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).

20
[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 INeT SR LS8 °’f‘?5’F &8 @?ﬁ) g © H‘CQ

whos g0 Chaengcond EllemelY. i Alerativery, {MNAND edtaBd@bed R Thd fikst ickerdent], nﬁndazﬂ
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 eria
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 alsb%mﬂnédmsa:;%(ﬂgl 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%anium

nitride Pis grecureor Adigr ithe formatieopl thscnisdeny inREatRelty g8, angiripheR! a
tungst enyfel firiaged &@@i%dn% gaty'ef: 1§§*?@9f&;$§am? sﬁl%:ﬁ@@ gﬁgﬁgwﬁg&gﬁgﬁw Rgsten,

titanium titanfumnitri or the e renmove arity of the
surface tke be i nproved by subsequent CWP. When the surface including the
sourg& OBH%%ﬁin el ectrode 130a and the source or drain electrode 130b is

pl anari z such a manner, an

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



5electrode, a wiring, an insulating |ayer, a sem conductor |ayer, and the

| i ke can be favorably fornmed in later steps. [0070] Note that only

t he sour Qo117 €l ectrode 130a anZ3the source or dr achPbR6bHEOEE 130b
in contact with the netal conpound regions 124 are shown here; 10 however,
an electrode that is in contact with the gate el ectrode 110a (e.g., the

el ectrode 130c in FIG 3A) and the like can also be fornmed in this step.

There is_n articular limtation on a rial,used .for the source or

drai n e &80 MRt bl rams il ibe AnPI G Rank 35 £365 WD Vo ety
of condugitdn¥ifin Rh&inmehiEideadr B 11ke88 renfVed @%ANR FlanatitG @b thecdurfaee BB1 BE i al

such as nol ybdenum titanium chromum tantalum tungsten, 15 alum num

copper, Hep@yed Jmy sisequcahdtMm c A¥hase thes surfaqepgrinding the soumge qfgAraithe above

steps, t QE ﬁ&&“ﬁo%ta% tﬁ"ez s]()ukjcseI 1% 519 e%HQ@ { {fﬁbeis %)Pglaﬁ?eqlti 'SULD'S nfanner, an

sem condGctor mat erial i s 1ormed. e that anrelectrode, a W Tring, an

i nsul &it | BRclredegra, wiring, e Insklatin@Yayee 4 yemvehddcsmBgenfdndrtht Nikeakmvee st eps.
When the wirings have a 20nulti-layer structure of a stacked structure

i ncl udi népverblhfamedynlaterstepbat i ng” | ayer and a conductive layer, a highly
I nt egr at ﬁg{n@ m conduct or device can be provided. [0072] <Method for

Manuf acturing Transistor in Upper Portion> Next, steps for manufacturing
t he transi st or N6G2thavenlyt ihe sotrer baydeaini aisatfodt | ¥3§a 2md| thy esouic28omidtadin be

described with reference to FIGS. 5A to 5G and FI GS. to GD. te that
FI GS. 5Ae¥°8tf%% éﬁ@b B _@P‘%EAV‘E‘H‘% et s?%ROémgtféglgnﬁ ﬁmﬁwﬁﬁ%
el ec® OdQgweidiCard E1IBORIRItRAL i€ DPcoAtd Willethk ighR él’%c%roldé heod fbﬁg! ihR¥%fictibasul ati ng

| ayer 128; therefore, the transistor 421 and the like placed bel ow the
t ransi st d80c02FKx 8Agrandtthel likg @@y 3lso doHormed int thas stegul Bhareigs hewpatticaldp i s

o oYl o e PO OB Pl SRS BB Sl B,
drain electrode 130b, and a variety of conductive materials can be used. For example,
a conductive material such as molybdénum, titanium, chromium, tantalum, tungsten,
15  aluminum, copper, neodymium, or 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



130c (see FIG5A). The insulating layer 132 can be fornmed with a PVD
nmethod, a CVD nethod, or the like. The insulating | ayer 132 can be forned
usi Nng an wohdishkesi nsul ati ng materi aR4such as silicon @¢irge20180d4d760N
nitride oxide, silicon nitride, hafnium oxide, alum num oxide, or tantalum
oxi de. [0074] 5Next, openings that reach the source or drain el ectrode
130a, the source or drain electrode 130b, and the el ectrode 130c are forned

in. the i ati | ayer..132. At. this tinme,..an opening (s .also.formed in a
Fogi on whard el o SRR T gntulie 189 Deeapa lofed: Baipl 39 iifeerie

conduct i ysulaae makddalisach a$ Bitidon 0xide, anbarsRedd OxilifesigRNiftdR, (a@fin| G SB) .
The openings can be formed with a nmethod such as etching using a 10 nask.
The mask o&ils, Huminymewide) arharalpm ¢1dde-such as | i ght exposure using a
photomaslfooﬁ:]ther wet etching or dry etching may be used as the etching;
dry etchitng ts preferably used in ternms of mcrofabrication. The conductive
| ayer5134 can bex{, ajpeBiigWithdd rdachi b Joufd¥bér ninelebwstes UB0A, ake sodrvd ofet hod
or a CVD nethod. The conductive |ayer 134 can be faornmed using a_conductive

mat eri al d&aie Blegodrol IPbaand the elestrode hillcase farmedin the, ingudating laysr 18dngét en,
al um num.: e o : j | e.g., a
i i dey if PBRCTn BERIL R U EBmH IR AHELSH AP YR ooy oL PIRILRE bl

speci f i cdbimed later.i STheas s icbhductioe Raypt 034 & forhébth, bd anbaidad|n ehe openinigs ch a
thin titani filmis fornmed in regi on includi t he openjngs with a PVD
ot hod antFe30Ca SPir 111G ORAIRER FPchq FEmeR K @ mehibauh o, CRheUYSHE Rod, and
thenjpa tHREST §he fhid0 b bEr fHRded Qvide LHRaHIEdhNad MEhPR]PINGS ushigr £ the
titaniumfilmfornmed with a PVD nethod has a function of reduci ng an oxide
film at tphetomasker f Bitherwiet etching drrsyletchinggmhnbe nseti3s the eigbinge deyecteling cont act
resi stance wi.th | ower, el ectrodes. e . .tlhe urce,or. drain ectrode 130a,
e sour &b PP IR B ERuheT Histotbiecae  TFb sE5eE el 06 BEY 105
The tit afibraiBdWith b GRml forhbici fethoalsuel a$ APV iBddost PEVIDettodanuen fil m

has a barrier function of Eéeventi ng di ffusion of the conductive material.
A copper cpquetirgjayse 134 earebe farmed spigat Fongluavehmatesink wichias anolybdppumen of

th I 1 .11 tani i i LI N . 30Af t
e B8l 8 AR, N AT e sy 5 bRy S04t
renoved lay allbg bi agompddnd (6)g., tahibtride kef ans@ftthat nidigiald)sod extainple. | ayer 132 is

exposed and éhe el ectrode 136a, the el ectrode 136b, the el ectrode 136¢, and
t he gate[@(Wé trode 136d are

More specifically, it is possible to employ a method, for example, in which a

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 136c and the gate el ectrode 136d are pl anarized in such a

and te FRRRUCER! RIS, O MGG oo Aklihe, PURL ugREMRTITNRE ' Cire

i nsul at i agcdr@deeﬂsdrs&nds tHeogastedelt:ardzievf%dt he foimel aby mgnbwygrpati3af thdO t he
el ectrode 136a, the el ectrode 136b, the el ectrode 136¢c, and the gate

el ect rodéorl@GHV‘{ daer PG 8rs) proerss iapistaraly| parforged spethay the é'arﬁaosé ADr med
with a dyod; t t e e ting
| ayer 1?% s pr ef g}] gl%f%u?%g%gﬁgﬁ%ﬁg}l alﬁg %5’3%){'13‘2 the Prlaeg%?\&eml%éhlsgh@
silichbn olcymoder 136b, thelelleotmde mB36a, iadé tlmgmeleetmdm mmaoe(phieanztedfmlsunh oxi de,
t ant al um oxi de, { the like. Note t{:} i{te gat e .i nsul atLan% X 5&1 5 138
may have“%i"‘i%?‘n@"l‘éelC agyiring: it splating LAYSE iRcRFmUeNGUEGF 2YeEgndd H% t he
gate i nsehbd AYolaBKelorrhédirCiatdr Bgpd.or rred using silicon oxynitride wt h a
pl asma CVD net hod using sil ane (% oxygen, and nitrogen as a source
gas. Thef@77$ no particular limtati on on the t hi ckness of the gate

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

stacked sie dledttdde,1368Ithe ¥RORO®: 136 tigad]Ectidae U38E, 4vd the pete elé’&ous 1B6#f er abl y
a stack of a first gate insulating layer with a thi ckness _of 50 nmto 200

nm i ncl uéseo E1GapB).-a Bl srte ippasingnlaygratiBnenn| by, Eprmgd twithy at Y Planetded.od 5 nm
to 300 n Y h g e te

t hat an gg)(l%t{c%glhg %‘I&ggﬁdﬁ% He mf‘{] ﬁ%e%%énggguﬁftﬁfgﬁ%gé}cl%sﬁyss g’%ran? %Pﬁéd\b

i ntrinsi asiby stleﬂﬁ\/cechdeofmlicﬁwuﬁttiﬂe esili¢an bit)gﬁliriyle,puhédd eitridex bxide, saiumnmmluct or)
is quite susceptible to the interface |eyel interface chaay%r

th
t her ef or emdtm%qfn@at Axide, tantalm oxide oot diksr %@tm%gtlrosat%wssketla%
- sem gondygg %ayl fa stngg Th M Sthhge wtta*tt;féted gatagfyegswoﬁtekmgiea %dté

i mportant. er WO the gate 1 nsulating o be 3
in cont amsulmng layehilg&bgn l;wfqufmeédsmglsdeosexmeMnba plasylerCViBedShod) have
hi gh qualit 7 densij I asma_ CVD met hod. .usi n m cr owave
(2745 Gy a0 S BEvee™s AL e Toag GPUES B an THEE darte PTG Have. hi gh
wi t hst anéimitibARes t@idknesd dTWRd gdty mstmﬁﬂg fayRl OF8; Mndpdtk insathtiagider 138
sem conductor layer and a high-quality gate i nsul at T ng |layer are in close
contact win haenehthiskhess, oft K@ nnntterS08cem| ieglusiveaforirxamplricda thadrasaebr abl e
i ntepface c aract r St SR (08 abt ed. 8 ess to
say ?‘If)uat CmeveEn &h ﬁCk(fdhl gﬁtlure fgr Ur i ed 2I>1<| etésgmg%:l%cﬂyet 13é fszf rgfe&%gﬂ%sed
anot her grtkofla fitit @at@&nsﬁhldimgtli)@i Wwith awhidkaeks@Tf 50 nfl RS20 rﬂmdmt\fwdncban be
enpl oyed as long as a high-quality insulating |ayer can be fornmed as a gate
10 i nsul &890RG SAtyiasulatipg létﬁféwth a thickness, ek prto 300 inglusives oyes thefrst ayer
- whose qughtletlx ?;Rﬂ ?rface characteristics are inproved with heat

treat ment per a'ter the formation of the insulating layer. In any
case, an[00vS8yl at| ng layer that has favorable filmaquality as the gate

i nsulLating | ay 138 and can reduce. interface | evel. densit oxi de
sem gnductor ﬁr that qany gixifle; semicandyotr that deporpes IRITIPGE QS tat“ﬂé Yat e

i nsul ati fgrihay &y Ml 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



[ 0081] In a gate bias-tenperature stress test (BT test) at 85 Cwth
2 x 106 Vicmfor 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_ obtained.
[0083] When a highly punibied gxidgscmisandurian Bysr and g drgh-qualiy et wydatinge gate
i nsul at i } t ng a
mask, so ﬁa?yf e |sFangtaeLa ed @cgl g‘ﬁgéﬁggﬁn{e%ﬁeﬁ%gr g?ab%ega&% :allzdfor med
(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 {13 &feediRssod Sy Hhlr, Qv@ﬁ‘%@fénoa“h% f‘ﬁﬁhﬁéﬁ"@%ﬁifeosrenh&}fﬁheto@”

| n- Zn- O based oxi de sem conduct or 5 | ayer, n- Zn- 0- based oxi d

semi condlayenis usacyempthanmAthOeru@ Do gittering megmcn@rm:zmao@w)alyeﬁlod aan

I n-0- bas d oxi,de sem.conduct i co tor

| ayer .- 0P THOB AL A o Platr A B BRting G e e oL SR it - o

the oxi dmsaaﬁhgwﬂctmrdoa&en is PBsSIO ftdp NS 8n msuraﬁngweﬁmds@qwuy axy@r 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@naa 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

oxi de target containing In, G, and Zn, tar in 20 05|t|on

ratio of | n203?n a gaisPaas-teppegatiirg stresp test § Erntﬁftt $£§¥8‘)18’o$"a1q C‘%Bt %havi ng a

composi tuQmJu?gll - iR is oD an 2" sémicoductdr, %g%}ﬁ‘{ aregﬁ))m&an al so
ot

be used. The i ng rateo a nmetal oxide target 1s 0
i ncl usi vénpyitgfaed abhzym cgmeanent of ﬁamxmde eqicinductop & Broken gy a high éledmc A

S\f?ﬁ&&oﬁlfgq af rglilﬁ Hgl'pgll; telrf;sl e%ture ?éﬁ?éjratb%)us'cl’ g generate?l danglmg bt aJ get
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



25[ 0086] The atnosphere in which the oxide sem conductor |ayer is
formed is preferably a rare gas (typically, argon) atnosphere, an oxygen
at nospherwo 20r/@20vsxed at nosphere confaini ng a rare gasPpCryp2oaebdges ar gon)
and oxygen. Specifically, it is preferable to use a high-purity gas, for
exanple, fromwhich an inpurity such as hydrogen, water, a 30 hydroxyl
group, or hydride is renoved to a concentration of a few ppmor |ess
(preferahly, 0 SS) - 1. &.0087] . AL i 0 rmng the
oxi de se%kiéagng%‘;&@éér‘%e?aﬁﬁ hg‘l sltﬂlbésr?rggtde based, oride, ﬁérg‘%?}r"!é‘g?"r?ef#ﬁ i ber
that is mAMZ-Oddhsad roxddic edemicdaduter aalet,heasuPsiGare-O-bagear adride i s set
to 100 Cto 600 C inclusive, preferably, 200 Cto 400 C inclusive. The

oxi de 5 SEHCEBIIRT of2YPay et | &M fad-htfcle PHES sipRicoRARCPS f¥sbed® so
that the shTRUZA- /AR QhliBlhdubiot My o X 2.0 GRBHKIQY schit¥HaudP De
reduced. Moreover, damage due to sputtering is reduced. Then, a sputtering
gas fpomlayer,cha MmdZogebasedd owidecrsearieondectov ethyers amt Ad€dcOebasert ooxile

treat ment chanber ile mojstyre renmining in the treatnent chamber is

bei g 1 e REILEICERT (e 3R, e Linic SR CEBICaPAYEpT 14Yeh o SatDBaRAgORE et al
oxi de as samic@h@Rtor 14V d 2RIRDsed 3% i T RitTRdEGoPRGELT @Pis taBsHim@nOr der to
renove noi sture renalning in the treatnent chanber. For exanple, a

cryopunp as &lre dxide pemjsonducter layeraan amospliobs wxidecsemicanduetan layer isstogmedin

“evacuation unit may be a turbo pu rovided with a cold trap., ln. the film
for mat i oy tha BRYer “Iga][neﬁ’? d e‘{?é{’(gu%l glg' %’?ﬂibt'ﬁaéeyf?%ﬁlu%,ge garﬁfi/tdr OB om  a

conpeond sined cajstilligtion by dh Q@RplRfue IBxEdéCR madontbctéRlBer CAOY sippichsedbe

preferably al so a conpound containing a carbon aton), and the like are
renoved, aghag éb‘}COPH@nEB RERPhYS | Gxadeo ermigondustar i layerc am oxideetemigondyetop i de
sem cond r | f in the tilmfor Lon C r ced.
oose) HDmayEctonn & Tt if Sl Llard Bhst SRR F2 Paonel v
condi t i omgclusdik.f or exanpl e: the di stance between the substrate and the
target is 100 mm the pressure is 0.6 Pa; the direct-current (DC) power
supply i40@854 kw and the at nobsphere is oxygen (the proportion of the

oxyg flow is 100,20 t J LT S P Lrect
curr Zﬁt (DO pg‘%/ear tas(%elg rl%lg& %’erc%&inedgdﬁﬂs ? Xl@ éﬁ&%ﬁe&?gﬁl}%&f?gﬁaﬁtp h%gqﬁﬁtlegk%ess
di stri butmethod, 2 migtall eride tafgee coitaiknpesiac okide he iwxhale compbrandac beusddyer is

2 nmto 200 25 nminclusive, preferably, 5 nmtqg 30 nm.inhc) usive. Note that
si nce an FFRBBIS: atMOFﬁV%rkﬁg@Eal Gi"?dﬁéi“ge'd@aé%ﬁflﬁgﬂ,oq%’é‘ﬁ @ﬂééog)@ﬁfleeﬂduct or

mat eri al g kn i.S7S8t_&s. appropyL [ ial to
be. used. "B oOH0n B0 o7 & AEP G A, EuREPEAbPeR IR T
W th a sjuttheiolg aOtheambal pxideshrgen cantsiningale G, dndeZgad eargetshavitg ag | ayer

138 is preferably renoved by reverse sputtering in which an argon gas is
i nt r 88uc samantitipn Fdieeof] 2@ehBadedZn@er b 1 : 2 (molar ratio) or a target having'a

composition ratio of In,O3; : Ga;03 : ZnO =1 : 1 : 4 (molar ratio) can also be used.
The filling rate of a metal oxide target is 90 % to 100 % inclusive, preferably, greater
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).



the reverse sputtering is a nmethod wwth which ions collide with a surface
to be processed so that the surface is nodified, in contrast to nornal
sputt eri ngokyivdsazB i ons col | i de with2& sputtering targecridmiesaml e of a
met hod for making ions collide with a surface to be processed is a nethod
in which a high-frequency voltage is applied to the 5 surface to be
processed under an argon atnosphere so that plasma is generated near a
substr at E)O te that an atnosphere of nitrogen, helium oxygen, or the |ike
may be u eg nst ead of an argon atnosphere. [0090] As an etching method for
t he oxi de' sem potiduahoof foamérg theokidersethigondbcttr lagerpthe sibsteidte Btheld inga may be
enployed, It is needless . to say that dry etching and wet etching can be

used in ES?\‘BFH%?*}&HPP“%ise‘?‘é’d‘it%@e%%frfa‘ii'{‘ieérPéCSé‘é‘.eg"Pfi thg substrfefgmpelatusy  an
t h t y 3 j j M [>] (o] i t d '
et chan xs%tef{b' igﬁ)t&rgaﬁohoadtdmk@g&gfe%%%ﬂ%%ﬁ e&b 486 éﬁﬂagg(/é.a eﬁd’&{ig{ 1ng on

the material s e oxl ctor layer can et che 0 a
desi r2d sdmijoendycfdOthjerl BAforaxdn@hite ahe anbsiathinegad, ssekhtf e Ehparieg chi ng
is a gas containing chlorine (a chlorine-based gas such as chlorine (Cl12),
bor on” chf¥fceREatiaaChsthe axids sgnicepdusiqrglayqrsran by redyeed: o Mersoreh damagor i de

(CC14)) . 4 A Nt ghakn ' i uch as
car bon te{}@r)gﬁluofflggl%@%‘?&éuﬁ?ﬁ?’ ﬂgé‘g#ﬁhg%%%g&{%%; ,h lﬁ}ﬁrr%g:%d?\??tf uori de
(NF3), oaretreinflverd iscimbthard iGtOHRS tcatnkend chaeber byldle deis(udBromaiggdrythen (02),
any of these gases.to.which a rare such _as. heliu (}S?He r argon (Ar) is
adued,  ofrcRimet segntise s i e oq.Gugate Sxide schisghdupior gt b B LT hod.
paraid el mAlRidd & 4 iR5G! | X8 drftApRLAV UMM RIPS Plefcibly GRed imdrtet tyel V.
coupl ed plasma) etching nethod can be used. In order to etch 25 the oxide
sem condirm@ic meighwe rgmpanmgdadhe ddatmenp sharmbarhi For examile.i o aryopemp, an t he
amount of electric power appli to a coiled elegtrode, .the amunt of

o oot 1 o oRib sy REHEln ABRmafin bBud .58 berfie s (B EPaT R Baf P fe

el ect r odeurbe pap provigedowith BeoRubs. I dh ehesfileJormation Elanitser AR iOGacadted [ 0093]
30As an etchant used for wet etching, a m xed solution of phosphoric acid

aceti c ali) the,atyopump; &hydpgen aameAicamperRk FotaiRingta srogennatom sigh a¢ h
amops & with R0 A(id Byoll A AGEBIPALPK clfipSRid-Ldnliling A'callfh dibiS, @Mmbe Used.

An etchant s
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,



(produced by KANTO CHEM CAL CO., INC.) may al so be used. [0094]
Then, first heat treatnent is preferably perforned on the oxide

- sem condugbohil@yes. The oxi de sem conductor |ayer can bergehmeogbed or
dehydrogenated with the first heat treatnent. The tenperature of the first

heat treatnment is 300 Cto 750 Cinclusive, preferably, higher than or N
equal to 400 C and | ower than the strain point of the substrate. For

le, the substrate is intrqduced int tric f i n_whi ch
et ot andb TuG ey B Baish mEBRHGT Vi rerHRURISRM ¢ Rt TRE nleRe ¥ cuct or

llayer 14QoitRatSHOs@FARs nfodIB&, ih [cBAKALERS ndimAXBufteridy byl WhRIN ioHSd6Mida

nitrogen atnosphere. The 10oxi de sem conductor |ayer 140 is not exposed to
the air duth agsputeringe targaty eAnnexample of kamethedr fpr gnaking éensaellids aidigan can
be prevented. 095 . T eat . treat.nent apparatus is net,]Jimted to
Che el ectPiitee ttptbessed s amaiod AT pish At R HeaPORT B eBBiatt P o e
pr ocesseduifyce wetdBloceodd hider QR R5orf MeoIpherd So tiadi pdsintinisfdeaefardmREF M such
as a heated gas. For exanple, a rapid thermal annealing (RTA) apparatus

such as aubgmte: gg¥aie thas ranedtmepphess Of gittaeRmAhel b 0%yeen rthg likgfpay &pi d
t her mal qﬂ{@ﬂgﬁg@ fhﬁ!Agn é?ér?s can be used. An LRTA apparatus is an
or Heat ng an oE @j:eg

appar at us ‘0 be processed by radiation of light (an
el ectrongQoafji c wave) enmtted froma |anp such as a hal ogen | anp, a netal
hal i de | anp, a xenon arc 20.|anp, a carbon arc |anp, a .high pressure sodium
lanp, or a hi gH'SAtedehipg methad foy theprde Aemﬁ%ﬁﬁd?mwﬂaeg Hbynetslaﬁaroat us for

per f Qpm Reet RERind MERHERA 165%6 NQ 185 HeBledCARGY hit &y $achi d ¥6t défingan
i nert gas tthgctqmoes?not rpeact Wi tlﬁ aen 8%)81' ect 5'to beyproénegg?ed by heg
t r eat mentcan beusaikiargpindination.r ofbnetohing conditoga(®. s, aneteinggasorr anstaheat.

[ 0096] 25For exanple,, as the first heat treatnent,. a A _process y be
per f of mod s BRFEUE RGBT SE6™ SR G GaSTRE P 4B eor
heat ed t gh@oXitigberhi@OMRICRE WyRr 84n BDcKedtifitoDdksfred BiRpeed for several m nutes,
and taken out of the inert 'gas. The GRTA process enabl es high-tenperature

heat tred®®¥dt for a short time. Moreover, the GRTA process can be enpl oyed

the t h | iLpt. of 30t :
e ISneT 12 RSB EREE St U B ORbBls o R AL
the first(ahiirinerbasdd g sich & elleriadglpebdrod rRbride dABClYN siticom shloeide t hat

contains nitrogen or a rare gasm&e.%, hel ium neon, or argon) as its main
conponentC¥rd: Msearben tetrichloride (). nMRTERNsH, aogas; pentpinig, fingring(anp| e,

e D e SRR 90 " B S O Wl e e 690,
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



5 greater than or equal to 6 N (99.9999 %, preferably, greater than or
equal to 7 N (99.99999 %9 (i.e., the inpurity concentration is |less than or
equal to Wwoppmosprref erably, |ess than3®@r equal to 0.1 ppoxrdrid®88hed n t he
case where an electrical furnace is used in the first heat treatnent, an 10
at nosphere can be changed when a heat treatnent tenperature falls. For
exanpl e, an inert gas such as nitrogen or a rare gas such as helium neon,
or argon nt, and the atnosphere
IS sw tc@egd% n%g%ﬁnggp I[eiggﬂ?ogn al mHH@% ﬁ%@&lséﬁﬁ\%ﬁ?he heat treatnment
“tenperat fp094fal | s. As the atnosphere cont ai ni ng oxygen an oxygen gas or a
m xed gas of an oxygen gas and a nitro can be used. In the case

where the at nodpdedBstdisat Beatmsnt B prefers %lYSPefﬁwgl@a the pxjde SPugBHUEPe t hat
the at nogpher erhgoofq@et se%@&rﬁiu@to‘f‘%%& 1caﬁ‘l69rd%9§d}ate8 td&ﬁ g@nat WRR R i vely,

the purity of the oxygen gas or t ni troge ised erably greater

t han ®r &eptidleatt @caﬁlﬁalelﬁt99Tﬂe%inf}ératufﬁ)bﬁtlﬁrfﬁ%’ehab|t15€atngi’rea§ 800 t@aon 10 €yual to
7N (99.99999 % (that is, the inpurity concentration is |ess than or equal
to 1 ppmncwmp@@ryblwe@ghqrﬁbw or eqal &430 "€ @nd laweptipn thogogy point of |
sone cas oxi e sem condu st al,l.i.z

m crocrys zﬂ“f’%}ﬁf‘é"' or Ple tt Cligsgrelte ‘m%‘ﬁ“’ﬁi“g“ﬂé‘ndas“ %lﬁCt ﬁg“‘é‘gcn ﬁ“?hé%hs of the

first hea&esﬁstmkmiemngwlerhm oﬂﬂ’(eelliltealls usdd ztdal&hosxde séiafdofdiordager 14ayer . For
exanpl e, in sone 25 cases, the oxide sem conductor |ayer beconmes a
m crocr y§1!'h¢qt¢<h§> bs@t d@amﬁt@éﬂégcﬁoforl hpeur wrder mgmgogeg piagosphere.  The

cr ysi@ H EISQI‘HI or {a er 1 1s not e6g§sed% 816 am (Eurlng tHé hpa% 'ix’eafnﬂ-:n?g af 3S€S

the oxi d8 Sem con an anor phous € sem con or |ayer

cont ai ni egr)nof@mysalﬁiﬁydm@geﬁwpoeef&vcnwm ch depends on t he condi t| ons of the
first heat treatnment or the material of the oxide sem conductor |ayer. 30
[ 0100] Wﬂéh a mcrocrystal (wwth a grain size of 1 nmto 20 nminclusive,

typically, ?‘Lé Reat tﬂémﬂeﬂfg@%}%@ itsiﬁlg)t ig?)?l%‘tgﬁl td &e%fkci’ré?fu?ﬁ!f&!%n@é ﬁeT

sem conduct or sur e sem conductor | ayer 0101]
5The el eapparatuc lfaxr :heatmrgl &t iobgecotto theeproresdad dgntheonal ucindoctiay er thtamabe

changed by,.aligning mcrocrystals in an apor phous sem copduc
exangfre W“t Fran g meglun § ‘b%?rﬂjﬁ"&“‘glrgﬁsaygo ?penpiwefam@éF Lﬁ“nea
I n- Ga- Zngigr rdTB @bchOad 81@ad 248 iherldAf afhRGhE ((GRANGTH ?Eﬁfdssér' ﬁanq; the

oxi de se con uctor layer can be changed by for ITB.tI on of a mcrocrystalline
portion rapidvthermat pyscaling ERTAY apparhtug Gad ZreOusedi t e LERIHr appakatdsOisnims ot r opy

are ali gn parat[ls E‘or%]eatmg an object to be processed by radiation of light (an electromagnetic

wave) emitted from a lamp such as a halogen lamp, a metal halide lamp, a xenon arc

20  lamp, a carbon arc lamp, a high pressure sodium lamp, or a high pressure 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]



More specifically, for exanple, when the crystal grains are arranged so
that the c-axis of 1n2G2Zn0O7 is perpendicular to a surface of the oxide
sem conduwwoanimyes, the conductivity3in the direction parabiebiosgss he
surface of the oxide sem conductor |layer can 15 be inproved and insul ating
properties in the direction perpendicular to the surface of the oxide

sem conduct or | ayer can be inproved. Furthernore, such a mcrocrystalline

portion has a Chli i .ng: I Ly ter or
v ogen it o (PR tisPfhe HraoHBPLERRIREHs Habetanty pdforltdklat Sart RS BRrbE. o0
sem condulgit @onthiny @ftroges loddirng gdabée. gl Bl Vifcba) bri drgor) @Kk tits Mais admpendnor med by

heating the surface of the oxide sem conductor |ayer by a GRTA process.
Further, anthdogsnoiconiaiy walgh hutmeen.fdhe bk porrexampls. i pprity pENITOgER 1 ed

manner b i - r i N whi t: ?ﬁ{ga I 'l er

t han tha%()r g? Ar?%agﬁlﬁj&%tbg@kﬁ%ﬁ’ %gblpmw%gﬁ idrlgt?) ea%J H{iartglfg?%ﬁ)ﬁ% I%P%{@ t he

oxi de5semgratdictiod 0f dgayleto 440 (8RR %)e piederably, @reatdrethaxiod@qssniocdMNiuct or

| ayer that ‘has not yet been processed into the island-shaped oxide

senmi cond@®9-99999% kfi-e1.4le impprity genceauationgis dess thaneorfeiqpalito denppmn, iprefarahbht | t he
substrat? i%tgﬁ%ﬁﬁg{%fﬂf t he heating apparatus and a photolithography step

30 is per?SSr ed RP¥at ment | dehydrogenation treatnent, or the |ike

because ¢6098]s effect of dehydration or dehydrogenation on the oxide

sem conductor |ayer 140. Such dehydration treatnent or dehydrogenation
treat nent can Bethseedepvhcae an slechicahfiraacegistused im gheolirsy beafdrsatBemriuar or

| ayeqol S of f6dFhdke &Btb%rChg“g%?Z{fSﬁ&ofﬁ%“? tRhtheht RASPH G AlS! %Siaﬂﬁfeéaﬁ he 5

!
oxi de sem conduct or 1 ayer ter a protiective 1 nsulating yer is
formed oumart pisesichuasastrogendo@a marelgas tsnddes h8iwoh, skeiny dr atgoanss tusehbasremt or

dehydr ogenation treatnent nmay be perforned qnce.or plural tines. [0106]
Next, th&RQPAERE Yiring, haah thep ’ %lél thg aimospherq, is sy{iched t8ra"d?t§}°ﬁpl£qr‘éct rode

142b 10 RbfrafnPigedyddn GABAARL el BrehthRnPXidperad GARAUGK O fiRIspHAL (see
FIG 5F). The source or drain electrode 142a and the source or drain

el ect r odeontdiingaxygen, Froexpgdnigas oue mizedrgamed an dxjigen gov and g mityageh gaer i s
B R N
Vapor DepgstefabRN)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



met hod such as a sputtering nethod, or a CvD (Chem cal Vapor Deposit
nmet hod such as a plasnma CVD nethod. As a material for the conductive
an el enenwozelwested from al um num chBdnmi um copper, tarcalyemiobitren
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conponent; or the like can be 20 used. Mreover, one or nore materials
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a microcrystalline portion in which crystal grains of In,Ga,ZnO; with electrical
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
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]

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.

[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
is performed.

[0105]

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



an I n-Zn-0O based oxide conductive film a Sn-Zn-O based oxi de conductive
film an Al -Zn-0O based oxide conductive film an |In-0-based oxide

conduct i weof2olme2@s5Sn- O based oxi de cdhductive film or paTdr0dbased oxi de
conductive filmcan be used. In that case, as conpared to a material for

t he oxi de sem conductor |ayer 140, a material 5 whose conductivity is high
or whose resistivity is lowis preferably used. The conducti vity of an

oxi de_CORdhitchnt Sch)drhéifloR FehHehe 3P B 1 ARabAUTGRI ek AUy aRTIDA BF
concentration & carrier concentration in an oxide conducti m can be
i ncr easedelpydragenatiar easke bride vemiyoddogenlagent4ht r&aichalehydrativh eeatniche
carrier concentration in an oxi de conductive f}ol m can be increased by an

i ncr ease OF nd BN EpsRnaiion; (eawmant qag Ggoggriormed, fopepample.t AlE dhet Oifght, KrF
laser |iglihic ﬁ’(ﬁucﬁ‘fr':lag ﬁrfohh%taqe? apécﬁ]frﬁr QP'dYaxﬁ’%fe@trB&’é id bd8led SRpsHE e al
the tinme of orm ng used for etching. The channel length (L)
of the toawsissmooniectoelagemi4fedr bifera phomcawcmsbletmgMyealslﬁérmahmereUge
portion of the sourc r drain e rode 142a and a ortlon of
Phe sour sturbs op Agih cEacBbee oduch AR SREPE uErGien ot co Fiatnalg rebiaphy
exposur em@uggeffghﬁ@djoﬁgOtrliy,mralttngeschannel | ength (L) is less than 25 nm

|l i ght exposSure for formng a mask is performed with extrene ultraviol et
rays who$@lOfhvel ength is extrenely short of several nanometers to several
tens of nanone eso sure 0. wiit h extrere
ultraviolet r a%‘gx‘us%hehs"“hce OIAJ‘%‘H %‘%M% af“é*gﬁ‘gs)g"“‘c‘i &rge” {egirof élggb
reasoQs, ate forteddaSdoataet twathd el gﬂda semfdondwctéRlyet 140 anmﬂ JRNgThe (L) of
the transistor to be fornmed later is less than 25 nm_ t hat |s in_the range
of 10 nmSPw¥ca gbdraitheleetradssidza and the somEcecqrrdigintelectinde pdttiean by fosmghdr speed.
Mor eover t

i ncr eases?ér]hh%gl\?\géerzféﬁs ucr?glal{l%% l%ﬁé&%‘?}g@% XO\JCPYIl‘h 66Gn%é:%}rnrlﬂ [zﬁi(?&s/ IFr?g 12g{t%chi ng
condi t i 0n40 afid thee icwiwttietly\eechedyer and t he oxi de sem conductor |ayer 140
are adju @gﬂ, as appropriate so that the oxide sem conductor |ayer 140 is
not reno in etchi ng of the conductive |ayer. Note that in sonme cases,
the gxi de sem qROdpLdRIive WRf caiftBe Ycﬁni%@r&lltﬁ/aqi\ﬂﬁ‘%ﬁhdy‘sibal 'Wﬁp&tﬁéBdgﬁlo%B ep and
thus has a 30 groove portion (a recessed portion) dependinhg on the

mat er i aI snethogl such a@t&:*puﬁgnngamtlnodons a (Wlbl(f}hemlcal Vapor Daposatiorjemetbodiuct i ve

| ayer e for en .t xi de uctor, |la 140 and the

sour ce o ‘%r ?W Q a@@é’g}]? o%?ﬂ‘%%@%%na% Tt ayer
140 and %é‘l@ct@d)lffdiﬁ AMmétudd, NclfbRGih oa@pkﬂmmaﬁhﬁ iantlen,C AlotibabaMe, hayer and
a conductive |layer for form ng the source or drain el ectrode 142a and the

sour ce oftungsignnan glay eantainiag any 2b theanclpmenisas ds somppyertopmtbe likgkan bgi de
condygt i ay func i or By
pr OV?@I négsduc hﬁ%ﬁ&&%f dg&conduc?es ?géﬁer %lecﬁe ?@g} sr{l&r%gégslgf r{“l@ gég‘d‘r ce
regi on ouzlrt:dnﬁuxdr Bemliuagi and maﬁmhemipﬁuaeai instead lodtthd Bsoviermastisls.or Itdan

operate a h speed. [0112
P }so pogmble to use agummuln 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,



10l n order to reduce the nunber of nmasks to be used and reduce the nunber
of steps, an etching step may be perfornmed with the use of a resist nask

formed usyweRofy/gEed7si -t one mask which 84 a |ight-exposur ecFppkoibssgh whi ch
light is transmitted to have a plurality of intensities. A resist mask

formed wth the use of a multi-tone mask has a plurality of thicknesses
(has a stair-like shape) and further can be changed in 15 shape by ashing;

t herefore, .t Si st sk can be wuysed in_a urglity of etchi steps for
bt ocesel A MEPOTRTLPERE LT LlimrAan 7e-ChHederide fRndkefivh Ppthas ng t o
at | east A1y -Givass Axidd fcbedRilve PAIrh RS IE@bAed f §4if® dedMustiicNdild, a

mul ti-tone mask. Thus, the nunber of |ight-exposure masks can be reduced

and t he Horidbasedfoxidsrqoadwasivdifim, phetZotOtasyt expie cendupiveciln gase wsedr educed,
wher eby rocess can be simplified. 20[0113] . t e .that as

{r eat nant PeCERErs v e 3o Flpderid i e bR micgpaue B S LA e, o
Ar af$ er whose abpitisitgds Hibh SorPWhSHR rédi@Rityeist 1dverrp\§ﬁ5feml3erusai. thee | i ke
attached to an exposed surface of the oxide sem conductor |ayer. Plasnma

~tr eat men€oRAgtinEY plear exide gondiichye Ailmica e dagesed By\AdACTEAS ArthoRATISE[ 0114]
Next, th I V@ ' . 144 . ' | part of
the. oxi deRERTER, dHE AP bRE B ookl LAMERYE ok 08 BE ISl P -
[0115] Tbe aprintreastiinw ehd hyadtbgdn comctmyation 14 Futher, the chnidrednsdntiation ivedahod such
as a 30 sputterin thod, wth whjch inpurities such _as water and hydrogen
are pr evemde&ow%ﬁyggfmgmmgﬁr%eqWearb%{eé%et inPSYBALURANARY | ayer 144, as
appr gr i ﬁ(gﬁ)g The protective insulating | ayer 144 has a thickness of at

| east 1 nm ]I'he protective insulating |ayer 144 can be formed using

si l'i con oxi de, Hsrel, ubbmwiohéttlightierEslabdrdight, e yAxiFt lnsed dightis| preferabhy vseidder oxi de,

or the Iike. The protective insulating |ayer 144 can have a single-|ayer
structurbe‘ggtrexgoilfrgﬁtlg 8(&5‘(6#%5?‘[??18& aﬂf’égélﬁ%g@fﬁcgmﬁenperature at the time of
form ng {@ﬁ)g}prot ective insulating layer 144 is preferably roomtenperature
to 300 Cinclusive. The 5 atnosphere for form ng the protective insulating

| ayer 144 is pibe champrlleagthdfyofthe tfanpisiards Hgtermingd by azdistargsrhetwecenah oxygen
e o3OS ety TR SRR RLEADRR R0 YOLAR e 207
| ayer 144ourtd&rhgdimogkotrode 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]



10 may enter the oxide sem conductor -l ayer or extract oxygen in the oxide
sem conduct or | ayer, whereby the resistance of the oxide sem conduct or

| ayer on wbeopbagkeannel side m ght bgs decreased and a peiaphdibGesefrnnel
m ght be fornmed. Therefore, it is inportant not to use hydrogen in form ng

the protective insulating |ayer 144 so that the oxide insulating |ayer 144
contai ns hydrogen as IittIe as possible. 15[0117] Mor eover, the
protective ins e water, left in

t he treat nent at i (EE? a&éﬁ%%ﬁ# 'S’ﬁa rb%:@%’?‘% ?f?&{weﬁ?dg%ﬁéﬁie SEMSPRIBRIT  gr oup,

or noi st wyer 140 ahm tHeQBhRe MR dArdif elddBodX14B SRINBEREIRE OkideaBiicobdictand t he
protective insulating l-ayer 144. 20[01 An entrapnment vacuum punp

i s pref etaypr J4Qged th@nSQ)lrr@’ePr digiry éln@véierﬁﬂ]%’t urlde roxirgi WndgCtiVW layer andednt nent
chamber . gdf'u‘g{a F&er for W R %rorldo zﬁn%? nﬁ;gdg %4?a so'urcg Hp anﬁat | on

punp is ﬁr evacua on uni bS punp prOV|ded

W th & celedtrédeaps2bl @ntﬁwsdcbés@ivmrmhed)n ’pﬂfeaostieé cbﬁtm‘cuvs 1agrmeanaﬁmdtm th 25
t he cryopunp, a hydrogen atom and a conpound cont ai ni ng a hydrogen atom

such as Whe SPUICHPREon e adiatinisgion,  Byrpreviding sich ep g¥idercpaductive &hiEr.4k¢ on of
an i mpur &és}’sta%%é‘fogh%bs%u}d% (550 R} AL b %F{gg@ségil%g 6%@&&%%&11&14& 1 QhgEd, I n the

filmformation c cancbe r educed. sutterlng gas used at
t he ti mecaf opevatarianhighlepeedr ot ecti ve insulating |ayer 144, it is preferable
to use a_high-purity gas fromwhich an inpurity such as hydrogen, water, a
hydr oxyl [@rg p, or hydride is renoved to a concentration of a few ppm or

| essqig (preferaly Yrdeptd Féﬁu@@ﬁleq{ulﬂlﬁ:? F mdsRd &Pbe used and 198¥de the GRATH: BeAL
treatnment is preferably perforned under an inert gas atnosphere or an

oxygen gaspstamosgting step pntof be abiqunedtwml@ﬂleolsemféhoasst mask ferimed, usfngra 5
exanpl e

treat nenfna}ﬁtlté %%r%Bt glc IS 2"516g %75‘!%(\?/5%% WSE}V loé[fwgicrtf 1?@6 nﬁq?é@g@ﬁﬁ%r e. The
second haade 4 pRAIITROF intéRitic€dUAGesIS mhadki fBFmddwih €t ﬁde(bfféhﬂﬁlﬁctbﬁé bk cs of
the transistor. [0121] Furthernore, heat treatnment may be perforned at 100
C to 200has pr;dpr@ itwef thicknesses (has a ‘stair-like shape) and further 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



10 for 1 hour to 30 hours inclusive in the air. This heat treatnment may be
performed at a fixed heating tenperature; alternatively, the foll ow ng
change i nwoheiinsad7sng t enper at ure nay3te repeatedly perfPormezhipbesred ti nes:
the heating tenperature is increased fromroomtenperature to a tenperature
of 100 Cto 200 Cinclusive and then decreased to roomtenperature. This
heat treatnment nay be perfornmed under a reduced pressure 15 before the

protecti 1.NS ?V . ] The - heat. e
short enegzrﬁd'u%zg’ellrle egggd@égglégﬁ ggg%?gﬂc%ﬁgn%ég@m{)é ggﬁlﬁn@m&’ %%g)g/&bfeiﬁlg%%)f or ned
i nst ead otidé,he thelnd Tegirotettad inBulatingy lapayl ddecapdatoa sindleblalarseruoturaf t er
the second heat treatnent. [0122] 20Next, the interlayer insulating |ayer

146 is foOFalacksdetrueee. prtestbptite tenapsrattney theatime of fornting theprefegiaye  The

interlay i l. n e e W R¥D; hod, CvD
et hod. - Seulafife 12y a4 Y et éii"ra"?‘néi’?%%?‘ﬂae |‘%§3e® TR e

usi ngs anatnisplgaaifor ifereih@tthe rovedtRel iabulstigh 1a88r 44 iis Preferdbtic a @&itd gaon
nitride oxide, silicon nitride, hafnium oxide, alum num oxide, or _tantalum
oxi de. AftyRiFalbsprgen) eimesphcsr apfoxyRen MMOSPeES,@F 2iMiXed aMmesgherggantaning o

surface of Malf | 1ng |layer 146 is preferably planarized
wth a ngtggggss{g%&gigé%ﬂoﬁg’@%mhg. [0123] Next, openings that

reach t hflébpctrode 136a, the el ectrode 136b, the el ectrode 136¢, the
source or dr ai& el .ectrade 142a t he sour.ce.or drai ng{el ectrode 142b are

S0t or e et HidFSeh 35 Epatafiet A he, e e iosmsting (a5t 1 556 DESPREL ot g

| aye1o 14thay 3Aktr iki€oaE SerhRSAdRId NPy dr BY 8ktrdcd Sxyddiehh the ogRRGemidonduétgyer 148
is formed to be enbedded in the openings (see FIG 6B). The openi ngs can

be for melhyen wherebydhh rrdistanct ofthearxidsi segnicgridugtoa laygs Rn thenkackehdunelanddhe

formed wi hod ;such as | igh e qsi h k. Fiih
et cni ng. BBy TEERA g e SR R PR G R, R R ter

pref er abhot sed hylird@nh Rimiighefmblettal ingilatidd ¢ayepnduabol thet thyeiidd 48 can
5 be formed with a filmformation nethod such as a PVD nethod or a CVD

met hod. Inselating ket 14Aeconsajes hydiggenzs lige asqroseibleusi ng a conductive materi al
suchyas ﬁﬂlﬁtden_um titanium chromum tantalum tungsten, alum num
copper, heodym um or scandiumor an alloy or a conpound (e.g., a nitride)
of any of thesklonaiver,itlad protdctive énsalifihg lay20 | &4 Bdgreferably forbedoviilecwbtey, it is

. possible to enpl oy a nethod, for ex le, in ich athintitaniumfilmis
f or ned il?ﬂ_amrt_ggitraht_m% FRAIMGR it FRmY5En nn@réewhflm&ﬁ  OOREROAEEE, P n
titani unhfasswrgqteoﬁdé 'edagtﬁagnefgwm ¥itio s@m%?dﬁ@&p&\ger angd 4ndefhe Frotdfgst en

filmis forme edded 1 n the openings. re, the titaniumftilm

f or med winsulatin@Plperi H4ret hod has a function of reducing an oxide filmat the
i nt egé acE(g\f,&]th the interlayer insulating |ayer 146 to decrease the contact
resistan th I ower electrodes (here, the el ectrode 136a, the el ectrode

136b, the el eCAhce@an%é@q, vacHEmSRUME & SefesdAy Rs@l BCoidRAR) fedriive MBRkdE
r

source or drain electrode 142b). The titaniumnitride filmforned after the
f or mat i ofemining dn tthe sfcaiupant ichambers &obgxample, f (OAYQNUSIP, BN 9N IR, | Q1A

di ffusi OHtaBIun]i Igﬁblimation 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



20 conductive material. A copper filmmy be formed wth a plating nethod
after the formation of the barrier filmof titanium titaniumnitride, or

t he |i ke.wbQ33d&Aak207s After the con@tctive |ayer 148 ipg1/ip5di60s070art of

t he conductive layer 148 is renoved with a nethod such as etching or CMP,
so that the interlayer insulating |ayer 25 146 is exposed and the el ectrode
150a, the el ectrode 150b, the el ectrode 150c, the electrode 150d, and the
el ectrode(iplgeOeqar efforged 1%see FIG 6C). Note that when the el ectrode 150a,
the el ectPSERBASREE B!&¥ r ode 150c. the el ectrode 150d, and the

el ectrodgoffgje are formed by renoving part of the conductive layer 148, the
process is preferably perforned so that the surfaces are planarized. \Wen
the surfaces ofNekhesegond rheat |teppmenit nisuptgfarak]y | pgréarmed sundep cane ikt rg88le 1504,

the el ectrode,150b, the el ectrode 150 t he el rode ..and. th

el ect 1 oad HeBAYE e apioiedh E8RRSeER BrerhRher T R AR i Br g, an

i nsul 8t i RYahpKehs 250 SEBH @@Od’@ﬁgfusiv%){erForaé%ﬂmbE? thd &Rof@RefareatA¥ArRD! Y
formed in |ater steps. [0126] Then, the insulating layer 152 is :
formed, pedoopehian@s0t tG@tfor dahburt hedee| e alittagte dthdaphdréie EThestcomdehdabOb, t he
el ectrode 150c, the el ectraode 150d, and the electrode 150e 5 are forned in
t he i nsultSRimgt Faytefuaesvariajipn gy electi gharagteystics QY e t1agsifi9f-med to be enbedded
in the opggs, part of the conductive layer is renoved with a nmethod such
as etching or CWMP. Thus, the insulating |layer 152 is exposed and the

el ect rode 154a Futtheneiredieaptieatihodtmay ibe pekfecheddiel WHAC to 26@ °Chiaclebieet r ode
154d are forned (see FIG 6D), This step_.is.simlar to tk@(;tep of form ng
the dPectPobidounig30:hayrs inglusivedn their.of Big heatfrcatmpend may Repeatamed gt fon i s
om tted. f,Qd3&dtin etgmﬁgiaﬂlr%rlﬂeﬁﬁﬁeel%ﬁé ?olfo%né Eﬁéﬁ?kﬂfﬁ'& hécrl)t?ngntgm%?({aggg Wi th

t he above-descri hod, the hydrogen contentration in t

sem condumyobe kepgetedlydferfaembd plurll Gmas:otirs /heatBng tempesaturand indreasefl firan at e
current of the transistor 402 is :],8- 13& @ogr. | ess. Tcngl 5 transistor
402 wi t h TR ATESTANIER @ S empiae of 100,7Cisa 3001 G ingi aa then dipreesttlian of
the oxi d‘?o??g %}@g%ffﬁé.orTﬂ@m%t b RMhal SePedtoe® Bhidr £k dAked B%Jshﬂee!"t ly

reduci ng t rogen concentration as descri bed above. Moreov i's
possilbl e befwrerethel fpactectine esslating dmycbu cis oformed.i cEhet hedt tigsgmentc Givleecdn be

h terjisti d jncludes the t j St 421 f [ i al
ot her t nAROATeR T CETARR BIIe] 1 s eRbUEA B! PR fe BRHOURG Dicad -

transi st of t92edcrdNRct l!ﬁ:iaﬂﬁblﬁrbr%hfi%_ez&ﬁ&ﬁ@@%?&é draftdd &hé! RBE&SndPREH | ON.
[ 0128] Note that silicon carbide (e.g., 4HSiC) is given as a

sem condusawrentat eri al which can be conpared with an oxi de sem conductor.
An oxi de [éfﬂ' conductor and 4H Si C have sone things in conmon. The carrier
density I's orle of them In 25 accordance with Ferm -Dirac distribution,
the density of Nexfothe!l ¥nteddyer Einsulatingdlayi 146 SienfoemBd UsMed ! thieS peBédtivat ed to

be approximtely 10-7/CVB. _This value of the mnority carrier density is
ext r enel ynsiating layesild4 (sep K16 6AXt The interlyer ingulating layen 146G ¢an bepfpamed he

o) PRSP AR ¥ elpRias et I i SRIRRER LS
can be urdertet foomedwisingt fmtinorganic 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



30 the mnority carrier density of an oxide sem conductor is significantly
| ow. [0129] Further, the energy band gap of an oxide

sem conduwoan1is2@s0 eV to 3.5 eV and3Bhe energy band gaproP20dbe&r& i s 3. 26
eV. Thus, an oxi de sem conductor and silicon carbide are simlar in that
they are both w de-gap sem conductors. [0130] 50n the other hand, there is
a mgjor difference between an oxi de sem conductor and silicon carbide, that
|5 Uhe REOSHAANkE IRETAGSE). STAC Spbike LhE B Rithed yiftPAdntinb® A0ASC | S
generally needed a semc nduc process using silicon car

di fficul teto:hrmg‘ wiimg a nsiskc kThé rrmslt cm)he framied deitham cheghslesuch as dight @apoairerrent

fornmed usin a senl nduc rlal ther than ilic arbide. This is
because &° or Lithe! WELRFHAE er dphaclBRma RARSEAS SEHENEE &Y ¢ he
like is ‘i a;ﬁéfe&ﬁﬁhus*éhgﬂ térﬁﬁﬁﬁ%%ﬂffﬁﬁwa%@”%é &)nd@&n@xlhg& 148 can

sem conductor ¢ fformed with heat treatnent at 300 C to 500

gl ass5t rézqsﬁonncth@npéldlatﬁwneatmn mvmi suub asm BH@Jtnetmﬂ @)a Q\mrrmefthmb | t is
i th th seni.conduct or

possi bl e i.nt eg ed c'r

et WendhRe IS IIaE Galbt med tisha d° chifichte FuRErA SR @ duct or
el enent  inh6lybdbinish, AfanhRRXEHEMALN] eRARME tOAgstdn) ARddinum, coppel, heddighiuhn, in
contrast to silicon carblde an oxi de sem conductor is a vantageous because

a | ow hed¥ Scauliun pitancalleytorza eorspmmdds.ga yniHde)ftanyroft theseamatsBalgston.

Mor eover , % xi de sem conductor does not need to be subjected to heat 20
treatnent xatP igh tenperature, so that energy cost can be reduced

suf fi10i erf0l34]as conpared to silicon carbide, which is another advantage.

[0132] AIthoggh a |l ot of researches on properties of an oxide
sem conduct or SReFTIEA!Ye dnisiRogsiBle ot cppioy pamysthads for sEamPlee M id2 thiRey do

not i ncl lﬂi’ﬁnﬁxﬂeﬁlh{jﬁ o%eélﬂ'f B'rg 1815”1111 ucﬁﬁ%glgé;b']ﬁéer t»bﬁh mmtﬁahéd afﬁ‘fﬁor di ng

to an enbodi nent of the 1 nvent hi ghly puritied oxide
sem condukinartaniemf mitnidedfilmy is ﬁmm:d rvgtlwatCéVDanethydtr mgeﬂhem tmngstmy tﬁﬂmarrsf ect

the DOS. .This, js based on.the idea th DOS itself is suffi

Foduoed TSR to e GRIGHABE i MectpeBiese. et Duridrbgt fih il Vab AR 0 o
very 18XCehdtRod hhd'dUshétion oPfdsiah San $AHO 3R at tﬁ@ﬁht@ﬁa@%ﬁrthwn@ﬂmﬂl ng
oxygen to a dangling bond of netal which is generated by oxygen vacancy and

reduci ng lnﬂléatmesamd%domere@sw@ewovmtamytan%mtéﬂawpt electzofes Xhete, the| m
O R G S S e e
regi on frianut4dd the source or drain electrode 142b). The titanium nitride film formed after
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



5 oxide film so that the DOS due to oxygen vacancy can be reduced. [0134]
A defect of an oxide sem conductor is said to be attributed to a | evel of
0.1 eV t ow0.2811@¥2078der t he conducti on3®and due to excesecrariyonegen, a
deep | evel due to shortage of oxygen, or the |ike. Thorough renoval of
hydrogen and sufficient supply 10 of oxygen for elimnation of such a
defect would be right as a technol ogi cal thought. [0135] An oxi de

sem cond i nsi dered as an n-type seni conductor; however,
accordi ngh%%)gdrbl nﬁ)é’%ggg"{%rtséﬁ%tegg the invention disclosed herein, an i-type

sem cond{@i26f is realized by renoving inpurities, particularly water and
hydrogen. In 15 this respect, it can be said that an enbodi nent of the

i nvention di sclBdedhhiseating yputhesisfommarepnd eprrasdhatlged Becleheds ¢ i s
differ e“ﬁs?z[ il ?&tfo‘d%%@b,%ﬁ?k%on qus%, &lﬁ/&(ﬁ;&ﬁ%déiédcﬁ U BRAEEE RGN

impurity. [0136] <Electrica ction ani smof Transistor Using Oxide
Sem chndect furmed (in Athe ahaditinge llyerc d62lucAften aneoidactivenlagér & forardi ®tle usi ng

an oxi de sem nductor will be scribed with reference.to FIG 7, FIG 8,
o oA REAGE I i eptes ook e CHESVIRE BT e BEREH SPEh pas o

on the a_§§b't@]?ﬁ1FQH @irpanThieale Dbliald BRerd P92 BaxpodtddatShaBRLASA K ad0es not
necessarily reflect a real situation. te also that the foll ow ng

descri pt thereléatrofed p4ta thooelsitrige db#arand bk doetsodadtd pfedormedéses HIG.HR)y 250f

he i ion. [0l13. F 7.0 - i | ..Vi i d
St agoor e /iR ST hesten PriorPienE e RO PG 4ad B s LeBlond et or .
An oxd)dedstgmd:mdﬂlgﬁ@nsloﬂy@gd,(%) is provided over a gate el ectrode (CGEL)

with a gate insulating layer (G@) interposed 30 therebetvveen, and a source
el ectrod®12%] and a drain el ectrode (D) are provided over the oxide

i conduct i i ' ' i th
sour ce el ect r ANaNe e MhetREIhfG: 40 Rltoieh Y B kB TEaRebes Mg "C
an ener gyhellgideogdh agheditratioh ik iokiddi segiicntuebr lager 4008 S 5 20 iatsingleA’ i n

FIG 7. In FIG 8, a black circle gleh) and a white cirgle (0) represent an
el ect r ononiess sandothe offrstateacurent @ftthe draphisgtogedd2(isql x+4§ " Aeopdessi vEhg/. Wt h

i hetS nofianite’ A2 il acechs SuRPRERTR B s SufnE By b Go RoBbn e Vo -

0) and t Bgids Wenflcdridietos NAWs 140Ethaf e NEIRY Sudifie@ Sty kiicieatly agaudifig aRp! ied to
the gate electrode (VG > 0). In the case where no voltage is applied to the

gate el eBydrogen congentration asdlescribed abyvaar Marsovernjtde pessibleta manwactye 2
>em Condk'éiﬁfgé?cﬁlc?o‘? VR R 1B RREARAP RFFAHIGicO land i BRI HaRlistBPUS] ©F SO

that a curr
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] '



10 does not flow, which neans an off state. On the other hand, when a
positive voltage is applied to the gate el ectrode, potential barrier is

| ower ed, wodottsso7a current flows, wh#@h means an on st acegriiddsdhed| GS. 9A
and 9B are energy band di agrans (schematic diagrans) along the 15 cross
section B-B in FIG7. FIG9A illustrates a state where a positive voltage
(V& 0) is applied to a gate electrode (GE1l), that is, an on state where a

carrier (e ect il he WD bIREDARUGE BhSGhAdS: ﬁ?ggvg@'swli trode.

FIG 9B illustrates a sta anega vev i's applied to
t he gat ethel mtgyddﬁd(g% oI)4,H Siais 3.36 e¥n Ohils, sha)b(&ie(s&hﬁamdactm and siligorcarri er
does not flow). 20 FIG 10 illustrates the rel ationships

bet ween F‘H@“\‘?é’éﬁﬂﬁiﬂlaé\}‘etlha‘éhﬁy oty idergapseminongectarsnet al  (4w) and bet ween
t he vacugm bgvel and the electron affinity (x) of an oxide sem conductor.
[0141] 25At normal tenperature, electrons in the netal are degenerated and
the Ferm IeveDnithe bthenbaxd, therd isa majnddiffeirme tbatwhen[aﬁbdzi&]e dbhﬁmnddhttex a
convention oxi de sem conductor is n-ty and the Ferm

di stant PR ﬁﬁl‘f'%c?rﬁ’cq"r tat &, ﬁmaocq%mpqr&ﬁuye " Ningraheab Rewmest 5 RO0RGhd gap
e | S BT DR eSS MR bock ORI BB,
oxi de semfﬁaﬂdt&ﬁoﬂh a Qadkeofasiliddnteafiide and sleerﬁﬁahmadtwdrﬂernt foi@dedi3]sing a
semiconductor material other than silicon carbide. This is because a semiconductor
10 éubstrate, the semiconductor element, or the like is damaged at such high temperatures.
Meanwhile, an oxide semiconductor can be formed with heat treatment at 300 °C to
500 °C (the glass transition temperature 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



In contrast, an oxide sem conductor according to an enbodi nent of the

i nvention disclosed herein is an oxide sem conductor that is nmade to be
intrinsi cwbizetiypeg7s 5 or to be close #b intrinsic in thectabtawiegssranner:
hydrogen, which is the cause to produce an n-type oxi de sem conductor, is
removed fromthe oxide sem conductor for high purification, so that the
oxi de sem conductor includes an elenent (inpurity elenent) other than its
main co t.he i de sem conduct gr A J bl e. 44]
Tohat 1 SerEBhdion i esblie SR WA dEMRIng on drnn BRI hAicBueq Y, |
that an oxighd wrRAWGONIUGHOEIng ShaPOS duk EtheloxPgerclAaficyt O Far kixghple, puri fi ed
i-type (intrinsic) sem conductor not by addition of an inpurity el enent but
by el i m REMdeolnycoptaing ereassive Qxygen Y dorasdning plgseuspRiacty With ¢ ichagnel

bl = : ers . o
Porm | ouegiEn bl Yln' SRYEen Sppifliolfie CRURRY G Iobide Roitht 120
oxi desS sewkitedfidme s@that he DAS dadto dxlygeel &aneoeandfefreduded. (X) thereof is said

to be 4.Z eV. The work function of titanium (Ti) contained in a source
el ect r oded ai a drain electrode is substantially equal to the el ectron

affinity (x) Ofa @fe@dkdf oXRISEANDUBEQDr is'sRid!BIbE EFBRted Fo 2ABRA LKy . 1haV 11 er

agai nst 20 an electron i1s not fornmed at the interface between netal and an
oxi de semo O@neMatnder theObaBiiction band dite tohexicessiveehydasgen| hudsep deved] due t¢-1 G 9A,

the electyon travels in the.vicinit f the .interface between ate
noulati ol OkxEen fs Uk K, THordueRdamaYal R TSEAZED ARt S BIEAL AOPRSL t om
portiign \Whekehli6r QithiatiGEol suehd deteef wbsldPeathad NebRidIBgiedl tROBMEY) -

25[ 0147] As illustrated in FIG 9B, when a negative potential is

suppl i ed[@Bhe gate el ectrode (GE1), a hole which is a nminority carrier

Close o sor o ATOTIH bRkt s Yentolfy CUbERt NEMEAvbe SURRLTRIGGE ¥ o

i ntrinsi Gowaver] atyopding etoi &0 Bhbodmicnt @f the avaimionadibglodedt hdrgin| @nbiytypei ng
highly purified so as to contain an, elenent other than ifs pmain conponent
(i.e., afcmicpadyater isreakiged by Eanqving jngpuitiepnagtiqplaly watgsandhydraganer {8t cs of

the hat ?'iﬁié‘?é’sg%?,t iY‘ﬁ%?b% %zd st Qr?exﬁﬁéﬁ'tiﬁx%ﬂfj&i%é’fn i &i@clgf%‘dqleié?ﬁ chgfde@g | ayer

becone i nport : t reason, e gate I nsulating l'ayer needs to form
a favor abl mviehtehhak idehtbechuse i0xs diffeyenti frandarci-type Spucorfduck Isych ias | s
preferable. 5 use the followng insulating | ayer, for exanple: an

i nsul at i ﬁﬁlCP'é?@&er%lalWFHY-a CVD net hod using hi gh-density plasna

gener at e@ow@]h a power source frequency in the range of the VHF band to the

m crowave band, or an insulating |ayer forned with a sputtering nethod.
[ 0149] <Electrical Conduction Mechanism of Transistor Using 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).



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 10 sem conductor.

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



[ 0155] FIG 11 illustrates energy required for each hot carrier
injection which is estimated fromthe band structure of silicon (Si), and
FIG 12 iwbustwmsbes energy required f43 each hot carri epcirapaabtiensamhi ch is
estimated fromthe band structure of an 15 I n-G-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 FI G 12 show DAHC i nj ecti on.

[0156] R on, degradation caused by DAHC i njection is nore
serious ?%fg%%@% ﬁ%‘gdtt&caused by CHE injection. This results fromthe fact

that carf0es$ (e.g., electrons) which are accelerated wi thout colliding are
very fewin silicon whereas silicon has a narrow band gap and aval anche
br eakdown readll FOBEsY an t%#eeﬁﬁmcvwéu%@fapgﬁ%ﬁég bioe &k FEmrpdimenteak die ¢ he

nunber o
sl at By EPESLIRAEERREI & BloRIe R BRAKRE Wl S BA O BT BB e
hi ghe§ 2br tdidn dldisattoahtrfﬁbE innghe dollowing| Bane}: hydrogen, Ragelr i iy case to

I n- Ga- Zn- O- based oxi de sem condyctor, the en required for nj ection
oes not PGEGE ) nel e GFIGF CHRCORGCt o i e 6 o s SO SEm iR fo

probabi | hio BfirifiddaohNis§ CthhOfhe SxRik! iémlk&v&ucdo@ ﬁ@'ﬂh&d QR elbAene i&paYity equired
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 gﬁgmﬁdati on is higher than that of silicon. [0159]
Meanwhi | e band gap of an In-Ga-Zn-O based oxi de sem conductor is

conpag abl e to Thatis,of feftukd 604h eabddishent ¥ the iMMehGdh aikéloadt ieréih iemai &M as a
mat eri al havi ng 5a "hi gh withstand voltage. FIG 13 illustrates energy

requi r edOXige SeBNGPNHBEIOL i Mpdy 1q B O theorlOSeetpat dighly priSPEI-tyRegREinFig) CHE
g L S T RN TN
it can bmdxemhydnagenazndl Wat€Aay muCh a poesibléi d&hus, the Fermi level (Er) 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



10 sem conductor has significantly higher resistance to hot carrier
degradation and hi gher resistance to source-drain breakdown than silicon.
It can alwo2bm/m207d that a withstand ¥l tage conparabl eptwpratoafesilicon
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 oxide sem conductor will be described with reference to FIG 14 and FIG

15 Not e otdiaty blier (12h!iRUhAT ARAERLANGON ah SmARSSLIOR-ATS: RRRUTJaB! an

i deal situation for easy un ing’ an not necessarily reflect a
real sit dhbs,ocharddadristied ob thichaiterfdre Heoldamwihe goxdds semjtbhduttorsagdutite gate
consi derati e_short-channel effect refers tq

. 20[ 0162 . Th
degr adat fw?agmgﬁ?%é#?%“% HaRLtankr i 1i B ripRoRnhseabniosuiating Guer nied o
m ni at ur gl h ARy bl it ARR! WP thel B EARESRIvcloR. CHRHUIRINY SR H Prefekdble The

short-channel effect results fromthe effect of a drain On a ‘source.
Speci §i ¢ texsariechlloWinghmsslating 1giegnioelexahplec tn ansmlaingdoyaafoemed withr shol d

vol t age, i ncrease in subt hreshol d swing. (S val ue), increase in
{cakage S0P BiROCl g HeFrRFRaY Hiaate e Wil Seppet Shecolires Brie
SuUppr essirdipec SO MHE Band e tf hRGbwhwe Baon el iRVuIAME B9erSforMbd i itNa
Specifically, four kinds of nodels each having a different carrier

concent r pyttpningmeethoddi f f er ent t hi ckness of an oxi de sem conductor | ayer
wer e pregéllrf9 , 30 and the relationship between a channel length (L) and a
t hreshol d"voFftage (Vu,) was checked. As the nodels, bottomgate transistors

wer e1@npl oyed, Wheneae inteffasdhbartvear tiexbtide sanicondebiet &d thathate tRtlatifg
concentration of 1.7 x 10-8_ /cnB or 1.0 _x 1015 /cnB _and_an oxi de

seni condlAyebis Mage favgrable avhils;the qaids ssmiconduetpyfs highlyppurificde in thet case

I n- Ga- Zn- ¢l i - f or e I 1,C uct or

| ayer, ar@ egea@?ﬁp@é’;}t‘éﬁ@sﬁﬂcﬁ%ﬁn@%nﬁ%%@? %%g??hwgkar?tgrs]a scﬁhggsﬁﬁml‘mgy used as
a gate i psylfef exdnplay®fis pbdsibheso asasigeras ofidhte dubrehhef 0Xi'UA elREscafdact or,

t he band gap was 3.15 eV, the
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



5 electron affinity was 4.3 eV, the relative permttivity was 15, and the
electron nobility was 10 cn2 /Vs. The relative permttivity of the silicon
oxyni tri deof2oimepers assuned to be 4.045The cal cul ati on was/Jparnb/esmed usi ng
devi ce sinulation software "ATLAS" produced by Silvaco Inc. [0164] 10Note
that there is no significant difference in calculation results between a

top-gate transistor and a bottomgate transistor. [0165] FIG 14 and FI G 15

show cal ' I : . t CALi:

concent r afyion iR EgHlred pr ' e BNk 5 SEcOEIGor oL iiEkieg
carrier Iftocingsninsalatioglaysr dr.tBe kikd 0 1Bledteor3.gafl daetgly Iynikifg fectraatby show
t he anount, of chan (AVth) in threshold voltage (Vth) when a transistor
V\hose,ché‘ﬂﬂ‘ﬁlelchffgtgﬁd-( L) is 10 tun is used as a reference and channel

| engt hs g@sﬁfary from10 [Linto 1 1.AM As shown in FIG 14, in the case
where th arrier concentration in the oxide sem conductor was 1.7 x 10-8
/cnB and the t BiIAHGesgctén trofersoxe ceplawincoom uo t which aglestrona sgeherated, by he

t of 20.ch Al/th) in threshold vol.t -3.6 V. M :
Shown. i ncpfigiona feupmbaceaten ik & Bialcesst hel %o Moid e ete MRVBREE oy e
senm condygfePbr WRikk: 7 AXdiffBrefcd Btk e DAHE ifjBitMNRATHE ihjB&idik Whether

sem conductor |ayer was 30 nm the anount of change (AVth) in threshold
vol t age Wagot ghey vavolve avrlanche rhreakslowmooauséch by| impest 1gnizatioa. cNote Wisere t he

Che e GPRGENh R Rabiled O8Bik v RE T GRAMNGFy MBRertndh X vd0d Bap 5% 2N
10  semiconductor.
[0155]

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 probability 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



25 thickness of the oxide sem conductor |ayer was 1 ! AM the anount of
change (AVth) in threshold voltage was -3.6 V. Mreover, as shown in FIG
15, in thwocasmendtsre the carrier coné@entration in the exirdeaenswenduct or
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
results show that a short-channel effect can be suppressed in 30 a

{ransi st Al 40 Ak A nETAECODY PRI ARRE Lo ckness of an

oxi de sem conduct or Tayer. For exa e case where e channel
| ength ([Q150% approximately 1 inn, even wth an oxi de sem conductor |ayer
havi ng sufficiently high carrier concentrati 8(5: ' be understood that a

. it cal
short - channel Mepppchile o ebt@ngbﬁaﬂ’i ef entisOads; é’é%"éld"wa%rﬁef“h‘émplﬁ?tekh%ss of
the oxi d@oxﬁﬁﬁhﬁl@%jﬂﬁﬁ ef sihi@é(x‘?&arb%letigfg?t%iéilp RitQ¥{s HRkftioh 20 Mdterial

<Carrier cohcentration> ni cal 1dea according to the invention
di sclpsed lngh evithstandt woltagke BIG.old déusgetes coagycteguirtdfer cash bbtossrias

possi bl e.t.o an intrinsi .-type) oxi sem conduct.or,. | by .sufficiently
Peduci ng TRORepitinec Sitt  KERt e ERE P HORe o o8 G LobaFd RS ng t he
carrier canesmiucirinada SInchtBidid: WiesnoldBRPEINHE SART toihate GPAGRRtagat i on wil |
be described with reference to FIG 16 and FIG 17. [0167] First, a

met hod f 60168kl cul ating the carrier concentration is briefly explained. The
carrier concenfration n.be cal cul ated in

capacitor is 1 Srrg%SﬁPg%fuarbé)ﬁe’aﬁg (iaﬁetDPeg‘?Jelnt EH%P a%— @q%gisndpgbﬁaéenf (I(\’i%fi/
char a@t esédmbicofdilctd? that Bignifidan@ A pathict edsistan€e €Y AbtgdrEiek. 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?



[0168] More specifically, carrier concentration Nd can be cal cul ated
in the follow ng manner: C-V characteristics are obtained by plotting the
rel ati onswopobatszeen t he gate 20 vol t4ge VG and capaci t aoegprid1ohHesacdVOS
capacitor; a graph of the relationship between the gate voltage VG and
(1/C2 is obtained fromthe CV characteristics; a differential value of
(1/C2 in a weak inversion region of the graph is found; and the

differen h@lan o%dé ehﬁ oﬁlldgg%)}ﬁ&egq'l hn§ ﬁn EQJLfal ]um '89%% &rpat %e t%gti aﬁand E in .

Formul a repres en EITEI'I ary electric C arge, ‘vacuum perm

rel ati vehperanm Ol-b’dséty oRfdeadeniddrdactdd R lfS@(ﬂ]dUlCﬂQr oxmewﬁrcbh&lﬁ:ltof la&&;L69]
[ Formul a 1% =-( 2 Vd(1/¢2 ee EdV(1 0170] Next, carrier
concent r 884 8rtiligen lﬁ’éb’l"}“‘?ﬁe%% e pthicknesreofaflRm eastisad ias agatcswadng A

sanpl e ( 1?%89?&58{ thist t}ﬁ @%exﬁ?e%ﬁb‘%cgg?me a3 Igfagr\%ﬁ% BV %% ONS:

titaniumTil mwas forne ness 0 nm ove ass substrate; a
titand umem:tram dfinitly| waswa3 eTVpﬂmdlatme petntittbktyess 1F, ail@@henéﬂb(‘lbtﬁf mbbi#ity i t ani um
film an 5 oxide sem conductor | ayer . using an | n-G-Zn- Q based oxid

seni condiiée 4P s/ Vor HE Hlave RTRIHILK SF e FieamPORFide ERmOP AR t i de

Film a g biaen %X%fcma%n fwakrpe ﬁnéd)ﬁ{fﬁv%déxﬂcfshﬂﬂ&iﬂﬂesﬁm%e SRPLAG over

t he oxi de sem conductor |ayer, a si mwas forned to a thickness
of 300 npraluesd bhh®ilwicbiloon oxynltrl de film Note that the oxide

sem Condﬁ&%ﬂl | ayer was forned using a netal oxide target including In, G,
10 and Z G:Zn = 1:1:0.5 [aton?4) with a sputtering nethod. Further,

an aggosphere NoteMHa€ thdr&8s @i FgnifiBANt CRIAEREOn k&lﬁ@l‘étim%ﬁuﬁ& Relvaasa a m xed
at nosphere of argon and oxygen (with a flowratio of Ar:02 = 30 (sccm) : 15

(sccm)) . 9rogatg fragsisriadaaptionceate tyhgistor he G-V characteristics and the
rel ati onz@dg between 15 VG and (1/C)2, respectively. The carrier
concentr J} cal culated using Fornula 1 fromthe differential val ue of
(1/02 in a weRIG.i1avaidsFIoN 15 egb-&rtam‘ulatnbﬁ refuteh  BIG. AUGhdWsWhS cose Gvierd 010

é)(z |m§e [sg%geg(!gﬁl;ﬁg@;gqlzeitrggglp 1esr1 7 x 10%SI b a?lg FiI-G.t fg) shogvrs tlslel:J gasste %v%telreatlhlt )cl:arlrl-ei ype
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



20 (e.g., with a carrier concentration of less than 1 x 1012 /cn8,
preferably, less than or equal to 1 x 1011 /cnB), a transistor with

excel | entwofbtiglsad7e current character#8tics can be obt aiPoedr2100@3%4 Wt h
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
formng a channel formation region, which serves as a swtching el enent of
a data h j t.i on, n ol atj. kel ' ' ' i

oper at i nartkudl it 8 Rl RN ST erb bl Sk RE TSRV B e
and i n Wehgfer sordcefrativh, Ricah 8c @hd&ttobd it d3herticharie! eftidchsatbevigricishflgr t he
power is turned off or a latch circuit provided wwth_a data holdin

30por t | ofuRiessed whewthedbickpessiod ghg exidesemicpraictoy layshis sehip arProxdmateled.

Since datg Witing is performed by switching of the transistor, the nunber
of witesS is not substantially Ilimted. In addition, the witing voltage

i s al fosforEmyi val ent to the threshold voltage of the transistor; thus, the
transi stor_can operate at a | ow voltage. For exanple, the operation voltage
can be s&CAHIeT LORLEPIANIs  Further, since a charge accunulated in a

capaci tor of t ?\Q?&%@a_l ed %Eélﬂdiﬁg:tgitlflérln%ﬁol?%iééﬁﬁéd RELA id Rkt aPeMaghange,

the influence 5of varitation is and data can be read easily. [0174]
Vari ous beagicondicauays asaclofreappossibletb by intsinsig (i-hypeh omids! wmitanduetoc h
circuit. For exanple, the power consunption can be .reduced b urni ng off
the powe T Dhaviiridy EICRE e AHANT  SHCUITEE Beroh odt Metae 18 st or ed
evenjgheRalchiatiROWR  catrfer (cBh&@ttatiéh Sid an ActAB BRAGA AfrisiBhépeaMbewill he
power is turned on or term nated when the power is turned off, at high

speed andeldesqribedwith rpigrepss to FIG. 16 and ¥He 15t ruct ures, met hods, and the |ike
descri beioi@ thi s enbodi nent can be conbi ned as appropriate with any of the
structures, thods, and the |ike described in 15 the ot her enbodi nents.

[0176] [ Enmbodi Wit aZhethod for cdlBulhting tiRndaeenesticenteqvnhie rbrXlgngxptaindd. a
configuration of the nonvolatile |latch circuit which is an enbodi nent of
t he i nverliF GATIST sencsabiationecal be calRplatediia sueh pananger 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)* 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]



20 fromthe exanple in FIGS. 1A and 1B, will be described with reference to
FIGS. 18A and 18B. FIG 18A illustrates a configuration of a nonvolatile

| at ch ci ngBih114RRS7sNcl udi ng the |atchdgportion 411 and apgglyp0i0beh60
portion 401 for holding data of the latch portion. FIG 18B illustrates a
configuration of the data holding portion 401. [0177] 25FI GS. 18A and 18B
illustrate an exanple in which the configuration of the data hol ding
portion 401 is different fromthat in FIGS. 1A .and, 1B. eci fical a
capacitor (t heNg’étpa‘@frﬂ%r CORFAMTR{IE, @%.“315’6\ meAgueg) wWih ﬁ’r‘fea % TH 064 ﬁsg
portion @4eskrib&d.NOA sBihPlé' ged109 dpicitopXadtR! ®r tHHMmakhemehOVat Foimddd aNs are
the sanme as that of FIGS. 1A and 1B; ‘therefore, description thereof is

oni t t ed. fotlpavss a titaniundilar wehormed i iaghisknesg 213600 3an gyeni4 gasst substiate; 4 n

Enbodi me 1 178]., sem eonduyct or. . a senconduct o terial,for formng
= channenapdmaitide e i PO 0§ ulRaBea RS CeLlne b ki 1 on ¢ ne
dat a $ol gkidg feiitdmiuctd® llav&rchsidgsat Ne-GNLaO-Bhsed03xidbi Sditéndakret wheal |y
connected to the other of the source electrode and the drain electrode of

t he tranfrsiedrto 40hickaesgUfF| um over theGienigm pidds Glince sibicer prpritridgrfin he
drain el ectrode of the.transisfor 402 is electri.cally connected to the

i ring. ata° KigRafad b Bl ova R i ssmighontiof ERAEaI0e! of ¢ ne
i nvert er fififIvdsSofh@rto 4 Gatitnés<ONBEL ARV tHehGlivdn dni@itfidd fismppNogdthat t h t he

i nput signal. The inverter 403 includes the transistor 420 and the

t ransi st Bic axpde semigongygtos dasics & ap (feigredduingct metrd oxjderfaiest wcluging Ins Ga,

our b8 oed PEAIRERIAL S L0 TR ShaPR S iRl TARANED 1T

| ow- | evehtnidpRére SURARCH Ghé a@8dd/SEmiddadB&br Thyercaas | Puhed | Was ian niiked
enbodi ment does not include the capacitor connected 15 to the node S. In
thi s casatmospheraefargon apd exyasndwatd 2 flow rsiogdis: Qemp @ (scems : 6% (scp@))-

transi stgqls/ ;ncl uded in the inverter 403. Here, the gate capacitor of the
transi st & 1 included in the inverter 403 can be preferably nade |arger

than the gate BHRAGIdnGIFIGS 17 Siovk thRMGIVsEifaciclidtics ahdidedelatiofidhep bérweed er 403.
The size of a gatge capacitor _can be controlled in accordance with a channel
| englth LVeand kHRherespecivelyvy The camrisr eoncentiation calculasgl ysingFoermula | from ng

film pegdd t-kd i\, 2 . i he rate
of capacp{poélgfkr}ég{r%evc@{)eeﬁ?\géq 5)2§qg%a 1%1{'1%&%3%& gn <'§1)rkr[r{;l}lez1grt(gl E%%ég?g n@"’ﬁ%%:i tors
of the teansiPwm®20 and the transistor 421 is increased. Accordingly, the
potentials of the gate el ectrodes of the transistor 420 and the transistor

421 are H¥7dly influenced by variation of VDD, which is preferable.

25[0181] 3 [ ' -of the i . . ' 11 to
that illustrat gnd%ﬁmﬁﬁ@rl%pagggﬂﬁg ei%csfdl?gt\eé?ﬁélg{l @gg%@gggﬁédﬁ%%tgﬁnel
t rang st (u.g.asviihl 4 WafieaicoscentratidiGo Ress Manet RALOY ¢bmi?, préferablyt, Pess thay obe
provided wwth a buffer. Further alternatively, a sense anplifier circuit

may be useunl fnbxdd /6m’), mdransister with exoellentoff-stateaurrent charagterisics sen 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



30 anplifier type sense anplifier circuit as illustrated in FIG 2B nmay be
used. In either case, it is inportant that the input termnal be in a

f1 oati ng woaba/e2078i gh i npedance stat&). Further, in thectispoudbessss FI G 2A,
a charge is inputted to and accunulated in the gate capacitor of the
transistor 421 and, in the circuit of FIG 2B, a charge is inputted to and
accunul ated in the gate capacitor of the transistor 421. Since the gate

capaci t o§s,; t {:cMig LN 3 . : i en VSS
and the t%%ldfe%tjs nf%(gdlg(gl%’ledﬁ? E“QFE%S’% tltﬁ%@fsﬁdgﬁlto g‘%é@ﬁrﬁrlléﬁ ‘?!é%h‘g‘?{ﬁ'qi ‘E’?‘I%ggnced by
vari at i oof ofic Vhijstovhitiods, ile frpdsest@r @nl @erdt® h8a]low voltage. ThBort ¢xanpils tthe 402

usi ng an oxi de sem condyctor has a ifgncti ogﬁeof .Witing data hfl d in the

| at ch popp?raﬂommltqgwn&?esegagé\’cab Pt OFUIBICLLHRECi hAr gL caBy e the dat a
hol ding. RagcliBlorHd databcHit bdrfith chite kR RIS Aot ARy BRgR, dhHfhdcaee Of

hol ding the data 10witteninto the gate capacitor ot t Inverter 403 in

t he dat aohwéritiog ipsmali amd d04 carf 6183 casily. A witing operation of the data
hel d in w@‘@atch portion 411 into the data hol ding portion 401, and

hol di ng, ading, and rewiting operations of the data will be descri bed.

First, the tragaji§isOlogftOdirduttstddh MRAprBRidey bFURMgY tHROndm 8168 Rt &eduirode of
the 15 transistor 402 with a potential at "which the transistor 402 is

t urned ofor pxarepldi thglpower tensiumpiionedad Yenredpeed) byt tsnipg roff the, pawratofithe t he

pot enti al _of e, W ring.415 supplied w.th. the t put, signal is. Lyed to
he- 1 nputn Pt ) R0 sHHPRIbESy S e R BBk 5 W
accondanoff, wisydierh lten petstitfed avheafthé pewsy ik iirged! db or ferdtiigdwhéetheipowiehe gat e
capacitor of the inverter 403 (this operation corresponds to witing).
After thattumedoff, abhigh speadandlow@oWes turned of f in such a manner that the
pot ent i allop;fS]the gate electrode of the transistor 402 is set at the
potential at "which the transistor 402 is turned off. Accordingly, the

char ge accumnul Zhedtmotutdse npahicelsc aphehet bke absdribed iinuvbist enbatidentscane bel

(hol ding). The data can be read bﬁ/{readi ng t he t he. pot.enti al

: tential of P
of the T KPEIPIES 2 RRIOPHAIS K ApX, Bf therStneiatis, metiodsend Po ke derEbEB ifis 1 o
readi89) thwsd dtddiRéntt he 25 data can be performed in a manner simlar to
that of the witing and holding of the data. [0184] Wth the use of the
nonvol at if0¥6lat ch circuit according to this enbodiment, and a transistor
using an gxh&? sep'? onductor as a sem conductor material for formng a
channel T[ PRELTSA gion, which serves as a switching el enent of a data

hol di ng porti om th& erAbdtmemd, ahdthér dxample ofial doutiguiatios Bf thasoavetagie 12BRT at i ng
tenperature range and operates stably even at a high tenperature and in

whi ch a lcHgpit shicy it an embadigrnh gf dag mvestignodisclosed Herein, which is different
20  from the example in FIGS. 1A and 1B, will be 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 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



erased even after the power is turned off or a latch circuit provided with
a data holding portion where a refresh period is sufficiently |Iong can be
real i zed.wBi2oogedesa witing is perfofhed by sw tching eCTtukmibtnenss stor,

t he nunber of wites is not substantially limted. In addition, the witing
voltage is al nost equivalent to the threshold voltage of the tran5|stor
thus, the transistor can operate at a |ow voltage. For exanple, the

operatio rﬁl{&)ﬁcﬂ}%ﬁ)r%@% & lé(g‘}d]pgl{OB %ager?l fl)l? Fotmins 5tcn el %rﬂﬁﬁgﬂ rﬁ%é‘lﬁ gf | d

accunul a n a capacitor o orin por I'on can
W t hout as¥d sshargéichihgeldnidnl. uelmcaidixﬁomahe dhfadivldiag PoRidn @(mnnd:aichs etk be
read easily. [01 85% Various |logic circuits can be provided by u5|nght

ic

nonvol at P]Vé“Fra‘fQ?hW h auslectriegyFepnnggtsdiin the athgg of dhesovsesndestside
reduced QMmiHE&hﬂQcﬂﬁﬂ&&ﬁﬁmRﬂW@Q of the unused block. In addition, since a

| ogi cal state I's stored even when the power is turned off, a system can be
start®d yH&A]t he power is turned on or ternlnated when the power is turned

of f, at high speed an d Iow1 86 15Th i ment node n be
freely conbi ne@“?fmoﬁﬁ QAQUIG? ‘1‘?306‘? I[‘"Iﬁ ﬂé‘%wﬂ gf%f‘? ra‘f%ﬁ&ﬁéﬁt 3]

In this erbe@hifeRinnedld 8 WPV 465 aq;piewauh%@m pPPahaldifRpnof the
20 nonvolatlleﬁﬁafgﬁ circuit mﬁﬁih S aﬁ enﬁodlnent of ﬂ?ﬁe |nvent|8n

di scl osethehmtpitrofwhd invmerd%cmldbmthwlv leonedatadetoctbe maring ¢} SmeénﬂtMQB and
nonvol at oAk ikl Eb invater ¢4 Pishicey ‘b St Bt B S Rlarae o
hol ditg TaE tsb@iee £Rktrba¢ o ahdlagsistat a20fis kleetrrallpicohndewidt loothe Hihslel2B
illustrates an exanple of a timng chart of the nonvolatile latch circuit
400. power source voltage VDD. The source electrode of the transistor 421 is electrically
connected to the low-level power source voltage 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



[0189] FIG 19A is an exanple in which the configuration of the |atch
portion 411 in FIG 1A is specifically illustrated. FIG 19A is an exanple
of the combi2guwasbtézen of the 30 latch Pdrtion 411 in Fl GeiArrhen®7en
inverter is used for each of the first elenent and the second el enent. The
structure of the transistor 402 is simlar to that in Enbodinent 1. [0190]
The latch portion 411 includes an inverter 412 and an inverter 413. The

| atch porj a%ﬁor4c;"fjt D3Sn@sthP P 5 1%({ % hlérc?rrc):h{i o\g':yl?rb@r!l &lﬁ} I%Ifétteaan aer ter

412 is el dctrical y connected 16 an in he |nver n
out put ohcdunelated ar the igat dpacitor of thk @@hsistonl2ly cSincetht gdteto@pz&ﬂorsmfuhe of the
inverter 412. In_addition, the latch portion 411 includes a switch 431 and

a swit cheiapt ‘%ﬂG§h§AoE|‘E‘1)@p #e PaRly Aemredebetwean (VoS pre the a9t > dBfhinect ed
to the i ?BGéhuﬂf oft iR in M@Eérﬁﬁnaﬁl%z h4tdly tlmuezl\eet:% o Adftioh Qﬂf%bnmembmyt of

the inverter 412 1s e ectrlc 'y connhect he wring 414" 10 supplied
wi t h § heprefgrablesi gnal of the latch circuit via the switch 431. The out put
of the irf(xﬁzier 412 is electrically connected to the wiring 415 supplied
with the ut signal of the latch circuit. [0192] In the data hol di ng

portion 401, tirge iaAdiStbSAGY uﬁ&zaﬂ@kleg saﬁlcem&eor%s %efﬂh&%ctuqmsnga&at@
sem conductor material for formng a channel formation region is used as a

swi t chi neldl mnibatlatchrpaatden #ilbnntotthe gdtet eaphaciteli olgthsomyvertar HBP1in Hel dates t he

capacito 04 an nverier 403 whic eac el.ectrd nect ed to
t he ot he @f"gt%ogp gﬁ%e éll%gfet?o&d etﬁ%‘S{SEéa%?élaﬁa 29 noocf hO?(Itlm%/ (e ran5| stor
402. 10 0193itted 3520 @hOfaté bapaditer (Fehein@eitérads inft ddwh@ﬂaxgrpoaimmode of the-

transistor 402 is electrically connected to the wiring 415 supplied wth
the out pl®18ignal. In addition, the output of the inverter 403 is

:' g\fmt [ Lﬁa%é C%‘ 1@}1&%%&&%9‘3&%9&% fiid AURR! 1aRH Yirdifn WhE ihidPHE &hignal via
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



25The transi stor 402 using an oxi de sem conductor has a function of witing
data held in the latch portion 411 into the capacitor 404 and the gate
capaci t orwofotims2078verter 403 in the &&ta hol di ng porti eoT4®deiobey7eddi ti on
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] wring 415 as an output signal OUT. The
switch 4 gn t he
clock st Etp RPY e efgR 1P RiRDkhRy 1t Bn B iR Blncf i B 1051 16
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%&s cﬁrh%ep(ﬁte@&t &hbinel M‘lﬁ {ﬁgd%fsth@f 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 operation period, and a period c
i s a non-oper ali Bys pEbpdicnentan peaniplel of aapenfigueatipnranddan 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.



e dare each a normal operation period, and the clock signal 4)1 and the

cl ock signal +2 are each supplied with a high-level potential or a

| ow- | evelwpohamich@s al ternately. The périod b is a prepaigijpiopeFéod 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

vol tage VDD has turned on until a normal operation period starts. The
period d QIZ%OT' so referred to as a rising period. [0199] When t he

cl ock sié +1 is supplied with a high-level potential and the clock
signal +2 is sypphit@dpavtioh 421 idudeS s linReleeni2 ahd hiidveRePI3MaIThORAERL | ON
period (period a), 10 the switch 432 is turned off and an inverter loop is
cut, and PeH©NsHllt kas 1Bpp;strucyrnagwhich anheytppioplethe tipeerienidAtis glecwicallye i nput
signal is] ted to. the | r.ter T ot ' f in .Si gnal
is i nvert% 8%&%{#% eal}lnl\rllglr;ltt 8¥ q%‘gé&‘geﬁgﬁilﬁl%uaggl ?neé)%&gﬁ gdfc?lre c}dllggrt%rf Rg§ iS
subsegjuerlecticall¢ casneated @dl b ifpus bpihalinedér 417, tThadpvioathe ddtcloportibe 41 hput
signal is a high |l evel when the clock signal +1 is supplied with a

hi gh- | evéicligss @rswiiteh 433 and gspiifeh 433 mand the sutputofithe inversr 418 ig elegically i al can
be obt ai f ; ' t I ' is a low level when the
cl ock si gﬁg?“hef t%;??eslg %tﬁ}gfaﬂvﬂy?{t}eréh%ivaﬂ@gg@kggg%'enti al, an output signal
havi ng a[019h-1 evel potential can be obtai ned. When the clock signal +1 is

supplied with | ow | evel . potential and.the ock signal +2 is.supplied
Wt & hi gn- 1 edar Beveht i eter diprereischicaily Eemiedd oy et a4 ¢ ch
432 hg t @ﬁﬁ}ﬁf@d%tlﬁ&@ ifput 'sIPM&I df&he 122&h LRQR Vis tHe%Wﬁ%ﬁ a3t hergé Bhput bMBe
potential of the output signal OUT is held (data is latched). In the nornmal

oper at i onnvsate 412 ist dlectiealtyr asinnegtehtd theWiringrid6 svpplixdi with whe eutputpignaht i al  at
whi ch thefEr nts'h%t or.t402 is turned on. The node S has a potential which has
been hel & hﬁe?g, e ‘potential of the node S is set at an undefined val ue.
[ 0200] 2%0&9), 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 ndh-tsedata dnldieg i prition hd0k.r shesitsansistaro 202 susipg naly B¥idand t he
node i I i i.al: . p i i.S: ration
corr égpoﬁes@ghl\%\ﬁ% #n%%elﬁi%ﬁrécﬂﬁk(ﬁg{l !f)tgltlaelﬁﬁ'zolr g{;ﬁgﬁg %‘h‘}ehtdg%%lggﬁhilstfotéﬂﬂg 1o|8§ ga hi gh
| evel , t heedad ersivichingfelémentnodie additien,athbidata heldilg. poifidoe 401 Hiadluddshtae

30transistor 402 |s rned off by supplying the control signal ST with a
pot ent i alc@RACIGH %mﬁ]@eﬂ?\éﬁﬁ@r 40D whigyoare §a<t1m1?réa%§'fymonpﬁ<é? i otheg of

ot ent i alin w1208 SrPBRAAER cRelibBES( BO uaiigbpagzls a result, the

potential witten into the node Sis out any change (hol ding).
Not e that{0193]i s sufficient that the clock signal 4)2 and the clock signal

4)1 ve a potenti at the term,nati,on of th er,io . Alternatively,
dnt 228t pe Rl gt 18 ol EFDaR ok WBe Hugih iedhiBik i R srapp Slon R g ¥

pot ent i a'ele@fridan? cohRkedStodiewifng 415 shipplrdn il theefbutddighdl hempaidaidd, al  of
the clock signal 4)1 to a |low | evel. e control signal ST may be supplied

with a pdhecautpul ofsthe ipvestar #6%ist elegincallyogonnected o therwisimg s 4supplied: With per i od
b e L LR\ B BRsLT 2L W oh e transistor 402 15 turned on
[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



[ 0201] 10Next, in the non-operation period (period c), supply of the power
source i s stopped and the potential of the power source voltage VDD is

| oner ed. Wbeop@isessi al s of the clock 33gnal 4)1, the cl eek/ypr@nadordd 2, the
i nput signal IN, and the output signal OUT can take any val ues between VDD
and VSS. During this tine, the potentials of the control signal ST and the
control signal LD are each held at a low level. For 15 exanple, the

tentials. h held at tential. In.t - at i i od
Coertod &rifs £ et fipth Seped HIPothd S 14 1 shimlel o BBl 4f oF o o
a char gecpeg YighiB$ £d Whed IR d18dEsighdl %1*1@'5%.@[5»@ RAH a Aih-haRentaR el ng) .

Not e that when the power source voltage VDD is | owered, the potential of
t he nodes@itdhnddless tumedome dhe ewitnipra2 oy supplied with at potertil oha lcloshsignef t he

copectL 8 SRR N SRE Eh RULAE B0, BRLER Ly L dshoggless ©°
pot end i afyrplg &1 QAR of thé trﬁ%éét&r g6b fs%ugﬁ'l?edovbitﬂ'a%lten@i‘af 6614 'cﬁ«lltrd?%?g%'dﬁe the

charge accumul ated 1 n the no S is held. [0202] 'Next, 1 n the preparation
peri od (Pé&ri Shed)thafcpeirolt §igngd Sis supplicé witl & dggh-MREl p@bntiis theuroméerdl on

til t] i tarts, wh th t i gr N
Suppl | od Mo Aot Stenlu ik Bie bl By AGeT Sny L THEGVARN PRI ¢ he
pot ent i akgpplitd twigh Gl pétkntsdl BFad BhioR8igndlNEDC! StenSingnéintrb) kigaAr LD lixed at a

| ow | evel , the switch 405 is turned on, and the potential held in the node
S, whi chsupplicd vt @ bighyleydl wotantiak; the cony] sigaalglpldhas@ potentiabal which thorti on

411. . Then, . af .th t [ |, LD i | i i t 30patential at
o oH Bl 5 4 BEnEEBhLh§ A0 KBRS uATILRR 4 °
signal 4jLeat® s?ﬁh of YRl Re %ﬁzﬁ (f)f.'e I@&E,eﬂﬁie%hmife fshendved 7h RAitPIhef the
period a. Accordingly, the logical state of the period d can be restored

to the | bgnssdrssinditiee pritches a thimed vonwlsgeetha poentige of d. contrel pigtanandl of

t he control  signal . LD A set at a low level prior to the term nation of
the peri Céoc(k%’%labsoatrggt‘ta]%/‘&ﬁ?eé’?ﬁmhi ch the switch 405 is turned on may be
hel d unt[di96he term nation of the period d. 5[0203] Next, in the

normal operation period (period e), the clock signal 4)1 and the cl ock

si gn&? 4) 2 ar eEaght eff thatinyaytes d@p(of dkre data holding pertiva Aol andttheinvgrtendl?

| ow | evel t ent i al rimal oper.ation. e, AL th [ t he
normal * oif BN 415 P s dp(eB ORjor" R iyl AHEe pieheihld b bt 1

and the eblegk VWDDRAH addw-16RY pbResicatdeadlth@e V88M t he same potentials as the
term nation of the previous normal operation period (period a) or may be

started tH§d a subsequent state of the potential at the term nation of the

iod a. [020 T ' : [ : im
gter:/\ﬁi Cﬁ . Le clglﬁ)t“f gfapl@tBei’l‘lhkt%tesoin D10 9f a BnfiRd Rt bLEWe! JotéifiaRlofthe 1M ng

20  input signal IN, the output signal OUT, the control signal ST, the control signal LD, the
clock signal ¢1, 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
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



15 signal ST is supplied next with a potential at which the transistor 402
I's turned on. Therefore, the potential of the node Sis held w thout any
change unwol20tie2d7smM ng at whi ch the 66ntrol signal ST ipeTIRpRbHSdsnEXT
with a potential at which the transistor 402 is turned on. [0205] 20Note
that in the period d, the potential Vc of the other electrode of the
capacitor 404 may be a val ue between VDD and VSS. Accordingly, the node S

' lied wth | al ' ] l.al ' dded, h
eading acs aReRft Gk BnekPluinalpt BeRBG ¢ 0iagdfe baef MR e s °

the nonveha khgpliedt with Gl hipHilbveal Cseéial Gr L0 18vhilé e poREtAE Altern®Bl. aThe
transi stor using an oxi de sem conductor as a sem conductor material for

~forning @cdedhhner preprration pariedpiiento thhnemopartiensperipda e periphl ivpledent of
a data h?ét?h@@ (a5 & itine hehiBgY Ol bb8od tieh Slbtlidn %@ﬂi&&‘aﬁéstﬁ@ pHude
g g ? Beven at a high tenp

operatin enperature rarge and operates Stabl erature
and i 8§ WRberde foltp@i RD Hat airfedbn Ghtilrd mgmadhbperatfoniriod GtaersAs Ftle pyrtod Af t er
the power is turned off or a latch circuit provided with a data hol di ng
portion Wwhalperederrektpas g risEIGRSEOs sufficiently |ong can be realized. Since
dat a wrigb@ I's perfornmed by switching of the transistor, the nunber of
wites i nol] substantially limted. In addition, the witing voltage is

al nost equi val aviient the cloek tsignab o lidsuppliédrgbthaf highdevel pohsiland thddeckt he
transi stor can operate at a | ow voltage. For exanple, the operation_voltage
can be séignak$2is\guppliodawith a fayy-layel potentiad én the REPYOPSESIGMPEHOS (Perind ),

e A ) e
therefore, the potential of the input signal is inputted to the inverter 412. The 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



Various logic circuits can be provided by using the nonvolatile latch
circuit. For exanple, the power consunption can be reduced by turning off
t he powerwof2tig20750 unused bl ock. I nSAddition, since arcogpoaboetete is
stored even when the power is turned off, a systemcan 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 node can be freely

combi nedsiet h @y ! e Sh0EA 8 EADAR IRV § G200 RPNl

In this enbodi ment, ahother exanple of a configuration an’ oper

t he nonv@oddinge INUt€ thatiir BudufiswntCthat the adlocknigekl ENEndthet dleck sigadlt¢lon

di scl osed herein, 20 which is different fromthe exanple in FIGS. 19A and
19B, wi | hawse adpatentiiddedt Hier kermétatioanele tho periad a.20Altsaativep dag o s 18A

and 18B.  F 0A kLl ustrates a cpnfigurati.on,af th olatjle |.atch

i rourt EO0AeR oh e dRiRE  Hnind BmeR 3k 'l ol nBaLOME KBRL ME B o1
401 for hphdiigl0idef fodPfhet fiftedtal o tROElLRRignal §1 208 loh WSbr atige @ausKkanpl e
of atimng chart of the nonvolatile latch circuit 400. 25[0210]

FI GS. 20sigaaldD2aBy bt suprilied tvatham petentiqd [ab wihichwhe tangister ¢Ghisitgmed on eftenf t he
data hol di ng .portion 401 is.different framthat in FI.GS. 19A and,K 19B.
Speci 11 cieturBE b Reftpd ot Fitha RetisRial pof R e fpneBick s g ARG: ¢ e
data hol gingtifeat tRistA0df the p&xadd provided in this exanple. The ot her
configurations are the sane as that of FIGS. 3019A and 19B; therefore,

descript [B®1l hereof is omtted. [0211] FIG 18A is specifically

Il Tugtrated. F | EXAIPLE cantd i . ch
portlﬁ%n 411 inN%tG%Q?%éA,ﬁm\%Egre anhlgrﬁ‘gc{eﬁéegfr%di‘?’ E‘gg,g& ?’ ortRé; § e{)g&lrhgtlsfci rst

el ement  stogpddumdske pontid] itz powldi 8otea Wolyagea DDNis ddwéred. dahapdtontihlang
portion 401 is described with reference to FIGS. 18A and 18B. The structure

of the t PhHi dedk sigual ¢1s thy elprlasignal &2.tthadnul sizeabE.nsk the outmy signal
L0 e ek AL PO 802 VIS e 8, St ot o,
regi on i theusmtrohSighals 8t ankdi thg @haoEsignall bDagidi daclheld Bea dawaletsd] dFog
port] on él)?a]fn;i)lg,clhlédgostcrgtir:i(las 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,



10 inverter 403 which is electrically connected to the other of the source
el ectrode and the drain electrode of the transistor 402. [0213] One
of the sowmoeeiwsexssr ode and t he drai n5&l ectrode of the trcanp2EL/0697602 i S
electrically connected to the wiring 415 supplied with the output signal.
In addition, 15 the output of the inverter 403 is electrically connected to
the wiring 414 supplied with the input signal via the switch 405. The
configurati r 4 S r t he
[ nverterﬁ{éflo%%f(l:l% gsdft]ﬁg l%e?{aorﬁls?s agrb%%%rlegst%h@&te@ ir(fgll E{a@ 1’%@1 té?‘ﬁe source
el ect r odaomoptradoi pamd st pb2éhtiaBofethe coiitralaidngl LDNmeayg beskettadatidve Idviegh- | evel
power source voltag ftRe source el ectrode of the transjstor 421 is 20
t

el ectri c&MPY %@ﬁﬁ@&l%l%& ® PPRERAL ¢ &Y & Pofsial atoBhiFl Ee BT ROV 8ImEG 21 4)
The confi gg agt ld Gntﬁlhhéteﬁﬂﬁ%ﬂb%f‘ﬁle ﬁédEOt i ncl ude the capam t or
the no S.

connecte I'n this case, arge is accunulated in the gate
capach t 0[G2031 the transi stors incl uded in the inverter 403. Here, the gate

capacitor of the transistor 421 25 incluyded.in the inverter 403 8 B
preferabl y nadelerhrlgétw Pﬂ%‘?ﬁlt%éfa&af‘é’eﬁlag ¢riqsh elothe plock signal of gpd 459

| uded T t
cont 1 of | S el PRl Eiiely; Waebhd Gy oLnBRIS A IRR R lor TR 2 111

t hi cknes poaﬁnﬂ t@cicca noAmdladpengiohi dtate. pAT thet dtary iof Yhe ﬁdirrrtaﬂle)pbllaﬁen (pt:rled
transistor. In such a manner, the capacitor conponents of the input
capaC| t o(peétodtqaethp opeiatians aithe glackpignal §1 ped thecclodk Benald2rmaicks siated he node

OF i i 54l pBEHEAL b8 e Lerhli AR L SHOR' bl Bpehtoh ALhenced by

var| agl on 0 confirguration
of the i (peioder) otQayi be St@tted froht £subisequchastatel dfith¢ paterdalian thd Ermih@tiomnd nay
include, for exanple, an n-channel transistor as illustrated in FIG 2A

Al t er nat P@Ehctpenf)ﬁé out put may be provided with a buffer. Further

al t er nat '[Uﬂ# a sense anplifier circuit may be used instead of the
inverter 403" For exanple, a differential 5 anplifier type sense anplifier
circuit as ill Ube patcetaliof th¢ Bode2B campe loavritsandat thﬂtiﬁiimgtetrwhiah ehe cantiod

inportant. t the| t termnal be in a floa in state i gh.i npedance
St 8 " pigntnsT S heb loport it 2 rmeliialaC shichnibe dinSisir 40k Tetethe oM <

accumul aﬁﬁ@refd‘retm% fbRiaf 8P hdte S?fls hoa \Mtlft’diﬁ'a%&%aﬂgeluntﬂﬂﬂe tiginghar ge of
the input of the circuit in FIG 2B is accunulated in the gate capacitor of:

t he t r ansvhichothe £putrolSignak SThie supplied oexsawith a petentialtatavhich diertrabistor A0FI GS. 2A
and 2B ate nai nIy formed between VSS and the node S, the potential of the

i nput tesntinaeld s hardly influenced by variation of VDD, which is

pr ef er abl[@205] 0216] The transistor 402 using an oxide seniconductor has a
function of witing data 15 held in the |atch portion 411 into the gate

capaéPtor of tRetq hoeinithe perisl d,ithe petential & of thecotherpheqtiode pf thyxapreiton
function 4@% gﬁ?fl gl Mlﬁ@ﬁet@@grﬁv\ﬂﬁ bif stpt gc%}ﬂm%w, e 1?&1%% fs%lhp;%edt\bﬁh

i nverter
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



[0217] FIG 20B illustrates an exanple of a timng chart of the
nonvol atile latch circuit 20 400. The timng chart in FIG 20B is al nost
simlar twothestovsng chart in FIG 198; therefore, desecirpp2anosdher eof is
omtted. [0218] Wth the use of the nonvolatile latch circuit according to
this enbodi nent, and a transi stor using an oxide sem conductor as a

sem conductor material for formng a 25 channel formation region, which

serves ag t eﬁw}%vf?éh Iftt?e trén @ratﬁk%ﬂhﬁ'&acﬁox%{e@]s ngt E‘&%Y%l%‘ﬁﬁét oS

latch circty as a de opera t enper oper

st abl y eviaritedt & hdditior, eli@wrrahgrxe)hag@hsl zﬂmd@u &fuivaldno go clad thsetsablﬂ \&ﬂtagé oring
data is ngt erased even after the power is turned off or_a latch circuit
provi ded Ot ransisiers thisy thenGanseten i Qissrte ah arlawr vidikReper Foexampleiths ci ent | y

I ong can P@raﬁ@@% %@ cami aCRt ?@‘ia\/ W idst NOFdfhel, S E)IR%rJ a{aﬁ?ﬁda&)ﬂnﬁlMt&Fm ng of

the transistor nunber wites I's not substantiafly limted
addi t  on capdegomof the dgta\sadriregeoriien azimi»fskeped;a]dv\aitm ahp chingze} the esfhwende voI t age
e tran5| or. can operate at a | ow vol tage. For

of the tr nsi. st or,
exanpl e, © H%“at’(?ﬁé?%ﬂl?gﬁ“%‘%ﬂt?ﬁﬂ’ebecﬁﬁ 68et at 1 V or less. Further, since a

charge a | ated in a capacitor of the data storing portion can be kept
hel d w t hout "any change, the influence of variation is small and data can
be read easi |y Vafio®1picsairguits een | begprovidied dyi ustng the monvplatild éeh @ycuitsi ng t he
nonvol at il:'Jore e;(gﬁglh ﬁllerp%li’lve} ‘consumption can be reduced by turning off the power of the

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



For exanpl e, the power consunption can be reduced by turning off the power
of the unused block. In addition, since a logical state is stored even when
t he powerwootrseed of f, a system canthe started when tlpeTRRYR/N069564 Ur Ned
on or term nated when the power is turned off, at high speed and | ow power.
10[ 0220] Thi s enbodi mrent node can be freely conbined wth any of the
ot her enbodi nents. [0221] [ Enbodi nent 5] 151 n this enbodi nent, another

exanpl e onf. - n i.0 e ' I
cirou ¢ aOAseRpRUEANNANERGET IIEIP 1 Ko P MO R BER, 1 1
di f f er enflatélr pontibhd 1 keFi@. @8 Anwhtrean id&Acaiscist® Byr each bf the fidsgstanmdaedndv t h

reference to FIGS, 21A gpnd 21B, FIG 21A il|lustrates a _configuration of a
nonvol at itr%esqcapd legent i Fheserniisyration fHrthe aty heJAings partien ABLybAsscriPed | at ch

circuit ' | 0 i 1B, an
O A N P e S S AL 0
I n the titat ngEmbeadiment lustrated in FIG 21B, in a period d after a power
source Vth)}eﬂge VDD has been supplied again, a control signal ST is supplied
with ap ial at 25 which the transistor 402 is turned on. The timng

of rising at whyi Cfhet Q8taCOBIGRY SdrllbR! 4FT ARS Bankis@- UeY elisiR®t &Nt balie ™Y be
any tine as long as it is after the timng at which the control signal LD
has fal | éemicongductoreastd sgmicendsictqsonatemaldor formingldiahamne] foimeationregignds whi ch

the control, signal., ST falls to a | evel, pot enti al .any, ti as
| ong as i edl & g&ﬁ“ﬁ’g?‘“é %’e’??‘gd |Innaéﬂ?§%rhet¥ﬁéja§oé(§§¥nfgaqoﬁ'¥ 4{9§éncé¥doeé ktHe'sal gnal
4)1 aod tifertel 00K whichriaklediridallComicetetl e tiadtherost thbgoyrd elBttrédesandithé he

termnation of the period a. In a period d, the control signal ST is
suppl i ed daiR plegtroglstofithg Hansigtond2eh t he transistor 402 is turned on, so that
the pote %ilgb of the node S can be refreshed. [0223] In the timng chart
in FIG 21IB, the timngs other than the timng of the control signal ST are
simlar to tho®aeiof the GoulBRleditode ehdrthe dies cléqutodenftthe trmasistos 402is t ed.
[0224] SWLh Lo USe 0 1R Db Whpled'th Gl S 5507 UMbt 1S
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]



a transistor 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 dat a hoWdi2og/g@er7si on, a nonvol atil eblatch circuit whi ebThamieosree
operating tenperature range and operates stably even at a high tenperature
and in which a logical state of storing data is not 10 erased even after
the power is turned off or a latch circuit provided with a data hol di ng

portion where ri I NP : . | i . Si nce
Dot ort ey’ DSOS LR B G S L ek 28 180 S e,
writes i 48Bphand magtiactudg!foy ekamplecan nlchamdbditiansistor b éllwwtrateidng RIGI 2Age i S
al nost e%:itieval ent to the threshol d voltage of the transistar; thus, the

transi st oY CERH VB gta U tPAE may| REPTOBIdPd Jdth FBpiicry o FpitRer ARRAUYSYgh¥nat i on
voltage aalie: SRlyitthayl b ulld R34 of Wd ASEnersjodce rdr hanpie. Aamihal ed 10 a

capaci tor of ata storing portion can be kept held thout any change,
t he i ff | ampbfeofypv acnsatanpiifics ceowt hs Aludtrated an R B magdet wad.i | kn. eifh@R25]

Various logic.circuits can be provid by ysing the nonvolatjle |atch
ciroul t. o5 ey s S B drybinab e it HPuialale GREb qoBelants SFhni ng
of f the panke: afe éegeiot BRUINBLOSK thel Hrc@itdint FIRN 245 isNsRuul £&H ﬁa{hezgaaé eis
stored even when the power is turned off, a systemcan be started when the

power i s capaciiediofothe dransistoriddht andl thhwhangheof pasvnput of therieitonFIGaZBHs gh

2P0 S L Yo ORI B RS PREL S A bR 1
enbodd merircuitiin PIGBPRA &id 2BCaRf nginl foditdobetdet®O/SS @hd ahid thol®'@, Ul ng a 30
plurality of the nonvolatile |atch circuits which are each an enbodi nent of
t he i nveRpicatalgpistheolwiget treminah inihardly dnfleenced thydvariatinn raft ¥PEh chiely i) G 22.
[ 0228] referable. T/ G 22 illustrates a configuration of a logic circuit
i ncl uding two nonvol atile latch circuits 400 each including a |atch portion
411 and §2&fa hol ding portion 401 for holding data of the latch portion.
[0229] 5The confiquration,of ithe daia hol ding partion 401 is, simiar to
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



or FIG 18A. The configuration of the latch portion 411 is an exanple in
which a NAND is used for the first elenent and a clocked inverter is used
for the swoand/mb@sent in the configusZati on of the | atchcparrilionesddd of
FIG 1A or FIG 18A [0230] 10The latch portion 411 includes a NAND 412 and
a clocked inverter 413. The latch portion 411 has a |oop structure in which
an output of the NAND 412 is electrically connected to an input of the

cl ocked | d : t ' r | 3

ol cct i coPHEblolhd caf B SaCE MM IR ARG RFAES SRR ABmtd Ba | o
porti on ddphciterodfuhedatastoringlpogiceande kKepilheld Syilidal hny change, thivinfluepest of t he
NAND 412 1@5 electrically connected to a wiring 414 supplied wth an input

si gnal oft Yaitieaissmal ididata cpgbevead ¢a3Y-anal og switch 431. The out put of
the NANDygLd1is electrically connected to a wiring 415 supplied with an

out put s!gna] of the latch circuit 400. The other input of the NAND 412 is
el ect¥ically cVammstlegdict@rcdls aamibe ipngviderh py ivsthgniht moavelaglealatcRI T @uit] 0232]

The | ogi circuiit in FIG 22 includ |atil | h ci i 400 d
o o) Eo pAaTHBIE thE oWl P ABBUORCAE e TEBETE tHVEPG O, e PIVER OF theou, t o

400. TheyppaeyBlaki | g ARG, Sinké HidgiddORtd i§ sRI&F&vehGRlchYhe § QfnéP the
wWring 414 supplied with a 25 potential of an input signal froma circuit

of a previfousysiemgen bablerted whag thei® v dpivresd ei onhteamipatedrwheal thepowar out put
signal of_ the nonvgl.atile latch circuit 400a is electrically connected to
the wirigudfde U%@Tlgléapev‘?ndtaﬂégo%g?‘g%rtiaI of an input signal of the

nonvpd at (0220} atch circuit 400b. The nonvolatile lTatch circuit 400b is

el ectrically connected to the wiring 415 supplied with a potential of an
out put si gnal ®hisgembedipient grodg gan gl&b?ééﬁyeﬁ?mgtn&@ewlth nath&f ndevethst i | e
latch ci pgHbdindQRa, the analog switch 431 is '

[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.



supplied with a clock signal 41 and an inverted signal of the clock signal
41, and the «clocked inverter 413 is supplied wwth a clock signal 4)2 and
an invertwo 28igwad7sof the clock signab34)2. |In the nonvecatptaobateh
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 inverter
413 is supplied wwth the clock signal 4)1 and the inverter signal of the
cl ock 5Si@ﬁ’3|r] (1)1. [0233] Wth the use of the nonvolatile |atch
circuit according to this enbodi nent, and a transistor using an oxide
sem conduct or Asthe tBwing chad ucFIG. 2B} e it@tingoothéothan g thmimganinied cdntrobrat | on

regi on, which serves,_as swi.tching elenment of a data holdin rtion, 10 a
nonvol at i$1&82) %férl"r SHP‘rl{‘:‘l}Pt%‘%ﬁi“&ﬁlcl"\égBatl’\ﬂr%%‘eo‘%‘éF%Pti’q{b‘%F@ ’él“é‘%ﬁ?‘g range and

oper at es @Qﬁl})ly even at a high tenperature and in which a | ogical state of

storing &ata is not erased even after the power is turned off or a latch

circubt provi dddthiiheisea ofltteanonwbldtiledateb circwin agdoedieg o thed erebddipent, end i s
suffi ci enttlb%sl onq{scan be realized. Since data wiitin

is. f db
owi t chi nd GANSISHE sHiEE) SR SCRRGOnANGIGS oty aRductE tatsrial s RmmEE |y 15

limted. chimPfbrfa@6h regith, Whidhi $38/eY @b h 3@Rchifig dleRat o£4lHAN AbRIMg poitibme
threshol d voltage of the transistor; thus, the transistor can operate at a

| ow vol t agwnvelghledrtchprirsuittwilucly pay atwide opeptingtempenaties igage and opeyailgs | ess.
Further, since a cha acc | ated .in itor,. of .data st oring
sk A REP AHRERE B e PR bl of MEATRRI IS, |

portion ean™ W

smal 10 andraled avenadfted ¢he pRderdasirhed off @r hQR3KH kircuit providédrwithis dhadioldigg r cui t's
can be provided by usi Qfgl the nonvolatile latch circuit. For exanple, the

power coReTigst Wesie adrfred patpdde guiigiently denggcagsre feplizedonSincsfdatariting s ed

bl ock. ""s,f gl deaby SWRGh %ok‘?ﬂé a0 i_%r?fnf‘e h&nﬁéroéteééri?e\é% nwgﬁbsfte{ﬁﬁaﬂ?""er I'S
t ur ned Ofl , a systeym can ]E) startecf en the power 1S turne on or

t er m nat éithiteden Irt hddifiovyethe 2biting volage & dfnfost afuivilgh ts plethreshdld witagower .

[ 0235] Thi.s eg@;di ment node can be freely cqnbi neg with any, of the

ot hor. ent9h B IARNISIOr 58 e BanSaRICEAT RS9 [t Ario Y ago HPTEHTPIEARDI es of

the gkecipeaiion I6NAgeCcaRbeth GN18/ 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.
[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 &alding @t%@ﬁ ehateh pertipee. 10[ 0237] FIG 23Aillustrates a

| apt op p ?235 conput er including the sem 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 na
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 ?@fﬁﬁding to any of the above 20 enbodi ments. A main body 311

i ncl udes splay portion 313, an external interface 315, operation keys
314, 1gnd the 'Th@latﬁ#ﬁ&rﬁ%ﬁ 418 iivde¥ s NARD $1P4RVA B8k @ASindHAAq8SSThY foOr
operation. A portable digital assistant (PDA) with excellent perfornmance
can be plaseh dnodlcmy%bmayrzngoqmetrs@mecund&dutlorand@upldeoachmMN@ t4b2 tihe

i nvention dt osed h QF{n to a La%%%kqiq 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 housingﬁ}Zl i ncl udes a di spl.ay. portion 325 and the housing 323

i ncl udes "s‘é‘P& sigeal (of she Bich cirenit 4005y He 3Blag Wtcﬁﬁlanﬁﬁwtwté’ﬁl ay
portion 7

BT ot ur o S ?ﬁ’%aﬁat‘ﬁ“%drﬁﬁtt‘?%52?8“?5“5’“5 Reftinl fRofpu dalL | o,
t he ri ghof d1e§p1ch3c1rpm1t tlDGhn Thchetheln mphiegf thoINAND 4325s electrc@ly m@tednd i mages
to b;iodrsla ed Oltt'j q y portion (the display portion 327 in FIG
230) : [024?‘1111 g Suppiie r‘—"f‘@az%*@*} B rat es an exanple of the case where the
housi ng sincl udes an operating portion and the |ike. For exanple, the

housi ng 321 includes a power button
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



10 331, operation keys 333, a speaker 335, and the |like. The operation keys
333 all ow pages to be turned. Note that a keyboard, a pointing device, or
the |i ke waypoalweo7se provided on the &urface of the houscmgpawosshéch the
di splay portion is provided. Furthernore, an external connection term nal
(an earphone termnal, a USB termnal, a term nal that can be connected to
various cables such as an AC adapter and a USB cable, 15 or the like), a

recordin Sertio t he
back sur é)g%%o}rﬂ%lhée} fll‘o’dieS sggface tglf ?ﬁgk &?Jlai ﬁg%n lgg%rge{)rks\%n% 4 20 can
al so ser ¥RcRSigail ¢l etk tHNidhvEiatile IR Cifcuit Wlhel dﬁaﬂ@c&wcﬂamm gh&pok
reader 320 may have a structure capabl e of transmtti ng 20 and receiving

dat a wi r efithgb¢ glocK higoalgh? and the eweered mignal ofithe @ckdegiat $2, dmdake dickedr t he
| i ke can, be purchased ﬁgﬂ downl oaded from an el ectroni c book_server. [0243]

Not e t hatnven%rcﬂ%m supppeb withothe ilockssignal P Laapd the dpyerics sjiggabohtheqelpek j s

dlsplfyeg exanple el ectroni c paper can be applied to posters,

adverti s@fe |n vehi cl es such 25as trains, and a variety of cards such as
credit chgg as well as e-book readers. Electronic paper with excellent
performance can be provided by app ng the sem conductor device accordi ng
to the inventi &ﬁthd#%@%g%@ewemlﬁtﬂ?ﬁatélp éE?lrlb?ﬁC@f‘fb’é&)@rt i gpbpdimentcans D

111 ust raﬁ?‘ané‘lfﬁ?'ukfﬁ &n &hﬁ@%gﬁl%h&\fﬂé&g Q%elﬁ%h ﬁ&taf% iafRf 16 nﬁmgl%';pg 30

t he nonvol at l'at €h circuit according to any o ove e ment s.
The cel | ulhzmmelpﬂmnalomgmdewhich/GeMNss mg«sxtclan@elemcngof%dhtah@ldmgrpmmmg 341.

The using 3 i des a di.sp|] ay a 342, a speaker 343, m cr ophone
344, ‘g p6|“%?f‘}"ﬁatﬂag ¢k sirsuis Wq‘éshti ?"é q B?Fs’at%tenﬁ’ﬁraé%éf“h%ﬂ aftf‘o U on
term nal 5368, evafitht td hﬁigh'tgﬁlper-ghﬁe BR4SH Rehidfq lbgi%!ﬂuggt% JF Sy daglib ndft9 for
charging thé cellul ar "phone, an external nenory slot 350, and the like. An

ant enna emsdsliéven after theepavamss tugnelaff of @23451 cidtiepv ot agltlp@d@,th hglting ncl udes

a touch anl%ln whercp la it eshtl}énod i Etﬁﬁcmnt?y longycan be realized. Since data writing

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



345 which are displayed as an image are shown by dashed lines in FIG 23D.
Note that the cellular phone includes a booster circuit for increasing a
vol t age. owbputieeo7sr om t he sol ar cel 1 6849 to a vol tage mreedezhid/oso7each
circuit. In addition to the above structure, a noncontact |1C chip, a snal
recording device, or the like may be built in the cellular 10 phone. [0246]
The display orientation of the display panel 342 changes as appropriate in

accordan i e | j . : : LS
o ovi dod SntohButdUARE b w8 Roffpile Tbh GREwt WRBLGRET duy BERCIOLE, | o,
phone caembedinsmts BIneuntedied] bs dpdwoibed withere$gremdeetn FG3. aBA toP8Fm Thephone

344 can be used for videgphqne calls, recording, and playi. spund,. etc. as
vel | as Flelinic derise Owlgg‘y SCRHRONABEIST a@cwgﬁ%_ﬁ@ gy O e dACR CECUAT ol ded
as in Fl gb&ﬁ@n%atg agge(;t{ AR Aol d cRB6MnRniels A¥uskd %‘af‘%yziie%éiitg chdri@ers&ich ul ar

phone can be i itabl e size for portable use. OThe externa

connebt i ehichecainoalbe3sk8niis thomuvevtmivnal teschuolo®yC Adwptfore, and possii¢ éoy of
cabl es such.as a USB cabl e, i ch enabl.es charqgi.ng,,of the cellular. phone
and dat  PEOARAT CEETGN dogiceathut & A GuPeb VI B SHLEaRohdEsbed and
nmoved by ukiRgetht | fivalaliRe Qe REcuTEdi NGt Bat BR SethROABIctTRdBvicE Géing tBO0. In
addition to the above functions, an infrared conmuni cation function, a

tel evi si aanvalatdptlateln cirawit aeording to a8y héhd ahaverrmbadimentsis indegrated @ad | ul ar
phone wi L SXGEl L0l AU O TARE fe AbRoBn Y LISH R aRRLYling ¢ he

sem conductor devi c¢e according to the 1nventron discrosed hérein to a

cel l wpar [@isype. [0248] FIG 23E illustrates a digital canera including the
sem conductor device using 30 the nonvolatile latch circuit according to

any of the aboViCetifbdiystiates 2 pePdcgional compPRinchdRGle wrendupoay 361,
a di spl aye.par hbﬁ%ﬁ t@e gglgvomgn%g%{apb#&%%%gﬁgg ﬁ]g&'yl ?ﬁgleoa%%bé‘%h%fiﬁﬂms@h 364,

a display portio tery digita canera
wi t h excdlhkdaptop greksonaia nerepuatan invtudes avimdad bbgy 80p) yihogsinp3Rem displdyict or

Lozas] rperionsiih, hikeisasd A€ e aPe DS R Fer Prrsoib Pt biiediiic o
embo e B b B B e e oy i th o
di spl ay meiltigmdis¢l©sed hresigja 4o 8 daptdpepedsangl epreplitem t he di spl ay portion 373.
Here, t h?oﬁ%l]lsi ng 371 is supported by a stand 375.
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]



[ 0250] 10The tel evision set 370 can operate by an operation switch included
I n the housing 371 or by a renote controller 380 separately provided.
Channel s wocdoualszove can be control | ed6by operati on keysp8Tgrinehesded i n the
renote controller 380, and images displayed on the display portion 373 can
thus be controlled. Further, the renote controller 380 can be provided with
a display portion 377 for displaying data 15outputted fromthe renote

Ot esr 280The il 321 incluabh isfiF bolidfi 153, £ it ALHE! sH/RCRLEL L7 2D Y

i ncl udes a recel ver e receiver, a general
t el evi si disphy@aeims327c aThedispeaygioresch 3Faddtae ﬂ[spBi,y pdftﬁm 3276catneilg)\lra3sa on set
370 is connected.to a conmmuni cati on network ed or wre]ess

connect i 6APHAUQUS fraagRere FtteERn JRages( £ r&ﬁséfuftr‘léfng%‘i‘?lé?ylf‘% GHTGTERICMASES or
two-way GREVVRSD tPbd a@gﬁm &?Lhear‘fgnt Qs nggio\tﬁén P wgrlag r?foﬁﬁﬁf Y8 spel the

| i ke) data communi cat can be perfo set wth excellent
per f of nad3€) emhinmzeptobe disglalyyd appheyieftglisfiay pemioo ¢ihd ditpbay platibe82Ador di ng
to the |E¥§q%§§n di scl osed herein to a television set. 25[0252] The
structur hods, and the |ike described in this enbodi nent can be

conbi nedj@s 1?ppropr|ate with any of the structures, nethods, and the like
described in"the other enbodi nents. [Exanple 1] 30 £0253] [0254]

The confi gur at FER 23€ Hustoatesodragiample af tie case where the @llsﬁftg 33himchydas amtion is

illustrated nvol Ie Iat cir.cu 4 i ncl udes
2 1 aton BEvElh bortio® ang R & R ampRL R PR or1 PR deB ey BT or Y he

| at chO poBB1,06perdhiodAey$ 333, a spealzble335a,.ta<ﬁh tp@nfke ormﬂelapetrmdxuﬁe}& 3B3 altower t er
412, an inverter 413, a switch 431 including a transistor, and a switch 432
i ncl udi n§agesttp Despmeds Npteothal a keyboard, a pointing device, or the like may also be

provided on the surface of the housing, on which the display portion is provided.
Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a
terminal that can be 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



. each for

The data hol ding portion 401 includes a transistor 402 using an oxide 10
sem conduct or as a sem conductor material for formng a channel formation

regi on, ayeapawick@s 404, an inverter 493, and a switch 409 enfabueHg a
transistor. Note that a node S shows potentials of one of electrodes of the

capacitor 404 and an input termnal of the inverter 403. [0257] 15The
transi stor 402 was formed in accordance with the manufacturing nethod of

FIGS. BAto 5 | GS. 6A .to 6D,. and ' havi t.

Sl ar EBNERIEOIV s L CoMERon TR Al Bbite 3. | 2 RoPpe 4d or
using a kMcieY aRaldrfceR 349°6bdenasERE YRNEIRIAR phod] A xR H8EmbSNGStBI0, i S 3
[tmand channel width Wis 5 Rm [0258] 20The inverter 412, the inverter

413, theanhiherliker An3ntanne ishwiikt shthedousingBdlli ng a transistor, the switch
432 incl @ rgaﬁ a transistor, and the switch 405 including a transistor were
01‘ ith a transistor using silicon. [0259] Awring 414 is

suppl 5ed W th Theaisphy pineDB4Bcidieyh t5h@Npdnel. N Alpﬁﬂ‘hlay(ﬂfl’cgjéfdtioﬁfkey25 a
previous stage. A circuit of a subsequent stage is S'UEP”G with a

pot ent i aP4dWhichgre disglayadasan impge argpthowa; byrdashed hnes Th EIG g3Dc h Nigq thag

suppl i et dftufhr BOESknelaes bBodiy Misbull B Bercsibd A PGS MG CROMe,
402 i s suglpt ¢edld348 foha wlfagt eedded forodach cirouit.r dh agiigioalto SiE. abbke stswdttreha 405 i S

supplied with a paotential of a control signal LD. 30]0260]. FIG  25A shows
the r esuRPROOBHCHIGSHIR, fgSTRRt Ecerding deyice %dﬁ%#lksdwc@e 551?4 ingte\gshielann i nput
Si gna} I?hoﬁac.control signal ST, and an output signal OQUT with an
oscillosCope at the witing operation. FIG 25B shows the results of
measur i ng046f enti al s of a power source voltage VDD, an input signal IN, a
control signal D ,.and an qutput _signal , OUT ith an oscill oscope at the
readi ng oper at iBf 1i5843% OPFRIEtgn, of Eféegg{falaﬁa?"}n(?ﬁ 3%? c?ﬂ%geﬁ&?v?ﬁpé?ﬁ"fagglnét ch
circuit 48&rdaice With tROWSlicRAbH FRAE.UPPIrther, thE cRANA NerSBA7GE prevideddm tHOD was
set at 5 V and the power source VOlsEg?}%e VSS was set at O {)/ 0261] First,

t he pot eftnepurfceta dhodisplay panay 342, atihg coklyler phong gam be mee videaind
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



10 held therein (see FIG 25A). At the witing, the potential of the output
signal OQUT was set at 5 V. and the potential of the input signal IN was set
~at 0 V. Twe nriawsi7st or 402 was turned6®n by suppl yi ng t lreTgentio/odo7es gnal 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 wth the potential of
the output signal OUT (here, a potential of 5 V) (this operation

corr eSpo@QﬁeAS\ng REdfenp rfot?na%%% chgztie prdll l;)hg\Pélgﬁlgsﬁg s%fnuﬁb%%u%? turned

on was set m crosecon e transistor
402 was devioescoofdindo thel rpleptimgdistioseddieidinko s digital cabilerav t h a potential at

whi ch th nsi stor 402 was turned off (here, a potential of 0 V), and 20
t hen t he Q%‘tintial of the node S was nmade in a floating state (holding).

[0263] B 10 filGratd § 'tél 1@8&' WEP ngiuﬂﬁlgozﬂ\%r : C%&Hﬁuct&h@eﬁ@ﬁsﬁ(ﬁj’é o?:‘ gnal

LD was supplied with a potenti a cht 405 was turne
(her ey athpotamvblatile lafchGingpit a[:@ﬁ&l«ﬁg tdﬁfx&)bé tltemlxovdlambnglmdnB WA telavisiamd

hol di ng o tJon t he pot ials,o 4)2 the sign 4)1
her e hot S 8LisEAes ansufie 371 o tndl wihta RgPBReridoars nreeR s gha
4)2 was bRpRyad of th@uﬁbﬁgeﬁomml qlleréothv)hoﬁﬁﬂgtﬁ@ @k@t@neé)@ Agandiel d at
a hi gh-level "potenti al [0265] 30Next, suUpply of 'the power was

st opped B@bso referred to as turning off the power), and the nonvolatile
| at ch ciL it 400 was left at normal tenperature for 10 mnutes. At the
stop of 6’%'8 y of the power (also referred to as a non-operation period),

the potential The titlevipionedet 3701 &a wpﬂritagg: Mp‘émlohmﬂﬁfcﬁdmcﬁdéd ﬁg thdi s
time, the potentials of the control signal ST and the control ?nal LD
wer e eacROPRNgI3 Bk orabipetr@n?ﬁeaaonwll@ 3@0 sgpadighy) provided. @FQ@PISM‘SHVO WHply of

(he Doveel e ShaErnedbAdlag 290 SHIEKLR 18 R Uiy By and
images displayed on the display portion 373 can thus be controlled. 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.



Next, an operation of reading the potential of the node S was perforned
(see 10 FIG 25B). At the reading, the potentials of the signal 4)2 and the
signal +lwoens/wa8 set at a low levefO (0 V), and the swcrak20d®s9and t he
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 swtch 405
was turnﬁﬁ)sg?, a potential of 5 V was outputted as the output signal OUT
15(readi ng). [ 0268] The potential of the output signal OUT
corresponds t oThheopbieationbf of nbh@lailédatth vdiicah wed fouttheltevallatiom i 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 w {0256he Japan Patent O fice on Novenber 20, 2009, the entire

contents of whigch are hereby incorporated by referenc CLAIMS .
A nonvol at i | e 185 <t roiding nogir 1407, fictide 3 tfanistors 7 uiKg & qide,
hol digg pé@hicbfducio?ras HodehiBehddaion ntterid1 Fol Birflingd®ichiriel férRRtibAtregloRd ti on

conprising: a first elenment; and a second el enent, ) wher ei n
an out pu€apafitemdD4, japsinvertes bk and aggvetchr4QSainclpdingnm digpgistor.o Mefe 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.



10i nput of the second el enment, and an output of the second elenent is
electrically connected to an input of the first elenent, and

wher ei n twe 20npusto7ef the first elenenilis electrically eomyenti@dssre: a
wiring supplied with an input signal, and the output of the first el ement
Is electrically connected to a wiring supplied with an output signal, 15the
data hol ding portion conprising: a transistor; and an inverter,

sher of G AN IR SO0 0o bl LRITHIEPLACI ARSI oK 1o

sen con wher el n 205BEPEE" AEe a drain

el ect r odmpaf s1ghhﬂ IN; an®h&bbsighs Al aﬁd fh ©atpuy sﬁgﬁﬁlr[eUtI‘e\dltlﬁ @n tobéil1vdcopé gt
supplied with the output signal, the other of the source electrode and the
drain el terwidtire eperatian. t FAGs7F showssthe results jof amqasurangprientids b2 BAWEhput of

the invegd gle vt W utosfl aﬁ‘ﬁ\l'd‘&ﬁ{t of§ §11§be£¥drdnc&}1t ts 'Ai‘é?hec’ to
eﬁﬂ%nt i %%

the wiring supp put sig onvolatlle
| at ctb ci withi 4n @scibogtbpe at ohc: Ireadmg_ ppWﬁ&tDIﬁl rNoteethax mdehes emloamﬂuof oie | ayer
contains indiu aII

3. The nonvol atj | at ch
circuit aw&laaﬁ%bﬂ h&l@ﬁﬁﬁ*ﬁ?ﬁlat tﬁ&@wﬁov% sYRPARdhe PRV ETFORESR VOB RES Vﬁ%i ng of
data 'nt@/aé"sé!%?WQBQHéb%engouFéaQ/othg’eeVS@bvas sé& & 9ngtion of holding data in

a gate capacitor of the i1nverter. . The nonvolatile latch circuit
accor di nf26d] cl aim 1, wherein the first elenent is a NAND, and the second

element is a C#l%:tkt % plort]é/n 13} of the output signal OUT was written into the node S and

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



6. A nonvolatile latch circuit conprising: a latch portion; and a data

hol ding portion for holding data of the latch portion, the latch portion
conpri si ngo 2006078t el enent; and a BZcond el enent, PCT/JP2010/069764 Wher ei n
an output of the first elenent is electrically connected to an input of the
second el ement, and an out put of the second elenent is electrically
connected to an input of the first elenent, and 15wherein the input of the
first el IS C t | I nput
signal, an % ep(‘)tu{h% %15%%? 4r1épl$'| rs?h% %Vrr%srn a?slo\geéf‘%lpﬁgjt %JBP 591(1:'0 %lrgté ed to a
wiring s paﬁx&d)eme\pbtehnamfohﬁ p@Wer&ﬂogﬁalvolthgteVDm‘aammMrm pmrrtngahlsammrl si ng:

a transistor; 20a capacitor; and an inverte wherein a
channel fltsrméﬁ%r}t@}ﬁ ?%E‘Fcﬁ?nﬁf’f pigeal§hAnd éfteo?oniui% siggalsLRnwerei caeh el @chduct or
| ayer, Ryone of a source electrode and a drain el ectrode of the

25 trans stor |s eI ectrically connected to the wiring supplied with the
out pui siapoeal , the ot her of the source electrode and the drain el ectrode of
the transistor | ectri calﬁlgy connect ed tg one el ectJ odes of the

capaci tor and éﬁeT LUy Oh e RRVET (s STl a&?’i“éﬁ?‘b[ﬁfe%? oA PHNRE 9r j s
el ectri calel poweN RS iR Dotedtib Y tHe poWE SSURBNVOREzW DD W iesek B3Iy, si gnal . 30

[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.



8. The nonvol atile latch circuit according to claim6, wherein the

transistor controls witing of data into a gate capacitor of the inverter.

59. The mwowolwatsed7e | atch circuit acc@dding to clai m 6, pelrgrmitvoéones

transi stor 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 connesetceddt:bmnw ring supplied with an output signal, the

data holding portion wherel an out%ut 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



30a transistor; and a third inverter, wherein a channel formation region of
the transistor includes an oxide sem conductor |ayer, and

wher ei n oRe 20f1/@259uUr ce el ectrode and74 drai n el ectrodepefr/sphgobéoadsi st or
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 5connected to an input of the third inverter, and an out put
of the third inverter is electrically cqonnected to the wiring supplied with
Uhe i npuf T8feipnyof hofding datd in 2 eape Gl ATARS TENE ch ciroui t accor ding to
claim 13, wherein the oxide sem conductor |ayer contains indium gallium
and zinc. 10 15. The nonvol atile latch circuit acco[din? to claim
13, wherein thé. Thansivelasie beht einduit ageordinggtoctlaigat.avharein the fizst eleseegphici t or
of the thirg.wnyerter. . 6 he nonvol atile latch circuit
accor di ngr 1 SN The scgpnd slemeptis »cltbed ¥ sPélanac & function of hol ding
data §n a gate capacitor of the third inverter. 17. A nonvol atile
latch circuit conprising: a latch portion; and a data hol ding portion for
hol di ng data oﬁ-An@nv%@tgﬁlwwmﬁ,commgr atch portion conmprising: a first

inverter; and ,jucp portion; and
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 second inverter, wherein an output of the first
inverter is electrically connected to an input of the second inverter, and
an out putwofoties2@econd i nverter is eVectrically 25connectrad2dieo@nes nput 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
Wi ring supplied with an output signal, the data hol ding portion conprising:
30a transistor; a capacitor; and a third inverter,

wherein a chan&eThé avnwdlatila lﬁtelgidim&uinfactdneirtgr wnelatt @ wheedinldbs tansisisi de

sem conduct or wherein one of a source el ectrode
and a dr&?rﬁr(é?%( %IIP%BEd*BF intn @ sate£3pncdtop pf the 1RYEEEEri cal |y connected to the
wiring supplied with the output signal, the 5 other of the source

el ectrode and the drain el ectrode of the transistor is electri cally
connetted to of€ltaf naivebatiteokitch ainfcutttaecardipgctd) thimaneharein theutansistor hes t hi r d

i nverter, _and. an of . the third inverter is electrically connected to
the vi 11 AGUSHBRF BRIONIE 457k i SHpERPCHE LTS NS The nonvel at i1 6. | at ch

circuit according to claim17, wherein the oxide sem conductor |ayer

contains indium gallium and zinc. 19. The nonvolatile latch
circuit accor di®gTheonenvaiatild fatchwhisewdt according taakimtGrwleaeinrtbe srangistor ng of
data intq (ﬁate ca8f§| tor gffé t he . hi rd inverter. 15 20. The

nonvol at SPEPSFEHE OF I8fR MG PRI ™ 0 claim 17, wherein the transistor has

a fupgtion of holding data in a gate capacitor of the third inverter.
21. The nonvol atile latch circuit according to claim17, wherein the

transi stor 20c&htThs sonwolatile fptely ciaatinageqrding ke clasp Lo whsirein 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



22. The nonvol atile latch circuit accordi ng to claim17, wherein the
transi stor has a function of holding data in the capacitor.
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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.



