey Fer mi
l evel is located in the conduction_ band. [0142] Meanwhile, a _conventional
oxi de seffreisARARCtSymaterial othefothan piliqoRerarhifleri Thigds beeange .asseml‘éqnéﬁ?tmf rom t he

| ntry@psi §u3§?r 1 1HeQ¥liconfhdtol HemBt, 6FMHeSkeql dhigelPNLudRRi érat%?es' ocat ed
near the con uctl onﬁ% gh ?t 'S ﬁthovvn tL artgof %{i 5gn IS a donor in
an oxi de Meanwhilgdicbxide aedtidoadwter éaa;cb@forﬁadswmlg haat t@eandentsarﬁmo‘fﬁimt or to
be an n- tgg eC ((t:)li(eI glgssst(?argsﬁlc())gdtgr?l})grrature or lower, up to about 700 °C); therefore, it is
possible to form an integrated circuit with the use of a semiconductor material other
than an oxide semiconductor and then to form a semiconductor element including an
15  oxide semiconductor.
[0131]
In addition; in contrast to silicon carbide, an oxide semiconductor is
advantageous because a low heat-resistant substrate such as a glass substrate can be
used. Moreover, an oxide semiconductor does not need to be subjected to heat
20 treatment at high temperature, so that energy cost can be reduced sufficiently as
compared to silicon carbide, which is another advantage.
[0132]
Although a lot of researches on properties of an oxide semiconductor such as
density of state (DOS) have been conducted, they do not include the idea of sufficiently
25 reducing the DOS itself. According to an embodiment of the invention disclosed
herein, a highly purified oxide semiconductor is formed by removing water or hydrogen
which might affect the DOS. This is based on the idea that the DOS itself is
sufficiently reduced. Such a highly purified oxide semiconductor enables fabrication
of very excellent industrial products.

30 [0133]
Further, it is also possible to form a more highly purified (i-type) oxide



[ 0143] In contrast, an oxide sem conductor according to an

enbodi nent of the invention disclosed herein is an oxide sem conductor that
i s made twoherltmekersnsic (i-type) 5 o#lto be close to i RCTIIRRIIG069764 he

foll owi ng manner: hydrogen, which is the cause to produce an n-type oxide
sem conductor, is renoved fromthe oxide sem conductor for high
purification, so that the oxi de sem conductor includes an elenment (inpurity

oL et PRl T o SAERRLS M G5 AR B ot L1

di scl osedxpgneidtansy ﬁrhiaiedaangxwecmems:MB@@gen SadaBcle tFor kead@plepen cl ose
to a highly purified i-type (intrinsic) sem conductor not by addition of an

i mpur i tyo¥idenBlm coptainye excespivatgxyaenAs formedi iy elose gentagls Withds sharnchnd

wat er as o bl e
wth t o aroRTeRBE Shlitn LS ol BolfEH e Binct Fihp G AR ERBIAED, P

band §ap okidgfilof s@thadthe d¥OS die wooxyged vacansy &inlie redfjcetihe el ectron affinity

(x) therzé) s said to be 4.3 eV. The work function of titanium(Ti)

cont ai ne ]i3r4 a source electrode and a drain electrode is substantially

equal to the elagi@deahbiiis!hmicohafliorR o §beaRIbERAGYS A of D1V S case,

a Schottky barrier against 20 an electron is not forned at the interface
bet ween te0R e¥nudanthex¢ondustmm bamddhict torexcgBivt6lydrogen, a dﬁt:p tleved due te, as

illustrated in EIG 9A | ec ontaveIS| . of the

|t or { a S HIASRE AXAEGh 0L T DH @ CIPREPE oS P ReR PG shlficRint S ge
sem ¢oNdYEebRygentfbeclRRinhGoR HJukh Qﬂe%ﬁv@ulﬂhﬁ ribht 6kCa ﬁ:@ﬂﬂ(ﬂg%lGMQh&fght s stable
in ternms of energy) 25[ 0147] As illustrated in G 9B, when a

negativel@®e¢ntial is supplied to the gate electrode (GE1), a hole which is

a mnority carp e(';Xlg&? ggmf&hdu%ﬁﬁ’%@“%%{lﬂ Qé{ljsg(#ré(d a;r Qﬁ'% tyb?%erﬁ%!(()lﬁglemtoryal ue is

substantially cl'osSe to zero. a nmanner

sem condthowerbaemmgimt a1 Bmbodingmnt ioft 1P eingention odisktiodedr herein, aubistypati al |y
intrinsic by being urified so as, to contajn an e|enent other than

its mai ns‘é’B’r?BBﬁil‘&‘Rf is reaélzedg rqmﬁymg igpusitispsatartjculaaly vater andaydseges: pile.  Thus,
char ggt e'ﬁ?ﬁ}ésﬁéctqft c&hﬁ 4 Bt ﬁ?&npﬁlmﬁ{@ﬂ@l hﬁ’cﬁ] &lgabefar}%k&ﬁ Rcnfad the

gate Tnsulatihg 1ayer econe | nportant reason e gate

i nsul at i agndval ¢éechnizeld #et becawsm ia i§ dvffareil ﬁomrmer-tmesevmtdndmbtar oxcldas

sem condugit or $epe01f|call " it is preferable 5 to use the follow ng

i nsul at i ﬁ@lCP%% dwith an, f%: an insulating layer formed with a CVD net hod
usi ng hi g@rﬂ; nsity plasma generated with a power source frequency in the

range of the VHF band to the mcrowave band, or an insulating |ayer fornmed
with a spliectnidahfondudtiod Mechanism of Transistor Usmg Oxide Semiconductor>

20 An electrical conduction mechanism of a transistor using an oxide
semiconductor will be described with reference to FIG. 7, FIG. 8, FIGS. 9A and 9B, and
FIG. 10. Note that the following description is based on the assumption of an ideal
situation for easy understanding and does not necessarily reflect a real situation. Note
also that the following description is just a consideration and does not affect the validity
25  of the invention.
[0137] |
FIG. 7 is a cross-sectional view of an inverted staggered transistor (thin film
transistor) 'using an oxide semiconductor. An oxide semiconductor layer (OS) is
provided over a gate electrode (GE1) with a gate insulating layer (GI) interposed
30 therebetween, and a source electrode (S) and a drain electrode (D) are provided over the
oxide semiconductor layer.  An insulating layer is provided so as to cover the source

electrode (S) and the drain electrode (D).



10149] 10When the interface between the oxi de sem conductor and the gate
insulating layer is made favorable while the oxide sem conductor is highly
purifi ed,wonotie2ease where the trans4ltor has a channelpCwmiJdtd0A¥ooés 1 x 104
pm and a channel length L of 3 Rm for exanple, it is possible to realize
an off-state current of 10-13 A or less and a subthreshold swing (S val ue)
of 0.1 V/Idec. (a gate insulating layer: 100 nmthickness). 15[ 0150]

When t he (PBSE; e sem conductor is highly purified as descri bed above so as to
contain an~efenent other than its nmain conponent (i.e., an inpurity

el ement) as |iFIG @ igsn pesgy bArl dibfram! (selitaiasit diagean) Be afoss sdetidn AKOr abl e
manner. [0151] 20 <Resistance of transistor using oxide sem conductor to
hot car r ifeFlGidgr dmEG $as black circleng®y) and apyghiteeidicl Gridepreseny an elgplgpsanst usi ng

o, O, 94T KA i ol L SRRREEL Sl g gL v 1

descrj3 pt ppBRppiRdR8SRE dodin hRtrads UNPdhshad Aneahobwd@Rd cadet WRdrk 43 YoMag€asy
under st andi ng and does not necessarily reflect a real situation. Note al so

t hat t heapieditd twi gade dlesteade(¥icen0) andj the solad kmnshiosksthe Casn . whe@d & ppsitive
Mai n causes of, hot r degradat,ion ar hot el ectron injection

. [ h I
I gHaIdrdinde e e @?Eﬁgnﬁa_é%tww IDAEgRjCt i on) .
Not e t hab, gRly (2 hEE IR $1HBdE O RaHERT Sﬁeafdngwlafré)rno%! Rt ty - the Uxide 3]

hi gher than the barrier of a gate insulatin ayer in a sem conductor |ayer
ar e i nj esdmigonchictor tstie fgan en ickestrbdd bevgudeanfariglopottital bakier, sbltbatar @mengai n

ener by bei ng accel erated by low el ectric field 0154]. 5DAHC i.nj ecti on
Forefd o iohBBrBRER TranAR O wiEct DBIL BbFRBReNhey S BTTYS TR eSS

el ect r ongpAfaabehat @it BcRodt Patetigc birkier id RIvwbréd, QanldNth8S aehirfet FoGAL ©
insulating |layer or the like. A difference between DAHC injection and CHE

i nj ecti owhjch mgpas peEnGtateiot t hey i nvol ve aval anche breakdown caused by
i npact i Eﬁiﬁ tion. Note that DAHC injection requires electrons having a
Ki netic nergy hi gher than a band gap of a '

FIGS. 9A and 9B are energy band diagrams (schematic diagrams) along the

15  cross section B-B' in FIG 7. FIG. 9A illustrates a state where a positive voltage (Vo>
0) is applied to a gate electrode (GE1), that is, an on state where a carrier (electron)
flows between a source electrode and a drain electrode. FIG. 9B illustrates a state
where a negative voltage (Vg< 0) is applied to the gate electrode (GE1), that is, an off
state (where a minority carrier does not flow).

20 [0140]

FIG. 10 illustrates the relationships between the vacuum level and the work
function of a metal (¢pm) and between the vacuum level and the electron affinity () of
an oxide semiconductor. A
[0141]

25 At normal temperatufe, electrons in the metal are degenerated and the Fermi
level is located in the conduction band.

[0142]

Meanwhile, a conventional oxide semiconductor is n-type, and the Fermi level
(EF) is distant from the intrinsic Fermi level (E;) in the center of the band gap and is

30 located near the conduction band. It is known that part of hydrogen is a donor in an

oxide semiconductor and is one factor causing an oxide semiconductor to be an n-type



10 sem conductor. [0155] FIG 11 illustrates energy required for each
hot carrier injection which is estimated fromthe band structure of silicon
(Si), andwBl2@1/0b2076! | ustrates energy 4®quired for each Ipotr/Jezmonenes
injection which is estimated fromthe band structure of an 15

I n- Ga- Zn- O- based oxi de sem conductor (1&ZO . The left of each of FIG 11 and
FIG 12 show CHE injection, and the right of each of FIG 11 and FIG 12 show
DAHC i nj i . Regardi ng silicon, degradation caused by DAHC

i njecti oﬁgﬁég%}%gégc?%rbus than 20 that caused by CHE injection. This
results fo@sjthe fact that carriers (e.g., electrons) which are accel erated
wi thout colliding are very few in_silicon whereas silicon has a parrow band

gap and aval anEh&OBahk #\i¥idte Semicondedenr acqordipgi to. amfanbasdineicpe s eakdown
. ' : . :
I ner easeﬁlvteﬂﬁ?xpﬁﬁga%eldqere% %giﬁwﬁee&%?g@éﬁfgr it %Sr'ﬁhc@tg%%%trﬁgﬁ (P%{p%%er 0

the gate 1 nsulating layer, ity of DAHC i njection dily
beconks bhr ghée cdsetthantrinkit inothe Golfowimgembnmen. hyddgeh, which is thRegaseltong an
I n- Ga- Zn- O- based oxi de sem conduyctor, the engrrogi/tre uired for tjornj ection

CHE
does not PEIAUSE AY nehyp¢ ¥ide SERIOAGICIOT, I Feanavad hg oxide semigprAuctas

probabi | hion BhrifidohNs€ GthatOthd dxRik! $dmikOuciod AERdEd AR- elbMEntS (BT RYity €qui r ed
for DAHC injection is 30 substantially equal to the energy required for CHE

i nj ect i onlethgat)tothes thandts rhain gomapnent 0f B@joxideppmagraduéter asdaitls aapessible hot
carrier gﬁ%ﬁﬁdati on is higher than that of silicon. [0159]
Meanwhi | €;" the band gap of an In-Ga-Zn-O based oxi de sem conductor is

conpag abl e to fhatis,of feiukd 60dh EAbdisent(Sithe inVRhGdh aistibal eréih ieai 0 as a
materi al having 5a high withstand voltage. FIG 13 illustrates energy

requi r edOXige SeBNGPNHBEIOL i Mpdy 1q B O theorlOSeetpat dighly priSPEI-tyRegREinFig) CHE
e Rl B Sy LA Byl it oher
such as hydrogen and water as much as possible. Thus, the Fermi level (Ef) can be
coniparable with the intrinsic Fermi level (E;).
15 [0145]

It is said that the band gap (E;) of an oxide semiconductor is 3.15 eV, the
electron affinity () thereof is said to be 4.3 eV. The work function of titanium (Ti)
contained in a source electrode and a drain electrode is substantially. equal to the
electron affinity () of an oxide semiconductor.  In this case, a Schottky barrier against

20  an electron is not formed at the interface between metal and an oxide semiconductor.
[0146]

At that time, as illustrated in FIG. 9A, the electron travels in the vicinity of the
interface between a gate insulating layer and the highly purified oxide semiconductor
(the bottom portion where the oxide semiconductor is stable in terms of energy).

25  [0147]

As illustrated in FIG 9B, when a negative potential is supplied to the gate
electrode (GE1), a hole which is a minority carrier does not exist substantially. Thus,
the current value is substantially close to zero.

[0148]
30 In such a manner, the oxide semiconductor becomes intrinsic (an i-type

semiconductor) or substantially intrinsic by being highly purified so as to contain an



As described above, it can be seen that an In-G-Zn-0O based oxide 10

sem conduct or has significantly higher resistance to hot carrier

degr adat iwo 2angbebi7gher resi stance to 4éurce-drain br eak@owyprhencsssd i con.

It can also be said that a withstand voltage conparable to that of silicon
carbi de can be obtained. [0161] <Short-channel effect in transistor using
oxi de sem conduct or> 15Next, a short-channel effect in a transistor using

an oxi de ] Fee ML rd be ] e 01 F nd FI G
15, “Not o TRpt BNk st agdfiB (.85t MpliifyEEhas e 1 padeRT 7 €
i deal si fThas,i dnrdcaristesyf tird atatandiengeaantedodde sahicoadessraand ther gt ect a

real situyatjon. al so.that the_ fo|llow ng &lgscription i

Not just a
consi der &S .ngi@[%%e%ame importaniy Far Bt reasqAnths gats Pé%l@t%faé%n%eés to

degr adat ki Q¥R ideCrrsRal R RN d:84d ge%nmo%t_o?ecgﬁe%ﬁiélah ] mgs%eefetnible

m niaturization of a transistor (a reduction 1 n channe ength (L)). The

short3chémmsd thef followinge mghlating dayer,t foe erdhplet anfinsmlatingi layarnfoamed withea

pARE T M T N R

| eakage gatigeeittthe AHIF bakd kd KR miQdRBle BIRAE or an Shéuliing Ry&oforRbe® wath a
suppressing a short-channel effect is exam ned by device sinulation.

Speci fi caputieringaathad. nds of nodel s each having a different carrier
concentrz{)i’@ and a different thickness of an oxide sem conductor |ayer
wer e prepar 30 and the rel ationship between a channel length (L) and a

threspol d vol t 3@gen(He, inteiface béteekethe AEdé kemitoféictor fink thergagaimulatingsi st or s
were enployed, in each of which an oxide sem conductor had a_carrier
concent r &ebis Brde favogable while the ogide semicondpatar jschighly purified, in the case

where the transistor has a channel width W of 1 x 10* pm and a channel length L of 3

um, for example, it is possible to realize an off-state current of 107" A or less and a

subthreshold swing (S value) of 0.1 V/dec. (a gate insulating layer: 100 nm thickness).
15 [0150] |

When the oxide semiconductor is highly purified as described above so as to
contain an element other than its main component (i.e., an impurity element) as little as
possible, the transistor can operate in a favorable manner.

[0151]
20  <Resistance of transistor using oxide semiconductor to hot carrier degradation>

Next, the resistance of a transistor using an oxide semiconductor to hot carrier
degradation will be described with reference to FIG. 11, FIG. 12, and FIG. 13. Note
that the following description is based on the assumption of an ideal situation for easy
understanding and does not necessarily reflect a real situation. Note also that the

25  following description is just a consideration.
[0152]

Main causes of hot carrier degradation are channel hot electron injection (CHE
injection) and drain avalanche hot carrier injection (DAHC injection). Note that only
electrons are considered below for simplicity.

30 [0153]

CHE injection refers to a phenomenon in which electrons having gained energy



and an oxi de sem conductor layer with a thickness of 1 p.mor 30 nm Note
that an I n-Ga-2Zn- O based oxi de sem conductor was used for the oxide

sem condwwoanilmyes, and a silicon oxg¢hitride fil mwithpattrrabnesss of 100
nmwas used as a gate insulating layer. It was assuned that, in the oxide
sem conductor, the band gap was 3.15 eV, the 5 electron affinity was 4.3
eV, the relative permttivity was 15, and the electron m)bility was 10 cn®

/'Vs. Th l.atu d
S € 61_E§Lf;ﬂftﬂa¥let me& b Yl da¥e lesul%l # }ﬁPE's ¥Bhad&Ia n&é[ R ‘Oi‘fﬁéso Sume

to be 4. e ca atlon S per usi ng evi ce Si twar e
"ATLAS"  puto dhecgde btjsulStlhg/Enq@r drthe hkﬂl@l}acti&ﬁfskg‘am drieady byhedirg accelenated byi f i cant
dlfferenc% in calcylation results between a top-gate transistor and a
bot t om g&t'eWV teF"‘&Hé‘ifé‘Tlg [0165] FIG 14 and FI' G 15 show cal cul ation results.
FIG 14 the case where the carrier concentrationis 1.7 x 10-8 /cnB,
and FI G 15 shows the case where the carrier 15 concentration is 1.0 x 1015
lcnB.5FI G 14 abAHC GnjcStiemabfesshowat pecnamesoon infwhich najectioavt gepeiatedt by eshol d -

vol 129, SRkt LRSI Y058 SORRERLPELD L 4 ud b o

shown i nle}JeﬁoéLéhe 1iKR. t Pediffefcd'bahRelt DAKQKK] é&fon%ﬂ@@Efilﬁéét% 1b RyvHelier OXi de
sem conductor was 1.7 x 10-8 /cnB and the th| ckness of t'he oxide

sem cond@etnet thepy éxvolwes avalanehe lzrmkdewmumusgi by Oimptagh éenigatjont h)\IOFen ﬂtahr eshol d
vol t age %—I 1Hectt1(I)norlr\]/‘amrest ﬁeétron% élavm a l'(inet cfu ?}eclﬁdy 1\1N§Her tﬂgu g%%ﬁd ga;} t he

carrier concen € OXI m Con and

t he t10i ckemrkondictéhe oxi de sem conductor | ayer was 30 nm the amount of
change (Avth) in threshold voltage was -0.2 V. In addition, as shown in FIG
15, in th8l¥dse where

FIG. 11 illustrates energy required for each hot carrier injection which is
estimated from the band structure of silicon (Si), and FIG. 12 illustrates energy required
for each hot carrier injection which is estimated from the band structure of an

15 In-Ga-Zn-O-based oxide semiconductor (IGZO). The left of each of FIG. 11 and FIG.
12 show CHE injection, and the right of each of FIG. 11 and FIG. 12 show DAHC
injection.

[0156]

Regarding silicon, degradation caused by DAHC injection is more serious than

20  that caused by CHE injection. This results from the fact that carriers (e.g., electrons)
which are accelerated without colliding are very few in silicon whereas silicon has a
narrow band gap and avalanche breakdown readily occurs therein. The avalanche
breakdown increases the number of electrons capable of crossing over the barrier of the
gate insulating layer, and the probablllty of DAHC injection readily becomes higher

25  than that of CHE injection.

[0157]

Regarding an In-Ga-Zn-O-based oxide semiconductor, the energy required for
CHE injection does not greatly differ from that in the case of silicon, and the probability
of CHE injection is still low. In addition, the energy required for DAHC injection is

30 substantially equal to the energy required for CHE injection due to a wide band gap.
[0158]

In other words, the probabilities of both CHE injection and DAHC injection are



the carrier concentration in the oxide sem conductor was 1.0 x 1015 /cn8B
and the 25 thickness of the oxide sem conductor |ayer was 1 ! AM the anopunt
of changewbAWiine2078 t hreshol d vol t aged4dvas -3.6 V. Moreovergpagostosn in FI G
15, in the case where the carrier concentration in the oxide sem conductor
was 1.0 x 1015 /cnB and the thickness of the oxide sem conductor |ayer was
30 nm the anount of change (AVth) in threshold voltage was -0.2 V. The
resul ts sRowd fidteskialiRld é G EARRG gxfahﬁ?&lb&%%h'@{f@%m%% Sifd IL“ 30 a

transi stor using an oxi de sem cong ctor Getion in thi ckness of an
oxi de sef@168hductor |ayer. For exanple, in the case wher e the channel

length (L) is approximately 1 inn, even with | de sem_conduct or | ayer
havi ng suf fi ci MseIYyhig g'ﬁ e cgnd; gap Ef)ﬁﬁell‘?t(l}%uzflo(?l E’élﬁebsé"'ﬁ‘?ﬂﬂ'gl"%tf’bé% that a

short - che&ﬂg raﬁeft@mat 6955119&1 Shthide (SR McH H@BE@%&%HUM@&% ﬁlla%n%hhzﬁ}ﬁ%]ess of

t he oxi de sem conductor |ayer Is set 'to approximately 3
<Car r$¥ er aclogle ewlthseandowﬂtage FIG. A3 dhmratcalenc@areqonod cfmn gadho hOIh earriavent i on

di scl osed .herein i OXIde em conduct or e
Coost by it Mgt HRE, P RoBNb%: GBE BRRuat doe 2y P o dSGaRs ci ont 1y
reduci ngsdiRokdiictdr Bhs sglngaﬁmmgier%egm £ can/deiald B halOhn d@matagel ating the

carrier concentration and an actually neasured carrier concentration wll
be descr{®®8lwith reference to FIG 16 and FIG 17. [0167] First, a
met hod for cal i.ng.jhe carrjer concentration i ﬁl‘l {)y xpl aj.ped. The
carrier concen?‘k?J ? Hg%%neht? 1 Graréd®sh gltljch a ?Pa neern D e(g

capatd t okerhidonductor has 51gn1f1cantly higher resistance to hot carrier degradation and higher

resistance to source-drain breakdown than silicon. It can also be said that a withstand
voltage comparable to that of silicon carbide can be obtained.
[0161]
<Short-channel effect in transistor using oxide semiconductor>

15 Next, a short-channel effect in a transistor using an oxide semiconductor will
be described with reference to FIG. 14 and FIG. 15. Note that the following
description is based on the assumption of an ideal situation for easy understanding and
does not necessarily reflect a real situation. Note also that the following description is
just a consideration.

20 [0162] .

The short-channel effect refers to degradation of electric characteristics which
becomes obvious with miniaturization of a transistor (a reduction in channel length (L)).
The short-channel effect results from the effect of a drain on a source. Specific
examples of the short-channel effect are a decrease in threshold voltage, an increase in

25  subthreshold swing (S value), an increase in leakage current, and the like.
[0163]

Here, a structure capable of suppressing a short-channel effect is examined by
device simulation. Specifically, four kinds of models each having a different carrier
concentration and a different thickness of an oxide semiconductor layer were prepared,

30 and the relationship between a channel length (L) and a threshold voltage (Vin) was
checked. As the models, bottom-gate transistors were employed, in each of which an

oxide semiconductor had a carrier concentration of 1.7 x 10~ /ecm® or 1.0 x 10% /em?



15 manufactured and the results of CV neasurenent (C-V characteristics) of
the MOS capacitor are evaluated. [0168] More specifically, carrier
concent r avoaniiNg2azan be cal cul ated i n4The fol |l owi ng nanmerJIrE1Vo69764
characteristics are obtained by plotting the relationship between the gate
20 vol tage VG and capacitance C of a MOS capacitor; a graph of the

rel ati onship between the gate voltage VG and (1/C)2 is obtained fromthe

C- V.charagcteristics: . | L [ val / [ we I Ayer sion

region o%ﬁ (% E{é Ogﬁdaep%n}lgor@g%tﬁg?a%’g%whh%md%g% (e)él i”g‘l)l %\rlgpu%n'i sﬁétﬁb@%ﬁl %l}sjt ed

i nto For mHGa-Zn-ONstsed bRRfe Rmi€dhdudtdel wasiwded F6iMHedoxidé eanhRefMICtE] la?am ary

electric charge, vacuum perm ttivity, and relative permttivity of an oxide
fcon

25seni coABdiats oxypigride e yith  thacknessrefy HaY mm tyasngsed as @ gae inggpting) 2 ee

EdV(1) [ ] t. rLier ' I d with
The aboyyeR] s assymed Wi (i80KIGE s ARPRERAC e8GR Was s LERSHAE
measus emekettromstfingty e A3 eVptheekativa periniiaivitynwvisi 13nandshd elecrash mobidity

t hi ckness of 300 nmover a glass substrate; a titaniumnitride filmwas
formed t 828 0EKYess The relefevenprranitivity 96 the SleanOFMItIRF Thm wasassyrae

sem condyghon ol alik HRbiffioR okl QifRSEA-Ouhlfa RATNHAANICAPLAYRS
formed to a thickness of 2 'umover the tTtantumnitride film a silicon
oxyni tri geoduc¢dbyddvacodned to a thickness of 300 nm over the oxide

sem condf@qaﬁ | ayer, and a silver filmwas fornmed to a thickness of 300 nm
over thelsiTi#con oxynitride film Note that the oxide sem conductor |ayer

was f@r ned usi R@teAtHAEtidre OXindesifBfieft diffeleHt NP chiBulaldn rddditdtwiden(d N1 Ga: Zn
= 1:1:0.5 [aton?4) with a sputtering nmethod. Further, an atnosphere in

whi ch t héopogatel rarsisioicanddukatiom-Raty dtansiter. f or ned was a ni xed at nosphere of
argon anf@%ﬁgen (wmth a flowratio of Ar:02 = 30 (sccn) : 15 (sccm).
[0171] F and FIG 17 show the GV characteristics and the rel ationship

between 15 VG AIGl 141dnd) RIG. 163h6wtdakalafion Thsulte ar FIGr14cshoegnhe adsk Grhere
calculated using Fornula 1 fromthe differential value of (1/C)2 in a weak

i nver si ofherGagiiessongentradonyisdphxd0” Fre',apdidG. B thowstl case ihgre the carpier
15  concentration is 1.0 x 10" /cm®.  FIG. 14 and FIG. 15 each show the amount of change
(AV4) in threshold voltage (Vi) when a transistor whose channel length (L) is 10 um is

used as a reference and channel lengths (L) vary from 10 pym to 1 um. As shown in

FIG. 14, in the case where the carrier concentration in the oxide semiconductor was 1.7

x 107 /cm® and the thickness of the oxide semiconductor layer was 1 wm, the amount of

20 change (AVy) in threshold voltage was —-3.6 V. Moreover, as shown in FIG. 14, in the
case where the carrier concentration in the oxide semiconductor was 1.7 x 10~ /cm® and

the thickness of the oxide semiconductor layer was 30 nm, the amount of change (AViy)

in threshold voltage was -0.2 V. In addition, as shown in FIG. 15, in the case where

the carrier concentration in the oxide semiconductor was 1.0 x 10" /c‘rn3 and the

25  thickness of the oxide semiconductor layer was 1 um, the amount of change (AVy,) in
threshold voltage was —3.6 V. Moreover, as shown in FIG 15, in the case where the
carrier concentration in the oxidé semiconductor was 1.0 x 10" /cm® and the thickness

of the oxide semiconductor layer was 30 nm, the amount of change (AV}y) in threshold
voltage was —0.2 V. The results show that a short-channel effect can be suppressed in

30 a transistor using an oxide semiconductor by a reduction in thickness of an oxide

semiconductor layer. For example, in the case where the channel length (L) is



In this manner, by using an i-type or substantially i-type oxide

sem conductor 20 (e.g., with a carrier concentration of less than 1 x 1012
/cnB, preverablos2o7sess than or equal #® 1 x 1011 /cnB), paTtupanei®ter W th
excel lent off-state current characteristics can be obtained. [0173] Wth
the use of the nonvolatile latch circuit according to this enbodi nent and a
25 transi stor using an oxi de sem conductor as a sem conductor material for

A R s S R o L T L S

oper at i n@afriefp@icahtedtidbnl ARGRE banddapeb@ RS a ShetplchaRi¢Eeffett can bé QiFfitienider at ure
and in which a |ogical state of storing data is not erased even after the

power i s SERpTeRsed wihen g thickaess(of dhe @xife SgmigoRANSEPT\Ia e isased it 2pIHOTiBNatedy
30portiongyhere a refresh period is sufficiently Iong can be realized.
Since data witing is perforned by switching of the transistor, the nunber
of whtegoie®]not substantially Ilimted. In addition, the witing voltage
is alnost equivalent to the threshold voltage of the transistor; thus, the
transi st GCAEHA COMSPEAOY a | ow vol tage. For exanple, the operation voltage

can be set at K cifical fRS -a_cfd%&ihg% theSh¥nfioft dRRRIEPhAERUIW Ahedad Hkide

capacitor of the data storing portion can be kept held w thout any change,
t he i nf| semmendiztorviayéradsi dnsd as posmitile &mdn datrimsica(i-type) naalt eascdnductod174]

Various lLogic cirguits can, be provided by using the nonvolatil ch
ciroul t. HBEF el ety g el o seuipr RO OB TEB e ock BYEERR Phg of 1
the powertafilatifethétdfRy cBh@akatidMamfis Adt@ily BbRafdecakhRdicoatenthAbEwils st ored
even when the power is turned 10 off, a systemcan be started when the

power i s bedessadedwithreferangs tokld 10fed FiIGd 7power is turned of f, at high
speed anioiég\jv power. [0175] The structures, nmethods, and the |ike
descri bed I n'this enbodi nent can be conbi ned as appropriate wth any of the
structures, nefhada, mahdd tfoe calcketitie fer ¢dotder bohcdbrdtion otbiRflyesxpliihedent s.

Lo17el | Efrlllg%girirgrs IE:E)nc:Ze]ntration can be calculated in such a manner that a MOS capacitor is
15 manufactured and the results of C-V measurement (C-V characteristics) of the MOS
capacitor are evaluated.
[0168]
More specifically, carrier concentration Ny can be calculated in the following
manner: C-V characteristics are obtained by plotting the relationship between the gate
20 voltage Vg and capacitance C of a MOS capacitor; a graph of the relationship between
the gate voltage Vi and (1/C)2 is obtained from the C-V characteristics; a differential
value of (1/C)2 in a weak inversion region of the graph is found; and the differential
value is substituted into Formula 1. Note that e, gy, and ¢ in Formula 1 represent
elementary electric charge, vacuum permittivity, and relative permittivity of an oxide
25 semiconductor, respectively.
[0169]
[Formula 1]

2
N, = 2 d(1/C) 1)
eE € dv

[0170]



In this enbodi nent, another exanple of a configuration of the nonvolatile
latch circuit which is an enbodi nent of the invention disclosed herein,

whi ch i s Wohbalrp7s20 fromthe exampl4in FIGS. 1A and pBr/ysedibodess
described with reference to FIGS. 18A and 18B. FIG 18A illustrates a

configuration of a nonvolatile latch circuit 400 including the latch
portion 411 and a data hol ding portion 401 for holding data of the |atch
portion. FIG 18B illustrates a confi ation of th at a,_ hol di ortion
B01. | [0177] 2shpes, i Sinrendui podelhnchyte, il 1% Aoty aeihE
confi gur atdclibedf ARBmPR! 2 MOGidapadder)t bR 9 khé mddkikResNval fofMddad 1N
FIGS. 1A and 1B. Specifically, a capacitor (the capacitor 404 in FIGS 1A
and 1B) &illowse adsandumdilal was pumed do a4bitkness wd B0 mav persch glasst substratscadpl e.
The ot hey, confi gur.ations are t S as t of Fl and 18-

t her ef oréfa%alelg %“8‘% itﬁcl)rﬁ1 Y e 80 9?% agtmﬂ%%(? eesa."q?]trﬁ)g %I?rotygs ttjhrecletA13t S?Il’fnnég?’r Ahsi stor
402 i3 30xigk Nidnditordducionalayé ubiipogh MafGa-Zn-Q-Bidstd] oxflencmidshducRr was a

sem conductor material for formng a channel formation region is used as a
swi t chi népraledrte athickpessddia pwrover tee daniamhaitdds flmor silisen ogynitridel filies t he

[ 403 which is.el ical l 1 h h f the.
el et r oad e O g Bkl et PO RE b dehur I Glb Bl gt °°

of the seilthGeasefoffiéd AL tiadehesNef BTN Blef te GHComOdxyniteide Fiddisi oty thdP2 i s
el ectrically connected to the wiring 415 supplied with the output signal.

I n addi t fherPxidngemygensluctopfayenaap fQaredarsingns metal oxider tasgehinclndingniie Bed t o

the ywri 4 supplied w.t. i t.si.gpa i rter | ngcl udes
t he rangl?ds?%r} @‘ggﬂain“d —t\#e‘i'p'rsta %PIE%J)I:)] ‘2@&.& %pd’ttli:ﬂgg slgét(r%gzé' eIPglc F’%d%l of the
transi st efmabgRert Sine afitH ithal dide aaneindactdbo 1afte Wiag hfokave® | wiowemisedir ce
vol tage VDD. The source el ectrode of the transistor 421 is electrically
connect edétmasphére of aigon apé pxygendwith g ftaveratiol af Ag¢0s80 (JeomBolS fyeem)).

confi gurgélir?gﬁ in this enbodi nent does not include the capacitor connected
15 to th e S. In this case, a charge is accunulated in the gate

capacitors of FI® 16raad 16! 07 show el adchafadtdiitic ¥l therrelafiGnshifeb@wethe gate
capacitor of the fransistor 421 included in the inverter 403 can be

pr ef & abVy 2apd GHC) arespectivebin  {Tihe carzice cenepatEation cajgulatetbusing,Feqmutly | fropp

i ncl udedj.ny; I 1V, e 2. i Z: . i tor

controll éﬂgnqlﬁfglgglé%r%%ec&ef 6\1/?@1 ‘ﬁ%ﬁ%},‘ﬁﬁﬁ?l@ﬁg&gﬁbﬁ,&?pﬁ a frﬁgf%‘\?\néd{)ﬁww afilm
t hi ckness.0of 102@%ne’.gate insulating film permttivity, or the |like of a
transistor. In such a manner, the rate of capacitors forned between VSS and
t he nodel@73hong the gate capacitors of the transistor 420 and the

ol oct rodes of Tt PEARACERuAEGREHAO b RiAR, ERbL DiiueXemchigficr
i nf | 2@NC g pwithad icadried Bomdenihiidn vhiss than Prei@f dbthd. préfefadli 1dss than or
equal to 1 x 10" /cm3), a transistor with excellent off-state current characteristics can be

obtained.

[0173]

With the use of the nonvolatile latch circuit according to this embodiment and a
25  transistor using an oxide semiconductor as a semiconductor material for forming a
channel formation region, which serves as a switching element of a data holding portion,
a nonvolatile latch circuit which has a wide operating temperature range and operates
stably even at a high temperature and in which a logical state of storing data is not
erased even after the power is turned off or a latch circuit provided with a data holding
30 portion where a refresh period is sufficiently long can be realized. Since data writing

is performed by switching of the transistor, the number of writes is not substantially



The configuration of the inverter 403 is not limted to that illustrated in
FI G 18B, and may include, for exanple, an n-channel transistor as

i |l ustratwo 20n/d6b@@s2A. Al ternatively, S@he out put may bepproridedsons4 h a
buffer. Further alternatively, a sense anplifier circuit may be used
instead of the inverter 403. For exanple, a differential 30 anplifier type
sense anplifier circuit as illustrated in FIG 2B may be used. In either
case, it np i enm (a
g i mpdTRisa B hdtifor 18 whltfhe' OB kSRR quR o ol ARShOR IR

i nput t ed of cheatrahsista mmisattl&dtrarnnshdsrec@ablﬁrate apadbtvovoltage.t hBort esyanfpilestthe 421
and, in the circuit of FIG 2B, a charg inputted to and Iatedin
the gat e OBHpHeT ¥ tagstapihe vet ah%%Pb%ﬁsaleur%eﬁééflOﬂ?eg&a&eea@a itsa of ¢ he
circuit i e S,
the. pot extrs| oyt PRGN ?’%‘%?‘S@ﬁ%‘?ﬁﬁ%@%@%%ﬁﬁ?ﬂn of
VDD, fHhi ohvaratiopriesmalhibhddaty 048] read easily. The transi stor 402 using an oxi de
sem Condl[l@]f-ﬁi has a function of witing data held in the latch portion 411
into the capacitor of the inverter 403 in the -data hol ding portion
401. In additi eBsiods"Rgld RiSt@h HORohRsd dyf Wiid tRMmdvolaldiang &ibaidat a
10witten into the gatge capacitor of the |nverter 403 in the data hol ding
portion 401 exqmplg3the power consumptmnrr@ndpewdwedrb)ofumme oftthe mwed dfrthe he

| at ch portl 0 0 dat a l. r 401 h adi ng,
and rewr i'tt Sr?g bgf%ci-(ra |8%&slp anr(fe 328 ical Sgaltf%)l%sor S % %ﬂﬂﬁ) ?r 1s?%me§
trangost off, 4Qystérfi chnlbesthried vmenswpd)\ytrri tdrhed gROE teemiitddoaiBerDfhe tpo@ver 15
transistor 402 with a potential at which the transistor 402 is turned on.
Accor di ndt Ymedipdf, abhigh seeed and loWPOWst ch portion, that is, the potential of
t he V\nrlrlmglfﬁgrS supplied with the output signal is applied to the input
term nal he inverter 403. As a result, the charge in accordance with
the potential @he tstracmkersi ngethblds, asd #leec likeildasceibed nintthis gabmiimamaczirt be of the
i nverter 4036‘% hi s eratlo corrﬁﬁ%onds to witi ng% g]?(r tha the 20
transi st GP™ 28 aP Hgateo‘?”lt PRY oL BN SErURMETSe methods. 4nd desen egfmt he
gat e18! egld QA& Ribddiferdt§.ansi stor 402 is set at the potent| al at which the
transistor 402 is turned off. Accordingly, the charge accumulated in the
gate capd@dr of the inverter 403 is held (holding). The data can be read

by readi h 0 tial of the potential of the input termnal of the
inverterTg’E?% ‘?‘frﬁf’é?ﬂperati on corresponds to reading). Rewiting of the 25

data can be penf dis@Abodiment) BB exhiiplest al @nfibadatioh of R nohiélatile 16K
hol ding of the data. [0184] Wth the use of the nonvolatile |atch circuit

accor di ngirewt wiiich isngyp@mbedimenh of the invantions diselosed hefeln vhichiés differandnduct or
e, ST HCATpIPh SO, iy S50 100 FARMEP LS LR SO
| at ch ci aadi I8Byhi KIG. h@s\ dlwstrdees apeoafigurgtidre P er abhvaatilangehasigcudpdoat es
including the latch portion 411 and a data holding portion 401 for holding data of the
latch portion. FIG. 18B illustrates a configuration of the data holding portion 401.
[0177]

25 . FIGS. 18A and 18B illustrate an example in which the configuration of the data
holding portion 401 is different from that in FIGS. 1A and 1B. Specifically, a
capacitor (the capacitor 404 in FIGS. 1A and 1B) of the data holding portion 401 is not
provided in this example. The other configurations are the same as that of FIGS. 1A
and 1B; therefore, description thereof is omitted. The structure of the transistor 402 is

30  similar to that in Embodiment 1.

[0178]
In the data holding portion 401, the transistor 402 using an oxide



stably even at a high tenperature and in which a | ogical state of storing
data is not erased even after the power is turned off or a latch circuit
provi ded wibt2h1i@med@sa hol di ng portionSiwhere a refresh pecirgd2016/069764
sufficiently long can be realized. Since data witing is perforned by
switching of the transistor, the nunber of wites is not substantially
limted. In addition, the witing voltage is al nost equivalent to the

LA %d%&@%%r%@ t%@%i&%rﬁi@ééoﬁ&r?artenatl S fork 2‘1‘? SrcﬁBﬁtef QHnai r%@&i?%le at a

| ow volta eratron v age can be se

| ess. Funidﬂeﬁs, a Switcleing ewmaernge chmﬂimhattlw dita vldiapaortiod 401 idcheleslaka
storing portion can be kept held wthout any cha 831 the i nfl uence of
vari at i oftVEEeHR Vhigh ds %taftaceahccaee?té%o Ee<they of the grcoglpsiinds anddhe

circui tsd&ﬁpelp&r&{e%ﬂ&e@mﬁ&t&s‘bgg the nonvolatile latch circuit. 10 For
t

exanpl e, power consunption can be reduced by turning off the power of
t he uﬁusﬁﬂjﬁ]ock In addition, since a |ogical state |s stored even when

the power is t rne system can be star oner s .turned
on or terninat 28°Whd etsﬂ‘ercf)(?ilﬁéfmg]% at‘@u‘&e&”&‘?ﬁ“&? Ho ﬁh%Hé ﬁb:?d% pover .
[0186] 15[ERdriRal bR to @m@llﬁ?gjﬁ@sﬁﬁpﬁ%h Xvﬂpmé'di‘lﬁqn‘éﬁénlal any Aakbitfone ot her
enbodi nents. [0187] [ Enbodi nen his enbodi ment, an exanpl e
of a conthiegatpitiod rﬁheamd'elaw %ﬁensaﬂqcumatﬂv CDheeCmi tquhwtlang Hed seppdied ovitic ui t

whi ch is,,an._enbodi \Y, n.di sclo ed re' ill. be scri bed
e o SRR A e 40 BRhRE ok Bl NGt e liansigE 43°°7' 2P
19A 10 | uThe 3bese 216ca0l¢ 901RS wansi@br ube 1@@1&\6910@11* |c6nﬂs'¢tdahtoCﬂhECtugﬁ 140
including the latch-portion 411 and the data hol ding portion 401 for

hol di ng 8aver WureeHvoltage MR pdhe peyHce Flegradspof the asapﬁla@éé%rlﬁ eleetrisaldy of a
timng chgife Qb fE 10004 ﬁb\l’vlalesolu?ée%hage VSS.

[0180]
The configuration in this embodiment does not include the capacitor connected
15 to the node S. In this case, a charge is accumulated in the gate capacitors of the
transistors included in the inverter 403. Here, the gate capacitor of the transistor 421
included in the inverter 403 can be preferably made larger than the gate capacitor of the
transistor 420 included in the inverter 403. The size of a gate capacitor can be
controlled in accordance with a channel length L, a channel width W, a film thickness of
20  a gate insulating film, permittivity, or the like of a transistor. In such a manner, the rate
of capacitors formed between VSS and the node S among the gate capacitors of the
transistor 420 and the transistor 421 is increased. Accordingly, the potentials of the
gate electrodes of the transistor 420 and the transistor 421 are hardly influenced by
variation of VDD, which is preferable.
25 [0181]

The configuration of the inverter 403 is not limited to that illustrated in FIG
18B, and may include, for example, an n-channel transistor as illustrated in FIG. 2A.
Alternatively, the output may be provided with a buffer. Further alternatively, a sense
amplifier circuit may be used instead of the inverter 403. For example, a differential

30 amplifier type sense amplifier circuit as illustrated in FIG. 2B may be used. In either
case, it is important that the input terminal be in a floating state (a high impedance state).

Further, in the circuit of FIG. 2A, a charge is inputted to and accumulated in the gate



circuit 400. [0189] FIG 19A is an exanple in which the configuration
of the latch portion 411 in FIG 1A is specifically illustrated. FIG 19A is
an exanplwoabitdseorsonfi guration of th&8 30 | atch portionpéTrrmnoebdoG4lA,
where an inverter is used for each of the first elenent and the second

el ement. The structure of the transistor 402 is simlar to that in

Enbodi nent 1. [0190] The latch portion 411 includes an inverter 412
and an i r | .0 : |.0 t- ' ich an
out put o? X@ﬁ}et&ir%tééggrgrQ%&é%ﬁ%ﬁgﬁﬂrei%gﬁﬁ% f%gﬁ'n%%’tae‘gﬁtr% 1%2&;%&{”%&6 0 (w?he

I nver t er aéchyulatad irtthe @ateapacitor biwhe itravsistoed42 U 1 Vinee thb galeeapaditos dfythe
connected.tao an | ngut of the inverter 412. |n addition, ortion

| h
411 incl GUest & SlPPcKAand gRqarg %Wn%!fl‘”ﬂ?ﬂ, befigen Wéﬁ)ﬂ?‘bh@gé‘f’g‘% %_et fverter
413 is e geh?%)lcgliﬂéT gﬂf‘f‘&fnﬂﬂl %ié) haffy lifREnced b h@ariamﬁﬁr&feVD‘f')}ﬁvMb@ it he

switch 4 1 I nput of the 1nverter 412 1s electrically connected

to the wprafergbléld4 10 supplied with the input signal of the latch circuit
via the m%?h 431. The output of the inverter 412 is electrically
connecte the wiring 415 supplied with the output signal of the latch

circuit. [0192h¢ frahdiof#62udi SH HEidP KrhicBRd At hak REuhdt RIS Ringddta USI NY
an oxi de 15 sem conductor as a sem conductor material for formng a channel

f or mat i oheldeigi ba latch pretdom 41k intei the [gategcaplacitemet theningerdirt 4Bnin theedatait a
hol di ng portion 401 jncludes,.the. .capacitor 4 and the inver.ter, 403 which
are eachag{dér& PATEaR |49P’c oﬁn%d?ftéod" f}%?at%wglsg{rﬁgéqlg? a{}ﬁ’éd’socr)luorfgl é)?((ialfl%gfercga e and
the doai WritleaGitoaktegE cipaeitdr INbd mverter403.in HX1RE hal@ioggottion 408. sour ce '
el ectrode and the drain electrode of the transistor 402 is electrically

connect ed0%88lt he wiring 415 supplied with the output signal. In addition,

(e Ui, of IBARNSEARATH 4 LPRLI i YueGebF 1 i Beid 9 419
holding portion 401, and holding, reading, and rewriting operations of the data will be
described. First, the transistor 402 is turned on by supplying the gate electrode of the

15 - transistor 402 with a potential at which the transistor 402 is turned on. Accordingly,
the data held in the latch portion, that is, the potential of the wiring 415 supplied with
the output signal is applied to the input terminal of the inverter 403. As a result, the
charge in accordance with the potential of the wiring 415 is accumulated in the gate
capacitor of the inverter 403 (this operation corresponds to writing). After that, the

20  transistor 402 is turned off in such a manner that the potential of the gate electrode of
the transistor 402 is set at the potential at which the transistor 402 is turned off.
Accordingly, the charge accumulated in the gate capacitor of the inverter 403 is held
(holding). The data can be read by reading the potential of the potential of the input
terminal of the inverter 403 (this operation corresponds to reading). Rewriting of the

25  data can be performed in a manner similar to that of the writing and holding of the data.
[0184]

With the use of the nonvolatile latch circuit according to this embodiment, and
a transistor using an oxide semiconductor as a semiconductor material for forming a
channel formation region, which serves as a switching element of a data holding portion,

30 a nonvolatile latch circuit which has a wide operating temperature range and operates
stably even at a high temperature and in which a logical state of storing data is not

erased even after the power is turned off or a latch circuit provided with a data holding



[ 0194] 25The transi stor 402 using an oxide sem conductor has a function of
witing data held in the latch portion 411 into the capacitor 404 and the
gat e capawotori/mwborshe i nverter 403 in53he data hol di ng portponod®ies | n
addition, the transistor 402 has a function of holding the data witten
into the capacitor 404 and the gate capacitor of the inverter 403 in the
data hol ding portion 401. 30[0195] wri ng 415 as an output signal OUT. The
switch 4 gn t he
clock.'si BoioR iR s vBeesh bR 1P QADkNRY | He Bn BedefiicR 7 BincP s WHEL 1S,
turned ois. peffoemsibiycdwitkhzng of ﬂwppdnsacbrvuliemlmmtoémmnak mhoasublsmnkalgi gnal
4)2. \Wen the clock . signal 4)2 is supplied with a B@ pot ntial,,the
switch 4 *znfieg sin aqghitseny) thg,Wriking yolagss lstqli‘@"%‘r%lﬁg’a?t“bp Ahres ?%%I with a
pot enti abs gfe @mﬁﬁwrr musshﬁqﬁlnsﬁ%r RAL fal?eeaPQ'] &Qjoléggnaﬂ‘or%&a les lt'li’é)l ied
with a high-1evel potential control signal ST hds a potential at which
t he t¥ anepattion 4@ltage sab bersedatohV Ghless wiHucthed Bbice @ cﬂla;gml aceumwiatdd m a

potential of.a tr.ol na LD. ont r ol naI LD is. supplied
R th . HPRSH b ST PR e Pt B Pl R SR ep b FTSEP: v ch
the 10 g drafioft ®dsrhall gﬂar({;,%jcﬁrbe rbid éasiQr mal operation period, the clock
si gnal 4%2 has an inverted signal of the clock signal 4)1. Here, an exanple
i s shown[Q185%whi ch t he tran5| stors and the svmtches are turned on when the

potentials of {he caontrol. and .t cl ock hi | evel s.
P0166] 15Each $rioaopirveriy Gt de POVHEr uF 85 Y faflerb i Y he
i nvet0 er Féd exaniple,t the pb%ﬁbbl&lim‘fblﬁn(bﬁnU)la&ehlﬂiedl‘bypmfﬂlh%)@fﬂtllk posves WPhd ed Wit h
a high-level power source voltage VDD and a | ow | eve ower source vol tage
VSS. [ 019myseblack. Flnadditipn, singe a logical state isstongd @/eafwl&ntth%pwgerclﬁ&rrﬂefbf t he
‘potentia trol

si gnal kfﬁ Q%}é&%gﬁf%?g g@lﬂé%g):hgﬁg{ ]H?ver 1%‘@1{12 s‘?'{gjﬁ% ﬁed%nth@‘f)o glgk

si gnal 4jsauined affpetrhighlspeed whd tdw poweemonvol atile latch circuit 400 is in an
operatioh@tfte (an operation period) and in a period in which the

nonvol at atch circuit 400 is in a stop state (a non-operation period).
I'n agdli tion, Frfis18Bhddindat rn%d?:s c&h%ep@xteer}t k&nbintl %v'ﬁﬁ {ﬁgd%fsth‘éf ofh@xe data
hol di ng portion 401 and the 25 power source vol tage VI The node

i ndi cat esmbbdimgotsenti al of one of the el ectrodes of the capaci tor 404 and
t he pot egill[g?j) of the input termnal of the inverter 403. Note that the

ot her de of the capacitor 404 is supplied with a fixed potenti al,
for exanpk@bodim@ho3)nd potential. [0198] 30In FIG 19B, a period a, a period

b, a period d, and a period e are each an . )
In this embodiment, an example of a configuration and an operation of the

20 nonvolatile latch circuit which is an embodiment of the invention disclosed herein will
be described with reference to FIGS. 19A and 19B and FIGS. 1A and 1B.
[0188] _
FIG. 19A illustrates a configuration of the nonvolatile latch circuit 400
including the latch portion 411 and the data holding portion 401 for holding data of the
25 latch portion. FIG. 19B illustrates an example of a timing chart of the nonvolatile latch
circuit 400.
[0189]
FIG. 19A is an example in which the configuration of the latch portion 411 in
FIG 1A s specificzﬂly illustrated. FIG. 19A is an example of the configuration of the
30 latch portion 411 in FIG. 1A, where an inverter is used for each of the first element and
the second element. The structure of the transistor 402 is similar to that in

Embodiment 1.



operation period, and a period c is a non-operation period. The period a
and the period e are each a normal operation period, and the clock signal
4)1 and t\We 011a%k0781 gnal +2 are each S4pplied with a hi githexaboeetenti al
or a lowlevel potential alternately. The period b is a preparation period
prior to the non-operation period. The period b is also referred to as a
falling period. The period d is a preparation period after the power
5source I@i%ﬁge VDD has turned on until a normal operation period starts.
The peri is also referred to as a rising period. [0199] When t he

cl ock signal +X¥ht Satsh/pittion d1Widdludes Ah GiverRy 812 ped ntnvetterdnd. t e Citee k.
signal +2 is su]apl ied with a lowlevel potential in the normal operation

period (periosgtH)has a tpopHsrusiyrg shwhdh ansoytputneldthgfipvested 4dA is slestrically | oop i s
cut, and itch 4 j Set n; ..kher ef e.pptenti t.ne i nput
si gnal is?gﬁrgeﬁﬁe\tglt g’dgfloﬂgjw‘e%f r%gée??‘gerr%ﬁl t3 %ﬁlg %%S’gtrﬁ%?aqf %F F#E’S‘q%"ngliﬁ lgi gnal

i s inyger tehdtrivylly bendeorednsd e inph?ofuhd inverstipd.i €d adaitidncthe ¢ateh pertion 411
subsequent stage as an_ out put _si gnal QUT. If the potential of the input

si gnal i dncudes @witchdplapea spiteh épdarddhgputputiof the invehen 418ds Glecically

hi gh-1 ev ki i : haw | a lowlevel potential can
be obt ai ggg&%fe?q%hlgé ‘BB‘?‘&%?‘.’%@V%‘?QF’EZq’l!'an%‘%?w??%'Fm‘gg is alowlevel when the
cl ock si ¢oE1]+1 is supplied with a high-level potential, an output signal
havi ng a high-|level potential can obtai ned. Wen the clock,si | +1 is
Sappl Ted wi o A7 GRPReVERIS e 412 o P IFHECA O ERTBEI e 13 UMM AL o

W thig hisghpstlcu@ith etigfk sinal dRe BXEH Ghruft3Aa the A8 10T fThe Bakduf H@heW tcCh
432 is turned on and an inverter 20 loop is forned; therefore, the

pot ent i alinvefter A2 sutlpeiticallygromneaedrtq thetvelrigg (4d atsapplicd with ieedgutpptrsigneé nor nal

operati one %rlitoﬁ, L r}(; control signal ST is not supplied with a potential at
whi ch t h€ tiafst st6 402 is turned on. The node S has a potential which has

been hel go19#re, the potential of the node S is set at an undefined val ue.
[ 0200] 25Next, when the control signal ST is supplied with a potential at
whi ch t he trand® sther da@2 holding,r prtionn49h thee tnsisirat0dnupeei a8 P¥EEI od b)

prioksto B rat.l i [ r i .and t he
ode’d § SURECARRIGPE £RoRRId A ol o MRITE AlctiRMel SmbllieeBR 875 on
corresponsal hoawwitching)eletdéren Thaddidbsnthe alataoholding portipu 0% iineladesi thea hi gh
| evel , the potentjal, of the node S.is a high level]. After that, the

30t r ansi &mcltab_éé% and @Fﬁ’é‘@r@f f‘g%y’%é‘i!i‘p%f W%Qmecaﬁbnﬁwrctgé i OgET R 1
pot ent i Al outld] ilelgle ahd He%sh Rlecifd dfihk WaRGdoPida, therefore, the

t
potential of the no econes a floating state. As a result, the
pot enti alf0M43]tten into the node S is held w thout any change (hol ding).

Note that it i ffici ent that the glock, signal 4)2 .and.the cl si gnal
21 Rlve a pot DHEI e S S3Bire SRR APRIRe G ReoRF Qi e SaPTaPhAPESI 3.
data at felRtrc@n{ricoatdcRd ©fthé hﬁrﬂ)&)%mw@uﬁplféaywme therbRtp@ckipalfl | b Adtitidig

potential of the clock signal 4 ) o ) )
the output of the inverter 403 is electrically connected to the wiring 414 supplied with

the input signal via a switch 405.
[0194]

25 The transistor 402 using an oxide semiconductor has a function of writing data
held in the latch portion 411 into the capacitor 404 and the gate capacitor of the inverter
403 in the data holding portion 401. In addition, the transistor 402 has a function of
holding the data written into the capacitor 404 and the gate capacitor of the inverter 403
in the data holding portion 401. |

30 [0195]

The wiring 414 is supplied with a potential of an input signal IN from a circuit

of a previous stage. A circuit of a subsequent stage is supplied with the potential of the



5to a high level and the potential of the clock signal 4)1 to a |ow | evel.
The control signal ST may be supplied with a potential at which the

transi st oy o49a/deS075uUr ned on after thesperiod b has st ar peq Pio1dbédhed
potential at which the transistor 402 is turned on at the sane tinme as the
start of the period b. [0201] 10Next, in the non-operation period (period
c), supply of the power source is stopped and the potential of the power

source vol.tage VDD is | owered. e potentials of the clock si I 1, the
ol ook st ST ph dupReEnd optEr TR SauHeS ol iR AR ol ake
any val ugpcleiohgiept. VOVhaD the\Fsek &d1 R4 i @h%)lfeﬁ%thélﬂ hPRVA o1, @he t he
control signal” ST and the control "signal LD are each held at a | ow | evel.
For 15 ewielp#dl istthmegdomneniThalswitah d32 acsuphbédiwith agpgjerdiah df polaskitsignial | n t he
non- oper aft i on,. perj o eri c), the patentjal of the.node S.is in.a

P ot ) ng et alBR (hrorlapbind 920k syrpleaBelimt hishuens RottRusn tesvach 43048 o

W t hogt ng i : : e VDD
PR e L R S L R LG e R L
due to t A& i WHenetheeonfrolt $ignal f¥ads suppdied ovipl argghelevbl potentirdnehe atrobe 20

tential. It.i d t t hat , . wh t h .vol VDD |
upp | ectignghi T hene Paistar 1y e therGorsiniy L7 8 e Gheq 106 STHE OPF G nal
pot ent i abupgptiedusieh tahotemadl & AcoHEM Siks LD. t RehdAogR Snitd! Reddl 1IP392]

Next, in the preparation period (period d) after the power source voltage
VDD 25 upplied withda bighdavdl Ipotentiak iled canseol aignalnLp dap @posemsial 8t whishthe he
control signal, LD is supplied with otential at . which the.switch 405 is
Corndl oSBT HOT o WnRERR] LS e lopaloBRhiR ogadnd el T SR o gnad
4) 1 eachifvimedl sihnal of Qhe |cRHR! sigﬁzhethls.w H&GE, 402xh@ipleUis"Sitbva in 3RCH ke
potential held in the node S, which is inverted By the inverter 403, is
appl i ed transidters|aad ¢ie pwitches aredtdned Tnemhenathe potenhas o6 fter @intrel gjgeedls amdl i s

suppl i ed vvilh a.30§)otenti.a€l at. which the switch 405 is turned on, the clock
si gnal 4% <hork Y§PRISATEAKhIgR [GYS1S- 4) 1 are each supplied with the potential at
the ternjm@kjon of the period a. Accordingly, the logical state of the

period d can be restored to the |logical state prior to the non-operation
peri 8d. The poEegi ¢fathe davartse 403 9f thy dah dekding portigy 498 andttheinvgrieodld evel
prior to t.er m_ngt i of, the per | d or ential, at i he switch
h05 1 o ¢ ik IR 3Pl el oo £ F PR RaRPART biePeig 26 AL S o7 003,
Next , invblf@eWD&hd@ﬂ@W&é\ideoweié(ﬁlﬁbe(\ﬂﬂﬂtﬁF@VSS), the clock signal 4)1 and
the clock signal 4)2 are alternately supplied with a high-1evel potenti al
or a | owtd1&VE| potential to be a normal operation state. At the start of

t he normal ope i ' ' +Q0Es afd f I si gnal
4)1 and the cl {\)Ig%l’ gli%%?? g@iéﬁgsg/érggxa?%pé? E)gg 1 T?%Anﬂpgﬁglg zgrrtr%%s%toggﬁ al s as
t he 2@r minpat sigmaldN, tHecouppe \signak OL thel conprel signadi$ Thtrei codtrObsdpgnadd.Dy )thor nmay

be started froma subsequent state_ of the Jo,ot ential at the term pation of
the peri glec]é§1g{1@2ﬂ4]and the clock signal ¢2 in a period in which the nonvolatile latch circuit

400 is in an operation state (an operation period) and in a period in which the

U

nonvolatile latch circuit 400 is in a stop state (a non-operation period). In addition,
FIG. 19B illustrates the potentials of the node S of the data holding portion 401 and the
25  power source voltage VDD. The node S indicates the potential of one of the electrodes
of the capacitor 404 and the potential of the input terminal of the inverter 403. Note
that the other electrode of the capacitor 404 is supplied with a fixed potential, for
example, a ground potential.
[0198]
30 In FIG. 19B, a period a, a period b', a period d, and a period e are each an

operation period, and a period c is a non-operation period. The period a and the period



The potential of the node S can be rewitten at the timng at which the
control 15 signal ST is supplied next wwth a potential at which the

t ransi st owo402/d63075ur ned on. Therefor&6 the potential ofcrhenod®7& i s hel d
wi t hout any change until the timng at which the control signal ST is
supplied next with a potential at which the transistor 402 is turned on.

[ 0205] 20Note that in the period d, the potential Vc of the other el ectrode

of the C%pa?g é:a'f .ra n4 %a erﬁ%n%g\éig%l,gzﬁldﬁ é:,é:ﬁ?lg ﬁx\éPD:?? ¢6}nacr|1td\{§s'clgf:cg}%£all Is&g‘%g , the

node S i s ‘supplied w a pot € po ent | ded, so
that a reagh Bgpplie@ with QnhighlleRq RREHRAI BRCh THW-evel pblevtiall MeRhitelg>WIhe t he

use of the nonvolatile |atch circuit according to this enbodi ment, and a
~transi st @erigbp Ay arepasatige peeed pieidedhonpomepeakemparinddudheperied brs also f or

form ng hannel f I on. Legi-n | gh_serv | i | epent of
2 dat a ndr IR0 e eSO OTAY el B Rl Rri FEL0E L
oper asi ngotireepéitalce W BDIpganédion opglraicdmabbpdrhtiorepegivdatar®. hirgh pégadpsr at ur e
and in which a logical state of storing data is not 30 erased even after
t he powers 2180 fefi¢rireifogp f risingzperigich circuit provided with a data hol di ng
portion \[f@@'g? a refresh period is sufficiently Iong can be realized. Since
data witing' is perforned by switching of the transistor, the nunber of
wites is not swinsittaeiclogklsignal §1 ieshpplied aditid high-levieh potentidliang thotloake i s
al nost equivalent to the threshold voltage of the transistor; thus, the
transi st gignakd? issuprlicd vaith alavalgvebpaterfial Ithe nexmalsIpstation @edpe (Rericd)vol t age

can 58, 55he ich ko A it 96 058 BB SAT P crange
the i nfl wiesretore)thevpotémial ONthe SnmitBIgnakio dnpidtea t€ i ibeertee d12.6aFhd potential ’
of the input signal is inverted by the inverter 412 and is supplied to a circuit of a
subsequent stage as an output signal OUT. If the potential of the input signal is a high
level when the clock signal ¢1 is supplied with a high-level potential, an output signal

15 having a low-level potential can be obtained. If the potential of the input signal is a
low level when the clock signal ¢1 is supplied with a high-level potential, an output
signal having a high-level potential can be obtained. When the clock signal ¢1 is
supplied with a low-level potential and the clock signal ¢2 is supplied with a high-level
‘potential, the switch 431 is turned off, and the switch 432 is turned on and an inverter

20  loop is formed; therefore, the potential of the output signal OUT is held (data is latched).
In the normal operation period, the control signal ST is not supplied with a potential at
which the transistor 402 is turned on. The node S has a potential which has been held.
Here, the potential of the node S is set at an undefined value.

[0200]

25 Next, when the control signal ST is supplied with a potential at which the
transistor 402 is turned on in the preparation period (period b) prior to the non-operation
period, the transistor 402 is turned on and the node S is supplied with the potential of
the output signal (this operation corresponds to writing). When the potential of the
output signal is a high level, the potential of the node S is a high level. After that, the

30 transistor 402 is turned off by supplying the control signal ST with a potential at which

the transistor 402 is turned off; therefore, the potential of the node S becomes a floating



[ 0207] Various logic circuits can be provided by using the

nonvol atile latch circuit. For exanple, the power consunption can be
reduced byoturmisegsof f the power of tHe 10 unused bl oclecTiyr2000/0d9760N,

since a logical state is stored even when the power is turned off, a system
can be started when the power is turned on or term nated when the power is
turned off, at high speed and | ow power. [0208] Thi s enbodi nent

mode Canstgé fngel ¥esﬁﬁ”?1 ntffﬁermai %ﬁg}‘m&nt o e fikNes ﬁédwgﬂg?ﬁgt&anéeozog]

[ Enbodi nent 4 anot her: exa

conf i gur goldingjanNcae tiep er it Judficieit thixetha afloeX dphdiep? aicthlecélbﬂukignMMmh is an
enbodi rrent of the invention disclosed herein, 20 which is different from
the exanpte RnPREER! atgtheatramimgonyp] the @eried ot-i bddewativelyctatienlc éha o FI GS.

20A and E OA | f
The nony T RAREn oL R pelB R GOkl By e i SRIRAEST e BREK A" e
dat a fiol g ﬁ‘guglpletvhpﬁhd‘l% pdénthaelod Itmcréak %1@51 bgo aanthleF}@Ft . contrél 20B

illustrates an exanple of a timng chart of the nonvolatile latch circuit
400. 25[ ©i20@]|ST may be stpptied witha potdntdd) Bt ivhiahsthe aaesmnr é&%mpumed onwfiech t he
configurgtion of ahodln 401 entfomt t in
Fi s, *doResitfiod e tes Br wih apktRLasaeel e rsilon g8 i 4 M s

19A and gﬁﬁtlﬁgagh@m{ﬁth@bg{,mportlon 401 i s not prow ded in this
exanpl e. The other configurations are the same as that of FIGS. 3019A and

19B; thel®0dle, description thereof is omtted. [0211] FI G 18A is

The 1%t ch por t Noh 3 ¢ Honepesrah erify AT SEuT ortfe ORSH B 10T CF

atch portion’ each of
the firsstoppeziamitthapotehied osﬂcwmbvalsemeatvoltigteVDm% |1@.ueraﬂ| O’ﬂh@f)otélhﬁllsdat a
hol di ng portiaon 401 is described with reference to FIGS. 18A and 18B. The
st ruct ur 6f Bre ¢lagk sigad s ther clad siggalspdyitheinpus signghBY, and hetyéRutSianal

[0212] OUT can take any values between VDD and VSS. During this time, the potentials of

the control signal ST and the control signal LD are each held at a low level. For
15 example, the potentials are each held at a ground potential. In the non-operation
period (period c), the potential of the node S is in a floating state; therefore, a charge
accumulated in the node S is held without any change (holding). Note that when the
power source voltage VDD is lowered, the potential of the node S varies in some cases
more or less due to the influence of the capacitive coupling with the power source
20 potential. It is needless to say that, when the power source voltage VDD is supplied
again, the potential of the node S is restored to the original potential because the charge
accumulated in the node S is held.
[0202]
Next, in the preparation period (period d) after the power source voltage VDD
25  has turned on until a normal operation period starts, when the control signal LD is
supplied with a potential at which the switch 405 is turned on with the potentials of the
clock signal ¢2 and the clock signal ¢1 each fixed at a low level, the switch 405 is
turned on, and the potential held in the node S, which is inverted by the inverter 403, is
applied to the latch portion 411. Then, after the control signal LD is supplied with a
30 potential at which the switch 405 is turned on, the clock signal ¢2 and the clock signal

¢1 are each supplied with the potential at the termination of the period a. Accordingly,



In the data holding portion 401, the transistor 402 using an oxide

sem conduct or as a sem conductor material for formng a channel formation
regi on i swoed/®s07a swi tching el ement381n addition, theprdatrhobeizag
portion 401 includes the 10 inverter 403 which is electrically connected
to the other of the source electrode and the drain electrode of the

transi stor 402. [0213] One of the source electrode and the drain

el ectrodg of &t i $L.O 2,056 i cally tq. iring 415
uppl | odtl (PR SAETE Bl erliia' GnbETHiER bYpENRRRE, Sthe Bub S bt Ta: tor
403 i s ehesbperatdbh perdmhneltHeqibtdndial bfcthwicontag séchdl EDpphy belsatiat b lddeviehput
signal via the switch 405. The configuration of the inverter 403 is, as

| R s
oot 1 oal PRt (e o R GRS Be Hhhor source voltage voo mhe
[ouevel bover source vol g0e Voe, 10248 e BRI L
case, & chekGeht GRS, 0, BE) PP CARRSLLA Bl B, 4 1GOSLEI oS

421 25 i poletdsidoi be & Mermalvsietation4fale.Cant the iarebe tisbhyrmmtdpeladiogeribdan t he
gate capacitor of the transistor 420 included in the inverter 403. The size
of a gat PERg£0i theoperHoReolBaclask|signal hil aed Sieadodesignal P2amen g parted engt h

L, aqgha i il L cknes.s of [N i ! .
per m1 ti \?]%6 ﬁl y }ﬁ@oga%g%é%ﬁeﬁ‘ﬁielé 8%” tggkcﬁéﬁ@?lg? oorf.tﬂ? g)?ésvg%dr? ‘zéijfn“%?] rﬁ)@%aﬂ{)xk?e ré%c;i)aci tor
conponen{geriod d)e maypbd steagdfromod sulfsedueat stareasfithe pd@atidlrae tiedenhinafion ned 30
bet ween VSS and the node S. Accordingly, the potential of the input

t er mi nal of hePSFg¢- i nf | uenced by variation of VDD, which is preferable.

[ 0215] 0204 The configuration of the inverter 403 is not limted to

t hat iII&stréted in FIG 18B, and may include, for exanple, an n-channel
transi stor as iTht petentiled thennédeS 24n bé\rdvenitteat atube yiminghat which ke cenyrobe

provided with_ a .buffer. Further alternatively, a sense lifier circuit
b usitael NE iR aupied: st i oteiaket Whichopl Panios WBrs GhBRd o s
anmpl i fi errnk)RsteSBRSOIENRI of HRY ndde’ S Y hel@Swithdud Shy &haRlod Gntll! e tABngRY be
used. In either case, it is inportant that the input termnal be in a

f | oat i ngwhich the cantplgigriahbEds supplisd acxt)witlFa poteatial at whighthe geangistor K62 | nput
of the ci.rtcuit in FIG 2A is accunulated in the gate capacitor of the
transi st 6t uﬂff,onand the charge of the input of the circuit in FIG 2B is
accunul af@zbsijn the gate capacitor of the transistor 421. Since the gate
capacitors in the 10 circuit in FIGS. 2A and 2B are mainly formed _between

VSS &%d t he nod@teghatindhgperias 4.4he potentind Ve apthe atheraleptiode of Hgcgpaeitor

0538 k8L UL U WA 985 ESURAp R pd 3 Mgl 1 1
a potential to which the potential V. is added, so that a reading operation can be
performed more stably.
[0206]

25 With the use of the nonvolatile latch circuit according to this embodiment, and

a transistor using an oxide semiconductor as a semiconductor material for forming a
channel formation region, which serves as a switching element of a data holding portion,
a nonvolatile latch circuit which has a wide operating temperature range and operates
stably even at a high temperature and in which a logical state of storing data is not

30 erased even after the power is turned off or a latch circuit provided with a data holding

portion where a refresh period is sufficiently long can be realized. Since data writing



15 held in the latch portion 411 into the gate capacitor of the inverter
403. In addition, the transistor 402 has a function of holding the data
written iwbpaotimegat e capacitor of thé&%inverter 403. [ 02EThPr2010/069764 Fl G
20B illustrates an exanple of a timng chart of the nonvolatile latch
circuit 20 400. The timng chart in FIG 20B is alnost simlar to the timng
chart in FIG 19B; therefore, description thereof is onitted [0218] Wth

the use ¢f r@&n{}i}rﬁ’y%%‘téﬂugge%ﬂt?ehtr%sg&& h}eaﬁlﬁ%&' &gwh{%s 'nBt ?&ﬁ%&[‘i’.’ngﬁgt a“d

a transi stBé usin as a sem conductor

form ng &indfedc haﬂmﬂmcﬁmrthamnmgrxemngms alhiosthequévales tésheathseshbldhvolggel errent
of a data_hol ding portion, a nonvolatile latch circuit which has a w de
oper at i nGf {2 5RRsiNQr dhysa Higelransistef anQResate @5 g 9Wevéﬁgg-t Borexgmpledper at ur e

and in wanﬂan@n lvg%g%aéan%easte?aﬁfl v hPidsHd ﬂﬁh@ae%] gezgcggﬁw d;?fnt gr the

power is turned or a latch circuit provi ng portion
wher e5a lcqiacaeholimhe idetd storirpufdriian eart beykdpd hgldomithdag anyeahangedthe Safheacelat a
witing 3 %f‘&?g smntchln of. the transistor, the nunber of
wites |§ ?)‘L‘at B%f’ﬁ # %}aF‘?nnl?et@G ¢3%¥addi tion, the witing voltage is
al nost eqgaorql ent to the threshold voltage of t he transi stor; thus, the
transi stor can operate at a | ow voltage. For exanple, the operation
vol tage can beVglé@uSalOgiE Qir@titSIcgssbe pravidad by wsing theanasivalagile l¢ddueitdudtt ed in a
capacito of th ta stori rtion 5an bedhap hel dgﬂchout aquchange

c

Che i nf | Gahesiiicy B bt coRdofilish A 16 apG 8l bR oatBity HinS 1)
10 unused block. In addition, since a logical state is stored even when the power is turned
off, a system can be started when the power is turned on or terminated when the power
is turned off, at high speed and low power.
[0208]
This embodiment mode can be freely combined with any of the other
- 15  embodiments.
[0209]
[Embodiment 4]
In this embodiment, another example of a configuration and an operation of the
nonvolatile latch circuit which is an embodiment of the invention disclosed herein,
20  which is different from the example in FIGS. 19A and 19B, will be described with
reference to FIGS. 20A and 20B and FIGS. 18A and 18B. FIG 20A illustrates a
configuration of the nonvolatile latch circuit 400 including the latch portion 411 and the
data holding portion 401 for holding dafa of the latch portion. FIG. 20B illustrates an
example of a timing chart of the nonvolatile latch circuit 400.
25 [0210]
FIGS. 20A and 20B illustrate an example in which the configuration of the data
holding portion 401 is different from that in FIGS. 19A and 19B. Specifically, a
capacitor (the capacitor 404 in FIGS. 19A and 19B) of the data holding portion 401 is
not provided in this example. The other configurations are the same as that of FIGS.
30 19A and 19B; therefore, description thereof is omitted.
[0211]
FIG. 20A is an example in which the configuration of the latch portion 411 in



5Various logic circuits can be provided by using the nonvolatile |atch
circuit. For exanple, the power consunption can be reduced by turning off

t he powerwof2ottms2arsused bl ock. In addb®i on, since a | ogipcalipatiav@7é4s st or ed
even when the power is turned off, a systemcan be started when the power
I's turned on or term nated when the power is turned off, at high speed and
| ow power. 10[0220] Thi s enbodi nent node can be freely conbined with

any of thgsof fss ohedh ﬂﬁérat%doz%«}h AﬁUﬁoﬂl‘Jﬁﬂx 10df ti:? {;'?]tﬁegurﬁlo O’E}}Qf?é ment,

anot her exanpl e a co figuration and an operation o nonv
| at ch ci datch pombn aﬂn irsFEh 1®Abwﬁermntm\mfrtet aused ¥@reacloof ttle:md;t@&mbxﬂnemel n,
which is differfa fromgihe exanple in FIGS. 19A and 19B, be d(gscribed

with ref d%esrcand glopieas Dheacopdiguratign of the siale mlfiwgtmv% 491 d%FIF%CQ‘BF tion of

a nonvol gyl I%féré’&c%h (F'IGF}UiéA éxﬁ’cﬁlsﬂ heTHé)&Hc%}E%ff'tl%“tré}fmsw}@to'iqwﬁhﬁa& khe latch
circuit 400 is S|m ar to in FIGS. 19A. FIG 21B illustrates an

exanpbe dtatan Embddignenhdr t of the nonvolatile latch circuit 400. [0222]
Inthetiqigtlg chart illustrated in FIG 21B, in a period d after a power
source vé ge VDD has been supplied again, a control signal ST is suppli.ed

With a potential @&t déa Woidel tMstibs am SHRS tfiRisich T4912 Ngdn®Nan THEdE T M ng
of rising at which the control ‘signal ST has a hlcgl | evel potential may be
AN

any ti nesagicpodtgt@rsasm S&micamdt@tortm@emalrfpn@ratm&w dhefomtoncrbglgngﬁal LD
has fallen fromthe h | evel , po ti ition t which
t he cont Plg‘:fdf 8 ar?alltcg‘f Bf a?’fl%mt oIIP ‘ﬁ(gﬁ?? %Ida%o€q§1n5£°ﬂn%n 1e"331°nq1l§/(Pe |t$re as

| ong1@s I1ﬁvett3r d(ugwng:has BRtirRdlly bondeted b e gbércstitheksured elebteodel makhsi gnal
4)1 and the clock signal 4)2 30 are the sane as the potentials at the

t er mi nat |dbqﬂnéllecﬁf?f@q¥gh¢6€flsa5t°rl492a period d, the control signal ST is

suppl i ed ry4 F a potential at which the transistor 402 is turned on, so that
t he poterLtla of the node S can be refreshed. [0223] In the timng chart
in FI G 21B, th@®ntidfithgsooicherledidoda anlieht idrainglatrodb ef abatmosister g2lis ST are

[8621 2|4? ' te ectrﬂ:g )? cé)rTnelc::{eg\ to tl?e wuturl]g? El?g glrlpep’liegevgl(t:l{ ItlE:t cl)u(%gutts?g%ra?()flnl asdd?tlngnt ted.

15  the output of the inverter 403 is electrically connected to the wiring 414 supplied with
the input signal via the switch 405. The configuration of the inverter 403 is as
illustrated in FIG. 18B, and the inverter 403 includes the transistor 420 and the transistor
421. The source electrode of the transistor 420 is electrically connected to the
high-level power source voltage VDD. The source electrode of the transistor 421 is

20  electrically connected to the low-level power source voltage VSS.
[0214]

The configuration in this embodiment does not includé the capacitor cqnnected
the node S. In this case, a charge is accumulated in the gate capacitors of the
transistors included in the inverter 403. Here, the gate capacitor of the transistor 421

25  included in the iﬁverter 403 can be preferably made larger than the gate capacitor of the
transistor 420 included in the inverter 403. The size of a gate capacitor can be
controlled in accordance with a channel length L, a channel width W, a film thickness of
a gate insulating film, permittivity, or the like of a transistor. In such a manner, the
capacitor components of the input capacitor of the inverter 403 are mainly formed

30 between VSS and the node S. Accordingly, the potential of the input terminal is hardly
influenced by variation of VDD, which is preferable.

[0215]



SWth the use of the nonvolatile latch circuit according to this

enbodi nent, and a transistor using an oxide sem conductor as a

sen conduwwoanimwbesi al for form ng a @hannel fornmation regijemiomddizeh serves
as a switching element of a data holding portion, a nonvolatile latch
circuit which has a wi de operating tenperature range and operates stably
even at a high tenperature and in which a logical state of storing data is

not 10 erasedyfy g?nﬁ%utr% cfmt OEHRANGL ek 108 YE %the?lﬁtted 96ttt ibEAred! i Gt

provided with a d portion where res period IS sufF‘tmentIy
| ong can 1BB, aebayddctuds, rfoeafk&hpiewin nidhgniied tpaasiktor l;mdlhtsyra&m indGngAof t he
transistaor, the nunber of wites is not substantially |im I n addi tion,

the wit MGH%IW% Ixge joutpyt mstbeRyayidad aith 3 buffsre FW%@%‘FH‘E‘%&M@%"“&? t he
transi st gp, hhbyéucumﬁa}t B@'ﬂéécﬂrﬁfea&%@ ﬂ%%%@ﬁ& A3 aﬁopxés( Ik 29 8ifrdr Qe xanpl e,

the 15 opgratlon vol tage can be set at V or | ess. I%her since a
char g& aeuphiitatypd senseanqmﬁacptrant ae‘ﬂhxbteatddluraFI{t} (0283 ngyrimrusuhn lnagithee kept
hel d wi t hout anXItc an uen

i n arlatlon | and data can
be. +ead 651 it ssany Rt ettt Br fLaliblreaie BB ity 48 gt ne
nonvol at 'Fhﬁhéraili‘chcﬁ‘a'r%ecé'f the BBufBf (RXAFMRE FITE ROWLiccoRtPil M2 gAh be
reduced by turnin power of the unused block. In addition, since a

| ogi cal sapacioy ef draésls@véﬁl,vmmthf: tebajgowérthe mputiph e @fcuit in FsIQs?Bnﬁ can be
started when | S _tur n.or ter at ower. t ur ned
of i at HraPAge O geteap iR be B2 s Bhah BL IS SRed B Rt En RN i e e
freell§ cefrbiinesl FAGEh 2Anynd)f2Bt he suiey fembadbemats VDARd ]th mobed, hat 6]
In this enbodi ment, an exanple of a configuration of a logic circuit

i ncl udi n@%ng@} o Walnpwteémlrtahes harihpiaflygnsed By cyariatips Aft ¥Dfhiwehichie each
an enbodg f the invention disclosed herein will be described with
reference to G 22. [0228] FIG 22 illustrates a configuration
of a | ogif@l&j]rcuit including two nonvolatile latch circuits 400 each

I I 41
ol U g 2 LD ROt 2 8 IO 90 G Al i 10

15  held in the latch portion 411 into the gate capacitor of the inverter 403. In addition, the
transistor 402 has a function of holding the data written into the gate capacitor of the
inverter 403.

[0217]
FIG. 20B illustrates an. example of a timing chart of the nonvolatile latch circuit

20 400. The timing chart in FIG. 20B is almost similar to the timing chart in FIG. 19B;
therefore, description thereof is omitted.

[0218]
With the use of the nonvolatilé latch circuit according to this embodiment, and
a transistor using an oxide semiconductor as a Semiconductor material for forming a

25  channel formation region, which serves as a switching element of a data holding portion,
a nonvolatile latch circuit which has a wide operating temperature range and operates
stably even at a high temperature and in which a logical state of storing data is not
erased even after the power is turned off or a latch circuit provided with a data holding
portion where a refresh period is sufficiently long can be realized. Since data writing

30 is performed by switching of the transistor, the number of writes is not substantially
limited. In addition, the writing voltage is almost equivalent to the threshold voltage

of the transistor; thus, the transistor can operate at a low voltage. For example, the



5The configuration of the data holding portion 401 is simlar to that in
FIG 1A or FIG 18A. The configuration of the latch portion 411 is an

exanpl e iwowhiwds2&@sNAND i s used for téie first el enent amdTarziiooivee:
inverter is used for the second elenent in the configuration of the latch
portion 411 of FIG 1A or FIG 18A. [0230] 10The latch portion 411 incl udes
a NAND 412 and a cl ocked inverter 413. The | atch portion 411 has a | oop

structur 8%%&1%4" @Qa WERUE o0f rvtglrelzg) Pn@r IshcE a e&%{g&%kh% ﬂ{(&l“@cé ed to

an i nput cke I'nverte d"an’ out put o | nverter
413 is eb:qxatmraﬁlthc/dmmﬁmgqﬂni@ @n berl{upt heil mhe;uszEbmahge therirdiidntd on, the
| atch porf{ion 411 |ncI udes an anal o sw tch 431. 15[ 0231] One i nput
of the NAEN$RiioN ISRy ]e%ldrqaéaa?qnweéﬁ @Stled to a wiring 414 supplied with an
I nput si bjof the latch circuit 400 via the anal og switch 431. The out put
of the D l112 is electrically connected to a wiring 415 supplied with an
out pui signal m’ariadselogiataitcuﬂi; cenibt pi@ddedrhg wingetheinopuolatle latrh dWANID. 412 i s

electrlcll netedto 20 a wiring suppli W|tha nal RST. 0232]
The I ogi EOLPIAGHIE 1 PRI cOBuipbih eag b2 RS0t Brang SR HOMEL R tiboa. and

a nonvol ghiskg bl&kc hhpacrd%ﬁ stheOR 1&scdl Bﬁteaabetbeemw&hlth@ SRerG8 nFhEF Ui t's
400. The nonvolatile latch circuit 400a is electrically- connect ed to the

W ring 40#, &synem een hﬁ: started 9ep theeprviealis binethon apterminiatedayhenrtberpawer r cui t

of a previ,ous,s 415 suppl ied with a potential of an output
si gnal fStPﬁlgdﬁ(%fa lél? Hegwan?ﬂﬁvg?‘iycwt 400a is electrically connected to

the vori [ap2414 supplled with a potential of an input signal of the
nonvolatile latch circuit 400b. The nonvolatile latch circuit 400b is
el ectrical ly cEhieemberimsnt meodg £amdes fiselyyspmbisgdupith anp&f ethei athenr an

out put sigpalinRfi@ circuit of a
[0221]
[Embodiment 5] _

15 In this embodiment, another example of a configuration and an operation of the
nonvolatile latch circuit which is an embodiment of the invention disclosed herein,
which is different from the example in FIGS. 19A and 19B, will be described with
reference to FIGS. 21A and 21B. FIG. 21A illustrates a configuration of a nonvolatile
latch circuit 400. The configuration of the nonvolatile latch circuit 400 is similar to

20 thatin FIGS. 19A. FIG 21B illustrates an example of a timing chart of the nonvolatile
latch circuit 400. '

[0222]
In the timing chart illustrated in FIG. 21B, in a period d after a power source
voltage VDD has been supplied again, a control signal ST is supplied with a potential at

25  which the transistor 402 is turned on. The timing of rising at which the control signal
ST has a high-level potential may be any time as long as it is after the timiﬂg'at which
the control signal LD has fallen from the high-level potential. In addition, the timing
at which the control signal ST falls to a low-level potential may be any time as long as it
is during a period in which the potentials of the clock signal ¢1 and the clock signal ¢2

30 are the same as the potentials at the termination of the period a. In a period d, the
control signal ST is supplied with a potential at which the transistor 402 is turned on, so

that the potential of the node S can be refreshed.



30 subsequent stage. In the nonvolatile latch circuit 400a, the anal og
switch 431 is supplied with a clock signal 41 and an inverted signal of the
cl ock si gwmel2otilos2asd the clocked invedter 413 is suppl iped/Jreditvo@76d ock
signal 4)2 and an inverter signal of the clock signal 4)2. In the

nonvol atile latch circuit 400b, the analog switch 431 is supplied with the
clock signal 4)2 and the inverted signal of the clock signal 412, and the
cl ocked i ter 413 is supplied with the clock signal 4)1 and the inverter
si gnal o#ﬁxﬁl clock 5signal (1)1. [0233] Wth the use of the

nonvol atil e | alicthetintiagichara@cBIGI 208, the tinfings etirbothameret timmghfahd canusl st or
usi ng an oxi de sem conduct or i material for formng a

em conduc

channel  SERARIT 8% SPBIATIA o RIG 4D Baterdors, ‘i‘?ﬁf’t‘%@ﬂ‘h‘&eféf’éﬁéﬁ‘il - a data

hol di ng iﬂon 10 a nonvolatile latch circuit which has a w de operating
tenperature range and operates stably even at a high tenperature and in

whi chSa IogicaNWﬁtﬁmemobfﬁwommngbdbﬂmchskmdta@maﬁegt@ﬂénmabmﬁnwnhen@omer is
turned off or.a latch CIf%PIt ﬁ qed with a a % Hg? gﬂg_{tlon where a
refresh PeFamSifiardisme 1 exidh e ‘f°8 Ua? Bé"?‘é‘;&“ pa=io R alA™M& ting is
per f or nedhihhePRIrinGRdMNEE gRin, WhEChi JoRARS a§ b QWitchilR cRUHERE b HHatWhbldefy poitioRt
substantially 15 limted. In addition, the witing voltage is aInDst

equi val eatnongolatie l@whefsmndvlvgh hage veifle ph@atlmamm@ufe rapge and pperatedinsi st or
can oPer Sabyhe Al A iR BRI TENEh, o BEIEP AR SO YonBL LAaGs R, e, et

at 1 V of since a charge acéun A Aocapacitor of the

dat a18t okta3gd pant dfen tl(‘ea;bbvbﬁ ik aphedeff @r wilitoR dirc#in providedgeith b ketaitivldiignce of
variation is small and data can be read easily. 20 [0234 \ari ous
| ogi ¢ ci PeTHomswheip agefreshoraripdds pyttigisnty lqrrgecaﬁ\drﬁ/@fih%qdr e Singe Rt VFEBE L . For

exanpl e, Bgrlfoc r fgwggnpg lo T AnsAfor! %“ﬁtﬂﬂﬁ;é’%# WHs"E 3f Subh ds%uaﬁw of

t he unused since a logical state I's stored even
t he powelimitedt u i[medkiméri, ,tha “&;tsngemltagcn iscdmebtacquihlett ¢ thahthrgshoklr valage ur ned

N e T O
of the OBB&ratl&Fbgﬂég@%}nsbe ge@%?’@]V 3P lc{sgnbﬂﬂtlfé?? Nfincéla ERargh&uBiHPAL TRAT .

exanpl es of the electronic device on
capacitor of the data storing portion can be kept held without any change, the influence

of variation is small and data can be read easily.
[0225] _
| Various logic circuits can be provided by using the nonvolatile latch circuit.
20 For example, the power consumption can be reduced by turning off the power of the
unused block. In addition, since a logical state is stored even when the power is turned
off, a system can be started when the power is turned on or terminated when the power
is turned off, at high speed and low power.
[0226]
25 This embodiment mode can be freely combined with any of the other
embodiments.
[0227]
[Embodiment 6]
In this embodiment, an example of a configuration of a logic circuit including a
30 plurality of the nonvolatile latch circuits which are each an embodiment of the invention
disclosed herein will be described with reference to F1G. 22.
[0228]



sem conduct or device using the nonvolatile latch circuit according to any
of the above enbodinents is nounted will be described with reference to
FI GS. 23Avbootidfs2078he el ectronic devi 6¢ on which the sepceapsiiGherecdevi ce
using the nonvolatile latch circuit according to any of the above

enbodi nents i s nounted has excel |l ent characteristics 5 whi ch cannot be
seen in the conventi onal technology Ther ef or e, i's possible to provide

| ect r oni st j duct or d
o1 ng the. nony Ity WO Ee Epf e;arttmréf%‘ié‘ér%errtn R R R i o

using t h@at&D&Y@ht@WOanélﬁhféhxd@ﬂg £ Witdh portieh diingnd @ dﬁﬁ)’h(ﬂ’dmg b@nﬁiﬂcmﬂ for
enbodi nents is integrated and nounted on a circuit board or the like to be

mount ed diﬁldarrg@tte@t ehateh pertipee. 10[ 0237] FIG 23Aillustrates a

| apt op p (?%F conmput er including the sen conductor device using the
nonvol at i atch circuit according to any of the above enbodi nents. The

| apt op per sonaiThe esmfiuestionéf thel dstacholding pbaibn 401is sanieusithg i8FXG. BAdi spl ay
portion 303, a keyboard 304, and the like. A laptop personal conputer with
excel | enr HGpbAor Famcanfigmatinn of thei latch E}tha?)ﬁll%lﬁ@nt%m@@rﬂlbb’ﬁéﬁbct‘ or
device a d nal
comput er g5l foF o BETABAR WS WER Shiidbr P e 36 B BEEROTE
(PDA) i neleuttinhin ttlheonfgnrnmmcbmh@latdﬂq:mm4[B1|crf¢IGhBAooEIG)I18mI e latch
circuit ?(gz%g)ﬁdr ng to any of the above 20 enbodi nents. A main body 311

i ncl udes splay portion 313, an external interface 315, operation keys
314, 1gnd the "Th@latﬁ#ﬁér%ﬁ 418 iivde¥ s NARD $1P4RVA B8k @ASindHAAq8SSThY foOr
operation. A portable digital assistant (PDA) with excellent performance
can be plaseh dnodlcmy%bmayrzngoqmetrs@mecund&dutlorand@upldeoachmMN@ t4b2 tihe

i nvention d{ﬁ osed h rde{ nto a La%kd@q ist g) FS [ 0239]
FI G 23C FIFTsAP%cganegfed, Qo%l%nfrué ) §§<a I%n fmé’l ¢ paper
i ncl udi ng1dcked S@&t@pﬂdgcf%oéledﬁ&’dl@ec&ﬁieﬁﬁdttbearﬂ(iﬁb’rm@ITth'eeNlANDfulQl r Qi t
according to any of the above enbodi nents. The e-book reader 320 includes
t Wo housraﬁ@l}é‘oma %tﬁt@rnrgtlezillamluéewwramw@h%e housi ng 321 is comnbi ned
vmth |ng 323 by a hinge 30 337, so that the e-book reader 320 can
be opene(ﬁ anz closed with the hinge 337 used as an axis. Such a structure
al  ows the e-boal ifigAadE theRAND 402 isidectrieslypamaected wks witit}?4 04 supplied

The housi ng’(ﬂ 21 includes a display. porti.on 325 and the housing 323

i ncl udes "s‘é‘P& sigpl (of Sk lageh cirgyit ‘tﬂos‘ﬁi’gv’ yelag Wtcﬁﬁlanﬁﬁwtwté’ﬁl ay

portion /N EH élé!ctﬁcﬁﬁnédnﬂl:’&&@ td m&galﬁttg BE& With Agp&gﬁ

structure for |sp ayl ng ditrferent 1 mages ext to ed on
t he ri ghtof tiedpichyirpait 40@n Thdethel mphtagyf tho NAND 4325s electricaly m@tednd i mages

Egc?iofbgﬁ%};ggu&heawnhas}gmﬂ Rssollgay portion (the display portion 327 in FIG

[0232]

The logic circuit in FIG. 22 includes a nonvolatile latch circuit 400a and a
nonvolatile latch circuit 400b as the above nonvolatile latch circuits 400. The
nonvolatile latch circuit 400a is electrically connected to the wiring 414 supplied with a

25  potential of an input signal from a circuit of a previous stage. The wiring 415 supplied
with a potential of an output signal of the nonvolatile latch circuit 400a is electrically
connected to the wiring 414 supplied with a potential of an input signal of the
nonvolatile latch circuit 400b. The nonvolatile latch circuit 400b is electrically
connected to the wiring 415 supplied with a potential of an output signal of a circuit of a

30 subsequent stage. In the nonvolatile latch circuit 400a, the analog switch 431 is

supplied with a clock signal ¢1 and an inverted signal of the clock signal ¢1, and the



FIG 23C illustrates an exanple of the case where the housing 321 incl udes
an operating portion and the |ike. For exanple, the housing 321 includes a
power butworoili®e2®%, operation keys 388, a speaker 335, rpamdprtheoddrke. The
operation keys 333 allow pages to be turned. Note that a keyboard, a

poi nting device, or the like may al so be provided on the surface of the
housi ng, on which the display portion is provided. Furthernore, an external

connect ! Sckef DAl AN SAERRANR KL Moelsierdt WBA SE0Bke Bk LRAR!  hat

can be connec {0 Various e stc er an | e,

15 or thglokk Klghar . ' 2 HeHoAdo BRI 1:4dh cREE! M)Olﬁtmn%lo‘g%wnéﬂdﬁ tsesulpphai may be
provi ded on t back surface or the side surface of the housi ng. The e-book

reader 380thahnclakk sigaalr dkambthannedredtsignal of the claakrsagnal P 0@412}16: Flocketti ti on,

t he e-book reader. 320 have a structure capable of transnmtting 20 and
r ecei v. ngwaatra‘*w rsaueebr%ﬁhhthsm kysignal ¢d sandothg iRy ier istgmal gigrereg%ook

data gg 1ke can be purchased and downl oaded from an el ectroni c book
server % %ﬁi Not e that el ectronic paper can be used in any field
as long gw3dpta is displayed. For exanple, electronic paper can be applied
to posters, advertisenent in vehicles such 25as trains, and a variety of
cards such as Withdhe usgmelide nggvelatile 1§§h sUgHbRecPEdip fasthisggakadimaite anth per

W th excgl, la‘ﬁ%&top%'éfngrﬁ%ﬂe %@xﬂléBﬁd d&‘q dﬁtﬁ gﬂ&’tﬁ’étéﬁ‘ Dte 19Ffo?ef€hﬁ gdzPCt or

devi ce accor I'nvent1on |sc ose reinto e ectroni c paper.

[ 0244] Fblﬁnﬂallifonhhmmt regioaswhichabivas ag a phitcieng oletnedi ofth ddte heldingqonderct or

devi usi ng é’;lo,trcle FODVO| atile latch circuit accordi nq to any of the above
voipiile date

embolf) meAMS! GHrarit Seichebasn Widr SPETaiiN e (STRPEFYYE Tangrotnd ORFTAD and a

housi ng 34 é/ e 1UBRYermfdrat?C hHE SR vehidl %Hbg%alpﬁ%l ofMrin2daReakef 343, a
m crophone 344, a pointing device 346, a canera |lens 347, an external

connect i orsedeevenradier g owends tumecd dfk er a Tateh hiseust pyvisied withca datehiolding| ar
Cel S b RS Ao i B e A LSRN G0 o
is performed by switching of the transistor, the number of writes is not substantially
15 limited. In addition, the writing voltage is almost equivalent to the threshold voltage
of the transistor; thus, the transistor can operate at a low voltage. For example, the
operation voltage can be set at 1 V or less. Further, since a charge accumulated in a
capacitor of the data storing portion can be kept held without any change, the influence
of variation is small and data can be read easily.
20 [0234]
Various logic circuits can be provided by using the nonvolatile latch circuit.
For example, the power consumption can be reduced by turning off the power of the
unused block. In addition, since a logical state is stored even when the power is turned
off, a system can be started when the power is turned on or terminated when the power
25  is turned off, at high speed and low power.
[0235]
This embodiment mode can be freely combined with any of the other
embodiments.
[0236]
30 [Embodiment 7]

In this embodiment, examples of the electronic device on which a



5The di splay panel 342 includes a touch panel. A plurality of operation
keys 345 which are displayed as an i nage are shown by dashed lines in FIG
23D. Not ewdhati/tshescel | ul ar phone i ncb@des a booster ci pcwispP20ionedwracr easi ng
a voltage outputted fromthe solar cell 349 to a voltage needed for each
circuit. In addition to the above structure, a noncontact I1C chip, a small
recording device, or the like may be built in the cellular 10 phone. [0246]
The di sp r ate in
accor dancatisp PRI R, Rlng BE pBhaia Y RER Elrerif 7 GRARDES 1P oL HR A0 <

provi ded embotineentsaisenswitédiod] be dedveibdd syithasefqrame! toFGS. 2BAttha3Ft heheel | ul ar

phone can be used as a vi %hg'ﬁw phone. The .speaker 343 rophone

nd t
544 can BletieRa deuie ondtphbirSorigonducppdeyich yine ﬁﬁdl%@gvﬁda%&ﬁa etc. as
vel | as ‘é@éo@&n%%'a% d\fb{h@%‘bﬁ(re eh@@dlﬂ%ﬁ R9%0aPd 3ad e%éle)’ihbﬁi?a&&?sti‘éﬁf ol ded
as in FIG 23D Can over ap with each other by sliding. Thus, the cellular
phonedcawhieh canmt dei seablie the zcwnf'@mop@lr teshhadogs e. Tl{eﬁ@dri] llzd)sTpessdm @0 nal

connection ternn 348 nect abl e .t riety of
Cobl'es & Dmide o YeuSE deictdRTEE £ Ragetnhut Siiflo BBt i Rufol Bart fone
and datau§1ﬂ§’mﬂelxﬁﬁ%bﬁﬂle Mucteoualit. aNbar el t@@&ﬂkoﬂﬂucﬂﬁt@ev@&nuﬁﬁ%&ﬁaw and
noved by inserting a recording nediumto the external nenory slot 350. In

addi t i onnpavalpde ddely sirewihacdosding taany ﬁf ther eepve mhodiraents eﬁnmﬂm@@qi end a
tel evisi Bibunfed “8cun%”§}d A'tne ke %50 té&(gn B@X%Qt?orﬁéﬁé’mged A cellular
phone w exce t or rence can b rded ng the

sem ¢ondye13y device accordl ng to the |nvent| on di scl osed herei ntoa

cellul ar phone. [0248] FIG 23E illustrates a digital camera including the
seni conductor & %’e‘\ei&qSﬁgtese lﬁa@PmpéplawmgutPrav@wdm thei semensiugiong t o

any of t *&@v@?%ﬂg‘?&@%ﬁﬁ%hé 1at3m&railﬂé&6{dlﬁ%%é% b fHeUibBVe @nitBUMARDY 361,

a display portio an eyepl ece portio an operation swtch 364,
a di spl ayhpdaptoprpeBod6b compittat irelude8GEmaantodh801, kehougingi3fi2 al displayrer a

Gevi o ageni 3D b seyiens dogrmadhe BkSe) A Zmon efsbi gl g Fa el o
[0249F FlGforack |l B GibeRled bl SppNind Ot seilicoduukisdidasict hecsamzc@ngect or

devi ce using
invention disclosed herein to a laptop personal computer.

[0238]

FIG. 23B illustrates a portable digital assistant (PDA) including the
semiconductor device using the nonvolatile latch circuit according to any of the above
20 embodiments. A main body 311 includes a display portion 313, an external interface
315, operation keys 314, and the like. Further, a stylus 312 is provided as an accessory
for operation. A portable digital assistant (PDA) with excellent performance can be
provided by applying the semiconductor device according to the invention disclosed
herein to a portable digital assistant (PDA).
25 [0239]

FIG. 23C illustrates an e-book reader 320 as an example of electronic paper
including the semiconductor device using the nonvolatile latch circuit according to any
of the above embodiments. The e-book reader 320 includes two housings: a housing
321 and a housing 323. The housing 321 is combined with the housing 323 by a hinge

30 337, so that the e-book reader 320 can be opened and closed with the hinge 337 used as
an axis. Such a structure allows the e-book reader 320 to be used as paper books.
[0240]



5 the nonvolatile latch circuit according to any of the above enbodi nents.
A television set 370 includes a housing 371 provided with a display portion
373. | magwe 20ameb@sdi spl ayed on the dbsplay portion 373pciHarmiomnéyeshousi ng
371 is supported by a stand 375. [0250] 10The tel evision set 370 can
operate by an operation switch included in the housing 371 or by a renote
controll er 380 separately provided. Channels and vol une can be controlled

by operation k BT onty ges
di spl ayed on tﬁ)e{ |sglf y po?l??%énp%]%@%gﬁ@hgggb%{dég%b '?%%23 ]I?—lglgltd ge? t he
renot e cdisplaglpoetion3BNY. C dthe ldésppiyporti@d3 2§ ddd the dlsphlyq»prt}imﬂﬂomm&ﬂsblﬁ)om

di spl ayi ng data l15outputted fromthe_renpte cont [fgl |.er, 380, [0251]
Not 6 t hafORtHWONS RSP fifteaqnt IPOSGr oflBF SNt Kr derlaving QufsroRl Imagespdem

and the Ljikes Y {dibd BRpLFGELY ﬁfe’n@'t Pﬂ{y orfi& G} ﬁisPﬁy?{) ORARACHS] inCAE, be

recei ved. Furthernore, en t n set 370 nnected to a
comuhi caABCpanchebages ko by dRplawed edl thor lefti disgllas portion fthe tdisplaypatiom 82 em

one- way ﬁﬂioz?ﬁg transmitter to a receiver) or two-way (between a '
transmt "a receiver, between receivers, or the like) data

conmmuni cm24q can be performed. A television set with excellent performance
can be provi ded by applying the sem conductor device according to the

i nvention di scF&é’éQﬁéhl&tr&teSt@ examygile of élleoﬁs%‘efherf:z&ff bowRig 321 includghan

structure e des a

conbi ned b0 PEPn PR Bk T sPERTE BF Pobiink doT RITRS s Ner SRR, ke
descid bed3i,nogehtiont kegs 3@3@@@?6&% 835, [alﬁzqanp Ihee.ll TED op&i2thctl ke3[502§3s4:1110w

The configuration of a nonvolatile latch circuit used for_ the evaluation is

i 11 ust r aPagrsita beitgned.  Notothgbr kevhaard, 2 peinting deviee, audhe Hkep@y alse baicl udes
ot DA of s i G AL P U0 Bl iR, !
412, an ianmmmmre ,Ah3Ixtand wiohndrtiés terimind]l (aih Bayphorer tansinal, arYSBnemandya t ch 432
I nel udi n?err?nﬁarl %a? ICE?I;[ l())e connected to various cables such as an AC adapter and a USB cable,
15  or the like), a recording medium insertion portion, and the like may be provided on the
back surface or the side surface of the housing. The e-book reader 320 can also serve
as an electronic dictionary.
[0242]
In addition, the e-book reader 320 may have a structure capable of transmitting
20  and receiving data wirelessly. Through wireless communication, desired book data or
the like can be purchased and downloaded from an electronic book server.
[0243]
Note that electronic paper can be used in any field as long as data is displayed.
For example, electronic paper can be applied to posters, advertisement in vehicles such
25 as trains, and a variety of cards such as credit cards, as well as e-book readers.
Electronic paper with excellent performance can be provided by applying the
semiconductor device according to the invention disclosed herein to electronic paper.
[0244]
FIG. 23D illustrates a cellular phone including the semiconductor device using
30 the nonvolatile latch circuit according to any of the above embodiments. The cellular
phone includes two housings: a housing 340 and a housing 341. The housing 341
includes a display panel 342, a speaker 343, a microphone 344, a pointing device 346,a



. transi st

[ 0256] The data hol ding portion 401 includes a transistor 402 using an
oxi de 10 sem conductor as a sem conductor material for formng a channel

for mati onyHeeiAse@ capacitor 404, anegnverter 403, andparspbdi6hcoded
including a transistor. Note that a node S shows potentials of one of

el ectrodes of the capacitor 404 and an input termnal of the inverter 403.
[ 0257] 15The transi stor 402 was fornmed in accordance with the manufacturing

met hod of FI FIGS,. 6A to and rans r havi a
oot dor ur EBPRTFYs Sh Sn IR cpiesce divtend s i e ARG 16 Bouy ?@@
transi st gcluek @%oﬁir Rienly f@pénafrglﬁg tméedma'i%ﬁ@ ndUKE@hal HORSS sthraayoe

length L is 3 [tm and channel [ 0258] 20The |nverter 412,

t he i nvepnéthedikg;, Amanieppe is brilt fothe lmh@nsﬁﬂlch 431 including a transistor,
t he swti&é 2 including a transistor, and the switch 405 including a
re each formed with a transistor usi ng silicon. [0259] A

Wring 414 is FHp@ispey pinth34R pRhRIS habudi pael.| rl@plur@lht@ﬂﬂodai‘dtfchﬂd@@
circuit of 25 a previous stage. A circuit of a subsequent sta

suppl i ed 34 thich pspdisalayed avan iage rarer@owm)Yaé%w lings puF1G i2gRa| tha1rhe
SW tch 4?11'% | ggv@nﬂ%eeﬂxcwdwa %08?& 4‘*} 'uﬁ' %aﬁhg%&o%g‘%p&@ﬁro%hﬁﬁsw tch

432 is sup otentral ate

t ransi st esladél 349 tslm\aﬂlagel neddeth for qaoh entmal lafadditioand thel absive nlmhctf&'é, aThe
switch 405 is supplied with a pofential of nt r ol ghal 0] 0260]
FI G 25ATSHSRECE o i ymalpfechicing, deyige, pfattgﬁﬁrﬁiau%ayd?e ailothe esf& plee
vol t gge YRLhe. @n input signal IN, a control signal ST, and an out put signal
QUT wth an oscilloscope at the witing operation. FIG 25B shows the
results @246dasuri ng potenti als of a power source vol tage VDD an input

osai 11 oscope atht HERSAHNRYEHLPERFe AR Bk 367 hensts s, SO TE ™o ¢ he
nonvol at iab@rdaice ifh the dpplicdEén mdte! NEuBRWEhe EAHER SersWAR|IY prdviRdRAVWRE Sour ce
vol tage VDD was set at V and the power source voltage S was set at 0 V.
[0261]  same surface as the display panel 342, so that the cellular phone can be used as a video
15 phone. The speaker 343 and the microphone 344 can be used for videophone calls,
recording, and playing sound, etc. as well as voice calls. Moreover, the housings 340
and 341 which are unfolded as in FIG 23D can overlap with each other by sliding.
Thus, the cellular phone can be in a suitable size for portable use.
[0247]
20 The external connection terminal 348 is connectable to an AC adaptor and a
variety of cables such as a USB cable, which enables charging of the cellular phone and
data communication. Moreover, a larger amount of data can be saved and moved by
inserting a recording medium to the external memory slot 350. In addition to the
above functions, an infrared communication function, a television reception function, or
25 the like may be provided. A cellular phone with excellent performance can be
provided by applying the semiconductor device according to the invention disclosed
herein to a cellular phone.
[0248]
FIG. 23E illustrates a digital camera including the semiconductor device using
30 the nonvolatile latch circuit according to any of the above embodiments. The digital
camera includes a main body 361, a display portion A 367, an eyepiece portion 363, an

operation switch 364, a display portion B 365, a battery 366, and the like. A digital



First, the potential of the output signal OUT was witten into the node S
and 10 held therein (see FIG 25A). At the witing, the potential of the
- out put siwoab1i@diomas set at 5 V. and6?he potential of twoegpmpwbességnal | N
was set at O V. The transistor 402 was turned on by supplying the control
signal ST with a potential at which the transistor 402 was turned on (here,
a potential of 5 V), and then the node S was supplied with the potential of

the outp j r t a

corr espog%fgéﬂfg‘gﬁ% e\%%ﬁhﬁxﬂ&eﬁowﬁ’aﬁ%f?icﬁ He l’“’mﬁudéﬁ éélpin S@g%?ﬁ%&gu%g turned
on was sdtvied acofiling Grthe &oentisn di[sﬂBﬁ:Z]herem toadlgxtéfctaarerzi.hat, the transistor
402 was Lurgid of f by supplying the control signal ST wwth a potential at

which th nsi stor 402 was turned off (here, a potential of 0 V), and 20
then the pot enficalosef it lifuflOf olSikies Eig?xglu'dﬂlgathfels@ﬁﬁdoﬂ@u&&@&@/l&h@l% ng) .

[ 0263] During the witing an I ng operations, the contr si gnal
LD wa$s stlpphamdlatnﬂet latch gotid ntcadlingtto why oh thehabosavietnbhdiEmtsna A televigah of f

her e, nt| of .0 : 264 t durin ewitin nd

ol at ng. 5ot Bt npfides’s hué 7{ PapGaF e SPEAPOI TG IEE Gibe 4) 1
vere hel ‘als?iay&f)bﬁ@ﬁé als laprﬂoﬂ'ioﬁ 973. hq{é’i’é'&br}ﬂ)ugﬂgrﬁfﬂl@@u;{ﬂ%ﬁéﬁ i'tzhﬁaﬁc-l gnal
4)2 was held at a evel potential (0 V) and the signal was hel d at

a high-18¥®l potential (5 V)). [0265] 30Next, supply of the povver was
st opped i@isﬁg) referred to as turning off the power), and the nonvolatile
latch citcurt 400 was left at normal tenperature for 10 mnutes. At the

stop1@f suppl yThé téibeisipaves 376l & sRirae rgdah @pafatidn itchPRERdedin ARE | 0d)
the potential of the power source voltage VDD was | owered. During this

time, th8oyvReAtl a1 ky afemels C@aﬁﬁlﬂw%&.ssmmelsnprawe@ heChawelsandsiolHes LD
were eac Qalhﬁla Q:oﬂﬁoﬁ’edjgg%@%faﬁ% 689 1§&19§e@ﬁ]n the remotéA‘fCSI’?tFolfe?%tSO §Hcpp| y of

the power was started erre to as turning t he power), and
t he pot emhageds difplayed powhe chpIn;cpoMmhtﬁ@ecMDﬁufsabe &ehtrallledS \Further the
remote controller 380 can be provided with a display portion 377 for displaying data
15  outputted from the remote controller 380.
[0251]

Note that the television set 370 preferably includes a receiver, a modem, and
the like. With the receiver, a general television broadcast can be received.
Furthermore, when the television set 370 is connected to a communication network by

20  wired or wireless connection via the modem, one-way (from a transmitter to a receiver)
or two-way (between a transmitter and a receiver, between receivers, or the like) data
communication can be performed. A television set with excellent perfofmance can be
provided by applying the semiconductor device according to the invention disclosed
herein to a television set.

25  [0252]

The structures, methods, and the like described in this embodiment can be
combined as appropriate with any of the structures, methods, and the like described in
the other embodiments.

[Example 1]

30 [0253] .

In this example, the results of evaluating the operation of the nonvolatile latch

circuit which is an embodiment of the invention disclosed herein are shown.



[0267] Next, an operation of reading the potential of the node S was
performed (see 10 FIG 25B). At the reading, the potentials of the signal
4)2 and twe 2siigmad7s+1 were each set at0a | ow |l evel (0 Vpctarthidbe@7emi t ch
432 and the switch 431 were turned off. In this state, the control signal
LD was supplied with a potential at which the switch 405 is turned on
(here, a potential of 5 V), and the switch 405 was turned on. \Wen the

swi tch A&?SWES turned on, a potential of 5 V was outputted as the output
si gnal 15(reading). [0268] The potential of the output signal
QUT corr espond¥hé @ohfigurmidreof iaahowfoldthe 1meheciGuivhised fonshe wvplubfi@d is/i a t he
i nverter (403 and the inverter 412, Therefore, according to FIG 25B, it was
conf i r medlustaled tinFlGot28nt Panorislatie Jaish ircuit 400; it Bl h%‘ Hisindes o fatelef or e

t he supp t : ] ge even after
t he supp%m(ca) 4#1%“88% h&a@“i‘%‘gﬁgggogﬁ%ht%ﬁddsg?ﬂégg%é%‘t@?{gﬁng’gs out putted as
t he pbt ef@25a4l of the output signal OQUT. That is, it was confirnmed that,

i medi ately after the supply.of the power was started again, th

nonvol atile | altr%laé‘;l‘r E‘UPBEZl%b "i}%%(;]eétﬂ"e‘nf’ e edlo R iRvyrEey gg:?l’caai;w'é‘ﬁ’af%l to the
| ogi cal flchidind 4 {rfsided, Alea Sk 22 hBRdRGWaFanSHRR! V- 25 The present
application i s based on Japanese Patent plication serial No. 2009-265738

filed wi{056he Japan Patent Office on Novermber 20, 2009, the entire
comtert s o | 0D 1 BEGFPhosRIT AT BRSSP I o
hol digg pethichfducio?ras hodeshibehddaion nitfterid1 Fot Birflingdd®Ichiiel férRfatibAtrégloMad ti ON
compri st E:]zalgp:aci(i‘or]c !1(;48, taneilrlsgrltae?tél;O?,?QI(ljd% s%veifc(ljlnEOSE:l!n?:lrlr}cal?rfg’ a transistor. Note that a

node S shows potentials of one of electrodes of the capacitor 404 and an input terminal

of the inverter 403.

[0257]

15 The transistor 402 was formed in accordance with the manufacturing method of
FIGS. 5A to 5G and FIGS. 6A to 6D, and a transistor having a structure similar to that
of FIG. 6D was used. The transistor 402 is a transistor using a highly purified oxide
semiconductor, whose channel length L is 3 pm and channel width Wis 5 pm.

[0258]

20 The inverter 412, the inverter 413, the inverter 403, the switch 431 including a
transistor, the switch 432 including a transistor, and the switch 405 including a transistor
were each formed with a transistor using silicon.

[0259]
. A wiring 414 is supplied with a potential of an input signal IN from a circuit of

25 a previous stage. A circuit of a subsequent stage is supplied with a potential of a
wiring 415 as an output signal OUT. The switch 431 is supplied with a potential of a
clock signal ¢1. The switch 432 is supplied with a potential of a clock signal ¢2. A
gate of the transistor 402 is supplied with a potential of a control signal ST. The
switch 405 is supplied with a potential of a control signal LD. |

30 [0260]

FIGS. 25A and 25B show evaluation results of the nonvolatile latch circuit 400.



wherein an output of the first element is electrically connected to an

10i nput of the second el enent, and an output of the second elenent is

el ectri cavbyooawpest ed to an i nput of7t he first el enent pcane2010/069764
wherein the input of the first element is electrically connected to a
wiring supplied with an input signal, and the output of the first el enent
Is electrically connected to a mﬁring supplied with an out put signal, 15the

dat a ol g <RORE 10 ATRK &Y Aisund bARRESL B 3 B0, AL LIVGLLEVDD. an

wherei n a channe or ma on reg |on ran or i NC an oXi de

sem condiapupsighd )™y, a o@ﬂdoﬁﬁgamrsal, and b oﬁfpu&s@ﬁalr(OBTe\klﬁl@bﬁ oeéllagdpaadr ai n
el ectrode of the transistor is electrlcally connected to the wiring
suppl i edthgiWitingiepesetiqiut FPgR shavethsrauits of megsuring potentialeet 2 aeneferand t he

drain el ?(ﬁltréeo\gi(ﬂ gfe v‘ﬂﬁ 4 & P ?érﬁ?] INSa %n‘?ﬁ)tl Efgﬁgll ]lé?ect ﬁ}g&{tﬁlﬂ si%nalaaUTnpUt of

the inverter, an out pu e Tnverter A nected to
t he i rlwghsmpplsmnokcmpé ht tthe reaalmg ope¢rgtiad.. M&te that in the evalhmomnf/mﬂxeatl |l e
| at ch CIrCUIﬁ accordi ng, im1, wherein the oxide sem co ductﬁi)layer

cont ai nsPPTHE@HALNG lagehy qlﬁCHHﬁggrﬂia]ﬁ pRwver source supply, the powerisoures Yolpgg YPP | at ch
circuit geeedidi B 4 hil \m:ljsoui@a%ﬁh V86 wakansi ptwr 30controls witing of

data into a gate capacitor of the inverter. a function of holding data in
a gate cHpPé&¢]tor of the inverter. 5. The nonvolatile latch circuit

2?;%2{ n? St g g*:igslék & Ho\lf'\é]}]gllaf 8$ tl;[ehoeutput mgnaF O?ELF rv]vtas iv?rit?enl\}%{\(l)[)thean%%ct§1 fnd’ econd

10  held therein (see FIG. 25A). At the writing, the potential of the output signal OUT was
set at 5V, and the potential of the input signal IN was set at 0 V. The transistor 402
was turned on by supplying the control signal ST with a potential at which the transistor
402 was turned on (here, a potential of 5 V), and then the node S was supplied with the
potential of the output signal OUT (here, a potential of 5 V) (this operation corresponds

15 to writing). A period in which the transistor 402 was turned on was set at 200

| microseconds.
[0262]
After that, the transistor 402 was turned off by supplying the control signal ST
with a potential at which the transistor 402 was turned off (here, a potential of 0 V), and

20  then the potential of the node S was made in a floating state (holding).

[0263]

During the writing and holding operz‘ltions, the control signal LD was supplied
with a potential at which the switch 405 was turned off (here, a potential of 0 V).
[0264]

25 Note that during the writing and holding operations; the potentials of the signal
¢2 and the signal ¢1 were held at potentials prior to the writing operation (here, the
signal ¢p2 was held at a low-level potential (0 V) and the signal ¢p1 was held at a
high-level potential (5 V)).

[0265]
30 Next, supply of the power was stopped (also referred to as turning off the

power), and the nonvolatile latch circuit 400 was left at normal temperature for 10



5 6. A nonvolatile latch circuit conprising: a latch portion; and a
data hol ding portion for holding data of the latch portion, the latch
porti on cwopniicrgs 10a first el ement72and a second el eremiIP2010/069764
wherein an output of the first element is electrically connected to an

i nput of the second el enent, and an output of the second elenent is
electrically connected to an input of the first elenent, and 15wherein the

i nput of |r t gl I [ y n plied
,TPUtof uhlfel T80 B! BT oS BERY ALY GSETRBRER 03 Pt paaupr) o
connect eﬁerﬁm)ﬁtthbtengalaﬂphﬂ p@ﬂleﬂlﬂotlfteazmtﬁ)gﬂ VDD waglodlered. heDutiigathizainid, ng
portion conprising: a transistor; 20a capacitor; and an inverter,

wher ei n Hhechpisitiats phtheegonial sighalohl gd f}FFeC‘t“t“Qh§1g§?]o1~Dl weterdel hsld #a de

senlcondgg& aloR8F . and wherein one of a source el ectrode and a drain

el ectrod the 25 transistor is electrically connected to the wiring
suppl $ ed[@#66h t he out put signal, the other of the source el ectrode and the
drain el ectrode _of .the tran§| stor is electrical I@/lﬁco necfed to one of

el ectrodes of OHET thapsuPRIY Ot thePayFriwgs startsd agHe P1EGC OATIUVIPSOM put  of
the i nVefHeSioved), h@MHelofdkibbofdROPERERSuI® vollBee/ DI WJaSipRI 5 90 Wi th the

| nput signal.
[0267]
Next, an operation of reading the potential of the node S was performed (see
10  FIG 25B). At the reading, the potentials of the signal ¢2 and the signal ¢1 were each
set at a low level (0 V), and the switch 432 and the switch 431 were turned off. In this
state, the control signal LD was supplied with a potential at which the switch 405 is
turned on (here, a potential of 5 V), and the switch 405 was turned on. When the
switch 405 was turned on, a potential of 5 V was outputted as the output signal OUT
15 (reading).
[0268]
The potential of the output signal OUT corresponds to the potential of the node
S which was outputted via the inverter 403 and the inverter 412. Therefore, according
to FIG. 25B, it was confirmed that the potential which was written into the node S
20  before the supply of the power had stopped was held without any change even after the
supply of the power was stopped and thus the potential was outputted as the potential of
the output signal OUT. That is, it was confirmed that, immediately after the supply of
the power was started again, the nonvolatile latch circuit 400 was able to restore the
logical state to the logical state prior to the stop of the power supply.
25
The present application is based on Japanese Patent Application serial No.
2009-265738 filed with the Japan Patent Office on November 20, 2009, the entire

contents of which are hereby incorporated by reference.



30 8. The nonvol atile latch circuit according to claim6, wherein

the transistor controls witing of data into a gate capacitor of the

i nverter.wb2o1ililseoreonvol atile latch ci/3cuit accordi ng t ectliazar/beorsher ei n

the transistor has a function of holding data in a gate capacitor of the

i nverter. 10. The nonvolatile latch circuit according to claim®é,

wherein the transistor controls witing of data into the capacitor. 10

11. The nonvolatile latch circuit 19 gng to claim6, wherein the

transi stor has a function of holdi ngE‘cgij a in the capacitor.

12. The nonvol atile Iatch circuit according to claim®6, wherein the first

el ement 15 is a NAND {}msecond el ement is a clocked inverter.

13. A nonvol at ilifénf"é‘f%ﬁﬂ%ﬁt CUESOBPISINgy: a latch portion; and a data

Egl di ng pO!‘tI 0?1Jt8{p$}%ﬁ“ 4ag data of the latch portion, 20the |latch portion
mprising: a first inverter; and a second inverter,

wheredbn an out pldntadiblchh@pdimosifoﬂhmcﬁngdataiosﬁtlmletchrpioniﬂnl,y connected to an

i nput of the s nd inverter, and an output of the second inverter is

electrical ly 2§@3ﬁtﬁ]é89’é’d’“t°8mé’ﬁlsinﬁput of the first inverter, and

wherein the input of,§heclehdent; ahgverter is electrically connected to a

W ring supplied with an input S|gnal and the output of the first inverter

is electrically connestcedd elementsyi ri ng supplied with an output signal,

wherein an output of the first element is electrically connected to an
10  input of the second element, and an output of the second element is electrically
connected to an input of the first element, and
wherein the input of the first element is electrically connected to a
wiring supplied with an input signal, and the output of the first element is electrically
connected to a wiring supplied with an output signal,
15 the data holding portion comprising:
a transistor; and
an inverter,
wherein a channel formation region of the transistor includes an oxide
semiconductor layer, and
20 wherein one of a source electrode and a drain electrode of the
transistor is electrically connected to the wiring supplied with the output signal, the
other of the source electrode and the drain electrode of the transistor is electrically
connected to an input of the inverter, and an output of the inverter is electrically
connected to the wiring supplied with the input signal.
25
2.. The nonvolatile latch circuit according to claim 1, wherein the oxide

semiconductor layer contains indium, gallium, and zinc.

3. The nonvolatile latch circuit according to claim 1, wherein the transistor

30 controls writing of data into a gate capacitor of the inverter.

4. The nonvolatile latch circuit according to claim 1, wherein the transistor has



t he data hol ding portion conprising: 30a transistor; and a third inverter,
wherein a channel formation region of the transistor includes an oxide

sem condugbanil@yes., and 74 wherein one of a@acsQviKgoehECt rode
and a drain electrode of the transistor is electrically connected to the

wiring supplied with the output signal, the other of the source el ectrode
and the drain electrode of the transistor is electrically 5connected to an

t of the th d f the third i ter |
el oot r1 cAISF gt ek b Bl e eufhe Bl the i mput si gnal

14. The nonvol atile latch circuit according to claim 13, wherein the oxide
sem conduct or | ayer contains indium gallium and zinc. 10 15. The
nonvol atil e I aﬁc htttl@m@ﬂﬁttﬂfalﬂé@r eirquif aceording thcl@m hhehapin thh &irst clemeinst or
controlsvvr atal citor of the third inverter.

16. The ﬁonvo a\ng f’i QR ‘FllﬁrcnﬁPgﬁagc% ?‘g‘?%’eﬁg'cl aim 13, wherein the
transgstor 15has a function of holding data in a gate capacitor of the
third inverter. 17. A nonvolatile latch circuit conprising: a latch
portion; and abdAmanyeiatile ichheirauilemmesingsl di ng data of the |atch portion,

20t he |l atch pOEtl;ltE}pp&ﬂHernﬁ' ng:

a data holding portion for holding data of the latch portion,
the latch portion comprising:
10 a first element; and
a second element,
wherein an output of the first element is electrically connected to an
input of the second element, and an output of the second element is electrically
connected to an input of the first element, and
15 wherein the input of the first element is electrically connected to a
wiring supplied with an input signal, and the output of the first element is electrically
connected to a wiring supplied with an output signal,
the data holding portion comprising:
a transistor;
20 a capacitor; and
an inverter,
wherein a channel formation region of the transistor includes an oxide
semiconductor layer, and
wherein one of a source electrode and a drain electrode of the
25  transistor is electrically connected to the wiring supplied with the output signal, the
other of the source electrode and the drain electrode of the transistor is electrically
connected to one of electrodes of the capacitor and an input of the inverter, and an
output of the inverter is electrically connected to, the wiring supplied with the input
signal.
30
7. The nonvolatile latch circuit according to claim 6, wherein the oxide

semiconductor layer contains indium, gallium, and zinc.



a first inverter; and a second inverter, wherein an
output of the first inverter is electrically connected to an input of the
second i nwenbeves2@sd an out put of the7Second inverter i eceljestioneasd y
25connected to an input of the first inverter, and wherein
the input of the first inverter is electrically connected to a wring
supplied with an input signal, and the output of the first inverter is

el ectrically connected to a wiring supplied with an output signal, the data
hol di ng portion conprising: 30a transistor; a capacitor; and a third

i nverter, 8. The nonvolatile luoRrdiicit aacedrdingeto Elainmes iwdiereie ghomandistbhe
transi stor includes an oxi de sem conductor | ayer, and

wher ei n 6ARTQls WHEE OF data ifte gatsrepasi@r 8t thedn¥FTsl-ect rode of the transi stor
is electrically connected to the wiring supplied with the output signal,
the 5 other of the source electrode and the drain electrode of the

transy stor is Bl Hetmonvalatile ktwhroechi detoyding o ofairel6e ethemdre thedfansisor dapaci t or
and an in;%ut of %Ee third jnverter, and_an output of the third inverter is
el ect ri cAFY5Ftiopqhaeiding H@Pﬁeg%?%?ﬁ&t‘g&ﬁ@?q‘é‘ﬁe Tth the input signal. 1018.
The nonvol atile latch circuit according to claim17, wherein the oxide
sem conduct or | ayer contains indium gallium and zinc. 19. The
nonvol ati | e | al@hThs nenvolatide tasetd ciepit accordingntd zlaimifs rveiareintibe trapsistpst or
controls vvrtiti n t.of fi tta.itntto a gate capacitor of the third inverter. 15
20. The ﬁ%lh{/oclﬁ gfqillf]%o g?%ﬁngit?ec(i?ip “ecor di ng to claim17, wherein the
trangpstor has a function of holding data in a gate capacitor of the third
'nverter. 11. The nonvolatile latch circuit according to claim 6, wherein the transistor

has a function of holding data in the capacitor.

12. The nonvolatile latch circuit according to claim 6, wherein the first element

15 is a NAND, and the second element is a clocked inverter.

13. A nonvolatile latch circuit comprising:
a latch portion; and
a data holding portion for holding data of the latch portion,
20 the latch portion comprising:
a first inverter; and
a second inverter,
wherein an output of the first inverter is electrically connected to an
input of the second inverter, and an output of the second inverter is electrically
25  connected to an input of the first inverter, and
wherein the input of the first inverter is electrically connected to a
wiring supplied with an input signal, and the output of the first inverter is electrically
connected to a wiring supplied with an output signal,
the data holding portion comprising:
30 a transistor; and
a third inverter,

wherein a channel formation region of the transistor includes an oxide



21. The nonvol atile latch circuit accordi ng to claim17, wherein the
transi stor 20controls witing of data into the capacitor. 22. The

nonvol at iWwe 2batgeho78i rcuit according t®6cl ai m 17, wher ei pctfypadih/06565t or has
a function of holding data in the capacitor.

semiconductor layer, and
wherein one of a source electrode and a drain electrode of the
transistor is electrically connected to the wiring supplied with the output signal, the
other of the source electrode and the drain electrode of the transistor is electrically
5 connected to an input of the third inverter, and an output of the third inverter is

electrically connected to the wiring supplied with the input signal.

14. The nonvolatile latch circuit according to claim 13, wherein the oxide
semiconductor layer contains indium, gallium, and zinc.
10
15. The nonvolatile latch circuit according to claim 13, wherein the transistor

controls writing of data into a gate capacitor of the third inverter.

16. The nonvolatile latch circuit according to claim 13, wherein the transistor

15" has a function of holding data in a gate capacitor of the third inverter.

17. A nonvolatile latch circuit comprising;:
a latch portion; and
a data holding portion for holding data of the latch portion,
20 the latch portion comprising:
a first inverter; and
a second inverter,
wherein an output of the first inverter is electrically connected to an
input of the second inverter, and an output of the second inverter is electrically
25  connected to an input of the first inverter, and
wherein the input of the first inverter is electrically connected to a
wiring supplied with an input signal, and the output of the first inverter is electrically
connected to a wiring supplied with an output signal,
the data holding portion comprising:
30 a transistor;
a capacitor; and

a third inverter,
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wherein a channel formation region of the transistor includes an oxide
semiconductor layer, and

wherein one of a source electrode and a drain electrode of the
transistor is electrically connected to the wiring supplied with the output signal, the
other of the source electrode and the drain electrode of the transistor is electrically
connected to one of electrodes of the capacitor and an input of the third inverter, and an

output of the third inverter is electrically connected to the wiring supplied with the input

~ signal.

18. The nonvolatile latch circuit according to claim 17, wherein the oxide

semiconductor layer contains indium, gallium, and zinc.

19. The nonvolatile latch circuit according to claim 17, wherein the transistor

controls writing of data into a gate capacitor of the third inverter.

20. The nonvolatile latch circuit according to claim 17, wherein the transistor

has a function of holding data in a gate capacitor of the third inverter.

21. The nonvolatile latch circuit according to claim 17, wherein the transistor

controls writing of data into the capacitor.

22. The nonvolatile latch circuit according to claim 17, wherein the transistor

has a function of holding data in the capacitor.



