DESCRI PTI ON MEMORY DEVI CE, SEM CONDUCTOR DEVI CE, AND ELECTRONI C DEVI CE
TECHNICAL FI ELD [ 0001] The present invention relates to a nenory

devi ce, ctor device including the nmenory devi

el ectronic ?eV|c§9?ncluding t he menoryldevi ce. BACKGROU %ﬁﬂﬁaﬂﬁgﬁgﬁﬁ

A transistor including a sem conductor filmwhich is fornmed over an

i nsul ating surface is an essential sem conductor elenent for a

sem conductor device. Since there 15 is limtation on manufacture of a
transistor in terms of allowable hep@iptighe !imt of a substrate, a

transi stor including, in an active layer, anorphous silicon that can be
deposited at relatively |low tenperatures, polysilicon that can be obtai ned

by crystalli e am or catalytic el ement, or the
like is mai A‘@Mﬁ@ﬂ?@%é& §M@i@"b§ % ﬁl@@[‘%@b@fl I'n
recent years, a netal oxide shomnngD@gﬁkgpnductor characteristics, which is
cal l ed an oxi de sem conductor, has attracted attention as a novel

sem cénductor material having high nobility obtained by polysilicon or

m crocry n and havi ng uniform el enent characteristics
obtained$@35@§ﬁﬁﬁﬁgﬁ§£@|Iicon. The netal oxide is 25 used for various
appl i catifgogt] for exanple, indiumoxide is a well-known nmetal oxide and
used as a naterlal of a transparent electrode included in a liquid crystal
di spl ay devi ce The pragent iieentipn apjstesstoos manedry rdavide, @xsearisonshictar idgvice

sem cond r GS n i ndi um

oxi de, "bgél%lilﬁ Iagexllﬂg&&r &ﬁ r%d;ﬁg%lg&g&%@%&%%&ﬁh@g ’thehﬁlcmg a‘?]eﬁ% formation
regidd is formed using such a netal 30 oxi de show ng sem conduct or

characteri st have been known (Patent Documents 1 and 2). [Reference] WO
2011/ 076 FASKERABBORE 73475

[0002]

A transistor including a semiconductor film which is formed over an insulating

surface is an essential semiconductor element for a semiconductor device. Since there
15  is limitation on manufacture of a transistor in terms of allowable temperature limit of a
substrate, a transistor including, in an active layer, amorphous silicon that can be
deposited at relatively low temperatures, polysilicon that can be obtained by
crystallization with use of a laser beam or a catalytic element, or the like is mainly used
for a semiconductor display device.
20 [0003]

In recent years, a metal oxide showing semiconductor characteristics, which is
called an oxide semiconductor, has attracted attention as a novel semiconductor material
having high mobility obtained by polysilicon or microcrystalline silicon and having
uniform element characteristics obtained by amorphous silicon. The metal oxide is

25  used for various applications; for example, indium oxide is a well-known metal oxide
and used as a material of a transparent electrode included in a liquid crystal display
device or the like. Examples of such metal oxides showing semiconductor
characteristics include tungsten oxide, tin oxide, indium oxide, and zinc oxide, and
transistors in each of which a channel formation region is formed using such a metal

30 oxide showing semiconductor characteristics have been known (Patent Documents 1
and 2).

[Reference]



[ Pat ent Docunent] [0004] [Patent Document 1] Japanese Published Patent
Application No. 2007-123861 [ Patent Docunent 2] Japanese Published Patent

Applicati : 7- 096055 5 DI SCLOSURE OF | NVENTI ON [ g By the
way, a régpggﬁwvéggich is one of menor® devices, is a Ig $§¥€P?@ﬁ#¥8

generally including a | ogic elenment such as an inverter or a clocked
inverter, and a 10 swtching elenent. Since the operation speed of the
register is far higher than that of a random access nenory (RAM which is
used as P h nenngx the register is used in a processor in order to

t enpor al | Ot dodard" ¥ or hol ding an arithnmetic processing, a program
executioroeo4gte, or the like. [0006] 15In FIG 16A, one nenory el enent
included in a register_in which inverters are used is illustrated. A

regi st er [Pagot Ppeumaent 3] tapaneseFublished Fateat Applicatian Noy 200E4238931, an i nverter
1302, ' ' | L I t of
Tl ARSI | 00

si gnal 0 an 1 npu e I nvefter I's controlled by the
swi tclling el enent 1303. A potential of an output term nal of the inverter
1301 is supplied to a 20 cirggit of a subsequent stage as a signal QUT. The

out put t FPIGHSUREHEINVENTR@N 1301 is connected to an I nput term nal of

the inverpghs;1302, and an output termnal of the inverter 1302 is connected
to the i#put termnal of the inverter 1301 via the switching el ement 1304.
[ 0007] 25When tBwethewwayha megistte vanich i308e iof memoryddeofidesamda tlbgic suiicuithi ng

SRS L R K QnE RN ST I MEN T L

10  switching element. Since the operation speed of the register is far higher than that of a
random access memory (RAM) which is used as a main memory, the register is used in
a processor in order to temporally hold data for holding an arithmetic processing, a
program execution state, or the like.

[0006]

15 In FIG. 16A, one memory element included in a register in which inverters are
used is illustrated. A register 1300 illustrated in FIG. 16A includes an inverter 1301, an
inverter 1302, a switching element 1303, and a switching element 1304. Input of a
signal IN to an input terminal of the inverter 1301 is controlled by the switching
element 1303. A potential of an output terminal of the inverter 1301 is supplied to a

20  circuit of a subsequent stage as a signal OUT. The output terminal of the inverter 1301
is connected to an input terminal of the inverter 1302, and an output terminal of the
inverter 1302 is connected to the input terminal of the inverter 1301 via the switching
element 1304.

[0007}

25 When the switching element 1303 is turned off and the switching element 1304
is turned on, a potential of the signal IN which is input via the switching element 1303
is held in the register 1300.

[0008]
A more specific circuit configuration of the register 1300 of FIG. 16A is

30 illustrated in FIG. 16B. The register 1300 illustrated in FIG. 16B includes the inverter
1301, the inverter 1302, the switching element 1303, and the switching element 1304.

The connection structure of these circuit elements are the same as that in FIG 16A.



A nore specific circuit configuration of the register 1300 of FIG 16A is 30
illustrated in FIG 16B. The register 1300 illustrated in FIG 16B incl udes
the inverter the inverter 1302, the switching ele d the
smﬁtchind%éﬁgﬁé%%wi304. The connection3structure of theggqbréﬁaﬁp4§?enents
are the sane as that in FIG 16A. WD 2011/0783733PCT/ JP2010/ 073478 [ 0009]
The inverter 1301 includes a p-channel transistor 1310 and an n-channel
transi stor 1311 whose gate el ectrodes are connected to each other. In
addition,O p- channel transistor 1310 and the n-channel transistor 1311
are connéﬁ ed in series 5 between a node to which a high-Ievel power supply

potential VDD iFhesinvettered30ndneludesde p-chanel bransistor-13¢0 elndpavear-cimpel y
potential VSS is supplied. In a simlar nmanner, the inverter 1302 incl udes

a p- channignsistoankild s whoseate glegtradesare (canprated: toapachsether. 14 3ddjigaethgat e

el ectrod t I&ﬂgq i.ti:QR, < : .
transi st ?Cq@?sﬁgng téulgq#(gﬁg%g% Qlférhg{r‘l%ellstt or El“éliiﬁgraég rc}gﬂlg%&cﬁg‘p iglri]nesseri es
10 betSweebetweanod @odo tomvhixth @ highghvdl posier sopply petoppbly VPR énsupplied/BR ias

supplied and a node t ich a lowlevel power pl otential VSS is
suppl | od. aeiscRopRich 3 Towtexl puter B OROBR It oY St BOPRG G 126% SHBEa os
such t hatm@fiRr Ofhet 9eRerC MIONGhcIEdANS ig)sélf?ﬁméwl?’ﬂrgnﬁdigf 4582 Nn@hanReéhahhdnsi st or

1311 is turned on and the other is 15 turned off according to the |evel of
pot ent i altsansigisl §3dd whose rgatq)gleetredes care ¢aprectadetocerdch others, Ik additinon, thet ween

the node tg which th S I ot ential. VDD, supplie nd t he node
o wht cn Futel dpisio PIEL st R roRRARTauinitE 1313 b Bt MistiR, " ero.
Howeuer , teewesal 4 Yode 18 Which Ahiptiflevedfpotler sepply potedtisleVIDD isospplied bhiE a
OFF-state transistor; therefore, the current between the nodes can not be
zero. A S199¢ tawhich ajawrlsyed mewensupphspotentiah ¥ SSry syrpkied-1302; as a result,
power islﬁg uned in the register 1300 even in a hold state in which data
is not witten. [0011] In the case of an inverter manufactured using
bul k silicon fdheeianpére 13@h ilkfragidaire FGr 16Bt opdratab suth thatAones ofether at ed

at room t enper at ure, at ol e hetween 25 n . of abhout V, although it
depends dhomaaciarpsishy 1314 fud GGy elannsitensaieg 19 T isdRe op and st ol n

FI GS.1516Auaid oFBRcoRfihd! 48 thel 10l STVStdifiials supBfied Y et Sfte RCHoARAnERSE,
inverter 1302; therefore, an OFF-state current of about 2 pA is generated.

In the caBwsofureent befwser thd nedeitdi whfich ithripow@ supplyopopentiab YEHD ds supipdied
OFF- st at f the, whol i ster i 1 AA As th t i
s o e SRR Gt BRbE: 498l ibunEySS s Almue bR R, o "

consunpt i RewdiRE O48esallya b ORlinude) dnidiat GFFOFFatte Guft@NfloR inhhe OFFSAE

becones several mllianperes. [0012] o
transistor; therefore, the current between the nodes can not be zero. A similar

20  phenomenon occurs in the inverter 1302; as a result, power is consumed in the register
1300 even in a hold state in which data is not written.
[0011]
In the case of an inverter manufactured using bulk silicon for example, an
OFF-state current of about 1 pA is generated at room temperature at a voltage between
25 nodes of about 3 V, although it depends on the size of a transistor. The memory
element illustrated in FIGS. 16A and 16B includes two inverters: the inverter 1301 and
the inverter 1302; therefore, an OFF-state current of about 2 pA is generated. In the
case of a regiéter including about 10’ memory elements, the OFF-state current of the
whole register is 20 pA. As the temperature of an IC chip in which the register is
30 provided becomes higher, the power consumption becomes larger and the OFF-state

current of the register becomes several milliamperes.
[0012]



In order to suppress power consunption, a nethod for stopping the supply of
a power supply potential to a register has been suggested. In the nethod,
in the C%ﬁ@zWﬂﬁP?wgata needs to be held for a |ong tinePE@U@ﬂﬁ@@%ﬁ%Fr’ t he
data is tenporally transferred to a nof-volatile nmenory device provided on
the periphery of the register. 5 This is because the register is a volatile
menory device in which data is erased when the supply of a power supply
potential is stopped. However, since such a non-volatile nmenory device is

mai nly fornmed [ g@gﬂ [ r [

manuf act uri ng 3?82%52% c%&r&ﬁ%@* 8{%8%?%11%1 é\]%{hﬁg?@g%%ﬁﬂ\}\ﬁétrhtg%tﬁ ﬁ%ly pocgv?/er

suppl y i posteosppplyfpotengial ng register hahbeabasiggested.r ainsthe miethod, dn ahéreaser vy

devi ce such as, a hard disk .o flash nenory and.then the power supply can
be st oppetFerhdiita aFeds; 19 E«h@e&ﬁg @ﬂ@% e W%ﬂpﬁreyu% lé_ttag»@e&'f or a
short ti NRansRAEH 16 a RN latHe théfory HeIRE p?HJ/iHé’thﬁ‘ tﬂ@ﬁéﬁﬁﬁr)ﬁof {H&&efiRfer.P! aci ng
the data back is needed. 15[0014] In view of the dbove-deScri bed

pr obl é&ns, Thagisdisraist thef register exvbval atile memyiry tdewicp irewbich datavie atasegthwhen the

provi de a nory device ich d . ngt need conpl ex manuf act uri,ng process
e whos SUBRETY s BRYGH Serith POIRORE s ThpiRac s KR weloE sfice it et tin-vlafles

i ncl udi ngnéherymesmcey i a4inl¢, fornel abin@! £Ghdgaeii€ ckaNdnt ori A Fbiieh1a@rieOthkhe
menory device. In particular, the object of one enbodi nent of the present

i nvent i ormamifaciurineRrpeRss & ¢BHYe%; devi ce whose power consunption can be
suppressa@ p_ﬁ stopping a power supply for a short tinme, a sem conductor
devi ce | c?u ing the nenory device, and an el ectronic device including the
menor® devi ce. Ih QR Bhse2@hereathegoniey sepplyas tstopped fdi adorg tiag, che davasist by
whi ch the phase . of an input signal is inverted and the signal is output

( her ei naftfa@f ,e“F%ft%rar‘@GmPg' deviee Siehsas ¢ hord disk pr @ Hasbiogmefic and, thegrthe nyer t er

or aclo L I i j | el enent

whi ch coﬁlitésgf gﬁﬁsﬁ?%t;:ﬁlge gtr?gﬁflgﬁigg?i{,?@ cﬂlgr%gé ﬁlﬁel?ﬁg@gg‘ggrciﬁlt@w fgfsgﬁ IJp}rg%vi ded.

For the doi ashomgims, snena memnary alggicstivmof suitablti bagause otiinddos phicingritierct or i n

30 a chagggls fgr.mati 0‘8 region is used. [0016] WO

2011/ 078 }%ﬁﬁgi /073478 el enents, a capacitor, and a sw tching

el engst Wb@pg controls storing and rel easing of charge in the capacitor. A
inclu

si gnal ing data that is input to the nenory elenment is supplied to an
i nput term nal Iyviey of therabpyerdescribgdproblomse pw pbiect ofppneotmpadimertrofithel  of

the first, AIAS GRS i 8 pROVIEP R mbofiP WBGEL Sohibl 3B HBPYHEcd & iy O 2

second

manufacturing process and whose power consumption can be suppressed, a
semiconductor device including the memory device, and an electronic device including

20 the memory device. In particular, the object of one embodiment of the present
invention is to provide a memory device whose power consumption can be suppressed
by stopping a power supply for a short time, a semiconductor device including the
memory device, and an electronic device including the memory device.

[0015]

25 In a memory element including a logic element by which the phase of an input
signal is inverted and the signal is output (hereinafter, referred to as a phase-inversion
element) such as an inverter or a clocked inverter, a capacitor which holds data and a
switching element which controls storing and releasing charge in the capacitor are
provided. For the switching element, a transistor including an oxide semiconductor in

30 achannel formation region is used.

[0016]

Specifically, the memory element at least includes two phase-inversion



5 phase-inversion elenent. An output term nal of the second phase-inversion
el ement is connected to the input termnal of the first phase-inversion

el enent . i} j.al of the output term nal of the firs% ﬂg - nver si on

el ement o O{%ﬁ ?Q%ég;gt term nal of the s&cond phase-inver Fg %qeigfpr@ﬁf is
output to a nenory elenment or another circuit of a subsequent stage as a

signal. 10 [0017] Each of the phase-inversion elenents has a
structure in which at | east one p-channel transistor and at | east one

n- channel ;tr i stor wmhose t | ectr ape connect ed ch. other are
Connect e PRENE, ¢ gl T Acfiod ShsRae LSRR TbAE AR FaGTE deT
capaci t orchafgeGANREE4paditdr0 A i@kt idciudidl 84ta thye iPbeNtol th neindr{ielement is
above-described signal is supplied via the switching element so as to store

t ha dat a ¥pphistbtogangapyt temainal; of 3 firstphaserinveesiofelpmpnte| SMEpHtPUdeEaYR.
[0019] | ) a . e:l -' t he
first no&gégﬁrf%@g ?gpg{gfg)gnglgﬁl\gﬁ%,léﬁg#\%{ﬁ%?%na p%lt ﬁgﬁ’{‘}hﬁapﬁé&g&?a i's

i nput 5t o phase-invptsion elemental Aafoutphe térntisdl af tixssecomd phasednverdieneleinent Be dat a
is held in the first phase-inyersion el enment apnd the second phase-inversion
el enent . qoﬁnff‘ﬁ"éj'@ %1@%?@%&@%&%@6@&@%@8% ﬁ%g‘?‘a\flef thsge

bet ween Fdiﬁprt'téﬁﬁimﬂ%iqh@ﬁ%t bﬁﬁ‘seﬁﬁ@é}%n RAGEenk Br ﬁ{eOiBB@tdtenPﬁBPéiethE REcond
application of the power supply voltage is stopped, the above-descri bed

swi t chi ngphase-inversinantelement Uis nadipusntoaad memoryl atlemerft ohanethgnadirciié oft ared i n
t he capaci hor. VtV h the above-described structure, even when the

appl i catid Se&f’e?t‘fagﬁ(ﬁv@PIQﬂ ply voltage to at | east one of the

phasggi nfepos7jon el enents is stopped, data can be held in the nenory

el ement. [0020]_ 30The channel formation region of the transistor used for
t he above- descriash®fsif tRbaseigversioReelemeRis | hag s stauqtirg Hinywhigh  at j least R de

sem cond a : e L r ' ri.Sfl e O
extrenel ;}F {:%\%IVH%ZEQ%S{I% eg%ﬁ rgfralee?ld?‘ Olt“{ g@ﬁﬁ& uﬁ%to?hvgﬂ%& ?%réeegle‘%&%%ﬁd%gt or is
a netal aondectahowacigothenare cohectedrin sdries detvaden aitfirstsnodandd hascdadglbdembi ity
obt ai ned ﬁé fg] crocrystalline or polycrystalline silicon, and uniform

el ement dA@}&cteristics obtai ned by anorphous silicon. In 5 addition, an
oxi dgssem condugleOtadaRitH ik f Edithe&t WNIaClholis 31 GhHidh PMET hbihkidlY of EglEiCti on
of inmpurities such as noisture or hydrogen which serve as el ectron donors
(donor s) abgvedescribgheigaarrs suppliedtvia theaswitahing elementssordsctorstivre tthr Yate of
extrenely, cl.os .an i-type sem cqgnduct or substantially i-type

seni conduURt 855’§ t%gé‘cl:’inplnctg?{‘?wefnﬁﬁ'uaf’?‘?’étsas%%‘%das noi sture or hydrogen

cont ai neqoor]t he oxi de sem conductor are renoved so that the 10 val ue of

t he hydrogen concentration in the oxide sen conductor nmeasured by secondary
i on mass spect d®Hestate whens) pewer supplytvieliagwis applied between the fostiqode gad

o canal e 554 BOAE wHen 96 Ginch Suchudin g o TR0 B A 06387 | 27"
Wt h the fakioptaseasersidieclesitnit, dicudata id hedd Gatlic frst ghassiihyersibn @lentont dad

sem conductor film which can be neasured by Hall effect,
the second phase-inversion element. In the case where the application of the power

supply voltage between the first node and the second node is stopped, before the
application of the power supply voltage is stopped, the above-described switching
25 element is turned on and the data of the signal is stored in the capacitor. With the
above-described structure, even when the application of the power supply voltage to at
least one of the phase-inversion elements is stopped, data can be held in the memory
element.
[0020]
30 The channel formation region of the transistor used for the above-described
switching element includes a highly-purified oxide semiconductor, and therefore the

transistor has a characteristic of extremely low OFF-state current.



15 nmeasurenent, can be less than 1 x 1014 cm 3, preferably less than 1 x
1012 cm 3, nore preferably less than 1 x 1011 cm3 that is | ess than or

equal to %%H?(??%?t limt. That is, the carrier density-Qfpii§oRshde

sem conduct or can be extrenely clbse to zero. Furthernore, the band
gap of the oxide sem conductor is greater than or equal to 2 eV, preferably
greater than or equal to 2.5 eV, nore preferably greater than or equal to 3
eV. 20 Thus, with the use of the oxide sem conductor filmwhich is highly
purified [ggzﬂuffi ciently reducing the concentration of inpurities such as
noi sture or Hydrogen, the OFF-state current of the transistor can be
reduced. [ 0022]Theheoxidial sesnisomfuctone iy ar mgeal coxidee n$hoxting n s¢micohductos de

sem conducgtor film25 and a condyctiye filmis noted here. The hydrogen
Concent r APRBRCTiicSH and fa Siuteroblfiubancs By e sttt poVEPRT IR <
measur ed diycon®GRARdRRiYorhPRIGRS® SREAERAB ro‘btz(i@d'v@}l- a f@ﬁﬂn%ﬁ@ sPlicohN® In

principle of the SIMS analysis, it is known to be’difficult to obtain

accur at e additionj an bhide semiconducporofa purified Q)evhith is kighlytpiridiediby redwctionoxi ity
of an inter.f ace.betwgen st.atcked fli%ms fol[lan usi ng, diffeyent C(gxat erials. 30
Thus, in CHEPRIUE WA RORUE 2 PYBOEToRNISP Seaws 3\ 9B Hopeii (8RRt on i n
the thi clanesspédistRidonictérf (ad_ intrid¥id SendoaddieaR) by extrdielytddscareedmpfpyal ue of
t he hydrogen concentration in a region of the filmwhere al nost the sane

val ue carsemicoppguciph@subptaniinlly istyge semicapducier).i 2¥nesHically,dmpusiiesisush ashe
hydrogen xﬁ&%ﬁa‘“h{ ﬁ%&lrgﬁen 2 Qined i thd Bﬁid% e %ﬁﬁctgxf altehl%rr[dvl H‘sﬁh&t”ﬁa":' » 8
regi on where al nost the sane val ue can pe obtalned canno Be Polfid tn sone
cased0owivalpetof thdkydrogdnumincentation ke tHeyoidegemicondaetot rehsured by sévoAdargadj acent
film In this case, the naxi mal value or the mni npl val ue of the hydrogen
concent r 497 BI3sS sPeatromeir e IMS) it less thapor squakin dyxd@ o6 rrefeablplsnthan

concentration,intheasjl m_ Furtheroor N the ¢ e\/\hﬁflﬁ asmunt ai n- shaped
peak ind?oérg ‘llar%égg ﬁ‘gﬁ) na%(cfnnhﬁnotléaérﬁ%r%ﬁ ?egs l\;%f' |°é§9“sa?§°p%a‘ pea/kcml h%’iegé??rﬁg t he

m ni mal \GRfIRAbHOIRO ithAXL St 101 RAY. I YO theOibovBRAeddribell strfituYd! the cadrick he
inflection point is enployed as the hydrogen concentration. 10 [0023]

Not e t hatdensityi of kamowmide hsemicorsdugsor dblm, e whishn darc ther miesuied dynmblall bgffect
sputtering or the |ik ont ai Arge anpunt. Qf ippuritjgs such as
oi S8 e TSYGPS S RIS Leirer 5r1hy bl oqBraagy fossBRid < orBr - Pl anc
thus ser \fictefably 1ERURAL | $S10"McrhtPansdit 885 8RRTF el 68 Rleasurém i §infiT POt ent  of

the pres I nvention, in order to reduce 15 rnpurities such as noisture or
hydr ogen i$,rth¢ bariex delesityg exfritho nxiide tsemidonduntort fikm oan te esweermelgrotasettorzefo. | m i s

R N N N e I T U
or an ul tyrdefbly @tdtethARSPORIEL 2.5 VIRIbRL preferfbIP Bithtek PhatrREMAto 32VC DY
conversion intdo a dew point) or |less, preferably 1 ppmor |ess, nore
pr ef @E)abﬂ;hug,ow'jjpbthgr ugee@f thg @xid¢esaemisenductor film which is highly purified by
sufficiently reducing the concentration of impurities such as moisture or hydrogen, the
OFF-state current of the transistor can be reduced.
[0022]
The analysis of the hydrogen concentration in the oxide semiconductor film
25 and a conductive film is noted here. The hydrogen concentration in the oxide
semiconductor film and a conductive film is measured by secondary ion mass
spectrometry (SIMS). Because of the principle of the SIMS analysis, it is known to be
difficult to obtain accurate data in the proximity of a surface of a sample or in the
proximity of an interface between stacked films formed using different materials.

30 Thus, in the case where the distribution of the hydrogen concentration in the thickness

direction of a film is analyzed by SIMS, the average value of the hydrogen



20 where neasurenent is perforned by a dew point neter in a cavity ring
down | aser spectroscopy (CRDS) nethod). The tenperature range of the heat

t reat menty r ably higher than or equal to 500 C a or
equal to\ggéogﬂﬁ(&ﬁ%a tenperature | ower7than or equal to@?ﬁ}g%@élg?%%;oi nt of
a gl ass substrate), nore preferably higher than or equal to 550 C and | ower
than or equal to 750 C. Note that this heat 25 treatnent is perforned at a
tenperature not exceeding the allowable tenperature |imt of the substrate
to be us Altra865 6t i& bftmakiR W ' h%g[o t.he heat
treat ment has ﬁietén coanﬁg#ﬁ{eg%l%atLerrm egglslggrtg%‘?gﬁﬁlgpec er%?‘?&b@%g.

[ 0024] Hewithdut significant variaiohlis eapéoyed aa tha pydiopére comkentaativmal iAdsp, vetidnod ( RTA
met hod) 30 i.s used r the heat treatnent. t he RTA nethod, a, net hod

Usi g | B EpER OLBEALE T AdeRga THFGAR B onre vak SBkE OPPRent | s
per f or medeaRRotBeSdlad iPédind Oibs bWing!th NS Bhbfet dthe hgmlagéﬁ EshcdRRatfoR b€

enpl oyed. Wth the use of the RTA™nethod, the tinme hecessary for the heat

t r eat dentancadjachrt fillor tlathis lsage, the miramal v4lanocthe 8paimal ivebik lof thet y@rogeansi st or
i ncluding, the hi.ghl.y-pur.ifi oxi de semi copductqr 5 filmthat .is.

i gl y- poePRwig o ek of ket i GRPRAET S e Fortheen sSheatBator ftheayer
has extr efifi.y HubthefdidreSinath€ caerwiRitt a npikdihisEa)edypeak iRklicaiig théthagigarent has
a channel width (W of 1 x 106 pin and a channel 1ength (L) of 10 pm

OFF- st at evafugrandrt valleyhaped peak andiggting theyminimal yalae slotngs exishinggmyaegioact r ode
and a so ' . . £ han or
cqual. o Uik flof bt lGe by Rifecif Jofl bRy chids hofly S5a Galdingby"
i.e. 10l ed6023jan or equal to 1 x 10-13 A at a voltage (drain voltage)

bet ween the soytce el ectyode and the drain electrode of from1l V.to 10 V.
Therefore, OFFQtgthat Hd?#W“@éh@FPif‘dééF?‘é‘?ﬁeﬂ‘ﬁﬁ?rrfgl“l formed OxSPyttcaing\ x| ue

whi ch i s galigdibaifids R¥ardé ¥indhRbiRGuiEs SchhS nfoilth@ Vr Mrogpﬁ, CORiVRE W dth
of the transistor is |leSs than or equal to 100 zAi pm According to

measur enenthydregenseasily tfhams aodongr tlénel andt thus) seveo as daputitiese inl heaoxideh | ower

OFF-state _current density, ich is from10 zA /pmio 100 zA/pm at a

vol t age t?g{l\}ﬁé)@ﬁu%{o%o[}f‘c%ﬁ/ee Fﬁ@?&l&f@? {frﬁdt%g EF%ﬁnﬁ IEP%'PPD_(‘J% °6$ert ﬁ’e.r‘f(.ﬁ'ﬁﬁsi stor
of 31¥. lifplifes RiahldsCiBRture dr thHydRszes lifrthé PRidédieRcehdit@h IImPwd bii@d oxi de
sem conductor filmand a 100-nmthick gate insulating filmwas used for a

swi t chi ngemicondugtonfilng b5 suibiseted te haatdecapneny 8 pgediyed Pagsaetctabmosphare, ame

OFF- st at . i red 0 e in_the
anount 013 n%ﬁéz{rsge Pﬁihffi&g:%%(?%&? %agéé%?? 5@%312"#’ ag] ?J}“Séf”‘?ﬁ%suart.ﬁlt(.5 s> TA"t he
nmenory deiltr£ @ryit efindspher €the Misistureithodit i$ D@ ppmeSSHt A by edtiveRibn fnkLa

OFF-state current density of the transistor including the highly-purified
oxi de serficWdifdRi} Obless,ipreferablyahppratar Jess) moeer preferably 10 ppk of lesh 1nthecepsal t o

100 3 ph?ﬁ{ | &s equal  t ' r fernably |ess
100,00 Pl S{5kq0hpd %5054 £ 9L A0k 1 AT gL
hi ghl y- pspédtioscbpyx (GRDSEmethod)uctTie tenpersétarearanget ofvehd hgstr tlb@mehiris | oner
OFF-state current than a transjistor including silicon havin cora/stal linity.
[ 0026] preferably higher than or equal to 500 °C and lower than or equal to 850 (or a
temperature lower than or equal to the strain point of a glass substrate), more preferably
higher than or equal to 550 °C and lower than or equal to 750 °C. Note that this heat
25  treatment is performed at a temperature not exceeding the allowable temperature limit
of the substrate to be used. An effect of elimination of moisture or hydrogen by the
heat treatment has been confirmed by thermal desorption spectrometry (TDS).
[0024]
Heat treatment in a furnace or a rapid thermal annealing method (RTA method)

30  is used for the heat treatment. As the RTA method, a method using a lamp light source

or a method in which short-time heat treatment is performed on a substrate that is



In addition, a transistor including a highly-purified oxide sem conductor
shows al nost no tenperature dependence of OFF-state current. One of the

reasons iwobifbork 30 conductivity beconmes extrenely clesgpifQobisdts ©f an
intrinsic semconductor, and that the &erm level is located in the mddle

of the forbidden band because the oxide WD 2011/0783739PCT/JP2010/073478
sem conductor is highly purified by renoval of inpurities which serve as
el ectron donors (donors) in the oxide sem conductor. Another reason is that

t he oxid ' C e - | 10 3 eV
and i ncl &@g%?;i e%vﬂ%z}%%?gr%ﬁa{hf%&x%?%lgg@dgaﬂvﬁgrtfs?éhg (I)if {E@}n@g H%g}b?ééﬁseon for
al nost naihe sy for thkehein demarnbeanbetshaitert then 0dtioae el ectrode and t he

drain el e%éérﬁde are in a degenerated state. The operation of the transistor

IS rmstly[ formed by carriers injected to the oxi de sem conductor from

the degener at e 3pificafy, Ghe Hah§6t6r ixﬂ:{ﬁ%ﬁéﬁ$&e¢ﬂff i)ﬁéuerﬂ%gs&lide g&ﬁ&o{}&}&(ﬁ‘f‘ve

t enper at ure dependence; therefore, enperat pendence o state
currelt ifElmuthiat isdlighlypubified bywe aticde{deS2ibed heat treatiByntissiangctive fagesshast or

havi ng t he, aboye: de i hed structyre .as swi t ching el enment. whi ch hal ds
char ge sthﬂlerynloé{V @ﬁa@?‘?&‘?ﬁ?‘eaﬁa%ﬁsﬂ& ENEH f”rhS?ng‘PrFéeIB%[ﬁab@F tao&’a{:‘ﬁ be
prevent edyigth@yebP1 & 109 iy LARMKAALIAR (Bf 010 ARETOREPRIeYcuYRhE fflfin dat a

is not erased but can be held. In the period when the data is held 1n the
capaci t orcuriehewhennthe voBagaipgiivgen algata glecirodnand aeawss electrgdeadp pdsk dthntar at

| east fot hase- | i | : It |
consunpt A0 M3 R e tE BTl B e meSwEmERC oty SRR RIS e
phaseoi NVREhQEr SlaBfFRnti.eCabssbifiak 8FBGRT to and 10 ADAVR K oRARSWRA Ivoltag) t he

menory device and further the whol e sem conductor device including the
menory dewheeendhe sources alspiredssandl the dpain elpatrodof H0m8] V to 10 V. Nbhaefongt i n

the transistor,used in th hase-inpversi on el enent,, a,seni conduct ot her
than an sl Ritiesh doreil, CHERbondE s Mmtrcac i MaRa s vl by
ni cr ocr y sdividingitBe OFFLEAE cuRét bg tSERhhéIREdE df tEOfansiitordk Ees§ tasitorleqdl | | con,

anor phous germani um mcrocrystalline germani um pol ycrystalline gernani um
or si ngl dodPYzAaim5Ageordingita measyremelti it isfurthenhfound thab o yransistor edndmye

transi_st or hi n i conductor, filmor a hul k semnicond or, substrate may
be. ua3d. ooy legvet SEFSBETGHTRRF densiprvBichits fven 40 FAUR 1o dBD A Binet Brnduct of
film can Raapppuihest ¥§¢fce Akttt ah18 dtdif BRLAOQ Sf thD trhilstHESRS V. ShLE@ENT can

include the oxide sem conductor filmas an active layer, so that the
process dneaswrementypal trdnsistor iBCluflid@20highlyxpuiifiedeonido seiiconductor famechael

B N T R
eV, whi chfiaSstgiagelicapdeites antl MRS OFF-dtAE @arrdf 6k tRinsBior ViR meaduRA@y Ae
haa"S0n ! Ghangty RdbeAgount of charge in The Stosage capacitor per a unit hout. * Ths, in the 0 "
memory device which is one embodiment of the present invention, the OFF-state
current density of the transistor including the highly-purified oxide semiconductor film
as an active layer can be less than or equal to 100 zA/um, preferably less than or equal
to 10 zA/um, more preferably less than or equal to 1 zA/um. Accordingly, the
25  transistor including the highly-purified oxide semiconductor film as an active layer has
far lower OFF-state current than a transistor including silicon having crystallinity.
[0026]
In addition, a transistor including a highly-purified oxide semiconductor shows
almost no temperature dependence of OFF-state current. One of the reasons is that the

30  conductivity becomes extremely close to that of an intrinsic semiconductor, and that the

Fermi level is located in the middle of the forbidden band because the oxide



5 voltage, by controlling the application of a power supply voltage to the
menory el ement with the use of the transistor, the reliability of a

sem condughahdeyi-ge can be increased. [0030] As 5@’?/J9§ﬂ16‘/97347s

semi conductor, an oxide of four metal 8l enments such as

| n- Sn- Ga- Zn- Obased oxi de seni conductor, an oxi de of three nmet al el ements
such as an 10 | n-Ga-Zn- O based oxi de seni conductor, an |n-Sn-Zn-0O based
oxi de sem conductor, an |In-Al-Zn-0O based oxi de sem conductor, a

Sn- Ga- Zn- I “hﬂ&e i

sem condu%gftﬁﬁg?t% lg%%wl iﬁﬁ %gg%s)géené%é?fslg%uégﬁ%ct or gergﬁ agmlgcetmo t wo
met al el edomotss (demmins)am die |axidén sGnirasduttaxi dénatheri ceascluds othat dhe oxide

Sn- Zn- O base X1 de, sem conduct or -Zn- O bas xi de sem conductor, a
T N BB pAm TS S st thish Or da Rob e S e Bides YRR ot or
an | n- My-gehnigtxeitedgarfier CSafluabtier réborfbr lalinéf no LA EAnRE deSendence
sem conductor, "an | n-0-based oxi de sem conductor, a Sn-O based oxi de

sem cénduéttbart thg spurco diectriode ani dhe degin clnstrade are, inoa depencrated stagm  Bléheused.

Notethat in.this ecifi.cati.on : Ga-,Zn- O based oxi de
seni condu® ratloﬁ'e% gﬁ)aqﬁ‘g?gﬁm d§|%gst§'oﬁ?'§?%?eﬁgb§ocmﬁedf ﬁe((’sﬁiﬂ) pot %Of‘ggr)

gal | i um (semlicondietor from héJegerdtated BoUree eRcticdd)and iltaibaatier ddtisitpdognéin t he
stoichionetric conposition ratio. The above oxi de sem conduct ors nay

i ncl ude shave ctemperabug dependence; thepgfors, the iterapssatugsy dependensecoh Q86 can be

reloresem&@reﬁ%shﬂﬁk&?%&éﬂo@ formula, 1nM3(ZnO)", (m> 0). Here, M

represents one or e netal élenents selected fromG, A, M, and Co.

[0032D [0027] Wth one enbodi nent of the present |nvent|on it is

possi ble to prqvide a nenor |ce hat, can, suppr.ess power consupption and
K g s

a seni conduct o ydé‘W‘Se A0y calRYGusleseriped Srictusp agra SEHEIBT| ON OF
DRAW NGS 1R %ﬁélpﬂcﬁés? &Té&?%@&@é&%ﬁéﬁ f&:ak%m}reﬁi frorh th§ céi;a@itér‘-‘déht

di agram of a nenory el ene is a circu di agram of the menory
el ement . el ngesemsd,athenef(ug,l wnbp@igalmhcatﬁora ofranpoweresuppiynvolidpe) @ata issnat

cireuit d'rgs%d 3l (c)an lgehheel(!ITE "B the %lar?(%a wThen the data is held in the capacitor, the power

15  supply voltage is not necessarily applied to at least one of the phase-inversion elements;

as a result, surplus power consumption due to the OFF-state current of the transistor
used for the phase-inversion element can be reduced, and the power consumption of the
memory device and further the whole semiconductor device including the memory
device can be suppressed to be low.

20 [0028]

Note that in the transistor used in the phase-inversion element, a semiconductor
other than an oxide semiconductor can be used, such as amorphous silicon,
microcrystalline silicon, polycrystalline silicon, single crystal silicon, amorphous
germanium, microcrystalline germanium, polycrystalline germanium, or single crystal

25 germanium. In addition, in the above-described transistor, a thin semiconductor film
or a bulk semiconductor substrate may be used. As long as a p-channel transistor
including an oxide semiconductor film can be manufactured, all of the transistors in the
memory element can include the oxide semiconductor film as an active layer, so that the
process can be simplified.

30 [0029]

In one embodiment of the present invention, the application of a power supply

voltage to a memory element can be controlled with the use of a transistor including an



FIG5 is acircuit diagramof a nenory elenent. FIG6 is a circuit diagram

of the nenory elenent. FIGS. 7A to 7E are views illustrating a nethod for
manuf act ugj ry device. 10FIGS. 8A to 8D are views hbbHehisatd Ng the
met hod ft)k&bgglnlzyg}c%?gri ng a menory devilfe. FI GS. 9A and dg@ are views
Il lustrating the method for manufacturing a nenory device. Fl GS.
10A to 10C are views illustrating the nethod for manufacturing a 15 nenory
devi ce. FIGS. 11A and 11B are views illustrating the nmethod for

manuf act Ug,i;i0sednibEHMREr #8Y chfmelfoifRatidt R gidh. 14s (fb%&ﬂfeﬁcﬁﬁé\?es, thd fr2orY | WS

of menory devices. FIGS. 13A and 13B are“views illustrating structures of
menory dewmtloding ad0ridsSsendiddnducthr 1dl B chamneh fompdion gegion bask bandgapofi3H t op

view of a istor. FIGS. 15A t.o 15E are views. illustgati a nmet hod for
U act Y 18 Ve HBic) i abus dvog fihes 2 RESanfhatel sooto] et AT ageRe. of o
convent i GRALAINEHR &kifé SERRbaducld? in 4 éianAelopfltidH RGNl RighRitishnghi ch a
menory device I's used. 25FIGS. 18A to 18F are views illustrating structures

of el &ct rnliage, dy\oowellingtie applicafion afraposves sepiily valtageite theohemoryrelersenmt or
i ncl udi NOy th%xulscgi 6f the transistor, the reliability of a semiconductor device can be increased.

[0030]
As the oxide semiconductor, an oxide of four metal elements such as an
In-Sn-Ga-Zn-0O-based oxide semiconductor, an oxide of three metal elements such as an
10 In-Ga-Zn-O-based oxide semiconductor, an In-Sn-Zn-O-based oxide semiconductor, an
In-Al-Zn-O-based oxide semiconductor, a Sn-Ga-Zn-O-based oxide semiconductor, an
Al-Ga-Zn-O-based oxide semiconductor, or a Sn-Al-Zn-O-based oxide semiconductor,
an oxide of two metal elements such as an In-Zn-O-based oxide semiconductor, a
Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide semiconductor, a
15 Zn-Mg-O-based oxide semiconductor, a Sn-Mg-O-based oxide semiconductor, an
In-Mg-O-based oxide semiconductor, or an In-Ga-O-based oxide semiconductor, an
In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor, a Zn-O-based
oxide semiconductor, or the like can be used. Note that in this specification, for
example, an In-Sn-Ga-Zn-0O-based oxide semiconductor means a metal oxide containing
20  indium (In), tin (Sn), gallium (Ga), and zinc (Zn), and there is no particular limitation
on the stoichiometric composition ratio. The above oxide semiconductors may include
silicon.
[0031]
Alternatively, oxide semiconductors can be represented by the chemical
25 formula, InMO3(ZnO),, (m > 0). Here, M represents one or more metal elements
selected from Ga, Al, Mn, and Co.
[0032]
With one embodiment of the present invention, it is possible to provide a
memory device that can suppress power consumption and a semiconductor device

30 including the memory device.

BRIEF DESCRIPTION OF DRAWINGS



sem conduct or. FIG 20 is an energy band diagram (a schematic di agram
along A-A'" section illustrated in FIG 19. 30FIG 21Ais a viewillustrating

a state v(gﬁréglﬂoégggl tive voltage (VG > 0) is applied tg-3,8al508 Gt rode

(GE) and I's aviewillustratind a state where a negafive vol t age
(VG <0) is applied to the gate electrode (GE). WO
2011/ 07837312PCT/ JP2010/ 073478 FIG 22 is a view show ng rel ation

bet ween the vacuum |l evel and the work function (On) of a metal, and between
t he vacuqmjﬂvel and the electron affinity (x) of an oxide sem conductor.
FIG 23 is a cross-sectional view of a nmenory device. 5FIG 24 is a timng
chart showi ng tHI6 bpper citduitrliagram ofre mamorgelanueat. FI G 25 is a tining chart

showi ng the op tion af nory . .device. FIG 26 is a timng chart show ng
the operation ﬁaaiW??dﬁ%%.dgfe@?’?ofys?l%{flﬂgm ng chart showing the
operation of a FrEMisa dRNit@agrith Gf 48ndnford eléminfg chart showi ng the
operation of a nenory device. 10FIG 29 is a timng chart show ng the

oper afi on of a Henbise dwpitdéiagrapgf theapemegrRlapgiyl NG OUT THE | NVENTI ON

[ 0034] Herei nafPt Sisea@%q%@%g?%game%&r %Fc%]netm.i nvention will be descri bed

r
in detail 15 w tlﬁl reference acconﬁanyl ng draw ngs. However, the

present inventiRG. 6 & adicultidiigi@m of thethembgl dlaiemg description and it is
easily understood by those skilled in the art that the node and details can
be variously cHaf§edAdPiotre depniliushating amathed frgpanufaiurang 2 memgaryt he
present iquygation. Accordingly, the invention should not be construed as
being limted to the description of the enbodi nents bel ow. 20 [0035]

The pPesent i ntdGSi 8A to BDI areleewisnllistmting tlegpmethod Her mhahufectimng @ aramoug ki nds
of sem copductor devices in which a nenory device can be used: integrated
circuits YA as m croprocessors, image processing circuits, digital signal
processors (DSR3%S. A ahd BE 28€ dlicvd MRGraBhE dhE ith&Hbd Jof mwindfactuiigUdi NY

m crocontrol l ers, RF tags, and
memory device.
FIGS. 10A to 10C are views illustrating the method for manufacturing a
15 memory device.
FIGS. 11A and 11B are views illustrating the method for manufacturing a
memory device.
FIGS. 12A to 12C are cross-sectional views of memory devices.
FIGS. 13A and 13B are views illustrating structures of memory devices.
20 FIGS. 14A and 14B are a cross-sectional view and a top view of a transistor.
FIGS. 15A to 15E are views illustrating a method for manufacturing a memory
device.
FIGS. 16A and 16B are circuit diagrams of a conventional memory element.
FIG. 17 is a block diagram of a CPU in which a memory device is used.
25 FIGS. 18A to 18F are views illustrating structures of electronic devices.
FIG. 19 is a cross-sectional view of a transistor including an oxide
semiconductor.
FIG. 20 is an energy band diagram (a schematic diagram) along A-A’ section
illustrated in FIG. 19.
30 FIG. 21A is a view illustrating a state where a positive voltage (Vg > 0) is
applied to a gate electrode (GE) and FIG. 21B is a view illustrating a state where a
negative voltage (Vg < 0) is applied to the gate electrode (GE).



25 sem conduct or display devices. In addition, the sem conductor display
devices include the following in its category: liquid crystal display

devi ces, ting devices in which a light-emtti pified
by an or g\gtn)l Q{]{I gﬂs emtting el ement (ILED) is provi ded@fgo&gg@ﬁ%g%e

el ectronic papers, digital mcromrror devices (DVDs), plasma display
panels (PDPs), field em ssion displays (FEDs), and ot her sem conduct or

di splay 30 devices in which a circuit elenent using a sem conductor filmis
included in a grGves iShl Gkt fllatidn PR S Rt 1 arfd devi ce
which is one enbod?rrént ?”"ts?% g’}%gseanlt i nvent1 on Yar%vmdlg‘sle one agrsr(g&x

pl ural i t fundtiome(@w) f e nestalnhusd bawahi theofacsimreved add et eleaion. affinity-(53 of, an
exanple of a circuit diagramof a nmenory elenment included in a menory

devi ce ofanq¥idessepreanduetotnyvention is iliustrated. A merory el ement 100
illustrated i ngigGalisat tiddAf q,q,;f h se-inversion element 101
and a second phatsle %lﬁvecgésss%ﬁél emeln 613:11% 5%‘}"’? t he phase of an input
signab is |nverRIGcQﬁblsdtidmgshxynaliowmgdtﬁqmratloao@mmenmirygleeicanent 103, a

swi tching el e a capacitor and a c acitor sw tching el ement
106. 10 [0037] EQSO‘SA‘E%“&&&E‘“F F\PQ"HB& WG L gl’i‘é“t‘mﬂ devistt to the menor y
el ement 100 i s ;gap is@dichidg @Rart Wlﬂ%ﬁ{emya?dtloﬁfofhlﬁ?erﬁdr&%teviggase I nversion
el enent 101 via the sw tchl ng el enen An output term nal of the first
phase-i nversi orFI@JerérattlnlmgCh&:rtdmmegﬂ@cbptemtIQHOfnmmnqrmdnvmal of the second
phase- i nversiori: éfg‘mnt LOZChA out.n Ehet ere;Qt £ Qb he éS %econd

phase-i nversi on emeAt 1u2 Eor‘me% PPEE ?ﬁg iaﬁlblﬂ Y&FWfral of the first
phas&@i nver si orFI€l Bngattindidg cHarﬁst%ﬂngmetdphtdﬁ@nafQMorﬂtﬂévicé\ potential of
the output termnal of the first phase-inversion elenent 101 or the input
term nal of t he second phase-inversion elenent 102 is output to a nenory

el enent g@% B R YRRIENTIRIE @s @ signal QUT. 20 [0038]
Not e that F@anéégar?gﬁe I'n Ich inverters are used as the first
phase- |n\[@®$i]on el ement 101 and the second phase- inver si on el ement 102 is

illustrated, ver ked inverter can also b he first
phase-i nver si o ‘B?‘%eﬁt e‘ﬁ%‘i&&fzmﬂ?gt @ PEHEtJARALop rl%‘? ?—.&Tghfle t3iho
besi dgs twigh fe'i'é’r@ﬁée% thé acddi#8Ying drawin g@e H&Qé&ért @k p1=&%nt ﬁlVEﬁfU?leﬁtrﬁ)‘fl to an
i nput termnal of t emsrmryeerrent 1 e., a node to which a potential

of the siligrtad toithd llowing dee‘dnptmnaandh@lsmli)tlmdqgmddmethoselmlqind thrart

capaci tor, tchi.n I n 6 so. that_.the d th nal, IN that is

i nput to 13%31’ %ng %F@ﬁ % %lg bpnged a.g ouﬁéjgaaéﬁng T ihe 9PF y t he
capaci t orand@piti0of the pleseANACARRM. | mwdmgmy Ehdlin@tiionlsh6ulddioBe Borstriaad I Of

el ectrodes. One of the electrodes is connected to the input termnal of the

first ph%éemﬁ‘J@l@dﬁﬂ@I@ﬁ@?ﬁU@.@ﬂhﬂ embadémen{p elowor swi t chi ng el enent 106.
The ?g er (g{ the el ectrodes is connected to a WO
2011 \{;9 ﬂPCT/JPZOlO/ 073478

The present invention includes in its category the following various kinds of
semiconductor devices in which a memory device can be used: integrated circuits such
as microprocessors, image processing circuits, digital signal processors (DSPs), and
large scale integrated circuits (LSIs) including microcontrollers, RF tags, and

25  semiconductor display devices. In addition, the semiconductor display devices include
the following in its category: liquid crystal display devices, light-emitting devices in
which a light-emitting element typified by an organic light-emitting element (OLED) is
provided for each pixel, electronic papers, digital micromirror devices (DMDs), plasma
display panels (PDPs), field emission displays (FEDs), and other semiconductor display

30 devices in which a circuit element using a semiconductor film is included in a driver
circuit.

[0036]



node to which a | ow | evel power supply potential VSS or a fixed potenti al
such as a ground potential is supplied. [0040] For the capacitor

switchin I 06, a transistor including a 5 highly; b f i de
senicondﬁgﬁgﬁﬂﬁﬁ&g%channel formation rldgi on is used. [032??£hﬁm@%4ﬂ§bte

that the nenory el enent 100 may further include another circuit el enent
such as a diode, a resistor, or an inductance, as needed. [0042] 10Next, an
exanple of a nore specific circuit diagramof the nenory elenment of FIG1
S i||UStq%§&¥h&éhthG 2. The nmenory elenment 100 illustrated in FIG 2

I ncl udes e tirst phase-inversion elenment 101, the second phase-inversion
el emrent 102, t hemewmdrgldevige ethicheistonkG3pbadimevaftthd pregerd|invamnipn ifduddshe

capaci tor_ 105, apd the capacitor sw tchi | ement . 106, The c ection
St Fuict ur T h BMERE Qf PG HEPERS BRI SEOTChEk Dicdatha I, IR 523

[0043]  exampleldter Eikdudil diRgiamcot A ¥8MmdhPAe AR udddh 4 helloR dedidSofithe.
structure in which a p-channel transi'stor 107 and an n-channel transistor

108 whosepregeneinyertian soidlystzated. c ohmeamary elemend W0cllhsirated in EMnrleatt kedsti n

series bet n a.first node.to i C 20, hi gh-1l.eyel power s I tenti al
VDD 1 sdBieR kbR dRtTHiOR sitep) G oo, R s ARV Stnm et 192
pot ent i alby\olich $hé phdakiofdn iBPaGidral & invertel ST Riglal & s1p&, AfswhtdRing
p- channel transistor 107 is connected to the first node to which the power

suppl y pclapent 103yprswisching, slemeat 194d azcapagitarel (9, candr » gapasitor switghisgannel
transistq&végﬁlb& connected to the second node to which the power supply
potenti al I'S supplied. In 25 addition, a drain electrode of the

p- chdfnel[003Bnsi stor 107 is connected to a drain electrode of the n-channel

transi stor 108, and potentials of the tw drain el ectrodes ¢can be regarded
as a potenti al ‘%?‘g‘?%gNo‘H&BﬁE“gtdé‘Farﬁhﬁ'a‘F ipput to, thepmempryfleraent; 10045 syrplied| enent

101. I'n agdhtih ierﬁﬁfﬁﬁ'ﬂfitﬁé ﬁrsl?‘bh&leQnGéEif%n U atdnt 20€ vof tht RFiRhind 2eHednt

transistor 107 and the gate el ectrode of the n-channel transistor 108 can
be regar déd. adnzoutprtaetmiabl off the st pipat-iBerseomelmientl0k fseconneeted to an

phase-i nvlglgu%itgr?nigzllleomé sél'c%gid 9964§1Lersi\£)\%1) e%é)n]iéli{t 016§3 7%%50%%r1{t‘]tepr%nq%gl/(%7t é 8
15 second phase-inversion element 102 is connected to the input terminal of the first
phase-inversion element 101 via the switching element 104. A potential of the output
terminal of the first phase-inversion element 101 or the input terminal of the second
phase-inversion element 102 is output to a memory element or another circuit of a
subsequent stage as a signal OUT.
20 [0038]

Note that in FIG 1, an example in which inverters are used as the first
phase-inversion element 101 and the second phase-inversion element 102 is illustrated,;
however, a clocked inverter can also be used as the first phase-inversion element 101 or
the second phase-inversion element 102 besides the inverter.

25  [0039]
The capacitor 105 is connected to an input terminal of the memory element 100,
i.e., a node to which a potential of the signal IN is supplied, via the switching element
103 and the capacitor switching element 106 so that the data of the signal IN that is
input to the memory element 100 can be stored as needed. Specifically, the capacitor
30 105 is a condenser including a dielectric between a pair of electrodes. One of the
electrodes is connected to the input terminal of the first phase-inversion element 101 via

the capacitor switching element 106. The other of the electrodes is connected to a



p- channel transistor 109 and an n-channel transistor 110 whose gate

el ectrodes are connected to each other are connected in series between the
first no t i t he hi gh-1evel power supply potenti | plied
and the ggg&ﬁﬂwﬁggg to which the | ow1Mdvel power supplyiggygﬁ?Pgrﬁégs is
supplied. Specifically, a source electrode of 5 the p-channel transistor
109 is connected to the first node to which the power supply potential VDD
is supplied, and a source el ectrode of the n-channel transistor 110 is
connecte i . | i SlefiMl i's
suppliequF%téﬁ????ggggg@ﬁ?gphgéﬁgg§?5§gﬁggp?§g(gggﬁg%%gﬁkﬁggﬁgkg¥§§ 109 is
connect edgrowndspatentiah issfuppliedode of t he n-channel transistor 110, and
potentialdf)0 the two drain el ectrodes can 10 be regarded as a potential of
the outp rm nal of the second phase-inversion elenent 102. In addition,
potentials of tHe GRd echPabliér ORALRing! NBememharyse! at rAMSieE Oinclifingnd t he
gate el ectrode of the n-channel transistor 110 can be regarded as a

pot en®i al hightypyeified pyide semigopductesfin aicharnet fmappasegiomisased.on el ement 102,

[ 0045] 1ﬁb§¢ﬁlG 2, the case where a transistor is used for the sw tching

el ement I I's illustrated as an exanple, and the switching of the
transistor is Qe Hokt etmbyiosy degadl 108imgaylfusthppinchde afotheOéit@itall@atdtode
thereof. In addition, the case where a transistor is used for the swtching
el enent HYgh pssa diode,ca fesipton of an indugtangspaneeded: t he switching of the
transistqg Af controlled by a signal Sig 2 supplied to a gate el ectrode

t her eof . 8:?0046] Note that in FIG 2, a structure in which each of
the d@i t chi ng Nextyemtexifipleaofch mbee spefificivinogit diagnam bf f@4nématyudeanemtrify one
transi st is.il]Justrated- ho er, the prese i.pventiaon i ot Ijmted to
thie st r daouF & MRS LRI & et ety Sesmend dhp iMiflecr o 115, A Fctidebeni ng

el ement %R M§t pliBe-Weckith REnRETON} thkOkcHRY phisd-#Uersdn2ElemPhi@d,i thy Of
transistors. In the case where the plurality of transistors which serve as
swi t chi ngweichimgrelement d 03 bt gwitahipg e{)elwns W4.dhe pepaeitemi}d and thegrapaditor
swi t chi ng_ el n , e-plurali 0 nsi S connected to
each ot hgﬁtlcﬁl a%lgﬂi?él léqhn T@‘g r%oélél ,e(t’t%)é)rn %tfll}c?:lgrﬁb(ﬁ]%‘? %eoﬁﬂ% t g%lrngflGe?rec@ﬁnect i on
and 46ri eameapt€in PIG. 1] 0047] 30In FIG 2, a transistor including an oxide
sem conductor in a channel formation region is used for the capacitor
smﬁtchindogﬁﬂnent 106, and the switching of the transistor is controlled by
a signal Sig 3 i C t r ol the trapsi stor
used for the cg%é??%%ﬁggﬁﬁ?ﬁﬁgﬁg%gﬁgﬁgﬁpgﬁgéhgﬁéfg%%%§§Hﬁ?5hF§Y%%$% i ed

oxi de serp-dansilctrarsistor H)7C hadhag| n-Clomnelt tramsisteng il 08) whokE--gateatlecteades edié | S

extrenely | ow as descgri hed above. [0048 5hb%e that in FIG 2, a s%ructure
in whi ch SPpRected o eacdy o 12 iCABPES ed i, serig§gbetween a first node to which a

20  high-level power supply potential VDD is supplied and a second node to which a

low-level power supply potential VSS is supplied. Specifically, a source electrode of
the p-channel transistor 107 is connected to the first node to which the power supply
potential VDD is supplied, and a source electrode of the n-channel transistor 108 is
connected to the second node to which the power supply potential VSS is supplied. In
25 addition, a drain electrode of the p-channel transistor 107 is connected to a drain
electrode of the n-channel transistor 108, and potentials of the two drain electrodes can
be regarded as a potential of the output terminal of the first phase-inversion element 101.
In addition, potentials of the gate electrode of the p-channel transistor 107 and the gate
electrode of the n-channel transistor 108 can be regarded as a potential of the input
30 terminal of the first phase-inversion element 101.
[0044]

The second phase-inversion element 102 in FIG. 2 has a structure in which a



i ncludes only one transistor is illustrated; however, the present invention
Is not limted to this structure. In one enbodi nent of the present

i nventio t citor switching element 106 may i ncl jty of
transi stor\’rvg.znﬁﬁ(ﬁt @ case where the plukality of transi s?g?gﬁaﬁwﬁﬁ?ﬂve as

switching elenents are included in the capacitor switching 10 el enent 106,
the plurality of transistors nay be connected to each other in parallel, in
series, or in conbination of parallel connection and series connection.

[0049]  ; channBOkGndidiat 100 bl s E%ﬁliu{eil GAnbRRr 1hDewRbR gat{t] N1ty hie

transi stors are connected to each other 1n series neans"the state 1 n which
only one whnectabtr eschebthet awdepnancied i Serickhr bitweal det fist@odé ta whicls the
transistqr. is connected o onl aof a sourc | ectrqde .and g .drain

el ot r oddigTeyeLBRfipplnanema VISR sipalfedren e SEccadaadh it fte
transi st qpw-18v& poRRP 8PPty poRnBACYSS i Qipplied PasRiclidall JARSurd SledttdteCof N

whi ch one of a source electrode and a drai n electrode of a first transistor
i s coAnedhe@-ahanuegl drapgister 400 ris gomnestedrtodbe vt noddtaivwhiel tet payde supply second

transi stor. . and ot her ,of, the source .el.ectr and the drain 2 ectrode
of "t e 1 oueRL YiF &6 Bbpi BAF o Pl et e Yohabng Sl LGS oge
and the doahért@l ©ahé SEtBn@holdd WERRE HvAdtSuppl9 potenBASVSS i suppRe® maadi ment
of the present invention, at least a transistor used for a swtching

el ement i34ditioe, @afatn elseirads OF b §-dapnal iransistorn il ishepnnested to a drain
i gnl Y- PUidctbfe of the LA inS TR0 knd fhifht it +v8'dPh e Rich &4 QY-
use or rst p ene

Accordingly, a transistor the ase-inversion e nt 101,
t he d6corid pgadal any potential oftheremputitdfninhhef theis¢wnd phasd-mrensionlddnemr t he

ARG I TR PR L L R N
pol ycrystifd bitBelettioli& 81 theSh-0RirRe L irkifistor Bliol da WY repAREPHO Y DoBRHAPHE )
m crocrystalline 30 germanium polycrystalline germani um or signal crystal
ger nmani urinputeraduel of the, second phaserbuyersiatedemed@?2: r ansi stor, a thin
sem condu.t%%r] filmor a bul k sem conduct or
15 In FIG 2, the case where a transistor is used for the switching element 103 is
illustrated as an example, and the switching of the transistor is controlled by a signal Sig
1 supplied to a gate electrode thereof. In addition, the case where a transistor is used
for the switching element 104 is illustrated as an example, and the switching of the
transistor is controlled by a signal Sig 2 supplied to a gate electrode thereof.
20 [0046]

Note that in FIG 2, a structure in which each of the switching element 103 and
the switching element 104 includes only one transistor is illustrated; however, the
present invention is not limited to this structure. In one embodiment of the present
invention, the switching element 103 or the switching element 104 may include a

25  plurality of transistors. In the case where the plurality of transistors which serve as
switching elements are included in the switching element 103 or the switching element
104, the plurality of transistors may be connected to each other in parallel, in series, or
in combination of parallel connection and series connection.
[0047]

30 In FIG 2, a transistor including an oxide semiconductor in a channel formation
region is used for the capacitor switching element 106, and the switching of the

transistor is controlled by a signal Sig 3 supplied to a gate electrode thereof. Since the



substrate may be used. As long as a p-channel transistor including an oxide
sem conductor filmcan be manufactured, all of the transistors in the

menory el i ncl ude the oxide sem conductor fil i | ayer,
so t hat t‘ﬁ‘éﬁgfﬁé‘@gﬁé can be sinplified.160051] 5Note  nareTaRindfiane 1 2

this specification nmeans el ectrical connection and corresponds to the state
I n which current, voltage, or potential can be supplied, applied, or
conducted. Therefore, the state of connection does not always nean a state

of direct GoRReGkLPROr rﬂ&‘éagkafdr%%%hin% dldrierft 306 FR1YaeR asﬁigtlhg-p%ﬁw %3{%3;

connection via a clrcuit ement sucff as a wring, a resistor, a or
a transi semicondnctehirch chanmed rformatmint gn, @FFtSatpaduereht & exteomdbe lowipgsl | ed,
applied,éﬁgﬂégﬂggcted. [ 0052] Note al so that even when a circuit

di agr am SR Ad8endent conponents as if they are connected to each
other, thepggjis a case in which one conductive filmhas functions of a
plurality of ‘conponents such as a case in which part of a wiring also 15
funct bons as aMNa¢ ¢t ioddG. 2 esttunturndu twioeh thercapiditor spitching eddgman 106¢c| udes

inits cat ry such case in.which one conductive filmhas functiqns of a
ol ur a1 1 ¢ yPpaes iR R eSig s 3pitct: BBeve B ucerBisvestinh et Maptefy

el ectrodeo thifetruéleft. | T bAE ebadificht 6f therésRhEnGOHRIVAE thl daPa@iftf *aw%iiliﬂ%
depending on the polarity of the transistor or difference between the

| evel s ofelgraend 0P anay inglyde iagjusality: pltransishersy i Ipethe |cass whereghe pluirgitsifal | in
oh _ ! ) | At
an n-c¢ a%ﬁkls{ohag'gﬁcﬁt e Aol ébglﬁg g%%&g&n 'lﬁéiufed ft?n"ﬁ cgﬁ%c'?t&?l :S%Hcf'éf%ﬁi gher

;
supplied 1s ca a source ele an electrode
pot en0i alelémsens UPP) the pluralityadfl techsBtals aiay el @mheaetbto Edchtdiker, iniparalep-ishannel

transistor, an electrode tqo which a |ower 25 potential is suppliedis
cal | ed a SBH&S AT & cogbination of paralll conaeqtionad SericHEOBRECHORi gher potential s
supplied[bgmﬂalled a source electrode. In this specification, for

conveni ence, "al t hough connection relation of the transistor is described
assuni ng t hat tNnte dutirc thivspecificatien,shel statecindwizich thel eartsistate agr eorfnested i n

drai nof QR EPOUBTEN PLrT AR BEoR BERBnloTenth hgouB: SHeEE Pl &t i on
bet wasn tdegin RRIcEDAE 8f & firdt @ARdtor Y ¢dnnb&edl 85611 BAE of a source electrode and a
drain electrode of a second transistor. In addition, the state in which the transistors are
connected to each other in parallel means the state in which one of a source electrode
and a drain electrode of a first transistor is connected to one of a source electrode and a
drain electrode of a second transistor and the other of the source electrode and the drain
20  electrode of the first transistor is connected to the other of the source electrode and the
drain electrode of the second transistor.
{0050]
In one embodiment of the present invention, at least a transistor used for a
switching element in the capacitor switching element 106 may include a highly-purified
25  oxide semiconductor in a channel formation region. Accordingly, a transistor used for
the first phase-inversion element 101, the second phase-inversion element 102, the
switching element 103, or the switching element 104 can include a semiconductor other
than an oxide semiconductor, such as amorphous silicon, microcrystalline silicon,
polycrystalline silicon, single crystal silicon, amorphous germanium, microcrystalline
30 germanium, polycrystalline germanium, or signal crystal germanium. In addition, in
the above-described transistor, a thin semiconductor film or a bulk semiconductor

substrate may be used. As long as a p-channel transistor including an oxide



[ 0055] First, in witing data, the switching el ement 103 is turned
on, the switching elenent 104 is turned off, and the capacitor sw tching
el enent i ed off. Then, 5 the power supply pot } i

suppl i edlsggzlbﬁé&ﬁ@st node and the povidr supply potenti §P&{}§@l.ﬁé§9§ﬁs§p| i ed
to the second node, whereby a power supply voltage is applied between the
first node and the second node. A potential of the signal IN supplied to
the nenory element 100 is supplied to the input term nal of the first
phase-iny, i t ' | ' %%r he
pot ent i aﬁ%’?&"%@“'?hﬁﬁ%ﬁfg%% %tﬂé?%ﬁna e%’:‘,m% ﬁf;l@%@%ﬁp@gﬁsne@?%{}%r Si oegpﬁéfﬁetrrent
101 i s a qahdsdudetherdxédt spadientdueator filmtas ansicgnalayef)so Thenhe proeessvidah &gi ng

el enent 104 1‘&%‘?& urned on and the input termnal of the first

phase-i nV®PBid¢f-el enent 101 is connected to the output terminal of the
second phggerji nversion el ement 102, whereby data is witten into the first
phase-i nversion el enent 101 and the second phase-inversion el enment 102.

15[ 0056] Ne tthati 'lconieetion’s & the spedifieation pueand adlectiical lwohukctiontand i r st
phase-inversion .elegent 101 and the second phase-inversion el eneni. 102, in
Phe st at ORRURBAE EMERIAE Al WG CLEM; aEAES SrALia ke CRPLESCOPLSH ¢ he
capaci t Ororeohdichid) 9 THeRiAGR! thd Qftd SitdnAsction daBs AdthalwhyiBeant\Ratd W HirbtNg

el ement 103 is turned off. By turning off the 20 switching el enent 103, the
i nput datcg@nnection] but mclusles fip rits categese -4 slater of dnditsre penmecti vima ditesitsecond
phase-inv ' | ement . 102. t hi [ ower, . | v .potential VDD
i's suppl ieZ{ﬁ%ng g?ﬁ’eaesf% ‘?grfn]gh(% es'fétzta%dpfi f?éig’pcgt;gavavetrr?}nrsg gsb(% 131/1 “p’)%l? %E@]‘rét’ g5 o1
suppliDed gotentiabcanceangplivad epplisticoradoyidiidied. st at e i n whi ch the power supply
vol tage is azﬁpl i ed between the first node and the second node is

mai nt ai ndf9> 5[ 0057] The potential of the output term nal of the
first phase-inygiichRp et @TBNWhiN S dirklit Qfdeparh RRoWdicP&ldEnt Snjfdhehts a§ !
phase-i nversion el ement 101 and the seco?a?d pha%e- Pﬁisgrsi%n el;ebmgntltS 02.
Ther ef or &f they areadnmgteduto ¢able offer,cthticals,a ¢dse inlawhackc ame benduetice Gilth Hasom t he

menory elenent 100. 30.[ 0058 turned off, the swit.chin | ement 104 is
Furned orf Uit Eh' R PEFomRpiiols S5 dtschEne BOREL PR tBInE Pn, vi a
t he q3pagih@ions Vst & dltt:8HEMEThe 196nncehidd"den Whis NsRBIfRANMN ind@des P REdi ng to
the value of the data held in the first phase-inversion elenment 101 and the
second pleategoiynsuchsa easee e dwch on cprductive ddm has functiepsaef eoplumdisy ofiher eby
5 the datC% i%nwritten into the capacitor 105. After the data is stored in

t he capaci tér TB%, the capacitor switching elenment 106 is turned off,

wher eby t[b@s3jata stored in the capacitor 105 is held. After turning off the

capacitor switching el enent 106, for exanple, the power s_ugg%y pot enti al
VSS is suppl i edbgosewes eactiode’ apd dhe ndiain slegtredne weluded) imdbe tasistent t he

node%oha\i&eﬁcﬂg@et ﬁaﬁ enbh ki epglgygeﬂ@mﬂé @gﬁghgaf e &mis?&;\ggqihg@wp' y

vol t age betwe e first no e se ode 1s stop e t hat
af ter t hédethadca theslestls o€ gotentidlh suppdipd ¢o therrespattive dlectndes. c Hnrpgnahkiead 104

may be turned qff. [0059 | n sucgh manner, .in the gase re the
ut dadischagngldrinshipre A clegpads 19 Hgna IPHEr Bpfshiiakis SHPEF fhe sivibr
supply vaebhReRiRabiEeRd! Mecibéticie BAMRCRAiERG SREANRY i) HR1idR id Salled a
unnecessary; therefore, the OFF-state current flow ng between the first

node and drdie eleatiodel nBertheyi in e hechangplh traedistor, s electoede] @7 which aHewar channel

transktstor, 1 which,.are i l,uded.in,the.first phase-inversion element 101,
b ouRe”t HoreptRl WhERid 5 eflfecs' il BekBad ' a BRRGNENBI T FieBEE " o
are incl paeatialis bippliea tOcllc® A366rct BEEIGdeON 16 HEgEEcificadort; 36y RMvenitsere! v
close to zero. As a result, power consunption due to 20 the OFF-state

current &itheygd crsetioneredation: of Hhenlsangisty isrdeserdhcd apming Biatyther pataer | y
reduced, ef’e@go%%kdg@\@gﬁaiﬁ %EE%HBE% hlgrfu&ti i{'% QSmQ%H&rsy%%gé%? %CR]Qﬂ%ftHé hgrgcras the

whol e sem con evi ce 1'ncluding the nenory I'ce 'can Bie suppressed to
be | ow. of the source electrode and the drain electrode interchange with each other depending

30 on the relation between the potentials.

[0054]

Next, an example of the operation of the memory element illustrated in FIG. 1



[ 0060] Since the transistor used for the capacitor swtching el enent 106
i ncludes a 25 highly-purified oxide sem conductor in a channel formation

regi on, C&g-zgh%g_wgurrent density can be |l ess than or eggﬁyp%dimg%q%szA/[un,

preferably I'ess than or equal to 10 zAB um nore prefer ess than or
equal to 1 zA/gm Accordingly, the transistor including the highly-purified
oxi de sem conductor filmas an active |ayer has far | ower OFF-state current
than a transistor including silicon having crystallinity. As a result, 30
when t he ChiQtngW t ching el enent 106 for which the transistor is used
is in an @@%sdte%%lfeﬁbharge stored in the capacitor 105 is hardly rel eased;
t her ef or g0053le data is held. WD 2011/07837320PCT/JP2010/ 073478 [0061]

In the case where the data stored in the capacitor 105 js read qut, the

swi t chi ng el engitt 193V fthe et ichitgHemeRte | (F i raeh By thh stvdtchingl VDD
| s agai n §4Ralti18d i§ R, iahe the\ABciRR SwhtBfinD e1fend Y0P Isuld 8R! | Fhen/SS 1

again supplied to the second node, 5 whereby the power supply voltage is
appl i éd BBbe \powear supply ipotentialo N® I sl suppdied do dhel finstdende Tandnthe lpowenrsnpply on t he

capaci tor_sw.tching.el enent 10 t he signal OUL having a potential Ihat

e ot o Rl VR0 T 48 B P oo wiBrE) S cheRih PO YOk ) Nex:

FI' G 24 | sappledbaiilef thé fast hodeNgnd Y ecoid tndBe.CaASpOMIRTE of ltRe SigaRl YNOf 10

t he power supply potential VDD is not stoiqped inthe circuit illustrated in
1

FI G 2. WsanpPHask tos thengiemgrryy element S0 isosuppliedyto dhe [inpint dtermpimaks pfyithg figitg 2 i s
set to a hi.gh. |, S§ | ck IS

f or med, aﬁ%&g{lﬁé’% ateelg‘gglﬁt %(gnﬂiélthé\ls ‘élﬁhg %lée%g"i“éﬁg? ‘%Pér%ﬁg’i?@“ E%‘FR‘?% " hi gh
| evell0agah&ioatpat tehrinal gfithe fifSit phaketiavasioreleenf 10Dy d ghaed-invichied potgmad] | N i S

i nput and output via the first phase-inversion elenment 101. At this tine,
15t he si gﬁ&ﬁe %sgalsmi- s 1hep, the syitchige elamant 1%@6‘3‘}"‘6‘1 o and ¢ P tqrmingl

exanpl e Qff e tirfl PrhsCiVelsibR eldifent 398 1MN@BhRedidlf 16 WRP b¥tpRi tdrffnd? eSupply
potential VDD is stopped in the circuit of FIG 2. Wien'the signal Sig 1 is

set to a seowmd ehase-mmersione eddmyerd| 182,g wherebys edata oisa wriitgm |ietoelthe t Fiestsi gnal
INis blocked, 20.and a f ba | oop ,is forned, and t tate can be held.
After th f‘sc{i‘?c‘-ferﬁoaﬁgﬁmﬁt Sﬁga‘i“gh’&é{iﬁ& piasfﬁ'lé'ﬁerlsg’\’)ee?‘?qugpzby t he capacitor
105 gtorgepsdje data (in FIG 25, this state is shown as a high level). Even

when t he suppl a\@of the power supply potential VDD is stopped after that, a
potential of tHiNexbaipadictesse ydwre shranpyt dafa; isr helddn thaHist phaseppvassiog uppl y

potent el e RRIE Lol s Th ol ikl b 08 Al el 3p8
phase- i nyevitthing etdnsuien04 1éhains h &1 ON state and the capacitor switching element 106
remains in an OFF state, the switching element 103 is turned off. By turning off the
20  switching element 103, the input data is held in the first phase-inversion element 101
and the second phase-inversion element 102. At this time, the power supply potential
VDD is supplied to the first node and the power supply potential VSS is supplied to the
second node, whereby the state in which the power supply voltage is applied between
the first node and the second node is maintained.
25 [0057]

The potential of the output terminal of the first phase-inversion element 101
reflects the data held in the first phase-inversion element 101 and the second
phase-inversion element 102. Therefore, by reading out the potential, the data can be
read out from the memory element 100.

30 [0058]
Note that in order to reduce power consumption in holding the data, in the case

where the input data is held in the capacitor 105, first, the switching element 103 is



25, this state is shown as a low | evel). [0064] (Enmbodi nent 2) In
this enbodi nent, anot her exanple of a nenory elenent included in a 30

menory deyi e present invention will be describe a
circuit g‘?&ggrﬁgﬂ%%ﬁt he nenory el enent ¥ this enbodi rren?cszsJB% 1{)/&983?}/8& ed as

an exanpl e. [0065] A nmenory el enment 200 illustrated in FIG 3 at
| east includes a first phase-inversion elenent 201, a second
phase-i nversion el ement 202, and a third phase-inversion el enent 207 by

which th - ' S t ' . ut, a
i £ chi ng Bl the, SR Lol R4 fsulnBl Bh i P CabdfoCheiting SAUhE" o
a switchiHp & emed o209Then, capabd tcapacROb switohing elempenti 105, chaigecwithanel enent
206. [ 0066 A signal IN.including data th is input to the nmenory
el rrent g ceﬁfﬁm@agtt% _ﬂ&nvalwpﬁ{ the gtk el et Rshaﬁ%-fn_vrsﬁ&%dpws@r si on
el ement 2(bh ytgand E’&oﬁ%ﬁ?héz‘ééliﬂﬁerﬁbﬁ BRMen? 002 is%re%rpﬁa& cﬁﬁcﬁbms,qfheg tf' rst

phase-i nversi on el ene 01 is connected to an I np term na he

second phthe dafariy giriticonntelthereapaciP@2105An Adter thet dateisrstored infthetdapaciioc dfs,
Phase. i nvaF SBreiGr aatingosral Ae S Urpen ot PERBhhOAR Hod: Bniical of
the out pL&théifdm 108 isoheltihe Afffer 6Bz 6f- theV@ipatitn SViklBp cRhknPr0bNeorl NPUt
term nal of the second phase-inversion elenent 202 is output to a nenory

el enent ofxagpls; g pewercawpplyapotentiph VSghis sypelind ot cagle of theafirst gadd adthevi a t he
switchin Ef?? 0, JRe]s | Se: cted to an

I nput te?s%a]ﬁa 0 %’h@atrr%%%?)é]:se %vﬁe?]({u-ggg(g?&?ﬁﬁ%#aéh %Q el%C? 88%?&? go“p’)%t enti al
of tH® sispply vdiages betweph tedfirsvn@det dnd thapesoint aodes W dtoppedg dloemhat afeft6 So

that the data of the signal IN t is input to the nmenory el enent 200 20
can be st‘g? dafa dsstoned dm Hhe capaditor ﬁ@glt“%w‘ffﬁ’é"&ﬂﬁ‘&@i‘tt@f‘ mgybe wmed ofhgenser
i ncl udi ngogsgeri el ectric between a pair of electrodes. One of the el ectrodes

is connected to the node to which the potential of the signal INis
suppl i ed vi a t He seepaoianoer, ivihe chienghert greeimputddia isThedd ox the caprcitoh #05,

el ectrodes is.connected to a node t ich a |owlevel r _suppl

ot ent | aniea2pIERRaT B} GE pocf siRRE o Taglibetiiedd e M G B R 2ot gt 1 ea.
25 [ OB68]is unnecessaty? thétiokd, Ie OFFSt6 eudénttfitRvifg Betwees B Bist hb® &RPAEi t or
205 is connected to an input terminal of the third phase-inversion el enent

207. A poeeandinadegia the poehapoel traasiston 07 and thea-ehpinpel transistor LAY svhi¢hoare el errent
207 2, e ok MR ) R 307, 8 fanh PRBP08 1
and the n-channel transistor 110 which are included in the second phase-inversion
element 102 can be extremely close to zero. As a result, power consumption due to
20  the OFF-state current of the memory element in holding the data can be significantly
reduced, and the power consumption of the memory device and further the whole
semiconductor device including the memory device can be suppressed to be low.
[0060]
Since the transistor used for the capacitor switching element 106 includes a
25  highly-purified oxide semiconductor in a channel formation region, OFF-state current
density can be less than or equal to 100 zA/um, preferably less than or equal to 10
zA/um, more preferably less than or equal to 1 zA/um. Accordingly, the transistor
including the highly-purified oxide semiconductor film as an active layer has far lower
OFF-state current than a transistor including silicon having crystallinity. As a result,
30  when the capacitor switching element 106 for which the transistor is used is in an OFF

state, charge stored in the capacitor 105 is hardly released; therefore, the data is held.



phase-inversion el ement 207 is illustrated; however, a clocked inverter can
al so be used as the first phase-inversion el enent 201, the second

phase-inwﬁb§bﬂmw§b§nent 202, or the third phase-inversngTﬁkﬁﬂgﬂk4 7
t e

besi des e inverter. [0070] 5For the %hpacitor switching enent 206,
transi stor including a highly-purified oxide sem conductor in a channel
formation region is used. [0071] Note that the nenory el enent 200 nmay
further include another circuit elenment such as a diode, a resistor, or an
i nduct anc 6 Bf needed. 10 [0072] Next, an exanple of a nore specific
circuit diagramof the nenory element of FIG3 is illustrated in FIG 4. The

menory el ement I30be tdsk wdterathediatastériedint thatcapaawr 105dd wdd sut, be switching
phase-inversi o l.ement, 201, .1 he second phase-i nyversiqn. el enent 20 t he
third phoSmrihigRds Bt %ﬁpnﬁ%?‘?ﬁ PRETSHpRY mOFF@‘Y‘_éf ¥ Ents 2288, SUPR €fd t on ng
el enent  1lfe 204 nold &nd Met oW ed Suspl§ pBRhtiAGBSS ‘isr@aﬁi/\étfpgg%d‘ k8l rdlg, the

capaci tor 205, and the C?E&CItor'SMAtphing el ement The connection
st r uctdur ewbgrelhthe @owier supply eoltage s applied betiween theefirgsnadeandithe Ladnode0073]

The firstphase-inversion el ement 201 .in Fl G S Siruc in which a
20" b chanTei oy AEEE 3h s FaBREL sohend et T i st nadndd, ¢

el ect rodgpotaﬂﬁl thanfgiette thd dateedmbaokhi®butdicin dmenbaklemed00es bet ween a
first node to which a high-1evel power supply potential VDD is supplied and
a second 986 to which a | ow1evel power supply potential VSS is supplied.
Speci fically, |: r f - L 4 L ' .S
connected to tﬁ$§?$$§$zﬁéggﬁ?ggﬁ%?éﬁ%Pﬁgﬂﬁggﬁﬁqu%%ﬁ§g§@&%g?§§%9%? DD is
suppllifed, tharpdvwar sopply epatreial NGIR isfnadt Iseopped harthelcitcumiHugtated &l FIG.s2.

connect e o the.secand, node to, whj ch the, power, suppl otential VSS is
STt e When IS L AL 1 ¥ bbb Pigtnd T SR S22 et P A ER e BE 210 i s
connect edsifa) BNGE Biotk&d, @Ad aGE&IvAtK 109 i ferhRANSAd theatsié s4iPbe R4, Wiin

potentials of the two drain el ectrodes can be regarded as a potential of
t he out puthe signaliSig/l ipset tha highrleyel ppais end theesigriabfigs? israeset topotpw 1geel, the

addi ti on, .po t.Lals,of ,th e,el.ectrode. of the ,p-¢ el transistor 210
il 70k Bioiy, 3hg bUfD Ol g i aSCinkbrlheciBR 8IS A" BTG O 220,

and the ¢ e n-chann Fansi can
pot erttsi al thobighdleSig BRdléet ted lowkdveldf the first phase-inversion el ement 201.
[ 0074] The second phase-inversion elenent 202 in FIG 4 has a

st ruct ur d0P®3Mhi ch a p-channel transistor 212 and an n-channel transistor

213 whose gate egtr: SRR C C in

series between Iﬁ e% ilér)g]'?%ﬁ%gig “to V\A"lﬁlc%df%agt A Qs She fhe SUppty btthe
power supply potential VDD is stopped in the circuit of FIG. 2. When the signal Sig 1

is set to a low level and the signal Sig 2 is set to a high level, the signal IN is blocked,
20  and a feedback loop is formed, and the state can be held. After that, the signal Sig 3 is

set to a high level, whereby the capacitor 105 stores the data (in FIG. 25, this state is

shown as a high level). Even when the supply of the power supply potential VDD is

stopped after that, a potential of the capacitor 105 is held. After that, when the power

supply potential VDD is supplied and the signal Sig 3 is set to a high level again, the
25  potential of the capacitor 105 is output via the first phase-inversion element 101 (in FIG

25, this state is shown as a low level).

[0064]

(Embodiment 2)

In this embodiment, another example of a memory element included in a

30 memory device of the present invention will be described. In FIG. 3, a circuit diagram

of the memory element of this embodiment is illustrated as an example.

[0065]



5 high-1evel power supply potential VDD is supplied and the second node to
whi ch the Iomflevel power supply potential VSS is supplied. Specifically, a
source e t t he p-channel transistor 212 is con first
node to 62& ?ﬁe power supply potentiZll VDD is suppllegﬁ%gﬁ%nggg%ﬁfce

el ectrode of the n-channel transistor 213 is connected to the second node
to which the power supply potential VSS is supplied. In 10 addition, a
drain el ectrode of the p-channel transistor 212 is connected to a drain

el ectrode of the BefBANNBmLN2060 SiiRbuAef in2PGPSt SNtEAL SinBldldS tape drain
el ectrodes can be ?eggpgﬁdnas a potenﬁﬁa lgf e out J? tggkgﬁgl H¥@E
second phaimee-invesion elenedne RO a2@ébondnplm§d-|mvemon patlﬁrmﬂtlm?s afd ahthigat e

el ectrode of the anne ans the gate. el ectrode of the
- channel Pl oFstas: clonan 2 6 whichbe abiss Slangbureeal Tomvenal saf fhepu
term nal Gfna 'ik%xﬁfnﬁ%‘@'wﬁ&ﬂ%@el’eﬂl\éﬁf 20304 sﬁ»'n‘éﬂﬁ?tele%%t 26@047§Jrltchxng elemdite third

phase-inversion elenent 207 in FIG 4 has a structure in ch a p-channel

t ransidst 0208214Waddn&nlemenh%ﬁﬂﬁeIcamacansl(éﬁt, end 2 Eﬁpaﬁhols&mgm@ edtlacmr?@des are
connect e&oégqeach ot her are connected in series between a third node to
which th hi gh-1 evel power supply potential VDD is supplied and a fourth

node to which tAsighslViN R¥RUinRME that'BEhutRe et AbryVsieme st mms%ﬂﬂxed
Specifically, a source el ectrode of the p-channel transistor

connect edotad ippi teripgl of dhe firy phasecvernsion sdsmeent 20 yia the swdtehing elgrmenti s
li ed,,m@and '. '
conhect e B0 (SR EARCO! BRI phE IR BRmehl B0PISCHGET 20 | ¢

suppli0ed. minn t2imiaaldoft the secoad phaserinebrivnr dlelmentf202he Am mhpmrtehnmahdﬂsihat or 214
is connected to a drain elei:Fctro of the n- ‘ghan el, transistor 215, and

pot ent i alS§°Yd PhaseRETHPY; olfeonassied do the inpyt Jerminal gf the first| of
the out ptﬁhageern%@ﬂn Aémédt@0 Vid thelBarAidgMEh &It 204€! ARntiaP 6 tﬂerb%' tion,

potentials of the gate el ectrode of the p-channel transistor 214 t he
gate el edcmmdé off the Hgsthplusedinversion glegiest 801 21 She inpub eermégd ofidhe ascoad

potenti al of the 30 i,nput mnal of the thir e-inv r5|on ment
o7 " ooRke-REE s RS AT AR pRbl by e HelER i MYRESEHERe ot o
al so 15hatsubftquéeR GRRE a9 @ dignal OUTREa fhe Wiitbhing eRnvRY 208 el ectrically connect ed
to each other as one node. [0077] In FIG 4, the case where a transistor is

used for [PA&7lswit ching el ement 203 is 5 illustrated as an exanpl e, and the

switching of t to a
gate el ect rodeﬁ%%{rpgg]?.rs%on aé%}n%?t(@)élwﬁglggg%re&mﬁfe&gﬂ% #ER |@dused
for the dwi,taoiidego elhéslenpotehiial iof thiel igieal mnemp@hemmemmbantoa@dntlhﬁg

swi t chi ng of t%ﬁtranmstor is contraolled by a signal Sig 2 supplied to a

gat e el eclsdd 20hsp dbat thedata ol the ﬁls%alc%@amemgutawh%mIelqnsenag% for
the syt chhng ﬁ&%ﬁ%@tnegge% i %pe&kleaw aﬁeeéa 6209 i X Q:Bmle%selaﬂlglutdp%e 2 o 4

switching of the transistor I's cont¥ol by a signal Sig 4 suppli
gat e el eclicledec betereenfi pajr@d 8ictrodes. One of the electrodes is connected to the node

to which the potential of the sigﬂal IN is supplied via the capacitor switching element
206. The other of the electrodes is connected to a node to which a low-level power
supply potential VSS or a fixed potential such as a ground potential is supplied.

25  [0068]

In addition, the one of the electrodes of the capacitor 205 is connected to an
input terminal of the third phase-inversion element 207. A potential of an output
terminal of the third phase-inversion element 207 is output via the switching element
209 to a memory element or another circuit of a subsequent stage as a signal OUT.

30 [0069]
Note that in FIG 3, an example in which inverters are used as the first

phase-inversion element 201, the second phase-inversion element 202, and the third



Note that in FIG 4, a structure in which each of the switching el enent 203,
the switching el enent 204, and the switching el enent 209 includes only one

transi st i jl.lustrated; however, the present inventj i limted
to this g‘&?&?l@é”l n one enbodi nent &2 the present invghb‘ﬁgﬁqlﬁ/{)ﬂgl}s
switching el enment 203, the switching el ement 204, or the swtching el enent

209 may include a plurality of transistors. In the case where the plurality
of transistors which serve as switching elenents are included in the

switching,elenent.203, t Wi teh) | enent 204 L the swtchin | ement
200, "t he BEPEITPITSemim a0 s NEPlEa RO adioel et SIS0 ¢
paral | el ,asithe fifsk pRase-ifVer$ion eRH2nN201, i coMBpRdstShveeHoIEB M0 dr 8RY | €S
connection, [0079] . In FIG 4, a transistor including an oxide

seni condubird phasg-ipversign glemenp 204 besides thegnvertsts used for the capacitor

Swi t chi nggﬁJ,@rrent 206, and the switching of the 25 transistor is controlled
by a sig ig 3 supplied to a gate el ectrode thereof. Since the

t ransisst or usediok otthd heapaeip@rci dwitching telbmay e20sreat t2@fisionc indheling a

hi ghl y-pur.i fied gxide sem conductar in a channel fornation region,

OFF- st at MghlyPyFiticd exidg semicaPquqienip achapnet farmation rgion isusgsBo] “30Not e t hat
in FIG 4,[t097ﬂtruct ure in which the capacitor switching el ement 206 incl udes
only one transistor is illustrated; however, the present invention is not
limted to thi Nat¢ that thermemory eleraem A0 dnayefurthef inchide pnetbemtirduihederhédn, t he

capacitor_sw tchi el.ement 206 include.a plurality of transistors. In
the case P2 {fﬂqggﬂlrﬁ?lgtpf’t%af}fm{%g - &p 8?@%i ch serve as switching
el emgot s [8or2]i ncl uded in the capacitor swtching el enent 206, the plurality

of transistors may be connected to each other_in parallel, in series, or in
conbi nati on of Nsahan| cxpmplerefcrmPESpseific sEcnis diagrmam oF thegnemeypbemgnt of I'n
one enbodi . ng 1-Rventl . i r for a
swi t chi nghglegﬁrseﬁ[usfr%g? Eﬂe%(f;%p%ci’@érlﬂé%gg{ycﬁlgﬁghg en%frallts Mjgtg%ng;@i‘tn%ﬁg é a

hi ghl y- punélhdesdh©first phaserincasidn elearent 208 thdsecond phaeimidrson elegiean202,
Accordin .a transistor used for the first phase-jinversion el enent 201,
the s eco%évﬁn@&émenwwéw&ﬁ?févwﬁ?, %W‘f%g eiement 205, Py svdiching clemens

el emgat  20p4, thTeQ‘é‘vit%mgg(‘e@érﬂ&t%@%@tw@@ﬁmgte{?&néﬂﬁfﬂ@h{h@%ﬁi&% Bbs 2 thk he

swit ching el enent 208, or the sw tching element 209 cah include a

sem conduwapamitopswiching atenzmt @0b.deThe ppmzador stuctususfhthes cimoitpdlauentsi | i con,
m crocrystal.line silico | ycrystalline silicon, single crystal silicon,
anor phous™ ﬁﬁ‘HFﬂﬁJthafcﬁ“rc}?Iﬁ?yst al i ne germani um polycrystalline germani um
or signaljpgrajstal gernanium In addition, in 15 the above-described
transistor, a thin sem conductor filmor a bulk sem conductor substrate nay
be used. As | ofddgedystaphasetinvension wcteaent 20drini HEL ddhasga struetuiedin whidhcanduct or

g AR eSo b4 ' k! FIRIShOSTL b BRIEL ™ oo
process cafindetedStoTphdhf bthdr azd chPBRY in series between a first 1n0de to which a
high-level power supply potential VDD is supplied and a second node to which a
low-level power supply potential VSS is supplied. Specifically, a source electrode of
the p-channel transistor 210 is connected to the first node to which the power supply
25  potential VDD is supplied, and a source electrode of the n-channel transistor 211 is
connected to the second node to which the power supply potential VSS is supplied. In
addition, a drain electrode of the p-channel transistor 210 is connected to a drain
electrode of the n-channel transistor 211, and potentials of the two drain electrodes can
be regarded as a potential of the output terminal of the first phase-inversion element 201.
30 In addition, potentials of the gate electrode of the p-channel transistor 210 and the gate

electrode of the n-channel transistor 211 can be regarded as a potential of the input

terminal of the first phase-inversion element 201.



Next, an

exanpl e of the operation of the nenory elenent illustrated

3 wll be described. [0083] First, in witing data, the swtching el
203 is tqggggugﬂgwghe switching 25 elenent 204 is turnegcgh£ﬂa&9%4ﬁyﬁtching
2 0

el enent

I's turned off, the switchi23y el ement 209 is turne T,

capacitor switching el ement 206 is turned on. Then, the power supply

potenti al

VDD is supplied to the first node and the power supply .pot

VSS is supplied to the second node, whereby a power supply voltage
appl i ed ﬂpg en the first node and the second node. A potential of t
I

si gnal
t er m nal

supplied to the nmenory elenment 200 is supplied to the
of t hél'Hei sesdndoplase-inveysors elemeat 202 i FAR Y hiasoa strectsisl ibokihioly) a

, Wh b | f th rmnal of the first
phase: | nVERLIOF REHRR 25b i angtSIRE FSMPE G 1o ovbave| Gte cgirodes are
2011/ 07BSZARCTL) RPOIY ORATR Aindred B sic byl 1T pbBE S WHAATrR

el ement 204 is turned on and the input termnal of the first
phasesi nvbglsieyal powerssuppBOfotergiat MR as eupplivdtand theisqond tnederitey sthiadf thehe

in FIG
ement

and the

enti al
S

he

nput

el enent

g

d - ' I . .Wh b ta.l i tt into the first
haso- i hVGPPU FEMERRMPLBToR YRS S ORBHER o AVt ErEE S0z, 5
[0084]  the p-dhani¥ itfansiStot 222 dabennewied thMBe EidRawlE @6 whith MRi podveelsepRpt 206,

charge with an anount corresponding to the val ue of the data of the
IN is st dotentinh VMR ig syppdied oand a sourge ealeaipde (o theymzchannelrtransistor 2130isi nt o

the Capaccio}u%ctgdot%'the second node to which the power supply potential VSS is supplied. In

10

15

20

25

30

addition, a drain electrode of the p-channel transistor 212 is connected to a drain
electrode of the n-channel transistor 213, and potentials of the two drain electrodes can
be regarded as a potential of the output terminal of the second phase-inversion element
202. In addition, potentials of the gate electrode of the p-channel transistor 212 and
the gate electrode of the n-channel transistor 213 can be regarded as a potential of the
input terminal of the second phase-inversion element 202.

[0075]

The third phase-inversion element 207 in FIG. 4 has a structure in which a
p-channel transistor 214 and an n-channel transistor 215 whose gate electrodes are
connected to each other are connected in series between a third node to which the
high-level power supply potential VDD is suppljed and a fourth node to which the
low-level power supply potential VSS is supplied. Specifically, a source electrode of
the p-channel transistor 214 is connected to the third node to which the power supply
potential VDD is supplied, and a source electrode of the n-channel transistor 215 is
connected to the fourth node to which the power supply potential VSS is supplied. In
addition, a drain electrode of the p-channel transistor 214 is connected to a drain
electrode of the n-channel transistor 215, and potentials of the two drain electrodes can
be regarded as a potential of the output terminal of the third phase-inversion element
207. In addition, potentials of the gate electrode of the p-channel transistor 214 and
the gate electrode of the n-channel transistor 215 can be regarded as a potential of the
input terminal of the third phase-inversion element 207.

[0076]

Note that the first node and the third node may be electrically connected to

si gnal



[ 0085] 10Note that in witing the data, application of a power supply
vol tage between the third node and the fourth node i s unnecessary.

Ther ef or f | e, the power supply potential VSS i i o each
of the tﬁ??&gﬁgﬁgﬁgﬁd the fourth node %o that the nodesIP Eégﬂggﬂgﬁ7é

potentials. [0086] 15Next, in the case where the input data is held in the
first phase-inversion el enment 201 and the second phase-inversion el enent
202, in the state where the switching elenment 204 remains in an ON state,

the switchingurl G5%AE A8 "RORIA it A2 Eondh eandat'lﬂg fbiih ﬁg&é (i

el ement 209 remains 1n an OFF state, the swtching elenment 203 1s turned
of f and tdietueablyconnectalfoteath othcrdsamempd@06 i s turned of f. By 20 turning
of f the aﬁbzﬁhing el enent 203, the input data is held in the first
phase-in on el ement 201 and the second phase-inversion el enent 202. At

this time, the jRQuer4SMPRh WS AL tkakisdPR uSedStepRld &eitdhing Bembhf 303 Rode and
the power supply potential VSS is supplied to the second node, whereby the

st at e 5i n Hihstrated dseaanpramples aprhihg switching of the trapgistos ds ¢oatralledhby heignak Sig node

and the secon de | intained.. 25 0087 In addition, by tuyrning
o1 the copmafed 'S g diRuBgeter 5 aRRfdn, e, pase hedf 8 tanfiRtor Y uted
capaci t orfoRte $witctis® clealetit 20968 8]ustrhred PRt enétampl€f anidnde GutiRUingt 6ff tHenal of
the first phase-inversion elenment 201 30 reflects the data helg in the

first phdtasisioyds conirolled byentignad Pig A supplicdsteaosnie plesiseds thorepsi dfrkesment
202. Ther , readim t | } . O L t.chi ng
el enent 2"8 ?Es?hgpéggtaaﬁ%gﬁg%rggrue%@ ?%ﬁ?{e%@hiaﬁ%l%t%d% fsefrﬂrlél%t?ﬁi‘ggg taﬁ[ 0089]
Not e 10hatexample; ahed theswitehingeof ploaneansistords opitrodled iby alsdgrchl Sip 4 kepplietiae ai n t he
case where the iq g% d%ta is held only in the capacitor 205, for exanple,

t he pomeﬁﬁgﬂgﬁﬁ E @i al VSS is supplied to each of the first node and
the secongoygde so that the nodes 5 have equal potentials, and the
application of the power supply voltage between the first node and the
second node i s Natothatth Fihdna stvecturp ph whigh aach of therrwviishingrelemen|203)bet age
between the first no n e second node | £ ed he data.held in the
Firet pnasdhineaangi 2o s i, S8k ARnaR0g HeBREE oot e Briintd & ron
202 ase dllastttd; howevbie thatpeeseiti invermtidn i A6t Linida i thOthis2 pudte@Ri ms ohe be

hel d. 10 [0090] . ) L o

embodiment of the present invention, the switching element 203, the switching element
204, or the switching element 209 may include a plurality of transistors. In the case
where the plurality of transistors which serve as switching elements are included in the
switching element 203, the switching element 204, or the switching element 209, the

20  plurality of transistors may be connected to each other in parallel, in series, or in
combination of parallel connection and series connection.
[0079]

In FIG 4, a transistor including an oxide semiconductor in a channel formation

region is used for the capacitor switching element 206, and the switching of the

25 transistor is controlled by a signal Sig 3 supplied to a gate electrode thereof. Since the
transistor used for the capacitor switching element 206 includes a highly-purified oxide
semiconductor in a channel formation region, OFF-state current is extremely low as
described above.
[0080]

30 Note that in FIG 4, a structure in which the capacitor switching element 206
includes only one transistor is illustrated; however, the present invention is not limited

to this structure. In one embodiment of the present invention, the capacitor switching



In such a manner, in the case where the input data is held in the capacitor
205, the application of the power supply voltage between the first node and

t he secor\goggﬂ%7ig§73unnecessary; therefore, via the p‘Ch?Egﬁ?zotlﬁltﬁ%ﬁjisﬁor 210

and the n-channel” transistor 211 which5are included in I'rs
phase-inversion el ement 201, or via the p-channel 15 transistor 212 and the
n-channel transistor 213 which are included in the second phase-inversion
el enent 202, the OFF-state current flow ng between the first node and the
second n I r tion
due o 1 RACRER0BIE MR A pEIARE of RSl [ e Ry Wher AT AISTT can
be si gni ftramgistdry whichuseede asiedittineg epterentcaesindptedin tfe dapacitoe nsvitchihgvi ce

and further the | e .20 .sen conduct or devi ce in¢luding the menory device
can be sﬁﬁ?@gggg’?{ Rlwrafi nil'[’%ﬂf@i‘]rs may be ?‘H‘"&ﬁﬂ&t“? S?Fq‘ ‘i’th‘_*rt ’I‘Pepaé%&% Wher e
the inputsediad 3r iscdhiflatidh S pRrARPEGInEQIonha setitecaaRBitionat i on of the power

supply voltage between the third node and the fourth node is unnecessary.
Ther eBor 0081]Ja t he p-channel transistor 214 and the n-channel transistor 25

215 which are included ip the i rd phase-inversion el enent 207, the
OFF-state curr &Rt 6685?‘143'“5‘& %Ie@‘ﬁ R nfll‘ffvl”’ﬁg% 1639k 2, Fansystory ysrd nftBHQ can be
ext renel yswhtcAfi didindft i theAfpacifoe SWitthing® MBient 2OSMAD i il gh19-pulied

OFF-state current of the menory elenment in holding the data can be
si gni f i ca¥adesepienpdaetor img chapachiopmatiomregionpt iAssoinglha transistoy used/ faze and

further t . 1 i i ' eyice can
be suppr etggggag 16%8?:‘3?‘]'6\%89?5&8‘3‘3‘]5 zgﬁﬁgﬁﬁfb%b%%g%v %Q:g%gﬁgg{rﬁ%&o%g%c%gg in a
channel fphassinversionedément 207 Fths switehing elearent 203) shet swichingdehas204hhe or
equal to 1Q0. zA/Rm preferaply | ess than or equal to 10 zA/ || nor e

pr ef er ablSyViicBug elament 85{3’&{ ¢ Syiiching plegnt é&&fg»dpﬂgﬂ?eye SqrcoRduciosiatesy

i ncl udi ngpidenhdghl ¥eRidonbib@er, %bﬁ'%ssﬁﬁbﬁﬂﬂﬁis“%ﬂfébn,f Hif?o@ﬁsﬁﬁin@cgi}i &‘n,' ayer
has far lower 5 OFF-state current than a transistor incldding silicon

havi ng crppdycaystilling yilicdw, singlecaystal silfoon, amerphaps getnmanien midrocrystalliseent 206
for which the.trans&stO{lis used is in an F ﬁLate chargﬁﬁgkpned.in t he
capaci t orS°TB&IPD: RAVEYS' e s I maniumy, oF SpEhat crysfal sgmiapm- Iy ddivighda) |

t he ggse thhabevd-t&cHBd® tahsistef 4 Mhih @nfieRRatlop filg00r laSbhlRasknfiténdubide POVer
10 supply potential VDD is supplied to the third node and the power supply
pot ent i alsubstRte gnayy sl peed- t 0As Heng sr ehpsbanel \rassistey inshidingvan exidpl y

vol tage i | I d r e, en.the
power suﬁ%?@gﬁg%ﬁgbgﬁé?gggﬁﬁggﬁhgg#%%g@ Hggﬁﬁﬁggoﬁggéhgﬁgggﬁgex%ﬂ?¥h node,
t he out puhn tissludentat orfdetsemiddnducloptibn @s hnietivd laperbe than theZfidcdss canppl i ed

wi th a phase-inversion potential of the potential of the input term nal 15
t her eof . SHBPWEfiadnat t he input termnal of the third phase-inversion el enent
207 b sggm&jed with a potential having a | evel corresponding to the anount
of charge s Jred in the capacitor 205; thus, a potential of the out put

t erm nal t her edNext, @hlegainplet dfethel aperatidihakthe yemeny ralengens rillustratedvin tRiGi g

el enent gﬁﬁ, %Pﬁ?ﬁj nal OUT having a potential that reflects the data can
be read bed5PRE menory el ement 200. 20 [0094] FIG 26 is an
exanpl e qﬁo%ﬁfining chart in the case where the supply of the power supply
potential VDD is not stopped in the circuit of FIG 4. Wen the signal Sig 1
is set to a | oKislewe Wrding date e ghatchiogelomeny 203t istturngd fying jthe ewis¢hing he

sign [N, I |G k d e i r nd..t he stat.e can be
el 42> et 208 g ur@A o e Shatling 3Rt o8] oyt U F i g
Sig 2 is efenst 209isauinedoffousd thetdapacito s\witching él8mefR06 igAfnelldbUtThEna t he

first phase-inversion elenent 201. At this tine, the signal Sig
the power supply potential VDD is supplied to the first node and the power supply

potential VSS is supplied to the second node, whereby a power supply voltage is
applied between the first node and the second node. A potential of the signal IN
30 supplied to the memory element 200 is supplied to the input terminal of the first
phase-inversion element 201 via the switching element 203, whereby the potential of

the output terminal of the first phase-inversion element 201 is a phase-inverted potential



3 and the signal Sig 4 are set to a low level, and a signal Sig 5 is set to
a high level. [0095] FIG 27 is an exanple of a timng chart in the case

wher e thg‘?éé?@/%?ﬁg the 30 power supply potential VDD i§F%;J9Fﬁg/ﬁ7cfi4ﬁtehe

circuit When the signal Sig2bis set to a low [eve

signal Sig 2 is set to a high level, the signal INis blocked, and a
feedback loop is forned, and the state can be held. On the other hand, the
signal Sig 3 is set to a high |level, whereby the capacitor 205 stores the

data (in fl 7 tkg S te IS I . supply
of the pod\-/_\f/etﬁégl p‘icl)lII;b]"po]Eil tgﬁt@glsalf}%%gyéleg’?egggggﬁa* eér?j %rh%t‘ﬁ/ﬁlg %g%@g?l of the
capaci t orof2Bb first pkdsd-invAfriion eldmadnt el ¢dmpedied v\ahie Dufpt Yerpdhsnéfl dle VDD i s
supplied and the signal ,Sig .5 and the sjgnal Sig 3 are set_ to a | ogw | evel

and the Seepnd : aée‘H‘VF§“_§‘etel?‘B°‘3 @p&h W _%‘PX dat Eot‘?éﬂ‘t‘?“a! infg thee festpaci t or
205 is Otﬂhﬁéﬁ-in‘&hﬁi&ﬂﬁ?xgﬁh i1 W%‘sb%rﬁaww%gsmgﬁ&ﬁ 2obn FIG 27, this

state is shown as a l evel ). [0096] 10Thi ment can be
i npl efent[@@84y bei ng conbi ned as appropriate with the above-descri bed

enbodi ment. [0Q97] . (Enjodj ment. . I.n.this enmbodl t, angt her
exanpl e of a ?}g%ﬁ _ a’i"r\?:?‘%?d%ﬂ’af“ﬁoras‘ff‘fh : _?’eﬂtegéfgg’% it BResent
i nvent i onunmydunt chifesP6iding REMe vhhe o thddat@ of theGidal N &04t6#8U A tH\@pa&IRT Y

el enent of this enbodinent is illustrated as an exanple. [0098] A

menory el29evwhergbythie|datasis waitted alse ipo¢hgcapacitara205. i ncl udes a first
ohase”| gon o et SOLana = second prace LyverSion el erent 502 by
a swilochi ng el avoeethaBBByriingihictdatal Bgplich ool a Fder sappIgRaltdeietddh tha ’
capacitor switching el enent 306, a capacitor_ 307, and a capacitor sw tching
el enent 3biad nf)gggg? the fourth node is unnecessary. Therefore, for example, the power

supply potential VSS is supplied to each of the third node and the fourth node so that

the nodes have equal potentials.

[0086]

15 Next, in the case where the input data is held in the first phase-inversion
element 201 and the second phase-inversion element 202, in the state where the
switching element 204 remains in an ON state, the switching element 208 remains in an
OFF state, and the switching element 209 remains in an OFF state, the switching
element 203 is turned off and the capacitor switching element 206 is turned off. By

20  turning off the switching element 203, the input data is held in the first phase-inversion
element 201 and the second phase-inversion element 202. At this time, the power
supply potential VDD is supplied to the first node and the power supply potential VSS
is supplied to the second node, whereby the state in which the power supply voltage is
applied between the first node and the second node is maintained.

25  [0087]

In addition, by turning off the capacitor switching element 206, the data written
into the capacitor 205 is also held.
[0088]

The potential of the output terminal of the first phase-inversion element 201

30 reflects the data held in the first phase-inversion element 201 and the second

phase-inversion element 202. Therefore, by reading out the potential by turning on the

switching element 208, the data can be read out from the memory element 200.



A signal INincluding data that is input to the nenory elenment 300 is
supplied 25 to an input termnal of the first phase-inversion el enent 301

via the i t.chi | ement 303. An output termnal of th ﬁ&. t
phase-iné&bgﬁgﬁﬂgwgnent 301 is connectX¥d to an i nput te? -hgﬁ”8?1¥ﬁ% second
phase-inversion el ement 302. An output term nal of the second
phase-inversion elenent 302 is connected to the input termnal of the first
phase-i nversion el enment 301 via the switching el enent 304. A potential of

t he outp%hpéﬁ termnal of the first phase-inversion el enent 301 or the

i nput ter | of the second phase-inversion elenent 302 is output to a

nenory el ement Nijte a0 id\6rdeioli6dhide poveR contRERHHLA M holdR@ahedata, HitHOdiseOUT. WO
2011/ 07837330PCT/ JP2010/ 073478 [ 0100] The capacitor 305 is connected

to an i npvhere gheninpuy dase ig held pako iy the|capgitor 30D, for esamplg, theroves supplyh a

tenti al . N TN . . . . 3 and
he capadoralosSipHRpLdd ichUERle @5t el ofe SEAFHIILILETRE R, 10,
i s 5 Bnpuifavé equdhporertialsyandl therepyilicdién ofithelpowet oiipplly asltapeddedeenIpe €irdti cal | vy,

the capacitor 305 is a condenser includjng a die|lectric between a pair of
el ect r odd@de @nd the serendopeds i 8ieBPsds MW ticcaPRltsation: of ({he,POWSF §HPRIY of t he

f1 1St PhaRfiakdWetlalhereRile 2l the/iRohd RodARANdPL0A, Uik helBinGhe FRY! 306

The ot her ectrodes is connected to a n a | ow1l evel

power supbhse-ipversioni déemuB2Wr amd thiexsedomploplast-imierson kleasnt 20D agy erasctl,
potential is supplied..[0101] . In. a nper, simlar to that of the
capaci torbuﬁg'g,délf)ah‘gng?fp’é‘ctg? Sz}‘Jag'éQf 30 rE‘BPﬂH@&‘fn&%H@S‘ an input terninal of the
menony eljgpay)t 300, i.e., a node to which a potential of the signal INis
supplied, via the switching el ement 303, the first phase-inversion el enent
15 301, and t hén sughat mapnersig the asegvhare herinpyohitasis helkbin the eapssiter 205,t he
signal | : e q.

Speci t1 calt §FPtenich e BBURF 4yl USle SR st hES e 388 Toue

bet ween ds panecesshrye ltiegéfon]esa theneclainélhearsisert210dmd the ncohansdl ttedsikrt he
output termnal of the first phase-inversion el errenbgBOl Vvia the capacitor

swi t chi ngleeHeheresiggluded,dn fhepfarst ghasgipvezsion elegsat 20L oyiadhs pighagpel node
to 2Qswhi : I v - Rt [ 13RV i xed..p i al
95WhirGhsidtol M2! S kP QRGN R isRA ?fgtll&g#ch e ﬂ{chﬁng?efﬁt E1§t SRy

such as a ground potential 1s supplied. |G 5,
an exanplpbaseninwérsioh element 202 stha (FHistetd casrehthBowingdtetvpdeadbe finst avode and el enent
301 and the sec(fnddephase-i%)gver?i og) eggment 02 is.illustrated; .25 however,
a cl ocked§ SROERY BPdecHh B Xiramely, SIO8° 126 Re 5 ALESWHROWET FRASPTPHAR dPe ment

301 or the teaoPRStaRh@sfent bY &k Thé@hor§ Rk i3 RaldR@shél @sta (che bE BipaIticahtly [ 0103]

For each of the capacitor switching el ement 306 and the capacitor swtching
el enent 3oRiced; andathsi pewer conshmption of the ghdnyoryuddvideeand further sherivdmileluct or

in 226 ha@Qﬁim’h;&)ucft&rd@}cie%'clﬁcﬁgé i rhgmgrgrecgvice can be suppressed to be low.
[0091]

In addition, in the case where the input data is held in the capacitor 205, the
application of the power supply voltage between the third node and the fourth node is
unnecessary. Therefore, via the p-channel transistor 214 and the n-channel transistor

25 215 which are included in the third phase-inversion element 207, the OFF-state current
flowing between the third node and the fourth node can be extremely close to zero. As
a result, power consumption due to the OFF-state current of the memory element in
holding the data can be significantly reduced, and the power consumption of the
memory device and further the whole semiconductor device including the memory
30 device can be suppressed to be low.
[0092]

Since the transistor used for the capacitor switching element 206 includes a



[0104] such as a diode, a resistor, or an inductance, as needed. [0105]
Next, an exanple of a nore specific circuit diagramof the nenory el enent

of FIG 5 &8s i ated in FIG 6. The nenory el enent 300 .i in FIG
6 at Ieagyégb##g?ﬁges the first phase-3&wersion elenentggsk?ﬂﬁﬁgﬁéggond
phase-i nversion el enent 302, the switching elenment 303, the sw tching

el enrent 304, the capacitor 305, the capacitor switching el enent 306, the
capacitor 307, and the capacitor switching el ement 308. The connection

st ruct ur ep;0fot L4 Yk flédmi i Sn &' Gahihg BifS t A 106]
10The firsgﬂgﬂggg-93§%$§$%ﬁeé enghtn201 I n g?@?@“ﬁﬁgkgﬁﬁpggétéggipﬁgghich a
p- channel dénkigy1 shrs berlessOBa@vd eqialtoCtOINA&IuN, | préfeiratl P lless kBanVbo equd ab 10

el ectrodes are connected to each other are connected in series between a

first nodeAum, neretpreferablin lgss\iean poagual dodprd/wsot efe¢oadinghyDthestransigtori ed and

a second node. t i a |l | eyel we upply potential VSS s,supplied.
Speci fi ca‘f‘?@,&%qg%ﬁlrgg@ @‘Féttcl:)etvg; %Xdée %‘fn%%%m{%gorgﬁg%agnaﬁe?mﬁ iaﬁ'g’f E?So#" é‘b 8}0 S
connegt edOFP-stafe cilridn$ tha#0#l erahisth inefudinesiHene havibi BiystalgiigNt ARl a Malt) S
supplied, and a source e] ectrode of the n-channel transistor 310 is

connect edVhen the capacitenewiighing elsmgat 440 for aviignthe teanpistoy ispesed s inman OFE | s
suppl i ed. .t . |0: t: by n Lgfor 309 is
connect ed’ t%tg’ Lglg%retaslbggdewgtg ? rEE%dé‘ glt@{‘ ﬂj{sﬁé H%{alc)ﬁ%}léﬁg ’ '?t}eg%?%é Eﬂ S r&agai% ?‘egﬁ"} d

potenti al[@093] t he two drain el ectrodes can 20 be regarded as a potential of
the output ter 'nﬁl of the n$rat phase-inversi an %#gment 301. In addition,
potentials of tAdNGSEE BREE (a2 stored,an B‘-ec‘ﬁ’é’ﬁﬂglr dndrad ot hsoPOWHT t he
gat e 19 ecdy ot ODD ENAPPRLd fof RO iRt Mde3hE (h@PoPs PR’ i

potential B?Sﬁ%el?hput tern?gfﬁ o# t he firgt pﬁasg?inveﬁggéﬁﬁg?gﬁgﬁ§ 301
[0107] 25%kepplied domthefourtie npdp, avhereby thd pemsertsupply violtagy i apphedsbetwsen thet ure in
whi ch a pi;channel ansi stor, 31} ,.and, an n-channel .transi st.o 12 ose gate
ol ect r odabrd RRCand E FRH s s iviiiin Pal e DBRRS o ek B i ien The
first nodaird aowhakdithe Feurtt Géidd, ehecdutpanerimisaltdlte HdgihascinvMisioni defiemip! i ed
and the second node to which the | owlevel power supply EotentiaI_VSS S
suppl i ed.203pis supplicd) with agphasgrinversiqnepqterfipd of fthe potential of the input terminal

15  thereof. Note that the input terminal of the third phase-inversion element 207 is

supplied with a potential having a level corresponding to the amount of charge stored in
the capacitor 205; thus, a potential of the output terminal thereof reflects the data.
Thus, by turning on the switching element 209, the signal OUT having a potential that
reflects the data can be read out from the memory element 200.
20 [0094]
FIG 26 is an example of a timing chart in the case where the supply of the
power supply potential VDD is not stopped in the circuit of FIG 4. When the signal
Sig 1 is set to a low level and the signal Sig 2 is set to a high level, the signal IN is
blocked, and a feedback loop is formed, and the state can be held. When the signal Sig
25  1is set to a high level again and the signal Sig 2 is a set to a low level, the signal IN is
input and output via the first phase-inversion element 201. At this time, the signal Sig
3 and the signal Sig 4 are set to a low level, and a signal Sig 5 is set to a high level.
[0095]
FIG. 27 is an example of a timing chart in the case where the supply of the
30  power supply potential VDD is stopped in the circuit of FIG. 4. When the signal Sig 1
is set to a low level and the signal Sig 2 is set to a high level, the signal IN is blocked,



30 the p-channel transistor 311 is connected to the first node to which the
power supply potential VDD is supplied, and a source el ectrode of the

n- channeltyr | r 312 is connected to the second nod | e power
suppl y po‘%vg)r%?pzqﬁvgs is supplied. In 28 2011/ 07837332P§?@B%9@%6%478
addition, a drain electrode of the p-channel transistor 311 is connected to
a drain electrode of the n-channel transistor 312, and potentials of the
two drain electrodes can be regarded as a potential of the output term nal
of the se ) DVeresi , ddhi i B964814 f the
gate el ec?tﬁfracr%fggo tE g%dbpgcf annéﬁﬁfggﬁgaiw:%rb%%i&ag%ﬁ% t ﬂé gat g’ tg?(%%]?lode of
t he n- chasigd istsetits a highr le8dl2 wharebp ¢he eapacitad2(sstarep dicedidta gin FIG. 2RAethisnput

term nal of the second phase-|nversi on el enent. 30 0108 I.n FIG 6,
he cage THETSSBOTH A& IBVGEVSL SiEd Y {HGUBR i GOUFE SupRly petenfi
i |1 ustrat eBHDAS sRfppE a1t that, @ggteﬁtiﬂ'ﬁ of el @Phdifbr 205 id 114" ARRLSHE when the

controlled by a signal Sig 101 supplied To a gate el ectrode t_hereof. I n
addi t iSon, pawes supply patestial ¥DDris sepplied and the signal Sig S abthe\signahPigP st setent 304

is illustrated as an anpl e, cand.t he sw.t.chin f the transistor is

cont rol 18 bRy e BENEnS SEEH 20 ¢4 HELIPE BeblFutd MM tRctdio 100,
Not e t hat205nis olufpu® viadths tthikd phdse-ihversiba elRnRAt DOD{intHE 37ithBRtdgissdhowant 303
and 15 the switching el enent 304 includes only one transistor is

i |1 ustrat¥dhighle@oBr | the present invention is not linited to this
structurgg @g one enbodi nent of the present invention, the sw tching

el enent 8 r the switching el enment 304 may include a plurality of
trandiOst ors. | rTHiHembadienenheancbd imeplpdnemtad iby\benfg ¢anstiiseédsasoapprogriatdwithr ve as
switching, el enents are included in the switching el enent 303 or the
smﬁtchindh%P@ﬁ@H¥3?%§@ Pﬂpﬂgnﬂpurality of transistors may be connected to

each ot heppoy parallel, in series, or in conbination of parallel connection
and series connection. [0110]
(Embodiment 3)

In this embodiment, another example of a memory element included in a
15 memory device of the present invention will be described. In FIG 5, a circuit diagram
of the memory element of this embodiment is illustrated as an example.
[0098]
A memory element 300 illustrated in FIG. 5 at least includes a first
phase-inversion element 301 and a second phase-inversion element 302 by which the
20 phase of an input signal is inverted and the signal is output, a switching element 303, a
switching element 304, a capacitor 305, a capacitor switching element 306, a capacitor
307, and a capacitor switching element 308.
[0099]
A signal IN including data that is input to the memory element 300 is supplied
25  to an input terminal of the first phase-inversion element 301 via the switching element
303. An output terminal of the first phase-inversion element 301 is connected to an
input terminal of the second phase-inversion element 302. An output terminal of the
second phase-inversion element 302 is connected to the input terminal of the first
phase-inversion element 301 via the switching element 304. A potential of the output
30 terminal of the first phase-inversion element 301 or the input terminal of the second
phase-inversion element 302 is output to a memory element or another circuit of a

subsequent stage as a signal OUT.



In FIG 6, a transistor including an oxi de sem conductor in a channel
formation region is used for the capacitor switching el enent 306, and the
switchin f transistor is controlled by a sign | lied to
a gate eﬁgngggg&%ﬁereof. Since the tr3hsistor used forikﬁéﬁggggéyﬁgr
switching el enment 306 includes a highly-purified oxide sem conductor in a
channel formation region, OFF-state current is extrenely |low as descri bed
above. [0111] 30In FIG 6, a transistor including an oxide sem conductor in
a channelgggmati on region is used for the capacitor switching el ement 308,
and the Jﬁﬁtghing of the transistor is controlled by a signal Sig 4
supplied to a Jateamicitot 3(idie colmectedito afinpme terinénal bf theerhany elemesht 300, t he
capacitor, switching el ement 308 include .highly-purified oxid

seni conddétdt “‘?‘F? @%‘Nﬁ'ﬁ ﬁéﬁmef“&f‘ﬁ‘éé thg ﬁ‘gnégp\i‘ i Sl&i'—‘ix@rt"é"l‘ éhecW‘ch‘H’cg ?%Em%‘k‘t remely
| ow as demrmiaeﬁl.p%aga/&mr sQdetRihg TNGh &t 1308150l Raf thE fita 8f Bfe’ HSidI TR {hde Whi ch
the capacitor sw tching eIenen% 306 or the capacitor swtching elenent 308
i ncl udes iopityto dhe memony element 360 can b storedens; nehdade v dipecifinally thss eapiacitorvent i on
is not Ii sted to(%pis st{afturg. In.o§§ enbaodi nen f the presen

i nvent i orr 0ot Re® SOHIREPE SPCdE 4, diglr e REReen sPUF Of iflectradese i chi ng
el ement  3étidaYs istohuidtedrotheinghi tesniahl ¢ftBO s pRAse-inVdisibh lcaRRe 30N eRe t he
plurality of transistors 10 which serve as switching elenments are included
in the cdpacapasitosspitehing gleanaslp. 3dbe other iof thesleeirodes isvionapsted) terenent
308, ‘the plalndlaidh Mol 180 pobaf §1£Bi% BRaAANES thch&?m‘?ah NGl a0a
parallel, 1n series, or 1rn conblnati foof parallel connection and series
conndOt i groufdidot&itial slsapplivel. enbodi nent of the present invention, at |least a
tranSiStﬁélﬁéed for a swtching elenent in the capacitor sw tching el enent
306 or t pacitor switching elenment 308 may include a highly-purified

oxi de sem condygGharn@r Sinfikf Rkt SOMERhpLN0F S8, PRk ca@ﬁ&%ﬂﬁm% Yonrficted
transi stor used for the first phase-inversion elenment 301, the second

phase- i n‘em@siinput é¢ravieal of Bg2memhry domenti00gi.el @mede to3@Bich arpotdntiakof thehi ng 20
el ement 304 .include a m._conductor o han an oxi de seniconduct or,
Suen as el 1S i SEAMEE fha WP AARNE bRimeRt 6L e B Bhar R DR A

si liasn, 391NglEthercapicior SWittIEiag cleai¥at BO®HS te tXbdlits! BT tHYl s INShdt!th ne

ger mani un;l pol ycrystalline germanium or signal crystal germanium In

addi ti on,the memosy glsaeat YL ean brogforedasgicedady | Speeificallys thei coppeitor397 S hi m or a
bul k _semcGRANG! BEnGHRS §i8fEiTHndEn el of Mcdtiils 3508 GPmR FABAS!;
transi stor 1 ncluding & oxi de sem conduct or FT1oM tan- be mang acf’urea,

of the trcansdécsidotcs the outpat meamingl of ereefitst giiasé-ivkisitn tletheaki30¢ via the

sem conductor. filmas an active |l ayer, sq that the process can be
sinplifi &apacitor switching element 308. The other of the electrodes is connected to a node to

al |

20  which a low-level power supply potential VSS or a fixed potential such as a ground
potential is supplied.
[0102]
Note that in FIG 5, an example in which inverters are used as the first
phase-inversion element 301 and the second phase-inversion element 302 is illustrated;
25  however, a clocked inverter can also be used as the first phase-inversion element 301 or
the second phase-inversion element 302 besides the inverter.
[0103]
For each of the capacitor switching element 306 and the capacitor switching
element 308, a transistor including a highly-purified oxide semiconductor in a channel
30 formation region is used.
[0104]

Note that the memory element 300 may further include another circuit element



[ 0114] Next, an exanple of the operation of the nmenory el enent
illustrated in FIG5 30 or FIG 6 wll be described. [0115] elenent 304 is
turned of acitor switching elenment 306 is turn angd-4d he
capacitopkgﬁﬁp%ﬁ?ﬁg el enent 308 is tudded off. Then, thgegg&%?osup% y
potential VDD is supplied to the first node and the power supply potenti al
VSS is supplied to the second node, whereby a power supply voltage is
applied between the first node and the 5 second node. A potential of the
signal | ' t-Qeli  ViuSlaE e R I's supplied to the input
terninal§% ?ﬁ%aﬁﬁ%éke%ﬁgégﬁgg3é¥§*oﬁge%gﬁggg'301 via the switching el enent
303, wherf@m¥s]t he potential of the output term nal of the first

phase-inversion_elenment 301 js a phasg-inverted potential of the signal IN
Then, the swit QYFhgDS¥EMR Of SOROTLSPECI IR HFCbih diAgEATR At edBﬂPOEYeﬁl?fP?félfgof t he

first phase: 5 Ry ALSirRed ¢h 6. 3fhk ﬂag%{ga Elgﬂl@ﬁtcﬁ(ﬁgill:ugtrétg@ IPHRW af RhD tna' of

t he second phase-inversion el enent ,” Whereby data 1s witten into the

fir st Sphasdudes\the Hist phaseanesrsioB elementi 3@ h ¢hessecondipldseseversior ekiment 302 nent

302. [01 t, in the where the in ata is.h ,n the first
ohase. i il P BeeeBreaE 1 Nafies, BeuishE . Wk SoaFiclod: bt apeiitont 502,
in the stafehinpelenéeIithe Ba‘olmiteﬂ 80E Ndnd3é dagsF@ioa%\diﬂ&hﬁg Bnghad@s. the
capacitor_swi tching el enent 306 remains in an OFF state, and the capacitor
swi t chi nd'he|cenprastioBoiguctunef tese pirenit ehpments arecthe samae asphatciniBiG 2| erent 303 i s
turned oﬁ 1063y turning off the switching elenent 303, the input data is
held in the first phase-inversion elenment 301 and the second 20

phasa@i nver si oThelfixsephasdG@versidn tekdnsent i30%, int FIG. ol a Stpetye frotdivhi &l VDD
is supplied to the firs noqf and t he power, sugfly potential VSS is

suppl i ed ProapRd EEsHY Hbaand @R d-ehapneh Bansigere 3 10, whose igatcnelegiindes aseippl y
voltage chnfRRid) Rf Gl WRRA akd!@ohhdchld, fiP 86N Plriviéh 3CRANGIARAB Which a

mai nt ai ned. [0117] 25The potential of the output termna
phase- i n\éghsicwel poveeresuppBO potesfidleVDD tiheuppdied and| a secontdhmodei tostvhich a

hase- i ' | t . 30 : d - ' t 302.
e o or STy eGUFEBLY PO R, R 3R TR o o « e
nenony eltwrﬁ?haﬁﬁﬂ trah§istdBB0B W\ eétbd to the BisHAbdd R WRIMGRe POWRF sl UMpt i on

g

in holdin 1e data, in the case where the ingut data is held in the
capaci t oPoRgHalaMBY Kesupphadi ansr a 3owrce clpstradg O

connected to the second node to which the power supply potential VSS is supplied. In

heng-channel transistor 310 is

addition, a drain electrode of the p-channel transistor 309 is connected to a drain
electrode of the n-channel transistor 310, and potentials of the two drain electrodes can

20  be regarded as a potential of the output terminal of the first phase-inversion element 301.
In addition, potentials of the gate electrode of the p-channel transistor 309 and the gate
electrode of the n-channel transistor 310 can be regarded as a potential of the input
terminal of the first phase-inversion element 301.

[0107]

25 The second phase-inversion element 302 in FIG. 6 has a structure in which a
p-channel transistor 311 and an n-channel transistor 312 whose gate electrodes are
connected to each other are connected in series between the first node to which the
high-level power supply potential VDD is supplied and the second node to which the
low-level power supply potential VSS is supplied. Specifically, a source electrode of

30 the p-channel transistor 311 is connected to the first node to which the power supply
potential VDD is supplied, and a source electrode of the n-channel transistor 312 is

connected to the second node to which the power supply potential VSS is supplied. In



el ement 303 is turned off, the switching elenent 304 is turned on, the
capacitor WD 2011/07837335PCT/ JP2010/ 073478 switching elenent 306 is

turned o capacitor switching elenent 308 is t Vi a
t he capac ngﬂé({tXF%éhl ng el enment 306, c3arge with an amgﬁﬁlﬁﬁ%ﬁﬁ/@?ﬂ@ndl ng to
the value of the data held in the first phase-inversion elenent 301 and the
second phase-inversion elenent 302 is stored in the capacitor 305, whereby
the data 5 is vvritten into the capacitor 305. In addition via the

capaci tor 'tchi ypt S ond to the
val ue of %@éﬁodlataa 6%0{171%?%6 gl{]a{%gemrit";r]\s\llsg&m g}rjt 28 EC% 8’ ‘#&ﬁt :

second phdedrode\ue il @-ﬂhi&inemiﬂims'ﬁ&ZﬂlZS afd potefitidl of e tezanﬁ@mtewctr%e&s cziﬁher eby
the data is witten into the capacitor 307. Note that the polarity of a
vol t age D keaided apaipptegtialfdhe PBWesterlﬁetabate&w.Sﬁcqqﬁiepb@afpmtswn eeseland a 10

vol tage bgjnegp aﬁdlﬁﬁhrpcﬁf:lbt Fff {He0gsRe le%?t ot ?fhih@ d}igtﬁnﬁ :ﬂsﬁsPJ afna

opposite to each ot tored

capacist orth8@ate dléxtrodapéiclie mchamict trhnsigores Elveni bSfigaided tas rarpmlemiat of theer eby

t he data stored |gj t he capagitor .305.is held. ln addition, 15 after the
data is SPByidgrmipalgfthe: Tt’lti‘lse'é'ﬁ’f’rs‘?‘h%le‘@ﬁb‘aﬂzt or switchi ng el ement 308 is
turned of ,10g]hereby the data stored in the capacitor 307 is held. After
turning off t'he capacitor switching el enent 306 and the capacitor swtching
el enent 308, fdn HGaéphe casetwhqm\netraneisppliy upssk fon theaswikding elemeptpd@ei t o

pot ont i al Mootk 4o xampl atd B SEePibe kP ebREh Lol G aot@ Glon e

firstionodesgpicd e a paeIELtdAE ehdréofSt BPpédition, Ahe2Bdse where a tlaisiS€ s @sedqanner,
in the case where the input data_is held in the capacitor 305 and the

capaci t orfopdhe switehing lemeat Ah ipfllustated anean %ﬁmemlgz apdl the gavitshingeednthehe
first nodg, an i a the p-channel
transi stgr 3 5”21%%’ grgﬁ?(ﬁgy %9 ["Féln&?ti %ﬂ?glﬁe?ﬁgt dgrat 4}%&,\9}\)3 ?Eﬂa\rfle i ncluded in
the first[Opd@se-i nversion el enent 301, or via the -channel transistor 311
and the n-chan t.rans r 312 whi.ch are i ed in.t secq

phase-i nver si O:F%F h%g% a piryctygern yyhigh.eac Pf Swltwgée%@t\ﬁggﬁnghe
firstsnodge %Wi'tcﬁiﬁg QERORI3MP HRIERS (ﬁﬁ %Erﬁé}ﬁis‘{orcisoﬁl%sﬁﬂe@-eﬁ&wev%? el esul t,
power consunption due to the OFF- state current of the nenory elerfent in

hol di ng tmaedatrwe@@lomanndielnsnghtd tlnaattlllqtuneedhcenh embddinteat pbwer preserd unpt i on

he. momongeRiphe o iains BBk 204 oo eSyilime Bt 304 ) Siidica "

transi st qﬂmuﬁ@doff RinsBsTh. otn thB &aSa Rdeie! e ;ﬂwﬂlghbmﬁa@ts%fe RéhidlGerd@ ds t he
capaci tor sw tching el enent 308 includes a l g@furl fied oxide
f CHTGFF

seni condetighingelementnansdnclpdadiiatthe awiteljng o hieswitching elpamentt y can
be | 255 tﬁ'ﬁpth@ ll?rgH@?l of tfhndi¥frs may be connected to each other in parallel, in series, or

in combination of parallel connection and series connection.
[0110]

In FIG. 6, a transistor including an oxide semiconductor in a channel formation

region is used for the capacitor switching element 306, and the switching of the
25 transistor is controlled by a signal Sig 3 supplied to a gate electrode thereof. Since the
transistor used for the capacitor switching element 306 includes a highly-purified oxide
semiconductor in a channel formation region, OFF-state current is extremely low as
described above.
[0111]
30 In FIG. 6, a transistor including an oxide semiconductor in a channel formation
region is used for the capacitor switching element 308, and the switching of the

transistor is controlled by a signal Sig 4 supplied to a gate electrode thereof. Since the



5 zA/tun, preferably less than or equal to 10 zA/Rm nore preferably | ess
than or equal to 1 zA/Rm Accordingly, the transistor including the

hi ghl y- puk hfsi .de sem conductor filmas an active | | ower
OFF- st at y?&?ﬁ@ﬁ%han a transistor i3 uding silicon h%?@"ﬁ@?’%ﬁﬁ linity.
As a result, when the capacitor switching el ement 306 for which the
transistor is used is in an OFF state, charge stored in the 10 capacitor
305 is hardly released; therefore, the data is held. In addition, when the
capaci tor j I I ; -0F - \Whi . St oS LS.l N an
PP ot at TSl BeA( BB bacil S Ring N e 308 TGS ) Ml TS ol

t her ef or esemtidomddetba in 8 dhahnkl pHiddidp legidnh OKastetevduereat ishextetmtady ddwrasd i n

t he capac(jtor eﬁog and the capacitor 307 is 15 read out, the power supply
pot ent i al9e¥¥edaPQYE i ied to the first node and the power supply potenti al
VSS is SL[gpij]ed to the second node, whereby the power supply voltage is
appl i ed between the first node and the second node. In this state, the
capacbht or swi t d¥oteghatircFKn©, 36tBudturetinmidch the capacsor swidchiag\eement@3fléyorvol t age

is appli bet ween t.he.first .and.t he . second node, .t he oytput term nal
of the t P pamaa heiing 5ol 08 s SR SFORRRT S Al el
phase- r eug¢ Eﬁd@rﬁ@ﬁﬁﬁiibﬂhs K9t linfidReap birddturef 1Ménd ARbddiinehidMAE pieleteof .
Note that the input termnal of the first phase-inversion elenment 301 is

suppl i ed iyenkion, thetcapaditer swEching clemeat, 306 b theccapagitor syitching ederaens 398 of

charge st byt et -t tgal .
Corninal "Thahelile, SBHEARY Sl Bt |IH1Ge, A GHER b plitatityy St Billor
capaddt orwlsivh serhé ag switehing tleRRts are Afchyulet dn theatapheitorngiehing\eddment 306

corresponding to the ampunt of ¢ ge stored in the capacitor 305 s
suppl i ed % §he FAPABHATVHIC rﬁlm?ntgﬁgﬂﬁe plreiy 9f KEFEUISIORR JBAY PE FORACEIEAHP 301.

Thus, the,si gRRE i PhrdIRY, il Gefied BroRt ddbbihdiR 5@%&&9&1%&&1%% ﬁldc?e?iepe read
out fromthe nenory el enent 300. [0123] 30FIG 28 is an exanple of a tining
chart i n cohmectioBe where the supply of the power supply potential VDD is not
st opped ig e circuit of FIG 6. Wen the signal WO

2011/ 0783[ [/ JP2010/ 073478 37 Sig 1 is set to a |l ow |l evel and the signal
Sig 35is set tQgnanbidbddanait,oftthe présgiRinveMidrS ablleusk 8 dran8Rebr st gstback | oop
is fornmed, and the state can be held. Wen the signal Sig 1 is set to a

hi gh | evéWitshimg elementtinche icapagitospyyitching element 306 of thewapasiter switelingi gnal
INis in j | ISk =] ion el t301. At this
tine, t et p8 il thesbla bl plidbed BREsMUIACHR if Sl Adauph | 05,
FI G 29 i segion.exAoqurdingly, a tiansistog usédifdr the firkteplessenvehsiore elehiens 3pR | tiie of t he
power supply potential VDD is stopped in the circuit_of FIG 6. \Wen the

si gnal SiSgeond; phasgrinyegsign |e!ﬁnlqné\%ﬁ, APy svitshigg flement; 303, or5 thee switehing hj gh

lleveby tRendngRBh bl ihGud¥ £S&ERonductor other than an oxide semiconductor, such as

amorphous silicon, microcrystalline silicon, polycrystalline silicon, single crystal silicon,

amorphous germanium, microcrystalline germanium, polycrystalline germanium, or

signal crystal germanium. In addition, in the above-described transistor, a thin

semiconductor film or a bulk semiconductor substrate may be used. As long as a
25  p-channel transistor including an oxide semiconductor film can be manufactured, all of

the transistors in the memory element can include the oxide semiconductor film as an

active layer, so that the process can be simplified.

[0114]

Next, an example of the operation of the memory element illustrated in FIG. 5

30 or FIG 6 will be described.

[0115]

First, in writing data, the switching element 303 is turned on, the switching



10 and a feedback loop is forned, and the state can be held. After that,
the signal Sig 3 and the signal Sig 4 are set to a high level, whereby the
capaci t ory, he capacitor 307 store the data. Eve pply of
t he power §%§p ygspgtentlal VDD i s stoppld after that, p%tent?bér)@%é@“l
capacitor 305 and the capacitor 307 are held (in FI G 29, the capacitor 305
has a high-level potential, and the capacitor 307 has a | ow | evel 15
potential). After that, when the power supply potential VDD is supplied and
the si gnaélel?hﬁ ﬁ)@ﬂdtumﬁ St Y @lcaéic‘i’tm4 s@ft@hiﬁgtelehﬂan? 365%” Y& of2dRd e t he
pot enti al t he capacitor out put via the rst ase-1hversion

el ement S&bacmmwﬂchmgculemd:nt 308 ¢¢ tutrineed m:fﬁ.pa’l‘,lidnotheafbivarsupply }puten(laanBlIS 29,

both the c 05_and the 8 aci tor 30 have | evel |aI)
20 [ 0125 & Suppliedrly iecfifbone pd A power AppHamiatob Y SeisrtyoebHbic
appr opr i age@oNd ﬁ&uea%e%yta%\@b@ ﬁplgi%ﬁagehe SITOstEL] fhe fr&iAal aﬁéiﬁnpd' ment

4) 25A sem conducfor device Is one e od| ment of the present
i nventd onsecord ndds a‘\momalsof)thq sighal dith qupgilied dorthe miemonyr elementt 300 is

I ncl udi ng 0 sem conduct he transi stor .inc [.N i | icon.can be
ormd uosaue lotRe TER: SERRDHT of e EREpHas RIS clpREn 4 Pie yefehis

thin silig@emedt 303, dtRfebgthé Potentihll GOthe Wulpis Gerniihal tdTahé ifiq- I{aaétﬁ&krs?d%n SOI
substrate can be manufactured usi ng, for exanple, UN BOND (regl stered

t r ademar kglemgndi 3Qkds @yplwﬁrmvwsi P‘?‘é‘g‘iaét‘éfr@& sigag] cPr kThens e cswitghingay er

transfer np=18 | t hod,
ol asmn 2ot it RERESPARANE 187 Kbl of ol Gufiil SR RRA Sbudf) I, 0
(SI M2Q) , lsrcomkaeteldlth ehe {)ﬂﬁﬂ&]:nﬁnsleciﬂ the)mil:tmdl phaskiihvarsibn slehien0B0Z, wvheesbyover a

substrate hayl uI at| 5 surfac e crystallized by a known

t echni qued ¢ fiztip ﬁd&"?ﬁ‘%%#?’&zé‘ﬁé‘ﬁ EPZ‘é?e'm"erS‘O“
crystall |a@,hélgr30get hod using a | aser beam and a cryst aI l'i zati on net hod
using a catalytic elenment are given. Alternatively, a crystallization

met hod usl0dtpla catal ytic el ement and a | aser crystallization nethod may be

?? nPls ngg s s: BI g}}? d&,?}sﬂe Eh%f ‘éa%?n‘(g tﬁee E}Itlpllt aS tisa lPlCldslli‘llbﬁlter ﬁ}s? p?lgscebineesrs%lrjlar tz,

15 element 301 and the second phase-mversmn element 302, in the state where the

switching element 304 remains in an ON state, the capacitor switching element 306
remains in an OFF state, and the capacitor switching element 308 remains in an OFF
state, the switching element 303 is turned off. By turning off the switching element
303, the input data is held in the first phase-inversion element 301 and the second

20 phase-inversion element 302. At this time, the power supply potential VDD is
supplied to the first node and the power supply potential VSS is supplied to the second
node, whereby the state in which the power supply voltage is applied between the first
node and the second node is maintained.

[0117]

25 The potential of the output terminal of the first phase-inversion element 301
reflects the data held in the first phase-inversion element 301 and the second
phase-inversion element 302. Therefore, by reading out the potential, the data can be
read out from the memory element 300.

[0118]

30 Note that in order to reduce power consumption in holding the data, in the case

where the input data is held in the capacitor 305 and the capacitor 307, the switching

element 303 is turned off, the switching element 304 is turned on, the capacitor



10 the following crystallization nethods: a thermal crystallization nethod
with an electrically heated oven, a | anp anneal crystallization nmethod with
i nfrared {j , rystallization nmethod with a catal yti Hay72nd high
t enper at uyblteﬁg{n%oga 7|§ng met hod at about 3950 C. [0129] 15l h%gﬁg?itllﬁ/or?f”a

sem conductor el enment manufactured using the above-descri bed nethod nmay be
transferred onto a flexible substrate forned of plastic or the like, so
that a sem conductor device is fornmed. A variety of transfer nethods can be
used. ExaQpichifedd 639 alhtd BELHAARe CHSHIL it OlmeRt Y08 Khufhedet 2l
oxide fil mélcs rof\:/lfl%gghbet ween tHﬁ’e subgt ratce a?\ theé]ggrr#eco%uiét or eEaplaement,
and t he romt al Tben,deiaf ithen c2pPaditor esvoitching ederbgntc 80§t aharnge awitbnas cathbadt t he

' duct I t, ted . and f d, th i n_which
2 anor pifOTEROFHMEGR 4 VAT BRPa Bl thJRGAEN S GPaGeipscF BT ol Frle

subst r at gh@ftohd BhaLTh Q46N SleRlenBEEI R Mtored fthE Qﬁg&%ﬁ@f BOW) WeheRdbly! tROBathi | M 1S
renoved by | aser beamirradiation or etching so that the sem Conductor

el emeft iis wsitisnrintodhe edpacitarGiiSt hin sddidon, ayiathgredpaditen switehingl clement30d i n

whi ch the, 25 substrate, for which.the sem conductqgr ele is . pravided, is
r emoved ﬁ&‘“ﬁscwﬁ i 3 Aeypt icﬂﬁes@fmg'tnghtlonghebyglges%flt ﬁlel gﬂtao qu lé’agfésgirstthat t he
seni condyhhey-intRiBardleént A0 Midf the [s6¢Bridhasé iverstdeelament 36 &\ @6re@dn and

the like. [0130] In this enbodinent, a structure of a sem conductor device

and a netthogarastond0tarherehyt theidap isharideninie the cepacitaedde Npte|thyethe
descri be%op%i@g of a\b1ae BEATEA G ol HIELalel thcidiRa !t nObafiBinoiB0d Sad hOON OF

I nsul at o strate, e transistor rncluding silicon's nma ured and
t hen10he voltagesbattveen a pair wfliehegtradesdxclddedsmnthe @apheitbnB807 are oppositeaiot eackd.
[0131] First, as illustrated in FIG 7A, a bond substrate 500 is

cl eaned, othes then, an insulating filmb501 is fornmed over a surface of the
bond subs[gﬁa)l]e 500. 5[0132] As the bond substrate 500, a single
crystal sem conductor substrate formed using silicon can be used.

Al ternativel y, Aftee thiodata dubloradaineths @apanitpr BBS,aths eapasitod switding glestanat e

1S U508 St 85, MREBY I R ha 1 U clEh g 2SR vl oRABH o
15  after the data is stored in the capacitor 307, the capacitor switching element 308 is
turned off, whereby the data stored in the capacitor 307 is held. After turning off the
capacitor switching element 306 and the capacitor switching element 308, for example,
the power supply potential VSS is supplied to each of the first node and the second node
so that the nodes have equal potentials, and the application of the power supply voltage
20  between the first node and the second node is stopped.
[0120]

In such a manner, in the case where the input data is held in the capacitor 305
and the capacitor 307, the application of the power supply voltage between the first
node and the second node is unnecessary; therefore, via the p-channel transistor 309 and

25  the n-channel transistor 310 which are included in the first phase-inversion element 301,
or via the p-channel transistor 311 and the n-channel transistor 312 which are included
in the second phase-inversion element 302, the OFF-state current flowing between the
first node and the second node can be extremely close to zero. As a result, power
consumption due to the OFF-state current of the memory element in holding the data

30 can be significantly reduced, and the power consumption of the memory device and
further the whole semiconductor device including the memory device can be suppressed

to be low.



10[ 0133] Note that in a single crystal sem conductor substrate used
for the bond substrate 500, the directions of crystal axes are preferably

uni form \Qg%m%llﬁ@ﬁ”ghe substrate i s not necessarily fornggTHgiqqgm.ggg ect

crystals I'n a lattice defect sud as a point defect, I'ne defect,
or a plane defect is conpletely elimnated. 15[0134] In addition, the
shape of the bond substrate 500 is not limted to a circle, and the
substrate can be processed into a shape other than a circle. The bond
substr at e[r(ﬁgﬁ may be processed into, for exanple, a rectangul ar shape
considering that the shape of a base substrate 503 to which the bond
substrate 500 iSinct thactaasisfoatuesd fos egelnef eel sapaciti swdchmgHleman@ochald a

| i ght exposure regian of a |light exposure apparatus such as a_reduced

proj ect | dﬁe @Pﬁ&%%’ﬂ%g&%%@qg@ ﬂ@@?@ﬁ QS!‘QT‘Y‘PSHQC@ REide sEpIcondiictoydn g

substr at S : j <Ll ! I
&chafit] F8fndtfonPie Lioh: e Q:UﬁEht_n@eln@ltf chit ;slteggﬁszqﬁ? gg 5@91 3@ %00

sem conduct or substrate"that is commercially ava
i nsul &t i noA\/fuml, prebéablydysshbarporsiqugl o 1i0ns\/hat, iuge pieferably less shancde eghialtbur al
insulating films. Considering that a_region containing inpurities wll be

removed bt eMumhe dAscerdingly dhe t Hansistey)| mcludipg i the, dughly-pupfied o paisiey
; 136
greater t{aﬂﬂco%@ggﬁim Y taf{S‘icm;@ %p&'r Aa%gﬁﬁ H&fre? gg(ilf-gtgféaéur}e% a%? a'lP;,‘fnis{sP 136]

30As a filminc I'n e Insufatin an 1nsu I'ng

cont ai ni rigclading csilicar hgeingeerystatliaity.i t Asconpaitenvhalicie @spaeitet IsivitoRingxi de
film a silico itride film a_silicon oxynitride film a silicon nitride
oxi de fi |sigment g’@gnfﬁﬁi hothedtgansistar, is psedy sy ipadn (REnttate; ghargs ptoredaing®e nani um

oxynijpr i d@pddito309is haltfly TRIRLSLA Midrifbfle tRXludl &1HdR.CaR Qﬁitﬂﬁ?&vbeﬁ%@her’ an
insulating filmcontainihg a metal oxide such as al um num ox/de, tantalum
oxi de, orcapaditor switoking eeleraent 38ufoatwhich thel tramsisteraisnisad is iman DFRistatd,de such

as alumnumnitride;. an insulati.ng filmcontainin al ynitride 5
such as an‘&f a{ﬁ"ﬂrfﬁlr‘ht ?('f/if’ﬂafﬁ?r f1f ﬁ?ﬁdiyorfrqeﬁﬁe%i' ﬂ%elfg%’r ﬁ‘@rdr?’*al lﬁpglgnt aining a
met al nitjoiztg oxi de such as an alum numnitride oxide filmcan be used.

[0137] In this enbodi nent, an exanple in which silicon oxide forned
by thermal oxi datheorasewherrethgslate stored dn theecapaditor S0) sad thescapaeitarH\liat i ng

P B A VTSt U R W
however , supylyipoteatialt V8§ if suppliédio thiagedoad modérachepebyathe poasi supph wolfagace of
the bond isS lzjiggﬁcrdalt)gtwggg the first node and the second node. In this state, the capacitor
switching element 306 is turned on. When the power supply voltage is applied
between the first node and the second node, the output terminal of the first
20  phase-reversing element 301 is supplied with a phase-reversed potential of the potential
of the input terminal thereof. Note that the input terminal of the first phase-inversion
element 301 is supplied with a potential having a level corresponding to the amount of
charge stored in the capacitor 305; thus, a potential of the output terminal thereof
reflects the data. In addition, by turning on the capacitor switching element 308, a
25  potential having a level corresponding to the amount of charge stored in the capacitor
305 is supplied to the output terminal of the first phase-inversion element 301. Thus,
the signal OUT having a potential that reflects the data can be read out from the
memory element 300.
[0123]
30 FIG. 28 is an example of a timing chart in the case where the supply of the
power supply potential VDD is not stopped in the circuit of FIG. 6. When the signal



[0138] Note that in this specification, an oxynitride is a substance
cont ai ni ng oxygen 15 and nitrogen so that the anount of oxygen is |arger

than t haty,gf,[\idkPgen, whereas a nitride oxide is a SUb%E"i"}}ﬁﬁnﬁlﬁﬂﬁ | ni ng
oxygen and nitrogen so that the amount37of nitrogen is |larger than that of

oxygen. [0139] In the case where the insulating film501 is formed by
thermal oxidation of the 20 surface of the bond substrate 500, dry
oxi dation in which oxygen having a snmall amount of npisture is used,

t her mal | [ i [ ' [ . . SU as. h .
chloride J& qg‘lﬁc?gg“’t%l% “%’%%@‘?} ‘%ﬂ?%%%% il eza’src}r%{ fha ﬂfﬁikgb%la?\hebgég‘&ag I5iss (e
thermal dlocked, and.a feedbadklidopds fornet, andi tHastatercan behells Whaohe signak$igat i on
i n which hydrogen is burnt with oxygen to generate water, or water_ vapor

oxi dat i ort ISsetdRiachigh kel againand the sjgnal Sig 2 ixpsat dya dew loysh the,pigmaldhels 1 o

generate ; | .00 4 S Wi : f er vapor
may be us‘}é\@h?g(rm?@?m%gg% ﬂiéét?ﬁ%égﬁgﬁrﬁlgﬂg Hlﬁngnggql [‘%{Iﬁ‘gi Ig’ t’P %g&gégéelEMere
t he base 3candshe sigaal S84 iarecdetitbes lovwniereli t i es whi ch decrease the reliability

of a sem Bfﬁ‘ﬂua or device, such as an alkali metal or an al kaline earth
nmet al , 3d insulating film501 preferably includes at |east one | ayer of

a barrier fil mAiGate &24h BXANSIBlof th8minPelart ineheldagnwihefd theisagplly’ &Mnthe base
substrate 503 into a sem conductor filmwhich is to be formed after

separ at i @ewepsupphepotertidl MPRJs stoppadiindhe eizquitnf HIGe® aWhen the dignaliSeg 1fi I m a
silicon njtri Ll ldicon pitri.de oxide fil an.al ymnumnjtride
film an 1%%(:& %gﬁl}%"r%&te} | ehloexsl1 eal $ & %115 %ert ?? ﬁgu%hl %E@Cglﬁ %%‘agﬁé%m"ﬂﬁ%d:

i nsuhet i rgdfa feedbablalodpsis §otedi and ki iste ica be fhieldn iAfteprtdtetheltlighal Sigied to a
t hi ckness of 15 nmto 300 nm for exanple. In addition, an insulating film
whi ch hagnd theotignal Simpare sepip ahighi leyed guherehy therapagitop 305 pad thejqapaciouch as a
silicon [ i aslehi LN | f n the
barrier ?fﬁ F%Q%I%dﬁlfmh&ea{abor%l e}sl u‘gﬁs)%hr g{&)’eguggg{ gf}ktliéé :pﬁqggfgltlébﬁ)é p?) Fﬁmm%lﬁﬁﬁas a

| ower pr cpptd afterahatppdtertipdnofinthy cigmcitar 3Scamdthe dapaaiton88% aefhelt @afFéG. t han

si ng. o PPBR BRIaR S na Tklival PHEn miocls Soeyor ACLba p vt

15 potential). After that, when the power supply potential VDD is supplied and the signal
Sig 3 and the signal Sig 4 are set to a high level again, the potential of the capacitor 305
is output via the first phase-inversion element 301, and the potential of the capacitor 307
is output (in FIG 29, both the capacitor 305 and the capacitor 307 have a low-level
potential).

20 [0125]

This embodiment can be implemented by being combined as appropriate with

any of the above-described embodiments.
[0126]
(Embodiment 4)

25 A semiconductor device which is one embodiment of the present invention
includes a transistor including silicon and a transistor including an oxide semiconductor.
The transistor including silicon can be formed using a silicon wafer, an SOI (silicon on
insulator) substrate, a thin silicon film over an insulating surface, or the like.
[0127]

30 An SOI substrate can be manufactured using, for example, UNIBOND
(registered trademark) typified by Smart Cut (registered trademark), epitaxial layer
transfer (ELTRAN) (registered trademark), a dielectric separation method, plasma



501 can be forned by a vapor deposition nmethod such as thermal CVD, plasm
CVvD, normal pressure CVD, or bias ECRCVD with the use of a m xed gas of

si |l ane ar\gp%%ﬁ%ﬁ%na m xed gas of TEGQOS (tetraethoxysil a@%?@mng@%%ﬁen, or

the |ike. S case, a surface of t3e insulating film

subj ected to oxygen plasnma treatnent to 15 increase the density.
Meanwhi l e, in the case of using silicon nitride for the insulating film
501, the insulating film501 can be formed by a vapor deposition nethod

such as - WA mo ' ' ﬁgﬁb ?m&n' .
[0142] Npitsggtggtc?g@fé;% E?H‘e&%su a?f F?@:ﬂoﬁnﬁ%gﬁlﬁ lﬁag%dzdgl yg%r?&e usﬁ' ng gll%| I con
oxi de by l&e20 chem cal vapor deposition nmethod with the use of an

organosilggs gas. As an organosil ane gas, a silicon-containing conpound
such as tl8{78et hoxysi |l ane (TEOS) (chemical fornula: Si(OCOH5)4),

tetranet hyl si | g0grhitiRluctdr M 6€4iliEH BHRA ovef F¥dbdiate having an insulating
tetranet hyl cycl ot etrasi | oxane (TMCTS), octanethyl cycl otetrasil oxane

(OMCTS), sudfreammadyy beli gystallizede by HMBSpwnt technifoxy sAb dhe knowantechhigfioraful a:

Si HHOC9HB) 3), .;y:0r.. 25 tri sdi hyl.am nosil ane (chem.cal fornula; ... .

S HON o B ioRish pdeaed SyPEpAR o BREs GBS Seim oA pBIaAIBas 1 or
the sour GRetB&® usingSd cataRtic Blérilént faré Fivint h AdtetdativelyUafapsalidtionemboged at a
process tenperature of 350 C or lower. Alternatively, the insulating film

can be f disingc efalitic slement adplaset erystaliization method mashpe pembined-30lnothe de
(LT, Ll by PR a AR PR Gy pAAET, g
nonod0l artke (BllbWjng ceijstillizanen (Hethody:, aothethal Icryseallizatian sinethodnwithuate gas
[0144]  FIeCUICHIN teatororHo aclATE WRealesgIHERiom PSSl PR RBdORMon gas. (o
form the ystiilidA10R rRthotewith 'aBapiytic Berh Bt Uhf hiBH térhpePataRlanntfgGAB@bY | O _may
be set as Tollows: the flowrate of TECS is 15 sccm the flowTate of 02 is
750 sccmat alwet @898€i ti on pressure is 100 Pa, the deposition tenperature is
300 C, t T&ﬁi output is 300 W and the power source frequency is 13.56 Mz.
15 In addition, a semiconductor element manufactured using the above-described
method may be transferred onto a flexible substrate formed of plastic or the like, so that
a semiconductor device is formed. A variety of transfer methods can be used.
Examples of the transfer methods include a method in which a metal oxide film is
provided between the substrate and the semiconductor element, and the metal oxide film
20 is embrittled by crystallization so that the semiconductor element is separated off and
transferred; a method in which an amorphous silicon film containing hydrogen is
provided between the substrate and the semiconductor element, and the amorphous
silicon film is removed by laser beam irradiation or etching so that the semiconductor
element is separated off from the substrate and transferred; a method in which the
25  substrate, for which the semiconductor element is provided, is removed by mechanical
cutting or etching by a solution or a gas so that the semiconductor element is cut off
from the substrate and transferred; and the like.
[0130]
In this embodiment, a structure of a semiconductor device and a method for
30 manufacturing the semiconductor device will be described by giving an example in
which with the use of an SOI (silicon on insulator) substrate, the transistor including

silicon is manufactured and then the transistor including an oxide semiconductor is



[0145] 10Note that an insulating filmformed at a relatively | ow
tenperature, such as a silicon oxide filmfornmed using organosilane or a
silicon Rk .de filmfornmed at a | ow tenperature, of OH
groups owvlbtz‘s)ﬁ?t}r ace. Hydrogen bondi i{y bet ween the OH 5??3‘5?"5%’%%% er
nol ecul e fornms a silanol group and bonds the base substrate and the
insulating filmat a |l ow tenperature. A siloxane bond, which is a 15

coval ent bond, is forned finally between the base substrate and the

i nsul at i ”&lmidfluéﬂ:r Jhe insulating filmsuch as the above-described silicon
oxide fil'm formed usi ng organosilane or the LTO fornmed at a relatively | ow
t enper at y0&#31]s suitable for bonding at a | ow tenperature, as conpared with

a thermally oxidized fil m havi 0 roups or ving very few OH groups
whi ch is used ifgf_SSrPérlilu%Eﬁ‘Cf %Eﬁ%%&gdj’qg@aﬂ@ﬁﬁ?‘ﬁ)%ﬁrlétc %‘&Wéﬁlﬂ[’@ﬂm]_ _
The i ”5U|iﬂ§dlﬂ91§fﬁl}d”5@10i§ o diFover R ONFRSf BleBnd Wibshitd S0d.! at and hydrophilic

over the surface of the bond substrate 500. Therefore, the average surface
roughfesqd0R32]Jof the insulating film501 is preferably |l ess than or equal to

0.7 nm nore preferably, 2 ess.than .or. equal. to.0.4 nm T hi.ckness of
the insul ating ﬁ'rﬁag‘d}fq ﬁ‘é?lrﬁtg o & UPpEle tfgﬁéﬂrsegﬂﬁ%qduf@ §“E§Véﬁu§°ﬂ’?§s t han
or equal dstgbQflicoM ci efecndbd.y QUM AR el aRe OborRH Wabstiate 500N maNDel @SS t han
or equal to 200 nm [0147] Next, as illustrated in FIG 7B, the "bond

subst r at esemixpnductpy puhstratectormpd msiag siligen3mvingagrysiak ladgendistostion, silisoner at ed
by an ele j i i timg f] as indicated by
arrows, v%érrhe §&a°%k%n%ﬁf%%gﬁag§y}%§&g&ﬁaﬁ%ﬁ%&crovoi ds is fornmed in a

regi A0 at[0#33]r edet erm ned depth fromthe surface of the bond substrate 500.

For exanpl e, the grrbr,ittl,e nt | ayer r,ree}lgs a layer which is |ocally
embrittled by AY¥prifigh MHra single, spysial Sericandreor sHbstate usedfar dhe thoad

enbri tt| egBditard 300! tfSRFEAONS oo clyB@AN AxéL ard Bféﬁ:r'a,glgt DGR advhdverBmE | ayer.

Note that there may be a case where a region ranging fromone surface of
t he bond sebdisite wtmot meceshagily fbmmetd: usengeprrfdchyrystalssinewiich atlhtéide defesiosueh

S o AT aebLR L TS e Sl ERGRAE L 07 ot @

15 [0134]

In addition, the shape of the bond substrate 500 is not limited to a circle, and
the substrate can be processed into a shape other than a circle. The bond substrate 500
may be processed into, for example, a rectangular shape considering that the shape of a
base substrate 503 to which the bond substrate 500 is attached later is generally a

20  rectangle and that a light exposure region of a light exposure apparatus such as a
reduced projection exposure apparatus is rectangular, and the like. The bond substrate
500 can be processed by cutting a circular single crystal semiconductor substrate that is
commercially available.

[0135]

25 The insulating film 501 may be a single insulating film or a stack of plural
insulating films. Considering that a region containing impurities will be removed later,
the thickness of the insulating film 501 is preferably greater than or equal to 15 nm and
less than or equal to 500 nm.

[0136]

30 As a film included in the insulating film 501, an insulating film containing

silicon or germanium as its component such as a silicon oxide film, a silicon nitride film,

a silicon oxynitride film, a silicon nitride oxide film, a germanium oxide film, a



[0148] The depth at which the enbrittlenment |ayer 502 is fornmed can
be adjusted by the acceleration energy of the ion beam and the angle at
whi ch t heyi enters. 10 The enbrittlenment |ayer 5 far med at
t he samae‘gpng s?:g?ltial |y the same defh as the aver agegggﬁg@rlg/tﬁ?%ﬁ&r dept h
of the ions. The thickness of a sem conductor film 504 which wll be
separated fromthe bond substrate 500 is determ ned by the depth at which
the ions are inplanted. The depth at which the enbrittlenent |ayer 502 is

formed c SELE nith r s f 8% 5 o€ . | to 50
ri mand Iaéeégggnllgﬁt Waﬂnd%?ﬁg’q%%g ﬁltlég{lglgo&{% ﬁgr et ef gglayé gr g@@g H%tﬂg%%g;&equal
to 50 nmfidnd chedse ttwmin durdheriain irsulfifgrfilm dofthiiBhg a metal dxtide isnol &r e

i mpl anted.to. the bond substrat.e 500 desirabl.y by.an ion doping pethod in
wh ch o LSrBinyE GEiEn LT OHi (O BB Rbe 3 BRI BT EPD e 20
shor t enedpeIONRIR  such B8 aRhBMER hitHAYSR i?gﬂatﬁ?’ﬁl‘[ﬁ(i;%xgiﬁn\ﬂi\u% d MBral BRYARIGRL | ON

met hod in which mass separation is perforned. \Wen hydrogen (H7) is
used Por suclesips@lupioum-pxynipide fme oHan inswlating filo dortaidingya enetiltritriglea

hydrogen gas. Proportions of.i.on species oduced fromthe source gas 25
can be cﬁ%h‘%es&c‘{h?g%‘aj"ﬂg’t“?%“ﬁ“ ?%‘E@%@ﬁ”?é‘fﬁfﬁ' nmet hod, the pressure of an
at nosphernei3qr generating plasma, the amount of supplied source gas, or the

i ke. In the case where the ion inplantation is perforned gdv) an ion doping
nmethod, it is prdhisrapbadimpnt; apxample bnvhichetiligen ggide,fopmeeh by thepmal

!0 1kl o Gpathe 00550 ol BB el T
propad0dt i dvotethatiznFIGMVA, ithe inkelaiinn fibe 301 gefosmedvens tebovet tiel entirebirtdeer esul t s
l:gnf g?lnlag)rf iﬂ}l/Fa@qI)fglt éu gtrzlitg StOB;e h(?v}l/eevreira,g{ﬁe nesg a%iilg tﬂh%HSOqelgg}b bg fforwe% Qnygtrlggs?n ' ons
one surface of the bond substrate 500.
[0138]
Note that in this specification, an oxynitride is a substance containing oxygen
15  and nitrogen so that the amount of oxygen is larger than that of nitrogen, whereas a
nitride oxide is a substance containing oxygen and nitrogen so that the amount of
nitrogen is larger than that of oxygen.
[0139]
In the case where the insulating film 501 is formed by thermal oxidation of the
20  surface of the bond substrate 500, dry oxidation in which oxygen having a small amount
of moisture is used, thermal oxidation in which gas including a halogen such as
hydrogen chloride is added to an oxygen atmosphere, or the like can be used as the
thermal oxidation. In addition, wet oxidation such as pyrogenic oxidation in which
hydrogen is burnt with oxygen to generate water, or water vapor oxidation in which
25  high-purity water is heated at 100 °C or higher to generate water vapor and oxidation is
performed with use of the water vapor may be used for forming the insulating film 501.
[0140]
In the case where the base substrate 503 includes impurities which decrease the
reliability of a semiconductor device, such as an alkali metal or an alkaline earth metal,
30  the insulating film 501 preferably includes at least one layer of a barrier film that can
prevent the impurities from diffusing from the base substrate 503 into a semiconductor

film which is to be formed after separation. As the insulating film that can be used as



WO 2011/ 07837344PCT/ JP2010/ 073478 ion beam Consequently, the ion

i nplantation efficiency inproves and the cycle tine can be shortened.

[0151] H3%ohasdigd-9er nass than H+ and 112+ \Wen the i @prReaM3%£1 Ning a
hi gher 5 proportion of H3+ is conparedtwith the ion beamcontaining a

hi gher proportion of H+ and | b+, the fornmer can inplant hydrogen into a
shal | oner region of the bond substrate 500 than the |atter even when the
acceleration voltage at the tinme of doping is the sane. Mreover, the
former h o | i ' [ . 0 ' . into
the bond Lo BeFE PlncERAEH Rliie Rl Tichh bl Qria kil BE BSRUAYiffhe, 10
of the 1(@ilmyhnialdniesmniitridayeideTild, ot dellfkecan bbgivean| The insuldding film that I n

the e o e LTS S ATLAELE kepee ks L8Rl BB b
equal to a t i it to
q ekBmbi. 2 aﬁ(ﬁﬁtér(lj, a?qgsngiﬁ? whih 439 a 1o opdifion 88 ﬁltl'oﬁ%lg g{grl

greater than or equal ions/cn2 and 'l ess than or to 6 X
1016 Bongheh@rietSfittersuchias asdivdn toxade, filimher & sibicort oxyamiteidt filmymay bOforomd be
formed i regjon at dept.h, 0 eat er, than equal. tq..50 urn and | ess
than or difenthe Badter fug i n® bt St BT 3he Tiifiing R whEEAF Ag on
the ion 9pRel BSpbriich W Aflrdgln nhey BORMERM 2fcliness HF SRAEL ihah or aqhl ks fil m
t hi ckness of the insulating fil'm501. 20[ 0153] For exanple, in the
case wherm amblepoihan eneamal 6200380 | s a single crystal silicon substrate and
t he insul gurjg filmb501 is fornmed using a 100-nmthick thermal oxide film
a sem cor{ uc]t or filmwith a thickness of approximtely 146 nm can be
separnat ed fromli ke dasof wsidyssiliedreoi@Ofos miteinsilbeng filial 501,ahe isalagng Hnf | ow

rate of 100 % hydrogen gas, 25 which is the source gas, is 50 scc%t he
beam cur POhcapbsdpimed by s vapor.dgposition methad-such as thesmal, GMD, plasma €¥Dcy,  and

the d | . t p N t th
e dose dgg:in%l g&ﬁisé'%‘gm S"B1a6 FER AODewith ahe GYEBS %&eﬁ%scﬁnﬁfa%{: ggﬁa e

time of a gen to the bond substrate 500 is not- change e
t hi cknes®xggen, henixed gasaifi THEOS (tetradhdxys8anepdad bxygges or thhdikebylntthis chsd, ckness

of the sem conductor.filmc be..made .small er., .30[ 0154 Si nce nost of the
o oo AR of W insutalihg Him $h1TRA7 bR WibicSlet S\ IESH Plag AR i1 ant o
i nt 0 15he iRGBMde IHDEEdsAY.C MEANPMEY) iPheddhsd BNuslRPEilidoABItHAE fdrth¥MlisGRHARS S
separation is not perfornmed. Therefore, mcrovoids can be fornmed in the

enbri t t | diant01}, theemsyatingfikm S0& can pe hormad hyon vepnsidegositiem owthodrsuchas case of
acel or abtomasc/ Pag ARNSEoFpikdps bR IS "1 0%V ana | 655 ¢ han or
equal to[@pRlkV, and the dose can be greater than or equal to 1 x 1016
'ons/ene and | gsltsén}a?iegly,o trhceigslill?zlltintgoﬁlgl )5(0110m]51§51 bieofrclns’lilgdntlg-ihg silicon oxide by a
20 chemical vapor deposition method with the use of an organosilane gas. As an
organosilane gas, a silicon-containing compound such as tetracthoxysilane (TEOS)
(chemical formula: Si(OC;Hs),), tetramethylsilane (TMS) (chemical formula: Si(CH3),),
tetramethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC:Hs);), or
25  trisdimethylaminosilane (chemical formula: SiH(N(CH3),)3) can be used.
[0143]
With the use of an organosilane gas for the source gas, a silicon oxide film with
a flat surface can be formed at a process temperature of 350 °C or lower.  Alternatively,
the insulating film can be formed by a thermal CVD method using a low temperature
30 oxide (LTO) which is formed at a heating temperature of higher than or equal to 200 °C

and lower than or equal to 500 °C. LTO can be formed by using monosilane (SiH,),



[ 0155] 10A hal ogen gas such as a chlorine gas (Cl1 gas) or a fluorine gas
(F1 gas) can be used as a source gas. [0156] In the case of

per form ngoi,efd8pkantation on the bond substrate 500 b¥c‘i‘ﬂP£dip'/0 R ng

nmet hod, irrpurl{l es existing in an ion4@opi ng apparatus are | nplanted
together 15 with the ions to a processing object; therefore, there is a
possibility that inpurities such as S, Ca, Fe, and Mo exi st on and near the
surface of the insulating film501. Therefore, a region on and near the

¢ - : Lot inaufi| s . e :
consi dor A€ (B8R, Bf dice s B b "aBHE e SpBUERE niRlpc TRHNAS 190/,
| i ke. Spahe¢ likead dryoxygeti s@ircegat a depth of 10 nmto 100 nm preferably 20

appr oxi nahgl 30 nmto 70 nmfromthe surface of the insulating film 501
may be r d. The etching may be performed by a dry etching nmethod such

as a reactive i%ﬁieﬁérﬁ@g”ﬁl thElhk dﬁfsﬂ%dTE(f)Qran?’@"fB{ fhe s%ﬂrd'e%g‘i% Edé% theCOUP! ed

plasma (1 CP) etc thod, an el ectron cyclotron resona et chi ng
met hod, ailganaixidd fiph as ¢he maplatng file 593y Heemdnilitjpe)may béisetgasnfellbwd;, tha

magnetr o | asnma i.ng_ met hgd, .a 25 dual - f uenc | asma et chi ng. et hod,
a %el i coﬁk{fo&(ﬁz‘*ﬁﬁﬁéﬁg 1%?%%%?‘?%@91"66‘?& 8*']8? ﬁe{q%%ﬁ?“cé‘ﬁ%ﬁgostﬁ%@oﬁmﬁﬂfeg@xanp! e,
in the capp ©f tﬁeeals%y.smnqeﬁlﬁ&m?e ABENC,NBaRPodpht RBVOON, Snditel gierNi tri de

oxi de filmby an etching nethod, the region can be renpved to a depth
of about sbrceifregheremis k56 MHace under the condition where the flow rate of
CHF3 as et Agsgchi ng gas is 7.5 sccm the flowrate of He is 100 sccm the
reaction Q} sure is 30 5.5 Pa, the tenperature of a |ower electrode is 70

C, the RF (13. otdkia) aflideldting MMMRIme® AL b Q6latitelR 1&0&@3&@@%1 s@ifqd hode is
475 W the electric power applied to the WD 2011/078373PCT/ JP2010/ 073478

46 | ower sdicentoxslectilopformied ysigp @eganpsilane @r wsiligen nitaide oxidei filyn farmed iata about

10 secon I i f rineshased gas, a
chl ori nefiﬁvgs% gg%“‘%u‘c‘?ms gsﬁ%?algc?%l, %ﬁ%ﬁﬂ.&b (‘)tg t‘g&? ﬁg a]l[ngé)rﬂg‘lf}' bgn g

f1 uori ne-teasetl tha O gopand GhwateiSinblecole s a eilardl gedp dndlivnds dit Bise
appropriate for the etching . Moreover, an inert, gas other than He may

be added Stbstiatfoanst the; ingnlating %ﬁg rat @xiaipicaiPeEtcor Aptilgrae Bondherhich det ect ed
frombe, flalef bonlﬁf‘?s ﬁgmgarhmfymaeaé e ask Ghtratd S The WRuGhnk Sugdded to

the etching gas. Int ase of renoving a region on and near a~surface of
a silicofhei insuldeng Xiloke sich s e vabbvetledoribed sdivoagerade Silsofarmednusingt ai ni ng

e an ot craps ik er it FAATHERELH 4R g Haameg ot i SHiahledar DREPEN: cal
pol i shi ngy a 1dw Whhskritife, ROLIRPrEGwitha th&nally eRidik41HR] having no OH groups
or having very few OH groups which is used in Smart Cut (registered trademark) or the
20  like.
[0146]

The insulating film 501 forms a bonding plane which is flat and hydrophilic
over the surface of the bond substrate 500. Therefore, the average surface roughness
R, of the insulating film 501 is preferably less than or equal to 0.7 nm, more preferably
25  less than or equal to 0.4 nm. The thickness of the insulating film 501 may be greater
than or equal to 5 nm and less than or equal to 500 nm, preferably greater than or equal
to 10 nm and less than or equal to 200 nm.
[0147]
Next, as illustrated in FIG. 7B, the bond substrate 500 is irradiated with an ion
30 beam including ions accelerated by an electric field through the insulating film 501 as
indicated by arrows, whereby an embrittlement layer 502 having microvoids is formed

in a region at a predetermined depth from the surface of the bond substrate 500. For



After the formation of the enbrittlement |ayer 502, an extrenely

contam nated region on and near the surface of the insulating film501 is
renoved ehffi-8gs 15 polishing, or the |ike, whereby & 18R 34

i mpuriti te:\)go |ﬁ(/: enter the semnmi conduct4dr film 504 for rre%eo/\;gr tlﬁe ggrase
substrate 503 can be suppressed. Moreover, in a sem conductor device which
is conpleted finally, it is possible to prevent the inpurities from causi ng
decrease in reliability and decrease in electric characteristics of

transi st UGR AfoAEmRht 130er Hednd Q3R whitip I BEAIPEMbRRIEE BF GidoRadseakage
current. C%gmf)%lg%] I'n o?ederet oar ehove tlﬁestl?’rrptf’r)‘?l{ltl)es, i ?%llésog%éc{ssi bl e
t o per f orahaatrgstalcstheane,cand the stasanof theremsbrittiernenttlaypatdepedids qnl aanand faat ment ,
or radi cafJg treatnment. In the casg of using an atom c heam or .an i on beam

an inert 19Euingdhg smbrittlementjayen o Notgthpt{here maysbe 3 fasy hero? regiQRianging; he

li ke can ffn BR€ durtaceldtHRObond substriieté thelsnbrithbSbAAhGS i§ Bmblitfed%o sbife Pond
substrate 500 and the base substrate 503 are attached to each other so that
t he i Asulextentihofieven, B@Eembritilement Jayce ih thirsspebificatiemindcates 2jregion et whizh bef or e
t he attachnent of t{t}e b@e sub trai:e.t503 and t he bond 30 substrate 500,
surf aces SPRFAHLS REHQTRGEATET 2R US VI £ ace of the insulating fil m 501
formed oyer4g)he bond substrate 500 and a surface of the base substrate 503

in this enbodinent, are preferably subjected to surface treatnment for
i ncreasi ng bondihagleptheat2uhich @WBG‘F%‘F’@WI@NZ]@I@/WBMfBMCﬂ eary kmedibstedbbyeen t he

4 L, 0 DL AP, o o T

reat ne ment,  and conbi nati on of
wet t0eatTherdmbaitderdent liyee 0P eah be frnied agithecsameldrfsubstantiallpahe tameatepht 5 or

different dry treatnment nay be c ined tg be perforped. Exanpl es_of the
Wet  tr oalePR AYGRE BIc R deth &f ngonasi %be Bisknessat asemicpgiuctop film

cl eani ng)so4 WHERIANbE s&laPARY ROmSHEboRd sTRBAROSUCis deRFMAINA byl MO dbp! ¢
cl eaning (a nethod in which functional water such as pure ter or

hydr ogenaxtach et @ms zarel implantadi e /Thgadepthueh whichniher embrittlement payay 802 is

t oget her ), cl eani.n ith hydro h%ic id and.a hydrogen peroxi

o ut 1 on et el Be Fige SElof Py ExeREF (R YRRt B D P ALY eSGas
neutngl ahMreqhNaszHO and, ?Mérabl'yfgi‘édtcrgﬁiﬁl drquRE@ Ot in® aAhdTRES thah bt _é(?ié! ol et
treatment, ozone treatnent, plasnma treatnent, plasnma treatnment with bias

appl i cat it®9R00 pmdi cal treatment, and the like can be given. By performng
t he abovgofﬁzcri bed surface treatnent, the hydrophilicity and cl eanli ness
of the surfaces for the attachnent can be increased. Thus, the bonding 15
strength can b&ht ipasoatedmplanted to the bond substrate 500 desirably by an ion doping

method in which mass separation is not performed because the cycle time can be
20 shortened; however, the present invention may employ an ion implantation method in
which mass separation is performed.
[0150]
When hydrogen (H,) is used for a source gas, H', Hy", and H3" can be produced
by exciting a hydrogen gas. Proportions of ion species produced from the source gas
25  can be changed by adjusting a plasma excitation method, the pressure of an atmosphere
for generating plasma, the amount of supplied source gas, or the like. In the case
where the ion implantation is performed by an ion doping method, it is preferable that
H;" be contained at 50 % or more, more preferably at 80 % or more, with respect to the
total amount of H*, H,*, and H;" in the ion beam. When H3" is contained at 80 % or
30  higher, the proportion of H," ions in the ion beam gets lower relatively, which results in

smaller variation in the average penetration depth of the hydrogen ions contained in the



[0163] For the attachnent, the base substrate 503 and the insul ating
film501 formed over the bond substrate 500 are di sposed in close cont act
with eac t d then, a pressure of approximtely

equal towaﬁpﬁ%sgﬁd | ess than or equat4 to 500 20 N/cergbg?'ie)%vel(r)/gjgig greater
than or equal to 11 NNcnR and | ess than or equal to 20 NNcnR is applied to
part of the base substrate 503 and the bond substrate 500 which are
superposed on each other. When the pressure is applied, bonding between the
base Subsiyt #gm50 LR, 1RSish dpPgiediioh AHhSuds"

whi ch resu flt sgxlnn ggﬁ%ﬂu §’f t he enh&?e gu%%é%l rptr aﬂg‘:a{fsl %&%ﬁﬂr ate 503
and t he icasbeahomenetli | m 501 25are in cl ose contact vmth each other. [0164]
The bondilﬁg hs performed by van der Waals force or a hydrogen bondi ng, so
that the 98 ing is firmeven at roomtenperature. Note that since the
above-descri be b%&'l 18d nd the émﬁ Hhe iety of
substrates canqge use %0 t he %‘Rge substr at eWg%g E&hexaﬁp eléﬁ‘é’r

vari ey Qropdréiss of IHQSisr@inq&Iéd)WxtB|tb£idhdﬁaﬁﬁcdnmimgrayhlg5¢tqhoptﬁnaﬂ oflHfM no
silicate glass substrate, a bariumborosilicate glass substrate, or an

al umi nobcAnddi’i @atfemgﬂrm igplaat lmtregenanmmaﬂowebmm@ the berd SHﬁStrate

substr at e subs or e

Subetr ot SoaaRf RIS PP RHETE aclHiotalin kbiffas i heintlBfori Ilfe 535S .. or
subst r at eMbaoneg theffofmér 261, st@@l dohtentiatioe aisctﬂmtﬂoﬂdifmzm@eﬁ ahpMeted Ghitot he

| i ke can be used. Further alternatively, the base substrate 503 may be a

metal suldbe rband pukstraigi ng0 dnst athipkaess §tf€‘é10nsdb%‘fff°a%et es thagkness pf ethewi t h
coef fyjpci e‘e’ﬁ?] tggmgﬁqwg?fﬁ%p&nggs%{g?f eater than or equal to 25 x 10-7 1C
0 X

and | ess an or equa preferably, greater than or equal to
30 x 10- 7[0152]and | ess than or equal to 40 x 10-71C) and strain points of

reater than or ual C and Ies t han, or f er abl
O eater than on ik iSse of pgdgrEng ion pEBGNtHaN basranéaﬁoptna RBegodpill e °* V!
pref er ablyge %fedl\xﬁﬁ)geﬂ @af]|tRS Sce RN dapb iCh 36 Fféﬁf%r q]hﬂletobﬁﬁﬁv
kali-free g

substrate 503 en the glass substrate is an a ass substrate,
i rrpuri t y andriesarthamaor espualoto 200rk\¢ amdithetdwse deset tegreatanthas os egpalde dod10'f0165]

gl.ass subs rate a not he Ss Mbstrate devel oped for. .production
q ui doe/%tapé dsﬁﬁehendgne%e £ AT Si0BHen bR G sandiidry (e o,

S UbSt rat €3, M tayel H 2 a th@%r&gd% 53%1?156 gtozl(%\f\ﬁ; og%ﬁ%mﬁﬁq gﬁ?zﬂgrtgt i on

(550 mMm x 650 t he gener at | urth
gener at i & (6a6d ferss thaBSH equal tor50030n ofrthe 12i2@ sobdtratd 5@0, falthbﬂglg@pemhhg on

1100 300 . th i, Xt t 1500 th
éener atrr:ﬂd’r)‘(i' t%‘ié’f’os %lnfg’@%ém,eq?‘h ‘[‘ag’i‘l i B@H@Fa’qu 6‘!@1‘?‘2%{5’6‘ 6524’ gvﬁtr*:)

and the lth&Risul figsGLO substrate is manufactured with a 20 | arge-area
not her gl ass substrate used as the base substrate 503, a | arge-area SO
subst2Pat d0t¥] be obt a| ned Size incr ease of an SO substrate can be

realized by us 81? Q S supsthate, as
t he base subst IrF§? %W%étatﬁ §Ub$tr§D§ 6haigsel “RP Flhﬁ?lea a
| ar ge nurbgtratd anciithe ﬁtsﬁ]aﬁhg £itm 505 1sotrorrh5:l ﬁmﬁ@ﬂ 10@-nfpihidkadt i @xfa¢ filil Ng one
substrate. Thus, productivi t}/,can be dramati cal lI 25i ncreased. [0166]
a semiconductor film with a thickness of approximately 146 nm can be separated from
the bond substrate 500 under the condition where the flow rate of 100 % hydrogen gas,
25  which is the source gas, is 50 sccm, the beam current density is 5 uA/cmz, the
acceleration voltage is 50 kV, and the dose is 2.0 x 10'® atoms/cm’. Note that even
when the condition at the time of adding hydrogen to the bond substrate 500 is not
changed, the thickness of the insulating film 501 is made larger, whereby the thickness
of the semiconductor film can be made smaller.

30 [0154]

Helium (He) can alternatively be used as the source gas of the ion beam.



Al t hough there is no particular limtation on a substrate which can be used
as the base substrate 503, it is necessary that the substrate have at Ieast
enough h nce to heat treatnment performed |ate e,

gl ass sug‘g?r gltelzd g%grranuf actured by a f4%si on net hod or aﬁ)FF};Jg%m?r/g?H?d can be
used. When the tenperature of the heat treatnment performed later is high, a
substrate having a strain point of 730 C or higher is preferably used as
the glass substrate. As a gl ass substrate, a glass material such as

al um nosi i 4 r.Q cate

al ass 1 5 YREGMOHRARE ol kEicP RRAER] bl SRHAngh AR <R 1B H" TR B B
and bor orlmptaxdai ﬁmo tltbaboﬁdwalb%mrﬂoooévebafy AN HGising SndtRGDRY whnmnmat of
bor on oxi de, 5 glass substrate that is heat-resistant and of nore

pract i calseH%fé“‘éfanlsbélobbPﬁfm Thdherefye, micgvaids capsbe af‘é“@éntllal Fheng BaO

gpgf Srzggl y us tngﬁl I?\(Io?af?h%q&t |e?tﬁm§‘?ilg b?ohlg\r/%?éjoéﬂ%ﬂxﬁﬁ%cﬂ vejtﬁ ng that IS

caused byperfoemiiy ionkimpldigativmsiy am lmt depiag Eﬂahma)mhg lmhb;ne dteeﬁbc'emdlmt

{ neal at 1 1 g)' Iiggs %ﬁ&%%g%%? g{‘ﬁ%éttih 3933’ anf s t]fﬁa osagtéalée.BQ@ K s, The
base subsigatg, §9§reht%r figh a%geﬁﬁaw Y0P SRR 1L (Bh ¢ gAY 1ptel M on

its surface. mat 1 on o e Insulatin e surface
of the baens/em’ostrate 503 can prevent inpurities of the base substrate 503,
such as jﬁﬁka“ metal 15 and an al kaline earth metal, fromentering the
bond subdPixle 500. Moreover, in the case of formng the insulating filmon
the ggrface of Ahg ggﬁ AERogR base
substrate 503 is bg%@éi%‘asfso thge |nguligﬁ(§qtlgilﬁ?ng}53?uetgﬂée ef orégg acraan%eer

vari ety otsecéeﬁ)esmacws(:an be used as the base substrate 503. In general,

t he uppe @perature limts of substrates forned of flexible synthetic
resins 2 h as plastics tend to be | ow. However, as long as the

substrat es can In &% Gise Bf perfsriihEioRcmpldhtRfni dh tﬁanuﬁagﬁwfrht@gsoeu?m ioh a

sem conductor elenent perforned | ater, the Substrates forned of such resins
can be ugiogingsmethad b@ﬁé‘%’&b%ﬁsﬁt‘&%%lqm PRiBE @RRHAYS afoimplagied tegethesul at i ng

pol yadt o e ARG FOLHIE e, (AR Rl PRy i dRBRGBHERC ) one

(PES), pmby&,t 0y ®#ae andpgVib hafhﬂt en (aREN)ear pbé ysushbo dt the (lﬁ’ﬁ)latmg film 501.

pol yet her, r ket one (PEE pol ysu fon PSF er| m de (PEl),

pol yaryl ga’fée((% ggg;g% ?/'bﬁ'i nea, the; sy [g a("EBéB ) ggnumberl

acryl oni tyfi i i ene,
pol yvi nyl t]at e, gggﬁd?c&?(gg?hﬂeeﬁ}é&tt %gwbl\élggﬁﬁ 1 )ﬁgkcgl B&k%?{(%’)%ng t he

i nsul ati nlgp fllklem oSammftdaHy,baseeggubst ratdepB0Df tl(hemat tcadifffe nin, opreB@atiie base
subst,pate 503. t 0 ubst.ra 500.to0 h .ot r i referab

ot g geRRrpRgly! 8 B’ I 20 R ot BBt e e iPiuiiing, frEafl S b

i nsul ati RgmbvddN IMhe &tdhiil fiay YePetrméP by Aadry fehiddMeindd Whel b8 rédctipe 501.
WD 2011/ 078373PCT/ JP2010/ 073478 50 [0168] After the bond substrate

500 is atiemetshingt RIEN@methoss far example, cansipductivelyt coupdest plesma (KCHres¢hingibl y

per forme rder. SR dd?& S t 4t he i n

i nt erfacgn%ﬁ](tﬁe%ﬁ e{?ﬂo a@e su(?l E ?ﬁgg r'?dte gl%l %‘se at P"né’g'f%lﬂgfmpgﬁel Thi s
5 treat m{crtpacmvaerohprede@pe; ehingninethatly hemagsst®naplasiag ket¢tﬁngmﬁetgane¢t ated in
t he rltglgﬁnent er 50% and &an b perforned at a erature in the

rang efuepgygplagma glclune mgthe éﬁ?& Wmlat%ﬁtcangéaﬂa 1% thoo C. By
at t achi ngt gy B ﬁgedsu%t Eﬁéx?%lé% ttaatseef Paﬁ@vﬁ%%%{,atsn §9&5n GluPral

tenperature range, the g strength betwe ase su trate %03 and
t he i nsuloftisiigoh nitrids 0tide fibmiby amd O etchimg method, the region can be removed to a

depth of about 50 nm from the surface under the condition where the flow rate of CHF;

as an etching gas is 7.5 sccm, the flow rate of He is 100 sccm, the reaction pressure is
30 5.5 Pa, the temperature of a lower electrode is 70 °C, the RF (13.56 MHz) electric
power applied to a coil-shaped electrode is 475 W, the electric power applied to the



10[ 0169] When the bonding plane is contam nated by dust or the |ike
at the tine of attaching the bond substrate 500 and the base substrate 503
to each contam nated portion is not bonded. voi d

t he cont g&naégwéggﬁgf t he bondi ng pl anet6 t he attachnent %?T{}Egﬁ@gﬁ&@
substrate 500 and the base substrate 503 is 15 preferably perfornmed in an
airtight chanber. At the tinme of attaching the bond substrate 500 and the
base substrate 503 to each other, the treatnment chanber may have pressure

A TR T

per f or medOwAr eby m crovoi ds adjacent to each other in the enbrittlenent
| ayer 502 are conbi ned, so that .the m crovoids increase in volune, As a

result, as il destsask &GCHEsFvhichs afiporingbasedngnse f shlorinerhasshgamsuch ass part
of the b -t . r Y b . 7O | ong

t he enbr |cutill ’I Ii@#g,ﬁltpégreéégogﬁot%%@g ﬁ%lﬁ ga%eﬁg% g‘%@n%ﬁ?’f %1#% éﬁﬁg{ﬁ’g}rgﬂemgas e
subst bat éeh8d as epibpiiata dedtht etahaghgast hdaredvee, aeinert @asl othieo thahi Hema®4 whi ch
is separated . fromthe bond supstrate 500 is fixed to the base substrate
503 The tredted ot ASherss- oRRveampligont e R ESmetisareR RS M om ( he
bond substy ghdxeQanibs RECHEMROhNt BRIfA! WRIth3E addddOBNRE efc;ﬁng 0%@.' Cih glges not
exceed the strain point of the base substrate 503. [0171] 30For this heat

t r eat nentcasexok mpioyinghe ragidn amaedineargp suacy of pdlicon nitridg axedsi Blm by wetat i ng

f ur nace, .a nmcrowave heatin ar at us can bhe used.. For, the RTA

appar at use?ghl%’ gaéls a?‘%aep())lug i ﬁlglro e ngzﬁﬁlélél ?mhrélo?léﬁ‘l'%)y drz%ﬁ%r a“tolﬂlge’o nglqné% rapi d
t her mal dhiogide,i stathé LIREAnagdearsad ds afi @echast. UShd. polibking *akBE dedfoRAERbYS 1S
used, the _heating tenperature can be set at_ a tenperature of higher than or
equal t o GMB (chegrienl mysrhanica] pelishingg ligridje polishing, oxtke likte treatnent tine can
be set atpgggater than or equal to 0.5 5 minute and | ess than or equal to
60 m nut es. en a resistance heating apparatus is used, the heat

t enper at ur e carfize thecformatidn gfhthe etribaittlamnene thyat 502) aR@@trémalydcontansinatedhan or
equal to 650 C and, the treatpent tinme cgn.be_set_at.greater than or equal
£0 2 hourSIandn Bk neffalteofirizgn at 8 HSHes A oi00ofs FRMEdHRR bt nont
may B8 Peolighing br e Hke vafekdtyahd 8AbiM idphried Whlith fchRF RN Ehi¥ehRcHHCh as a
m crowave. The heat treatnenf by the dielectric heating can be perfornmed by
i rradi at ifig 50k forared evarstheahase 30bstvite 150Ri ¢in be suprrnsspd waMeseayeneanat ed at a

hi gh- f r equenc nerataor,..which i s in.t tange qf 300 to.3 THz.

Speci fi cgfﬂff)}é?%?mefé{%lwél}lw%sr prz?t‘?(gﬁmaﬁ% i IEBWS@%S%VS%&C R Etiency of
2.45 15 @Edi adusPigQUctrehse iRQENADilg Andl decrddbe th BRERE cherabRABIRT HafsiGwal ds

adj acent to each other in the enbrittlenment |ayer, whereby the bond

subst r at SugD® vasiatiginghreshold vglegerofdnerpaseiin toakigerqurientyer finally.

20  [0159]

In order to remove the impurities, it is possible to perform atomic beam or ion
beam irradiation treatment, plasma treatment, or radical treatment. In the case of using
an atomic beam or an ion beam, an inert gas neutral atom beam or an inert gas ion beam
of argon or the like can be used.

25 [0160]

Next, as illustrated in FIG. 7C, the bond substrate 500 and the base substrate
503 are attached to each other so that the insulating film 501 is interposed therebetween.
[0161]

Note that before the attachment of the base substrate 503 and the bond

30  substrate 500, surfaces for the attachment, i.e., a surface of the insulating film 501
formed over the bond substrate 500 and a surface of the base substrate 503 in this

embodiment, are preferably subjected to surface treatment for increasing bonding



[0173] A specific treatnment nethod of heat treatnent using a vertical
furnace having 20 resistive heating is described. The base substrate 503 to

whi ch the\?,ﬁgﬁg/@%trate 500 is attached is disposed onP%T;r)@%OmMI,She

verti cal ce and this boat is deli4%red in a chanber o e vertica
furnace. In order to suppress oxidation of the bond substrate 500, the
chanber is evacuated first such that a vacuumstate is forned. The degree
of vacuumis approximately 5 x le Pa. After a vacuum state is obtai ned,

nitrogen Jn%ngtzi &W%hitﬂgﬁl%&aﬁ it 309 Ghd fh% btaEeaéubEJPSie%Qﬁ”ber has a nitrogen
at nosphere under atnospheric pressure. [n this perrod, the heating
t enper at o@62]s i ncreased to 200 C. [0174] After making the chanber have a

nitrogen atnosphere that i s under atnospheric pressure, heating at 200 Cis
performed for Ah&¥r@plesiRinthe; pprfagy treaiyentsWetetrpaiments dryseptmsnyadc i n 1

hour. ATt &mHillfRion!diveet Zﬁaﬁheﬁl’?éﬁd gﬂ:l t?]&imﬁﬁtactaﬂ ﬁ)g]gtﬁké:gf‘?%i&m@ﬁp&%ea%@:ﬁ' e, the

tenperature Is I ncreas to 600 our. e state at a heating
t enpebat urediffere60dryCirbdmenemagttebé@nbinedito bt pedformed. s Exanfpbesnefdtht owet2

hours. Then, the heating tenperature is decreased to 400 C i hour, and
ooy 10 e andliteere ERBRT HHBE G5 Y areE G PTG Halst CeAMgR] tE o bor
The base gaasid @icR a8 AreghOniEIeshihg) GwBOMEd %lelaﬁﬁl%qa Enetffd ARPhiER Bunctional

sem conductor Tilm 504 ‘are attached and 5 which is disposed on the boat is
cool ed i rwater siich astpwps yhater r hydrogepated water aftha cawier gas seghnasmitrogémaret he

above resj stan ating furn i rfore successj vel. rf.orm ng
heat treaf §aﬁ q?%e?%r%ccrlcgdg%qgnvé’ﬁg ﬁlé’ Oocﬁ |nr(fgacé rgté(gét ldf)o(-,gt‘a'n s ﬁoxtl%%g(?lﬁé?ﬂ’ati ng

fil mB01l aaddthehikdasAs saxbmplestsf B3 dandrehmednt,t ineatt g heiittil fPMid beaig t he 10
enbrittlement |ayer 502. In the case of perform ng these two ki nds of heat
t r eat mentiTgaHMeNts MER LI iofh peamy trgatment. fulravilshiseatmente gzone, Eeatment; plasma

per f or meq, ' ' | hen the
Pase. substraaicplisrae liedimaht i biksapb Aoiith A Ral VoD, bt BRARTAR L 020,

ot her ar egivax r iBydpatdarnfing thet dmvEwlesaibed sheface trh@aient, tha hydvophilisitpend or ned
by an RTA appar at ys, at rocess t er at ur e, of. hi gher an or 15 equal to
000" C andEBER atme snalis dET e SEEREAhIALAE TROEE. « ShGoVE? APRHBEr o so
t hat 15he daensh ehbe impBval0 is split along the enbrittlement |ayer 502.
[0176] Note that in sonme cases, a periphery of the bond substrate

500 is ndPl&dnded to the base substrate 503. This is seemngly because the
periphery of the BN RKBRL AleSase substrate 503 and the insulating film 501 formed

over the bond substrate 500 are disposed in close contact with each other, and then, a
pressure of approximately greater than or equal to 1 N/cm” and less than or equal to 500
20 N/em?, preferably greater than or equal to 11 N/cm® and less than or equal to 20 N/cm®
is applied to part of the base substrate 503 and the bond substrate 500 which are
superposed on each other. When the pressure is applied, bonding between the base
substrate 503 and the insulating film 501 starts from the portion, which results in
bonding of the entire surface where the base substrate 503 and the insulating film 501
25  are in close contact with each other.
[0164]

The bonding is performed by van der Waals force or a hydrogen bonding, so
that the bonding is firm even at room temperature. Note that since the above-described
bonding can be performed at a low temperature, a variety of substrates can be used for

30 the base substrate 503. For example, a variety of glass substrates for electronics
industry, such as an alumino silicate glass substrate, a barium borosilicate glass

substrate, or an aluminoborosilicate glass substrate, a quartz substrate, a ceramic



20 500 is chanfered or has a curvature, so that the base substrate 503 and
the insulating film501 are not in close contact wth each other or the
enbrittl I 502 is difficult to split at the pegj e bond
substr at g\g?%l.l@%%?her reason is that 48l ishing such asﬁ)gﬁlgs%}\ei?/?%?#ﬂd in
manuf acturing the bond substrate 500 is insufficient at the periphery of
the bond substrate 500, so that a surface thereof is 25 rougher at the
periphery than at a center. Still another reason is that, in the case where

a carrier e, ld .da t nipher y. of e 0 at
the t1 o SPSEECs skl AR oF (BE HRTERY nEiystd s L a8t REBIALS 555

di ffi cul tAlernidvetly, tab ahp basepdibsiratt 08N e sbmicdndudict sutisaate FdrmED bf tiliess,
reasons, the sem conductor film504 which is smal]er_than the bond

subst r at e3aipgn pesenideadivm phosphideporsthe dikp can he ysesh3 Fugther gteynativelyrghe

2011/ 078 4 imend %[nq%? j it.
Hydrogengtt;a‘?gs%sr}gaﬁ?ée%?&?%%e??lg?@ngg?&f&g%eéxanp?%%bat 3 g%&?oéruﬁ%tgég%t 2
hour s 5i n Subsyrateo geth c@effirémiteofthefidl Xpaddiem ofigiehier shantor egfualordb sWoSt r at es
500 is attached to the base substrate 503, 5 the plural bond substrates 500
nmay have /df Bpdleskthagof squal to Pl el G " erpisferably, araaterihan or equabto Jhxdoi't y
carriers pA_a,sem conduct gr pe crystal plane orjentation.

Ther et or d Ced e M ALAe PPF A0S 630 i afingPhE 4% goleE e artguate

appr opri a4gp “imdiefdhatBsédudl ® 6800 \préibrabRS gfdalés titin d?lcqif t8'60@PESMION
suitable for a sem conductor elenent to be formed. For exanple, in a case
of form rgssahamet gprl el Ur)dare tpoeferhblyeusedan theoglasssiubstraté evhichnsecwmsdisct or
film504, the nmohility j Ori arriers in the L. conduct oy el enent
can BB oF dasnausyaten 30H.ng Vb b el ubictas T o GO B HBSIEG 100}
pl ane. | NppaRty @htamihAonfaBRi®ndidof i een BE sippré¥sd) a p-type

sem conduct or "el enent by using the sem conductor film504, the nobility of
maj ority [0%3]li ers in the sem conductor el enent can be increased by forning

t he sem conductQr,, 15 fil 04 which has a 0 | ape. Then, in..the_case of
formng a trandts88l&s Sgb gtrea ’caorrlnc?t}t}(l:ctr0'5’?l asglséﬁréﬁ%? %FYIC o%egn%lrfﬁo PAOL N of
the sem apjsietystal panel® @Abel wedet A5 Badhesimothet @k Gaishiate) Bubiztra®s ﬁaﬁﬂ?el
direction and crystal plane orientation. [(_)172% Next, a surface of the

sem déndube &llowingnszes arealmaeyen:pha hird geeeragjory 6150smimy . 6580mmhe thel Hhhdhi zat i on
is not always,.necessary; weve h | anati zagtj.on it ible to
o ove (HBSBHGT (DR 7RERGH: i PHi Briat PR S B BTSSR s 506
and 507 t iﬁﬁlué i i i 0 . ha hical 1y,

t he poli ?ph?bn%m S/ﬁllgef chee?ﬁEgglgn Hcdtqj'aﬁg?lcﬁlm(%{)ﬁn? hfﬂégg((d&%lgﬁmf%?gdkﬁ

pol i shi ng 1830 nhe), |thk sevehtle génvrationefl870fminhe 22001 mav)dihet eighthi deferafién i S

reduced by the above-descri bed Fl anarization. The 25 planarization may be
per f or med2H mEex 240 synY wad dhe tike.m Whan pe S§Hsubktrate)isepameacturgd vdthhat i vel vy,

the BhRN9Liseald:ofolBY il ARHLRAETHCS s e GASITSGARANESHS, LB aRA0sBF 507

substrate can be obtained. Size increase of an SOI substrate can be realized by using a

large substrate such as a mother glass substrate, as the base substrate 503. When the

SOI substrate can have a larger area, a large number of chips such as ICs or LSIs can be

manufactured by using one substrate. Thus, productivity can be dramatically
25  increased.

[0166]

Although there is no particular limitation on a substrate which can be used as
the base substrate 503, it is necessary that the substrate have at least enough heat
resistance to heat treatment performed later. For example, a glass substrate

30 manufactured by a fusion method or a float method can be used. When the

temperature of the heat treatment performed later is high, a substrate having a strain



Not the polishing but etching may be performed on the surface of the 30
sem conductor film504 in order to planarize the surface of the

sem cond 504. The etching be perfornmed by INg
met hod sﬁ (}g!sl/dgg%actlve i on etching 4%( Rl E) nethod; forp%gggér@ﬁﬁlb,%ugwn

I nductively coupled plasma (1 CP) etching nmethod, an el ectron cyclotron
resonance (ECR) etching nethod, a parallel plate (capacitive coupl ed type)
etching nethod, a magnetron plasnma etching nethod, a dual-frequency plasm

hi b
cLCh g TR0 726 -0 i ST AL IBASL AR TRAL 9L 4 R Gy o
et chi ng rmglab@ ni@driad rsaell ay ralemniobﬂnc@te nelads] @mnwﬁelﬁcﬁoixhwé |oPats " 8 ®afhim

chlorine as an etching gas is 40 sccmto 100 sccm .the electric POV\/er
appl i ed thorepilicatq glassys used dor eepinnle lpEengrab bygroniainipg barpra Oxidec

PPl 1 ©d tabot MBLiaE il A plotfc S SarhinpSia WabedeP uff ik kP o)A lhacnd L he

reaction pressure 1s , the ckhedd of the
sem c6ndgtdssr substirate Sthdt dsarheberesstiut addt of a’mratpﬁﬁldamuse & ben dbtaiped.f or m ng

t he et chi L%nder the ndi tion wher he fho rate of chlori fte
et chi ng retrey g gl strgie cpRuaining fa b F(g 5Q that dhe>gmoppf0 gﬁéellsat ure
of the “Bﬁ?ér b e et @fl@m is d&egraﬂlgﬁséac (Note Bt MBddeElLHIdid SudhQBEtRRP! | ed

to the coil-shaped el ectrode is the electric power applied to the 15
| ower el dondingdhqtan cavssdiyathe shrink, the base substiatd S0Benat bhswhjectedreo heatabout

25 secon 0 he,.et hlng gas, a chlorine-based gas such as
chlori neqreﬂﬁ?dﬁnb%ﬁ%?ed%fmse%?h%'hdl% Yo de, or carbon tetrachloride; a
f 1l uonpne [bp@f}d gas such as carbon tetrafluoride, sulfur fluoride, or

nitrogen fluoride; or oxygen can be used as appropriate. [0182] 20The
etching can notMJEPELARdESYlpEIngBlm %ﬁ&’&cf?’é‘i‘edf me over the paseaSubsirate

but &l S0 35 andlt Bive ipfrRe S AR eph S HRBLak Bl ol by ARTER I \S! o
t hat in tsheface miHowvetag tthe foimhationOdf thieomeblytingn ﬁdmm:aa:he yarfdve t dfethoalsge 25
substrate 503 stal defects .are roed ow ng t theformat n of the
enbri tt| SHRvHRlq 5@%@%@?%@%@1&9&{ fhe %@%ﬁ% B+ ik a8 A a‘ihy@ral 502, or
pl angsi t Yin@fant a1 aAf Gn&hi, iHhen SRRTIRS MLBSRS sJus!rﬁe%% | SdrBRk 8 dhe THUS,
in one embodi ment of the présent invention, in order to reduce crystal

defects aast pquomueg phariasulating file @emhecemﬂmtoﬁ tifei baﬁe591bstrste| ¥03dhat ed
S SRR RSBl SO RSB R 0 22 71
504. [Olaﬂdrefoyé@ 2 Qdder OvaBid 13 ob RGDdtrhf2d Ochidl/ B/ 8¢etBas the base substrate 503. In
general, the upper temperature limits of substrates formed of flexible synthetic resins
20  such as plastics tend to be low. However, as long as the substrates can resist process
temperatures in manufacturing steps of a semiconductor element performed later, the
substrates formed of such resins can be used as the base substrate 503 in the case of
forming the insulating film over the base substrate 503. Examples of a plastic
substrate include polyester typified by polyethylene terephthalate (PET),
25  polyethersulfone (PES), polyethylene naphthalate (PEN), polycarbonate (PC),
polyetheretherketone (PEEK), polysulfone (PSF), polyetherimide (PEI), polyarylate
(PAR), polybutylene terephthalate (PBT), polyimide, acrylonitrile-butadiene-styrene
resin, polyvinyl chloride, polypropylene, polyvinyl acetate, acrylic resin, and the like.
In the case of forming the insulating film over the base substrate 503, the attachment of
30 the base substrate 503 and the bond substrate 500 to each other is preferably performed
after surface treatment is performed on the surface of this insulating film in a manner

similar to that for the insulating film 501.



i mrersed in DHF having a hydrogen fluoride concentration of 0.5 wt% for 110
seconds, whereby the oxide filmis renoved. [0185] The | aser beam

irradiati i erably performed with such an energy i at the
seni condu‘g?ozrbﬁ{ol%%n%m is partly neltéd. This is becausgg\?h}}gkn&lylﬂéé‘w

sem conductor film504 is conpletely nelted, generation of mcrocrystals
due to recrystallization of the sem conductor film504 is acconpanied with
di sordered nucl eati on of the sem conductor film504 in a |liquid phase and
crystalli m%% of the sem conductor film504 is |owered. By partly nelting
t he sem c[on ctor filmb504, 10 so-called |longitudinal growth in which
crystal growt h Afteacthedsorfd substatel 50@ | it editashdd to phe thass sobsttatess 508, hbst

sem conductor film504. Due to the recrystallizatjon by the | ongitudinal
growt h, dFepEpept laeereg@lbfpeffﬁen i QBRI Boraass thedandipe Seeradtcteand

crystall itﬂ}nhaﬁgt hrreed bi:t%vereﬁqgé’f%&dsub-mﬁesff@t £nd ﬁevilﬁ%}ﬁglﬁg;ﬁm? ﬁgﬁ.coaﬂgct or

filmb504 1s conpletely nelted indicates the state
sen cOnducdatmeriti isnp&fofmied atelat Ganpievatd’s wherel m arakk gini ubtppameattd it hthe

interf ith the.i ti fil 501. th th hand, th tate i
wh o ¢ neeriuialesheTR i OR A bap e Rerigtned Jt AdvpRR iR Bt Seogbind Nebe | n
whi ch an (4aPeF eqi tto L06€0hnd v ! th&fl 0BGl So i4B02d. | G3Y GhRBRREHRHhna | OVer

part thereof is’'in a solid phase. [0186] 20As this | aser beamirradi ation,
pul sed | xgbstraieaff) itorthelitasé enbstmtep5@3 ovittih ghis ctemperatiry ramge; ithe) bohding

sem condugtor, . ti] m504. For .exa . _Ln the case_of ul.sed er, the

repetitid e?%]f'&eﬁ“?ef’géesbﬁsﬁawsgflg’g&gﬂldf TSW%WE“ ?@e&&ﬁes'@a aﬁﬁnﬁ i's

greatigr t[bggpjor equal to 10 nanoseconds and |ess than or equal to 500

nanoseconds. For exanple, a XeCl excinmer |aser havi nq&a repetition rate of
t

10 Hz to 300 HWhen thel kandigedplangfis gentaminatadobye dysider thenlikeqat g ctime@fh of

308 nmc . 1 SRI n?@grettl oF a

second hgarr&ﬁ%}ﬁ?%stgg bé)[ngo%?ét%ggﬁla%ge@? g%l%c Ul)?ggtge ectpve%v@égror%gd by a
senm condwohtamindtad poaifoar abhyt bemdtd. Spe arbéerc & layoidf the eontapinetion of ager beam
havi ng a wavel ength in the rag%e of greater than 30 or equal to 250 nm and

| ess t harPoBfing e, ths araehmeRtcdrihp fopd sepstre Whndgihe base sbstrateex03gdam can
e, 5 RSl SRSk Bt Lk APRRR dhE e,
or the | iskbstrate 500 and the base substrate 503 to each other, the treatment chamber may have
pressure reduced to approximately 5.0 x 107 Pa and the atmosphere of the bonding
treatment may be cleaned.
[0170]
20 Subsequently, heat treatment is performed whereby microvoids adjacent to
each other in the embrittlement layer 502 are combined, so that the microvoids increase
in volume. As a result, as illustrated in FIG. 7D, the semiconductor film 504 which is
part of the bond substrate 500 is separated from the bond substrate 500 along the
embrittlement layer 502. Since the insulating film 501 and the base substrate 503 are
25  bonded to each other, the semiconductor film 504 which is separated from the bond
substrate 500 is fixed to the base substrate 503. The heat treatment for separating the
semiconductor film 504 from the bond substrate 500 is preferably performed at a
temperature which does not exceed the strain point of the base substrate 503.
[0171]
30 For this heat treatment, a rapid thermal annealing (RTA) apparatus, a resistive

heating furnace, or a microwave heating apparatus can be used. For the RTA apparatus,



WO 2011/ 07837356PCT/ JP2010/ 073478 For exanple, in the case where the

t hi ckness of the sem conductor film504 is approximately 120 nm and a

pul sed | r mts | aser beam havi ng a wavel engt h i,S used,
t he ener 338&3%12?%33/7§0f the | aser beam rddy be set to 600 %&7@9@19@3%80

mJ/ cn2. 5[ 0188] The follow ng pul sed | asers can be used: an Ar

| aser, a Kr laser, an excinmer laser, a CO2 |laser, a YAG |laser, a Y703

| aser, a YVO4 laser, a YLF |laser, a YA103 |aser, a glass |laser, a ruby

| aser, a e ' IR i ' | as er, and
2 g0l d vanBr TRRE Mgl BEhnd CRTATRBafhs' G°Flamd ARRREnERRR R 2

t he t hi cKhB¥A) odppatatuss ean dendswel or Wheh na SORTA sapppratesx iisTaised, y tht 4heatiig t he

| aser beamirradiation can be perforned in the follow ng nmanner. a | aser

As
eni t ti ng 'eMPErakire gandhy sehatielempesatireof highewthan greatabingt 3P " Garl leter panse
W dt h: Zg%{%t%ﬁglsﬁ%gés’égfsq,i %@fm& PG Hhdnt Yind Aifhe 3 1 ezl}tgrr %ﬁ?ﬁ%ﬁqrheﬁgag{ag%gr 0SS

section “I's 'shaped 1nto a ITne MW T €”of 0.4
M x 520 oiffuiehindUigss than 0pleytalto BPShiiites ThWVIRAN foR et ﬁéatfdtg| agpﬁmusl 8
irradiated with the | aser beamw th | aser scanni ng speed o .5 mMi's. Then,

t hr ough tuised,|theskeat keseperdturegan be setrat highcethias enaqual & 200 1GaBblowshthas ocr yst al
defects have .b Jepaired is farned illustrated in FIG 7 20 190]
Not o t hatdidS Ba0eF DR LK FraBendimbfn e g5t af GFUET (1op oF Fatabis PATRAN ner

at nosphengs it oraqual th3MRuds atnosphere or a nitrogen atnosphere, or a
reduced- pressure atnosphere. In the case of the above atnosphere, the |aser
light ird@H2dtion may be performed in an airtight chanber whose atnosphere
is coptrolled. 25 n.the chanber,i s _naot us t |l aser heamirradiation
in agai nert at %@pr‘m%e‘e tréegﬁn%lg aehi g\‘?ege%?/"%eéjre a inlglgﬁmlcngf%ﬁasw’élbcﬁ as a
ni t r ogen hgsfrequenbg vedviel Gf A0 abmidrowast. at @ Hédt hrdahfedtaberthdeidlectibe | aser
beamirradiation is perforned_ in_an inert atnpsphere or_ a reduced-pressure

at mos phemgatings campe perfammed by arabatingethe, bapdesubpiyate ROOithyhigh Brauracyiimis
or event e 96" Bt LA, AN P ine kA SRR U eies DD SRR

formed afliter. tSpecifieslby; fdrexample; atidiitionnyitlph ariemowhaye ofithtanfeeqentycafizldgt or
film 505 n be inproved, and_t applicabl e ener range .for the | aser
beamSan G af S0 dH i begmatrti s 18R aB R PR Mo TRS gt 1o cach “The
l'aser begaer s R @britt&Asnt 1hyerCWRGSb P Afelionl sEPARRISO0ER Be L1 aRIng/tRE M Wi th
honbgenous energy distribution through an optical system Accordingly, the
| aser beambrittieaaiindlayonfinally. be perforned honogenously at high throughput.
Wth the 8@@?5 | ength of the |aser beam | onger than one side of the base
substraté , the entire sem conductor film 504 attached to the base

substrate 503 @aspebificitidaBféingsthdd bhhédi ereh@scit ubiBam Wrticd Fnmb&Ohdvigy | aser
beam once. ‘Wen the beam | ength of the | aser beamis shorter than one side

of t R@ baesistiyg [Sl_giltirmié dsgyzibed.h Theebase [subsyate 723 torehigh theshpnd sabstraie _5@}1'[ ire
sf,[nhcondli’sclitwchéd Es%i?&o%e@%h 3C0aH of the! %?tipﬁ%&mﬁékbﬁJ Ao ts ﬁaﬂlepe% in'd adi at ed

chamber of the vertical furnace. In order to suppress oxidation of the bond substrate

500, the chamber is evacuated first such that a vacuum state is formed. The degree of
vacuum is approximately 5 x 107 Pa. After a vacuum state is obtained, nitrogen is
25 supplied to the chamber so that the chamber has a nitrogen atmosphere under
atmospheric pressure. In this period, the heating temperature is increased to 200 °C.
[0174]
After making the chamber have a nitrogen atmosphere that is under
atmospheric pressure, heating at 200 °C is performed for 2 hours. Then, the
30 temperature is increased to 400 °C in 1 hour. After the state at a heating temperature

of 400 °C becomes stable, the temperature is increased to 600 °C in 1 hour. After the



10 the |l aser light by scanning several tinmes. [0192] In order to
performthe | aser beamirradiation in a reduced-pressure atnosphere or an

i nert at W@Qnﬁr/(ﬁs%m as a rare gas atnosphere or a ni tgﬁ?ﬁgﬁg%mwre,

the | aser béamirradi ation may be perfi@rnmed in an airti whose

at nosphere is 15 controll ed. Wien the chanber is not used, the | aser beam
irradiation in an inert atnosphere can be achieved by spraying an inert gas
such as a nitrogen gas to the surface to be irradiated with the | aser beam

The | ase rstERg am héart@ggé% é}gtu}es oﬂa@O;‘gf lg%gmieg' st%gleggeena% tgt ﬁ(ﬁdnt? PSCR%%U%&‘ ?(He

reduced- pressure a ere inste an air pher e; ereoy

natural oxhélfts.f | THBn|, thef heating eripeemBr! i€ deére¥IRE 1400 °E0h MERburCARCAferad pitch
20 stripes can be prevented frombeing forned in the sem conductor film 505

whi ch i s migntesdo 30t mmutdsetheahnat isoesaried putaftpmt tho chapbemaibe yasyf subisgate

sem cond r fi.lm.b n..be i Qv and th | capl e _ener rgnge for
t he Iasetgb%celgn%vlgghnhggé%%gsélﬁg e ?BQ@%?%?%SCPHSO%@S@)P% rgﬁtﬂg a@ﬁ?‘%ﬁ@é‘aof t he
sen cendughiel isfdispBs&ddn the HoheiR @bo1ee th &yai2 ntbsph&tchi ng before the |aser

beamirradi ati on, danmages such as crystal defects m ght be generated on and

near the [9Uf¥lace of the semi conductor film 504 owing to the dry etching.
However, the a - ' A ' | At C t he
damages caused q%é%eﬁﬁﬁ(%{t@:@@&sﬁgﬁ%% an‘%g}ff fs%ﬁ%@%g{tﬁ%ﬁﬁ@mﬁc{ ﬁsﬁ%&rg?&% am

i rradi at isoccestivey perfoaniag dicatt theatinentifooindteatiag tliid bondai}bstreagthieetetahtd. \When
the surface of the sem conductor filmb505 is efched after_the |aser beam

i rradiat i‘Bﬁ'l’,la“cnlgeB]é’& rsﬁ)?c@ ﬁ"et é@es%‘hf%ﬁégét%d #“?alt rﬁ@@ﬂeqtsfoﬁéf’hﬁ’e&e@§ari ly
VO 2431/ QEHIIRARITALP3030/ 676 s SbChRbrhSlOesd o LAAELr Hedidaiagl at | on.

Mor eover, when the surface of the sem conductor filmb504 is etched before
t he | aserin diffarent appatatisesy fior daxlampln, héatdeatient ieperformed ati 200 0C 6 2 how®5 i s

IS IS A e R
i rradi atispp vapieh ed aftschicd@ol AR otR@ e ichirRE Gt f6in thO ¥Obhce. Next, heat
treatment is performed by an RTA apparatus at a process temperature of higher than or
15  equal to 600 °C and lower than or equal to 700 °C for one minute to several hours, so
that the bond substrate 500 is split along the embrittlement layer 502.
[0176]
Note that in some cases, a periphery of the bond substrate 500 is not bonded to
the base substrate 503. This is seemingly because the periphery of the bond substrate
20 500 is chamfered or has a curvature, so that the base substrate 503 and the insulating
film 501 are not in close contact with each other or the embrittlement layer 502 is
difficult to split at the periphery of the bond substrate 500. Another reason is that
polishing such as CMP performed in manufacturing the bond substrate 500 is
insufficient at the periphery of the bond substrate 500, so that a surface thereof is
25  rougher at the periphery than at a center.  Still another reason is that, in the case where
a carrier or the like damages the periphery of the bond substrate 500 at the time of
delivery of the bond substrate 500, the damage makes it difficult to bond the periphery
to the base substrate 503. For these reasons, the semiconductor film 504 which is
smaller than the bond substrate 500 is attached to the base substrate 503.
30 [0177]
Note that the bond substrate 500 may be subjected to hydrogenation treatment



The etching can not only make the sem conductor film505 to have a film
t hi ckness optinmum for a sem conductor elenent that is to be forned | ater

but al so rd the surface of the sem conductor fil 6]
Af t er the"9 ggglr/d7§€73m i rradiation, the 3em conductor fil %E@Ezq@@%ﬁi&?er ably

subj ected to heat treatnent at higher than or equal to 500 C and | ower than
or equal to 650 C. This heat treatnent can elimnate defects of the
sem conductor film505 which have not been repaired by the | aser beam

[ di ati ' ' ' d film505. F
thi o hoat rrEasannd SONER: 0B 8 " RlarbperdalGe SRR AR MhRlornel ToICT . [ ve

heating fetamplegat 350 °C for abowMpuReiatd dregeRatmbsphefean be used. For the RTA
apparatus, a gas rapid thernal annealing (GRTA) apparatus or a |lanp rapid
thermal dRR&HI i ng (LRTA) apparatus can be used. For exanple, when a

Cror 4 hours: VB b BLBRARS orbola RuddfE sobiik abHh (e BERELIA{RE X ©%0
sem conduhé¢ @lurhi bondGabstmatgsas00 ymat dhed difterémr chystak plank agrientdtivped The

sem conductar. films, 506 and 507. When the sem conductor_ film505 is further
etched, dnQRIGIYRf BpioHE eafHersdntg smigpndustor depends Amueysial plangrosenfatigier e t he

bondi ng SjtygGen rﬂesseﬁﬁéonﬁﬁ&t)} fi'hﬁ%cx?ng)F Rg é&ﬁ&ﬂﬂﬁlﬁéﬁ%ﬁé%ﬁl&%a&qm

sem conductor filns 506 and 507 are m'conduct or
fi | m 505 bondtsnbstrata50@ iwhacht has keeystal pbere afientaivncoritdblet for af sdnmsowduictoln ar e

f d i t linited tp two. [0198]. Note that th .ur f f th
bont sub@lesns o B Biat e H PP i 2 GHTE S TGP 41 T RSOSTRIEOMBERE ot 00 | s
pl anapi z etbmap %qgmgamg %Bin%bﬂgh'&bpﬁhﬁisbm e SmEHNtEE MERRREATicATRAl thef I OM

t he bond substrate 500. [0199] Specifically, the insulating film
501 whi clsemigenistongement can bedaeresssd bydamniag thehsenpieenilusion Sdmat04 wivich s

r enoved 2};‘/‘ etﬁgb@nf Qr th§§2| i k?. tI the case whgre the gsr%sul.ati n%[fi | m 501
is forme bt _ |p|%16h j gaagh | o§o%a51£ ni Pr P§eC256 O PTEBS HiFPle 5
oxi de, WeEm@loalidier ismbet BYYaKiRg kheOdenficddubiof &ilnB04e i MYBlity bORRRrity

Next, projections fornmed at the edge portions of t he bond substrate 500

owi ng t o CRREErSs Bhthe semigonductohelement eambruinceasdad byrfgodng the semiconsiwgioni ng
The docniil &4 bR B TaTEEbBPs, X007 e G SR Ea 3 FubBlotR 2 usea
and a t elsenehddicrTeRent iedbendife dirkel6® \dfatie0emibiddctsrokithi o4 Gan be
used as an etchant. [0201]
determined in consideration of a channel direction and crystal plane orientation.
[0179]
Next, a surface of the semiconductor film 504 may be planarized by polishing.
20  The planarization is not always necessary; however, the planarization makes it possible
to improve the characteristics of an interface between semiconductor films 506 and 507
and a gate insulating film which are formed later. Specifically, the polishing may be
chemical mechanical polishing (CMP), liquid jet polishing, or the like. The thickness
of the semiconductor film 504 is reduced by the above-described planarization. The
25  planarization may be performed on the semiconductor film 504 before being etched;
alternatively, the planarization may be performed on the semiconductor films 506 and
507 formed by etching.
[0180]
Not the | polishing but etching may be performed on the surface of the
30 semiconductor film 504 in order to planarize the surface of the semiconductor film 504.

The etching may be performed by a dry etching method such as a reactive ion etching



Then, the surface of the bond substrate 500 is polished. For the polishing,
CWP can be used. To snooth the surface of the bond substrate 500, the
surface i i.rably polished by approximtely 1 gm ]

t hi ckness‘?okﬁ%lg?%tée pol i shing, RCA cl3¥ani ng using hydr%?Fég%(ﬁ@bggzsd or the
i ke is perforned because abrasive particles and the like are left on the
surface of the bond substrate 500. [0202] By reusing the bond
substrate 500, the cost of a material of the sem conductor 20 substrate can

be r educmmi Qretild; for exmﬂgg%gfgdﬁﬁu&ﬂ'ef}p%t[{)%d E(E)r?ig K,Rlllﬁl é&?nﬂi%ggx?eth@d? d'nrrpur ity

el enent arting p-type ctivity “such as m or 'gallium

or an i npaledtion oytiemen resomuae (ECR) etchingemethod ucparalid plasei@hpastivenaapledr us or
arseni ¢ nay .be added fo the sem conductor 25 fil 506 and 507. The
i npurity PO icing cs?etfs%tar Breenatpn; P%%&tcal%wgg@ mabﬁewa%ﬂ Playmane

sen condugdihe frxie{HEHpﬁlélfcnonWv@?ldﬂﬁitateﬁfh'ﬁ?gjmgfhoﬂ,rbrlttE@liffcﬁngfngktﬁit. or films 506

and 507 forned after the patterning. Alternatively, npurity el enent

for cdéntr[OL8ilng the threshol d voltage may be added to a bond substrate.

Further alternativel the i pty. el enent nmay he added to the_bon
Substrate in oR@eFplbsovEgBRIGP lshechedhd T HoedorEhaE uis by BSTEQIEd: he
| mpur ity @idene tcofidiYiok Shiekt th Elowaheeslt ém()ﬁrkbeasmt@iﬁﬂ% gs@ Rr40f dckin tbqloor e
bei ng patterned or the sem conductor filns 506 and 507 which are forned

aft er t hescpas theelficiis pawvesragplied 19 # ¢aiktype elsatreds ist1G8 Wiie 286\ 3Y.dhe/eleetsige.
0204 , i i fil-ns.. fh
[s em c 1) nd LP(? tw c? rr aﬁ@ﬁ%};m ggé‘%glln‘gé‘g@% |(§Ig th|e: ! u sstl(r?ej'? Segé W\ tﬁ@a‘g@&l’ﬁ%\fg%ﬁug °

i nsulldt i n@edsuteris 0508 wan0 Pe. f Bomexdmiple, thel thivkness of thendehmicat@uttonfih 584r f aces
of the sem ¢conductor fil 506 and 507 by 5 high-density plasma treatnent.
The hi gh-@BREiTE4prS f 12 phout DA ) g arertorming, the sichimeatndeetheisonditipng o

m xed gasyire #2 R Thte PRThRHHE a@sdn"é?chitf% asfs: 100" scdf; tlﬁ!}ga&%ﬁgﬁ%uﬁ' fsrogen
oxi de, ammoni a, nitrogen, hydrogen, or ﬁe like. In this case, by

per f or m rig0 @aciheatmperatire pf denower telectrode d1E P Cothe RF {13156 MHaveectfit asma
with a low el ectron tenperatur nd hi gh_densi can, be generated. The

sur f aces ROVef ﬁBPlée@ntPégﬁﬁ%Ts Peé(&‘?‘?’l"ﬁ% 95&}%) &Zité‘%/ slegtrig Posyer appiisdl 19ythexygen

radi qal s 16 Qbcdae!(BeehePiad GALLRID WNaRPIR £AIESHmE'is Ibddt 288R-IRditGal S
(which include NH radicals I n some cases) produced by such hi g%- ensity
pl asma, HeceindsanForthektwhinggah,id chlorfinetbasedrgasosub as phlvting lboratedhiloridd,y 5 nm

to 10 nmthick, is f d j tact with the sem conductor fil Thi
nsul at | (PRI RBTde o fasbo RRHIRTE |3 (NTIPeRESt BBt ASUFRPRG i1 m
508. For teamnhige, sdiftt flEERNorlEitrORGOMidHRle( NQ&byFbﬁ cali behised a¥hpgtop¥iatly 1 to 3

times (flowrate) and a mcrowave (2.45 GHz) electric power of kWto 5 kW
is appli d818ilth a pressure of 10 Pa to 30 Pa to oxidize or nitride the

surfages of th em i 506 . BYeat hi at ren an

CnsuPting fil %hﬁa"\%hﬁ‘gé]gy’f%‘?éféﬁfé’s@%‘% o Qi f%%s"( %‘?‘é?“é?‘&lﬁ?ﬁ Bim o 6

nm is fahickskss optilbaar forna isemitondudteiceleMz2n) thands $6 Ibarferm& 1akér) btr slso

i ntroduced and a 20 m crowave _(2.4gtoGHz) el ectric power of 3 kWto 5 kWis
U

appl i ed tPlanaHze the surfage; of dhe sempcopdugtop fillBSlite of 10 Pa to 30 Pa to forma

silicon Egjygytri de filmby a vapor-phase growh nethod, which is to be the
gate ins Iati]ng film Wth a conbination of a solid-phase reaction and a
reacti on by a WNepothadapothe tseoncandinttod filinh5804 alaselynsu barttactgwith | the \asdr | ow

102087 SOHBA a0 FPulal B o Tordio Visi B11h¢ Rt 05 BEEPBRHERIERE by he

layer 502 and the split along the embrittlement layer 502, or planarity of the surface of

the semiconductor film 504 is impaired. Thus, in one embodiment of the present
invention, in order to reduce crystal defects and improve planarity, the semiconductor
film 504 is irradiated with a laser beam after a process of removing an oxide film such

30 as a natural oxide film which is formed on the surface of the semiconductor film 504.
[0184]

In this embodiment of the present invention, the semiconductor film 504 is



hi gh-density plasma treatnent proceeds by a solid-phase reaction, the

I nterface state density between the gate insulating film508 and each of
the sem il ms 506 and 507 can be drastically rt her,
si nce thg\gggpnﬁtédgﬁﬁgct or filnms 506 and 30 507 are direct ?g%gg?"éﬁfg?é@r
nitrided by the high-density plasma treatnent, variation in thickness of
the insulating filmto be forned can be suppressed. Myreover, in the case
where the sem conductor filmhas crystallinity, the surface of the

semm condughfilrsdd mDHF nadihb & Aot hofiBd bohdefildn St B Wil AI1SHSRR ¥
plasma treatnent to restrdin-fast oxidatron only in a crystal grarn
boundar y; whétrebefheoridetfiim iga¢ovedsul ating filmwi th uniformty and | ow
interface state density can be formed. A transistor, in which the

i nsul at i n9182) m forned by the hi gh-density plasma treatment is included in
a part of or St 1808 kg $Rbdatiofis! ReABly derBrmEBYvilk bBUEARS | N
characteristi csi.:h%[ g{zéogfﬁn aﬁ(%ft J’?‘%\at ?\fe‘? Y, t% da?&eﬁﬁgéﬁ%l??%g%%’l m 508
may bé f dthatedhdyysemirmndedtdry fdm 04 isg pattly sertiedondilos as bidanse SEnathd 507.

Further alternatively, gate insulating film508 . be forned by a
pl asma Oﬁﬁ“’f’r‘"éi'ﬁﬁﬁf,or a":}iglpﬁ}%e‘ i??dnmﬁo&eitﬁ‘g gencrafion PEEX‘%DCQ’SE‘HI%&F‘E t)F/’ayer or
a stack okclygBizatio & fHel RARBhAIINGIANSOP is "REcBmiphnis | WHRNIRSIdLFe

silicon nitride oxide, silicon oxynitride, silicon nitride, hafnium oxide,
al umi num weledtion o dhe semidopdvasen Eitm 303272 ligwédh phaset and Exystallingtyaofctheduct i ve

filmover_the aa NS t filnms 508 as 15.i|lLustrated,in FlLG t he
conducti vsémfl‘fqn%u{’tgr pf)lrﬂgtt:g e@s%s fvﬁéetdt erB:S%’e’%Ja}r{il 1t egmég pt)]%eeffé? ‘8?‘%8“8@’& élﬂlag@’ SO

that 18n edoatilled thgh(@inhlSgrootiraowhich cryied prétht procezasfioashigiméltdd ol 506
and 507. A CVD nethaqd, a sputtering nethod, or the like can be used for

fornming tRAEHRML AR iy dhe seicondutorofilin et Dus toj the, recrystallization by) the
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conductivity to the sem conductor film 25]
the state in which the semiconductor film 504 is partly melted indicates the state in

which an upper part thereof is melted and is in a liquid phase and a lower part thereof is
in a solid phase.
[0186]

20 As this laser beam irradiation, pulsed laser beam irradiation is preferable for
partly melting the semiconductor film 504. For example, in the case of a pulsed laser,
the repetition rate is less than or equal to 1 MHz and the pulse width is greater than or
equal to 10 nanoseconds and less than or equal to 500 nanoseconds. For example, a
XeCl excimer laser having a repetition rate of 10 Hz to 300 Hz, a pulse width of 25

25  nanoseconds, and a wavelength of 308 nm can be used.

[0187]

As the laser beam, a fundamental wave or a second harmonic of a solid-state
laser, which is selectively absorbed by a semiconductor, is preferably used.
Specifically, for example, a laser beam having a wavelength in the range of greater than

30  or equal to 250 nm and less than or equal to 700 nm can be used. The energy of the
laser beam can be determined in consideration of the wavelength of the laser beam, the

skin depth of the laser beam, the thickness of the semiconductor film 504, or the like.
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glast dages, @ TPy dasex, an alexandrife laser, a Ti:sapphire laser, a copper vapor laser,
and a gold vapor laser.
[0189]

In this embodiment, in the case where the thickness of the semiconductor film
504 is approximately 146 nm, the laser beam irradiation can be performed in the
following manner. As a laser emitting a laser beam, a XeCl excimer laser
(wavelength: 308 nm, pulse width: 20 nanoseconds, and repetition rate: 30 Hz) is used.
The cross section of the laser light is shaped into a linear form with a size of 0.4 mm x
120 mm through an optical system. The semiconductor film 504 is irradiated with the
laser beam with laser scanning speed of 0.5 mm/s. Then, through the laser beam
irradiation, a semiconductor film 505 whose crystal defects have been repaired is
formed as illustrated in FIG. 7E.

[0190]

Note that the laser beam irradiation is preferably performed in an inert
atmosphere such as a rare gas atmosphere or a nitrogen atmosphere, or a
reduced-pressure atmosphere. In the case of the above atmosphere, the laser light
irradiation may be performed in an airtight chamber whose atmosphere is controlled.
When the chamber is not used, the laser beam irradiation in an inert atmosphere can be
achieved by spraying an inert gas such as a nitrogen gas to the surface to be irradiated
with the laser beam. The laser beam irradiation is performed in an inert atmosphere or
a reduced-pressure atmosphere instead of an air atmosphere, whereby the natural oxide
film is further prevented from being formed, cracks or pitch stripes can be prevented
from being formed in the semiconductor film 505 which is formed after the laser beam
irradiation, planarity of the semiconductor film 505 can be improved, and the applicable

energy range for the laser beam can be widened.
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predeterm ned pattern is formed by di scharging or ejecting droplets
containing a predeterm ned conposition fromfine pores, and an i nkj et
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etching. However, the above-described laser beam irradiation can recover even the

damages caused by the dry etching.
[0194]

30 Next, after the laser beam irradiation, the surface of the semiconductor film 505
may be etched. When the surface of the semiconductor film 505 is etched after the

laser beam irradiation, the surface of the semiconductor film 504 is not necessarily



30 100-nmthick silicon oxide filmis fornmed by a plasnma CVD nethod. As the
etching gas, a m xed gas of CHF3 and helium can be used. Note that the
process f KA the sidewalls 512 is not limted to } . WO
AN L e i R ) [0215]58 Next, as s %ﬁ@éﬁ@??ga
inpurity elenments inparting one conductivity type are added to the

sem conductor filnms 506 and 507 with the el ectrodes 509 and the sidewalls
512 used as nasks. Note that the inpurity elenents inparting the sane 5
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507 to I the inmpurity elenment inparting p-type conductivity is to be

added i s cover exhevétthing caRSiot @nlyt fifakt ithe sefiicbhdictdrhBloh 108! tot bave! £ Bt
inmparting n-type conductivity is added selectively. 15[0216]

| A I n
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25 only i‘%ﬁeﬁp have nat beeheepaimed by teJasep bearp drradiatignoangd, ean feducgdsstertignpf e
for ) i , i f i . urce
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case of apparatus] s trewistive ihegtirgg furgame, ona swidrovave dgating appratugcai be 38ed: egi on
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Next, as illustrated in FIG 8A, the semiconductor film 505 is partly etched to
form the island-shaped semiconductor films 506 and 507. When the semiconductor
film 505 is further etched, a region of an end portion of the semiconductor film 505
where the bonding strength is not sufficient can be removed. Although the
25  semiconductor films 506 and 507 are formed by etching one semiconductor film 505 in
this embodiment, the number of semiconductor films which are formed is not limited to
two.
[0198]
Note that the surface of the bond substrate 500 from which the semiconductor
30 film 505 is separated is planarized, whereby a semiconductor film 505 can be separated

again from the bond substrate 500.



5 sem conductor film 506 which constitutes a part of an n-channel
transistor. This is because boron which is added for formng a source
regi on ang region in the p-channel transistor i i used
and a short cﬁé‘ﬁ%ﬁ effect is easily iXduced. Wen the ?ﬁcgﬂﬁkdé?f"’?éz
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[0202]

By reusing the bond substrate 500, the cost of a material of the semiconductor
20  substrate can be reduced.
[0203]

In order to control threshold voltage, an impurity element imparting p-type
conductivity such as boron, aluminum, or gallium or an impurity element imparting
n-type conductivity such as phosphorus or arsenic may be added to the semiconductor

25 films 506 and 507. The impurity element for controlling threshold voltage may be
added to the semiconductor film before being patterned or on the semiconductor films
506 and 507 formed after the patterning. Alternatively, the impurity element for
controlling the threshold voltage may be added to a bond substrate. Further
alternatively, the impurity element may be added to the bond substrate in order to
30 roughly control the threshold voltage, and the impurity element may be further added to
the semiconductor film before being patterned or the semiconductor films 506 and 507

which are formed after the patterning in order to finely control the threshold voltage.
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excitation of plasma with introduction of a microwave, plasma with a low electron
temperature and high density can be generated. The surfaces of the semiconductor
films are oxidized or nitrided by oxygen radicals (which include OH radicals in some
cases) or nitrogen radicals (which include NH radicals in some cases) produced by such
high-density plasma, whereby an insulating film of 1 nm to 20 nm thick, desirably 5 nm
to 10 nm thick, is formed in contact with the semiconductor films. This insulating film
of 5 nm to 10 nm thick is used as the gate insulating film 508. For example, dinitrogen
monoxide (N2O) is diluted with Ar by 1 to 3 times (flow rate) and a microwave (2.45
GHz) electric power of 3 kW to 5 kW is applied with a pressure of 10 Pa to 30 Pa to
oxidize or nitride the surfaces of the semiconductor films 506 and 507. By this
treatment, an insulating film having a thickness of 1 nm to 10 nm (preferably 2 nm to 6
nm) is formed. Further, nitrous oxide (N,O) and silane (SiH4) are introduced and a
microwave (2.45 GHz) electric power of 3 kW to 5 kW is applied to the insulating film
at a pressure of 10 Pa to 30 Pa to form a silicon oxynitride film by a vapor-phase growth
method, which is to be the gate insulating film. With a combination of a solid-phase
reaction and a reaction by a vapor deposition method, the gate insulating film with low
interface state density and excellent withstand voltage can be formed.

[0205]

Since the oxidation or nitridation of the semiconductor films by the
high-density plasma treatment proceeds by a solid-phase reaction, the interface state
density between the gate insulating film 508 and each of the semiconductor films 506
and 507 can be drastically decreased. Further, since the semiconductor films 506 and
507 are directly oxidized or nitrided by the high-density plasma treatment, variation in
thickness of the insulating film to be formed can be suppressed. Moreover, in the case

where the semiconductor film has crystallinity, the surface of the semiconductor film is

602
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all oy material which includes any of these netal materials as a nmain
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gat e el egkidedshdddtafinflotile el ectrode 602. [0230] 25The thicknesses of the
gate el ectrode 601 and the el ectrode 602 are 10 nmto 400 nm preferably
100 nmt 02000 nm In this enbodi ment, a conductive filmfor the gate
electrode is formed foa t.hickness of 0 nm a . sputtering nefhod using a
tungst en t ar get Py ficf fQTMIpE 2 %Oﬁﬁt@fel égnfolvl“rnﬁ'?ésg%?dlésé’i@élé %@ﬂ%d) into

a des$ r edlustrated in FIG. 8C, the conductive film is processed (patterned) into a predetermined
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shape, so that an electrode 509 is formed over each of the semiconductor films 506 and
507. A CVD method, a sputtering method, or the like can be used for forming the
conductive film. As the conductive film, tantalum (Ta), tungsten (W), titanium (Ti),
molybdenum (Mo), aluminum (Al), copper (Cu), chromium (Cr), niobium (Nb), or the

20 like can be used. Moreover, an alloy containing the above-mentioned metal as the
main component or a compound containing the above-mentioned metal may be used.
Alternatively, the conductive film may be formed of a semiconductor such as
polycrystalline silicon doped with an impurity element such as phosphorus which
imparts conductivity to the semiconductor film.

25 [0208]

In the case of forming a two-layer conductive film, a first layer can be formed
of tantalum nitride or tantalum and a second layer can be formed of tungsten.
Moreover, the following combinations are given: tungsten nitride and tungsten,
molybdenum nitride and molybdenum, aluminum and tantalum, aluminum and titanium,

30 and the like. Since tungsten and tantalum nitride have high heat resistance, heat
treatment for thermal activation can be performed after the two-layer conductive film is

formed. Alternatively, as the combination of the two-layer conductive film, silicon



shape by etching; thus, the gate el ectrode 601 and the el ectrode 602 are
formed. Note 30 that end portions of the forned gate el ectrode are

pr ef er ablynt in which case coverage with a gate i | j 1 m
stacked t gfgggggng i nproved. Note tH& a resist nmask %géHtgﬁPg%ﬁ%% by an
I nkj et nmethod. Formation of the resist mask by an inkjet WO

2011/ 078373PCT/ JP2010/ 073478 68 net hod needs no phot omask; thus,
manuf act uri ng cost can be reduced. [0231] Next, as illustrated in

FI G 10C, t£: gl NSU | | 6. ' r . t egGt: e 601
and the e(fb g?r\gl eq’golf.%dfﬁg f’g%'%‘%ﬂti lﬂﬁﬁa@]{é ﬁéﬁ?lcﬁqx%ng @grﬁrri\ggélugsip%{ggﬁ a
fil m havisilicoa doped| with aspeimpuritp eddnaeit cchpartingr n-ofpeocenductivioy and fturgssinl i con
oxi de fil ) siliﬁ%% ni%ride film a silicon oxynitride film a silicon
nitride o%%"iige’f’”qﬁ‘ 28 moxide film an alumnumnitride film an
al um numgxgg)i tride film an alumnumnitride oxide film a hafnium oxide
film and a tantalum oxide filmby a plasnma CVD net hod, a sputtering

met hod, or the Natké¢hat] althaughrthé eleatsbde 50tis fdrmedaifen singletlayarrgnilidtive603

i ncl ude i itie uch as.nmoisture or. hydrogen.,as Littl e as paqassible.
I the A0 8F tise RRRBER | BisomBRiient it b, ATED 16 bl NaoHEnod s
silicon tadcete 309 andUpe formicadd el plufalitss 6Fl cafdudtivAfilid whithtis Qia¢R&) ah a
m xed gas of ox%/)gen_and argon is used as a sputtering gas. [0232] Here, the
oxi de serthe saguef osinghat three-layere structiee athighn iy istacked Fdth eemeubawrthise 15 a
subst anti | | 0S] ) I ' em th IS
i gl y puprleay? > SuBEH SARAHE D h§Badt Ricd 4 SRBINE Hiey, 4R
i nt erbac enslybdenuanfilnais prefeaableace el ectric charge; thus, an interface
bet ween thg t]i ghly-purified oxide sem conductor and the gate insulating
film603 [_p 19 nportant. Therefore, the gate insulating film(Q) that is in
contact with t g digphie AE&kddeesboomhiiBe SERLARI HGHRE BeL IR diRNGe Ni gher
20qual ity. [0233]

method without using a mask.

[0211]

15 Note that a droplet-discharge method means a method in which a

predetermined pattern is formed by discharging or ejecting droplets containing a
predetermined composition from fine pores, and an inkjet method is included in the
category.

[0212]

20 After the conductive film is formed, the electrode 509 can be etched into a
desired tapered shape by using an ICP (inductively coupled plasma) etching method and
appropriately controlling the etching condition (e.g., the amount of electric power
applied to a coiled electrode layer, the amount of electric power applied to an electrode
layer on the substrate side, or the electrode temperature on the substrate side). In

25  addition, angles and the like of the tapered shapes may also be controlled by a shape of
a mask. Note that as an etching gas, a chlorine-based gas such as chlorine, boron
chloride, silicon chloride, or carbon tetrachloride; a fluorine-based gas such as carbon
tetrafluoride, sulfur fluoride, or nitrogen fluoride; or oxygen can be used as appropriate.
[0213]

30 Next, as shown in FIG. 8D, impurity elements imparting one conductivity type
is added to the semiconductor films 506 and 507 by using the electrodes 509 as masks.

In this embodiment, an impurity element imparting n-type conductivity (e.g.,



For exanpl e, high-density plasma CVD using mcrowaves (2.45 GHz) is
preferabl e because a dense high-quality insulating film having high

wi t hst an 4an be forned. This is because when th wified
oxi de seﬁyégngﬁgg%r is 25closely in cddtact with the hlgﬁ qugﬁlty gate
insulating film the interface state can be reduced and interface
properties can be favorable. [0234] Needless to say, a different deposition
nmet hod such as a sputtering met hod or a plasma CVD nethod can be used as
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insulating filmis high, interface state density between t 6 te
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a high bq{aﬁdeWhﬁﬁ%@rfmblﬁﬂfi AnétS hpirting o-typ édﬁﬂﬁ@tﬁbltyshdquée@'tb'&@n oxi de
film a silicon oxynitride film or the Tike having a lI'ower proportion of

ni t r ogen semicoadugt@ie film 506 ther semisenductos filas 60Ate rvghieh the gnmmtwlqn@tl i con
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oper sem con
t he i1Osulthd inlilglrfty bmﬂmvimm:mwmemhdmmvnpﬁ@@cﬂeﬂ)sclealﬁli| C@]ﬂerﬁht’i\l’eﬂ}de film
a silicon nitrjide oxide film an al um num nltrlde film an alum numnitride

oxi de fi 3P HHAiRGEN IMRYEICE SIemsat GRRASHNE PR Ol ipsI28d g FordyetYitnty the | m
having a sBnflindiér SnsIUBRAHIS07! n Hfiflity EEnfeﬁﬁfrrTnpﬂa?ﬂI?ﬂ{g thelofifer cBodfeitfty

at nosphere, such as noisture or hydrogen es Inclu
subst r at enayshecqlded tannlyldoglof tlmesemlcmduatohéiémy S8 and S0T saledsivelyr a\higiteed from
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proportion of nitrogen such as a silicon oxide filmor
regions 511 are formed in the semiconductor film 507.
[0214]
Next, as illustrated in FIG 9A, sidewalls 512 are formed on side surfaces of the
electrodes 509. For example, the sidewalls 512 can be formed in such a manner that
20  an insulating film is newly formed so as to cover the gate insulating films 508 and the
electrodes 509, and the insulating film is partly etched by anisotropic etching in which
etching is performed mainly in a perpendicular direction. By the anisotropic etching,
the newly formed: insulating film is partly etched to form the sidewalls 512 at the side
surfaces of the electrodes 509. Note that the gate insulating films 508 may also be
25  partially etched by the anisotropic etching. The insulating film for forming the
sidewalls 512 may be a single layer or a stack of layers of one or more of a silicon film,
a silicon oxide film, a silicon oxynitride film, a silicon nitride oxide film, and a film
containing an organic material such as an organic resin formed by a LPCVD method, a
plasma CVD method, a sputtering method, or the like. In this embodiment, a
30  100-nm-thick silicon oxide film is formed by a plasma CVD method. As the etching
gas, a mixed gas of CHF3 and helium can be used. Note that the process for forming

the sidewalls 512 is not limited to this process.



20 a silicon oxynitride filmis formed so as to be in contact with the

oxi de sem conductor film so that the insulating film having a high barrier
property vented frombeing in direct contact w pde

sem condu‘gtagPﬂ?]ﬂF{rZ? [ 0236] For exanpl e84 a st acked-1 ayer Wr:iplr#@mﬁ/?ﬁ%‘ééj

t hi ckness of 100 nmmay be forned as 25 the gate insulating film®603 as
follows: a silicon nitride film(SiNy (y > 0)) with a thickness of greater
than or equal to 50 nmand | ess than or equal to 200 nmis fornmed by a
sputterir*[g2 thod as a first gate insulating film and a silicon oxide film
(ST (x> @) with a thickness of greater than or equal to 5 nmand | ess
than or equal tNex308 showndn FIGCKBdmpufity élbmeits impartiag ®nt eenduativitg tfpel m as a
second gate insulating film The_30 thickness of the gate insulating film
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contained as little as possible in the'gate insulating Tilm®603, it is
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Next, ovey the gate insulating film603,. an.oxjd em conductor film having
a thi cknéé%mb‘?“rg}’ ggmspt Wﬁ"ﬁ“'@@ﬁé’fm ‘H;tlflt?’ilsrﬁdélﬁ‘gsaé‘étkve Yhan or equal to 200
nm peef E[O@MT]Y greater than or equal to 3 rimand |less than or equal to 50
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at nosphere i ncl udi n% a rare gas_ (for e_xanPI e, argon) and oxygen.
Moreover, by the addition of the impurity elements, a pair of high-concentration

20  impurity regions 516, a pair of low-concentration impurity regions 517, and a channel
formation region 518 are formed in the semiconductor film 507. The
high-concentration impurity regions 513 and 516 serve as a source region or a drain
region, and the low-concentration impurity regions 514 and 517 serve as LDD (lightly
doped drain) regions. Note that the LDD regions are not necessarily provided, and

25 only impurity regions that serve as source and drain regions may be formed.
Alternatively, the LDD region may be formed on either the source region side or the
drain region side.

[0217]
Note that in the case of a transistor using silicon, a source region and a drain

30 region respectively serve as a source electrode and a drain electrode.

[0218]
Note that the sidewalls 512 formed over the semiconductor film 507 and the



25[ 0240] Note that before the oxide sem conductor filmis formed by a
sputtering method, dust attached to a surface of the gate insulating film

603 is pr enoved by reverse sputtering in whic S is
|ntroduc€g %thh%géna is generated. TH® reverse sputter?ngﬂﬁggﬁgﬂggﬁeth d

in which a surface of a substrate is nodified by 30 application of voltage
to the substrate side, not to a target side, in an argon atnosphere with
the use of an RF power source and by generating plasnma in the vicinity of
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Next, in order to further reduce the resistance of the source region and the drain
region, silicide is formed in the semiconductor films 506 and 507, so that silicide layers
15 may be formed. The silicide is formed in such a manner that a metal is brought into
contact with the semiconductor films, and silicon in the semiconductor films is made to
react with the metal by heat treatment, a GRTA method, an LRTA method, or the like.
The silicide layer may be formed of cobalt silicide or nickel silicide. In the case where
the semiconductor films 506 and 507 are thin, silicide reaction may proceed to bottoms
20  of the semiconductor films 506 and 507 in this region. As a metal material used for
the formation of the silicide, the following can be used: titanium (Ti), nickel (Ni),
tungsten (W), molybdenum (Mo), cobalt (Co), zirconium (Zr), hafnium (Hf), tantalum
(Ta), vanadium (V), neodymium (Nd), chromium (Cr), platinum (Pt), palladium (Pd), or
the like. Alternatively, the silicide may be formed by laser irradiation, light irradiation
25  using a lamp, or the like.
[0220]
Through the above-described steps, an n-channel transistor 520 and a p-channel
~ transistor 521 are formed.
[0221]
30 After the step illustrated in FIG. 9B is completed, a transistor including an
oxide semiconductor is manufactured over the n-channel transistor 520 and the

p-channel transistor 521.



20 substrate 503 as follows: the substrate is held in a treatnent chanber
W th pressure reduced, noisture remaining in the treatnent chanber is being

renoved, Lng gas from whi ch hydrogen and noi st ved is
introduce‘g,(ﬁgﬁ9 ?ﬁg above-descri bed tdbget is used. At ?Eg?ﬁ%ﬁwgﬁﬂ?%e

substrate may be heated at higher than or equal to 100 C and | ower than or

equal to 600 C, preferably higher than or equal to 25 200 C and | ower than

or equal to 400 C Filmformation is perforned while the substrate is

heat ed, v@gg@by the impurity concentration in the oxide sem conductor film
formed ca reduced. In addition, danage by sputtering can be reduced. In
order to renoveinmgi st shosvor BRIGi Y0A, i an inselating dilmes30 shfviined to avventheapment

vacuum punp, i s preferab used. For exanpl.e, a cryopunp,.an_iqn punp, or a
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having a thickness of approximately 50 nm is used as the insulating film 530.
[0223]
10 Next, as shown in FIG. 10B, an insulating film 531 and an insulating film 532
are formed over the insulating film 530 to cover the n-channel transistor 520 and the
p-channel transistor 521. The insulating films 531 and 532 are formed using materials
which can withstand a temperature of heat treatment in a later manufacturing step.
Specifically, an inorganic insulating film of silicon oxide, silicon nitride, silicon nitride
15  oxide, silicon oxynitride, aluminum nitride, aluminum nitride oxide, or the like can be
used for the insulating films 531 and 532, for example.
[0224]
Note that the insulating films 531 and 532 are stacked over the insulating film
530 in this embodiment; however, the insulating film formed over the insulating film
20 530 may be an insulating film of a single layer or an insulating layer in which three or
more layers are stacked.
[0225]
A surface of the insulating film 532 may be planarized by a CMP method or the
like.
25  [0226]
Next, as illustrated in FIG. 10B, a gate electrode 601 and an electrode 602 are
formed over the insulating film 532.
[0227]
The gate electrode 601 and the electrode 602 can be formed with a single layer
30 or a stacked layer using one or more conductive films using a metal material such as
molybdenum, titanium, chromium, tantalum, tungsten, neodymium, or scandium; an

alloy material which includes any of these metal materials as a main component; or a



As one exanple of the deposition condition, the distance between the
substrate and the target is 100 nm the pressure is 0.6 Pa, the direct

current (5, oPaWeizsource is 0.5 kW and the atnospherep|
»98(2 ?ﬁe pr7(3) 88%4‘}?&1%})%%}%& a

at nosphere portion of the oxy®n flowrate is 1

pul se direct current (DC) power source is preferable 10 because powder
subst ances called particles generated in filmformation can be reduced and
the filmthickness can be uniform [0245] Note that in order that

hydr ogen,nildP%Ny offHRbPmeARd MRitS ik ﬁuﬁfi@rﬁ%?tc ' %aﬁalshibws@d QSS%R:HSSi bl'e

in the oxi de semconductor film It Is preferab that the base 1
subst r at en@al3meteenlsvisi lohg|asyaduminum o cappebr icas | withstandt & eemypdraturensfihedti ng

film®603 are formed be, preheated in a,preheating chapber of the sputtering
appar at udTaRent pg 0%&?533? RIQEFS-as PREY IPPRLISSRIGferably cpmBIgd ont o

the base itbat fefrh@oBRPdnetal MhichihNgd 89 BNstePUACH ReUresRBanPE SroBI&hNRIL 2Lef Or €
|

filmformation. The tenperature for the preheating is higher than or equal
to 100 Ccamasivovpiobleman obs etheareftagtoty ometal 2 aterial, e mlyhdenimh etitapivay or
equal tociiISOO iC apd Iovvetr tst}annord eoiual t o .,300 C.t an ﬁ)vacu‘;ltion uni t
provi ded TRWAE- fniahum, upgsten, ngodymium, 8‘@8‘6’3?715’“%‘3%%‘?8 SOPE Not e t hat
this preljezag)ng treatnent can be omtted. Further, this preheating may be
simlarly perforned on the base substrate 503 over which |layers up to and
i ncludi ng a sodPE&xample; Asde tWoAaysigstEchreiof theegtte Rlectays, 6@ enpdigbe 609 to

CIL o o \RHIEH o' kMo RSBkl LEAMAH Rt Ty e 07151
hi gh10r eoquuyladenpmvitim ostackediovev sedlundnum filpyta evd-lagepsineturs wppihjch & DC
SPUL o1 ELI0S. 7 B,RULPS,0C SpULt Eiung Hetfed L uilch Sypac e
e 5SS RTINSO g L o
addi t i on twefksice strscteriedn which d titaniwounitridesiiim et » mpldhsloawmfilm drstabkadh a
ﬁLH ?l_ Lgé&rsga]; thtgegelr-} ?%fsltxﬁfatu(rjé (]:c)tf e szriltte e'f'&;{r%ﬁé gbf afid' ﬁlebe?ec%r%hé 685,ttpe }orh%wing

15  structure is preferable: a stacked structure containing an aluminum film, an alloy film of
aluminum and silicon, an alloy film of aluminum and titanium, or an alloy film of
aluminum and neodymium in a middle layer and any of a tungsten film, a tungsten
nitride film, a titanium nitride film, and a titanium film in a top layer and a bottom layer.
[0229]

20 Further, a light-transmitting oxide conductive film of indium oxide, indium tin
oxide, an indium oxide-zinc oxide alloy, zinc oxide, zinc aluminum oxide, zinc
aluminum oxynitride, zinc gallium oxide, or the like may be used as the gate electrode
601 and the electrode 602.

[0230]

25 The thicknesses of the gate electrode 601 and the electrode 602 are 10 nm to
400 nm, preferably 100 nm to 200 nm. In this embodiment, a conductive film for the
gate electrode is formed to a thickness of 150 nm by a sputtering method using a
tungsten target, and then the conductive film is processed (patterned) into a desired
shape by etching; thus, the gate electrode 601 and the electrode 602 are formed. Note

30  that end portions of the formed gate electrode are preferably tapered, in which case

coverage with a gate insulating film stacked thereover is improved. Note that a resist

mask may be formed by an inkjet method. Formation of the resist mask by an inkjet



5 apparatus, filns of different materials can be fornmed to be stacked in
the sanme chanber, or a filmof plural kinds of nmaterials can be fornmed by

electric,gbgﬁnﬁhg93at the same tinme in the sane Cha”berPc&B?ﬁﬁ&wnwm
Al ternatively, a sputtering apparatus68rovided with a magnet system i nside

the 10 chanber and used for a magnetron sputtering nmethod, or a sputtering
apparatus used for an ECR sputtering nmethod in which plasm generated with
the use of mcrowaves is used w thout using glow discharge can be used.
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reduced. }9¢531d oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.

[0232]

Here, the oxide semiconductor that is made to be an intrinsic semiconductor or

15  a substantially intrinsic semiconductor (the oxide semiconductor that is highly purified)

by removal of impurities is extremely sensitive to an interface state and an interface

electric charge; thus, an interface between the highly-purified oxide semiconductor and

the gate insulating film 603 is important. Therefore, the gate insulating film (GI) that

is in contact with the highly-purified oxide semiconductor needs to have a higher
20  quality.
[0233]

For example, high-density plasma CVD using microwaves (2.45 GHz) is
preferable because a dense high-quality insulating film having high withstand voltage
can be formed. This is because when the highly-purified oxide semiconductor is

25  closely in contact with the high-quality gate insulating film, the interface state can be
reduced and interface properties can be favorable.
[0234]

Needless to say, a different deposition method such as a sputtering method or a

plasma CVD method can be used as long as a high-quality insulating film can be
30 formed as a gate insulating film. Alternatively, an insulating film whose film quality
and interface characteristics between the gate insulating film and the oxide

semiconductor are improved by heat treatment performed after formation of the



Note that the etching for form ng the island-shaped oxi de sem conduct or
film5 605 nay be dry etching, wet etching, or both dry etching and wet
et chi ng. hing gas for dry etching, a gas cont gj-hj ne
(chl ori ne- ase 7§g§ such as chlorine (6917), boron chlor?ggh?%Eﬁg#ﬂﬁglllcon
chloride (SiCl4), or carbon tetrachloride (CCl4)) is preferably used.

Alternatively, a gas containing fluorine (fluorine-based gas such as carbon
tetrafluoride (CF4), sulfur hexafluoride (SF6), nitrogen trifluoride (NP3),

10 or tri )); ge r X any of
t hese gaséé‘“@ﬁn% ?&3' téegr;ggﬁgagn su’pl% ‘sgrf'?p ngmag%—é@oc%ngg %%‘?Fiﬁ 5) added,;
or the |ifflen qedlithasusgde insUBHal film is hlgbﬁslntdﬂﬁcd KrateclEmith Getdenatle ga

par al | el pI ate RLE (reactive ion etching) method or an I CP (i nductl veI y
coupl ed pPedatine khm apd gn ﬁétqeosanﬁ%?ﬁdﬁgon%&crqaﬁpd@mla fayprable intedageneant | | m
into a desifffeghape, the etching condition (the amount of electric power
applied to a c0| ‘| -shaped el ectrode, the anmount of electric power applied to
an el éct r[@d85Jon a substrate side, the terrperature of the electrode on the

substrate side,_or the I justed as roprl 0255]. 2 an
ctohant used 1 evgate Bstfing ik QIR Bivegh raug by ek GoBRUZS RGP
aci d, acebhfiedaiiflg aafﬁﬁicﬂhlt Fdving2§ ihfhh Bdirids Hﬂ%hﬁy Bﬁ& %'ﬂiﬁﬂzﬂ]n’g ﬁ'ﬁr?férﬁ-)é‘ér ogen
perOX|de water at 31 wt% ammonia water a 8 W% water , or the
| i ke can usthgugesilicon aideafilmepysilicopOogyitriden filrhaor uh@dﬂ@yhmm @ @hieem cal
Co., Inc. ed. The e Bl cel i.s.re

t oget her AR rﬁ?’ﬁgf n?t 9% arrt%ftgélfear sthb?ha% Elén’rnﬁ'é]agpf%ghﬂgg ¢ 2y f‘cr}ﬁ?cdm

i ncl ugi ngxidefikh @harﬁih@ncbxtyhﬁnﬂafﬁﬁllalfomidahwdweénf thegysulRingUilnf h&dn@ad t he
material may be reused. When a _material such_as indiumcontained in the

oxi de serhiglbh¥tier Biopesty and theoxidessermpgondugter fla. wAstthe insulating &im davinge
tch t
e r educeniep S Py £3MUE iR Rty SHEMT hAfile e Simd B ailfinGR® . B0

per f or mechityile dilen, tanealfiiminven initnide foxadecHiimluart thedike tam be giveay frecpaatple. St ep so
that a resist resid or the like that attaches onto surfaces, of .the
o1 and- snietrsugin Hlm b B HER bRTIEn ORSTANG vir: o I IMRSIHGR Phan i | m

603 115 r enmY§here] Odch/ds moisture ofNBydrogdnlBr AP fies %Ulﬁ'd%'ﬁqﬂfiﬁé)zfubgir!itg‘ &Rk is
subjected to heaf treatnment under a reduced-pressure at nmosphere, an inert

gas at nogshar alkalicmetal or ai heayyemetal.neampber prevented from entering the oxide
semiconductor film, the gate insulating film 603, or the interface between the oxide

semiconductor film and another insulating film and the vicinity thereof. In addition,
the insulating film having a lower proportion of nitrogen such as a silicon oxide film or
20  a silicon oxynitride film is formed so as to be in contact with the oxide semiconductor
film, so that the insulating film having a high barrier property can be prevented from
being in direct contact with the oxide semiconductor film.
[0236]
For example, a stacked-layer film with a thickness of 100 nm may be formed as
25  the gate insulating film 603 as follows: a silicon nitride film (SiNy (y > 0)) with a
thickness of greater than or equal to 50 nm and less than or equal to 200 nm is formed
by a sputtering method as a first gate insulating film, and a silicon oxide film (SiOy (x >
0)) with a thickness of greater than or equal to 5 nm and less than or equal to 300 nm is
stacked over the first gate insulating film as a second gate insulating film. The
30  thickness of the gate insulating film 603 may be set as appropriate depending on the
desired characteristics of the transistor. The thickness may be approximately 350 nm
to 400 nm.



5 a rare gas atnosphere, an oxygen atnosphere, or an ultra-dry air (the
noi sture anmount is 20 ppm (-55 C by conversion into a dew point) or |ess,

preferabl\wojzﬂﬂmg),? less, nmore preferably 10 ppb or |es$crlpadibfrsgss€e Where
measurenent 1s perforned by a dew poi M0 neter in a cavity ring down | aser

spectroscopy (CRDS) nmethod). By perform ng the heat treatnment on the oxide
seni conductor film 605, noisture or hydrogen in the 10 oxi de seni conduct or
film®605 can be elimnated. Specifically, the heat treatnment nay be

perfor rreﬁ8%7 hi gher than or equal to 300 C and | ower than or equal to 850 C
(or ate ra}ture | ower than or equal to the strain point of the glass

substrate), prdhehiglembolingdinetht lpare iasul&ingafilni 605 f0formad do hovees strlid@ireor
equal to 750 C. Faor exanple,.the heat treatnent may be perfornmed at 600 C

|
for great'® _rWlliﬁléﬁ 190-aprihick sdicgn st alen formed Py 2 sputtcring Bethed, imstagksde
m nut es. el 956—%&@%@%&%&9& Cfflﬁefoﬂﬁgc?]la# %@ﬂt{r’%‘iﬂg Enﬁgfr?e dration or

dehydrogenation can be perforned 1n a ‘ore, treatment can
be pebfor[A23Wleven at a tenperature higher than the strain point of a glass

substrate. Alternatively, the heat treatnment nay be perforned in the state
Where the subsole dhaf Ghbistesdine 85 oesB RPN elpipe R HERIBIP € ppiainedo”

[0258]  asiittle iglfl;dsbfb& RROgitERiRhlating #llm 608 2% IEpYeferablO fal MeBask Qlbsirhte Oxi de
sem conductor film 605 at a substrafe tenperature of 600 C for 6 mnutes in

a ni t r og3avapwhichithe gite lecteda &l and the clerteeder §(Padre fonmeddie prekeatedgnone of
heat treat t..a raf us nd t.hen. the oxi .sem.conductor filmis not
exposed. crenpuRREREAMIEhe BRI fonaitls, 3 U PO I oE o o

oxi de0semydevpdi cid3brifed | oato[ he5Bdse Naitstrateas0R ibediminbtedt AN evaprRdatads i S
not limted to an electrical furnace, and a heat treatnment a ratus may be

pr ovi ded PFtfa3tmeny bgfare filg formationn g Thy teppesature for the prebeatingdy R@%@a@
g ol g ot
heat i ng oF st 30 " ShaIPE hdrbSF iyl 140D bR ably Tills Bfonor D185 S TP

as a GRTAS00T ahdRbwlert thes BRleqadineadd0 aQPaAakSevatution LRI pidvaléd inamé d
thermal anneal ) apparatus can be used. An LRTA apparatus is an apparatus

f or heat iPiRheating ehasthertacryepympisasefetnblyy  Ni¢ that diis prehpatiig:treagment can

el ectgon%g%%i{tgdmve) emtted froma |lanp such as a hal ogen | anp, a netal
hal i &e | anp, a Xenon arc |anp, a carbon arc lanp, a high pressure sodium

| anp, or [e23%]gh pressure nercury |anp. A GRTA apparatus is 5 an apparatus
for heat treatnent using a hjigh-tenperature gas. As the gas, an inert gas
whi ch does not NeghQventhe gate ingating tilrg 603, %%é%%ﬁl%@dwgatﬁlw@aemt, such

S U5 B R 8 A g B SBF ) i Sty

greater than or equal to 3 nm and less than or equal to 50 nm, more preferably greater

20 than or equal to 3 nm and less than or equal to 20 nm is formed. The oxide
semiconductor film is formed by a sputtering method using an oxide semiconductor as a
target. Moreover, the oxide semiconductor film can be formed by a sputtering method
under a rare gas (for example, argon) atmosphere, an oxygen atmosphere, or a mixed
atmosphere including a rare gas (for example, argon) and oxygen.

25  [0240]

Note that before the oxide semiconductor film is formed by a sputtering
method, dust attached to a surface of the gate insulating film 603 is preferably removed
by reverse sputtering in which an argon gas is introduced and plasma is generated.
The reverse sputtering means a method in which a surface of a substrate is modified by

30 application of voltage to the substrate side, not to a target side, in an argon atmosphere

with the use of an RF power source and by generating plasma in the vicinity of the



10 noved into an inert gas heated at a high tenperature of 650 Cto 700 C,
and heated for several mnutes there, and then the substrate is noved out

of the higR- ture inert gas. Wth GRTA, high-tenp
treat mnt‘gpgpﬁgﬂagﬁért period of tine ddn be achieved. [gggg{?Eﬁgﬁgﬁéthat in
the heat treatnent, it is preferable that noisture, hydrogen, or the |ike

be not contained in nitrogen or a rare gas such as helium neon, or argon.
It is preferable that the purity of nitrogen or the rare gas such as

hel i um r i 1¢S, i pt ar at us
be. set ¢ quparaik (BPafh Sygd orSl b ERHRD, Epolf sk GRLECEEABR" 7,
(that i s,athbspherep ot ithy likemmanbe akedn AlerdatR@1yp@am apgon awrssphedeetbewhichy 0. 1

ppm or |ower). [0262] . \When inpurities such as isture or hydrogen is
added t o %¥H8 iratéogsg}%f'ésnaﬁé%?l, ejif aédg‘%tr%% %§§f‘§rrpgﬁ%ﬂleﬂvglsét%§r§0flest (BT
test, th%ﬁgﬁgeﬁqaq‘}lﬁélp&lbﬁne, w{)p@mhsﬁdébrz gr'é ificc 4 hdlied ra sgé.cm for 12

hours), a b between the inpurities and a mal N conponéent of the oxide
sem cbnd@24] i s broken by a high electrical field (B: bias) and high
tenperature (T.,tepperature),. and a dangling bond nerated, causes drift of
he threshol d JBF ERE PR seiipdiitior o1 B vl 1B e SepiRma R by

i mprovingo24pg i nterface characteristics between the gate insulating film
and the oxidée sem conductor film and renovi ng inpurities, particularly

hydr ogen, noi simtlis espbodimergpas theeoxide semicopducier Hbmy an G1-Obasad as nmuch
as possible, .a,t ' r L, Ch. [ ble.aven . espect. t.o the BT
test can gsb ea}lé&é%i. ﬁirﬁo‘ﬁfggf tﬂlcs(ﬁggg #ﬁ%@%@h%‘% %b%b\\l/t\%el%lgcl%gmogpél&i‘egfl%ps, t he
concaot r aidthod wfingdhy dieed eRidenargheinobatihg ifdinino@i) pallion (Ga),an@inc@n) ie
reduced and, the isl and-shaped oxide sem conductor filmis hjghly purified.
Thus, thdsgki ot herfrigshdor examRle, ameial axidestprgst having 2 qompesiionifatio of heat
treat nen t r.ag e . r_ n O | _tQq tr ition

t enper at E?ﬁg&?ma]ﬁle%{riﬁ? p(i)g's(?%’lolfg'dgﬁﬁor%{iglﬁ ogxw.@%mgé.ﬁgﬁg%f‘é%ﬁ m%\[/q\néth a

Wi de bandargé&timay)coiaialBiOa Gt preate €iagi driequsl 93 WexRIng 1E3Whanl BEERADIEL10 a

transi stor can be manufactured using a |arge-sized substrate, so that
product i Wtfy dawe flbratnef bggecial oxidetdget inshuding In, §iangnd Ka iphigher than or

sem ¢conductor filmipn which the hydr concentration i s redyce d
a3 i v b padiott ke op sauat i 207, REEtGRldine? hapa sard iS5 Wt i gn
wi t hst an or Esry}ﬁl . R -off ratio.
[ 0264] %am&ﬁgﬁg ?hegltﬁgﬁﬁgtéh%%éats‘gﬁm ere %Iﬁétfagg%lg%&g%ﬁ‘g@n El(]:?i (Ii)lrrg%'i Imis
heat ed, #liet depusjteddajdersdimicpndnctar fikh das igh dénsithe oxi de sem conductor film or

heat i ng i(?ﬂgh]tl ons, 15 plate-shaped crystals are fornmed over the top
surface e oxide sem conductor filmin sone cases. The pl at e- shaped

crystals prefepphliy ehfolindent! (! 6xiGé ¥SthRondREN filtn W itsihdd ¥odrahs HEE

c-axis-oriented in a direction generally perpendicular to the surface of
t he @Ri deubstmiecidas fallows: Ithe sEhstatevisdield lire aptreatraens hehaamber miitht priessudo not

forma ot DRy SRR 0 ing i SnleBliicRl BR5Shet ¥ Bk 2o RbSLE TRl ™ 2

gas from which hydrogen and moisture are removed is introduced, and the
above-described target is used. At that time, the substrate may be heated at higher than
or equal to 100 °C and lower than or equal to 600 °C, preferably higher than or equal to
25 200 °C and lower than or equal to 400 °C. Film formation is performed while the
substrate is heated, whereby the impurity concentration in the oxide semiconductor film
formed can be reduced. In addition, damage by sputtering can be reduced. In order
to remove moisture remaining in the treatment chamber, an entrapment vacuum pump is
preferably used. For example, a cryopump, an ion pump, or a titanium sublimation
30 pump is preferably used. The evacuation unit may be a turbo pump provided with a

cold trap. In the treatment chamber which is evacuated with the cryopump, for



20 crystal is c-axis-oriented in a direction generally perpendicular to the
surface of the oxide sem conductor film In the above-described pol ycrystal

body, in \@69%11%1%‘3750 the c-axis orientation, the cryst ak%TBi,ﬁﬁg/mﬂQJ@/ have
a_

i denti cal anes, a-axes, or b-axé2. Note that in the case ere
surface of the base of the oxi de sem conductor filmis uneven, the

pl at e- shaped crystals forma pol ycrystal body. Therefore, it is preferable
25t hat the surface of the base is as planar as possible. [0265] Next, the

insul ating syl t [ fi 32 and
the gate 1 nsH at F‘ﬁgh?é Prﬁt%%?:ga(%éﬁﬂs}gr{il a?ﬁﬁ%a mﬂ& E{t&%b%&hc%lg WO es
r eachi ng (HpO), r(ng)lne pmﬁs:rehsltyx ato aromppud t:«yntamgigom Sarﬁdﬁi atom)l ke chel like &re
n- channel transi ﬁo 30.contact hol es reachi ng the high-concentration

i mpuri ty r?legv%év 159 e FTNTHY, SOnEeirafOn i gt AfeiceRdicim farmeg
cont act hgk&t;&ﬁﬁgﬁtggmhg&&hgg}g&gﬁdﬁoz are fornmed. Then, a conductive film
e

used for the source electrode or drain el ectrode (i ncI uding a wring
forme8 i 102444 sane | ayer as the source electrode or the drain electrode) is

f d th d dyctor. film teri hod
vacuum evapor atSae R O dheneation)femSRBDY LATEF PHICEN T TP by
et chi ng Qnd thetatdek B, 100hBMEME Résside! i 010 B, @k difecEbierdht DCY) PEWEHER is

el ectrode 607 and the drain el ectrode 608 over the 5 oxide sem conduct or
fil m 6050-2kW ardide gimospheredhamexyssn atmesphers| (Betproptstignof tha dxygea flow

hi gh-conc ntr 0° ion 513 a wr 610 in contact w.th the
hi gh- coné ﬁt? %)1 % lét eé)l‘flf)% i curpept a(b\%grﬁ’wrﬁfr‘ienlscﬁrﬁfeé@levm th
t he hoqhw@m@@pbwaéﬂ saBsthfdey ichllod pLAEIRS gSikdatad th £l f&hﬁ:‘fﬁoﬁ‘éﬁﬁ%fr&ﬁfcb@n

i mpurity rea}on 516 are forned. 10 [0 2% As the material of the

conduct i wad fhel film thigkgessican bp ypiferny| ectrode and the drain el ectrode
(i ncl udi E {3 wiring formed in the sane | ayer as the source el ectrode and
the drain’e éctrode), there are an elenment selected fromAl, C, Cu, Ta,

Ti, M, and W Nete that nyoﬂdacthadhy@rogw hytirdxlyk gapy end ittt Srdoraigedrponent ;
an aIonf| any of_thes Ierrentsm conmbination; and the |ike.
Furt her, hétg‘]? 38 tReseiblsaip ﬁ‘@ @ﬁ% 69‘9&’@ ductpr Eilma1itt is| prefesable dhag th ﬁd’aée

hi ghygel Ehﬁk@rafé%(ﬁ oV \hick q&ﬂrs’ﬂﬁ ’ana—q"d}-![amg rfl‘%t ?*Ef‘%%%ﬁ‘é‘%cﬁ as

either the Iower side or the upper sid
Still al femmedt bc/eplr&;heawiem arprélieating ehambert of wh (sputaaningl mparmuqorsbvﬂmti ng
generati on of i skers, in

Vo G AP o ety of Boien sdbrL apia Ui Listnabsirals B s
i ncr easedlimid@i’And evacuated, as pretreatment before film formation. The temperature for
the preheating is higher than or equal to 100 °C and lower than or equal to 400 °C,
20  preferably higher than or equal to 150 °C and lower than or equal to 300 °C. As an
evacuation unit provided in the preheating chamber, a cryopump is preferable. Note
that this preheating treatment can be omitted. Further, this preheating may be similarly
performed on the base substrate 503 over which layers up to and including a source
electrode 607 and a drain electrode 608, wirings 609 to 611 are formed, before the
25  formation of an insulating film 612.
[0246]

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

30 manner. An RF sputtering method is mainly used in the case where an insulating film

is formed, and a DC sputtering method is mainly used in the case where a metal film is



Further, the conductive filmmy have a single-layer structure or a |ayered
structure of two or nore |ayers. For exanple, a single-layer structure of

an al um |{gincl uding silicon, a two-layer structuperlBdibbsl&
titani um p]lzmllj@%tgacked over an 25 al@minumfilm a thrge}-JPaye/r structure

in which atitaniumfilm an alumnumfilm and a titaniumfilmare stacked
in this order, and the |like can be given. [0268] Alternatively, the
conductive filmto be the source and drain electrodes (including a wiring
formed ingfhgysame layer as the source and drain el ectrodes) may be 30
formed using a conductive netal oxide. As the conductive netal oxide,

I ndi um o0xX0247)( 1n203), tin oxide (Sn02), zinc oxide (Zn0), indiumtin oxide
(1 n203-Sn02, ahbreyvjated.to | TQ, an al.l oy of indi.um oxide and zinc oxide
(1n203- Zn0) , oB“a?ﬂ?htH?“’ttH%‘errﬁt 50 irﬂgt"s 1CE SPRHETIRG APRATAIUS gins Mhichod or

silicon %ﬁgﬁgﬁﬂ;?{:%%twﬁ&iﬁ&e%ﬁ%leﬁals can be def! tﬁﬁhﬁﬁé SauMiSbrch Spltdringat ment

I's perforned ormation of the conductive m the conductive~film
pr ef ebablappratushiilms ofaliffeteahmetesals ¢ be formietl g ba stickddeinibasantt chaatbeent .

[ 0270] . Not.e. that. eac terial ;and etchin ondi t.ions are adjusted
as appr ofFidfim 8&) p!‘ﬁgtahf‘ﬁ Og%g%ém&e‘f?f‘cbf Hgf%tﬁyqucfcﬁq%ggclfagg%gtt tli‘Féﬁ’EiJ\?ed in
et chi ng afmé hahe eapld etianyerf i | m as nuch as possi bl e. Dependi ng on the
etching conditions, an exposed portion of the 10 i sl and-shaped oxi de

senmi condUb24] film 605 is partly etched, so that an island-shaped oxide
o SOt of R YRR BRI, P e T L, O
t he dOndwhhinber dndlused f@ta magnetron sputtering method, or a sputtering apparatus used for
an ECR sputtering method in which plasma generated with the use of microwaves is
used without using glow discharge can be used.
[0249]
Further, as a deposition method using a sputtering method, a reactive sputtering

15 method in which a target substance and a sputtering gas component are chemically
reacted with each other during deposition to form a thin compound film thereof, or a
bias sputtering method in which voltage is also applied to a substrate during deposition
can be used.

[0250]

20 The gate insulating film 603 and the oxide semiconductor film may be formed
successively without exposure to air. Successive film formation without exposure to
air makes it possible to obtain each interface between stacked layers, which is not
contaminated by atmospheric components or impurity elements floating in air, such as
water, hydrocarbon, or the like. Therefore, variation in characteristics of the transistor

25  can be reduced.

[0251]

Next, as illustrated in FIG. 10C, the oxide semiconductor film is processed
(patterned) into a desired shape by etching or the like, whereby an island-shaped oxide
semiconductor film 605 is formed over the gate insulating film 603 in a position where

30 the island-shaped oxide semiconductor film 605 overlaps with the gate electrode 601.
[0252]

A resist mask for forming the island-shaped oxide semiconductor film 605 may



15 etching can be selectively perfornmed on the conductive filmwth the use
of an ammoni a peroxi de m xture (hydrogen peroxide water at 31 wt% anmoni a
wat er at 0 ter = 5:2:2), in which case part of i

sem condu\gtgozph\/@?yn?GOS is al so etched #n sone cases. Al {Pg?/r{g%ﬂll% 3;78 dry
etching may be perforned on the conductive filmw th the use of a gas
containing chlorine (Cl2), boron chloride (BC13), or the like. 20 [0272]

In order to reduce the number of photomasks and steps in a photolithography

process, j %ayn . 1 i -np: d
using a rrlﬂelttfdl?h?gn m?gqﬁhqﬁé‘%ggdgaﬁagﬁ%?)gigggﬁ?% l?r%srskﬁﬁi %éﬁﬁk\ﬁkﬂ({?l i ght
i s transmeetenb pintamatky thaymasufptturing cosy caf bé redecesi t i es. A resi st nmask
f or med vvi}{bES%he use of a nmulti-tone 25 mask has a plurality of thicknesses
and furt Jan be changed in shape by etching; therefore, the resist mask

can be used in NotPkiit ahd Et)éhﬁ&% 18t dHiisk feSBRnd-ShapRll QxfiRkSienficdtubtoidfiher ent
patterns. Therefore, a resist mask corresponding to at | east two kinds or

nore &f di0Sfmaebe drutatehing wetnetehing,oombeth bilry etching i hind wep wichings k AsTthes, t he
nunber of _Li.ght-exposure sks can be reduced.and .the nunber of

Lo oo porsiHin g SROBH GicBR 3 60" sotianbl S0 e iR el b asny
sinplifi cadrizie (@l,)AbéroaCehisridea(BAlS), kBizbh ZRIbride [(8RAD] or carbon thieachlorfdeasma

treatment is i)_erformad using a gas such as N20, N2, or AL By the plasnma
t r eat ment(CGlay Brpreferabhieusedi e Alfsmativelys agtwccontuining flyadeg (luering-basedssasosed

surface i We i bSad& . t may be
5 ber  or rich asrABbE faaATbARNRCIE) Yr) hahioh fREE nikd R TRbGRAGED,
Af t enlOt heorptifissremiethaat (€HF3));d5/drdgden droraide (HiBn); lolk Geehl(B),);tdng df nbsask ghsesg fil m
612 is faorned .so as to cover the urce electro 607, the drain e|l ectrode
208, 't he TC B8 R 15 hel e o AL AT s et i ke o PB 65 The

i nsul at i 92§4]| m 612 preferably 10 contains inpurities such as noisture or
hydrogen as little as possible, and the insulating film612 my be forned
usi ng a singl e-Asatherdry atehingteigod,id parellel plyge RIE| (reagtivg ianneschiag) mgthbd| ns
stacked. \We r n, s._cgntajned in the insulating film61l2 entry of
The hydr S5 8 GHELEGY 2o GRS BlGAL bR RdPSE ALY o B Sir 45k P
the a3i dahé EilinC s ACH&iredl | ShBpd) the EHAEE BortHbo® §hdl ambilie  EhMe @b ok 2
backchannel portion of 15 the oxide sem conductor filmto have | ower

r esi st anc@@pligdbtoncail-shaped clesigoden the ameyt 9E elerwicaroayen appliagtorpa dlestrode .

Ther ef or [ £l fe r | I LC nis
not usededins?i %“r‘r’%‘?%%@‘ﬁ %@g%@%%rgﬁéﬁgc oél%egﬁgb?yngﬁljﬁ{a{k ﬁﬁsg‘h’?‘? %k’é?fn%gkgg?ni ng
hydr ogen adjusteldtak hppraprigtessi bl e. A naterial having a high barrier property
is prefer bquj used for the insulating film®612. For exanple, as the

i nsul at i r{§2§ | m having a high 20 barrier property, a silicon nitride film
a si hpcon ni t rigde,Outkitlae hiddMor Rt lcHiten Y b liibh ioBEriddd! B9 mdhng pHbd nitride
oxide film or Aghe |1 ke can l% used. en%a l|Eo)l tj)?al iétyﬂpof I ngépggtqﬁgghfi | ms
st acked iasidusieetic amd,i aglihitic agidf iah mnaoniapesodidevarixioro Gordrogen pdroxide r ogen
such as a silicgn gxide filmor a Z%Ii&qn oxyni'gi_'de film(is formed on the
si de cl oS¥HeRE BB AEmoLENVEshauet 817 MAFT605 T Hal thielkhSt BE péRg i1 m
having a AdacRely! Irﬁo-wgﬁaﬁyfac@édwf Kantd €HeieHl &d.Ntd) hﬁg%v Ly, @ hi gh
barrier property’is fornmed so as to overlap wth the source el ectrode 607,
t he dr ai Mhel echanbdBecO®, wahectching isxemovet fgethed watho thef ¢tkiads OBtamatshby he

insulating filmhavin .l ower pr.oparti.on of nitrogen pet n.t he

| nouPat i Atbapinem Rt St piing Bie osPht ped e G9ERP EEHRERT A ode
607, the piriicd afd B tniAekeal G bedredsddh € Wisdnaflae HalP@eh ax ifdGurs @Bhameduet or
film®605. Wien the insulating filmhaving 30 a high barrier property is

used, i mpeg pxide semisonduptorfing is eellestedHyem dhe wastgrliquid pftes,/datasehing
entering ' ] Lé%é(-g j t ' ating film#603, or
the int errédég%’qﬁée%\%%%gggt%g%gm e&gyrﬁlsg%g%ﬁtchtec?? ﬁf‘%ﬁkgé%ﬁ'%g%d anot her
i nsul ati jg236]l m
30 Note that it is preferable that reverse sputtering be performed before the

formation of a conductive film in a subsequent step so that a resist residue or the like

that attaches onto surfaces of the island-shaped oxide semiconductor film 605 and the



and the vicinity thereof. In addition, the insulating filmhaving a | ower
proportion of nitrogen such as a silicon oxide filmor a silicon oxynitride

filmis f‘ﬁb%ﬁﬁﬁ%ﬁs to be in contact with the oxide se:g'bﬁﬁpgﬂ%ﬁgmf L]Lm

605, so that the tnsulating filmformé® using a material having

barrier property can be prevented frombeing in direct contact 5 with the
oxi de sem conductor film 605. [0275] In this enbodi nent, the
insulating film612 having a structure in which a silicon nitride film

havi ng a #alfg ﬁngﬂﬁﬁé%ﬂfr? &ﬁ?isr}%%dmd with a sputtering nethod is stacked
e fl

over a siticon oxl m having a thickness of 200 m formed with a
sputterin@23qg nmethod is forned. The substrate tenperature in filmformation

may be higher than or equal to room ature and | ower than or_equal to
300 C and in t N%tégﬁeaﬁﬁléeﬁﬁﬂlcqnéu%%gmnﬁgé%f“mfﬁt%‘ forfigat Geateent pader a
i nsul ati ri@dﬁdeh-{ﬁr&%@re'a%@%fh@?e‘,janm%israﬁ% Ble STRY a88 nitroglf 'alRb<Phdre JNE heat

treatnent is preferably perfornmed ih a reduced-pressure atnosphere, an
i nert Sgasa aregaspiimosphens Rnaxygematorosplease, armosyiredey air (the mawistuggaamount

at nospher.e, .an oxygen gas atnosphere, .or an ultra dry_ ai t nosphere (the
o St r 6 SABHR (220 B8 Fopvasos 1plp 44y aPber [ofe referbly DaPR 9T oS ess,
pref er ablpforl REHETBly igggb ggrﬁrggzig tRd ezrse%erelﬂlegmc@émIi@@&foﬁ&dtﬁsﬁa géwe where

measur enent i's perfor dew point neter in a Cavity ri'ng down
| aser spegwintosatepn a@RIDSYingeloodiscaspdcirgstopy (GRPS) methindl)] By p2d0rntingnd

et %1 R SSPhet e B S R PR A O, G B B 1
hour 18t Zx@cGehficehditior Gild 508 R B REMEndtéd. P SpeOiFicRey, tHY Rl fdtinést thay RTA
treatnment for a short tinme at a high tenperature may be perforned before
t he f or méreipgsrformed at higher than or equal to 300 °C and lower than or equal to 850 °C (or a
temperature lower than or equal to the strain point of the glass substrate), preferably
higher than or equal to 550 °C and lower than or equal to 750 °C. For example, the
heat treatment may be performed at 600 °C for greater than or equal to 3 minutes and
15 less than or equal to 6 minutes. With an RTA method for the heat treatment,
dehydration or dehydrogenation can be performed in a short time; therefore, treatment
can be performed even at a temperature higher than the strain point of a glass substrate.
Alternatively, the heat treatment may be performed in the state where the substrate
temperature is 450 °C for approximately 1 hour.
20 [0258]
In this embodiment, heat treatment is performed on the oxide semiconductor
film 605 at a substrate temperature of 600 °C for 6 minutes in a nitrogen atmosphere
with the use of an electrical furnace that is one of heat treatment apparatuses, and then,
the oxide semiconductor film is not exposed to air and water or hydrogen is prevented
25  from entering the oxide semiconductor film.
[0259]
Note that a heat treatment apparatus is not limited to an electrical furnace, and
a heat treatment apparatus may be provided with a device for heating an object to be
processed by heat conduction or heat radiation from a heating element such as a
30 resistance heating element. For example, an RTA (rapid thermal anneal) apparatus

such as a GRTA (gas rapid thermal anneal) apparatus or an LRTA (lamp rapid thermal



25 of the source electrode 607, the drain electrode 608, and the w rings
609 to 611 in a manner simlar to the heat treatnent perfornmed on the oxide
sem cond f Even when oxygen deficiency is gene i oxi de
sem condﬁ?gpn{dﬂ%gna%% owi ng to the péfbvi ous heat treat %gtrrﬁg%)dr%&? 3g%goxi de
sem conductor film by performng heat treatnment after the insulating film
612 containing oxygen is fornmed in contact with the exposed 30 regi on of

t he oxi de sem conductor film 605 provided between the source el ectrode 607

and the djgi 8, el XY ' i t ' ' duct or
1 m 605 b SBFENES T 5 usel AT A JHRRLRES & Sl 5 AEThEARTE
regi on ofobjdee twbe peocessed dynddiation of ilight GMSelectrontagneti¢ wavé)herhitted ifresnilaat i ng
film®612, oxygen deficiency that rves as a donor is reduced and the

st oi chi orfFP S_bmﬁépsqngﬁfvnpa% pstal B gy P XPRORFAIC RUNE, 3 QERANATC {3MP.0x [ de
sem conduggigh pfdskire R83iufPRAMPS oFBdGeH prel r@ﬂle}c-uw%#ﬁe%@ﬂmbusﬁ_ athd 4sM OF 2
substantial 'y i-type 5 sem conductor film Accordingly, electric

char aét erdnsapparatusffor heat treatmssing using @dnglbtempepatoreegisands v gast awmeirtngashe
electric chargcteristics.thereof can be reduced. The timng,of this heat

Cr eat mentHeh Aot ok Foael AR et i BepioE R BY Beat eipmenl; S8R S mUNGRmc i on
of the inﬁlalr@teigagsﬁdhldpaeé&hisagﬂ,thi s heat treatnent can be perforned

wi t hout increasing the nunber of nmanufacturing steps by doubling as another
step sucHO3®]heat treatnment 10 for formation of a resin filmor heat
treatment for i i iye film
so that the oxt g Suhfl, e AP wefhichl BEEmBloyioRTATRRIRE ne RiIRHEL
sem aondufibved iftolamifkrt gasteatdanh hiphl tymperatipe o630 TORATNN W, ahd heated 277]
Next, after a conductive filmis formed over the insulating film612, a

back 15 ¢ar@alanigtes hremng then thersybsiraleisgmoyed auf of thephigh-tempaseiursinerd

sem cond Or yuf: b | 5 } i t i fi ack
gate el elcétctl %’od‘gflt‘:hs@?gghg% tgﬁb%lﬁ{sﬂu% 219 zlitnttg;é21 Plfi%df;dgtaf%lrgﬁrsd&h?g Oggﬁﬁ%tc%ﬁ\?gr t he
back gat eckieeal.r ode. The back gate el ectrode can be formed using a materi al
and a strggéﬂre simlar to those of the gate el ectrode 601, the el ectrode
602, the l ce electrode 607, the drain electrode 608, the wiring 609, the

20 wigki ng 610, Njie iHARinMHEIHeGt Rdakment, it is preferable that moisture, hydrogen, or the

like be not contained in nitrogen or a rare gas such as helium, neon, or argon. It is

preferable that the purity of nitrogen or the rare gas such as helium, neon, or argon

which is introduced into a heat treatment apparatus be set to be 6N (99.9999 %) or

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

[0262]

When impurities such as moisture or hydrogen is added to an oxide
semiconductor, in a gate bias-temperature stress test (BT test, the test condition is, for
example, at 85 °C with 2 x 10° V/cm for 12 hours), a bond between the impurities and a

25 main component of the oxide semiconductor is broken by a high electrical field (B:
bias) and high temperature (T: temperature), and a dangling bond generated causes drift
of the threshold voltage (Vth). However, in the above-described manner, by
improving the interface characteristics between the gate insulating film and the oxide
semiconductor film and removing impurities, particularly hydrogen, moisture, or the

30 like, in the oxide semiconductor film as much as possible, a transistor which remains

stable even with respect to the BT test can be obtained.



[0278] The thickness of the back gate electrode is 10 nmto 400 nm
preferably 100 nmto 200 rim In this enbodi nent, the back gate el ectrode

may be f%pfiglli/d?sﬁ such a manner that a conductive fil ”Ebﬁfﬁ%l s34 | tani um
cked is

film an alum num?ilm and a 25 titamumfilmare sta ornmed, a
resist mask is forned by a photolithography nethod or the |ike, and
unnecessary portions are renoved by etching so that the conductive filmis
processed (patterned) into a desired shape. [0279] The insulating filmis
pr ef er abl méﬂgmad using a material having a high barrier 30 property which
can prevent I sture, hydrogen, oxygen, and the like in an atnosphere from
i nfl uenci ng chdarhacighrthe abave-desctiliedl stepanthesdoacentdation 6k Aygrbgen int the 9xjaessi bl e

to forma single-I|ayer ructure or. a stacked-layer structure of a silicon
nitride fSFmoggugtm ﬁ@bﬁ& fin bs gaucsdi aid the 18%3%%%%1%%%%%@@% an
al um nuM;ghighyguriitddde Thid, The S%idt Bomicbh@uct@SilAcan'beWhabiiig. f il Mdigyi ng a
hi gh barrier property, by a plasma CVD nethod, a sputtering nethod, or the
| i ke. 51 n heatkeeatinentait f d¢mpeaatusf dfdowenthan obequal &r thp glase tragsitiorhempesamat i ng

filmis preferably.forned to a.thickness of 15 nmto .400 nm for exanple. 5
Lozgo] - ke i Posbil CloRim B STHCTRGERE SR b e Ol bay whih

t hi cknes saftfer #fAsitPisiktremplyaoi® FHErAGEND hansift6r LahSHE Alahi@ficfurddudisg hor med
under the follow ng conditions: the silane gas flowrate is 4 sccn the

f 1 ow r at darge-stred isubsiegian sedhas preuctingty rap e gomeased m Ingadditiane by sing thee

t enper at i . . | steps, a
tranal o S Britpshdeiof B 5 Shich the hyarbdb dBhbohiidH R HEUEET Shit BEHLCH

t r and0st dmpbR@daitdist pussiblec famraabifactuad @i Samistar2¥ith isigh fwitlistandphcitage] Aver si on
el enent, and a capacitor 623 are forned, Note that the capacitor 623 is
formed i fedpcpd g CW%‘@F]eef?eﬁba%‘iléé‘f o@i%hnd the source el ectrode 15 607
overl ap :xgi@]each other with the gate insulating film 603 interposed

t her ebet ieen.” Note al so that the capacitor 623 is not necessarily forned
over the sane [INpyethagdn theecase aberestheroxédiOsenticondaxtamfbilm, is theated agdthoughr 623

TRE R R NS e IS S SR
el ecti50dg1f€¢hapeh @@ allLark Aortiedidviapthleitbpsii®ate of the oxide semiconductor film in
some cases. The plate-shaped crystals preferably form a single crystal body in which
crystals are c-axis-oriented in a direction generally perpendicular to the surface of the
oxide semiconductor film. Even when the plate-shaped crystals do not form a single
crystal body, the plate-shaped crystals preferably form a polycrystal body in which each
20 crystal is c-axis-oriented in a direction generally perpendicular to the surface of the
oxide semiconductor film. In the above-described polycrystal body, in addition to the
c-axis orientation, the crystals preferably have identical a-b planes, a-axes, or b-axes.
Note that in the case where a surface of the base of the oxide semiconductor film is
uneven, the plate-shaped crystals form a polycrystal body. Therefore, it is preferable
25  that the surface of the base is as planar as possible.
[0265]

Next, the insulating film 530, the insulating film 531, the insulating film 532,
and the gate insulating film 603 are partly etched, so that contact holes reaching the
high-concentration impurity regions 513 included in the n-channel transistor 520,

30 contact holes reaching the high-concentration impurity regions 516 included in the
p-channel transistor 521, and a contact hole reaching the electrode 602 are formed.

Then, a conductive film used for the source electrode or the drain electrode (including a



over the gate electrode 601, the oxide sem conductor film 605 which is over
the gate insulating film®603 and overlaps with the gate el ectrode 601, and
a pair of e el ectrode 607 and the drain electr d over
t he oxi dewye}% Z@ﬁ{ uctor film 605. The ransistor 620 m?@?ﬁ??ﬁmﬁﬁl ?I%I ude
the insulating film 612 provided over the 25 oxide sem conduct or film 605
as its conponent. Note that the transistor 620 illustrated in FIG 11B has a
channel -etched structure in which part of the oxide sem conductor film 605
|'s_exposegi sl hfe SO BSelsqhid iRE& § e EoHifea®08.
[0283] Al t ho g WICI’F%U on ?es gsi venmtjés%i ng&fa&g?)rr\ lfk ! gaée&ttrr%g 5| stor das t he
transi st avebfie, oxadk senticdtduetpafibm t60&rbgia$potte1img:inaduod @r a vatuuna kvdpprasfonchannel

formation r ons i ncI udj a yrali gate eI ctrqdes 601 that
are el ectPft gg‘ll"l apd c‘g%ﬁﬁ g\é"a@ﬁ" dt H%tferﬁ%fij)t’b g’éEF Y 350284]
Not e t hatinhfiga&nNi BIG. lii‘ﬁ?' tiaRuRe LIBGIQAI (DT SRINhE %ﬁﬂ@l&{rohé 668 %Velt fhe3- 5 eV.

The band gap of silicon carbide and the band gap of galliumnitride are
3.26 &V amkidas@gcmmucmesﬁimc@()&el\ymngIrﬁO@hnanoataabwuh théreleetreden@® arsd thar ge as

t hat of Ilcon erefore,.. 5 these ound .sem_cQnduct or.S .Suc. silicon
car bi de }H Lfoﬁ‘i tIPIRREILY  Feeqn flgfnpf’o "Ylﬁggo?(iﬁe“éeﬁ?'%%d r}b ﬁﬁen t hat
they are High- Boﬂueﬂ@amﬂ.ndmgaﬁtys QEFI6P SISt HdS a Wifing NeT12Gh e¢ontdct GRitRf thehe Wi de
band gap is advant ageous for inproving the wthstand voltage, reducing the

el ect ri c highvepndepisaniogs impusigyfegitdblck and the highecongeniration impugty rEgipg 516
10Howeveran% efompound sem conductor such as silicon carbide or gallium
nitride nee fch hi gher process tenperature or treatnent tenperature than
the ami de[02@6]1 conductor. The process terrperature of silicon carbide is

about 1500 C and e process tenperature of galliumnjtride i s about 1100
C, which does rbtt am%wai of ther AT srTIBY Lo behgisprice 1 %{P& andhthe diagp pe

obt ai ned gasbly (RELAING AR RHEAER QSR 1hPerdls RGOS LRERSIALH fie! | M t

is | ow Therefore an i nexpensi ve substrate tannot be used, and further,
t he corrpc;lnmd eé@:tmd@)ndwm are anaglementiseleated| frasn Alh€En ftllhe"l"asﬂ"zeMo,fm Wikst r at e

IS increa othat t rodutlvit of or deyices using
the compating dfine Fovr one B AN pp drBprfiEat RGN any of (f¥Ge s

| ow. 1bn ewﬁéxwm c&ﬁlﬂn@wngien&mmm@ndpﬁﬁm, £ tfuddre énﬁﬁloyéﬂ insahich
treatment at 300 Cto 850 C so as to 20 be deposited over a gl ass

subst r at e filmnfarmed wsios 2 hish-welting priat metat sich asifodr.nEinMo, pr W & q@@i@d ble to
forma sg P%ﬁe‘ﬂ‘i{aé’ v ST br HR! (e Bia@dr umt%?aﬁnfﬁl%”&%ﬁt ' Oéérggg

i nt egrat e Cl rcul using a normnmal”"sem con teria Xt how
char act eralltsmaﬁSelgfwltdnemtAlaﬁsﬂeﬁalab witi¢h amélémemqﬁdvdnﬁn@ ggrh:rznwhl d‘flh«i:la:tdk@n of 25

t he oxi de sem.conductor film@by removal of inpurities such as noisture or

hydr ogen aggd yehisksesdniap Al sudicass¥ndie dadlcMer CriNdnSesonidh addeddp ¥ssdy| e as
in thps GRBGELFER: Whibk iRGeHegcr i bed.

[0267]

Further, the conductive film may have a single-layer structure or a layered
structure of two or more layers. For example, a single-layer structure of an aluminum
film including silicon, a two-layer structure in which a titanium film is stacked over an

25 aluminum film, é three-layer structure in which a titanium film, an aluminum film, and
a titanium film are stacked in this order, and the like can be given.
[0268]
Alternatively, the conductive film to be the source and drain electrodes
(including a wiring formed in the same layer as the source and drain electrodes) may be
30 formed using a conductive metal oxide. As the conductive metal oxide, indium oxide
(In03), tin oxide (SnOy), zinc oxide (ZnO), indium tin oxide (In,03-Sn0,, abbreviated
to ITO), an alloy of indium oxide and zinc oxide (In,O3-ZnO), or any of the metal oxide



[0287] FIG 19 is a cross-sectional view of a transistor including an oxide
30 sem conductor. An oxide sem conductor film (OS) is provided over a gate

el ectrod i a gate insulating film(Qd) therebe source
ew%)ﬁlédg’kdiﬁ %%%201@79‘%&?}8

el ectrode a drain electrode (19 are provided thereover.

insulating filmis formed over the source electrode (S) and the drain

el ectrode (D). [0288] FIG 20 is an energy band diagram (a schematic
diagram) along an A-A" section 5 illustrated in FIG 19. In FIG 20, a bl ack

circle (*ﬁlﬂéﬂgls%oké@gxtix?gﬁggiéo‘i'cﬁsfl%n.ro‘igq'e;éﬁ% u&y el ectron and a hole and have

el ectric charges , respectiv e case where a positive voltage
(VD > 0) [i026%pplied to the drain electrode (D) and no voltage (VG = 0) is
applied to the gate el ectrode i s. shown by dashed Jinef\ and the case

where a positi V8 BoFasade e{f\}tsaggr_eat%cgt B eTPERCG ter fermaption,p Sheckonlugie D and
3 POSTLI \iflny Ght QA Him préflerdbly 8RO bt deliabACRAES 151 vARIsIAG I FR | S

shown by solid lines. In the case where voltage I1s not applied to the gate
el ect boddrga@a¥nt. a carrier (an electron) is not injected to the oxide

sem condg[h%?@] film(OS) side fromthe source electrode (S) owing to the

hi gh pot ial barrier, so that current does not flow, which neans an OFF

state. In cont sk thahegeh saR@fal ahd @tchilg! @@itions ARPhdjasted @s %Eﬁoﬂﬁ&t@ SO
el ectrode (GE), the potential barrier is 15 decreased, so that current

flows in thaethepxide ssmioadurierchilor 603 Ismat aspovestin stchirgpktha sombpctivafidm [ 0289]
55 sectiPanont PUepbBISq HeRtaEl by hERRTE oRFRBHT oo Qi fiidn G622 3
posi tldve ivlahd-8ksped dx{déGemifynduston firhi 603 ik astlygetteedelse ahatanteislafEshaped an ON
state where carrjiers (el ectrons) . flow between the source el ectrode and the
drain el ébidoyrmicendacs lm 603s1avinec SEPOXE 41 Ecchprer é’oéf‘q{ég%f‘?wd\}ﬁlst’@ﬁe (VG <
0) is applakgd to the gate electrode (GE) and the transistor is in an OFF
state. [0290] 25FIG 22 illustrates relations between the vacuum | evel and
the work [P27dti on (O of a netal and between the vacuum |l evel and the
electron affm tﬁ{ tlglé em%f)di?nr}:n ,Xs%nc(i:g ee maﬁl%rr]rgﬂﬁrtl ?sr used as the conductive film, wet
15  etching can be selectively performed on the conductive film with the use of an ammonia
peroxide mixture (hydrogen peroxide water at 31 wt%: ammonia water at 28 wt%:
water = 5:2:2), in which case part of the oxide semiconductor film 605 is also etched in
some cases. Alternatively, dry etching may be performed on the conductive film with
the use of a gas containing chlorine (Cl,), boron chloride (BCls), or the like.
20 [0272]
In order to reduce the number of photomasks and steps in a photolithography
process, etching may be performed with the use of a resist mask formed using a
multi-tone mask which is a light-exposure mask through which light is transmitted so as
to have a plurality of intensities. A resist mask formed with the use of a multi-tone
25 mask has a plurality of thicknesses and further can be changed in shape by etching;
therefore, the resist mask can be used in a plurality of etching steps for processing into
different patterns. Therefore, a resist mask corresponding to at least two kinds or more
of different patterns can be formed by one multi-tone mask. Thus, the number of
light-exposure masks can be reduced and the number of corresponding
30 photolithography process can be also reduced, whereby simplification of a process can

be realized.



[ 0291] At normal tenperature, electrons in the netal are
degenerated and the Ferm 30level is |ocated in the conduction band. On the
ot her ha ' ral, a conventional oxide sem conduc ' =l ype
sem condtr}g?ozP{,]/(gn the Ferm |evel (Ef80 thereof is Ioctgteggb??elg@g?mtt he
conduction band (Ec) away froman intrinsic Ferm level (E) which is

| ocated in the center of the band gap. Note that it is known that part of
hydrogen in the oxi de sen conductor serves as a donor and one of factors

t hat makgpwﬂ oxi de sem conductor an n-type sem conductor. In addition,
oxygen defticiency is also known 5 as one of the factors that nmake the oxide
sem conduct or INexe, plasnypaeatmenuis tperfotryed {1929 A[gas such as N§O,Cl¥j)tor @&t , Byn one

enmbodi nenf of the present inventi , oxi de seni conductor is nade to be
an intrid ‘F(Pia(sf“-at e%‘eM%erd&?? gﬂ‘eo‘?e"ﬁllékt"r“é?@ﬁfrc'ﬁ ci'g_%orlc’?f?&haprﬂxﬂ’?%‘i c
sem condygiQte RY (heNBMUO SIS AL is' FerRbVed: [ S nld idhtndcht Fh@MRN oxi de

10 sem conductor, highly purifying the oxide sem conductor such that an
i mpur Bt y perfoemed bsing a misiure gasmf onpgen anfd argom asxwalk senmi conductor is

pr event ei %,%ﬂm bei ng contained therein as nuch as possible, and renoving
oxygen d p ency. That is, the oxide sem conductor becones an i-type

seni conduct or Nfierlite Fidsthi trleftniht, a§MMisirhle@$n PG 198, IRTRMMtn@l il BLY ist | es
such as noi sture or hydrogen and oxygen deficiency as nuch as 15 possible

to have Hpamedserasttp coues the seuremelestrasle 6dnthe sinain elastrodsh 6@ theswirings $0Pi nsi ¢
(i-type) L, C . Or | Senqt.0; A b NSA | =t yine)
sem condlftngé(;i‘rl ’ ?@&jg@{ gll;ur(]ig .eh\?@({%ﬁhéf:tﬁg?% oé‘/desc') s'?l;h lc %p%tl,‘ﬂg E%IH Iéa@rﬂg refeer%lgp' (Ef)
can 6 exbneimsliypatiieesich ab htbistarwr hgudrigemas Ll dsijlobsibis] andHhe iisuladimgl (Ei ),
as indicated by arrows. [0293] 20lt is said that the band gap.(Eg). of an
oxi de se By pejfgrmediusing 2 singlerlaygr inqidatingdilm ofa amlﬁwg inspjatipger eof

Is 4.3 V. as | coiindd i : rJ form ng
t he sour(?gnglsg%?%dewg%%%?ﬁre&ggéyn el egdti)rntl)dt% Htﬁﬁfeém\ff%gr Pﬁfnzgte:no é)f?ﬂl'?i t ani um
(Ti) is dybuiganttoatheyoxidealemicondhetore Ifduy ragnextfaction tof ¢xygeofint He oxidde

2t an 25 rhrseppider B RE3NTosd REDAreCHnATHRY Ehustrd ShARDRRLPIION Aer o ar o
mat enbal $hd 6#ile Sethicohductdt At ONHAvE IGWeriesisiene (td banitype), B parasitic | n
this case, as shown in FIG 21A, the el ectron noves along the | owest part of
t he oxi dehaunel amydheciosned.whlkeseipes, énis perfetablel thet & formation method innvhich ace
bet veen gialth 3 381034 Bhpfischd BARD Wi eI hh &2 %iHning
hydrogen as little as possible. A material having a high barrier property is preferably
used for the insulating film 612. For example, as the insulating film having a high
20  barrier property, a silicon nitride film, a silicon nitride oxide film, an aluminum nitride
film, an aluminum nitride oxide film, or the like can be used. When a plurality of
insulating films stacked is used, an insulating film having a lower proportion of nitrogen
such as a silicon oxide film or a silicon oxynitride film is formed on the side closer to
the oxide semiconductor film 605 than the insulating film having a high barrier property.
25  Then, the insulating film having a high barrier property is formed so as to overlap with
the source electrode 607, the drain electrode 608, and the oxide semiconductor film 605
with the insulating film having a lower proportion of nitrogen between the insulating
film having a high barrier property and the source electrode 607, the drain electrode 608,
and the island-shaped oxide semiconductor film 605. When the insulating film having
30 a high barrier property is used, impurities such as moisture or hydrogen can be

prevented from entering the oxide semiconductor film 605, the gate insulating film 603,

or the interface between the oxide semiconductor film 605 and another insulating film



WO 2011/ 07837387PCT/ JP2010/ 073478 In FIG 21B, when a negative
voltage is applied to the gate el ectrode (GE), holes which are mnority

carri ersz‘gg?ogéggﬁnt ially zero; therefore, current is %ﬁ&fﬁfﬂi%ﬂgﬁh&ose to

zero. [O r exanpl e, even when &1 el enent has a channe (W of
1 x 106 pmand a channel length (L) of 10 gm OFF-state current can be |ess
than or equal to the neasurenent limt of a sem conductor paraneter

anal yzer, i.e., less than or equal to 1 x 10-13 A at a voltage (drain

|
vol t age) t - 1. o 0 - hec. | I Ir 1V
Vo 107y AA3HE ShiliBFuSRUECAnddifildho e AMflatdiCath Baling WA6heP fiopBioll AT 1
OFF- st at enittogenesath deasilicyn oxdie dimi o af siliconIdXk yatidefilng islfd®med\sd asno tetina

vol t age between. a source el ectrode and drai n el ectrode_of the transistor
of 3 V. 199nAREWith $a5 0% figmicgn yelprdtie 6, 50 af therfgsulatieg il fsmed psiwg oxi de

sem cond 11 14005 | e PSP 1 for a
sw t chi nnghC IT(g,llg%:rrrltéjnl%ﬂ;livxllﬂgl1 % ﬁ%él tor eésl'rﬁg%ge%rg};c%]% ﬁprjsﬁt or a(gferb@g)pégg ?o??&gggﬂ?ﬁe
OFF- sfat ewitithe@xidestmidomdoctanfins 68¥. was neasured by a change in the 15
anount of Ogﬂﬁrge in the storage capacitor per a unit hour. That is, the
O:F-state[ rent density of the transistor in which the highly-purified

oxi de sem condugtiRis drhbdbilnenty IR ikulaing NElhi 62 | RYRIg §3hublrd &S wHidaa or
equal to 100 zAhim preferabl’};. | ess than or equal to 10 zAhim nore

pr ef er ablsfliqoagnitridg fHmphaving, & thickness oAHRAA np dogred wish a spviteringamethod ishe

oxi de sem k1l m.k ' ' rj 4.l ch _as

noi st ur e@éaf&ﬁ%‘?"téées F\ﬁé(‘))t“ ?ggéettﬁhﬁﬂéxnr%? E\méﬂél%gso%gzrqd%’% f#%ﬁo&#%gg%%%n%nduct or
are @ont anetked afotméd.| eTheSsupsteate kdngpermbieria lfilmt foematpar @by ®8 highet than or

transi stor can be favorable. [0298] 25This enmbodi ment can be inpl emented by
bei ng corfSRAde reem fgmpesinreand lapenthapor equal tae300) v andyiadthisicmhedinenbds nent s.
[ 0299] (Elrgaq,@ ment 5) In this enbodinment, a transistor including an
oxi de semniconductor filmhas a 30 structure which is different fromthat of
t he trangogrer of Enmbodinent 4 is described. [0300]

Note that after the insulating film 612 is formed, heat treatment may be

15 performed. The heat treatment is preferably performed in a reduced-pressure
atmosphere, an inert gas atmosphere such as a nitrogen atmosphere or a rare gas
atmosphere, an oxygen gas atmosphere, or an ultra dry air atmosphere (the moisture
amount is 20 ppm (-55 °C by conversion into a dew point) or less, preferably 1 ppm or

less, more preferably 10 ppb or less, in the case where measurement is performed by a

20  dew point meter in a cavity ring down laser spectroscopy (CRDS) method) at higher
than or equal to 200 °C and lower than or equal to 400 °C, for example, higher than or

equal to 250 °C and lower than or equal to 350 °C. In this embodiment, heat treatment

for 1 hour at 250 °C in a nitrogen atmosphere is performed. Alternatively, RTA
treatment for a short time at a high temperature may be performed before the formation

25  of the source electrode 607, the drain electrode 608, and the wirings 609 to 611 in a
manner similar to the heat treatment performed on the oxide semiconductor film. Even

when oxygen deficiency is generated in the oxide semiconductor film 605 owing to the
pervious heat treatment on the oxide semiconductor film, by performing heat treatment

after the insulating film 612 containing oxygen is formed in contact with the exposed

30 region of the oxide semiconductor film 605 provided between the source electrode 607

and the drain electrode 608, oxygen is supplied to the oxide semiconductor film 605.



WO 2011/ 07837388PCT/ JP2010/ 073478 In a manner simlar to that in
Enbodi nent 4, a nenory device illustrated in FIG 12A i ncludes the n- channel
transi st sthe p-channel transistor 521 each of , b/oE,

crystall ﬁ&gggﬁf@g%n In addition, a bd#% omgate transi stor Jgg)d /\I\ﬁl c has a
channel -protective structure and includes an oxide sem conductor filmis

formed over 5 the n-channel transistor 520 and the p-channel transistor 521
in FIG12A [0301] The transistor 630 includes a gate el ectrode 631

provi ded rovi ded
bver the ShEipeifif bRt frepldnReaEoxile da o BRAo inl B0 In TpfEWRATT 120
with the tgamumtmgtfﬁlﬁdelﬁ?dxygm defitiengathat i&vemyhatmag isf tedaeda32nd thechannel
protective film 634 which is provided over the island-shaped oxide

seni cond dighiomelrig gompopitio Faliq ¢an b sakshigde s 2resvlbdhe %Fée gemicoBiietef sour ce
el ect 1 0desii3 805 2n elfdlid) 16 'bRCAd 6&%@%1&&0@&%0 P! ABdafiiAlly LRpeOx! de

sem conductor film 633. he transi‘stor I nc
i nsul at i rgmi¢dndu@si7 fimov i Akedrdingly, b]@etrmxchhfaamtm rufuthbotraﬂsudtam 6518 bas its
conmponent.

hanne rotecti | m 6§34 can ent a
por 1 on dimBRed g atinn iSRG CHOANT chARBRYS G iTERoL cab e dogedl
for mati onihmgioPthis hé# WeelcnPistRIBaGdulany FindiRH RS I6HeSR 1(ifs(ﬂfteleﬁh§m1n?dtlon
reduction inthickness due to plasma or”an etchant” in etching). Therefore,
rel i abi | iafytheinsulating fitmHld; and @mhqgétrﬁatpwm/@@ bﬁmeerm@Q]Wlthout lncmsmgor gani c
mat eri al nt 5|I|c lcon n|tr id si.licon
oxynitri c}ﬁg hm %Hﬂg%liflgc umg Pﬁ BYJ %8‘)(1;?}? r% ?S ergtep W& fif 195%& tﬁegﬂn% used

for tibe cfbamaianpﬁ affes résie fﬂml o1 hicat . treblfterithfan rteducﬁb@tcﬁcmb Mesiéthhd® 684 can be
formed by a vapor deposition nethod such as a plasma CVD nethod or a
t her mal Gmswé%%endwvaﬁéa sotiet the prige ﬁ@pmaducmrtfém @Qvcanbeppadeda bef t he

channe! prakgsd ikBediduloPAfin of A SusaREn| DR AmiconRiQGERRR] bY et chi ng.

Here, the channel protective I'n such a manner that a
silicon dR2dg filmis forned by a sputterl ng nmet hod and processed by

et chi ng using sk fornmedq by p thor 04 By .usi he

i norgani c mate g? hi3as H‘&Y(? k Wpﬁx@n&‘é‘lﬁ }5‘1%?18}3 ]\3 a&?alct‘n 634,
even 19hen Xy &efddd %TdyQieEfBﬁi{ed o 490 %{'éﬂa?ﬂvitlﬂtﬁehﬁldydeﬂﬁc&n@ﬂé@f)ﬁﬂﬂ 809byfilm
633 owng to heat tréatnent for reducing noisture or hydrogen, a reg| on of

t he oxi depattemminzothe cordrtiselim g PAGED/the backsga®electrode is formed, an insulating

film is formed so as to cover the back gate electrode. The back gate electrode can be

formed using a material and a structure similar to those of the gate electrode 601, the
electrode 602, the source electrode 607, the drain electrode 608, the wiring 609, the
20  wiring 610, or the wiring 611.
[0278]
The thickness of the back gate electrode is 10 nm to 400 nm, preferably 100
nm to 200 nm. In this embodiment, the back gate electrode may be formed in a such a
manner that a conductive film in which a titanium film, an aluminum film, and a
25  titanium film are stacked is formed, a resist mask is formed by a photolithography
method or the like, and unnecessary portions are removed by etching so that the
conductive film is processed (patterned) into a desired shape.
[0279]
The insulating film is preferably formed using a material having a high barrier
30  property which can prevent moisture, hydrogen, oxygen, and the like in an atmosphere
from influencing characteristics of the transistor. For example, it is possible to form a

single-layer structure or a stacked-layer structure of a silicon nitride film, a silicon



sem conductor film 633 which is in contact with at |east the channel
protective film 634 can be supplied with oxygen and oxygen deficiency which
serves as_a donor can be reduced, so that a structure which satisfies the
st oi chi on¥PPH/W8HPosition rati o can B8 obtai ned. Ther ePSTEP2UKB¢ Fanne
formati on region can be made to be an i-type 5 sem conductor or a
substantially i-type sem conductor, variation in electric characteristics
of the transistor due to oxygen deficiency can be reduced, and the electric
character i ] . £anRs| s

further 1h§%kg) q@ggénagﬁgﬂe gg?@gz%ébyg@&ﬁh%n?§nb§§8%%??%% #ﬂﬁn?ggY The
back gat &sedre(i)’isﬁlhﬁﬁglﬁhﬂ having £ highsbirfieo peopety, by td phsmbaOVBl miethodptai on
region in the_ oxide sem quftor film633. Further, the back gate

el ect r odeSPHESFINgemEthog PY g’& i & Qrder o obfadn R effert ofha bagIes PRRSTLYothermy be

i a Stalga el Silhie PAElbAAOAE] £ BRSS9 (Mo o pafAgt i al - In

the latter cas back gate el ectrode may e supplie e potenti al
havi ng tHﬁ2&Hne | evel as the gate electrode 631 or 15 nay be supplled with

a fixed potenti.al, .suc Qu ot en entia
suppl i ed Lo thé“B‘HEﬁ“’@&?sé“eé‘ %&‘Pﬁ‘gaéﬁ‘igsﬁifb P’éﬂ“f 'd’ 3ﬁ§ b@éhol d
vol tage QflasaiieCVIDRRRRIAOT TAS Gnsuddtin qnﬁpﬁtfoehw@ndérqﬁ@%lld\ﬁn caﬁameﬁs .simlar

to that in Enbodinent 4, a nmenory device illustrated in 20 FIG 12B i ncl udes
t he n- chethméulmxerg@ﬁsﬂ@t mte 56 seena; 1thhé10pv odte oh dinitregensinenexids N-Mais 1808f  whi ch
i ncl udes ?f%“h | Nelel % bon a bottomcontact transistor 640
|nclud|nd goﬂﬁg%? |s formed over the n-channel

trangpst qp2&i40 and the p- channel tran3|stor 521 in FIG 12B. [0307] 25The

transi stor 640 includes a gate el ectrode 641 provided over the insulating
film532, a gatlhroughythe jabeyerdasarilgdl siepsy p dansisierr 620 cthatfencivastasode 641,

2, Sour Ce Gl @A ANl Bl Pl R SCEA0GR S Wb RSO feghiover

t he gate 1T nsulating an OXI semc ich
over | aps foinh ha tphasegiatérsioheeltmente and la cIjamﬁ)f 2623 aieofortdd. Milotd hidt e
i ncl ude an |nsulat|ngﬁgkln1646 provj ded over the oxide 30 sem conductor

fil m 645 C3RAGHPE 623 %, fl Inarggion whete the,glestrode @y pndythe;squrce plggtrode
el eCtlgod%ﬁ‘b%eﬂ:gﬁjwﬁtheeaﬁlﬂ BinRr §htBGhe g&l@ @%fadng nf@ﬁlewf a;l?érgos%a%ér etivBgD that
g 1 bed In

of the bottomgate transistor desc odi nent I'n order to prevent
di sconnedY¥oatealsofthaththe apabitos 623 ¢onalumicessafilyl fordéd over thecsainat layer as the
urce e*ectrode 43 and the drain

Speci fical l thi ckne s of the

of et r oddBHsoL P2 BT RO 300 BT G dFH Bbl e oK tho o7 e oo the
n-channel transistor 520 and the p-channel transistor 521.
[0282]

20 The transistor 620 includes the gate electrode 601, the gate insulating film 603
over the gate electrode 601, the oxide semiconductor film 605 which is over the gate
insulating film 603 and overlaps with the gate electrode 601, and a pair of the source
electrode 607 and the drain electrode 608 formed over the oxide semiconductor film
605. The transistor 620 may further include the insulating film 612 provided over the

25  oxide semiconductor film 605 as its component. Note that the transistor 620 illustrated
in FIG 11B has a channel-etched structure in which part of the oxide semiconductor
film 605 is exposed between the source electrode 607 and the drain electrode 608.
[0283]

Although description is given using a single-gate transistor as the transistor 620,

30  a multi-gate transistor including a plurality of channel formation regions by including a
plurality of the gate electrodes 601 that are electrically connected to each other may be

formed as needed.



[ 0309] Note that the transistor 640 may further include a back gate
el ectrode over the insulating film®646. The back gate electrode is forned
so as to overlap with a channel formation region in the oxide sem conductor
fiIn16455Vﬁ&PPHE$”3the back gate el ect§dode 10 may be el EETHPRAIPI4T8sul at ed
and in a floating state, or may be in a state where the back gate el ectrode
is supplied with a potential. In the |atter case, the back gate el ectrode
may be supplied with the potential having the sane | evel as the gate
electrodﬁ @ﬁ or may be supplied with a fixed potential such as a ground
potential® e |level of the potential supplied to the back gate el ectrode
is controll ed, Néterntkdyhé bﬂergtnrbaﬁdlghpiomid agide $émiebndudetort ik eV 36 G5 640 can
be contralled. [031 4% manner S|nllar to that in Enbodinent 4, a

menory debheckand |$am>s? Heon %badpenéétae pard geref epflium witfigeae 32@AYiador 520
and the i t

11 con. T SYIERELATE O atsbofttetimisis gt AL L BREUE! Hplldttie,

sem cdnduhesmrcoin;iound sempicondwbtats ovdr as sibcon chbide ehd gakiosi sitride &2@imital t he

p-channel transistor.521 in Fl G 12C. 3 . The tr.ansj st or 0

el udes 10 ERRIE SSPisgitute ButaciiEy afediil wids band GRS eBHORHELR.

provi ded @Mfiktetiifics BEthWild bahd 'Bap3R. adAnRBHS RETpROH dgttﬁé Withstan@53 25
which is provided over the source el ectrode 651 and the drain el ectrode
652, a gamétagmcdmngdge tlerimcaoweplasy e scmigenductos dexiceanddid Bkmduct or film
653, and te el ectrode 655 which overlaps with the oxi de sem conduct or
film 653 v ' the gate insulating film®654. In addition, the transistor 650
may f1Qrther i ncrtdwkﬁreamhb Neo pdluhd Gsefnlidoind 6E6r @ﬁ@l\/lad%ﬂl&ﬂe(faﬂhhe @aglighect rode

655 as its conponent 0[ 0312] smaller than that of the bottomgate
transi st dHtride giepdsymuch hl %U&Fﬁ"f‘é rﬁ%maerawr%?rdw%mpip@p@rﬁtura thapdhe8gideon of

t he oxid ct A

t hi cknesgsggﬁ%;nﬁﬁﬁgysgg‘r cgr&el[&eg?ﬁ%e Ay %E(if %ﬁ%&‘t %aﬂ?@?g% %&éﬁ 12 0 Sﬂ%&g‘ are 10
nmto 20Groeess emperitaly ¥f pAllibhMitede/ B abBut 316B2E] which does! ﬁbttzm%wmmar y
device which is one enbodinment of the present invention, a phase-inversion
el ement, farmationconeng sliconevvefer dha oah@elqbl@nfrﬂac;aﬂlncgrwdgla@s strbaﬁgtpsvhnsem ch
S U aghure WS Al RO Berua! Bl R soadickal. suBsteAles 10 FI G
23, a Ccross-sectio o? a menory dév Whi %ran5|s OFS

i ncl udi ngnd furthertthe ih&npamdcsamumor 6anfn0f msbpmewvhan thiedisd St Dgub¥drateh i s

formed using the bulk S|ngle crystal sem caonductor substrate is illustrated
as an exd?rp‘P@'eaﬁeéz’B fg]t at the mass productivity of semiconductor devices using the

compound semiconductor such as silicon carbide or gallium nitride is low. In contrast,

the oxide semiconductor can be deposited in heat treatment at 300 °C to 850 °C so as to
20  be deposited over a_glass substrate. In addition, as described in this embodiment, it is
possible to form a semiconductor element using an oxide semiconductor over an
integrated circuit using a normal semiconductor material.
[0286]
Next, how characteristics of the transistor are influenced by high purification of
25  the oxide semiconductor film by removal of impurities such as moisture or hydrogen
contained in the oxide semiconductor film as much as possible as in this embodiment
will be described.
[0287]
FIG 19 is a cross-sectional view of a tramsistor including an oxide
30 semiconductor. An oxide semiconductor film (OS) is provided over a gate electrode

(GE) with a gate insulating film (GI) therebetween, and a source electrode (S) and a



The menory device illustrated in FIG 23 includes an n-channel transistor
661 and a p-channel transistor 662 which are provided over a sem conductor
substrate 660, a 15 transistor 664 which is provided over an insul ating
film663 WOBHIHEBhe n-channel transi&tor 661 and the BCEHBHHEP7Hnsi st or
662 and which is used as a capacitor switching el enent, and a capacitor
665. [0315] Al t hough the case where the transistor 664 includes an
oxi de sem conductor in 20 a channel formation region and has a structure

q  bod. | : ¢ . ; ' ¢ b
hat 111 et PR et ARqRER YR AR InCHARRL fum' BoSHEN Gl B P
subst r at esofifilé etedtrobe (S)fant tiexdmajnl ctectaddsi(Dyl e crystal silicon substrate

havi ng n-tg@ or p-type conductivity, a conpound sem conductor substrate
25(e. g., [928$las substrate, an InP substrate, a GaN substrate, a SiC

substrate, a s } [ , hg_Ari - |In FIG
u Fnehe & aa%éfg,ry%ﬁd da[gr@i, ﬁ‘s’i‘ﬁeﬁﬂﬁé Elfa?}aﬁé aggvg 4nh8-A'lsK&ion

23, the case where a single crysta con substrat I ng n-type

condudt i villustrated inskEIG:. 19. | Inl El€i 26t eblacls cacle € X)eand| 2whit®8itcle (b)repetdeitiann, t he
n- channel transistor 661 and the p-channel transistor 662 are 30
el ect ri calecjronand ahode pad haveglestih eharges (z8i v respedtivelyng The caseosbere por

formati on of. the,el eqent Al saol af.i Lnsul at, i 666, a,.selecti xe.
ot ot 1 orpobisivk 3SR o) RODBHLOI hO Bt bisAfhde(lian® o vRsgeE 64 1 Bisc,
i sol at i omppEEd @6l thed Bate hdedtiode (CIE% ipghowathby dMRed lines, and the case where a
2011/ 07837392PCT/ JP2010/ 073478 [ 0318] In a region where the

p- channelpositivagpYegsr (VB620) 1 applierkie, theydraiyeleetrasg| (Dd andia positive velsigei(¥of or ned
b ti l i ot rodyci ' L LY. t o ti -1
oonauD; vt 1o e 5 i e, ABplso (e s ShATE s, ol s o B B R Berey pe

conduct | Wohigisirbt itkd t8thd FEIbiOMR! (S crfBA(ah et B ) ¥ ABY bi Vity
may be sel ec%l vely introduced to a region Mhe n- channel {transistor
661 i s fdherexide semichnducter fHmEDS) side,/from thosonser elp@®Hg](S) owing to the high
potential barrier, so that current does not flow, which means an OFF state. In contrast,
when a positive voltage is applied to the gate electrode (GE), the potential barrier is
15  decreased, so that current flows in the oxide semiconductor film (OS), which means an
ON state.
[0289]
FIGS. 21A and 21B are energy band diagrams (schematic diagrams) along a
B-B' section illustrated in FIG. 19. FIG. 21A illustrates a state where a positive voltage
20 (Vg > 0) is applied to a gate electrode (GE) and an ON state where carriers (electrons)
flow between the source electrode and the drain electrode. FIG. 21B illustrates a state
where a negative voltage (Vg < 0) is applied to the gate electrode (GE) and the
transistor is in an OFF state.
[0290]
25 FIG. 22 illustrates relations between the vacuum level and the work function
(¢m) of a metal and between the vacuum level and the electron affinity (%) of an oxide
semiconductor.
[0291]
At normal temperature, electrons in the metal are degenerated and the Fermi
30 level is located in the conduction band. On the other hand, in general, a conventional

oxide semiconductor is an n-type semiconductor, and the Fermi level (Ef) thereof is



Thi s enbodi nent can be inplenented by being conbi ned as appropriate with 10
any of the above-described enbodi nents. [0320] (Enbodi nent 6) I n

this enbagdptp\losdsStructure of a nenory device which igcg}}gzoq{m%q%mnt of
the present Tnvention will be describe In the nmenoty device, a transistor

15 including a highly-purified oxide sem conductor in a channel formation
region is used for a switching el enent which controls supply of a power
supply potential to a nmenory elenent. [0321] In FIG 13A, the structure of a

menory deyj j Hr(‘g&' Syl . e . The
menory dglé{:aggd ?%a[‘%@;h?acg e %HE}P@ X%C/l Al“%g %@géﬁ?%?ﬁg@%?@éﬁ%ﬁphﬁl and a
menory elieisratedgnahipceh®3 of ntd batidngapa Notw thhat it Yis Riiowie that pare b hpdibgerdin.

Speci fically, ‘%ﬁ each of the mam):f}/ el enents 402, a nenory el ement  having

any of t HBe OxXidscsemisandustor Ssepied asnd BRBYrf ARG of fagiors thatmake jhe @xideach of

t he menor 4021 Lfdr L ; '
supplied évémnﬁéh&lgﬁézt%ﬁ?}lll gﬁﬁ?ﬁeﬁl 9‘%@&‘5@"5 l?%&qgﬁ%g%/%ﬁ{g?g}a@%%%ﬁ%g a{js%gmg\%nt chi ng

el enent 4B8Dne pfithefectprsebatmakfe théexide somigomduetaitive d8¢pd conductdtyi n t he
menory elca t group 403 is supplied with a potential of a signal IN and a
| ow | evell ggaer supply potential VSS. [0322] In FIG 134, a transistor

i ncl udi ng an oxhdeosedt,cendusd OémbédimerNadiNehe 3prebit MhivieRiiod, ©@hORBxide used
for the switching el enent 401, and the sw tchi ng of the transistor is
cont r ol | egmigpnguetppisanadgite baas ipgpnsie (i-type)semigoadutterer extremeheslessito agi nce

e bl aRtabd BRI o BT i anasteor 1 <
channel fsemi@inidodtor, dggon putiffing tiad oxidel semivondscterxéuchrdtyar ity deisgr i bed
above. than a main component of the oxide semiconductor is prevented from being contained
therein as much as possible, and removing oxygen deficiency. That is, the oxide
semiconductor becomes an i-type semiconductor not by addition of impurities but by
removal of impurities such as moisture or hydrogen and oxygen deficiency as much as
15 possible to have high purity, so that an oxide semiconductor which is an intrinsic
(i-type) semiconductor or is extremely close to an intrinsic (i-type) semiconductor is
obtained. With the above structure, the Fermi level (Ef) can be extremely close to the
same level as the intrinsic Fermi level (Ei), as indicated by arrows.
[0293]
20 It is said that the band gap (Eg) of an oxide semiconductor is 3.15 eV and that
the electron affinity ()) thereof is 4.3 V. In the case where titanium (Ti) is used as a
material for forming the source electrode and the drain electrode, the work function of
titanium (Ti) is substantially equal to the electron affinity (x) of the oxide
semiconductor. In that case, a Schottky barrier to electrons is not formed at an
25  interface between the metal and the oxide semiconductor. There are materials that
satisfy this condition besides titanium.
[0294]
In this caée, as shown in FIG. 21A, the electron moves along the lowest part of
the oxide semiconductor, which is energetically stable, at an interface between the gate

30 insulating film and the highly-purified oxide semiconductor.
[0295]



[0323] Note that in FIG 13A, a structure in which the switching el enent 401
includes 5 only one transistor is illustrated; however, the present

invention is not limted to this structure. In one enbodi nent of the
present iWOSAYER73t he switching el end%t 401 may i ncl ud®CAIBPUPATHTR, of

transistors. In the case where the plurality of transistors which serve as

switching elenents are included in the switching el enment 401, the plurality

of transistors may be connected to each other in parallel, in series, or in
I

conbi nation of .1 a | el connect.ion and serigs, connecti on. 3

A though ¢he. sl dafh ALB. PR A hersive Snaes & Apbed fE I St Shctiods {Ebeve
power supies WHItR afd Alinoitl chidieRAst seﬁst&hmlgam; Yhe2tOrE Rhieft(s ekitehetged in
the nenory el ement group 403 in FIG 13A, the switching el ement 401 fay

control tadesei®zerapply of the | owlevel power supply potential VSS. In FIG
13B, an %%@I e of a menory device in which each of the nmenory el enents 402
i ncl uded 1'n” t'he nenory el enment group 403 is supplied with the | owl evel

power ssupply pHoeBkindple,\6ven Whn ah @1cmvdnt BAY Héhadh&lRwath (g@]ofi 1Sx 1% pstangt ed.
The supply of the |Iowlevel power supply potential VSS to each of the
menory elacokannel kogthi @9l ofdtd vinm OHE-stateronirens| camebe 1630 tharoop eq@d toathebe

controlled by the switching.el ement 401. [0325] . xt, a structure of
a transi S UBELIBHRLA 8 “eabaﬁﬁ@eé ﬂ%%}#cr,drépih’fﬁ'\t'ﬁwg%wuefm bie or
hi gher cuprent ¢ M&%Q%ml ﬁisag&)qfet\b&ﬁll HE SN Q¥dddend 8 GARAUELRIGe! N @

channel formation region | rated 1 n Enbodi nent 4 or Enbodinent 5 will
be 25 dexfifidmed.V By 10V. nAcrotding &0 sicasurdmeritng transisiorncant haye taumeck werhe

switchin ement 401, the reliabilit f the ry device capn be further
ncr dls e PITRIE Gt denstE anct Brirem a0 25D A i GO JFEE 5 o
por ti ons J@uideQidcHpad biths dedittledfrodebfithOR EnsiioFdTaO¢ MRivhe ﬂnﬁﬁurﬁﬁ@ﬁ’@'h”ﬁ”t S
can be fornmed as in Enbodi nent 4 or Enbodinent 5, and al so the sane steps

as Enboditramsistod ingtudiingho Hightynpurifiash oxidesestiequlugtor Silmiahdp 106-nmhttiek gdte

Enbodi ment or odi nent can .perforned.,.n a manner simlar to those
o Eboar i B BrHsCRT v PeabE elsHett Sutich Sofntiiesof i Rl ner cor
i's om tt edpacithf)adl IHd OFBH(aA0 ¢inedt IT AR Bakkisiér/Wad Mddduked by a chahgt inltfe 14A, a

cross-sectional view of a transistor 420 described in this enbodinent is
i |1 udbr atagpuntptcharge i the tstyaga €apasiton per & umitshairor Thatols, thec PFEstatect i onal

vi ew al ong, 8, da3HRAof iHSrALER ih WG 4Rei9 pLAREE BYRe SBmidoGaddéy fifth 0327]

is used as an active layer can be less than or equal to 100 zA/um, preferably less than or
equal to 10 zA/um, more preferably less than or equal to 1 zA/um.
[0297]

20 In this manner, the oxide semiconductor film is highly purified so that
impurities such as moisture or hydrogen other than a main component of the oxide
semiconductor are contained as little as possible, whereby the operation of the transistor
can be favorable.

[0298]
25 This embodiment can be implemented by being combined as appropriate with
any of the above-described embodiments.
[0299]
(Embodiment 5)
In this embodiment, a transistor including an oxide semiconductor film has a

30  structure which is different from that of the transistor of Embodiment 4 is described.

[0300]



The transistor 420 includes a first electrode 421 over an insulating
surface. [0328] The first electrode 421 is fornmed using a netal

el enent sel ected from al um num chrom um copper, tantalu titani um

mol ybdenuP 20UAG8Y78n, and yttrium 10 &hn all oy contai ni Hﬁg}dﬁﬁnﬁ(fmﬂ%se

netal elenents as a conponent; an alloy containing these netal elenents in
conbination; or the like. Alternatively, one or nore netal elenents

sel ected from nmanganese, nagnesium zirconium and beryllium can be used.

[n addition, UNg fihSheGlisfly R HEGROIDRNE 4 SO deONE Rldgt pr © OF 2
stacked structure having two or nore Tayers. For exanple, a si ngal e-layer
struct ur eFIGE 12A idduddsuhé Hefrirel Faf9bR520 ol the lp-channel arah¥otor g Eeacht sfuct ur e
in which a titaniumfilmis stacked qver an aluminumfi|lm a two-I|ayer

st r uct ur evhigh ygsledes grystalling siean. | dn jaddition.ca boftasmrgatedransistos 63Q whichrhasy

t hree-1 ay, L j i ) I il F I d a

1t ani um T EHEDRER SnithlcE dnd idchR  Be; i R BLGTRE R ool o5

Al t er i9at i the nychamnel trangistan524 dnalythé pichanmel transistor 521einfRIGM 2éki ch cont ai ns

al um num[%% one or nore elenments 20 selected fromtitanium tantalum
tungsten, ]r}ybdenum chrom um neodym um and scandi um may be used. [0329]

The first el ectyR0earlRlor%B0 REILHL BdteUlédtbdR 631 PrboilERBIET the iiﬁ&l&ﬁ@du?t ive
material such as indiumtin oxide, indiumoxide containing tungsten oxide,

i ndi um zifilen 382,0x igate ioswlatiigfilg G32nprovidad mvietighe patelielgetrode #31.camioaidei ng

titani um oxi.de,. i.ndi.ym L1 xi,de cont ai nj titan um oxide, indium zinc

oxi e, orsertistgu P! 8, baE Ry R R Ol ol BPEOEEREE ovER B, O
the fior stingllgGder @itk 423, gachdnavie peotedtek fitinl 634wtk Ust procidedr 6®4 thei ng t he
above light-transmtting conductive naterial and the above netal elenent.

30 [ 0330]!shpdshaped oxide semicondudonfilan A3 to evsrap avithrthe gats clechrpdnesliadt a
conauct 1 vesdurtdbiedidde083 3 ‘i erdlnehide G58/ Difidft EPe BRRAMD GUERRAE Bk
IS 1Torne rrmin a

met hod, a resist nmas over the conductive

phot ol i t senriambdyctpr ke 633. dhe trdsisco630atdwarthed include et aiseldting fihg 68e
resi st mask.. Alter ati\zﬁflb%e, t he firgiiql% gctr.ode 421 is formed by a printing
met hod orPTaHded Ry theeideeemirendygtor g°> 35 BREPBPPIMbgr aphy process, so
that yshe [pypjer of steps can be reduced. 5 Note that end portions of the
first electrode 421 preferably have a tapered shape, so that the coverage
with a gate indibeachangel jprotetidvarddnl 3¢ cag preperdv ad poiiean of hibe angide

bet ween the.en or tion the first electrode 421 and the ipsul at.ing

our face CURICRNARY FE" 67 SYRED e Aoertdl Sl ceffnafEn PR o
equal to dafigedih 4 R&S stopdfordxa@pleatedubtidilin tRicRh&E dbé Yo Pagai 6f ad Bdfar’ equal
to 40 and less than or equal to 50, the coverage 10 with the gate

i nsul at i rig etching).f oFaseforearediabdiy obtheitrppsisipr gan beymmprved.
20 [0303]
An inorganic material containing oxygen (silicon oxide, silicon nitride oxide,
silicon oxynitride, aluminum oxide, aluminum oxynitride, or the like) can be used for
the channel protective film 634. The channel protective film 634 can be formed by a
vapor deposition method such as a plasma CVD method or a thermal CVD method, or a
25  sputtering method. After the formation of the channel protective film 634, the shape
thereof is processed by etching. Here, the channel protective film 634 is formed in
such a manner that a silicon oxide film is formed by a sputtering method and processed
by etching using a mask formed by photolithography.
[0304]
30 By using the inorganic material containing oxygen for the channel protective
film 634, even when oxygen deficiency is generated in the oxide semiconductor film

633 owing to heat treatment for reducing moisture or hydrogen, a region of the oxide



In this enbodi ment, as the conductive filmfor formng the first el ectrode
421, a 50-nmthick titaniumfilmis formed by a sputtering nethod, a

100- nmt mgé??ﬁlédt.;g%zgum filmis formed, and a 50-nmthi CkPHl‘I‘J@%HlH/m%HI mis

f or med. ing is 15 perforned 8%sing the resist mask forne n the
phot ol i t hography process, whereby the first electrode 421 is forned. By
formng a resist nmask using an inkjet nethod instead of the resist mask
formed in the photolithography process, the nunber of steps can be reduced.

[0352] 2QThe. it} 8@ ARid SR, @ 0ok s SREmh Yl AE RERGARIuCt o

Irst electro e oxl de sem cohductor Ti1l1m422 can
be f or nectahybeasupplitd evithngxygeh had oxggapdeficiencyewhiel,setvepras rat doi@r reah fved, or
the like. ILn this enbodi nent, ,al[lter, an oxi de sem ¢conductor filmis fornmed
by a sput®#eHgShibahagiracrute whish satisdies dheostoichipmeina compesitinn gEio can be

sem condyfkfhed | ' TRrStol. 68 S hhdl YofnAide Sédi i ag.Qr the
li ke, so%ate({t heﬁ}eg gna-sﬁ;cglednétl)%de édglm %ﬁgﬁﬁgﬁeﬁﬁ%zgéﬁ ng)%ed

Mor eover ,semiieonductde e na c sulshtanttiolly f idtypec asentieorfdoctoed ‘ayiatiors pint t electrig net hod
under a rare gas.(fqr, exanple, argon) atnpsphere, .an oxygen atnosphere, or
ot mosshRE RIS tuf 4 SYesh (BBERARLCin FR et b BRRNE] 0329]
30Not e t hphrabReistidsCdah Be itpfove®r M ng the i sl and-shaped oxi de sem conduct or

film422 may be performed in accordance with description of the etching of
t he oxi dd03@dni conductor filmin Enbodi nent 4. Note that the angle forned

bet ween the en i &l and i em.cqn or film 422
ohi hets: for modvls Uk B daskfi 43p ARRIARLRINRS R FCGRMES Brep e

gr eatlor tihsulating fil611607. t Th3Mask gatk efestrbdais formedistods toveAsh withraechansdler abl y
greater than or equal to 40 and_less than or equ o 50, 5 whereby the

al t
cover age fofmationfegign inthe pxiflesemigpnaygtas filgy633.s Fgthep dhg backzategleqirode
i nproved. ;()g@, . . j 1 nglm,g ilmis
f or med bym:I put?ﬁ]é?tflﬁagqy lgalg?&gﬁh 2%%?? Ig?{eges é%tg’ﬁ%rce}ﬁ?fgestﬁleﬁtg%t ro éeﬂ{AfZgldC#(s
pr ef er ablgater dedweld ibygupmiedrwith g potental. ndn ithe laktex basantharbgok ggeseledrode
i ntroduced d plasma .| s,.generated. . The reverse sputtering neans a 10
met hod 1 P FURRLEE, itk (be pptential iiving b Spbe 1EYRLAF M B31° ABEIIERT T of
vol t age trRayt B sEpphiel VAt a Tixd8  poiitial Such s34 GRJundi fifential) AheALBQHFALEOSPher e
with the use of an RF power source and by generating plasma in the vicinity

of the suwotantiaksupphigst to the\backigatn degirode iseonitoled veheaehythe theeshaldwaltaggen

at nospher hel | u t nospher.e r the like may be used. Alternatively, an
argon at r?ggbeﬁéarn lskoér& IC ts)%3%%/“6%%1,e&)'nitrous oxide, or the like is 15 added

may be ugesDe]Al ternatively, an argon atnosphere to which chlorine, carbon
tetrafluoride, or the like is added may be used. [0335] = . For the
oxi de sem condd®@dpasner gimilay to that in Fmbodiraent 4, Fememenydedenilishaedivr can

be usgd. FIG. 12B includes the n-channel transistor 520 and the p-channel transistor 521 each of
which includes crystalline silicon. In addition, a bottom-contact transistor 640
including an oxide semiconductor film is formed over the n-channel transistor 520 and
the p-channel transistor 521 in FIG. 12B.
[0307]

25 The transistor 640 includes a gate electrode 641 provided over the insulating
film 532, a gate insulating film 642 provided over the gate electrode 641, a source
electrode 643 and a drain electrode 644 which are provided over the gate insulating film
642, and an oxide semiconductor film 645 which overlaps with the gate electrode 641.
The transistor 640 may further include an insulating film 646 provided over the oxide

30 semiconductor film 645 as its component.

[0308]
In the case of the bottom-contact transistor 640 as illustrated in FIG. 12B, the



20 [ 0336] In this enbodi nent, an |In-Ga-Zn-O based non-singl e-crystal
filmwth a thickness of 30 nm which is obtained by a sputtering nethod
usi ng an i ,.conduct or target containing indium( ] (&),
and zinc ‘?énz?ﬁ/@gg%sed as the oxide sé conductor film E%‘/JP%I)/%E‘}% ar get ,
a netal oxide target containing each 25 nmetal atomat a conposition ratio
of InnG:Zn = 1:1: 0.5, IntG:Zn = 1:1:1, or In:Ga:Zn = 1:1:2 can be used,
for exanple. In addition, the oxide sem conductor filmcan be fornmed by a
Sputt or | RO cafh Bt IR SulBddabBE 628 bifd oY BN I BLBIRRIANE pr iy OO

at nosphere, or an atnosphere of a rare gas (typl ca , argon) “and oxygen.

I n the casmallef thanithat ¢f the Wottem-gege mahdistdr desciibed) i Embotimant d0inrder tat
greater than or_ equal to 2 wt% 30 and | ess an or. equal to 10 wt % may be
used for BTBYGH Aigcannection ofrihe oide sepHgqndgetoy IR 048 Jpreese e Rgstiic@lipt ai ni ng
In, Ga, 3Rdhluessel Bl sohRBRIRIEIEE addthg Brath a@an}devm arb 193nPlo FUal to
100 % preferably higher than or equal to 95 % and | ower than or equal to
99.9 % \Wm,\prefemblyss0 oin ta 7frminal oxi de target with high fill rate, the oxide
sem cond;p%&l filmformed has high density. [0337] 5The substrate is held
inatre t chamber kept under reduced pressure, a sputtering gas from
whi ch hydrogen Ndiél thiitisd t#iRisedres40aaRyY Affthies inchide AdbHeR Gatdd16ctidde dvELemENt
chanmber from which remai ning noisture is being renmoved, and the oxide

seni conduasuating film 64% | Eherhgekwateplestrode is fiognedisaas forayerlpp witha dfanpelnet al

oxi de as et . i.lmpfo I st r be
 aner ¢ Hamiohdbeion Ty e qRideioMRid etk it SYF2 Fibirr ORI o ke

pr ef @a0ablmaybgélectrichiininedlared aad it o fl3AGngstatedor e be ihastate whete tle Ba@ek400 C.
Filmformation is performed while the subsirate is heated, whereby the

i mpur i ty Snelestiadstis SHPRIicd with g Rotratialnile dv latie Fasei e task ate destiade
reduced. gy Selghoh el wiflAHRGBAiaP i e WamiE AByd Gs RREHAE LUockBIOB S or O

renove noisture remaining in the treatnment chanber, ent rapment "vacuum
punp i s pnaf be aipplied5vitls edfixeBgpotentmhpliah, asaa groumd popentmh i Be leuelpof the a

turbo. purBtarslTinehen RUE s PTGl S Red SR HE M el YR o °

evacyat echf\hd tarsReor@4P @Ry BB codtlle@xanpl e, a hydrogen atom a conpound
contai ning a hydrogen atom such as water (1-120), (nore preferably, also a

conpound [B3Hlai ning a carbon atonm), and the like are renpved, 20 whereby

the inpurity concentration.int OXl em conductor f.il.m forned.i.n the
t r eat ment charrt(gré(r';i Tans éc“n[rug’dlr}getgé?at lﬁ%ﬁ@‘iﬁ?ﬁmt i 5™ gﬁfl%ﬁ ,ll?ugggtgﬁ lléxarrple

of a fil rAIGOIZ@irchites ehedh-thaieDfrardsixord0dad 3keh-chathiet trafsidtod 501 B of
followi ng conditions are appl.ied: the substrate tenperature is 25 room
t enper at Wch {ncludes srystdline alicanen Ip Rditignsa top gate Hansister 630 dudluding an o nm

{Eg Boes 3}3&3 'génfaoédlﬁ%r hRR Qi pRSidedU6ves Nhe (PChal@VRfanSRE C50 8nd- e KW and
p-channel transistor 521 in FIG. 12C.
[0311]
The transistor 650 includes a source electrode 651 and a drain electrode 652
which are provided over the insulating film 532, an oxide semiconductor film 653
25  which is provided over the source electrode 651 and the drain electrode 652, a gate
insulating film 654 provided over the oxide semiconductor film 653, and a gate
electrode 655 which overlaps with the oxide semiconductor film 653 over the gate
insulating film 654. In addition, the transistor 650 may further include an insulating
film 656 provided over the gate electrode 655 as its component.
30 [0312]
In the case of the top-gate transistor 650 as illustrated in FIG 12C, the

thickness of each of the source electrode 651 and the drain electrode 652 is preferably



cont ai ns oxygen and argon (oxygen flow rate of 15 sccm argon flow rate of
30 sccm. Note that a pulse direct current (DC) power source is preferable
because t particles generated in filmformati r@duced
and the S?ﬁr%of@lé ness can be 30 unifdm The thi cknessQ(E)Elr‘rﬁtﬁﬁ)ellS)@Z?i4 e :
sem conductor filmis greater than or equal to 1 gm preferably greater
than or equal to 3 gm nore preferably greater than or equal to 10 gm
Note that the preferable thickness varies depending on an oxide

sem cond ' I 1 I g ' ' ]

determ ngsgﬁ gf)féﬁn ﬁé%%ﬁhs%r?g? g‘r#ﬁ? t &%g%?é@%{:@fﬁﬁ%?ﬁ%@? gelge%ﬁgrtem

hydr ogen, prayeht disgdnigetiorpof the dxidei sstucandacter €ibnt6aB fexdneaislater.t t Specificaipssi bl e
in the oxjde.sem condyctor film422, it | r ef er abl at the substrate
over whid eeiﬁ‘f}%}e?"’ﬁﬁgf SﬁPﬁ‘feiel‘FGTrﬁ‘i‘?@ﬂﬁfetiFBF’é‘E clef erg(}é“ﬁigng‘r'@ 209r med be
pr eheat edhgh NhréfePIbESEhing 76 h@dToer of the sputtering apparatus, so that

I mpurities such as hydrogen or noisture absorbed onto the substrate is
el i m pat d@3EHd evacuated, as 10 pretreatnment before filmformation. The

tenperature for_the preheating i i.gher than. or _ e | to 100 C and | ess
than or equal t tﬁ%é&eorﬁr V'é:ga‘ﬁﬁ%fig H?_&H%Fﬂibﬁawed‘? 0_23@%?%58‘3‘1‘%6“&‘0%6 | ess
than or ghded-invers®aOelements ad§witohiss alefeiit, Uihidt theriiké! Aag ihdludd@ aBReRt i Ng
chanmber, a cryopunp is preferable. Note that this preheating treatnent can

be oni t t evhicis maifaciured ysing jgibalkosingle £Tystd semigopduciorpubsirate plarfler 2Bd on
t he substr avar Wi LAY, : | ncl udi t L ect rode
are for rreada[gg _%Er%gg%{ﬁew%rogf& I on 5? #Rg&:fiﬂ?ﬁﬁgﬂg ?nléd QIl?(% ﬁlF@&ﬁ%} fin Bxide
ExanyDes seficndpetdi Brfomied@ich adransision shéhichnis Rbrnsqaluisigy the Gulkesiiigld crystabhi ch a
hi gh-frequency .power source is used for a sputtering power supply, a DC
sputteri %ﬁmﬁnﬁ’é‘ftﬂbﬂlps%ﬂlsduﬂﬂ%"ébasﬂé ?ﬁﬁ‘ﬁ’f"eri ng nethod in which a bias is
applied i[()3p4]pul sed manner. An RF sputtering nethod is mainly used in the
case where an insulating filmis forned, and a DC sputtering nethod is

mai nly used i n Theenereery demise allustratadain KIG) 23 iclfdes ae ci-cHafie] tfangiSton 668 di t i on,

there is a%ld Sa%—&l%('&ltt}a}lgigt%; 662 WRiC ta?fr: Iprnogficﬁ:a%%[era :} stinicondiictor rs]uf)alstrate 660, a

%

15  transistor 664 which is provided over an insulating film 663 covering the n-channel
transistor 661 and the p-channel transistor 662 and which is used as a capacitor
switching element, and a capacitor 665.

[0315]
Although the case where the transistor 664 includes an oxide semiconductor in

20  a channel formation region and has a structure described in Embodiment 4 is described
as an example, the structure may be that illustrated in FIGS. 12A to 12C.

[0316]
The semiconductor substrate 660 can be, for example, a single crystal silicon
substrate having n-type or p-type conductivity, a compound semiconductor substrate

25 (e.g., a GaAs substrate, an InP substrate, a GaN substrate, a SiC substrate, a sapphire
substrate, or a ZnSe substrate), or the like. In FIG 23, the case where a single crystal
silicon substrate having n-type conductivity is used is illustrated as an example.

[0317]
In addition, the n-channel transistor 661 and the p-channel transistor 662 are

30 electrically isolated by an element isolation insulating film 666. For formation of the
element isolation insulating film 666, a selective oxidation method (local oxidation of

silicon (LOCOS) method), a trench isolation method, or the like can be used.



plurality of targets of different materials can be set. Wth the

mul ti-source sputtering apparatus, filns of different nmaterials can be
formed to be stacked in the same chanber, or a filmof plural kinds of

mat eri al SWOIAWESY8r ned by el ectric di92charge at the sa%@TPP%BWFW4Phe sane
chanber. 30 [0342] chanber and used for a nagnetron sputtering nmethod, or
a sputtering apparatus used for an ECR sputtering nethod in which plasm
generated with the use of mcrowaves is used w thout using glow discharge
can be u369n3[0343] 5Further, as a deposition nethod using a sputtering

met hod, eActive sputtering nmethod in which a target substance and a
sputtering gas I QnRgivanvhékethe iedtiaaadll transResit 662 W fotmedCh rédibe'calied hng film
formation to forma thin conpound filmthereof, or a bias sputtering nethod
i n whi ch Poed 8¢ is formed Pyaseiactizelytiptredusingsan Hppurdy cleipent impartisg PatyPen can
be used. ] . t .1 e r -t he

oxi de s eﬁag%dﬁg)gg? orInftlhf r%a Szle\gﬁ%% 5&%@%&@%%}%?@%@%? él agﬁlﬁﬁ)s'{dhg i g},?&é%(}n;

at nospherie wtd,anni inepuritg aclementh imparting r oggpe aondwetivily emg@she asleotiyeden

at nosphere, or an ultra-dry air atnosphere (the_ noisture anount is 20 ppm
(-55 C bynt&qﬂ%f 19 BAegion yhgrelbg Nichaprg! tnsistos £61 45 Eprapedy g that gp m-well | esss,
nmore 15 prRferdfhya. 10 ppb or less, in the case where neasurenent is
performed By a dew point neter in a cavity ring down | aser spectroscopy
(CRDS) nf®3&J). Wen the heat treatnent is performed on the oxide

sem conductor film422. an oxi.de sem conduciar film422 in whi.ch I sture
or hydrogen istngfsi ‘?WA‘?P 8Ir&i c@n g1 .m@geéﬁw %‘aﬁcf,’{“%lﬁétast%%ﬂpﬁéﬁt%y be
per f @0 medn@bf theABeVe-ddxerib& etbiiieit. 300 C and | ower than or equal to 20
850 C (or_a tenperature |lower than or equal to the strain point of a glass
subst r at §320%i nce dehydration or dehydrogenation can be performed in a
short ti m\%&iﬁleBPG) RTA net hod, the heat treatnent can be perforned even at
a tenperature over the strain point of a glass substrate. In this

enbodi nent, hebdd this eabodinient, a spacther ofedmemoihdevixd dhicheason® embodiatent i | m 422
at a substrate tenperature of 450 C for 1 hour in a nitrogen 25 atnosphere
With theohdhe et anesatipn il ﬁasr flescEbgdn ot Inj Eneo mempty HiexTCer 2o SapwstPr

appagat u sand vt B8 outi j h&asilint | [P o air,
and \%\gt e?&g%déﬁgh%{rléo]gg ug{?gd girﬂg\g/gﬁl?e from enét)éel}{i{nh%l%ﬁn%% rteg}e&?qg Slg%& as

moi st ur e fara $withhingeelementevhinh nenteds fnpphyhef -hipawertsupplyrpotentiabio 4 inamotyhe oxi de
sem condugctor, fil m 422 becones an i-type (intrinsic) sem conductor or a
subst ant e§‘t’i -type sem conductor; therefore, 30deterioration of
characteg@gﬂ'cs of the transistor due to the inpurities, such as shifts in

threshol d voltage, can be prevented from being pronoted and OFF-state
current can beln Fi&x38Adthe[sgggm]e of a memory device of this embodiment is illustrated

20 as an example. The memory device illustrated in FIG 13A includes a switching
element 401 and a memory element group 403 including a plurality of memory
elements 402. Specifically, as each of the memory elements 402, a memory element
having any of the structures described in Embodiments 1 to 5 can be used. Each of the
memory elements 402 included in the memory element group 403 is supplied with a

25  high-level power supply potential VDD via the switching element 401. Further, each
of the memory elements 402 included in the memory element group 403 is supplied
with a potential of a signal IN and a low-level power supply potential VSS.

[0322]
In FIG. 13A, a transistor including an oxide semiconductor in a channel

30 formation region is used for the switching element 401, and the switching of the
transistor is controlled by a signal Sig A supplied to a gate electrode thereof. Since the

transistor used for the switching element 401 includes a highly-purified oxide



Det ai | ed description of the heat treatnent apparatus used for the heat
treatnent is already made in Enbodinent 4 and therefore omtted here.

5[ 0346] wp 20110088 that it is preferable that in the h%%&/ﬁfo‘i%ﬁ'z?%

noi st ur e, ﬂyglrogen, or the like be not93contained in nitrogen or rare gas
such as helium neon, or argon. It is preferable that the purity of
nitrogen or the rare gas such as helium neon, or argon which is introduced
into a heat treatnent apparatus be set to be 6N (99.9999 % or 10 hi gher,
pref er abl r r a h nt ratl on
is 1 ppm%‘rnz‘%g&gcr%pgfgf erﬁ'ﬁq fogﬁ%ﬂ)% rr%%odr;l" }Ooﬁv\F;gft?tte %g fH E}tyen%q?@ﬁ

i npuriti aeksaitedatdoad t o an oxi de sem conductor, in a gate bias-tenperature
stress t ?%éBT test, the test condition is for exanple at 85 Cwith 2 x 15
106 V/ cmlPé#3112 hour s), a bond between the inpurities and a nmai n conponent
of the oxide sms%@gﬁm m,grs%aﬂrebm o1 6 <Rl 'e@ah herl 494 dndiftics P! 25)
and high tenperature tenperature), d ang generated causes
dri ft 5of dnflieond lmmlbdnwrbllusmged (We)vcr wavae«mt mvuemibe 1almt/dmdted(10|tbrsd

manner , ro |nterf e characterjstics be vvee t he te
"houtat | RFuEET dhate pEbadieat oERHE sbmaucRLmoR B SHdc 4 may

i mpuriti gicluddh tphﬁmh@rdmrdiamf&germ the e, whdie tlﬁé‘ﬁlul‘dﬂi? of 'tﬁn§1§‘l%rso%'hﬁl:ﬁ

sem conductor filmaS nuch as possible, a transistor which remains stable

even W t ervens suttchiggtelpmas @r@smcleéfrd isetho Iswitrhing elemgan 401, Tthe plugality loé
above- de r ent rati n. the ox
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hi ghlp quarafllelaébnnIdﬁuﬁl anﬂfsenwctdihﬁeaﬁm conduct or filmcan be stabilized. In
addition, heat treatnment at a tenperature of [|ower than or equal to the
gl ass tre[ﬂ%%ll on tenperature nmakes it possible to forman oxide

sem conduct or AL the 3witchG e Pabde 2807 1€hn r Shiok.1i
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vol tage, a reduced short-channel ect, and a hi gh on- off ratio.
memory device in which each of the memory elements 402 included in the memory

element group 403 is supplied with the low-level power supply potential VSS via the
switching element 401 is illustrated. The supply of the low-level power supply
potential VSS to each of the memory elements 402 included in the memory element
20  group 403 can be controlled by the switching element 401.
[0325]
Next, a structure of a transistor for a power device capable of controlling higher
voltage or higher current than the transistor including an oxide semiconductor in a
channel formation region illustrated in Embodiment 4 or Embodiment 5 will be
25  described. By using a transistor having such a structure for the switching element 401,
the reliability of the memory device can be further increased. Note that the same
portions as Embodiment 4 or Embodiment 5 or portions having functions similar to
those of Embodiment 4 or Embodiment 5 can be formed as in Embodiment 4 or
Embodiment 5, and also the same steps as Embodiment 4 or Embodiment 5 or the steps
30 similar to those of Embodiment 4 or Embodiment 5 can be performed in a manner
similar to those of Embodiment 4 or Embodiment 5; therefore, repetitive description

thereof is omitted.



[ 0349] The transistor 420 also includes a second el ectrode 423 over the

oxi de 5 sem conductor film 422. The material and structure of the
conductive filmused for the second el ectrode 423 can be simlar to those
for the fWPPUIH8YBrode 421. In additi®n, a nmethod for PEFHIPHYIPHE"&Second
el ectrode 423 can be simlar to that for the first electrode 421. [0350]
10ln this enbodi nent, a resist mask is fornmed over the conductive film

whi ch serves as the second el ectrode 423 in a photolithography process, and
t he Conduﬁégéf filmis etched using the resist nask, so that the second

el ectrode Is formed. Here, as the conductive filmfor formng the

second el ectrodg BR3, 147,58-d6dstdatiidnal iviewi oM fednfistor 400 dBdEribBd GK flsim num
film and a 50-nmthick titaniumfilmare stacked in that 15 order. Wen

the angl eshlndimenthés ildestratedd Jdkx i1 ds a Hep seewnef dhedransigtor44%0.and t he
oxi de sen&rgggs%&q% Y{g%;gbﬁl £ dhshel fiﬁé ﬁ'igf% }ﬁgl?lerd;?léﬁ rc?%%ﬁggé)srm%gtai%&o 30 and

| ess than or ‘equa re prefera equ 0 40 and

| ess tshan[oge7jequal to 50, the coverage with a gate insulating filmforned

| ater can be inproved, In_addition, the second electrode 423 is fornmed away
fromthe first ‘edeansistps 429 inclydes a fisgtelecode 4?2 hovesap iasylatingjspragene fir st
electrodqogg . [0351] One of the first electrode 421 and the second

el ectrode 423 functions as a source electrode of a transistor, and the

ot her functi onsltes fisstdelactrodel 421 risdiormbereidg a GRFd] cl2metaselectedt fremt nay

be perforned.after the formation of the .second el ectrode 423. The.
Conper at GHED{T, SBramILE. CPRRRE AN, tHERjHEy MOICBIm o HIEHCR Gindobirumin g
| overigt hagh Aloyediaddining 239 bfGhedel MEAT alInénRi BNE CotpaitnBlanCaNR cdrfaiftih@ C and

| ower than the strain point of the substrate. In this enbodi'ment, the
subst r at ethess mpta} ol¢meats inneambinatiane o rthe liker nAdternativaly, one eheosd niatalt

treat m”te1§89n4§ S‘tlé‘égcg o fafifdtse! @%gﬁé?ﬂl{; ii?coﬁ&a?%‘&%%”?ﬁun%a}l B8 R4 0¢
semi conduct oF 1 7T 9 N A net as atnosphere,” sucn as a
In addition, the first electrode 421 can have a single-layer structure or a stacked
structure having two or more layers. For example, a single-layer structure of an
15 aluminum film containing silicon, a two-layer structure in which a titanium film is
stacked over an aluminum film, a two-layer structure in which a titanium film is stacked
over a tungsten film, a three-layer structure in which a titanium film, an aluminum film,
and a titanium film are stacked in the order, and the like can be given. Alternatively, a
film, an alloy film, or a nitride film which contains aluminum and one or more elements
20  selected from titanium, tantalum, tungsten, molybdenum, chromium, neodymium, and
scandium may be used.
[0329]
The first electrode 421 can be formed using a light-transmitting conductive
material such as indium tin oxide, indium oxide containing tungsten oxide, indium zinc
25 oxide containing tungsten oxide, indium oxide containing titanium oxide, indium tin
oxide containing titanium oxide, indium zinc oxide, or indium tin oxide to which silicon
oxide is added. In addition, the first electrode 421 can have a stacked-layer structure
formed using the above light-transmitting conductive material and the above metal
element.
30 [0330]
The first electrode 421 can be formed in such a manner that a conductive film

is formed over the insulating surface by a sputtering method, a CVD method, or a



nitrogen atnosphere or a rare gas atnosphere, at 450 C for 1 hour, and then
the oxide sem conductor filmis not exposed to air. Accordingly, hydrogen,

wat er, hy xyl up, hydride, or the |ike can be prev f ei ng

m xed i nt‘gg)?ﬂé/%g#ge sem conductor fil9y hydrogen conce%?&é??odwf?é%f urt her
reduced, and the oxide sem conductor filmis highly purified, whereby an

i -type oxide sem conductor filmor a 5substantially i-type oxide

sem conductor filmcan be obtained. [0353] Note that it is

pref er abl Guch 1A cvaBolafifin Hidhod, £ AT Hhask ¥ HoRHET ovUBIHET conBiE ittm 46 QHP:
hydri de, or ' PPREDe "hot - cont ained i n nitrogen or a rare gas such as

hel i um nsimolithograpiyo procédst andahe \oohyyctivhefilpui s teyched usirgr thgeresior nask.ar e gas
such as he]ium, neon, 10 or, arygaon .introduced into a heat treatnent

appar at usAi‘%mﬁ‘l’@hérﬂéPof‘?t é%t(%%.@’ggé f%neg YHA RFeing %F@? BF &t Kb methad

(99. 99999, o\ ustis W otblithBrapRy plodssC &5 AR tHAhirARrQf shdpS cafiBEbdcEs 15 1
ppm or | om}er?lﬁﬁlrse?ergléﬂ y Oe%ra%lgyn?or Isbvver). [ 0354] rThg rgansi gtr%&rdcgg'o al so
i ncl udes Notgaha end poftions 0f thei finyt eléetrode 2l iprefetably ldve sttapicsedstmpe,rsodbat4 21,

t he oxi de,senm conductor fil.m 422 d.the ond .el ectrode 423, and a gate
el ot r odd " SEVGABE WIthch el itplais Bl Joma FaroR iprovsar s iR he S98ls gat o

i nsul at i ngetlédnMé éAd pértioR’oTeRE fifst Bdctfodel 421 1Ahé thsblabin ShifadeaWeF whichd

stacked | ayer which includes one or nore of a silicon oxide film a silicon
nitride fthe firstzlestrpdeddil tsXipmmed is@meatérithan er erjuial tood)°rantl d¢sddhaaxdrchguali tom  an

al um num gxi de _film an alum numnnitride fil an 20 al ungphum oxynitride
i 1'm "an G BRI e b o 10t Dt O el €9 Pl L V4 a8 al um
oxi dggf i |\mtlmheF§a€§iH?ul filsPfYringl (ljdi'&’qaﬁ'betixﬁlﬁxdv'e&e- [ 0355] When t he

gate insulating film424 is formed using a high-k material such as hafnium

silicate [0B#Hi Ox), Hf SbcOy to which N is added, hafnium alum nate (HfAl 0x)

25 to which N i,s adde haf ni um oxi de, ..or .yt trium oxi de. gate, | ea e
current can be Ipg ﬁ(?g%.bdﬁﬁ’?’haémfc 50[51?'5% _eHM'%&_rutléPB}n@ ' iciel‘f_trgg%fkgﬁ-k
materi al AFY-HAehiek ti@ARmOfilA N [foed ©¥i Qes;futtbﬂix% anéthdd, CON10U-AmUtARKT I I M a
silicon oxynitride film a silicon nitride oxide film and an alum num

?x: de fi |alwminamsfilg rksfa@neah apd apepm-tiigk titagiwm f8Bsis fermade  Yexb eiching iat i ng
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| ar ge, t Marsgdécrode dRbdgefoemed.enBy faminga ke3tht eedk usid@an inkjet method instead
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~of the resist mask formed in the photolithography process, the number of steps can be

reduced.
[0332]

20 The transistor 420 includes an island-shaped oxide semiconductor film 422
over the first electrode 421. The oxide semiconductor film 422 can be formed by a
sputtering method, a coating method, a printing method, or the like. In this
embodiment, after an oxide semiconductor film is formed by a sputtering method over
the first electrode 421, the oxide semiconductor film is processed into a desired shape

25 by etching or the like, so that the island-shaped oxide semiconductor film 422 is formed.
Moreover, the oxide semiconductor film can be formed by a sputtering method under a
rare gas (for example, argon) atmosphere, an oxygen atmosphere, or an atmosphere
including a rare gas (for example, argon) and oxygen.

[0333]
30 Note that the etching for forming the island-shaped oxide semiconductor film

422 may be performed in accordance with description of the etching of the oxide



[ 0356] It is preferable that the gate insulating film 424 contain
inpurities such as noisture or hydrogen as little as possible. In the case
where a sibigM785de filmis formed by a sputtering ne}@gngﬁﬂﬁiﬂ5§on
target or a quartz target is used as &6target and a 5 nmixed gas of oxygen
and argon is used as a sputtering gas. [0357] The oxi de

sem conductor that is made to be an intrinsic oxide sem conductor or a
substantially intrinsic oxide sem conductor (the oxide sem conductor that

i s highl ?my j ot i..S t idlve to an
interf acéegl%ok‘ghgt% ﬁlianré 153 [ n(?dé?? fétclé.”g‘#é{& drh ?t(s:tﬂg hal ge{;ﬁoﬁg?eﬁg‘gﬁ ltrllllte eeﬁlfi ace
bet ween tpoetimxofithe dsland sliagied boide aamidohdugart Blm A22iwidhnig formhed By dichimg

i nportant. Therefore, the 2ate insulating film(d) that is in contact with

the hi ghi3pdghe firstedectseds 24 dnpedeiably: grathe e arearahte 30 manghless thaaiart y .

[ 0358] Far be, hi ' h&1g 17 \Y AR, 8H2) is
15 pref ordb O RRngld eI ik P UARER st 130 Tehs AR EF a0 300

Wi t hssandvhepdtyatie coadiagrowitto thegdte bkl stingSfilaedatis forbtdateh earlbOimprovd, | i ed
oxi de sem conductor is closely in contact with the high-quality gate
insulati A8334lim the interface state can be reduced and interface
properties can . . d such
as sputtering ﬁgﬁﬁgﬁyggﬁp @gﬁ%ﬁ%@%h#égﬁgggtgﬁﬁg@%gﬁp 8 ggﬂkgﬁébﬁgﬁgg t he
met hod ersadnkfase dHOthedirstatectdoda4gbiscpreficedbly yemoved batrevegsef sputtedsg m whick
insulating film424. In adgitio ,an insukﬁtigﬂ filmcan be used as |ong
as film cj‘gaﬂfmg%ﬁ infpdiced aad [??*EB& iEEBCRRCh  afc SRITHE PUHFERRAIRERDR of the
gat e 1pns yhdhdd'th Whidh 4 SdtRESEMPibbiad iD¥nd¥eRdd by 851NN BEVbRAZEG @bt er

deposition. In 25 any case, any insulating fil'mcan be used as long as
fi | m qualsitbsfratesside, gt o 2 tasgat sidenip 4ni argen gtnprisghere iwithethe aseobamRE moevesi t y

i th id i cond is d f ' b
Formed. POUCEPR Ry Garathgelamde PRI Ry e sl 2RoFs el TR Re o on”
an insul ahiaigor athivspltré,0f HBAeets htitfbsphdtal £hélalm htvospherd, bi BR & hh be

property and an insulating filmhaving a | ower proportion of nitrogen such
as a sil ivseh dMtasativelyap argan aimesphered yrvieh oxygen, nitkousraxids, 9& fedike|ip t hi s

case st NGahdP Hadt ' dsdd. | RIRKERVES, 3n Srbdi° AhRPRAE & WHRR chibrite! t586n
tetrafluoride, or the like is added may be used.
[0335]

For the oxide semiconductor film 422, the above-described oxide

semiconductor can be used.
20 [0336]

In this embodiment, an In-Ga-Zn-O-based non-single-crystal film with a
thickness of 30 nm, which is obtained by a sputtering method using an oxide
semiconductor target containing indium (In), gallium (Ga), and zinc (Zn), is used as the
oxide semiconductor film 422. As the target, a metal oxide target containing each

25  metal atom at a composition ratio of In:Ga:Zn = 1:1:0.5, In:Ga:Zn = 1:1:1, or In:Ga:Zn
= 1:1:2 can be used, for example. In addition, the oxide semiconductor film can be
formed by a sputtering method in a rare gas (typically, argon) atmosphere, an oxygen
atmosphere, or an atmosphere of a rare gas (typically, argon) and oxygen. In the case
of using a sputtering method, a target containing SiO; at greater than or equal to 2 wt%

30 and less than or equal to 10 wt% may be used for forming a film. The fill rate of the

metal oxide target containing In, Ga, and Zn is higher than or equal to 90 % and lower



oxynitride filmis formed between the insulating filmhaving a barrier
property and the oxide sem conductor film As the insulating filmhaving a

hi gh barrjer. pr rty, a silicon nitride film a silico i :}? i de

film an ‘é(ﬁ&ﬂf%“ﬁgﬁe’ﬁitride film an al &% numnitride oxi ﬁg%ﬁ’%ﬂ M5 M he 11 ke
can be given, for exanple. The insulating filmhaving a 5 barrier property
is used, so that inpurities in an atnosphere, such as noi sture -or hydrogen,

or inpurities contained in the substrate, such as an alkali netal or a
heavy nmetal , can eyent ed from.entering t ide m conduct or film
the bat o Ersar &b Ry Bisheratsy Hae i ot b o 5 e o B et e

sem condygt ﬂ@.gf%'. MW BEIREsE hNmllafloxie tdrbdd ARH KiBF Ml Ghidl tfe IREdeCOT- 1N
addition, the insulating filmhaving a | ower~10 propdrtion of nitrogen such
as a sil i ssancanducter filrh flororedchas highatensigxynitride filmis fornmed so as to be
in contacht0 ith the oxide sem conductor film so that the insulating film
formed ust ﬁg’]a mat eri al having a high barrier property can be prevented

from fgei ng in difeeqibseRBLAGEIMWNL £ tehithcAK CRANBE WepP RANG! RAudel! fresshifi361]
15For exanple, a gate insulating filmhaving a total thickness of 100 nm
may be f ciputieringrgasuftbmawhigh hydragentand moistugoareoximdeed is intiodi@d info theD) )

with a thickness.of .greater .than or. .equal. to 5 run and | ess n ot, equal
Yo 300 nnyTReYoraeSt Tk rich BaplinRRfoishRe, b biiPa ERaval anf1B8 s¥itel 11 Ge
film (Si Nemiéohdactd) Filid22 ia foimeakares s sabstedteatiay the ke obfa MePbxide a58@ nm and
| ess than or equal to 200 nmis stacked over the first gate 20 insul ating

filmas dagseoria ffam ormation.athe mybstratertesypespiuter @ay bg. highertthar ogeavaliteent, a
100- npt t hj ko Sj | 4 . s § LRy :
N ¢t Ny Coand I6REr fih 8F cdulat 18 60D p@g&‘é{aﬁ}é @%ﬁ_@%"& cguat tB%BEk(ha%ﬁ neer

a condi tion € pressure Is requency power 1s 1.5

kW and apwet Mg Rdieédqual 81460 1ONJ Falky Gsthafibl if pedbmicwaiY 9B sibistyte’ At € Of
25 sccm an argon flow rate of 25 sccm= 1:1) is used. 25[0362] Note that

i n order hented, Whereby the impytityosopicenjradigp in thecbxadsi ssmieendueter Gbn ferinredcans
little a sihlein.t.he gate insulating film42 pt Js nreferabl e that
Lhe: supa bRl © i Aadiftn Ofnfack WA LiRlERR bhi B fédhoed ! hoBESLEERRAE 17

422 and theéisseceatithe il the teatitht sidntes aivmtapmpitaAcaing guin iﬁpﬁﬁﬁ‘ﬁlﬂati ng
chanmber of the sputtering apparatus, so that 30 inmpurities such as hydrogen
or maPst Hsed-atsr SEIPintD CHIPRUBRL 3R rigk PUMP, O nfitpaiusy sublimation pwpds  as

et o2t TRk 8, IO 0y e ARG Bl U S 10, 1
hi gher t Hanthertrepoent tlanited Whiahds | evaewatdd avithothee qryabuhp, 36i0efampls, an
cvacuall o ML Rt el e, BESRETL  ShaRL , 8 SLAOPUIR oo
preferably, also a compound containing a carbon atom), and the like are removed,
20  whereby the impurity concentration in the oxide semiconductor film formed in the
treatment chamber can be reduced.
[0338]
In this embodiment, as an example of a film formation condition of the oxide
semiconductor film, the following conditions are applied: the substrate temperature is
25 room temperature, the distance between the substrate and the target is 110 mm; the
pressure is 0.4 Pa; the direct current (DC) power source is 0.5 kW; and the atmosphere
contains oxygen and argon (oxygen flow rate of 15 sccm, argon flow rate of 30 sccm).
Note that a pulse direct current (DC) power source is preferable because dust called
particles generated in film formation can be reduced and the film thickness can be

30 uniform. The thickness of the oxide semiconductor film is greater than or equal to 1

um, preferably greater than or equal to 3 um, more preferably greater than or equal to



5[ 0363] Note that after the gate insulating film424 is fornmed, heat
treatnent may be perforned. The heat treatnent is perforned in an air

at nospher r jnert gas atnosphere (nitrogen, heliu , or
t he Iike)‘ggt 0@3#67? than or equal to 380 C and | ower tﬂkﬁqﬁﬁ%éayﬁ9{o 400
C, for exanple, at higher than or equal to 250 C and 10 | ower than or equal

to 350 C. In this enbodi nent, for exanple, heat treatnent for 1 hour at 250
Cin a nitrogen atnosphere is perforned. By the heat treatnent perforned in

the state where silicop oxide contained in the gate insulating filma424 is
in contact’ Mt h Wéh%épaaregféﬁl?ls?}naﬁmwﬁs|dﬁ?w 12 LI etde §efglgﬁ‘b4‘1°&j from
the sili j £ i Gl L r 3 h

above. deanrh Rl R, U O RS g ey deErRRpE BRUihE froaen,
wher eby tmhagemadygen defici ency which forns donors can be reduced, a
structur%g@ ch satisfies the stoichionetric conposition ratio can be

obt ai ned, (J the oxide sem conductor film422 is made to be an i-type

sem cgnduct or NJtenRk i ofdeP Shad MUk, hydrdsd® gfaip aRd idiere drk lcohtaitegre is
no particular limtation on the timng of this heat treatnment as long as it
i s after asHétle casnpassible &F thehexizlg seaieondusior Hilind22,i itms4praferabie that sthe

treat nent . . ter.any one
of the. gt it Syduhieh TERrEb B o Hoiling HiDeingh lec AR R arc okl 827 .0

and 436 ipseHeafed®nl a pféheatinpoctanibe£af thie Bputteaing @paratub oondast imipukicies such@geasi ng
t he nunber of manufacturing steps by doubling as apother step such as heat

t r eat menthydEnger Iumpisgie abserhed (antg the, substigte™ ks elimpmated, and examyated: iade il m
25 [ Q@64 QEnfton. C i 1 . or a

ot achad Piofanagi R Ehh 0findion. ahe SRR ol He folanBE Fighdon X |
such as moleyladaodf) °Ci dndriessrtharc br equalig 400 gpreferably hiphtethan oe eqyatitom  or
scandium_or_an alloy material which includes any of these netal materials
as a mai 13Borfpapddess than o1 paupl 100309 “Gny ASf an graation ypitaprevidgiin theat

al um num su . Al as
al um numpgéheg%%gm@gﬁ a\?érf ﬁ?s@ng%ggftega%eér ﬁbﬁggﬁgblgggﬁ E%tﬁlégfe%eﬁ?\‘lfnq % g’rl f ormed
in a WObZhiifted 8 NGt QBB EHAt IHB PidheainiiimB8y basimilaplyqeefosmed\bul thersubktedte Copper

is prgferably (;ontrfi ned with a r_efr%ctory netal material_ so ‘fi&to prevent a

heat 1? esiO¥faRtich ldisTe #P al9d22d dBHPYEE BC gabp ctseirods arhdormed etoss yheret al
mat eri al ,fo,tﬁpgt%;lq,gms&gth@gﬁﬁm chrom um tantalum tungsten, neodym um
scandium or the |ike can be used. 5[0365] For exanple, as a

t wo- | ayefO30jucture of the gate el ectrode 425, the follow ng structures are
preferanl e o Puo LR Sl BebBo LGt & FE SRISRRBR T ST
stacked QYALfréqueABPPbwEr sdlircatist ¥ded! By Qrspattérited Power Supply, GNDE dputtdRhgim
nitride filTmor a tantalum
20 method, and a pulsed DC sputtering method in which a bias is applied in a pulsed
manner. An RF sputtering method is mainly used in the case where an insulating film
is formed, and a DC sputtering method is mainly used in the case where a metal film is
formed.
[0341]
25 In addition, there is also a multi-source sputtering apparatus in which a
plurality of targets of different materials can be set. With the multi-source sputtering
apparatus, films of different materials can be formed to be stacked in the same chamber,
or a film of plural kinds of materials can be formed by electric discharge at the same
time in the same chamber.

30 [0342]

Alternatively, a sputtering apparatus provided with a magnet system inside the



10 nitride filmis stacked over a copper film and a two-layer structure in
which a titaniumnitride filmand a nolybdenumfilmare stacked. As a

three-la re of the gate electrode 425, the fol| tureis
pref er ablxgbzghédt&ggﬁed structure contai%ing an al um num? ?)ﬂbﬂg%/ﬁ?ﬁ y fi

of alum num and silicon, an alloy filmof alum numand titanium or an
alloy filmof alum num and neodymiumin a mddle |ayer and any of a
15tungsten film a tungsten nitride film a titaniumnitride film anda

ti tanl um i

usi ng & 1S4EEE Bkl for AUEE Rl Bl Hra piticily appuraic libd R | Y
tin oxi den BORIspditeringmietwdzinnehiok iplismal gemyrated withake dse of mticroataves sum

oxi de, n¢. al um nu tride, 2|nc galliumoxide, or the |like for the
gate el edlsF‘i)&’é‘ hgutqsiny ﬁ’\é?"k’ﬁﬁg%c?’b bs ¥sedf "a pi xel portion can be increased.
[0367]  [0343)The gate eI ectrode 425 is forned to a thickness of 10 nmto
400 rim preferably 100 nmto 200 nm In this enbodinent, after a
condubtive fi | Muvththasna depasitiomgsetbdd Qﬁngssputtnriﬁlgrmetth@ gacastigt eputtenilg i S

formed b utt nmet sin ten tar e conductive film
is pr oceégeghocfb'bﬁ ‘fbnga‘)”gsg S&{g %“? nﬁgcﬁé’&‘gﬁi’og pe °§‘8“‘t“i?ia]t" t he
gate el egticesiPwitB 2adtSother dthg fllaPfdmbfortERimWRif édnpsuniFNAEReRbS, | RasSt SO

as to overlap with the end portion of the oxide sem conductor fil m 422 with
the gat e 3 Wy |saltttemglgf mpﬁhpdzn vohigly valiaget iselem applisdnto 3 substateederinm filmon of

t he oxi dq 35t %ﬁr&ﬁg or filma422, a channel formation region is forned
in a portlon over aps W th the gate electrode 425 with the gate

i nsuliat i (g344]! m 424 provided therebetween. Note that the gate el ectrode 425
preferably has t apered shape because WD 2011/0783731PCT/ JP2010Q/ 073478 07
coverage with Noge 1t bipad frepignent ISAeRopmed or s PXidreteaBondueiah filie 424iR v ed.

Not e thatre(ﬁlca@ﬁkeigurer%hogmxreb& M&gﬁermsfameﬁ%a%tsu&?wmo 5:;@5 k0 of the

resi st mask by an inkjet nethod neets no phot t hus act uring
cost can gass aneeiygenl att@xpbeie, 6 e ultraadryiait amodpigra(tho maisthuecasourtds 20

insul atin Isg1 Z}_ﬁg cover i.ng the first. el ectrode f42|%1é( he oxide
sem cond® {“0 il Ylfﬁnvetrﬂg e Srdeve painp), ¢ sssy prefera BPW QT &% Mg fil m
424, 130 phdiEraBB! R0 FpP6H [c08)Gn de>casd Wheldinbashtenitht bl pdtFdbaila el 86 Bbit
contains I npurities such as noisture or hydrogen as |ittle as possible, and
may be f onetedinugicayity mmgbwnllaseerspcﬁm;bqu (GRDS) mathod). pWikeal theyhet
|nsulat|n1%fllms Str? ﬂ
atment is performed on the oxide semiconductor film 422, an oxide semiconductor
film 422 in which moisture or hydrogen is eliminated is formed. Specifically, heat
treatment may be performed at higher than or equal to 300 °C and lower than or equal to
20 850 °C (or a temperature lower than or equal to the strain point of a glass substrate).
Since dehydration or dehydrogenation can be performed in a short time with the RTA
method, the heat treatment can be performed even at a temperature over the strain point
of a glass substrate. In this embodiment, heat treatment is performed on the oxide
semiconductor film 422 at a substrate temperature of 450 °C for 1 hour in a nitrogen
25  atmosphere with the use of an electrical furnace that is one of heat treatment apparatuses,
and then, the oxide semiconductor film is not exposed to air, and water and hydrogen
are prevented from entering. Impurities such as moisture or hydrogen is eliminated by
the heat treatment, so that the oxide semiconductor film 422 becomes an i-type
(intrinsic) semiconductor or a substantially i-type semiconductor; therefore,

30 deterioration of characteristics of the transistor due to the impurities, such as shifts in

threshold voltage, can be prevented from being promoted and OFF-state current can be



10 The insulating film426 is forned using, for exanple, an oxide
insulating filmsuch as a silicon oxide film a silicon oxynitride film an
al um num,gxi gfl/dcﬁiﬂ‘ or an alum num oxynitride film or parAbldibhdS47s

i nsul ati ng AITMEUeh as a silicon nitADde film a silicon nitride oxide
film an alumnumnitride film or an alumnumnitride oxide film
Alternatively, an oxide insulating filmand a nitride insulating filmcan
be stacked. An insulating 15 filmhaving a high barrier property, for
exanpl e, ajgsilgicon nitride film a silicon nitride oxide film an alum num
nitride fi?m or an alumnumnitride oxide filmnmay be used for the

i nsul ati @345) m 426, so that inpurities such as noisture or hydrogen can be

prevented from enter, t he oxide, sem conductor film 422 he gate
i nsulating fil R42lkd ‘{J}g‘_:rfﬂ?émi‘ﬁttg‘? Rt &repeRbapparaies e GemFedRABERr 111 m
422 and qa%mmmqhmwnﬁedtm&g 1Bk Emitie@imatd y t hereof. [0369]

In this enbo nt, the insulating film426 is fornmed to have a structure
i n whibch [8346J0- nmt hick silicon nitride filmforned by a sputtering nethod

is stacked over 00-nmthick,siljco xi.de filmforped by, a sputterin
ot hod. Not o ¢ dte SR R mictogbie el SRR G oaliel MOITER B SERROLBE! { odi ng
et hod, tie iselRst dotAinddSinEiabgsh bPa daleR U HE Belim 1AnCof Arghd0 & isa

sputteri ngﬁgas in which hydrogen, water, hydroxyl group, hydride, or the

| i ke is rrspfsiable thatl thehpaity SrRIHPERn AT Ehe- 199 BRS,Suaht #sokpdivm, sneops phaigead, and
t he insul at.i tilm426. may b red. usi n sil]co ' ctQr target.
A'so | CAEN g broRaeenlE 1R ot Habaittef 18 sl B o BRCISPOE I e
wher 9030 1 ferabMR 7RI (991099909 05) oIRIBHE: (thh G€, I tHE imPirity BnbddtRti ining in
the treat rr%l%?’ol%ﬁanbﬁé? is(rreg’r?gve)cflyf{j [Og%g] (V\D ity O

2011/ 078 FPpB10CIPEE!, preterablydZBpp® or lower). Note that after the insulating film
426 is fﬁb , heat treatnent nay be perforned. The heat treatnent is
performea i h''an inert gas atnosphere (nitrogen, helium neon, argon, or the
like) at hi gherwhdianingfurigigsiabret adde® € ansl boider séhron@ict@guial 4 0g#e0 C,
for exanpl e, at higher than or equal to 250 C and lower than or equal 5 to
350 C. [ (dasifemperature sigessttest (BRd¢sbsthe g5t comgtitiongin dovugRmpleatt &y Hewiths? %ol | ows:

a resist i s f d_by tolit raphy. process _.and parts t he gate
noutae§ g e tgb 32 sy BoRC Rk R FRiFis 8 & BaRD0efiORt) & heq

usi ng t heyxidsdesticd@bétor A 1rakdn 9 a high dadtcal Giekl @:tbis)and Ash empRaied in
the contact hole 431; a part of the second el ectrode 423 is exposed in the

cont act K& tempgraturghpnd adanglipg hond geaerated| @usesgliit 0 the threshpldsealtage t he
43 ' ; i . . l.es,
cont act Rgf}ﬂg ﬁo\sx/g‘%er} g ttﬁerg%[bﬁiée-?t's%ni)QJ MRLARD 8 4315}5@)3@@3211?%@?@(;?5 a

cont act SO as to’ expos Irst el ectrade ornmed I'n a
regi on ofchhmaetefisticstbeed et the @atedindylatidg €ilm iand nld oxidv aemitondiidior tikn gad e
el ectrode 425, 15[0372 ) Th iring 434, the wirjng 435, and the
wiring 438mavl@gcaﬁwge{%d HaB“i“f‘?élygj’(ygr%geBctW%ﬁe ansk the (kS o it e oPBEE 1 ode

423, and RgoA@Gorhff b MRhAapdsibRyl thﬁm%t&]gﬂﬁi@ﬁ téer_na!ns ﬁﬂi@l]@ eJe:il%ﬁpnt act

hol e 432, and the contact hole 433 which are formed in the insulating film
426, respespectielthe BRigstcanhbet otitainédbr mat i on of these wirings, a wring

[0348]

Through the above-described steps, the hydrogen concentration in the oxide

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

30 large-sized substrate, so that productivity can be increased. In addition, by using the

oxide semiconductor film in which the hydrogen concentration is reduced and purity is



20 connected to the first el ectrode 421 through a contact hole may be
formed. [0373] The wirings 434, 435, and 436 can be fornmed using a

conduct i £ ing a structure and a nmaterial which M to
t hose foﬁﬁ?ﬁgh’ﬂggg el ectrode 421 by a0hmnufacturing nefﬁggpéPg?#ﬁﬁgto t hat

for the first electrode 421. 25[0374] In FIG 14B, a wiring 440 is a
wiring fornmed at the sane tinme as the wirings 434, 435, and 436 and is
connected to the first electrode 421 through a contact hole 441. [0375]

Through U, ARAVS: HERELINET, ShithPucrdDS NP QiBORERLHALAEN hitagehs Oxi de

30 seni con can be reduce e oxl m conduct or 1 I'm can

be hi ghl yreguied sh&xt-chdinebeffédianadxihigh seotfaaisiuct or fil m can be stabilized.
In addition, heat WD 2011/078373109PCT/JP2010/073478 treatnent at a
tenperatdpémﬂf | ower than or equal to the glass transition tenperature

mekes it possibife {9,dq6M490 zﬁ%ﬂ qﬁclﬁ@&} g%&@%& cérl%cftljoh@ﬂ3t Bva WMedGxR@nd gap

I n which carrier density is extrenely erefore, a transistor can be
manuf &ct wemicondictgr filnh 422)e-Biezieated sl strieturesaf théedndoctivkuibm usedyfocthe be

i ncreased. | dditio by .using the 5 ogxi de seni condu r filmin which
he. hydr GGEAIFENE 23 ok OF S8 Gipve 0 (6 YISO by el addfiqhs

possi bl e hans@rorambitE thefscbbRNGHOAE 4958 thn BE Gihildk I dhefdr thedikAdéotrde ! educed
short-channel effect, and a high on-off ratio. [0376] Although all the part

of the ox42de semiconductor film 422, which is formed in a 10 regi on which
S differﬁgﬁnfron1the regi on where the second el ectrode 423 is forned is
covered\k the gate electrode 425 in this enbodi nent, the present

i nvenyi on i s nagh this enitdithént] Mirssist trhasktis fermiéd b@itgh@soductie@ Flmawhieht of
the portion of the oxide sem conductor film 422, which is fornmed in a
regi on diServes amthe pesand slectrads 423 iiha mbotabighageapby pracesst anddbe £ondyctive or med,

o e ML SRR AUECHASo W SR oy 2 Rt TR
descri bedshbt condyclde Flm for forming the second electrode 423, a 50-nm-thick titanium
film, a 100-nm-thick aluminum film, and a 50-nm-thick titanium film are stacked in that
15 order. When the angle formed between end portion of the second electrode 423 and
the oxide semiconductor film 422 is preferably greater than or equal to 30° and less than
or equal to 60°, more preferably greater than or equal to 40° and less than or equal to
50°, the coverage with a gate insulating film formed later can be improved. In addition,
the second electrode 423 is formed away from the first electrode 421 so as not to be in
20  contact with the first electrode 421.
[0351]
One of the first electrode 421 and the second electrode 423 functions as a
source electrode of a transistor, and the other functions as a drain electrode thereof.
[0352]
25 Heat treatment may be performed after the formation of the second electrode
423. The temperature of the heat treatment is higher than or equal to 400 °C and lower
than or equal to 850 °C, preferably higher than or equal to 400 °C and lower than the
strain point of the substrate. In this embodiment, the substrate is introduced into an
electric furnace which is one of heat treatment apparatuses, and heat treatment is

30 performed on the oxide semiconductor film 422 in an inert gas atmosphere, such as a

nitrogen atmosphere or a rare gas atmosphere, at 450 °C for 1 hour, and then the oxide



When the electric field in the sem conductor reaches a certain threshold
val ue, 20 inpact ionization occurs, carriers accelerated by the high

electric \R,b%ﬁ/d'ﬂ%?ct crystal lattices in a depletion | @&@;J?%%Fﬁ;ﬁw

generating pairs el ectrons and hol 882 When the electric d becones
even higher, the pairs of electrons and hol es generated by the inpact
loni zation are further accelerated by the electric field, and the inpact
ionization is repeated, resulting in an aval anche breakdown in which

current i8S 5..exno ' . The.l Al zat | o] because
carriers S?g]:l%gl? ﬁ%ﬁgﬁéﬁdlsho e‘gﬁjB %“31%‘1 }r'ne??%drgﬁg%yﬂygﬁﬂﬁé ﬁ’l qufké’r E%#E’?#an or
equal to growp, bydtidgamrofhet like seani bondescnasd. fioherteiny enixed ihfoe theandidgap i s
| arger, the el SCt ric_field, needed to cause.t r}g #npac%*ciq(l)ni zation is_ higher.
[0379] 3cemicaadeeier filmy §udrogen + saocentratian s isnitkBheu cediced.s and 1 theepxidghi ch i s

| arger t hapiddagudehding migfélyﬂarﬁﬂlghfwﬁeréw b PRypeoxidk @HhicdddBedY fldldeae

breakdown 1's expected to ely to occur. Therefore, a transistor

i ncl ud@i ngubstantmlly d¢ypeeonidosumnicorstuctoa §ilm chn h obtdided.

2011/ 078?@?? /JP2010/ 073478 110 drain w thstand voltage, and an

exponenti udden increase of ON-state current is expected to be unlikely

to occur when adi ettat &l i€ préfefable @hCin! the AP trQfmedtOBRRbgen, water, hydrogﬂxt ,
hot-carrier degradation of a transistor including an oxide semiconductor
5wi | | be stew hydede, qrgbslike be not contyingd Hpmiteegen| aira ey iasisdhoss kadins

deteriorat] ransj haract.er iSt.i : varjatian.dn the
t hr eshol e\blg’lr}}rglg%ﬁlbr %%%Lag%%&tﬁlf %gths{df\sl%r@%eni 03 agrghesge S{é‘g] #s%elhg\%s ne@ect rons
t hat 10r e crGe@ireintlo@GcddOiniie a Pl teatinent Ajpacdtesis %tmraﬂgm(éqmma%brw film
in the 10 vicinity of a drain in a channel and becone fixed electric charge
or form thighsr| moxs preferabln &N (A%99920%h et highar (thet sathe consemtzationgpffthe m and
t he oxi de serq'.con uct or 1 The fegctgﬁrz)gf t he . hotscarrier degradation are,

f ¥ RITER"Yn) otk

for exar‘rﬁﬂ?}l AN AP TH Yt T8 l((vﬁ-rié i nj ection) and
drai n- avqbssyghe- hot-carrier injection (DAHC injection). [0382]
The transistor 420 also includes a gate insulating film 424 covering the first
15  electrode 421, the oxide semiconductor film 422, and the second electrode 423, and a
gate electrode 425 which is formed over the gate insulating film 424. The gate
insulating film 424 is formed using a film having a single layer or a stacked layer which
includes one or more of a silicon oxide film, a silicon nitride film, a silicon oxynitride
film, a silicon nitride oxide film, an aluminum oxide film, an aluminum nitride film, an
20  aluminum oxynitride film, an aluminum nitride oxide film, a hafnium oxide film, and a
tantalum oxide film by plasma CVD, sputtering, or the like.
[0355]
When the gate insulating film 424 is formed using a high-k material such as
hafnium silicate (HfSiOx), HfSixOy to which N is added, hafnium aluminate (HfAlOx)
25 to which N is added, hafnium oxide, or yttrium oxide, gate leakage current can be
reduced. Further, a stacked structure in which a high-k material and one or more of a
silicon oxide film, a silicon nitride film, a silicon oxynitride film, a silicon nitride oxide
film, and an aluminum oxide film are stacked can be used. The thickness of the gate
insulating film 424 is preferably greater than or equal to 50 nm and less than or equal to
30 500 nm. When the thickness of the gate insulating film 424 is large, the gate leakage

current can be reduced.



15Si nce the band gap of silicon is narrow, electrons are likely to be
generated |i ke an aval anche owi ng to an aval anche breakdown, and el ectrons

that are I d to be so rapid as to go over a barti ate

i nsul at i n‘gsfczﬂﬁwg}ﬂg i ncreased in nunb&®3 However, the oi)fjglép}éog%%}gﬁsguct or
described in this enbodi nent has a w de band gap; therefore, the aval anche
breakdown is unlikely to occur and resistance to the hot-carrier 20
degradation is higher than that of silicon. Note that although the band gap
of sili cqg §63rbi de which is one of materials having high wi thstand voltage
and that "o n oxi de sem conductor are substantially equal to each other,

el ectrons are [lessplefdrebly that the gate diselatingdilmhd24 contaire implaitiesdaicha i s
less likely to be, caused t in the case of silicon capbide,. and drain

wi t hst and™8iuFe gk hydrogsmyps Fﬁpet HoPRRPle B b GROUEEGF aulicReXigh dilmss

mobi Lity fefmddy %ﬁ@riﬁ%me%adygﬂf%n tafgdt awgumgeh&tuseé aSh tar ndar bi de
by approxi matel’y two orders of magnitude. [0383] From the above, a

t r ansPst onixed ghsefi oxygemamshdrgen sewedanaispittoringigas. hi gh drain wit hst and

vol t age; 5eﬁi fically, such a transistor can have a drain wthstand voltage
of 30 gre@?er than or equal to 100 V, preferably greater than or equal to

500 V, nore praheoaiieeMicdatifttor thats @iade @3/BE at Mtdndidoxilld Séifliconductor or
Conpari son between a transistor using silicon carbide, which is a typical

exanpl e @ substaptiglly intgpsic gEide semicopdieton(the oixide spmiesadustos dhatcisdghdyor wi | |
be descri e Fee - -G 1S L1 col | de 385] 5An
oxi de sen'}lta ggﬁ@uéf\gémgﬁé%ﬁﬁég? @I%ai\feexg%gn%b? ?n%gl‘s%eﬁ% agoi%'%or%.% age %%ii%'bl eis

i ntril@si dnteefacd electeie rchaidgy; thus) @y intérfadecetivedd the coxides semiboiiduetor aindnde mal
tenperature, the.intrinsjc . carrier density of the oxide seni conductor is
esti mat e&aEcdnsa‘B'_tff%:lﬂhfg 15 ingortapts %ﬁ?@’i‘)’/’i@e gate imshetipe il (Glkidat Wdlcarrier
density Qbndkt V&lt]pthe'hiﬁxly-pﬁriﬁed(oﬁﬁé $dmicBhdtictor eERG6 have ahj§he1| @Jaﬁgdl tion, the
energy band gap of thé oxide sem conductor is 3.0 eVto 3.5 eV dand that of
4H Si C i 40368}6 eV, which neans that both the oxide semi conductor and the

silicon carbide are w de-gap,sem cqonductqrs. [0387] 15Ho , .
nmanuf act uri ng ? ShSEPEPr &% d?fsipy alﬂgﬁ“g‘{ 53’]? n‘é%"fﬁj i“ﬁrbméi‘f‘i’v@v(\ﬁzgg th? 15
15  preferable because a dense high-quality insulating film having high withstand voltage

can be formed. This is because when the highly-purified oxide semiconductor is
closely in contact with the high-quality gate insulating film, the interface state can be
reduced and interface properties can be favorable.

[0359]

20 Needless to say, another method such as sputtering method or plasma CVD
method can be employed as long as the method enables formation of a good-quality
insulating film as a gate insulating film 424. In addition, any insulating film can be
used as long as film quality and interface properties with an oxide semiconductor of the
gate insulating film 424 are modified by heat treatment performed after deposition. In

25  any case, any insulating film can be used as long as film quality as a gate insulating film
is high, interface state density with an oxide semiconductor is decreased, and a
favorable interface can be formed.

[0360]
The gate insulating film 424 may have a structure in which an insulating film

30 formed using a material having a high barrier property and an insulating film having a
lower proportion of nitrogen such as a silicon oxide film or a silicon oxynitride film are

stacked. In this case, the insulating film such as a silicon oxide film or a silicon



sem conductor and the manufacturing tenperature of a transistor including
silicon carbide are quite different. Silicon carbide generally needs heat

t r eat menty, At to 2000 C. In contrast, an oxide semj r-L£an be

f or med bywﬁezg%ﬁ{t;?ggt ment at 300 Cto 84 C, which all oms%gﬁ?ggﬁ@lgg%r to be
manuf actured over a |large-sized 20 substrate. In addition, throughput can
be i nproved. [0388] Further, a manufacturing process of the

transi stor including silicon carbide, which uses a PN junction, involves a

" ; , Y o : ' . ;
(et prodnadil i€ RrbfHibehka the R facbi M 1A0100% BuiBF loplhy f AETEP" '
steps i s oxide easiednduorort filen.ot Ae thehidlatihd dilin' Rndng tidiigh atriedi propeaty, @xi de

sem conducgtor i.s. noft neecied to bhe provided with a PN junction; therefore,

t he nunbe¥liom miidsHdm arstlipgnuteide oxuds fla. ae afumiaum nitttdedie. ohalEIRPR can
be i mprovifiide ¥x$y f &6 Sl Uhsidat ergdi : ]

30Not e thﬂa%?ldgonséfeillﬁ%gjl?éh?glé%arch %géﬁggin d r%g on prg‘ggtrn:.r?ggng%%gg?ide

sem condumrmersppetty ds udedyssa thad fimpnaties il BOStmiosphtens dwah casgmpistirevaver ,
the resegrch WO 2011/078373112PCT/ JP2Q10/ 073478 doe ot include the idea
of suffi aPES) PEIRITHES ARGHER T RS RBSTRE, Pirhoascb glifiartal of a heavy

hi ghl y- puhéthl, @sh B pRSesBIFOANEHEARY tht Dx{de seRcIAMuEtBMEM, MHe E@E ehsufdtingy dr ogen
whi ch m ght induce the DOS fromthe oxide seniconductor. This is based on

t he idea fdm $d#s joriasnthe yintestage i begwedne thoOsxide ssanticorgiyetor afilm gind yanmthdrf | ed

oxi de sem u r.5 . es. | catd on.of very el lent. i ndustri al
products %{i@%gﬁ]cél% and‘%tﬂg&ﬁ%ﬁé@g?ﬁ illg ag fﬁs%lémpglg 3 Pﬁ%mlgo olga%l% ?r@) Vet

hi ghl19- purbporton 6f nitryypen surhiada siiusn@RMEUEIDOr DYilisoPEyithide Giknide forteda
dangling bond of pmetal which is generated by oxlyr/lgen vacancy and reduci ng
the DOS d9east!9 i eoafeRd Vit thecde seppicendygtorelilng, oy that theqiasylating bRt ai ni ng

excessi VeoXyOiing § nheril hal gl bt ) ?Pévéﬂ i | region
and t hen Sxygeﬁﬁ?% supprﬁﬁeg tg tlﬂgﬁcﬁgﬁngﬁ%dgynatig regfegn dfﬁﬁgrgr%n?ﬁg oxi de
film so dikatcontest BB thuexidosanygoelucoefidot s can be reduced. [0391] It can
be consi c}«aggﬂ that a factor of a defect of an oxide sem conductor is a

15 For example, a gate insulating film having a total thickness of 100 nm may be
formed in such a manner that a silicon oxide film (SiO, (x > 0)) with a thickness of
greater than or equal to 5 nm and less than or equal to 300 nm is formed as a first gate
insulating film and a silicon nitride film (SiN, (y > 0)) with a thickness of greater than
or equal to 50 nm and less than or equal to 200 nm is stacked over the first gate

20 insulating film as a second gate insulating film by sputtering. In this embodiment, a
100-nm-thick silicon oxide film is formed by an RF sputtering method under a
condition that the pressure is 0.4 Pa, the high-frequency power is 1.5 kW, and an
atmosphere containing oxygen and argon (an oxygen flow rate of 25 sccm: an argon
flow rate of 25 sccm = 1:1) is used.

25  [0362]

Note that in order that hydrogen, hydroxyl group, and moisture are contained
as little as possible in the gate insulating film 424, it is preferable that the substrate over
which first electrode 421, the oxide semiconductor film 422 and the second electrode
423 are formed be preheated in a preheating chamber of the sputtering apparatus, so that

30 impurities such as hydrogen or moisture absorbed onto the substrate is eliminated and

evacuated, as pretreatment before film formation. The temperature for the preheating



15 shall ow | evel due to excessive hydrogen at 0.1 eV to 0.2 eV below the
conduction band, a deep level resulted fromlack of oxygen, or the I|ike.
Thor ough hydrogen and sufficient supply of o
elininatﬂgﬁqg*ﬁkﬁg a defect woul d bel@3ght as a techni?gﬁﬁ?ﬁ%ﬁgﬁ¥7s
20An oxi de sem conductor is generally considered as an n-type

sem conduct or; however, in this enbodinent, an i-type oxi de sem conduct or
is realized by renmoving inpurities, particularly water or hydrogen. In this
point, t i.cal e} t i i of gnpar ed
W th & conislEl el R B8 10 G AieRer i or it 1b;480,"cC pREEL ek T <
formed byhafgi Budl TOUBDICeand Rowerhii 60 BgMHE O30 3&s dRevhdualbn uhfi393]

By maki ng the oxi de sem conductor be an i-type oxide sem conductor,

f avor abl erevdekrint theepreheatingt chambdarca ofyopwmpt isapiferable. ¢ d¥otbethabtthisned:
speci fi calrlt}/ .n Lere of H %@nig}u(irent vs. voltage characteristics of the
transistdre °?j{f-‘%¥‘é%%‘ CurPE®™3b  oFF-state current, field-effect nobili ty,
an S gal ye36xgnd a threshold voltage are hardly fluctuated at a tenperature
ranging from-25 Cto 150 C, and the current vs. voltage characteristics

are hardly degmfiethabpfitenthet gats, insulatipg film\4340i9 formerds drpat treatmempay be 73478
13 [ 0394] IR, .t t l.gt-or ' X1 LGan IL.ch is
descri bed)elrfﬁ ff"ldls @ﬁbg |t r%%eﬁpﬁénr?mlgiqcﬁbﬂﬁqﬁoa&eélg%ﬁlgﬁgqhﬁ%t g#%ghfﬂagl stor
usi ng si latrespherr(hittbgeyhetipny, axonyatigdhyor the liké)de highet tham @ equid ¢ 200%€Vver ,
current value of the transistor and 5 device characteristics can be

i mpr oved aB¢ lowierr tham pngquahdo 4PQ°6, foslexampleapichighrs thamanequalia2$) {Q)pand [ 0395]
At ical i f thi di mept i s, t hat bst i t added t
oxi ad0se el PoFaIS 350 tite. Lol SR RREn S 1 castelly Botidtarme 0L 1 i o
hi ghl y- pioif 2@ oy °&0in At Btk Atth¥spheROW Perfbmatl IBEShS Ufeht al%aﬁ@éen?r or

hydr ogen whi ch undesirably eXist therein. I'n other words, the oxid
seni condpetformédsintthe)bthte-whare filicon byide eomswined)inht @atednsulatihedijlendhisdh f or ns

o O A 18055, AU el L

oxide even when an oxygen deficiency is generated in the above-described heat

[ 0392]

15  treatment for eliminating moisture or hydrogen, whereby the oxygen deficiency which
forms donors can be reduced, a structure which satisfies the stoichiometric composition
ratio can be obtained, and the oxide semiconductor film 422 is made to be an i-type
semiconductor film or a substantially i-type semiconductor film. There is no particular
limitation on the timing of this heat treatment as long as it is after the formation of the

20  gate insulating film 424. The heat treatment may be performed after another step, for
example, after any one of the gate electrode 425, an insulating film 426, and wirings
434, 435, and 436 is formed. This heat treatment can be performed without increasing
the number of manufacturing steps by doubling as another step such as heat treatment
for reduction of the resistance of a transparent conductive film.

25 [0364]

The gate electrode 425 can be formed using a single layer or a stacked layer of
one or more conductive films including a metal material such as molybdenum, titanium,
chromium, tantalum, tungsten, neodymium, or scandium, or an alloy material which
includes any of these metal materials as a main component; or a nitride of any of these

30 metals. Note that aluminum or copper can also be used as such metal materials as long

as aluminum or copper can withstand a temperature of heat treatment performed in a



[0396] 15At the tine of deposittion, the oxide sem conductor includes
hydr ogen at approxi mately 1020 cm 3 which is neasured by secondary ion nass

spectro Y. I The oxi de sem conductor is highly I.f] &/made to
be an elng‘&b P%EV%@)" -type (intrinsic)1@eni conductor by ?’#H@jﬁ%oﬁ@ﬂ%
renovi ng water or hydrogen which fornms a donor |evel and further by addi ng

oxygen (one of conponents of the oxide 20 sem conductor), which is reduced
at the sanme tine as renoval of water or hydrogen to the oxide

Sert CONCUEEP brodel? Hluminum of bobrsis GHRRMHTF Rbmpld IR UHerbiofPbfiarald

hydrogen 1n e oxi de sem con I's pre era as smal
t he nunbenatefialcsarasi ter prevant taHiead xdsidean2d prdﬂcmcxndduoﬂrmsmesmpbleﬁer a ;heas

smal | as SSIb|e pecificall carrier density of lower than 1 x 1014
cm 3, pr éF ‘f‘%‘b‘lyy “Peéae ‘ﬁy%ﬂmc ritaniup,  chraminm,, fanifumey fupgsten 1 x

1011 cm ?hew@r*]tﬁﬁni §C4_n(a“fd’1 SrRNIRY caa®éalsed O the nmeasurenent [imt is

desi rabl e e carriers in the oxide sem conductor are reduced or
pr ef ebabl{93&]i mi nated, in other words, the oxide senm conductor is made to

b i -t int duct 0O th d t
D VRS (LIS o0 T SO QSR e AL BaM QR !
resul t, Ghiictatcdtage proférable: § @hoMBefX¥ini @GR! Y vHIBA h nidl Phichiif ﬁl&@ﬁbsstﬁék@a i's
off. The above is the technical idea of this embodinent. [0398 ] In

addi t i on ovehan alumisumeiim entieckeper stiwstire dhavhich a modybdepmdalny jsestackednd t he
oxi de 56%89?9@@} Plildn! 8 Fb- 1{?%{ @Quétu}eylﬁ%ﬂlbﬁ‘a itiﬂ:ﬁl&rﬁ)l}lf?l%@fﬁgl UCE Q! ch 1S

5hi ghl y- puri as'to € no carrrers or ew carrilers,
and tiBus nitaide ifidiss atradcemmm aedplhsf fiAmsS and aewell&yet soakeurarin v&ndf atikn@dmect r ode.

[ 0399] The transj stor ving th cture described in this
enbodi metrids filpaad adEB':XSQ"“é‘“E fra afesst %5@3 é t{n}qggaygr REwGtys Rt dhe gatansi st or

I N whi ch efectB@nngs, t'hé HRSWER g shAcRHO R ﬁx@fér%lk)’a SRacRYy ﬁHc?dre %hﬁnﬁnéH}?St rate

as descri bed i n Enbodi ment aresult, 1t is possible to mniaturize
t he tr ansiuiopm film, an alloy film of aluminum and sﬂlcon an alloy film of aluminum and

titanium, or an alloy film of aluminum and neodymium in a middle layer and any of a
15  tungsten film, a tungsten nitride film, a titanium nitride film, and a titanium film in a top
layer and a bottom layer.
[0366]
Further, by using a light-transmitting oxide conductive film of indium oxide,
indium tin oxide, an indium oxide-zinc oxide alloy, zinc oxide, zinc aluminum oxide,
20  zinc aluminum oxynitride, zinc gallium oxide, or the like for the gate electrode 425, the
aperture ratio of a pixel portion can be increased.
[0367]
The gate electrode 425 is formed to a thickness of 10 nm to 400 nm, preferably
100 nm to 200 nm. In this embodiment, after a conductive film with a thickness of
25 150 nm for the gate electrode is formed by a sputtering method using a tungsten target,
the conductive film is processed (patterned) by etching to have a desired shape, so that
the gate electrode 425 is formed. The gate electrode 425 is formed at least so as to
overlap with the end portion of the oxide semiconductor film 422 with the gate
insulating film 424 provided therebetween. In the end portion of the oxide
30 semiconductor film 422, a channel formation region is formed in a portion which
overlaps with the gate electrode 425 with the gate insulating film 424 provided
therebetween. Note that the gate electrode 425 preferably has a tapered shape because



[ 0400] As descri bed above, the oxide sem conductor filmis highly
purified so that inpurities other than a main conponent of the oxide

sem cond r fi typi cally 15 hydrogen, water, hydro g
hydri de, %&0]01@)7% tained as little ag0opossi bl e, wher eb?yj Qg@q%@?gﬂil on of
the transistor can be obtained. In particular, wthstand voltage can be

hi gher, a short channel effect can be reduced, and a high on-off ratio can
be realized [0401] 20This enbodi ment can be inpl enented by bei ng conbi ned

as appropriate w. an ri bed enbodi nents

(Enboai et eige Wit 18 eufiying i DR GikET Mo or S B imRIPY e, N9IG T4 2oxi de
sem condugsi mhdk iy bR if6fnetdh Ij gn Gkjétanehbd.f I PoPldfish of thdrRREMIBIOby4n | S
described with reference to iSA to 15E. [0403] First, a gate
el ect r odenkigtimgthad acegsing Léiomasbd@u%olzmmf@mrmgmtwém redndedsul at i ng
surface, 6[63 ]then a gate insulating film703 is formed over the gate

el ectrod 701 and the gate electrode 702 (see FIG 15A). Since
materisal s, st r URHeUfr&ssistéNa20 hisokineRdes tif idshbitigat finel4e6tdoveeng e firdte gate
el ectrode 702, and the gate insul atl(rjltgl film 703 are already described in

Enbodi merflecirode Helgthe0%1ds) seraisendusioroalm Hzcthe seconsheleeteade 433, ithy gate
enbodi ne 0 X at ulbhiG xi de
sem condlr}%?uéét% {Hln]]] 74%6 W t aéqtt ?gelg{r{ég%a% gjra{geaméri:. 1‘ar3€§§r4226q %F&%%IS;Z nm
and | ess dohtinsoimmuities stich S morstuse bnrhlydﬂ)geneis little s prabiblel, r:mdlrahjv rbg film
703. Therffirs axi de .s mconduc or | m 730 .ca bEfOleTE 3. ering
met hod i MOERYGPENHASE %?Yéélnfsg'r‘ a“&ﬁ M ona R g her e,

or ajpl Xerhedh{MARREIIH 47 isYintdl Rid2 k6 Sampld, ah ofiR rﬂmu?atm@rfqmucﬁ Rela0xygen.

silicon oxide film, a silicon oxynitride film, an aluminum oxide film, or an aluminum

oxynitride film; or a nitride insulating film such as a silicon nitride film, a silicon nitride
oxide film, an aluminum nitride film, or an aluminum nitride oxide film. Alternatively,
an oxide insulating film and a nitride insulating film can be stacked. An insulating
15 film having a high barrier property, for example, a silicon nitride film, a silicon nitride
oxide film, an aluminum nitride film, or an aluminum nitride oxide film may be used for
the insulating film 426, so that impurities such as moisture or hydrogen can be
prevented from entering the oxide semiconductor film 422, the gate insulating film 424,
or the interface between the oxide semiconductor film 422 and another insulating film
20  and the vicinity thereof.
[0369]
In this embodiment, the insulating film 426 is formed to have a structure in
which a 100-nm-thick silicon nitride film formed by a sputtering method is stacked over
a 200-nm-thick silicon oxide film formed by a sputtering method. Note that when the
25 insulating film 426 is formed by a sputtering method, the substrate is heated to a
temperature of 100 °C to 400 °C, a sputtering gas in which hydrogen, water, hydroxyl
group, hydride, or the like is removed and which contains high-purity nitrogen is
introduced, and the insulating film 426 may be formed using a silicon semiconductor
target. Also in this case, an insulating film is preferably formed in the state where
30 hydrogen, water, hydroxyl group, hydride, or the like remaining in the treatment
chamber is removed.

[0370]



[ 0405] Note that before the first oxide sem conductor film730 is fornmed by
a 10 sputtering nethod, dust on a surface of the gate insulating film 703
is preferably renmoved by reverse sputtering in which an argon gas is
introducéﬂoéﬁﬂﬂﬁﬁgéna is generated. TH@8reverse sputter?ﬁ@gﬁﬂéa@r%”hethod
in which a surface of a substrate is nodified by application of voltage to
the substrate side, not to a target side, in an argon atnosphere with the
use of an RF power source and by generating plasma in the vicinity 15 of

t he substrate. te.that instead of ar,gon. at nosphere, a. nitroge

at nosphere, a h@%?ut%agtaﬁ%rsf%e?né?lagf‘gt & I4|§§e1_5?tg{lm‘g Eesagcf.réaﬂf“flgr gY iq?fel y, an
argon at nRsfon@ee. t Phovheahtrexmemnis pirforiied iAXdrlenerOfas Bendspli@el @itAstdpd may
be used. Alternatively, an argon at nosphere to which chlorine, carbon

t et r af | udhdliga, nepn,t rgon,iKehe dike)jatciigharythare o gqupl t¢ GAOGT @awiFlgwer ithanf orr st

oxi de sem conduct s film 73 e. above-descri bed oxi de. sem conduct or can
e used.  JUADPIARG e RafiplahBner BE phena Jofsh b ate b AR 1 1 m
730, an lgs5g~én- O based non-single-crystal filmwth a thickness of 5 nm

whi ch’is obtained 25 by a sputtering method using a netal oxide target
i ncl udi ng0BAi um (I n), gallium(Ga), and zinc (Zn), is used. As the target,

for exanple, a tal  oxi t arget ving a conposition ratio of netal
atons, In:Ga:Z O—ntic_.t 1’9@(9.5 ggl’l %.zc%qdzﬁ_:arig‘iﬂﬁd %rfoﬁ?i".”%& rogistmaskqis formed e
used. | n_B)J”“aSplﬁﬁ@Hlﬂbgi%BB){ pRod¥sd ahd Oﬁﬁrﬁeoit ﬂi&%&te"‘ﬂk&lﬁtiﬁ€%ﬂﬁ1 494 bid the
crystalliZed Is preférably used in order to intentionally perform
cryst al | iipsulating Blm {24t arg Geleetevel yretche asingrthe dedisttrask. Tife pért |of theigeteof t he
met al oxiq
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exposed in the contact hole 432; and a part of the gate electrode 425 is exposed in the
contact hole 433. At the time of the formation of these contact holes, a contact hole so
as to expose the first electrode 421 may be formed in a region of the first electrode 421,
which is not covered with the gate electrode 425.

15 [0372]

The wiring 434, the wiring 435, and the wiring 436 are connected to the gate
electrode 425, the second electrode 423, and the gate electrode 425 through the contact
hole 431, the contact hole 432, and the contact hole 433 which are formed in the
insulating film 426, respectively. Note that in formation of these wirings, a wiring

20  connected to the first electrode 421 through a contact hole may be formed.
[0373]

The wirings 434, 435, and 436 can be formed using a conductive film having a
structure and a material which are similar to those for the first electrode 421 by a
manufacturing method similar to that for the first electrode 421.

25 [0374]

In FIG. 14B, a wiring 440 is a wiring formed at the same time as the wirings
434, 435, and 436 and is connected to the first electrode 421 through a contact hole 441.
[0375]

Through the above-described steps, the hydrogen concentration in the oxide

30 semiconductor film can be reduced and the oxide semiconductor film can be highly

purified. Thus, the oxide semiconductor film can be stabilized. In addition, heat



hi gher than or equal to 95 %and |ower than or equal to 99.9 % Wen a
netal oxide target having a high fill rate is used, the inpurity
concentration in an oxi de sem conductor filmto be forned can be reduced,
so that aVPrAHA788r with excell ent ellé@tric charact eri SCTEB2EPO0HGh
reliability can be obtained. 5 [0408] The substrate is held in a
treat nent chanber kept under reduced pressure, a sputtering gas from which
hydrogen and noisture are renoved is introduced into the treatnent chanber
fromwhich remaining noisture.js being removed,, and the f.j.rst oxide

e condCRoR s Satperabidiat gD Tht ol ST S6 1o Bltst Uipibh benietice use
of a et ahakdd iPpbEDIAH Brinddndetide sénicbhdlicid? i Wil a Wide baH®Shp # Shich
tenperature may be higher than or _equal to 100 C and | ower than or equal to
600 C, preferengitisgiisiemelialover Thgiefpre; a trapsisior £a be appnufachied gsinggual to
400 C. Fi f i i f - Whi tr i ereb
the i rrpurll e-s@z%ﬁ?séh%l&é%,?sgﬁﬁ%tnﬁ}? ﬁ%&g\g&%ﬁ sbtg%g%%n E'ct g{r gﬂlﬁ%ﬁq& %gnog %Hél’n bey
reducéd. dxideshiiitomiuctod filmge whicls fhetHydidgen coacenbatiome buedibed|and pugiey is15 t o
renove nojsture repaini ,n? in the treatnment .chanher, an entrapnment vacuum
punp i's prErRYedpiit s RRsIDIe-4y maoufaciue 4, UaRiHpLApth high; wahﬁmﬁﬁ voltageq
titani um I I ¢ i f B . The evacuation unit may be a
turbo pun%&%reg\g?&e H?/I\nﬂl}tdﬂ?é%éci’o g%thér; p. Ixﬁqtﬁlﬁ(g treatment chanber which is
evacuat ed03¥4]h t he cryopunp, for exanple, a hydrogen atom a conpound

O 2 e o st b B Shror ol M b e
I Mpuriot y 1egios SVt diffeiet O heirdion Sitiee® HEURESd Elétidde23ed fbAndd'R
treatment chanber can be reduced. [0409] An exanple of the deposition

condi t i orFovered witlp theogte elagiods 422 Ar ¢hip embedimantcthe Presght invartéom isdnathe

target is;1: h S I . A .ren wer
source i ?"%’z% mth{gnglrﬁ%'géa n{?)%d&iggeﬁi i;‘;glg'atnl‘i(r;ge<yge°% %%nésﬁhlgr(;ef El{%ﬁéx ow rate
of oxygersemicoh@fctéd filnNd2E viltict isdomddsia adegiea dif€arentdrdm (HoGEgipaweierShidr ce i S

preferabl e because dust . called particles generated in filmformation can be
reduced éﬁﬁf"’tdtféeq“ioﬁﬁﬁﬁ}fs&ﬁ%%‘g‘ %RYCEFQ‘YJ'FFF&'S%C ehirdrofpfékness of the oxide

sem qgndgggy)f] filmis preferably greater 30 than or equal to 5 nmand | ess
than or equal” to 30 nm Since appropriate thickness depends on an oxide
sem conduct or rHergtheadrauseihstanvevdltage khths sraosistobdesdabat im thisgnd®diment

is described below.
[0378]

When the electric field in the semiconductor reaches a certain threshold value,

20  impact ionization occurs, carriers accelerated by the high electric field impact crystal
lattices in a depletion layer, thereby generating pairs of electrons and holes. When the
electric field becomes even higher, the pairs of electrons and holes generated by the
impact ionization are further accelerated by the electric field, and the impact ionization
is repeated, resulting in an avalanche breakdown in which current is increased

25  exponentially. The impact ionization occurs because carriers (electrons and holes)
have kinetic energy that is larger than or equal to the band gap of the semiconductor.
Therefore, as the band gap is larger, the electric field needed to cause the impact
ionization is higher.

[0379]

30 Since the band gap of the oxide semiconductor is 3.15 eV, which is larger than

the band gap of amorphous silicon, 1.74 eV, the avalanche breakdown is expected to be

unlikely to occur. Therefore, a transistor including the oxide semiconductor has a high



WO 2011/ 078373PCT/ JP2010/ 073478 117 appropriate depending on the material.
[ 0410] Note that in order that hydrogen, hydroxyl group, and

noi sture Lned as little as possible in the fir |

sem condu@???ﬁﬁ}%ﬁﬁkno, it is preferabl@ that the 5 sub?FrT}aa?ﬁeﬂg/\(}g?mv\hi ch

| ayers up to and including the gate insulating film 703 are forned be
preheated in a preheating chanber of the sputtering apparatus, so that

i mpurities such as hydrogen or noisture absorbed onto the substrate is

el imnate . e mt 0 ' f ' h

t enper at udrigﬁp‘% #‘ﬁ%{%g&gﬁ’g%éa?? (rilg‘ﬁ1 i é{@?g@ ¥ ﬁg‘{\n %“(r%‘ééé%a (?[g%%% g%idﬁl ower

t han or expadted @ EEdEhlikelypooteuratdien atigh electriedieldis apglied. to 10 150 C and

| ower th equal to 300 C. As an evacuation unit provided for the
preheatiﬁg:”g(harrber, a cryopunp is preferable. Note that this preheating
Lreatment can Beepidiciftior igrbddidr A PliRidér AckBlitle! &f e WihiBftcRs! ude an
RF sputtering nmethod in which a 15 high-trequency power source 1s used for
a sputt erwilipepdesenbeduppl y, a DC sputtering nethod, and a pul sed DC
sputteri 3%r]vét hod in which a bias is applied in a pul sed manner. An RF
sputteriﬁg thod is mainly used in the case where an insulating filmis
formed, and a OGeSkticaftidr ibgfRIaNo meanSReitdratdadof Radsiforcameacidifities, 2 net al
filmis formed. 20 [0412] In addition, there is also a nulti-source
sput t er i reg8-appiatignus the:thapsheld woliige oall¢akpee furentgwhichds calsed @g dollowsit eri al s
can be se ' h |41 - rce eri appar I of . dj.fferent
mat eri al seﬁ%céryl%gl a% SrFerr% e{ef)at%g%slgeaf:%gdéglileﬁnjteﬁgdslgﬁea g%tgﬁ%sg?:{tmgfﬁ ha? H ﬁhreh of

pl urab Kividaitpbf aalk4in iimbhschamie]l bed besomdfiked elkasit chargdios €brat gap ddvelsha sane
25 tinme in the sane chanber. [0413] . Al ternatively, .a sputtering
appar at udhg Apteriaesy bainegn Lheregstfe tmsé‘li’é‘f‘é nfilth and ethe Rxide, sempicpndiictorysddicf or a
magnet ' oftagB! diefhl nﬂn.ggﬁiaﬁqe HatforSRY! Fd?! dxBpRP RAAHHSoEEArdrOinj ol R
sputtering nethod in I ch prasma gener at ed Wth the use of mclowaves is

30 used W CHibmjectisn)yapdglrain-agalantierypt-caaier bgea®ad DAHA inj¢ction).
[0382]

15 Since the band gap of silicon is narrow, electrons are likely to be generated like

an avalanche owing to an avalanche breakdown, and electrons that are accelerated to be
so rapid as to go over a barrier to the gate insulating film are increased in number.
However, the oxide semiconductor described in this embodiment has a wide band gap;
therefore, the avalanche breakdown is unlikely to occur and resistance to the hot-carrier
20  degradation is higher than that of silicon. Note that although the band gap of silicon
carbide which is one of materials having high withstand voltage and that of an oxide
semiconductor are substantially equal to each other, electrons are less likely to be
accelerated, hot-carrier degradation is less likely to be caused than in the case of silicon
carbide, and drain withstand voltage is high in the oxide semiconductor because the
25 mobility of the oxide semiconductor is lower than that of silicon carbide by
approximately two orders of magnitude.
[0383]
From the above, a transistor including an oxide semiconductor has high drain
withstand voltage; specifically, such a transistor can have a drain withstand voltage of
30 greater than or equal to 100 V, preferably greater than or equal to 500 V, more
preferably greater than or equal to 1 kV.
[0384]



WO 2011/ 078373PCT/ JP2010/ 073478 118 Further, as a deposition nethod
using a sputtering nethod, a reactive sputtering nethod in which a target

subst anc ttering gas conponent are chemcally ] each
ot her du?‘ivﬁgi;l Z"Sgﬁ?ti on to forma thihlkonpound filmt hg??@??ﬁ@/}%‘gs{i as

sputtering nmethod in which voltage is also applied to a substrate during
deposition 5 can be used. [0415] The gate insulating film 703 and
the first oxide sem conductor film 730 nay be formed successively w thout

exposure to ai r@nﬁ&%ﬁ@xﬁ%@eeﬁxi AT fs&?tdsﬂ{%‘tégi‘g@ggﬁflﬁé@%ﬂfcﬁ ikg%%%cﬁakes It

possi bl e to obtal I nterface between ayérs, Wwhi I's not
cont am natxanhpleyofad tiasishey aml £ vagsisenistngodn oxipel sérhigomdueror il beldesdribed 1 n
air, suc S er, drocarhon, or . the like. Therefore, variation in
characten?egwc ‘Eff’"f}ﬁ'é‘{:ﬂ%‘t‘% 2 e siligonisarbidey ced. [0416] Next, first heat
treat nent[oj:,@séperfor med and crystals are grown froma surface of 15 the
first oxide sem conductor film730 as illustrated in FIG 15B, so that a
firstSoxide sermrconilgcseoricériduntor 3hdi 4HBiC ciavatsomeatitings pacommosr eOhei s

crystallized pr.which.becomes,single.cr als is_obtaj.ned..The first heat
Cr vat mentKROPLis BYRRE SOTHE rgsi ndrity 1, TR B CIuniiPn Budpiitlan or
equal to t&aferfiurd) B Gh@iaby dinGdiedensitpidf Qhe RMUR! scnficéifdiclor 30 EstiAiRa thhan or
equal to 700 C. Heating tine is greater than or equal to 1 20 mnute and

| ess t harapproxémately 100" o "hwhioh.is Steemsly lpvelike thetcatrier dprsitypf @b SiG,dm,t he
surface tqc; taﬁ_lil nsifge portion and contai ns pl ate-shaped crystals whose
average t { ElfesEMi's greater than or equal to 2 nmand | ess than or equal
to 1Qonmpo3gyy crystal layer formed at the surface has the a-b plane and is
c-axis oriented in a direction perpendicular to the surface. In this

enbodi nent, anleaddifivm theenwingybandigap ofi theraxide sestic@ilugiodés 38wVdoddueVor film

731 is cr |1 h tals,are al.sp,. referred to as ¢o-qgrow (CQ
Cryst al SyBy R AFESIE AR 7 2hn Bieinf LG pOB FEBERe (En iRt AT | 1 he
first heailidoheabid®tre wide-p4p Rufit@idaboss. t hat water, hydrogen, and the |ike
be not co(r)lgglned in nitrogen, oxygen, or a rare gas such as helium neon,

or
15 However, the manufacturing temperature of a transistor including an oxide

semiconductor and the manufacturing temperature of a transistor including silicon

carbide are quite different. Silicon carbide generally needs heat treatment at 1500 °C

to 2000 °C. In contrast, an oxide semiconductor can be formed by heat treatment at

300 °C to 850 °C, which allows a transistor to be manufactured over a large-sized
20  substrate. In addition, throughput can be improved.

[0388]

Further, a manufacturing process of the transistor including silicon carbide,
which uses a PN junction, involves a step of doping with an impurity element that can
be a donor or am acceptor (e.g., phosphorus or boron); therefore, the number of

25  manufacturing steps is increased. On the other hand, the transistor including an oxide
semiconductor is not needed to be provided with a PN junction; therefore, the number
of manufacturing steps can be decreased and the throughput can be improved, and
further, a large-sized substrate can be used.

[0389]
30 Note that considerable research has been done on properties of oxide

semiconductors such as density of states (DOS) in the band gap; however, the research



30 argon. In addition, nitrogen, oxygen, or a rare gas such as helium
neon, or argon which is introduced into a heat treatnent apparatus

pr ef er abl rity of 6N (99.9999 % or higher, r y 7N
(99. 99999%%%@0%?7&& (that is, the ilhdurity concentrgltapiﬂggogr’/ﬁ%agr t han
or equal to 1 ppm preferably lower than or equal to 0.1 ppm. Further, the

first heat treatnment may be perfornmed in a dry air atnosphere with an ILO
concentration of lower than or equal to 20 ppm 5[ 0418] In thi s

enbodi ne | r S
per or mechess 1Gfinehiae 3¢ eh of uBcfihity RducBly TR K s, i thikehiBoamelpl T |

appar at usa hxghllyqiuriﬁemob:ﬁﬂ: demieondattecr isrfoaatd by rend®dng dattr dDhydrpghewhichvi ded
with a devjce for heating._an qbject to pe (;j)rocessed by heat conduction or

heat radi™ighbinduce the fropy the| exids seraicppdugtory  This; istbasrdeomdhg 1deg off enent .
For exanp,f hd HOS’ T8 arigf! R gas
rapi d t@nﬁ?é}mﬂdﬁuéﬁggﬂpar apﬁsﬂ?r rml% Q h?zag%ﬁﬁlg%ll ﬁ%e anneal)
appar at usnables fwnuamﬂmfmmﬁbéllapmdtstpr@uam. appar at us for heati ng an

obj ect t §§Q processed by radiation of 15 |ight (an el ectromagnetic wave)
emtted fp la | anp such as a hal ogen | anp, a netal halide Iarrp,_a xenon
arc lanp, a carfdgfiesrif lé Y _pdssible o PfoRmS B MoROHighty %ﬁ’ﬂiﬁbd @tt Y offle
pressure mercury | anp. K apparatus i s an apparatus for eat t reat nent
usi ng a semicondngior by mnplxgas oxygenith@ cglaglmahondq metghwhighiis gentoated byt r eact

fare gas BER kg afS RERSREINGDOS s op WAL SEfien YEct, Thek SRHE ol

t r eatloe ntoxéden fifidoayaiksd Axcessivehoiged He fsui@eﬁ lin’:lfcﬁ)sb Scoﬁwe &ithnh chafindlner t
gas heat ed at_ a high tenperature_of 650 Cto 700 C_ and heated for several
mnut es tiABRAoNREOR FBA thancoxygeR is wpeliedstonthe channsl fosmatiom regiomfroarter at ur e

I nert 25 nt for a short period
ke itk Eﬁxeve _D%%geﬂ {@%{:@H%&s be Hddaadd!

of time can be &c as Illustrated in FIG 15C, a second
oxi de serfD8®jductor film 732 is for rred over the first oxide seniconductor
film 731, whi Cff I ncg)euggnssu{%reaat 813 tor o a%e?ect of an oxide semiconductor is a

15  shallow level due to excessive hydrogen at 0.1 eV to 0.2 eV below the conduction band,
a deep level resulted from lack of oxygen, or the like. Thorough removal of hydrogen'
and sufficient supply of oxygen for elimination of such a defect would be right as a
technical thought.

[0392]

20 An oxide semiconductor is generally considered as an n-type semiconductor;
however, in this embodiment, an i-type oxide semiconductor is realized by removing
impurities, particularly water or hydrogen. In this point, the technical thought of the
present invention is novel as compared with a conventional technical thought in which
an i-type semiconductor is formed by adding impurities to a semiconductor such as

25  silicon.

[0393]

By making the oxide semiconductor be an i-type oxide semiconductor,
favorable temperature characteristics of the transistor can be obtained; specifically, in
terms of the current vs. voltage characteristics of the transistor, ON-state current,

30  OFF-state current, field-effect mobility, an S value, and a threshold voltage are hardly
fluctuated at a temperature ranging from -25 °C to 150 °C, and the current vs. voltage

characteristics are hardly degraded by the temperature.



30 crystals. The thickness of the second oxi de sem conductor film 732 is at
| east |arger than that of the first oxide sem conductor film 731 and | ess
t han or pm WO 2011/ 078373120PCT/ JP2010/ 07 t an
appropri g‘?g%ﬂ?@ 3:17255 of the second otildle sem conduct or%?ﬁ%})n%gé@nﬁrg% be
determ ned by a practitioner depending on a device manufactured. For
exanple, in the case where a bottomgate transistor is manufactured, the
total thickness of the first oxide sem conductor film 731 and the second
oxi de serfjggpductor film 732 is greater than or 5 equal to 10 nrn and |ess
than or equal” to 200 nm In addition, for exanple, in the case where a
transi stor is rantéacinsised, usidpe ah cdxdde tshinidondscorowhidhe isf désetibek iifl ethis

sem conductor _film 7351,and ihe Sﬁcontg oxi de semi conductor, film732 is
greater tomhpdgpentqmability isolovysr Jthan | thats i 3, trapyistay psing; gligon atbidydysecond

oxi de Serip R%H%Iy twd bflefs36f ﬁﬁgnilaﬁief ROWEGL ¥y fent RidbikeCof ih SRR dnfd @ rare
gas (typically, argon) atnosphere, an oxygenh 10 atnosphere, or an

at nos pherdevicachamctegstacsrcan degaprqvey hyciatiegsing thpodrpinavidtage wok the ¢HadR |

The abovte}%].aﬁliﬂﬁ sem conductor can be used for the second oxide

sem cond "Im 732. [0423] 15It is preferable that the first oxide

sem condypsgs] film 731 and the second oxide sem conductor film 732 be

formed using materials containing the sanme conponents, or have the sane
crystal struct ¥xechmenl ddeasef thisembedinent iy that assubstaned is@otidded te hn pxideess

t han or 0 t e ] rials. taini. he sane
conponen f[% gﬁgérog hlgcstérd?ﬁdc?é g}ea({agtgrfg%\?[\ﬁ f ‘6’?18&?5 Gre e r%éptrgrolr%oetllea C}%}%WP Hglg% ?’X gle
crystial liagatiomily tremotingSimpaxitide suth sewatee g hgttugeh iwhitly ddddsitabliyeexist
crystallizatjon performed later, In_addition, when the materials contain
the sane BIfFondhotder Wads; thyoxjde semiqonducter isdyighlypurified By ssmeviag Walfesi on

or electry I $¢A-6S f r s hde

sem condl?'(r:'ih grahgﬁﬁﬁ}%%ﬂ?rgﬁparg lgorralg?lé} ?eg&l%gé%g%% Bgﬁ%&aﬁ’r ?%Q%st%éhgl ectric
char act ersupplying okggen thatis laicomipgnent bof delxlidt seolicangectoor band gap) i s

i mproved ﬂﬁ than the 25first oxide sem conductor film 731 when

crystall i[ T 65 is increased. [0424] Next, second heat treatnent is
perfasmed, so tAjathe Ctiké toH @epdbifidh; QWO oxidiTsdhRoAducidr R¥ludes H§dHogemdiCt or
film731 toward the sgcongd oxi de sem conductor film 732. The second heat

t r eat nentapproxpeatélyr b d e hwhichrist maasuned by usecondaryl 50n Gnassdspectremetran

(SIMS). The oxide semiconductor is highly purified and made to be an electrically

i-type (intrinsic) semiconductor by intentionally removing water or hydrogen which
forms a donor level and further by adding oxygen (one of components of the oxide
20  semiconductor), which is reduced at the same time as removal of water or hydrogen, to
the oxide semiconductor.
[0397]
In this embodiment, the amount of water and hydrogen in the oxide
semiconductor is preferably as small as possible, and the number of carriers in the oxide
25  semiconductor is preferably as small as possible. Specifically, a carrier density of
lower than 1 x 10" cm™, preferably lower than 1 x 10" cm™, more preferably lower
than 1 x 10" cm™ which is lower than or equal to the measurement limit is desirable.
The carriers in the oxide semiconductor are reduced or preferably eliminated, in other
words, the oxide semiconductor is made to be an i-type (intrinsic) semiconductor, so
30 that the oxide semiconductor functions as a path in a transistor through which carriers

pass. As a result, OFF-state current can be extremely small when the transistor is off.



30 or equal to 850 C, preferably higher than or equal to 550 C and | ower
than or equal to 650 C. Heating tinme is greater than or equal to 1 mnute
and | ess ual to 24 WD 2011/078373121PCT/ JP20 rs. By
t he secon‘g hga?f7?§ra7gat ment, as illustralt4ed in FIG 15D, a%%@ﬁ%‘}mnuw

seni conductor film 733 incl udi ng the crystallized first oxide sem conductor
film731 and a crystallized second oxi de sem conductor film 735 can be
obtai ned. [0425] 5In the case where oxide sem conductor nmaterials used for
the fi rStTH}XJbEi@eﬁeiﬁ}FegﬂﬁEﬁtlﬁéan'th@eMd the second oxi de sem conduct or
film735 contain the sane conponents, e first oxide sem conductor film
731 and t[h@9&econd oxi de sem conductor film 735 have the sane crystal

structure. The _secqQnd o em conduyctor,_ film 735 is_formed through axi al
growth or epitaRi? é&“’QF‘o h°"'f‘ o ATRIcEnaustar; fuagtions;agea Bath f rEiteornd: fhem 731,

and thus,ofdie GnfidGriuefor t HGelf &ONsh OXiype S(ﬁmlﬁsqad%hﬁéonfdh&m 7%1a1ndlst he
first oxide sem conductor film 731 are identical” wth each other.

resul 6, ighlirpuofiedieo st mhnhclomaﬂﬁftrs oF Ewmdatfmldawem,mdbbummsas bet ween
the first _oxi d@i m conduc J d% tﬁge second oxi de sem conduct or
fil m 735 FSSUPREF as‘i%rcfﬁ {gqce and a rmf‘r? Y8 cases, the oxide

sem condygsgy] film 733 includes polycrystals in a region overlapping with
an uneven part of the gate insulating film thereby including a crystal
boundary. |In addFtiransister hageg the strugiureodesqeibec i dbisderabestiment aay 33swhi ch
serves a { part
o the quclipf Suteke iFBlceiflad SolceRoRiP iRl il Wnith 4 SRil i 1IE, P2

fi r sttOoxisdestamiilg Gm garailel with Iamuﬁs'iﬂatﬁiimﬂdshebedeﬁ(ﬂlﬂb(ﬁﬁindﬂ AenAsanchult] or f| | m
735|ncludec Xi S- orlenteﬁg Ie crystals. In the case where the first
oxi de sert BOY 'PdeF‘}t\“i‘ﬁ qUapstPhe second oxide semiconductor film 735
are c-axirgamyii ented, the first oxide sem conductor film 731 and the second

oxi de sem conductor film 735 desirably have identical a-b planes, a-axes,
or 25 b-axes; hﬁ@v@gﬁbedt fhovdi thecoxidm serhiconductorafiles ivhigblyaperifierhso et

di fferent in es 27] Note .t also in the,seco heat

£ 1 eat nondmPRGRCOHPE AR mAIE EomRaATS,OF Wg dPthe SRS FieeSBisalet

cont a5 nedytfbgsh,! WAGE Mydeosyl @foup)lor hylAdE Hap be UhtadfedNAl 1itde) asNGRBibled"
argon. Alternatively, nitro gen, or a rare gas such as helium neon,

or ar gon v4@rekyyi £09d; Qqu#ﬂQIngéiwtrﬁmlﬁmacﬁbRP abtaingdredn pagiralai; withstaed er abl y
has a pueroIth (Ian%’g hQéher a short channel effect can be reduced, and a high on-off ratio can

be realized.
[0401]

20 This embodiment can be implemented by being combined as appropriate with

any of the above-described embodiments.
[0402]
(Embodiment 7)
In this embodiment, a method for forming an oxide semiconductor film, which
25 is different from that in Embodiment 4, is described with reference to FIGS. 15A to
15E.
[0403]
First, a gate electrode 701 and a gate electrode 702 are formed over an
insulating surface, and then a gate insulating film 703 is formed over the gate electrode
30 701 and the gate electrode 702 (see FIG. 15A). Since materials, structures, and
thicknesses of the gate electrode 701, the gate electrode 702, and the gate insulating film

703 are already described in Embodiment 4, the detailed description thereof is omitted



hi gher, nore preferably 7N or higher (that is, the inmpurity concentration
Is lower than or equal to 1 ppm preferably |Iower than or equal to 0.1

ppm . Fur\g,ﬁ%n/&glﬁﬁsecond heat treatnent may be perfor;gg%#ghlﬁfﬁngg ra-dry

air atnosphere wth an 1120 concentraftidn of 20 ppm or n "addi ti on,
at the time of increasing the tenperature in the second heat treatnent, an
at nosphere of a furnace may be a nitrogen atnosphere and the atnosphere may
be switched to an oxygen atnosphere at the time of perform ng 5cooling.

[ 0428] in this eN®b8intda@t the heat treatment apparatus for the second heat
treatnent is not [Imted to a particul ar apparatus, and the apparatus nmay
be provi dédo4y th a device for heating an object to be processed by heat

radi ati on or heat conguctionp.f heat.i ng 10 el enent sug S a resistance
heating el enenﬁ\?exlﬁo‘i‘s é%?‘g,m E%]ellasé%ztar 1St gﬁ%“ﬁé@%‘,“: ucigr %g'gp‘éﬂﬂétaus such

as a GRTAhRRRAS 3 gi%_afé'i' tidn dr'é"grzfalft‘&%h?&déﬁleé‘sat aP6r Lo 15048 X formed overN€Xt
Xi de by a

)
t he shape of the sem conductor film 733 I's processed
phot obi t Hbegatp igsulatingddm HB. t Adt fast oxgdenehicnndpetdr Hilm @30 sanbe foxohedtbyr fi | m

734 and an_ 15 i.sl and- shaped_oxi sem conductor film 736 are forned to
over | ap i THTEHEE GRTioAdn BapreoRrs (HELAINTERNY RPIPIEIc ot paUEETmosphere,
respect i \@la)mixb@hndspBére dndl@fins h rafB ks (6 exaltiplé, Afbonhénd &tyaeA- shaped oxi de
sem conductor films may be formed by an inkjet nmethod. Formation of the

resi st md9%03y an inkjet method needs no photomask; thus, manufacturing

cost can be re 4 . r | t. after the
step for form %bqgﬁgaégﬁégee%g% g&tr 8’8313 zrikﬁgﬁﬁ!lgg%{r}g?%me?g%tlggf Zﬁlfg(?ﬁ)t}'s?r at ed
in FG kphttaingEmeddidieingt dn aasirfaesofsther gathiifdulaingy fikn dZ)3aiss piefahblng

el ement of a nepory cell can, be manufactured. [0431] 25This enbodi nent can
be i npl eEMO¥S By WUeTsG SEUHAsIngel whichnat aFgonagas iR Hodygedognd plasma is

above- desghibRd. ©TROUVIRR Puttdfib3htans a method in which a surface of a substrate is
modified by application of voltage to the substrate side, not to a target side, in an argon
atmosphere with the use of an RF power source and by generating plasma in the vicinity
15  of the substrate. Note that instead of an argon atmosphere, a nitrogen atmosphere, a
helium atmosphere, or the like may be used. Alternatively, an argon atmosphere to
which oxygen, nitrous oxide, or the like is added may be used. Alternatively, an argon
atmosphere to which chlorine, carbon tetrafluoride, or the like is added may be used.
[0406]
20 For the first oxide semiconductor film 730, the above-described oxide
semiconductor can be used.
[0407]
In this embodiment, as the first oxide semiconductor film 730, an
In-Ga-Zn-O-based non-single-crystal film with a thickness of 5 nm, which is obtained
25 by a sputtering method using a metal oxide target including indium (In), gallium (Ga),
and zinc (Zn), is used. As the target, for example, a metal oxide target having a
composition ratio of metal atoms, In:Ga:Zn = 1:1:0.5, In:Ga:Zn = 1:1:1, or In:Ga:Zn =
1:1:2 can be used. In this embodiment, a metal oxide target which tends to be
crystallized is preferably used in order to intentionally perform crystallization by heat
30  treatment performed later. The fill rate of the metal oxide target containing In, Ga, and

Zn is higher than or equal to 90 % and lower than or equal to 100 %, and preferably



(Enbodi nent 8) In this enbodinent, a structure of a CPU, one of
sem conduct or devices each 30 of which is one enbodi nent of the present

| vent | Oy oy pgydescr i bed. [0433] v 2011/ 0783731235g;ﬁ50?%%4%73478an

CPU shown I'n mai nly includes ahl@rithnetic |ogic unit 901,
ALU controller 902, an instruction decoder 903, an interrupt controller
904, a timng controller 905, a register 906, a register controller 907, a
bus interface (Bus I/F) 908, a rewitable ROM 909 and a ROM i nterface (ROM

I/ F) 920,..0ver ub t 0 ther, ft 09.and the /'F 920
may be prhcl)@l'egéh o@re‘:‘rq%él;%tﬁse% %ﬁ%&ﬁl&hgﬂﬁ’és?gmpgo?% %’f hé@%ﬂf EE%W FI G 17
is only afrgex@ping anhiphi 6l thte ROBSddYUhat imdpurity SoneBhtrdtiondin amd ojigeact ual

CPU may have various_configurations depending on the uses. [0434] 10An

i nst r uct is§Aicomdeeior &ilm g e fasmed caprg tedpendg S0 tthet Biansistpr 9ot ¢xcellemut t o

the instr I . 2ein, and then, input to the ALU
controll eﬂ?%%@&ﬂ?ﬁﬁ%ﬁ%%‘?@ﬁg@%gﬁ?ﬁ%?@%é‘ﬁé{fﬁé@he regi ster controller 907,
and tl5e t[D#08jg controller 905. [0435] The ALU controller 902, the interrupt
controller 904, the register controller 907, 15 and the tinming controller

905 conduct varil§bsEE iHheldya stk teamentehamhes kept prdar rediced pressure, a
Speci fic . i t:rol hi.ng t he
p ‘%#){Jt\(enrfgt]gaso]n qulaé %b'{ilngfg&%%gd YENGLAL S8 S8V & hbd&RAtLAR kN9

drive of the ACU 9 IS executing a program the iInterrupt
cont r ol | dreagiieht chalges feom whicy reopiningoisaire fis ringrenevedrand|the fiptivkidat put

device or_a.peripheral ¢cjrcuit bhased on.its.priority or a nmask state, and
processessef’hcgmp'é ﬁreéﬁl.‘ 7%(%8? LT élbﬂn?’ﬁ‘blﬁ“gg S'géafeiﬁl%béq?e?sgt S H‘r‘ftaEeress
of the regidlfAra BBt aNfilne#6iHiatoh! @S sUBdtatd feipetAurktRay BOhipher thaR%ri N
accordance with the state of the CPU. [0436 The timng controller

905 generegualdosli0gral and lowee dhanrarl dqualtosb M) T eprefierabiyyhigher then Ar eq@d1p t he
AU o 20 Bl BE s ol 50l oS R gL
control | bR is heRE@WEREL YK imPhrily HoRELI M atiGh AF the BRARY @REontifétoNRNET at 1 NY
an internal clock signal CCK2 based on a reference clock signal CLK1, and
suppl i es fommeedc¢andic rwidugedl O Kddition,tdamage by sputteringveandier rediced, 10 481E}
15  to remove moisture remaining in the treatment chamber, an entrapment vacuum pump is
preferably used. For example, a cryopump, an ion pump, or a titanium sublimation
pump is preferably used. The evacuation unit may be a turbo pump provided with Z-i
cold trap. In the treatment chamber which is evacuated with the cryopump, for
example, a hydrogen atom, a compound containing a hydrogen atom, such as water
20  (H20), (more preferably, also a compound containing a carbon atom), and the like are
removed, whereby the impurity concentration in the oxide semiconductor film formed
in the treatment chamber can be reduced.
[0409]
An example of the deposition condition is as follows: the distance between the
25  substrate and the target is 170 mm, the pressure is 0.4 Pa, the direct current (DC) power
source is 0.5 kW, and the atmosphere is an oxygen atmosphere (the flow rate of oxygen
is 100 %). Note that a pulse direct current (DC) power source is preferable because
dust called particles generated in film formation can be reduced and the film thickness
can be uniform. The thickness of the oxide semiconductor film is preferably greater
30 than or equal to 5 nm and less than or equal to 30 nm. Since appropriate thickness

depends on an oxide semiconductor material used, the thickness can be determined as



30ln the CPU of this enbodinent, a nenory el enent having the structure
described in any of the above enbodinents is provided in the register 906.

The regig&gggﬁgﬂgﬁgller 907 sel ects the hol ding operati @arlPdibG3iR01 St er

906 in accordance with an instructioblromthe ALU 901. That 1s, in the
menory el ement included in the register 906, whether data is held in a
phase-inversion elenent or a capacitor is selected. In the case where
selection is made so that data is held in the phase-inversion elenent, a

power S“Q@é*g*@kéggagﬁﬁagfHkhﬁgfﬁﬁ-the menory el enment in the register 906.

In the ca lon 1s nmade so that data is held in the
capaci torfp410je data is witten into the capacitor, and the application of
t he power supply voltage to the nenory el enment in the register 906 can be

stopped. The p ?t‘?ﬁb‘bpfﬂeééhﬁt%d&g&?yﬁé@rwlﬁ%%&P‘ﬁ@‘%“gw‘%TEI?PW@iDéFierrent

bet ween g NRAD BY 1 BKP 021 208 | Ghna; tentia
VDD or a power Bés/gg%?ggﬁot entfléal0 Vggérlng&su%%ﬁ ggi,, 72’2 }tﬁgﬁf?rgyggh%ﬁn& | G 10
13A ob Flis@sttaBBover B3] layers up toland Sadinding thengate inselating filmt708 acafemetier e t he

operation of the CPUig te rall opped and the appljcation_of the power
SUpply voePsieaied 1 s grher etk ol e R AR S er o BT IRBRIY e Do

reduced. aSRf@Idges ¥l oisfufd aBoRBEA Snto Whe kbstratkoisUdPhinfikd AanBNaARA D, GENMPUL er
does not input data to an input device such as a keyboard, the operation of

t he CPU @agirdatment dofasel film dommpationt hdhe demeperaturesionthe peheasing i highciuthanl.
0439] Al t hough oCPU, i i i.n_thi di t, .the 20
sen conadbeat g0 Cad o e i lo BB B ety e r o o ot 0 oy
but ggn BpaRPhif bW Bh bokqedlGH 308 T.DXR af eFaRhQoA bk prVidd fdrahd
programuabl e gate array (FPéA). [ 0440] Thi s e%%odlnent can be

i mpl enentpechebtyngdheliampes andsyopunmis paglerabje. i Nate that thi® preheatingftreateent can
above-de%%%hgﬁglenbodinents. [ Exanpl e 1] [0441]
[0411]
Examples of a sputtering method include an RF sputtering method in which a
15  high-frequency power source is used for a sputtering power supply, a DC sputtering
method, and a pulsed DC sputtering method in which a bias is applied in a pulsed
manner. An RF sputtering method is mainly used in the case where an insulating film
is formed, and a DC sputtering method is mainly used in the case where a metal film is
formed.
20 [0412]

In addition, there is also a multi-source sputtering apparatus in which a
plurality of targets of different materials can be set. With the multi-source sputtering
apparatus, films of different materials can be formed to be stacked in the same chamber,
or a film of plural kinds of materials can be formed by electric discharge at the same -

25  time in the same chamber.
[0413]

Alternatively, a sputtering apparatus provided with a magnet system inside the
chamber and used for a magnetron sputtering method, or a sputtering apparatus used for
an ECR sputtering method in which plasma generated with the use of microwaves is

30 used without using glow discharge can be used.
[0414]



A sem conductor device which is one enbodi nent of the present invention is
used, so that a highly reliable electronic device and an el ectronic device
with | ow.p {(ﬁ97gonsunpt|on can be provided. In part'%ﬁ&ﬁfﬂhbﬁ%ﬁﬂ? case
of a porta@le el ectronic device whichlh&s difficulty in continuous
receiving electric power, a sem conductor device with | ow power consunption
whi ch is one enbodi nent of the present invention is added to the conponent
of the device, whereby an advantage in increasing t he conti nuous operation
time can be obt Wi transi s r.mjt | ow

GrF- st ate our r dtner axh Shidiion by Lite H3Ruforr B PEOR 2R sb i

failure caesed ibywiitligh @‘g%t stibdtance lﬂhﬂ%%put&:rinﬁngﬂseﬁﬁrﬂj’ohentt frerchei€allyt he
density of an integrated 5 circuit used for the sem conductor device can be

i ncr easedeadie Witheask othes wlyting slepepitiorncto foam e campppmdfilp dharepfnen de.

[ 0442] pr esent
nvent | ortissp eABLREAPAIA il (B8 WG Hpbifed 0 FROOAL BFHe Bipdblifial o
reproducumgbdemmtes provided 10 with recording nedia (typically, devices
whi ch reaégf ce the content of recording nedia such as digital versatile
discs (D and have di splays for displaying the reproduced inages). In
addition, as a"l‘h%'g%fétxhélﬂhtﬁlgj% 963 WY Rb fic@ dxidRGeRiQnHI& oS EIR 9%‘91‘4%

device which is onfe embodi ment of the present invention, ones,
gane nacHoneel isnedessively \ptshmab@@oglapretomhl !Seecesspm tfeliml éommlon rrmthmrt

| baok
50001 ot yEEOTIES f BakFER FORiRI SRS Hlertst Bohiep Rlavkeq BFER L FRigh
r epr qduciig GotleviteRmaled By atnéddpheritdesnpoteh®Ndr Mipshridy Gichidnts2felthgPindyer S)

copiers, facsimles, printers, nmultifunction printers, autormated teller
machi nes SeAlTRY Watcsnbydspcashom ondbe likeyd Fheeefprey yariationgia catastenistipscef thec
exanpl es ni c devices are shown in FIGS. 18A to 18F. 20

[ 0443] ‘Eﬁmﬁgfggﬁgiﬁﬁﬁéﬁgtrates an e-book reader including a housing 7001,
a di spl ayjopm]ti on 7002, and the |ike. A sem conductor device which is one

enbodi nent of e ent invent.ion _can be used for an integrated circuit
whi ch cont ol sthg?‘f Virhtdhea reqfCRL ib BEWOTEY B CryNalh afergEOwR droBF a pgace of

sem q@ndygf Gist QR¥deCemibirdllctop fﬂﬁ@ﬁ@%hﬁf‘dﬂéd of FRD ltshe s@teR GMirst BYRRTL 1 On
for the integrated circuit which controls driving of fhe e-book reader, a

hi ghl y r eseiniionduatoiiplok 73 eidehichatileast a@abdbweofala@eystalhzeld dr ovhighobesomes
consunption, can r |de e flexi ubstrate .is used,  a

sem condFAE éb? E g‘?{ se')%] @ng’f?tof‘ f Per&ermed %Jﬂglff’é\f an or
f1exi bi | idgyal B0SRYaril m@& thdnl @rfkglh)ﬂ @'m,rﬁé’féﬁ‘dbby\ﬁigﬁ& than bf 8Yidlte and
| i ghtwei ght can be provided. 30 [0444]

600 °C and lower than or equal to 700 °C. Heating time is greater than or equal to 1

20  minute and less than or equal to 24 hours. The single crystal layer grows from the
surface to the inside portion and contains plate-shaped crystals whose average thickness
is greater than or equal to 2 nm and less than or equal to 10 nm. The crystal layer
formed at the surface has the a-b plane and is c-axis oriented in a direction
perpendicular to the surface. In this embodiment, an example in which the entire first

25 oxide semiconductor film 731 is crystallized (the crystals are also referred to as
co-growing (CG) crystals) by the first heat treatment is described.

[0417]
Note that in the first heat treatment, it is preferable that water, hydrogen, and
the like be not contained in nitrogen, oxygen, or a rare gas such as helium, neon, or

30 argon. In addition, nitrogen, oxygen, or a rare gas such as helium, neon, or argon

which is introduced into a heat treatment apparatus preferably has a purity of 6N



WO 2011/ 078373126PCT/ JP2010/ 073478 one enbodi nent of the present invention
can be used for an integrated circuit which controls driving of the display
device. W e of the sem conductor device which i j ment of
t he presﬁ&?qpﬁggﬁg?on for the integratlé® circuit which ggﬁﬁ?%P@ rﬁ%ing of
the display device, a highly reliable display device and a display device
with 5 | ow power consunption can be provided. Note that a display device

i ncludes all display devices for displaying information, such as displ ay

i spl ayi rig> 000701 @ LARTHAE eretaBly TEER 008 40 bl Wbl MR ABb i o 2

di spl ay dsmcefration!istowg thamodehig t60Lppma pebiférablgyloner thaaror/éyidl ta0d t he
| i ke. A sem conductor device which is one enbodi nent of the present
i nvent i orPR) Furthew therfirst haat fraatmenthmay beiperigrmedyin a drycainatmesphete wWithng of

t he di SplzﬁyHgﬁ%Q{;{gc%ntrWJnrbftlmeHﬁ&BIe(#uortopr%?”d“Ct or device which is one

enbodi nent o present 1nvention Integrated circuit which
contrdl s [@4i8] ng of the display 15 device, a highly reliable display device
and a display device with | ow power consunption can be provided. Wen a

fl exi bl e subst riatkis embadiment, heatdrratpertie Boky @ iTaespheis oh 79856 donkibiror

di spl ay q$¥%§§%%@ng@¥ﬁth%%hQ& ey, Whereby a user-friendly display device

which is wel g can be provided. Accordingly, as
illustrat[@d19jn FI G 18C, a di splay device can be used while being fixed to

fabric or the | i ke, .and an applicatiaon rapnge of the sem conduct or
di spl ay devi ce Nae &%ﬁﬁ{ﬂ%‘éﬁtw\% WEAELS 17 saiibpied i apeertricy st mareang
port gl e rﬁ%‘;ﬁe PRAHeSvit S BiHE r Re A 1#SIn EbjdQ 3 be ar&g%g% Bg 529%%11(1&&3&18 pl ay

portion 70 a display portion 7034,” a m'crophone , 25 speakers 7036,
oper at i ororkleeat rali@ion fomt y heatingddemeninsiichias 4 ir¢séstante Jeating sltoenbr Khevi ce
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object to be processed by heat treatment, such as nitrogen or a rare gas such as argon is
20  used.
[0420]

For example, the heat treatment can employ GRTA, in which the substrate is
moved into an inert gas heated at a high temperature of 650 °C to 700 °C, and heated for
several minutes there, and then the substrate is moved out of the high-temperature inert

25 gas. With GRTA, high-temperature heat treatment for a short period of time can be
achieved.
[0421]

Next, as illustrated in FIG. 15C, a second oxide semiconductor film 732 is

formed over the first oxide semiconductor film 731, which includes plate-shaped single

30 crystals. The thickness of the second oxide semiconductor film 732 is at least larger

than that of the first oxide semiconductor film 731 and less than or equal to 10 pm.
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15 It is preferable that the first oxide semiconductor film 731 and the second oxide
semiconductor film 732 be formed using materials containing the same components, or
have the same crystal structure and close lattice constants (lattice mismatch is less than
or equal to 1 %). In the case where the materials containing the same components are
used, crystal growth is further promoted from the single crystal layer of the first oxide

20 semiconductor film 731 in the crystallization performed later. In addition, when the
materials contain the same components, physical properties of an interface such as
adhesion or electric characteristics are favorable. Note that the second oxide
semiconductor film 732 is preferably formed using a material whose electric
characteristics (e.g., mobility, threshold voltage, or band gap) is improved more than the

25  first oxide semiconductor film 731 when crystallinity is increased.

[0424]
Next, second heat treatment is performed, so that crystals are grown from the
first oxide semiconductor film 731 toward the second oxide semiconductor film 732.
The second heat treatment is performed at higher than or equal to 450 °C and lower than
30  orequal to 850 °C, preferably higher than or equal to 550 °C and lower than or equal to

650 °C. Heating time is greater than or equal to 1 minute and less than or equal to 24
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el ement ; semiconductor film 735 and the first oxide semiconductor film 731 are identical with

each other. As a result, in the oxide semiconductor film 733, actually, the boundary

between the first oxide semiconductor film 731 and the second oxide semiconductor

film 735 is unclear.

15 [0426]

In some cases, the oxide semiconductor film 733 includes polycrystals in a

region overlapping with an uneven part of the gate insulating film, thereby including a
crystal boundary. In addition, a region of the oxide semiconductor film 733 which
serves as a channel formation region overlaps with at least a planar part of the gate

20 insulating film, and therefore there is a case where the first oxide semiconductor film
731 and the second oxide semiconductor film 735 include c-axis-oriented single crystals.
In the case where the first oxide semiconductor film 731 and the second oxide
semiconductor film.735 are c-axis-oriented, the first oxide semiconductor film 731 and
the second oxide semiconductor film 735 desirably have identical a-b planes, a-axes, or

25  b-axes; however, the direction of the a-axes or b-axes may be different in some cases.
[0427]

Note that also in the second heat treatment, it is preferable that water, hydrogen,
and the like be not contained in nitrogen, oxygen, or a rare gas such as helium, neon, or
argon. Alternatively, nitrogen, oxygen, or a rare gas such as helium, neon, or argon

30 which is introduced into a heat treatment apparatus preferably has a purity of 6N or
higher, more preferably 7N or higher (that is, the impurity concentration is lower than or

equal to 1 ppm, preferably lower than or equal to 0.1 ppm). Further, the second heat
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[0429]
Next, the shape of the oxide semiconductor film 733 is processed by a
photolithography method, so that an island-shaped oxide semiconductor film 734 and an
15  island-shaped oxide semiconductor film 736 are formed to overlap with the gate
electrode 701 and the gate electrode 702, respectively. Note that a resist mask for
forming the island-shaped oxide semiconductor films may be formed by an inkjet
method. Formation of the resist mask by an inkjet method needs no photomask; thus,
manufacturing cost can be reduced.
20 [0430]
In accordance with the steps after the step for forming the source electrode and
the drain electrode illustrated in FIG. 11A of Embodiment 4, a transistor which serves as
a switching element of a memory cell can be manufactured.
[0431]
25 This embodiment can be implemented by being combined as appropriate with
any of the above-described embodiments.
[0432]
(Embodiment 8)
In this embodiment, a structure of a CPU, one of semiconductor devices each
30 of which is one embodiment of the present invention, will be described.
[0433]
In FIG 17, the structure of the CPU of this embodiment is illustrated. The
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[0434]
10 An instruction which is input to the CPU through the Bus I/F 908 is input to the

instruction decoder 903 and decoded therein, and then, input to the ALU controller 902,
the interrupt controller 904, the register controller 907, and the timing controller 905.
[0435]
The ALU controller 902, the interrupt controller 904, the register controller 907,
15  and the timing controller 905 conduct various controls based on the decoded instruction.
Specifically, the ALU controller 902 generates signals for controlling the drive of the
ALU 901. While the CPU is executing a program, the interrupt controller 904 judges
an interrupt request from an external input/output device or a peripheral circuit based on
its priority or a mask state, and processes the request. The register controller 907
20  generates an address of the register 906, and reads/writes data from/to the register 906
in accordance with the state of the CPU.
[0436]
The timing controller 905 generates signals for controlling a drive timing of the
ALU 901, the ALU controller 902, the instruction decoder 903, the interrupt controller
25 904, and the register controller 907. For example, the timing controller 905 is
provided with an internal clock generator for generating an internal clock signal CLK2
based on a reference clock signal CLK1, and supplies the clock signal CLK2 to the
various above circuits.
[0437]
30 In the CPU of this embodiment, a memory element having the structure
described in any of the above embodiments is provided in the register 906. The

register controller 907 selects the holding operation in the register 906 in accordance
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[0438]
In such a manner, even in the case where the operation of the CPU is
temporally stopped and the application of the power supply voltage is stopped, data can
be held and power consumption can be reduced. Specifically, for example, while a
15  user of a personal computer does not input data to an input device such as a keyboard,
the operation of the CPU can be stopped, so that the power consumption can be
reduced.
[0439]
Although the CPU is given as an example in this embodiment, the
20  semiconductor device of the present invention is not limited to the CPU, but can be
applied to an LSI such as a DSP, a custom LSI, or a field programmable gate array
(FPGA).
[0440]
This embodiment can be implemented by being combined as appropriate with
25  any of the above-described embodiments.
[Example 1}
[0441]
A semiconductor device which is one embodiment of the present invention is
used, so that a highly reliable electronic device and an electronic device with low power
30 consumption can be provided. In particular, in the case of a portable electronic device
which has difficulty in continuously receiving electric power, a semiconductor device

with low power consumption which is one embodiment of the present invention is
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The menoryentievndoetoadedcdwhigh tivom antroddment of itk present iventdon) nidild phbndshe
game machines including portable game machines, portable information terminals,
15 e-book readers, video cameras, digital still cameras, goggle-type displays (head
mounted displays), navigation systems, audio reproducing devices (e.g., car audio
systems and digital audio players), copiers, facsimiles, printers, multifunction printers,
automated teller machines (ATM), vending machines, and the like can be given.
Specific examples of these electronic devices are shown in FIGS. 18A to 18F.
20 [0443]

FIG. 18A illustrates an e-book reader including a housing 7001, a display
portion 7002, and the like. A semiconductor device which is one embodiment of the
present invention can be used for an integrated circuit which controls driving of the
e-book reader. With the use of the semiconductor device which is one embodiment of

25  the present invention for the integrated circuit which controls driving of the e-book
reader, a highly reliable e-book reader and an e-book reader with low power
consumption can be provided. When a flexible substrate is used, a semiconductor
device and a semiconductor display device can have flexibility, whereby a user-friendly
e-book reader which is flexible and lightweight can be provided.

30 [0444]

FIG. 18B illustrates a display device including a housing 7011, a display
portion 7012, a supporting base 7013, and the like. A semiconductor device which is



first, second and third phase-inversion elenents is one selected fromthe
group of an inverter and a cl ocked inverter.
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one embodiment of the present invention can be used for an integrated circuit which
controls driving of the display device. With the use of the semiconductor device which
is one embodiment of the present invention for the integrated circuit which controls
driving of the display device, a highly reliable display device and a display device with
5 low power consumption can be provided. Note that a display device includes all
display devices for displaying information, such as display devices for personal
computers, for receiving television broadcast, and for displaying advertisement, in its
category.
[0445]

10 FIG. 18C illustrates a display device including a housing 7021, a display
portion 7022, and the like. A semiconductor device which is one embodiment of the
present invention can be used for an integrated circuit which controls driving of the
display device. With the use of the semiconductor device which is one embodiment of
the present invention for the integrated circuit which controls driving of the display

15 device, a highly reliable display device and a display device with low power
consumption can be provided. When a flexible substrate is used, a semiconductor
device and a semiconductor display device can have flexibility, whereby a user-friendly
display device which is flexible and lightweight can be provided. Accordingly, as
illustrated in FIG. 18C, a display device can be used while being fixed to fabric or the

20  like, and an application range of the semiconductor display device is dramatically
widened.

[0446]
FIG. 18D illustrates a portable game machine including a housing 7031, a
housing 7032, a display portion 7033, a display portion 7034, a microphone 7035,

25  speakers 7036, operation keys 7037, a stylus 7038, and the like. A semiconductor
device which is one embodiment of the present invention can be used for an integrated
circuit which controls driving of the portable game machine. With the use of the
semiconductor device which is one embodiment of the present invention for the
integrated circuit which controls driving of the portable game machine, a highly reliable

30 portable game machine and a portable game machine with low power consumption can
be provided. Although the portable game machine illustrated in FIG. 18D has the two
display portions 7033 and 7034, the number of display portions included in the portable
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game machines is not limited thereto.
[0447]

FIG. 18E illustrates a mobile phone including a housing 7041, a display portion
7042, an audio-input portion 7043, an audio-output portion 7044, operation keys 7045,
a light-receiving portion 7046, and the like. Light received in the light-receiving
portion 7046 is converted into electrical signals, whereby external images can be loaded.
A semiconductor device which is one embodiment of the present invention can be used
for an integrated circuit which controls driving of the mobile phone. With the use of
the semiconductor device which is one embodiment of the present invention for the
integrated circuit which controls driving of the mobile phone, a highly reliable mobile
phone and a mobile phone with low power consumption can be provided.

[0448]

FIG. 18F illustrates a portable information terminal including a housing 7051, a
display portion 7052, operation kéys 7053, and the like. In the portable information
terminal illustrated in FIG. 18F, a modem may be incorporated in the housing 7051. A
semiconductor device which is one embodiment of the present invention can be used for
an integrated circuit which controls driving of the portable information terminal. With
the use of the semiconductor device which is one embodiment of the present invention
for the integrated circuit which controls driving of the potable information terminal, a
highly reliable portable information terminal and a portable information terminal with
low power consumption can be provided.

[0449]

Example 1 can be implemented by being combined as appropriate with any of
the above-described embodiments.
[0450]

This application is based on Japanese Patent Application serial no.
2009-293982 filed with Japan Patent Office on December 25, 2009, the entire contents

of which are hereby incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:

a first logic element;

a second logic element;

a third logic element;

a first transistor comprising a first terminal, a second terminal, and a gate;

a second transistor comprising a first terminal, a second terminal, and a gate;

a third transistor comprising a first terminal, a second terminal, and a gate;

a fourth transistor comprising a first terminal, a second terminal, and a gate;

a fifth transistor comprising a first terminal, a second terminal, and a gate; and

a capacitor,

wherein:

an input terminal of the first logic element is electrically connected to the second
terminal of the first transistor and the first terminal of the second transistor,

an output terminal of the first logic element is electrically connected to an input
terminal of the second logic element and the first terminal of the third transistor,

an output terminal of the second logic element is electrically connected to the
second terminal of the second transistor,

the second terminal of the third transistor is electrically connected to the first
terminal of the fifth transistor,

the second terminal of the fifth transistor is electrically connected to an output
terminal of the third logic element,

an input terminal of the third logic element is electrically connected to the second
terminal of the fourth transistor and the capacitor,

the first terminal of the fourth transistor is electrically connected to the first terminal
of the first transistor, and

a channel formation region of the fourth transistor comprises an oxide

semiconductor comprising at least indium and zinc.
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2. The semiconductor device according to claim 1, wherein each of the first to third

logic elements is any of an inverter and a clocked inverter.

3. The semiconductor device according to claim 1, wherein an off-state current of

the fourth transistor is lower than or equal to 100 zA/pum.

4. The semiconductor device according to claim I, wherein the oxide semiconductor

further comprises gallium.

5. A semiconductor device which is an LSI comprising a CPU, a DSP, ora

microcontroller comprising the semiconductor device according to claim 1.

6. An electronic device comprising a CPU comprising the semiconductor device
according to claim 1, wherein the electronic device is one selected from the group

consisting of a game machine, an image reproducing device, and a personal computer.

7. A semiconductor device comprising:

a first logic element;

a second logic element;

a third logic element;

a first transistor comprising a first terminal, a second terminal, and a gate;

a second transistor comprising a first terminal, a second terminal, and a gate;
a third transistor comprising a first terminal, a second terminal, and a gate;

a fourth transistor comprising a first terminal, a second terminal, and a gate;
a fifth transistor comprising a first terminal, a second terminal, and a gate; and
a capacitor,

wherein:

an input terminal of the first logic element is electrically connected to the second
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terminal of the first transistor and the first terminal of the second transistor,

an output terminal of the first logic element is electrically connected to an input
terminal of the second logic element and the first terminal of the third transistor,

an output terminal of the second logic element is electrically connected to the

second terminal of the second transistor,

the second terminal of the third transistor is electrically connected to the first

terminal of the fifth transistor,

the second terminal of the fifth transistor is electrically connected to an output

terminal of the third logic element,

an input terminal of the third logic element is electrically connected to the second
terminal of the fourth transistor and the capacitor,

the first terminal of the fourth transistor is electrically connected to the first terminal
of the first transistor, and

a channel formation region of the fourth transistor comprises an oxide
semiconductor comprising at least indium and zinc, and

a hydrogen concentration in the channel formation region is lower than or equal to 5

x 10 /em?.

8. The semiconductor device according to claim 7, wherein each of the first to third

logic elements is any of an inverter and a clocked inverter.

9. The semiconductor device according to claim 7, wherein an off-state current of

the fourth transistor is lower than or equal to 100 zA/um.

10. The semiconductor device according to claim 7, wherein the oxide

semiconductor further comprises gallium.

11. A semiconductor device which is an LSI comprising a CPU, a DSP, or a

microcontroller comprising the semiconductor device according to claim 7.
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12. An electronic device comprising a CPU comprising the semiconductor device
according to claim 7, wherein the electronic device is one selected from the group

consisting of a game machine, an image reproducing device, and a personal computer.

13. A semiconductor device comprising:

a first logic element;

a second logic element;

a third logic element;

a first transistor comprising a first terminal, a second terminal, and a gate;

a second transistor comprising a first terminal, a second terminal, and a gate;

a third transistor comprising a first terminal, a second terminal, and a gate;

a fourth transistor comprising a first terminal, a second terminal, and a gate;

a fifth transistor comprising a first terminal, a second terminal, and a gate; and

a capacitor,

wherein:

an input terminal of the first logic element is electrically connected to the second
terminal of the first transistor and the first terminal of the second transistor,

an output terminal of the first logic element is electrically connected to an input
terminal of the second logic element and the first terminal of the third transistor,

an output terminal of the second logic element is electrically connected to the
second terminal of the second transistor,

the second terminal of the third transistor is electrically connected to the first
terminal of the fifth transistor,

the second terminal of the fifth transistor is electrically connected to an output
terminal of the third logic element,

an input terminal of the third logic element is electrically connected to the second
terminal of the fourth transistor and the capacitor,

the first terminal of the fourth transistor is electrically connected to the first terminal
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of the first transistor,

a channel formation region of the fourth transistor comprises an oxide
semiconductor comprising at least indium and zinc, and

the channel formation region of the fourth transistor further comprises crystals
which are c-axis-oriented in a direction generally perpendicular to a surface of the oxide

semiconductor.

14. The semiconductor device according to claim 13, wherein each of the first to

third logic elements is any of an inverter and a clocked inverter.

15. The semiconductor device according to claim 13, wherein an off-state current of

the fourth transistor is lower than or equal to 100 zA/pum.

16. The semiconductor device according to claim 13, wherein the oxide

semiconductor further comprises gallium.

17. A semiconductor device which is an LSI comprising a CPU, a DSP, or a

microcontroller comprising the semiconductor device according to claim 13.

18. An electronic device comprising a CPU comprising the semiconductor device
according to claim 13, wherein the electronic device is one selected from the group

consisting of a game machine, an image reproducing device, and a personal computer.



