1 DESCRI PTI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The
present invention relates to a sem conductor device including a thin

senm condusbaoiifiskszs 10 BACKGROUND ART [ 0002] A t lpcm/abrdionéoansi st or

i ncluding a sem conductor filmwhich is formed over an insulating surface
is an indi spensabl e sem conductor elenent for a sem conductor device. Since
there is limtation on the allowable tenperature limt of a substrate in 15
manufacture of a thin filmtransistor, a thin filmtransistor in which

anor phous silicon that can be deposited at relatively | ow tenperature,

pol ysilicon that can be obtai ned BESCRIBTHEONI zati on with use of |aser beam
or a catalytic elenent, or the like is included in an active |ayer is

mai nly used for a sem conductor display device. [0003] 20l n recent years, a

met al oxi de showi ng sen condpfMirefONDUCEOR HDEVIER has attracted attention,
which is called an oxi de sem conductor, as a novel sem conductor nmmteri al

whi ch has higher nobility than anorphous silicon and has uniform el enent
char agct er. I]lﬂgg Rﬁ:@tﬂﬁd by amorphous silicon. The nmetal oxide is used for
vari ols R For exanple, indiumoxide is a well-known netal oxide
and used[ggolg 25 material of a transparent electrode included in a liquid
crystal displ a;élqbdevi ce or the like. Exanples of such nmetal oxides having
sem conduct or arpreseat jinydngion j ielatasdte musegeicendugtor déevidei nchydinge a thidi um
oxi de, a@@m@oﬂﬁuc?&(ljtﬂ . Thin filmtransistors in each of which a channel
formation region is 10rmed usi ng such nmetal oxi de having sem conduct or
characteristics have been known (Patent Docunents 1 and 2). 30 [Reference]
[ Pat ent Docunents 130004]
100 BACKGROUND ART
[0002]
A thin film transistor including a semiconductor film which is formed over an
insulating surface is an indispensable semiconductor element for a semiconductor
device. Since there is limitation on the allowable temperature limit of a substrate in
15  manufacture of a thin film transistor, a thin film transistor in which amorphous silicon
that can be deposited at relatively low temperature, polysilicon that can be obtained by
crystallization with use of laser beam or a catalytic element, or the like is included in an
active layer is mainly used for a semiconductor display device.
[0003]
20 In recent years, a metal oxide showing semiconductor characteristics has
attracted attention, which is called an oxide semiconductor, as a novel semiconductor
material which has higher mobility than amorphous silicon and has uniform element
characteristics obtained by amorphous silicon. The metal oxide is used for various
applications. For example, indium oxide is a well-known metal oxide and used as a
25  material of a transparent electrode included in a liquid crystal display device or the like.
'Examples of such metal oxides having semiconductor characteristics include tungsten
oxide, tin oxide, indium oxide, and zinc oxide. Thin film transistors in each of which a
channel formation region is formed using such metal oxide having semiconductor
characteristics have been known (Patent Documents 1 and 2).
30 [Reference]

[Patent Documents]

[0004]



2 [Patent Docunent 1] Japanese Published Patent Application No. 2007-123861
[ Pat ent Docunent 2] Japanese Published Patent Application No. 2007-096055

[ 0005] Mawiowhilles23spower consunption of a sem conductor iPoTragrEd/eerIgd rcuit 5
(hereinafter, referred to as an integr?ted circuit) which is manufactured
using a silicon wafer, an SO (silicon®“on insulator) substrate, or a thin
sem conductor filmover an insulating surface, or the like is approxi mately
equal to the sum of power consunption generated when the circuit is in an
operation state and power consunption generated when the circuit is in a
stop st at[@afcheDocumadrit @] Japanése PublisHed PacknsApplitayiop dDiee2007-F386he 10

i nt egrat iﬁn deﬁr ee of ihe i nt%grat ed circuit is increased in _accordance
with advahetent Hogymaens 2] lapaness Pubhshed Patentdpplination o 3007:000088: t heref or e,

t he power Og@ﬂsurrpti on generated when the circuit is in an operation state
tends to [be reduced. Accordingly, the proportion of standby power in the
total power cordemsthilen pagcrbeonsumptioea®éda aericbhdrosdroristegratdualiicaid of

standRy power i.s an.inportant object in arder to furfher reduce 15 power
consu Spt i @ﬁr.em["é% ggterre f0 as g é“tgérétﬁél 53 C‘H?)\/%'FICE &h “EE“%F%EEFQ Ysga sticen st at i ¢
standby peyeF, AANSOHYHRMBC o iR RQU‘ﬁfate,Ugea ﬁ{iﬁkbﬁi&hm&yfi{?ﬂ%& f Power

consuned by generation of |eakage current between a source electrode and a
drai n el dosuldihg, subfecame thalikmiseapptoximatelyecqualitotde sime of powee caiseotptionle, and
bet ween t@ee%getde El e@tﬁr ode.tand t he dr?.i n glltectcLode ina stﬁte wher e vol t age
is not applied bslaly iE!dP &2 AP SRERUGE stats i, BPWET Fonsyypphion genergted oent
havi ng t hyles thercifciielisin 4 b@p stde éﬂdﬂeiﬂaﬁetr,alteeerwaetbeas\/s@dﬁde?@o%i vweay thhe gate
el ectrode and the source el ectrode is approximately 0. In addition, the
dynartlc dntsatasion slegrse of shg egratghicirpuil & wereasadeld agherdagesr with aflvancepaci t ance
i ncl uded L e-capacl L qr 5. WM [ . like of a transj.stor is
char ged aﬂrl]%r(gi%%ng’d%glyh}%oﬁ?ﬁaréaﬁ §édsu ggdﬁl %err%f&\%bltb gg%oq% S/(%I.]I’Slur(l)l éogi gnal s
such as cdencratedivginal the @ircait foein spyamion stakttagh tb beaedicedui AcedidiagBf Op
state (hereinafter, refgrred to as a non-operation circuit). [0007] Wen

the i nt edPGPRACHRF0LEMENEDY PRY B &R, (ofah BOVFAGORBYMPHRTLfas been ctassdsrad or i s
30 shor t qp&gdroalldeddtBioh e SlAEEY 8%"' 'Q%nqgllpgf}%l(ﬁfi%c?%t)fde% Foref !regngc{%ea

gate insulating filmis reduce Therefo t he’| eakage current
t r andidst qrowies consomptised and the static standby power tends to be increased.

3 [0008] [0006]

The standby power can be classified into static standby power and dynamic
standby power. The static standby power is power consumed by generation of leakage
current between a source electrode and a drain electrode, between a gate electrode and

20  the source electrode, and between the gate electrode and the drain electrode in a state
where voltage is not applied between the electrodes of a transistor, which is an element
having three terminals, that is, in a state where voltage between the gate electrode and
the source electrode is approximately 0. In addition, the dynamic standby power is
power which is consumed when parasitic capacitance included in a gate capacitor, a

25  wiring, or the like of a transistor is charged and discharged by continually supplying
voltage of various signals such as clock signals or a power supply voltage to a circuit in
a stop state (hereinafter, referred to as a non-operation circuit).

[0007]

When the integrated degree is increased, the channel length of a transistor is

30  shortened and the thickness of any of insulating films typified by a gate insulating film
is reduced. Therefore, the leakage current of the transistor is increased and the static

standby power tends to be increased.



In addition, in order to reduce the dynam c standby power, it is effective
to prevent unnecessary charge and di scharge in a variety of capacitors

i ncl uded wo 20h@sessa- operati on circuit by stopping suppl ycofirrhieogrover
supply voltage to the 5 non-operation circuit. However, in general, a
transistor is also used as a switching’el enent for stopping supply of the
power supply voltage. Further, as described above, with a higher integrated
degree, the | eakage current of the transistor tends to be increased. As a
result, reduction of the dynam c standby power is inhibited by the | eakage
current. [DOpYOO9] In view of the above problems, an object of an
enbodi ment of the present invention disclosed is to provide a sem conductor
device in vvh| cHnsaadémmy i veter tp gedusatbe dynamig standpy ppwes it inreffedsiveftor

manuf act t.or [ SISt i,ncl d|ng an
oxi de se con #@%&%ﬁﬁg& 4hd (ﬂ?éﬁagegr% in Q%R%JY achCaap 8 %F\ncn‘bdegl g and
suppl y of nam- @m&fons afrphiy b’}OlsIt@gﬁ‘ng osupplgi € Uihk pﬁ@hludsﬂgpllyn vamagentt@gﬂlet ed
circuit is controlled by the switching elenment. Specifically, when the

ci rcuiX |%°ni'?Peé€H1°Bp"é¥%Htl oflo¥exere In gopsiply %‘Fa’tsﬁé‘)rp'évaéfro usedpasya $wiitchigs to t he
circui t igeReftieof %#9%’ }%@b By 5Fhk \V@gsﬁp a’lg e ANy MRS Nast S el Gible, | S 1N 2
y ag

stop state, suppl ower e to the circult 1s’stopped
by the Sswitle hi highet. entegratedl degreki the daakaghecucnenc of tths uppbisted tendshtd fbe power

suppl y vol tage ,i ngl udes one or.a ra of sem conducto ments each
of Poh ch INGERSerh Ao Bl e, e i, ptapgdty Boves 1scin Plteidpahthas a
transi st Oeakage @&, @ capacitor, a resistor, or inductance, which is
fornmed using a sem conduct or. Further the seni conductor included in the
255erﬁ0cor{9989?]or el ements contains silicon having crystallini ty (crystalline

Singl o &yt al BNk el 6 55T proberi, e i Bodimend P Becufrins
Noi st ur e iaverdtipdrdigssedMis e peoniidd aisemaddn@vdtele d&aed GORAUG! Qindbly! pBwernsa gate
insulating film in an interface between the oxide 30seni conductor film and

anot her iTiduficdanddo pravidect meted fpropagufctuning e semicendusterdesigeny heat
treat rrent[()g{o]t he |ike. [0012] 4

15 A transistor including an oxide semiconductor as an active layer is used as a
_ switching element, and supply of a power supply voltage to a circuit included in an
integrated circuit is controlled by the switching element. Specifically, when the circuit
is in an operation state, supply of the power supply voltage to the circuit is performed
by the switching element, and when the circuit is in a stop state, supply of the power
20  supply voltage to the circuit is stopped by the switching element. In addition, the
circuit supplied with the power supply voltage includes one or a plurality of
semiconductor elements each of which is a minimum unit included in an integrated
circuit, such as a transistor, a diode, a capacitor, a resistor, or inductance, which is
formed using a semiconductor.  Further, the semiconductor included in the
25  semiconductor elements contains silicon having crystallinity (crystalline silicon), such
as microcrystalline silicon, polycrystalline silicon, or single crystal silicon.
[0011]
In addition, impurities such as moisture or hydrogen which exist in an oxide
semiconductor film, in a gate insulating film, in an interface between the oxide
30  semiconductor film and another insulating film or the vicinity thereof are detached by
heat treatment or the like.
[0012]



An oxi de sem conductor highly-purified by reduction of inpurities such as
noi sture or hydrogen which serves as an el ectron donor (donor) (a purified
0S) is arwOnbriaizise sem conductor (an i-type sem conduc®PQm)PzN0/e67999
substantially intrinsic sem conductor., Therefore, a transistor including
the oxide semconductor has a 5 characferistic of very small off current.
Specifically, the concentration of hydrogen in the highly-purified oxide
sem conductor which is neasured by secondary ion nass spectronetry (Sl M)
is less than or equal to 5 x 1019/ CM3, preferably less than or equal to 5 X

1018/ cnB, nore A ekileadeimicomiastor highlppusfied byt @dbction 16Xl ibhsuRics Subh lasmor e
preferably less than or equal to 1 x 1016/CM3. In addition, the carrier

density dROsHE g5 hylogen g’@’rﬁ‘é&ﬁ’&ﬁué‘ﬁ 8n efsctrpn Wenen(dogorkda puriied BS) Halan ef f ect
measur e I 1 C bly Le 2/ cnB,
nore pr g? g{rrglhléy SF‘ZIZCSOB? or @‘m q)éyZlBl/ rE%n%l I&rll—lg ‘?h@r r%r e, %ﬁ ?fttnﬁig érgf)lg%lf t he
oxi de semenmuﬂdud:tor |"Ehegekaet,en ttalnalstonrmemdaig the BxieV, septiedriualok Yhagr gat er

t han ual to.2. re | y. greater than or equal to 3 eV.
Wih She 8acistioic oty smeDal Sutidic SRS EPPerSraigalyDdEenind by
sufficienhdwn pLBHLE bREet 6 K t isture
or hydrogen, I%fﬁ){ currelr(l)t gfgét lg&{aggtgglvi&tlgf%cg{neaﬁdg&?e u%ggl]&rgg rg?mEQ

Vari ous epperonmryt (SIMS) islesuthhh pr pqual @ 5 oWl Y/Emd, yreferablyotesst then bf edqual st or

i ncluding the highky-purified oxide sem conductor fil;mas an active |ayer.
For 20 exanpl ¥ /EWermQietprcisrably lessthen of savaktochsdAel/cowy slhmere preferatdy gm and

a channelyJ.e n 6Q_Bange rom1 V.to,10.V qof .,vol t.gge
(drain vofgtsa&gg'rbb %%éfe)rtls; go%@c@mel eﬂlt a8 telI)%\?n Ca MY ﬁenéftéc(& g0 Xlﬁg i's
possilbl e stmadon@hdtorC Filch 8kick W infeasuréd @Slalllﬂl %HééteﬂEadufblﬁéhe i€ ?e%@ thhier e vol t age
bet ween a gate el ectrode and the soyrce electrode is O Vor less) is less

t han or el@ué¢m3t, erefbrablyekessttenehx 10'fem’ ohor glefnrntdyndmttban p)ax a0t o,

anal yzer, to 1 X is.case, it

[, e
can be f&:d’ﬁtge‘i“h(g? thﬁbﬁ‘?‘fg%?{]@]ﬁtoxﬂjérfgf“t'?’“gli?tf’%%srﬁfﬁﬁ?rn@a‘f g 8‘1‘{? fUé e¥bt ai ned
by di vi dipgfetabBy @titeCthbn 8NEquY 1ol 118 eVBOR retbhbl g Rhtet hﬁnbf é@ﬁh%&?év' s less
t han or ual to 100 zAlmm I n addition, a capaci tor and ransi stor were
connect ed)(attb thequse thql‘léroxmcsem@ﬂflctguflhemhldeIlﬂshlgblywamfmeta’ummblytlps| ng a

Circyit C e ovmn i nt o romthe_capaci

cont g1 1 afpaltealle FEEhlrifont BPSincs WhE % mlfird e hiSkinaSireBRRg didhs 1 oo

oxi de sentaasimdbcdnte kedhdedwas used as a channel formation region in the

transistor, and the off current density of 5 the transistor was neasured

from chad®®3ln the armunt of electric charge of the capacitor per unit

time. As a res t a bet ween

t he source el e?:uta%lg e a %{Ryg'qal n alugc?ltroggel%g?%{fl\@glﬁeﬁ%né}?ts ‘a’\}&g%" a

| oner of ﬁncdudmgrthe dephliytpurified sexide alemicondugtoc tfiimmaera petiveTilHie Merer

(yA//b was able to be 5 obtained. Therefore, in the sem conductor device
ng

r el aBPng exymBlS, @ieBtiflamelementwith yehanpelywidthefnk x dA° winraad gfcharnel feagth densi t y

of thetr or J i Y5 |f| OXI conductor film as
an acti vei“16 er’ E:lan §éyﬁfe§§mtﬂ§]nt%oﬁme/qufal ‘pee ﬁcg ﬁi‘?gﬁ%ebn}‘%‘?e&aamwcq ess
than or etfrbdd andld disiM tiebirode; 1tﬁ§>l§))6ssﬁb’l€ftlﬂi b dtirte@b EwRiBIRT EHhinS@Rht 0 1
yA/ Ri n, depending on the voltage between the source el ectrode and drain

el ect r odéhe cage whersrltags Petwteﬁ'éa eatgedacrode andhthesapisg elegods igi9) Yop lass)¥ i ed
O T ol R ROOHME ol 19 RO AGhEN ik Y0 McdiMGhol RiERCRL Lufitdont,  1ar

a transistor 1nclu |ng sil1con having cryst t he

t rangbst ohat is) tdssichian @r Sihal €ONxNAVF Y O Yisik 8hde] mbmyb@ﬂﬁmb itlh @A oﬂ'Q’ﬁi*rEhtt y and
hi gher on current than the transistor incl udi ng an oxi de sem conduct or.

15[ 0014] density corresppnditigotoea viie Pbtairady by dividiag ftlay pficrumennby genthronduct or

el enent s I ng. ck e SI|IC nsi st or lncludln an oxi de
seni condyc ?tglrolf?f%e %asnes 4d 1glles§ PARAY 2? éﬁ% f\?‘lméndlt nAddiap. gFapg l;5*3)R/\31=."i‘[f<suppl y
vol t age tardnbigtod iwces!cbnrietted A tcheH bher M Al BfSirfeaNIARILE |wea'§ﬁﬂéasu1laﬂg§'
integration of the |ntegrated circuit and high speed driving 20 théreof can

be achi eW&i#ig agitguit Hryhigh slestriciahargs flomdig inte orfrom dbs eapaditor iras chrtadlege
curr gyt %9%9 fran818f €3r %ie measurement, the hlghly-purlfled oxide semiconductor film

was used as a channel formation region in the transistor, and the off current density of



[ 0015] Note that as the oxide sem conductor, a four-conponent netal oxide
such as an I n-Sn-Ga-Zn-0-based oxi de sem conductor; a three-conponent netal
oxi de suckoasiias2®86 | n- Ga- Zn- O based oxi de sem conduct oPCTAR2010/067999

I n- Sn- Zn- O- based oxi de sem conductor, an In-Al-Zn-0O based oxi de

sem conductor, a Sn- G- Zn- O based oxi de sem conductor, an Al -G-Zn- 0O based
oxi de sem conductor, and a Sn-Al -Zn- O based oxi de sem conductor; a

t wo- conponent netal oxide such as an In-Zn-0O based oxi de sem conductor, a
Sn- Zn- O- based oxi de sem conductor, an Al -Zn-O based oxi de 30 sem conduct or,
a Zn- My- Ghbasmdistoxi wiss seabured dionh athange Hn-thdyathrobas ef electrite cBﬁgi: agndgct or,

an | n-My- O based oxide. sem conductor, an In-Ga-0O based oxide

seni condU@PHTOT PET 4Rt Mg ik desyly Hé”%se’??flﬁ‘é)rﬁ'éﬂﬁd{‘ dhe cage gphere H&‘s\é‘?}taﬂﬁl de
sem condughpen @BE sBuréh chQ@&@ﬁincPﬁied(ﬁ'aﬁeéfn&ﬁﬂg WE LR trafist rr\gé 3&
used. Note that in this specification, exanpl e, an bbased
oxi de semff;armhmtims1t|yeﬁrssvaalrtm:ayocmanqmd e Imidiong:tér(gAURMY way ,ablrelta beSn) ,

gal l'i and 5 there js no particular |limtation on

d
the c dgi %‘P%ﬂ nﬂé’é{f rtehél} é‘rff eIy ARnAYBIOp Wokies delatgie angmhodimentyofcthat ai n
e )
1o BRI, o PPN 5 ORI o

r epr esentexideneenticonincer fitinads &l ectbpetlay alag deeldss thamot @qea, toA00 Woumand Co.
[ 0017]

preferably less than or equal to 10 yAqum, or more preferably less than or equal to 1
yA/um, depending on the voltage between the source electrode and drain electrode.

10 Accordingly, the transistor including the highly-purified oxide semiconductor film as an
active layer has much lower off current than a transistor including silicon having
crystallinity. On the other hand, the transistor including silicon having crystallinity has
higher mobility and higher on current than the transistor including an oxide
semiconductor.

15 [0014]

Therefore, when a circuit is formed using semiconductor elements including
crystalline silicon, a transistor including an oxide semiconductor is used as a switching
element, and supply of a power supply voltage to the circuit is controlled by the
switching element, high integration of the-integrated circuit and high speed driving

20  thereof can be achieved, and increase of the standby power caused by the leakage
current can be suppressed.
[0015]
Note that as the oxide semiconductor, a four-component metal oxide such as an
In-Sn-Ga-Zn-O-based oxide semiconductor; a three-component metal oxide such as an
25  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, and a Sn-Al-Zn-O-based oxide
semiconductor; a two-component metal oxide such as an In-Zn-O-based oxide
semiconductor, a Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide
30 semiconductor, a Zn-Mg-O-based oxide semiconductor, a Sn-Mg-O-based oxide

semiconductor, an In-Mg-O-based oxide semiconductor, an In-Ga-O-based oxide



The transistor including an oxide sem conductor may be a bottomgate
transistor, a top-gate transistor, or a bottomcontact transistor. The
bot t om gawe 2vr1a3z3sst or i ncl udes a gate el ectrode over amCirIBri1ehé7gy
surface; a gate insulating filmover 1 the gate el ectrode; an oxide

sem conductor filmwhich overlaps with”the gate el ectrode over the gate
insulating film a source electrode and a drain el ectrode over the oxide
sem conductor film and an insulating fil mover the oxide sem conductor
film the source electrode, and the drain el ectrode. The top-gate

transi st aemicunlductog @1 Qxi de-G-bakedOnRtidy KWenfitdndu@WEr aarSH-0Skdsad | Bgideur f ace;
a source el ectrode and a drain_electrode 20 over the oxide sem conductor
film a ¢sMaconduetphior dgZa-0-based oxiderremisanductas fir dbodikie can beiused. tMetesour ce
el ectrod h LA el ; Lch_over | W th
he. oxi damaci s peliiZhnd (BCLERRe, fh BT 210 BiGs R s HCl R

i nsul at i ngedns lanmetakoxidb éndedieg éldhah r(de tin THL), RaliuaNfGONAERE kint (AR lagld OF

i ncl udes ﬁ‘ ate el ectrode over an jnsulating surface; a %gte i nsul ating

fi | m dverh§rhids it Rartiewar hipfation, o8 dhe camppsitipn gt Hisacofs The @bayeoxidect r ode
over the QREQniR&Y! AkY BéhthinlscofN Oxide sem conductor filmwhich is over
the source electrode and the drain electrode and overlaps wth the gate

el ectrodd008i4dr the gate insulating film and an insulating filmover the

source electroge, the drai.n el ectrode, and the oxi em, conductor film
[0016] 30y suNruE Y Pudk SpESuBreh AL ftsthehy Beanomiatiomutne

swi t chi ngnMGERD),, (M 910).] NHES! Bf icPrtsbiits B bR At clehichtdiskledird fRingh speed
driving thereof can be obtained and standby power of the sem conductor

devi d@ cdpn, pd. Madandddo- BRI EF DESCRI PTI ON OF DRAW NGS [0019] In the
acconpanyyj drawings: 5FIG 1 is a block diagram of a sem conductor device;
i

FI GS. 2A 2B each illustrate a structure of a sem conductor device
i ncl udi ng an i rher trevsisaord ifdiéding Gins otk bdigicomdicari My Obe tha o8 gHOdUCt Or
device; FIGS. 3A and 3B each illustrate a structure o%l a seni conduct or

devi ce i &R alOPIAND ERUSIEL PT3@ BPIEHR-coRiact FandittPbn ‘e thedtom-gate
e o L M oo Ry LS R
sem dondube gate dkeetrads; an oxide semiconductor film which overlaps with the gate electrode
over the gate insulating film; a source electrode and a drain electrode over the oxide
semiconductor film; and an insulating film over the oxide semiconductor film, the
source electrode, and the drain electrode. The top-gate transistor includes an oxide
semiconductor film over an insulating surface; a source electrode and a drain electrode
20  over the oxide semiconductor film; a gate insulating film over the oxide semiconductor
film, the source electrode, and the drain electrode; a gate electrode which overlaps with
the oxide semiconductor film over the gate insulating film; and an insulating film over
the gate electrode. The bottom-contact transistor includes a gate electrode over an
insulating surface; a gate insulating film over the gate electrode; a source electrode and
25  a drain electrode over the gate insulating film; an oxide semiconductor film which is
over the source electrode and the drain electrode and overlaps with the gate electrode
over the gate insulating film; and an insulating film over the source electrode, the drain
electrode, and the oxide semiconductor film.
[0018]
30 By suppressing leakage current of the transistor used as the switching element,
high integration of an integrated circuit and high speed driving thereof can be obtained

and standby power of the semiconductor device can be reduced.



FIGS. 5A and 5B illustrate a structure of a sem conductor device including

a flip-flop; FIG6A illustrates a structure of a sem conductor
devi ce i ngbudimg28¢flip-flop 15and FIG 6B shows the opecatpmnobéreseof ;
FIG7A illustrates a structure of a sem conductor device including a

flip-flop and FIG 7B shows the operat?on thereof; FIGS. 8A to 8E
illustrate a nmethod for manufacturing a sem conductor device; FIGS 9A to
9D illustrate the nethod for nmanufacturing the sem conductor 20devi ce;

devi ce; device; 25 device; FIGS. 10A and 10B illustrate the nethod for
manuf acturing the sem conductor FIGS. 11A to 11D illustrate the nmethod for
manuf acturing the sem conductor FIGS. 12A to 12C illustrate the nethod for

manuf act FRIEG PRECRIBFIODhOEIRAWINGSS, 13A to 13C each illustrate a
structur a sem conductor device; FIGS. 14A and 14B illustrate a
struct urgogigla sem conductor display device; FIG 15 illustrates a structure
of a seni condudi die adcompaiyinpedraehigs30FI GS. 16A to 16F each illustrate an
el ect gonl ¢ applFII(%.nlcieé\;a bellcr)]ck diagram of a semiconductor device;
FIGS. 2A and 2B each illustrate a structure of a semiconductor device
including an inverter and FIG. 2C shows the operation of the semiconductor device;
FIGS. 3A and 3B each illustrate a structure of a semiconductor device
including an NAND and FIG. 3C shows the operation of the semiconductor device;
10 FIGS. 4A and 4B each illustrate a structure of a semiconductor device
including a NOR and FIG. 4C shows the operation of the semiconductor device;
FIGS. 5A and 5B illustrate a structure of a semiconductor device including a
flip-flop;
FIG. 6A illustrates a structure of a semiconductor device including a flip-flop
15  and FIG. 6B shows the operation thereof;
FIG. 7A illustrates a structure of a semiconductor device including a flip-flop
and FIG. 7B shows the operation thereof;
FIGS. 8A to 8E illustrate a method for manufaéturing a semiconductor device;
FIGS. 9A to 9D illustrate the method for manufacturing the semiconductor
20  device;
FIGS. 10A and 10B illustrate the method for manufacturing the semiconductor
device;
FIGS. 11A to 11D illustrate the method for manufacturing the semiconductor
device;
25 FIGS. 12A to 12C illustrate the method for manufacturing the semiconductor
device; |
FIGS. 13A to 13C each illustrate a structure of a semiconductor device;
FIGS. 14A and 14B illustrate a structure of a semiconductor display device;
FIG. 15 illustrates a structure of a semiconductor display device;
30 FIGS. 16A to 16F each illustrate an electronic appliance; and

FIG. 17A illustrates a structure of a semiconductor device including a flip-flop

and FIG. 17B shows the operation thereof.



FIG 17A illustrates a structure of a sem conductor device including a
flip-flop and FIG 17B shows the operation thereof. 8 BEST MODE FOR

CARRYI NG W'Rohk#s23sdIVENTI ON [ 0020] Her ei nafter, enbodi nerts/igetoid/beripr esent
invention will be described in detail with reference to the acconpanying
drawi ngs. However, the present invention is not limted to the follow ng
description and it is easily understood by those skilled in the art that

t he node and details can be variously changed wi thout departing fromthe
scope and spirit of the present invention. Accordingly, the invention
shoul d not be construed as being limted to the description of the

enbodi nent des_bel ow.  10[ 0021 The present invention can be

appl i ed %EﬁMﬁBEtFQ%C&RI{a herHEsI tor devices including

i nt egr at g@ gdyrcuits such as microprocessors, image processing circuits, RF
t ags, conduct or display devices. The sem conductor display devices
i ncl ude t he foIHemei'nafgerj mbocﬁmaﬂse:gfdhg/ .prdsbrquhdemioysx/'ﬂall beldegotibsd dedéetas, 15

| i ght .emi tt.i deV|ce whi ch, a ht-e ttln enent typified by an

or gan’c. IR o e ar ey e B ES  pHOYFURa I GRS 1YBRas s nol

el ect r oniifniRaPethe fiﬂmﬁ.zg dégbﬁlstm drdaf lscé%yﬂmeﬁs%\dasa theéeas‘iai@edﬂkh%gé gy panels
(PDPs), field em ssion displays (FEDs), and other sem conductor display
devi ces ithatythé @ipdg andi degailscdan dhgi Yarlondvmamdammt clepattiog droneltlmwmopel s

i ncl uded di i.S i

seni conduc? SP{‘gé’\g/la%eé;'?sgfl ' rT’ﬁmt"o Areadingy ﬁ%%‘f‘vsl}tl({nﬁ&ob@é’é’éﬂ? ’?f\?‘é‘ﬁ‘?l on.
seni condug beingdRyitedao ithd db%&rﬁ;ﬁicﬁid)fltﬁb dthbadithentthddéd ®8lowv. Ci rcuit 100 for rred
with the use of a silicon wafer, an SO (silicon on insulator) substrate,
25 a19i 1'i[@@]thin filmover an insulating surface, or the Ilke and a
switching ele trolg. s s tage to
the circuit 133% é%%ﬁ\?\nh%ng'ﬁfltr?fgpe agng%téb%g%é/per nﬁg\é@v{ft é iémda(?gordance
with a coationdsstgndéviceSpmcludingaintegratedh eirctine sadhr agl Inhcrb@fbcbﬁ;otsl;l imAge
operation state, the switching . elenent 101 js turned on_in accordance W th
the cont rpé‘i’ceé?‘%éﬂrc‘“&nm:t 12&S: pAdermisapprgion, Bisplay devises upiei seanieandpgter 30
circuit i I t s he

sSwi t chi nég%?glng%ﬁgég’ol%b?gett%ﬂlmg f|1riﬁaut&car(t:(%Ql:’ggnlgz lé/\nr&{}%ta?h(g %Intﬁ%\gf §i gnal ,
and dappllighbémittieg pdexenes smppihjchv @l lighteemidtinigh elemeane utypifitd0by sams tooggmée. 9

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

micromirror devices (DMDs), plasma display panels (PDPs), field emission displays
(FEDs), and other semiconductor display devices in which a driver circuit including a
semiconductor element is included.
20  [0022]
(Embodiment 1)
FIG. 1 is a block diagram of a semiconductor device relating to an embodiment
of the present invention. A semiconductor device illustrated in FIG. 1 includes a
circuit 100 formed with the use of a silicon wafer, an SOI (silicon on insulator) substrate,
25  asilicon thin film over an insulating surface, or the like, and a switching element 101
which controls supply of a power supply voltage to the circuit 100. The switching
element 101 performs switching in accordance with a control signal. Specifically,
when the circuit 100 is in an operation stcte, the switching elcment 101 is turned on in
accordance with the control signal, and the power supply voltage is supplied to the
30 circuit 100. In addition, when the circuit 100 is in a stop state, the switching element
101 is turned off in accordance with the control signal, and supply of the power supply

voltage to the circuit 100 is stopped.



[ 0023] The circuit 100 includes one or a plurality of sem conductor
el enents each of which is a mnimumunit included in a circuit, such as a
transi st owp 2a11disos3¢, a capacitor, a resistor, or inductaorgr20tovnéiasr, a
sem conductor included in the sem condyctor 5elenents contains silicon
having crystallinity (crystalline siliCon), such as m crocrystalline
silicon, polycrystalline silicon, or single crystal silicon. [0024]

The circuit 100 may be a basic logic gate such as an inverter, an NAND, a
NOR, an AND, or an OR, may be a logic circuit that is a conbination of

t hese | 0od0023]0gates, such as a flip-flop, a register, or a shift register,
or may be a |l arge-sca rithopetic circuit that is a conbination of a

| e .
plurality of I e&lf&PPé@ﬁtl&Cﬁ“‘EWﬁ]or a plurality g geraigpndusios glesieathesach of1
i ncl udes \gk; : IcRIdRA i ' ' | £0d . an
active | a‘g{lalrd.l ?ihtllﬁgﬁg{a{s@p\%er eatlllﬁlg%g‘ﬁﬁk’g??l?gs %Fmgﬁgﬁgg‘gﬁégﬁéﬁﬁéﬁ ncl uded
in the swa reshrtorg oelindmstancé.01Furthee, plsemdddntlyctof inalwdedi sit thessemyordtiacwonnect ed
to each other .in $arallel, in series, ar_in canbi nﬁ\Iion,of aral ] el
connect i GICTBHHS s EPRIaDs ¢ SHicaR  iMaXing opBRlliRGY o (esipllinge sifcond isychniash t he
transi st ghRréth AtARNEGERY pbcBRGNIRIIRLN] & Hiid &si8lsili&fner s to the state in
whi ch only one of a source éléctrode and a drain“electrode of a first
transi st dP024 connected to only one of a source el ectrode and a drain
el ectrode of a.gsecond.transistor.. Further, the state.in ich
transistors are]sh SRS IP%yLeD cahb%st“hLorg“i’ BB APl Ia§lanr18Y€é¥gg’ %noNtﬁI@)’s? ate in
whi ch t heNORUES ANID £61t 4D OR, Ghayt beea ogis teirbihif it 3¢ 8 lcombinkAbMBE tIRde 16hit he
source el ectrode of the second transistor and the drain el ectrode of the
25f i N8t  tgakeRsTush ¢ aiflip-Slonrotegisteri & a shft eeister, 1l may bod dargg-sealrearithmeticl
transi st Qs P |ﬂagﬁ fi.J:he. "source el ectrode” and the
"drain e%grg?{t%%gzdﬁ%ogfbd%g)npgﬁt le tt?a(ﬁsl?%l glrrmlﬁ{r%terchange wi th each ot her
dependi nd0026]t he polarity of the transistor or difference between the

| evel s of potentials lied to the respective el ectrodes. In
P rJIthc: swﬂcﬁfrx)lg element lOtl 1ncluc?espat east one transistor including an oxide

semiconductor as an active layer. In the case where the plurality of transistors is
15  included in the switching element 101, the plurality of transistors may be connected to

each other in parallel, in series, or in combination of parallel connection and series

connection.

[0026]

Note that the state in which the transistors are connected to each other in series

20  refers to the state in which only one of a source electrode and a drain electrode of a first

transistor is connected to only one of a source electrode and a drain electrode of a

second transistor.  Further, the state in which the transistors are connected to each other

in parallel refers to the state in which the source electrode of the first transistor is

connected to the source electrode of the second transistor and the drain electrode of the
25  first transistor is connected to the drain electrode of the second transistor.

[0027]

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

30  general, in an n-channel transistor, an electrode to which a lower potential is applied is
called a source electrode, and an electrode to which a higher potential is applied is

called a drain electrode. Further, in a p-channel transistor, an electrode to which a



30 general, in an n-channel transistor, an electrode to which a | ower
potential is applied is called a source electrode, and an el ectrode to
whi ch a hwoheri/gsedsential is applied is called a drain elPectipudenc7ée t her,
in a p-channel transistor, an electrojﬁ to which a 10 |lower potential is
applied is called a drain el ectrode, d an el ectrode to which a higher
potential is applied is called a source electrode. In this specification,
for conveni ence, although connection relation of the transistor is

descri bed assuming that the source el ectrode and the drain el ectrode are

fixed; hdeseepotestidl iwdgplied idiealled aRBainleldctrods aud af chetroad toowkicRRthigie drain
el ectrode interphange with each other depending on relation between the
above potRANtal is apphebis)called a sourgg clgglzede: hdp thip sresifiqatian. e cenyenisnee, of t he

transi st afipbi laslﬁxfégg@ﬁ‘ r8§fiéﬂf ob §fU ﬁgﬁgﬁ&ag dsdri anSﬁﬁ%%&fttﬂgg?&Q@t of

the transistor inc Ing silicon having crys herefrore, the
transi st caledtrodt add tig: dminoelecimds et iged] Uninever, actusiey] thsnihe efwht Gburce

el emrent 101 and sypply af the power supply voltage to the circuit 100 is
contral | e‘g“ﬁ')?g? H‘BHstai’ dggin CEPE rcﬁggg,e wishg3ch Othex depending oritglatiny power
caused bybehhi&enl tREKGAR potnfigR! Of the switching el ement 101 can be
suppressed. [0029] 15I'n addition, by reduci ng power consunption of the

circuit 10028]a | oad of another circuit controlling the operation of the
circuit 100 can, be reduced. Ac di ngly, fuynctional extensjon of the
circuit 100 an Saﬁ_eﬁcﬁ‘g%‘grag%% %glgatﬁﬁl &r%ler%l‘#df gtraa"ﬁb?‘?felmc@f it MfEh
control s seffcontfictod s HUh CshiblRE tRAY THAE EAhaSradsieR! ifclullAQ3QhicaOMivibhe ot her
hand, in general, the transistor including silicon having crystallinity has

hi ghdf nobystalliityandhsredersr theriransisto including\an preide semisprdustoriingsaddisrthe an

oxi de sem C Thar t i it Qi ornmed. ysing a

sem condl:g:‘:’v? %pﬂgl eg%% t ﬂﬁcﬁd&g l%gg}feapﬁerc{esrug)ﬂyi ‘é%lga,ge ht;8 gt&e ‘Nt ‘gbgg{)ilgn of

t he i nt egoatreliedchy chei switchirlguelémentt 108, o trbiiicrd86 ofRtAnbbWPowaeRdsar by i ng

t her eof cgn be achi eved. 25LQ%§}] Next, specific structure and operation of
the seni dBhlsakaescupERs At dhg fvitqhingelgrment 101 can be suppressed.

[0029]

15 In addition, by reducing power consumption of the circuit 100, a load of
another circuit controlling the operation of the circuit 100 can be reduced.
Accordingly, functional extension of the circuit 100 and an integrated circuit including
another circuit which controls the circuit 100 can be performed as a whole.

[0030]

20 On the other hand, in general, the transistor including silicon having
crystallinity has higher mobility and higher on current than the transistor including an
oxide semiconductor.  Therefore, when the circuit 100 is formed using a
semiconductor element including crystalline silicon, high integration of the integrated

~ circuit including the circuit 100 and high-speed driving thereof can be achieved.

25 [0031]

Next, specific structure and operation of the semiconductor device in the case
where the circuit 100 is an inverter are described with reference to FIGS. 2A to 2C.
[0032]

In the semiconductor device illustrated in FIG. 2A, the circuit 100 includes a

30  p-channel transistor 110 and an n-channel transistor 111. In each of the transistor 110
and the transistor 111, silicon having crystallinity is used for an active layer. Further,

the transistor 110 and the transistor 111 form an inverter.



where the circuit 100 is an inverter are described with reference to FIGS.
2A to 2C. [0032] In the sem conductor device illustrated in FIG 2A the
circuit 10 20nwisesses a 30 p-channel transistor 110 andpam/yr2mbvasmas
transistor 111. In each of the transi slgor 110 and the transistor 111,
silicon having crystallinity is used f an active layer. Further, the
transistor 110 and the transistor 111 forman inverter. 11 [0033]
Specifically, a drain electrode of the transistor 110 and a drain el ectrode
of the transistor 111 are connected to each other. In addition, the

pot enti al[0033]t he drain electrode of the transistor 110 and the drain

el ectrode of the transistor 111 is tp plied to a 5circuit included in a
subsequent st agPeeificale ad5aia slectpde et the tisnsisior 150 aeehp drain gleetreds ofrthan

el ectr odarkoisiti G0 b odildbt 10 B8R ARPhdfbd, Rk Lb%?&u 1 BERAS aARCe such

as a parasitic capaclitance. Such a capacitance 1S refe Moad 112
in FI G 2Aledi0834] thE mangistoe ht0 aid t(hé dmm elaamdeajfglnairansm@ﬂpn |1§£bplh©d ao gate
10 110 and a el ectrode of the transistor

el ect rode of é‘%}‘i‘ff} r.ansi sé

111. A higeuit cAdnarsuRtFapeT} SiR8E ant oty pEangypPpletiEnal aASHEIRg Or

el ect r odenOfjedthfde tthARich RE o%ﬂ;iat s@rr]lhpw %@‘Iﬁh iRAYELs §lé9g4c¥t ¥& Lpde, sVa'?S s
applied to a source el ectrode of e trarnsistor Vi ﬁe swtc

el enent JdasiticOep&ditan&NotSaich hgapdcitameds tafomed noras1aﬂoa3:l BR2a0iFIGE2A.I on ref ers
to electr ﬁﬁ{; connection and corresponds to the state in which current or
vol t age c[Q e conducted. [0036] FIG 2A illustrates the case where

L S AL, TR, SoIRIOUE 1Bt B el 48t

1 110 and a gate electrode of the transistor 111. A high-level power supply potential
VDD is applied to a source electrode of the transistor 110. A low-level power supply
voltage VSS is applied to a source electrode of the transistor 111 via the switching
element 101.
[0035]

15 Note that "connection" in this specification refers to electrical connection and
corresponds to the state in which current or voltage can be conducted.
[0036]

FIG. 2A illustrates the case where the switching element 101 controls supply of

the low-level power supply voltage VSS to the circuit 100. Next, FIG. 2B illustrates a
20  structure of a semiconductor device in the case where the switching element 101

controls supply of the high-level power supply voltage VDD to the circuit 100. As in

FIG. 2A, in the semiconductor device illustrated in FIG. 2B, the circuit 100 includes the

p-channel transistor 110 and the n-channel transistor 111. In each of the transistor 110

and the transistor 111, silicon having crystallinity is used as an active layer. In
25  addition, the transistor 110 and the transistor 111 form an inverter.

[0037]

Specifically, the drain electrode of the transistor 110 and the drain electrode of
the transistor 111 are connected to each other. In addition, the potential of the drain
electrode of the transistor 110 and the drain electrode of the transistor 111 is applied fo a

30  circuit included in a subsequent stage as the potential of the output signal. A wiring or
an electrode to which the output signal is supplied includes a capacitance such as a

parasitic capacitance. Such a capacitance is referred to as the load 112 in FIG. 2B.



20 structure of a sem conductor device in the case where the sw tching

el ement 101 controls supply of the high-level power supply voltage VDD to
the circuw0D 2052388 in FIG 2A, in the sem conductor devipce/Jpidioisémost ed in
FIG 2B, the circuit 100 includes the p channel transistor 110 and the
n-channel transistor 111. In each of tffe transistor 110 and the transistor
111, silicon having crystallinity is used as an active layer. In
25addition, the transistor 110 and the transistor 111 forman inverter.

[ 0037] Specifically, the drain electrode of the transistor 110 and
the drai noesgjctrode of the transistor 111 are connected to each other. In
addition, the potential of the drain electrode of the transistor 110 and

the drain el ectthsdqotential <|>fethe impyt signalis applied do therpatecgieatwdg ofthedrangigtor
i ncluded 45 ; %ﬁH@gﬁQgE&{f E%ﬁg%sﬂéi!& ete%m evéﬂis%w%}‘%l%g by P%gﬁr&tﬂﬁes .

wiring or an elec e out put S|g suppli

capaci t and@Dssapplis! @ tpamace bléct@@dba@ﬂ tﬂlaﬁlﬁﬁmst&lqm alacmeawnttmg eldngentef erred
to as the |oad 112 in FIG 2B. 2@& g he potential of the input

si gnaP i sl8ppilihedowdevehpover wpplyeroltagy KSS s applied F%‘i@lsgl’f@? electiodaef thee gate

el ectrodg,Qkistdig1iransistor 111. The high-level power supply potential VDD
is applied to the source electrode of the transistor 110 via the switching

el enent H0039] The Iovv-I evel power supply vol tage VSS is appl ied to the

source electro e transis Q3 tchlng el ement
101 performs sw E‘Fg“qgnelﬁlgﬁlgr nBeé%Wnﬂfwdtcglfﬁt ‘t“oa}ccgﬁdﬁ?ﬁfl WWE t he
sem condtg@%ﬁ[ ey iusiigi thé usﬁli&h&s&wrﬂdﬁ& ilRAuraed 30 FEAORI R, arae)laqnplél m ng
chart of potentials of the input signal, the output signal, ‘and the

cont rl@| sﬂlglﬁaIChilrh obithgoteptials of s inpntisignal; ithecautput 5mal, and theamntml@gtaﬂ on
state (a i on rio naper e circyit 100 is in
n %Z)%]('lg& n whgﬁ the ? 2cuam%0 is opgrag a \Xﬂate;,\(gx lgpaagﬁltper 38? & . the

a stop staf on-gperation per

oper at i orpepied iif &hidthehe ittt 400 54 gnalstdpa;iata (@(ﬁb%bbﬁhoﬂvb&ﬁod/)‘l’ik ghowh €n
switching el ement 101 is turned on. Specifically, FIG 2C shows the case

where t hd1Boffer ol si gnal has a high-level potential. Therefore, in the
operatio @ ]I od, the power supply voltage VSS is applied to the source
el ectrod the transistor 111. Further, when the input signal has a

| ow- 116vel pot erlt ith¢ ,opthationyiepiod, giegoaitrohaignal has la gbtehtgal elvith which the

switching element 101 is turned on. Specifically, FIG. 2C shows the case where the
control signal has a high-level potential. Therefore, in the operation period, the power .
supply voltage VSS is applied to the source electrode of the transistor 111. Further,
when the input signal has a low-level potential, the output signal having a high-level
20  potential can be obtained. When the input signal has a high-level potential, the output
signal having a low-level potential can be obtained.
[0041]
In the non-operation period, the control signal has a potential with which the
switching element 101 is turned off. Specifically, FIG. 2C shows the case where the
25  control signal has a low-level potential. Accordingly, in the non-operation period, the
power supply voltage VSS is not applied to the source electrode of the transistor 111,
and the source electrode of the transistor 111 is in a floating state. Therefore, the
potential of the output signal is kept at a high level even when the potential of the input
signal is either at a low level or a high level.
30 [0042]
As described above, in the non-operation period, by stopping supply of the

power supply voltage to the circuit 100, dynamic standby power consumed in the circuit



20potential can be obtained. Wien the input signal has a high-1|evel
potential, the output signal having a |l ow |l evel potential can be obtai ned.
[ 0041] WO 2011/03238he non- oper ati on, period, the control psirgraiio/herssr
potential with which the switching el ggent 101 is turned off. Specifically,
FIG 2C shows the case where the 25 ntrol signal has a | ow | evel
potential. Accordingly, in the non-operation period, the power supply
voltage VSS is not applied to the source electrode of the transistor 111,
and the source electrode of the transistor 111 is in a floating state.

Ther ef or 100t &un potrediced) Di addiiomuthp Wwitch@pakleienka@pl idtfoAndt @bingemel even
when the potential of the |nput signal is either at a low level or a high
| evel . 3CemiReRdycton ejemppy IBQH B8 aPé’éﬂﬁ?éGm“for’i‘daﬁﬁi filng;therefose, sigticstandgy el ement

101 is f M#ﬁl{zﬂn% RG RAMoE ARANGE BF R ﬁﬁ@%n'&%uﬁ%@geﬁf@c%rg when

sem cond ct or herefore, static standb ng oh T éakage
current ocupplief Ithd(p}omn;upplyn@diugtetd) thd becdf wh&,h m\/neinopbtmm i6 stéppebcbqbpwer
suppl vo| t age t he circuit ich |s n t operated is .stopped, both 5 the
st at i sttandfpye y ROYYFT 2R ﬂ&’%" bRP"fﬁS\ﬁ@?S Jp ARECIFGYIt Wk 1 cui t

whi ch i's jggét di:léﬁft&i@a@l Héal'edt%drs%C{Hﬁqgrs 5;39511519% fotwdesth mwf}o%ct& deyyi de the

sem conduct or device in which power surrptl e circurt can be
reduced. ifi @hichpower consumptiortof thepelnilé cn:cmltmdxeuc@ca(hd operation of the
sem condgﬁ@ﬁ] device in the case 10 where the circuit 100 is an NAND are
descri be h reference to FIGS. 3A to 3C [0044] In the

sem conduct or  gext, GPeditit Uhétateamd dpefation D thd Efniebidueior dd0iRe lunﬁie%%é a
p- channel transi stor 120, a K channel transistor 121, an n-channel

t r andDst orherpthe cirauit 400 1s-an) B arg desesibed with TefsrencetodBlElS. 3A to BE. t r ansi st or
120, the phpfsistor 121, the transistor 15 122, and the transistor 123,
silicon having crystallinity is used for an active |ayer. Further, the

transi stor 120 ]n theeseniiamsiustonrdeiliéd jllushatet iAMIGS8 A/ tht Zircur N@Otik€ulidsaansi st or
123 form ar]1 NAND. 0043% SpeCI fically, a high-Ilevel F wer supply vol tage
VDD is apptieBeeltgnsistopdida prg @"élc‘ffff@lfé)r&mt Henchapns! dansistarolP2aard 2n sour ce

el ectrode, &Ianﬁé]?rah& $153, OrIn(J)e%g:h ﬂt:rtlﬂg tRALSBE L3, tl?J tr{ﬁﬂ 5'&9@2& fhk %ﬁél%t&l‘ IS

applledtoagatee ectrode e transistor a gate electrode of
t he flbandi2g2s emd UR2 tramsistomil A3,e$ibodr bai\eng)fcr)tshéhmt)ams usftdofor la0actavediagém
el ectrod de ,of the tran5|stor

TSRO MR B I e T TR
el ectr odggmi gn RNANDHEd to a circuit included
[0045]
Specifically, a high-level power supply voltage VDD is applied to a source
20  electrode of the transistor 120 and a source electrode of the transistor 121. The
potential of an input signal 1 is applied to a gate electrode of the transistor 120 and a
gate electrode of the transistor 122. A drain electrode of the transistor 120, a drain
electrode of the transistor 121, and a drain electrode of the transistor 122 are connected
to each other, and the potential of these drain electrodes is applied to a circuit included
25  in a subsequent stage, as the potential of an output signal. A wiring or an electrode to
which the output signal is applied includes a capacitance such as a parasitic capacitance,
and such a capacitance is referred to as a load 124 in FIG. 3A. A source electrode of
the transistor 122 and a drain electrode of the transistor 123 are connected to each other.
The potential of an input signal 2 is applied to a gate electrode of the transistor 121 and
30 a gate electrode of the transistor 123.  Further, a low-level power supply voltage VSS is
applied to a source electrode of the transistor 123 via the switching element 101.
[0046]



25 in a subsequent stage, as the potential of an output signal. A wring or
an electrode to which the output signal is applied includes a capacitance
such as awpanagistise capacitance, and such a capacitancepcs/ipafiens®eh to as a
|l oad 124 in FIG 3A. A source electrogﬁ of the transistor 122 and a drain
el ectrode of the transistor 123 are connected to each other. The potenti al
of an input signal 2 is applied to a gate el ectrode of the transistor 121
and 30a gate el ectrode of the transistor 123. Further, a | ow | evel power
supply voltage VSS is applied to a source el ectrode of the transistor 123
via the sw t chiFiG. 2Adiesnttes fHe casOGAbe thd $witching elemefd 1@Aontrblssupplyes t he

case Wners hel'sw'gtchi ng el enent }/% controls supply of the | owlevel power
suppl y vdPf &% 8SPRCh fiePl; YLEEE 2060 theesitcuit 40g; 3Bext FlGriBhilbstratesar uct ur e
of the SefhueRRdus I stfiitbfifuctd} ddifeeCSthe DSE Suilche R fLifl0 oRufilP 111 10

controls supply of the high-level power supply voltage circuit
100. As igongoE|s@ppl3/Af thahighdewsd powensipplyovolthes iMRD itd thesdircaitd®Oi n Aslifs. 3B,

th i i 0.includ h -ch |t | st 20, the p-ch |
tr anstst gt 38 im B SRR nd ey HRdTeyBlca 10T 10t BN aEY Bhsi st or
123. I'n gngknngél tdiRistdrans| &k chhafl thad§istof QQF,: tlﬁé Alchdrnbl trﬁﬁk‘?ﬁt&f posiaahor 122,

and the transistor 123, silicon having crystallinity is used as an active
| ayer. | rithadd¢haneel transistarr B3si dn rach 20, the Hransistandi28; the trasistorh#21,rthasi st or

122, and . ansj stor 123 form.an ND. [0047] .. . Speci fi.cally,
the. hi oh-TASER? Jozernd Mot reiier SCobbm toe SPdfiflnion s et g a8

el ectroddagdr. t headdiaoigithé @fandigidr URO, theSivdnsBor NP 1€ kR BMsistéH L 822, BAG the

hi gh-1 evel power supply voltage VDD is applied to the source el ectrode of

the tiPandransistor 123 fqrmamNAND i ¢ chi ng el enent 101b. Note that FIG 3B

il lustratggqAan exanple in which supply of the power supply voltage VDD to
the ci I’CL}it 00 is controlled by the plurality of switching el enents, that
i's, the switchiSpgciéicaiytite higltkevalngbwensusply potentia) 14R ieapiplidd ddthe kowveyer , t he
nunber of sw tching el enent be one. In addition, the patential of the
i nput si diegroge of trgepHP?séﬂort izﬁé ﬁ_ﬁf"gg@%fﬁ]"r‘%’é 1942 _hjéhet P‘éﬁslf"éetl FOWEPO and
the gate safpig! RfaEOIDOf ist 4pplitd 30 She s8lircd Zdectrbie ot ik rlra%kfsfbtrrgievﬂf alhe

transi stor 120, the drain efectrode of the transistor 121, and the drain
el ectlbodewdtchingeslament 08b.or Nate 2hatrlIGe 3B ridustmattstan exampleainhvelrich swpply be

potential,  of these drain el des i s li.ed to ,a.circuit included in a
subsequerf® gpg&é,su%ogy t‘ﬁ’zta%%?gjré 33”%&‘?%%& ﬁu?‘fnéﬁoa?\(!alby t)ievﬁl}‘ﬁahg 8t an

el ect r odewtihinBiefdindnlig iAW i te sWiGhily cldinekbRb1£L£hd the bWRESnReleARACI18NCE such
as a parasitic 25 capacitance, and such a capacitance is referred to as the

| oad 124 howerprcthemumbes of switehking elesentsdmapbe phe  t Inaadditiomo theimendiatiof he
o, LA 5 S 0 o Rl
tr an20st aleclrdde andhd frangade 122.eCTHeodi@in0Eletthgdet 6fMe tsdndistor 220, Thedlamv- | evel
P ?:ﬁ;i :»I[J %ﬁ)elc 9{52) lg;f at?xgotgggisltosf ? IF,)I elm%d tl}eo dEari]ri3 e?ecc):ltjrz)gg o%l t?lgttrrfn%iestocif 1£2h%re
connected to each other, and the potential of these drain electrodes is applied to a circuit
included in a subsequent stage, as the potential of the output signal. A wiring or an
electrode to which the output signal is applied includes a capacitance such as a parasitic
25  capacitance, and such a capacitance is referred to as the load 124 in FIG. 3B. The
source electrode of the transistor 122 and the drain electrode of the transistor 123 are
connected to each other. The potential of the input signal 2 is applied to the gate
electrode of the transistor 121 and the gate electrode of the transistor 123. The
low-level power supply voltage VSS is applied to the source electrode of the transistor
30 123.
[0048]

The switching element 101 performs switching in accordance with the control



15 signal. By using the sem conductor device illustrated in FIG 3A as an
exanple, a timng chart of the potentials of the input signals, the output
signal, amod20hesessetrol signal in a period in which thepcirryeritbodo® i s in
an operation state (an operation periqd) and in a period in which the
circuit 100 is in a stop state (a non-operation period) is 5 showm in FIG
3C. [0049] In the operation period, the control signal has potenti al
with which the switching elenent 101 is turned on. Specifically, FIG 3C
shows the case where the control signal has a high-level potential.

Ther ef or esigriah t Bg usingr tht i semi@aduaor déviee flusatited GnSEIGPBA ¥0Ohi 2g8mpieSal S
applied to the source el ectrode f the transistor 123, Further, when the

i nput  si giAINg1chaEofthg; Rptentialpeef theiipyt; signals ¢h ?Iﬁ’étpi“h signals jag Ahe EOW&%I a

hi gh-1 ev can be
obt ai neded1 eﬁfﬁ?ﬁg‘q{’%%‘?ﬁ?ﬁgﬁ@ﬁkﬁ hgjgaig XF]QHIO &ae %gﬁee(%%{?g?rgﬁ&?gé i nput

si gnal 2 dndsina pérgid inewbichgbe¢ eivcuiallQ0 ishin @stopustats i(gmah-openation panchd)gf@ | evel
pot ent. al psan bﬁ (g%gal ned. 15[ 0050] In the non-operation period, the
contrdl <TgWRIn KK potential with which the switching el ement 101 is
turned of[b04g?]pe0| fically, FIG 3C shows the case where the control signal
has a | ow1evel potential. Accordingly, in the non-operation period, the
power supply vdnt@)geol!ﬁSSlqﬂs peried, athp| ¢androl igitad e upatentill ewith odmcbfthehe

1 oat | ng Sykhie GruAlichs Gijde 55, CBRICRF. Pl STehif B gl whetbR o s

hi gh | evedonfryedigndidas & highpiet poteatisl. OfThefe€oreNiptthe Sp&ﬂﬁ’d)n ﬂﬂdtﬂe wepput

Si gnal 2 are either at a lowlevel or at a hi gh | evel. 521% descrl bed

abovd i FUPPY YRkace kerdt irapligseto b soweﬁ%pfiﬁ@f é‘%ﬂobﬁl}m%ﬁ’r Fyrthemer

supply v I edigt ih the

circuit % &%g%hﬁmtg éljlclelc?fJg Ihﬁélggzglt d?@xﬂ]a ﬁr?aé Q]\?\Aq{?%mg%g%f% g?rsgaf]tﬁgﬁgivﬁ?s

formed ugiotgntinhehs enipaosigualt lorvirg & rhm{le\rem Qloteaitinlgcanbeo yxbied e nindeAdHEt OF
pendi ng n | eakage current, or the

r : Ik21 022%{3&}: %ﬁ‘ﬁki%‘gst ‘IT &E’?i‘%gﬂé&e ﬁn%ﬂ’ﬁdf‘gl‘“éfgn@ ¢ havbaeiehdeysl ippteptiak age t o

the circuhd o¥BhCdiead iR erg’h%ea pbienBAIARSE opRPed, 30 the static standby
power and the dynam c stand power consumed in the circuit which is not

oper dfed [8830]be reduced, so that it is possible to provide the
o oL O GBS B AR S SR bR 3 ©°
seni condwlehmgee\rérﬁauI1@1tlb@urﬁ@& effvafJ&nﬁMy,CFr@ Wt sHEWS the cAsdNPlerdtRe
described with reference to FIGS. 4A to 4C
control signal has a low-level potential. Accordingly, in the non-operation period, the
power supply voltage VSS is not applied to the source electrode of the transistor 123,
20  and the source electrode of the transistor 123 is in a floating state. Therefore, the
potential of the output signal is kept at a high level even when the potentials of the input
signal 1 and the input signal 2 are either at a low level or at a high level.
[0051]
As described above, in the non-operation period, by stopping supply of the
25  power supply voltage to the circuit 100, dynamic standby power consumed in the circuit
100 can be reduced. In addition, the switching element 101 is formed using the
semiconductor element including an oxide semiconductor film; therefore, static standby
power depending on leakage current or the like can be reduced. Therefore, when
supply of the power supply voltage to the circuit which is not operated is stopped, both
30 the static standby power and the dynamic standby power consumed in the circuit which
is not operated can be reduced, so that it is possible to provide the semiconductor device

in which power consumption of the whole circuit can be reduced.



[ 0053] 5In the sem conductor device illustrated in FIG 4A, the circuit 100
i ncl udes a p-channel transistor 130, a p-channel transistor 131, an

n- channelwobnrangissiser 132, and an n-channel transistor 1®81/JPi@acioonf the
transi stor 130, the transistor 131, the transistor 132, and the transistor
133, silicon having crystallinity is ed for an active layer. Further, the
transistor 130, the transistor 131, the transistor 132, and the transistor
133 10 forma NOR [0054] Specifically, a high-level power supply
voltage VDD is applied to a source electrode of the transistor 130. The
pot enti al [0062]an i nput signal 1 is applied to a gate el ectrode of the
transistor 130 and a gate electrode of the transistor 133. A drain 15

el ectrode of tHEe¥y %glfQ%WCtP%a%Bpedawfc@e éP‘@!ﬁoﬂé‘&‘éOf(ﬂeVﬂ%emtth%lﬁ%ﬁest or

131 are C\Qﬂé}@?ﬁeegréuﬁ maq%mfsre d-ggk‘?lbgmaﬁﬂltﬂe?elref%% usﬁ 8, ga ghgnal 2 is

applied to a gate el ectrode the transistor e €l ectrode of

the transfi0fpdfr 132. A drain eI ectrode of the transi stor 131, a drain

el ectrode of t%&hranSI st r raj n_el ectrode, of the transistor
t

, . an
133 are connec ?SCIB§8P| V“‘Sn‘ﬁuﬁtﬁéedpﬂt BiGt 44y thy cirepdl éO(h%“&i“rﬁies a
el ect r odes chahndPirARRtdrEB0! £ gﬁshﬁﬁrfe@ hhsidtfc] 3 ‘ﬁﬁi nl (ﬂlaﬂne? YORGHIE 82 %I 2

the potential of an out put A wring or an electrode to
out put simyakdnngktrangjspririlda. | Im¢a¢Ue>§tlE tmpamrtlaﬂ,dhe srandistas 13, pheer teamisistor

capacita ,a hac ance is refer t.o as |l oad 134 in FIG
AN | ot B Y s Rt IPA” SIRPS G DecS SRRy 9aRte Ty 8B GeEe WEt  oule
of the trrRificB!tRE tramdstii 830, e GisistoY 180, eleiBRIstot0BR; add el tPisisRY B3 POVET
suppvfloavol tage 25 VSS is appl ied to a source el ectrode of the transi st or

133 tieEm@NQRhi ng el enent 101b. Note that FIG 4A illustrates an exanple
in V\hIChe@g y of the power supply voltage VSS to the circuit 100 is
controll A@the plurality of switching elenents, that is, the sw tching

el enent 10la al’Bj)etiIﬁealfl;wizt highflevet | ppRen tsupl biolthgse DD \is appliddutdd e soice
swi tching el ements may one. 30[ OOE‘W}1 17 4B illustrates a structure of
the seni cOTICEE 8 ﬂerewwtqrnl%e"réaf@t grof amieput.signahilng applsteiera gog

control s LRy difint NEnk@R-136VA PO cRURRIEY ot el ARV 10 LAGfhT oL !

100. As in FIG 4A, iIn sem condu evice illustrated 1n t he
ci rcuist 16@@:tnodc bﬁermhmtOpJawaMQlsourcaeisctmderoflﬁmtraxtsiseorpi:’ﬂhaacncminettéansi st or

131, the n (o transi stor 132, and n-channel transistor 133. In
each of tﬂé’af fst Wuafﬂgthﬁ‘ﬁw&l%ﬁ“@} ipplleHéOtar%’ﬁ%F@F‘é‘P dejefthe 5ng t he

transi st QrandRr 31! 40N JHARYERGrEdeY st fe trmswoﬂ $3used R8n Al RGHE \F7 thaver- In
addition, the transistor 130, the transistor 131, the transistor 132, and

the trandrapsistor 1134, faofihmnaellﬁmde[aﬁ)ﬁﬁ] tra_lt}Bleclﬂ | y draineldvitrgtie lofvtbe power

supplyptent'al DDis a 0.t he rcee de of. t ansi st or
130 via ﬁ ﬁansg 1(3,T¥|aﬁegcoenln Eﬁg‘% gfmhleﬁ’e %RP eﬁ%”iﬁﬂ He df‘ﬂ?)ﬁ[écgi) d 1is
appl i28d tapplibEtgaticod! Beludeden @fsulisa@uetnt aﬂagé s Qhe petentd bf tah ugnk Sigahlect r ode
of the transistor 133. The drain el ectrode of the transistor 130 and the

source eldifinger an clegrode tonwhich dhe gutpuisignal in sernlied indudeshcapatitance The
potential sugﬁ ad Qﬁaﬂaﬁﬁ&'&ap%kﬂ:ﬂﬁla, a%d sich a capacitance is referred to as a load 134 in FIG.

4A. A low-level power supply voltage VSS is applied to a source electrode of the
transistor 132 via the switching element 101a. The low-level power supply voltage
25  VSSis applied to a source electrode of the transistor 133 via the switching element 101b.
Note that FIG. 4A illustrates an example in which supply of the power supply voltage
VSS to the circuit 100 is controlled by the plurality of switching elements, that is, the
switching element 101a and the switching element 101b; however, the number of
switching elements may be one.
30 [0055]
FIG. 4A illustrates the case where the switching elements 101a and 101b
control supply of the low-level power supply voltage VSS to the circuit 100. Next, FIG.



15 applied to the gate el ectrode of the transistor 131 and the gate

el ectrode of the transistor 132. The drain el ectrode of the transistor 131,
t he drai rwelzeriosesse of the transistor 132, and the drai rcelyentin/ocheoonf t he
transi stor 133 are connected to each ﬁsher and the potential of these
drain electrodes is applied to a circ i ncluded in a subsequent stage, as
the potential of the output signal. Awring or an electrode to which the
output 20 signal is applied includes a capacitance such as a parasitic
capaci tance, and such a capacitance is referred to as the load 134 in FIG
413. The 4Biltuserutes aparoetres ophe)seiiddndg@oNVdEitessinaghpldasiiwheretthe svRLking

el ectrode_of the transistor 132 and the source el ectrode of the transistor

133. [ ookqment 1 cenjrels supRly of iechigh-leyel B%W?fosf“ﬁﬁl)’swhtagﬁﬂ?é) tmthgsirsuitlance
with ac r ol I i in

Fl G an oo0f PAsTh 1 oA P BLARRtiS AL ACKICE 85, el 160

si gnal s, ibdledssuthpup- chalgmhltranansmrttﬁé) cthatp—dianﬁelgnailsmtor d3pethieod-chantedi ch t he

circuiit 100 js i peration state, perati eriod) and in a period
in whPch taRgistor r]gar tan‘g e pchapp tg’f‘%‘ﬁ“’étlé i’fgln B Hansiton 830,985 i s 30

shown i n tahGsthE131 ORe&lansidr 13% dfiheq ﬁgwaml& g
el enent 16&bsare turneangn rSpeC| fical P'f F G;4C:%ﬁBms tﬂyagiggﬁwgé?e t he
contr ol susghm amaswhll@mrl duellddpmnenhb|tlahSIst'6hé3QeftbermnSISmrtlBé thi draasiston

peri od, r.s 0, S is applied to the source el ectrode of
the transi gtgﬁvﬁ%ga‘éﬁg ‘h’% HQ %ﬁ\éé/gl ectrode of the transistor 133. Further,
when t he [B0sd]nput signal 1 has a lowlevel potential and the input signal 2

has a | ow|evel potential, an output signal having a high-level potential
can BQ obt ai ne§Pe¢Pfiéﬂ1}‘tﬂ’émﬁpwelsl?%ﬁ“mlha@teaﬂdh‘/gw IISeap@lleci)tsttémsmabe and the

i nput si ohen a sign n

| ow- | evel%q%g?é%pﬁ ea(t:ljgfril) é}ey z‘a/lpaneg %%‘gﬁ af’%’%}"p% n]gln Op%&’ef{l gﬁﬁ%erl od,

t he cont rnqi»ut signalal ishippliéd m:othe gite @lecoiidiofdht Clandister $30 i thegaelertbic 101a
ment 1b are turned off, Specifically, FIG 4C shows

dth hi
The case OHE ESRISTAAT 1 She QRONIFCURS o8 T sing 1 S0 ana e sabice Alscipd ngl y.
in the n%&o&mis&ma@% ne&te@up%ﬁ otPPLHe ff&hﬁt?a@%f}fé%ngl?te%ﬁ g@@' led to

t he source el ectrode of transi stor 132 and € source e of the
t randbst appligl tolB@gatanhtctrh@ ofcbe tenwdtect Jload thé gathelectradesofsthetradggoand t he

source electrade of thetra i St or in.a floa state. Therefore,

t he pot er}??a g d'iaHbelfﬁHOﬁlﬁ eg‘ﬁaé‘IS‘Sf(gelI%ip‘S &fal%elFBtW‘f é\r}gi‘e EASHIASR- t he

pot ent i alafid Ghe tdMini dlHode| GNAE dardRebrt 153 hRPESNNSEENAL AcRIdth&! LEthAt a | ow
| evel or at a high level. [0060] 20As .described above, in the non-operation

peri od, Wtegtlglpm th@eglggp@ecgbdqshe applied to a circuit included in a subsequent stage,

as the potential of the output signal. A wiring or an electrode to which the output

20  signal is applied includes a capacitance such as a parasitic capacitance, and such a
capacitance is referred to as the load 134 in FIG. 4B. The low-level power supply
voltage VSS is applied to the source electrode of the transistor 132 and the source
electrode of the transistor 133.

[0057]

25 The switching element 101 performs switching in accordance with a control
signal. By using the semiconductor device illustrated in FIG. 4A as an example, a
timing chart of the potentials of the input signals, the output signal, and the control
signal in a period in which the circuit 100 is in an operation state (an operation period)
and in a period in which the circuit 100 is in a stop state (a non-operation period) is

30 shown in FIG. 4C.

[0058]

In the operation period, the control signal has a potential with which the



power supply voltage to the circuit 100, dynam c standby power consunmed in
the circuit 100 can be reduced. In addition, the swtching elenent 101 is
formed uswogotins2zeni conduct or el ement i ncl udi ng an oxi g#eTgemicosrdesct or
film therefore, static standby power gependi ng on | eakage current or the

| i ke can be reduced. Therefore, when J supply of the power supply voltage
to the circuit which is not operated is stopped, both the static standby
power and the dynam c¢ standby power consumed in the circuit which is not
operated can be reduced, so that it is possible to provide the

sem conduetichingesl¢menti 101whind hh switchiog sRutent 101b afe uhedwiol eSpetifically, can be
reduced. 061]. 30Next, specific structure and operation of the .

sem condt]légoz?éa]é‘wsz:\geic?lset‘ﬁl%ﬁrﬁﬁbeec%%'rségﬁaﬁéa%]i“gbﬁ?‘tel pofontial. Theredere,|imp are
descri be ; enM F ~¢6A and
o6, 10 [DouyRGH ARG polel SLEDaRk i ap I Gt i WecoffEor o) e
circuit 2B tiassistof 1BD-ahd dlg s@ancé mjzatrods ghéle Badistorc133ck Furtheralwhenehé nput t o

a terpinal and t erm nal respectively, .an n output signal, 1 and an
out pub. < pHL sTERaL T st doytevef Bopehitl GRednpts S, 4 s ad i el pstial
respect i @l ohtpul RMEI havirlPa highllbadlipdfenfil ddeheCotisiHed. SWhESE tH iR lﬁfsj%ﬂ&?
flip-flop as Tong as the circuit can keep one-bit data by ut|?|2| g

f eedback lakasi ohighfie\@l Pptentidliandr the depud signak?2 dpeailéwdewt potentiale anoutpue

circuit adhe cirecuipt 100 illustrated in FIG5Bis a Dflip-flop

i ncl udi nép%ﬁl ‘?\%Xﬂtﬁi?&'leé{%‘%g\ ah%f,bea(f??m 142, and an NAND 143. The

pot ent i aljo@f9]t he i nput signal is applied to a first input term nal of the
10 NAND 140. The potential of the clock signal is applied to a second input
ternitlal of thdn ieNmmaReratine perwde iscantiplisigna has mapoterftial methnmhioh the . An

out put t err.p Ocudyi hg-%n d £l kNP .erm nal of
t he NAND%%H@E(??%H %n:i]rqg LNA :Mr;]hp?}!t% St"i’al?cm a{lgrglkﬁt k(gal%l\ﬁf\lf)ﬁrﬁq ° kf}r;\n ghﬁ#’%ﬁatqut erm nal
of the NANIR M2 shewsotireched whera thecoomral ngighalt dasri dbwelkvélh@ofdadill. 143. An
out put of, tl[;quNAND 141 is.15 connected to ﬁ first.input termnal

t er m nal .
of the Nﬁr&ﬁ"ff‘a&t&}y’dﬂd RN-PRATEN BIFIOS tHeROVEASBRRIY MOHABTKPS & natiapppthD 141
I's appl i g4l theAsoukRieelb@tdRdfahe Handi§ter 958 B tR! Gidle diecttdleDrGhé fdhdisthic! uded

in a subsequent stage. An output termnal of the NAND 143 is connected to a
secondd i gat andethei sairceo ElectnedeNaiNihel ¥ ansistord13h eng shenoured eteictrodee ob wheput

term nal ,of .the ND 143 Js.appljed.as the potential of the output .signal 2
to the ciPeUPY" il#ﬁ RIGLE idﬁa??ég%GSUB?Bﬁ%%ﬁ’t Jiel§tl’z§i’§fé‘.“‘1‘i[ 68%@] output Signais o t hat
the circuept Q0o lbwsilevet fen fhegio@miéﬁ dTaBe fhphi §ibhdl U fdi the MPuf Kighdl® out put
signal 1 and the output signal can be obtai ned; however, the nunber of

out put siafreither atelopdevl or aia highdagl. 25[ 0064] Then, supply of a
power S“rf@dé() voltage to the NAND 140, the NAND 141, the NAND 142, and the
NAND 143°i éont rolled by the switching elenent 101. FIG5A illustrates the

case2@her e supplsydeséritied| 4bove,einethe pnedpesdtion| periva) bageppdg spphobt iRl | ed by
the switching el enent 101; however supply of a high-Ievel power supply
vol t age Power supply voltage to the circuit 100, dynamic standby power consumed in the circuit
100 can be reduced. In addition, the switching element 101 is formed using the
semiconductor element including an oxide semiconductor film; therefore, static standby
power depending on leakage current or the like can be reduced. Therefore, when
25  supply of the power supply voltage to the circuit which is not operated is stopped, both
the static standby power. and the dynamic standby power consumed in the circuit which
is not operated can be reduced, so that it is possible to provide the semiconductor device
in which power consumption of the whole circuit can be reduced.
[0061]
30 Next, specific structure and operation of the semiconductor device in the case

where the circuit 100 is a flip-flop are described as an example with reference to FIGS.
5A and 5B and FIGS. 6A and 6B.



30 may be controlled by the switching elenent 101. [0065] 20 sem conductor
device. FIGS. 3A and 3B can be referred to for the connection relation
anong trameistiwssssn the NAND 140, the NAND 141, the NARDTA#310/867d9d he NAND
143. In each of the transistors inclqud in the NAND 140, the NAND 141, the
NAND 142, and the NAND 143, silicon having crystallinity is used as an
active layer. Unlike 5 FIG 5A, FIGG6A illustrates the case where supply of
t he power supply voltage VSS to the NAND 140, the NAND 141, the NAND 142,
and the NAND 143 is controlled by switching el enents 10l1a, 101b, 10l1lc, and
101d, res[p6l]i vely. [0066] By using the semi conductor device illustrated in

FIG 6A as an exanpl e 10 timng chart.o e tential s of the_ input
signal, the out ﬁlﬁrgﬂlﬁq@f’gf’_r Qﬁ‘ﬂc"aﬁ%ﬁ?tFé o EV% gé’_r’qg%‘“éc‘}i‘e}q(bﬁ 3 ﬂ‘_P\?ﬂ‘i’R}h t he
circuit 180idpat isizndh aRPY fokcRNigiallafe (it A0S ekl PBT drfd) t@l‘ﬁ‘i‘inhlngg%,p_e“ od

in which the circuit 100 is in a stop state (a non-operation peri IS
shown i n EspectiGily, ald@nontput kigng keamhamewputGignal 3 aiddutpydrdm artesvinalo®i ng

dependi n n the.c rol signal . 15[0067],. . .. ln the operatio eri od,
thg cgnt ?ao as{cé‘ﬂgllaf)ﬂ%s regp%cg?vgﬁ“ a‘l%e'\[ﬁ 13 Rolipitation o Bgqrentt S € 10l1a
to 101d aflip-floprad@en®ak thSR@chit catkdep.onkltii &tr 5y QMEzihy CecABR&k aiBHE FIE

control signal has a high-|level potential. Therefore, in the operation

period, tHeillystigies 3 mepe spogia diyestuvssf the ciapiit 1Y tThetdisuitARDdllustratetdon 143.
Furt her, g C. i i ghx l, ,or_ | tenti al
ona tne’ 11008 i 0 HAHcRUAEY 1DRRDR0, BINAN 4P o SANIEYED aRE3510 g

a hi g h-1 elmNmmse%ﬁmlpommh iabof tEuﬁrnm silghﬂriahpla;]daaﬁialrmstailnb@mhmlﬁell oflgﬁé elnt i al
can o] | he n the clock signal has a high-level or a |owlevel
pot en@i al%‘gh@) f‘H)e ilﬁﬁﬁo“’éit'él]%ﬁ thg clock signal iscapphied i 2 s inpah tesminalof si gnal
1 havi ng (ge NOW I t ' [ 2 ' all | evel
pot enti aIt can bltl)aq\éggg‘t@giSgg%dqulg‘ggglfﬁpﬂ%ﬁﬁgyﬁﬁ%gg?'atég%“yg?feg@ga?ﬁg
control shgNANDA40 pocameited tow filnst wiput kertoliveal 9fitltedRAND &4 2o first @ibatt o 101d

S gnal ngemiratgTRENANBAAN A S dsiminngns, e /R RIRoh Soperesed e

second input terminal of the NAND 143. An output terminal of the NAND 141 is

15  connected to a first input terminal of the NAND 143, and the potential of the output
terminal of the NAND 141 is applied, as the potential of the output signal 1, to a circuit
included in a subsequent stage. An output terminal of the NAND 143 is connected to a
second input terminal of the NAND 141, and the potential of the output terminal of the
NAND 143 is applied as the potential of the output signal 2 to the circuit included in the

20  subsequent stage.
[0063]

Note that the circuit 100 illustrated in FIG. 5B has a structure in which the
output signal 1 and the output signal 2 can be obtained; however, the number of output
signals may be one as needed.

25  [0064]

Then, supply of a power supply voltage to the NAND 140, the NAND 141, the
NAND 142, and the NAND 143 is controlled by the switching element 101. FIG. SA
illustrates the case where supply of a low-level power supply voltage VSS is controlled
by the switching element 101; however, supply of a high-level power supply voltage

30  may be controlled by the switching element 101.
[0065]

FIG. 6A illustrates an example of a more specific circuit diagram of the



30 period, the power supply voltage VSS is not applied to the NANDs 140 to
143. In other words, source electrodes of transistors to each of which the
power supwbyovalstmge VSS are applied in the operation pecirgg2016/0679%
floating state in the non-operation psbiod. 21 Therefore, the output
signal 1 and the output signal 2 keep“Their potentials which are the sane
as those just before the beginning of the non-operation period when the
potentials of the clock signal and the input signal are either at a | ow

| evel or at a high level. [0069] 5As described above, in the non-operation
period, bymitondpitogdestigep! FIGS. 3Aend 8Baan bepefesed @ foade: dodntdidonGelatibht 100,
dynam ¢ standby power  consuned Rﬂbthe ci.rcuit 10Q can be reduced. In

addi ti on, ™90 EARFISOR Hythe Nl 14b 1hq AN dd. theiNNDnld2s and dhsnd AN r
el ement 119l Ut B REARISRITHARAIG e NAND 1401 81NAND 161, #d GaREFNIDY

power dependi ng on | eakage current or can be reducé refore,
when 10 1¢dppidtheMNANRD Iddnslicaulpling agstalinéy tiouted as an activet laydri ¢ Wniike not

oper at.ed o] .. both the static standby power and the dynam ¢ standby
power %cor]i:géné%’ Pﬁf%%&&tf%?ﬁ '?‘e\féﬁ?epwﬁ?rg SHER yd’ﬁé‘i"’j&?‘é‘&fr le!éfevq?té%gé"ﬁ 050 that
it is possd MANIDA4D! M¢iNIENDNRATS €HE RANIYQUOT APt QCAND MY fs%aemf]d by
consunption of the whole circuit can be reduced. [0070] 15Note that” a

st ruct ur éwitghingictementsplfllyg, Hilbt helcg kb k0 lsl taspéctivelyt he circuit 100 is st opped

by a sem g@&ﬁuct or elenment including an oxide sem conductor film when the
circuit i s in a stop state may be added to the sem conductor device of

an enbodi ment @y bdigg P SeaicondieRitdeRite iN@xtated REFIG.T GA b rdaCEtingprangl ,
operation of the sem conductor device in the case where the circuit 100 is

a f1 iP-f teyng shathptihe pafsplizls of theoapysignal.dhpputputsgnaly andip gortral sigmk! si gnal
2 e S Syblod AR R EGR 00N SRS IISH oMl B ASTREIA £ T
i ncl udes parigdit mhichcthe circeit 10@ isvn £ ktopastate (ahowbpatigl peridd)ds shavek irsi gnal
to the CiFrI&ugSIg. 1’91?91 sviv{tlché}lcljgd iefeim%gtst 1001tahtg 1 ilzicplil,irftorm switching depending on the
control signal.
15  [0067]
In the operation period, the control signal has a potential with which the
switching elements 101a to 101d are turned on. Specifically, FIG. 6B shows the case
where the control signal has a high-level potential. Therefore, in the operation period,
the power supply voltage VSS is applied to the NANDs 140 to 143. Further, when the
20 . clock signal has a high-level or low-level potential and the input signal has a high-level
potential, an output signal 1 having a high-level potential and an output signal 2 having
a low-level potential can be obtained. When the clock signal has a high-level or a
low-level potential and the input signal has a low-level potential, an output signal 1
having a low-level potential and an output signal 2 having a high-level potential can be
25  obtained.
[0068]
In the non-operation period, the control signal has potential with which the
switching elements 101a to 101d are turned off. ~Specifically, FIG. 6B shows the case
where the control signal has a low-level potential. Accordingly, in the non-operation
30  period, the power supply voltage V'SS is not applied to the NANDs 140 to 143. In
other words, source electrodes of transistors to each of which the power supply voltage

VSS are applied in the operation period is in a floating state in the non-operation period.



25 100 and the switching el enment 101. Besides the clock signal, a control
signal 1 for controlling the operation of the control circuit 102 is input
to the cowbnoiymkisguit 102. FIG 7A illustrates the casepgrgrmians7d9D is
used as the control circuit 102, and the clock signal and the control

signal both are input to the AND. A si‘gnal output fromthe AND is input to
the circuit 100. In addition, the circuit 100 is a flip-flop. An input
30signal and a signal output fromthe control circuit 102 are input to a
terminal D and a termnal CK, respectively, and an output signal is output
from a t eFheirefate, the quiiflif 3jgnalPPand the oufpuCsigital Qalceep ehdicpaentials Which @fe thbe
specific structure of the circuit 100 illustrated in FIG 7A. There is no

|i mi tati cAMsRsthesedpst bgfare therhsginping ofithe pan-pperation priogswhenthe petentialsci r Clﬁli t
can kee = hi (ENEA" [ | £.L.gn, al thoug
‘nthe cioc ?b&llb%g‘f‘?|a8§€¢éé!t"%'§zs?%‘g%{’g%g@%%¥ﬁg&‘%ﬁ%};?ﬂ %i‘%@i fe&Q‘and t he

out put si[fB6d] 2 can be 5obtai ned, whereas in the circuit 100 illustrated in

FI G 7A, the nunper, of. optput signals is one. [Q07 . Supply of a power
suppl ¥ vol te age %Osod‘fsﬁﬂbiqu Fﬁ‘ﬁ’let “18139 Pen-epsiRtiQH Pé‘é"donyt $ePRIDE SEPRIN PThenent
101. Fl GpotAr gﬁ;&@; VbdgR %0 "tﬂ?:‘f‘clifl%ﬁﬁ QOWIWnﬁm%JQQAdbyﬁJSw%r EOWulneY § tHRAehit 10

supply vol tage VSS i el enent 101; however,

is control | ed by the swtchi
suppl y ofl108 ednghe Iredusied.polne additipm| thevewitchirg migmebt 10bris rfotthet ubing tthe

sw tching elenment 101. [0074]. FIG .7A i llustrates.an exanpl e in which
The AND FEmiCHRvee HhRORE P on sxide Spignaygnt Gl hEREE SR GTangb cul

102 i s ng@lowek repefditi® ohMealdp cusrehOBH tIRS liRe Cah Vel fedd&dSt Muefedsre, [Whehi ch
supply of the clock signal to the circuit 100 can be controlled in

accorlancepplytoh thepoweaiupply voltagralo the elienibwhishtis nafeeperatert isesenppd.choth nst ead
of the AN stgtim%yp(}wer YUn& %eaéyntanl?c thﬁHbryOon&e'r rcgﬁguine%iolg 'thc[ gpczlﬁ]which

is not operated can be reduced, so that it is possible to provide the semiconductor device
in which power consumption of the whole circuit can be reduced.
[0070]

15 Note that a structure in which supply of the clock signal to the circuit 100 is
stopped by a semiconductor element including an oxide semiconductor film when the
circuit 100 is in a stop state may be added to the semiconductor device of an
embodiment of the present invention. Next, specific structure and operation of the
semiconductor device in the case where the circuit 100 is a flip-flop in which supply of

20  a power supply voltage and a clock signal to the circuit 100 can be controlled are
described with reference to FIGS. 7A and 7B.

[0071]
The semiconductor device illustrated in FIG. 7A includes a control circuit 102
which can control supply of a clock signal to the circuit 100, in addition to the circuit

25 100 and the switching element 101. Besides the clock signal, a control signal 1 for
controlling the operation of the control circuit 102 is input to the control circuit 102.
FIG. 7A illustrates the case where an AND is used as the control circuit 102, and the
clock signal and the control signal both are input to the AND. A signal output from the
AND is input to the circuit 100. In addition, the circuit 100 is a flip-flop. An input

30 signal and a signal output from the control circuit 102 are input to a terminal D and a
terminal CK, respectively, and an output signal is output from a terminal Q.

[0072]



The control circuit 102 includes at | east one transistor including an oxide
20 sem conductor filmas an active |ayer. Leakage current of the transistor
i ncl udi ngwvarrooisess6sem conductor filmas an active | ayercrgpmahe7osml | er
than that of the transistor includinggéilicon havi ng crystallinity.
Therefore, by using the transistor incl“uding an oxi de sem conductor as the
control circuit 102, supply of the clock signal to the circuit 100 is
controlled by the control circuit 102, so that increase of standby power
due to 25| eakage current of the control circuit 102 can be suppressed.

[ 0076] BYFIGs$5 B gat Beres@nddotorforuhe @pedifiy st tirk bfitercicedd 100 ilfdsératéd as an
exanple, a timng chart of data of the input termnal, data of the output
ter m nal ,inflE Tt e hbgraps w limpationyen thswlrgwg staycture 9 thet flig- -l asdenaes B8 t he

contr ol Sdn%ﬁﬁlcag Ik(l?,)ﬁ) g%e?@gggggkgldl{\%irfgkfe&mcﬁ Q&Mncu'htl ﬁ&@ﬁoﬁ lth U?[] tgu r ?‘t ' on

state (an operat ertod In whic isin
a stop staceit(HOniinstogpet &t FEG B rthedhtpus sighaivh and thd Guipbt snLgﬁﬂU};an B3

In the operati period, the ntial  qf, control signal 1 is at a high
| evel %anooei’f%e‘g I“G’ékeaé ﬂ‘bﬂ‘&lcuicgf? gh@ Bﬁqsgateﬁ an H:‘g v thgnymbest opfput pignals 5
flip-flopgeoMéa the control circuit 102. In addition, the potential of the
control signal 2 is at a high level, and the power supply vol tage VSS is
suppl i ed [0873]he circuit 100. Thus, the circuit 100 is in an 5 operation _
state. Then, it 100, which js a f eep he basis
of the clock 5%384 ﬁﬁu‘?owqr Sutpﬁb' ié?go?t foowepﬁlf?‘ﬂ'gioé ﬁccgngﬁ]iaddgy aﬁ’F ncl uded
in the i npuichiig®éherit30€. hanmpdAfln@gﬁaEl@th@cd@éwHeﬁes 9tfaoﬂﬂ6l~uréea powe}he

out put si gnal |s al so changed fromDO to DI. [0078 ONext, in

non- dfler #UPR ltage V'S§ e cpmradidiby théfs“tl'ﬁbm&ﬂhmmt 19 ghewever; S!Jpph' @f & ow
| | d. |
ot her  vor g B g s shilfy GOREE 4R ortBL D6y BleSSihinbalendh SEPREC L o)

circuit J0@74Jo the circuit 100, which is a flip- rop Further, in the
non- oper ati on t he otentl of the contral signal 2 is at a | ow

riod,
| evel , and supBﬁ? o lushrats %FX%%WW h thg AN Pi?dtaﬁéh%F‘P’B[ﬂltC"i'Gb 15 is
st opped. ﬂ-)huﬁowE\t;@ ﬁl'er&)'rHrBI g@&nf §02 % Rot"ORiEPES el RNDSE@?]&&Jpp s gél? of the

out put signal I's kept as ) that the state in whic t he
cl ocKSsi gtrattuies lrswd)mhesﬂlppkyfdEhetcdoctkhagsalatbethe ciradit AAO tdae beotamnbiled imhi ch is
i 00 in the oper ation period

ap0l e TLOmARE, EARARLS by 12 e SR, B0 Bob o SRR G Y Lo
llevel or anbi gNOrRHRY be %Qec{zQQchl:ontrol circuit 102.
[0075]
The control circuit 102 includes at least one transistor including an oxide
20  semiconductor film as an active layer. Leakage current of the transistor including an
oxide semiconductor film as an active layer is much smaller than that of the transistor
including silicon having crystallinity. - Therefore, by using the transistor including an
oxide semiconductor as the control circuit 102, supply of the clock signal to the circuit
100 is controlled by the control circuit 102, so that increase of standby power due to
25  leakage current of the control circuit 102 can be suppressed.
[0076]

By using the semiconductor device illustrated in FIG. 7A as an example, a
timing chart of data of the input terminal, data of the output terminal, the potential of
the control signal 1 and the potential of the control signal 2 in a period in which the

30  circuit 100 is in an operation state (an operation period) and in a period in which the
circuit 100 is in a stop state (a non-operation period) is shown in FIG. 7B.
[0077]



As descri bed above, by stopping supply of the clock signal to the circuit
100, that is, by performng so-called clock gating in the non-operation
peri od, dyoaniiwssisandby power consumed in the circuit 1@0ToRZI1VEsTOEIUCEd.
In addition, by stopping supply of th(r? power supply voltage to the circuit
100, the dynam c standby power 25 co gurred in the circuit 100 can be
reduced. Further, the switching elenment 101 and the control circuit 102 are
formed using sem conduct or el enents each including an oxi de sem conduct or
film therefore, static standby power depending on | eakage current or the
li ke can be rednakelopdatar périvgl yhe poterstiadpp itliegcaitiob bignalf 1 i@t £highiKewdl gnal
and t he pmaeB S pgﬁléy vo|ltage.to the circuit which is _not operated, both the
static st¥ftd ?/C‘S’G tgngbis syaplissetodihn st PGnubgh pnadlip-Hepsviadhe Fontiale
circuit i 0. NR A RS, : : bk be b R j1 b
provi de \tlgrl?gﬁfsael%g'co%%ct or@m%ﬁiaasﬂﬁﬁgﬁnggﬁﬁé@gﬁgh%ﬁ f%ﬂéﬁéfl’ %@eth\gmol e
circuit qmwebsuppy vokage VSMis[sORBEHM to the circuok(f. t Ahus,ahs cir¢uit 100eis dmar wher e
a NOR_is used as. the gontrol .circuit 102 .inst.ead of an AND, the cl ock

si gnaP ar?é’efa%@é@ﬁ?‘r €g; G‘ﬁaﬁ‘rcbléﬁﬁb’a?'élcﬁdf)ﬁt%i"glo?h ceRBRatafe F%és% o nal

out put f rRéncideR sARI lispuk. NPt the Qpehifiof Igefibd ! siddthe Fda@ inklfelih URE ﬁl@;u?s the 5
case where the is used as the control circuit 102 in the sem conductor
devi ce i Isignal issghangadrfrgth ® 7. DTHbe dataiintludessinghe phtputsigealiis al3®Ohanged t he
switchin enll Nty 101 are the sane as those of FIG 7A; therefore, detailed
description e?eo]f' is omtted. By using the sem conductor device
iI'lustratjeo7§ln FIG 17A as an exanple, a timng chart of the data of the

i nput _signal, the data of the output signal, the potential of the control
10 silfnal 1 andNexhdn Hha ranrongration state thopetersial of Hieadonro] sigral dds inallawy whi ch

the ci 1 CUblel L dippiyNoile REEALOR @t@arc&ﬁglda%rs?&p@w PR" 4R waid in a

period in circuit na stop state (a non-opeération period)
i s shown porenkhlFixell7tB.a fo@OIBL4] i$ sugphied daaethatventol digculiB2its thiseictuasiOohe

control circuit 102_ in the operation 15 period, the potential of the
control sY ld%\'hfs ?Lgl?%?ﬂ‘él?' alE ‘Pﬁ\ﬁﬁl‘%\}% POIHHEFT?‘R‘@‘ PETindk the pptential of thepsontrel to t he
circuit X8Qa1 ™M &0 1bs 18vdll ddar of i 8 i i :

addi tion, ﬁew[i)got en"t0 i%aI@Vé(c)’fA@hsgb@(?n%fﬁgfpi‘?gﬁgﬁ 3 3 ‘)i%ga%ét f/gyhoittg%gﬁ(en{/l{eﬁ)o and the
powedSsuppsippped. t aws V&€ diul P! isdd a von-hperationc state, 1E0datT lvfishe bhpuci r cui t

100 is in.an operati s{.at Then, . t.he .circui jchis a flip-flop,
keeps dat’B"8hiSt Bﬁﬁa@p‘s ]g?teﬁh‘g tE‘T %81? igwuch S‘ipﬂb'u‘?]ff)tg‘ié ﬁigg% signal 13 5t9PREd on
period, skfefAolthestaRtia whikh e pdichBaltwigich Rpplisd 888 the Somthssiegit inP DO to
D1, the data included in the output signal is also changed fromDO to D1

[0082]  circuit 18@ja the joperatien pesi § aot dangebétyden 2 ey pytleandi ahigbfevehe
control i I hi .l.eyel,, and supply of the clock signal to the
circuit %Bgﬁfﬂ;xeéta%%bo%%e%flndr%pﬁ%l}Ye%(e)lrds, 25 a potential fixed to a | ow | evel
i's sappli[ea7drom the control circuit 102 to the circuit 100, which is a

flip-flop. Further, in the non-operation period, the potential of the
control si gnal A descrified abpyy byesieRpingsipPEURbihy clck: signab damthe cigpis POy ol t age

e s BTG Al AR oy TRy DS EU o Wty o,
[0083]  standby power consumed in the circuit 100 can be reduced. In addition, by stopping
supply of the power supply voltage to the circuit 100, the dynamic standby power
25  consumed in the circuit 100 can be reduced. Further, the switching element 101 and
the control circuit 102 are formed using semiconductor elements each including an
oxide semiconductor film; therefore, static standby power depending on leakage current
or the like can be reduced. Accordingly, by stopping supply of the clock signal and the
power supply voltage to the circuit which is not operated, both the static standby power
30 and the dynamic standby power consumed in the circuit which is not operated are

reduced, so that it is possible to provide the semiconductor device in which power

consumption of the whole circuit can be reduced.



[ Enbodi nent 2] In this enbodi ment, a nethod for manufacturing a

sem conduct or device 25 relating to an enbodi nent of the present invention
will be dwecaniilnseiss[ 0084] The sem conduct or devipce/Jrailabémgy t 0 an
enbodi nent of the present invention ingludes a transistor including silicon
and a transistor including an oxide séiti conductor. 5The transistor

i ncluding silicon can be fornmed using a silicon wafer, an SO (silicon on

i nsul ator) substrate, a silicon thin filmover an insulating surface, or

the Iike. [0085] An SO substrate can be manufactured using, for
exanpl e, [O0BEOND (registered trademark) typified by Smart Cut (registered
trademark), epitaxial | ayer 10 transfer ,. a dielectric separation

met hod, a pl asM¥PtadBItsalyy in: HhenFass | where 4 N@R( PAEEi aethsoepntrgl seit 402 on by

i mpl ant e §Hf}p

sem condﬂg%}éérwgérl{m of ’si'T F@%ﬁg%g?%engt@gé%h%a u%gt rggt%hear \Rurtl o g}lﬁ N(r?gul ating
sur f ace rEhenpesignalaugiut froedthb WQR kninpat thebacirapitel00As Fldiammmhén que of
15 crystallization, aser grysgalllz t|on nmet hod using a Iaser beam and a
cryst al | 98 ™ "n&‘?hﬁ@ §i 1gC £5Ja¢ LYo cClEquintiz Mathe Ssrlieanduglor devise i vel y,
a cryst a'lllhﬁ?aftédQH matmd wﬁé aaj&ure%@ﬂhxfcireu@hm th@@%@hﬂn $fdment 101
crystallization nethod may be conbined. In the case of using at ernally
stabl e suisthezamehattosg OQFKRQ'IA hlmcforeesletsﬂw@cspmpxwmyreeﬂrsmrmsemualBy z, it
I's possible to conbin y, of 0 stalliz ation Jret odS"a

t hermal 28"¢&r 5%?31‘??1}@1 ? ﬁie?‘r‘& efiH“ %agli&%/rqnc“dﬁa %é&f”é’&gﬁggﬁ of 5 | amp
anneal crijedatal dfZ8é iikput rgpgtnbpdha/vciith df thé Bapat SibRd! theapcﬁé'ﬂfﬁﬂ 3f theZ&nen met hod

with a catal ?/t ic element, and high tenperature annealing nethod at about
950 @0 signal 1 and the potentlal of the control signal 2 in a period in which the circuit 100 is in

an operation state (an operation period) and in a period in which the circuit 100 is in a

stop state (a non-operation period) is shown in FIG. 17B.
[0081]
In the case where the NOR is used as the control circuit 102, in the operation
15  period, the potential of the control signal 1 is at a low level, and the clock signal is
supplied to the circuit 100, which is a flip-flop, via the control circuit 102. In addition,
the potential of the control signal 2 is at a high level, and the power supply voltage V'SS
is supplied to the circuit 100. Thus, the circuit 100 is in an operation state. Then, the
circuit 100, which is a flip-flop, keeps data on the basis of the clock signal input. In
20  the operation period, since the data included in the input signal is changed from DO to
D1, the data included in the output signal is also changed from DO to D1
[0082]
Next, in the non-operation period, the potential of the control signal 1 is at a
high level, and supply 6f the clock signal to the circuit 100 is stopped. In other words,
25 apotential fixed to a low level is supplied from the control circuit 102 to the circuit 100,
which is a flip-flop. Further, in the non-operation period, the potential of the control
signal 2 is at a low level, and supply of the power supply voltage VSS to the circuit 100
is stopped. Thus, the circuit 100 is in a non-operation state, and the data of the output
signal is kept as D1.
30  [0083]
[Embodiment 2]

In this embodiment, a method for manufacturing a semiconductor device



[0087] In addition, a sem conductor elenment manufactured using the
above-descri bed 25 nethod may be transferred onto a flexible substrate
formed ofwplzasitisesser the |ike to forma sem conductor decirae2018867myve
transferring nmethod, the foll ow ng vag ous mnet hods can be used: a nmethod in
which a nmetal oxide filmis provided étween the substrate and the

sem conduct or elenent, and the netal oxide filmis made fragile by
crystallization so that the sem conductor elenent is separated off and
transferred; a 30 nmethod in which an anorphous silicon film containing
hydr ogen sehtipg oy ardedbdditnestsof thdpresend siivieatien &iltibé Bclbgd. conduct or el enent
and t he alg%ﬁhous silicon filmis renoved by laser-light irradiation or
etching s at the sem conductor elenment is separated off 26 fromthe

substrate and tfanshRERRkuoRIUTL D W BmSHAT R oy R e

sem conductor el enent is prov , Is-renove ani cuttin
et chi ng bypcladesod wanstoroncladigg silison hinhé tramssteeintindingantoxidecdeari@mtduéter. cut  of f

fromthe substrate,. and the. sem conductqQr elenent is tran rred; and the
[ e, 35 GOtsmpansiior ind{fing AficSE L BF Tiied usiRechaiancy ik 81 0K GHEhn Phe Use
of an SO inélﬁhtbf)gesst%, 3@%3@&1% il W et drPinSulatitisurfa8l) Sir ke, NCl udi ng

silicon is manufactured and then the transistor including an oxide
sem condd@P®?] i s manufactured is given as the method for manufacturing the

sem conduct or dgvi 0l 0089 As illustrated in FIG ond
substrate 200 i“g“ c@arﬁébaﬁ{m%né? h%en,m%{lr‘l'chﬁlgﬁ‘%l a5y ?)lr | FRATPLe Q%ﬁﬁpm over a
surface Qqregidi€redaridemdkyttypiried 280 Snlad0€Y] (Rgistdh&l Badshauhsépinkal 18Qc a

single crystal sem conductor substrate fornmed 15 using silicon can be used.
Furt HEr | teanser{EBHROM.or diglsslicrssparation msthodsp plpsm|assisiad ghemisal eieling al

lattice di ' kld r: ' ' | [ i ded to
silicon, Ct:l))%btﬁpugdel I déﬁlrsréifﬁg@ng) égﬁygﬁdﬁﬁﬁwg s{qu;g{illgg’z d.ﬁe F%le] Not e
that in 06886]gl e crystal sem conductor substrate used for the bond 20
substrate 200, the directiaqns of .crysial axes are preferably unifarm
however, the syb&§migp _ chor?fﬂ{n ﬁé%‘@%%‘aéqq“ﬁ PB?‘n%é“QFgrPWghad&&‘ artnsplalisgal s in
whi ch a Iﬁ%&&%ﬂ%@%ﬁﬂﬁ&bd&%ﬁ% RAb%h deffigle. ad itRE KA Clechfiue? oP! 2N

defect is conplefely elimnated.
15  crystallization, a laser crystallization method using a laser beam and a crystallization

method using a catalytic element are given. Alternatively, a crystallization method
using a catalytic element and a laser crystallization method may be combined. In the
case of using a thermally stable substrate having a high heat-resisting property such as
quartz, it is possible to combine any of the following crystallization methods: a thermal
20  crystallization method with an electrically heated oven, a lamp anneal crystallization
method with infrared light, a crystallization method with a catalytic element, and high
temperature annealing method at about 950 °C.
[0087]
In addition, a semiconductor element manufactured using the above-described
25  method may be transferred onto a flexible substrate formed of plastic or the like to form
a semiconductor device. As the transferring method, the following various methods
can be used: a method in which a metal oxide film is provided between the substrate
and the semiconductor eclement, and the metal oxide film is made fragile by
crystallization so that the semiconductor element is separated off and transferred; a
30  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-light irradiation or etching so that the semiconductor element is separated off



[ 0092] The shape of the bond substrate 200 is not limted to a circle, and
the substrate 25 can be processed into a shape other than a circle. For
exanpl e, wo200msbsder ati on of the facts that the shape ofcasbaaeosumst r at e
203 to which the bond substrate 200 |§ attached later is generally a
rectangle and a |ight exposure region 8 a |light exposure apparatus such as
a reduced projection exposure apparatus is rectangular, and the |ike, the
bond substrate 200 may be processed into a rectangul ar shape. The bond
substrate 200 can 30be processed by cutting a circular single crystal

sem conduitémrthe wabstratd and\tainkfetrkd; a Mdthed imriketh tHOO@3irate2 for which théhe
insulatin film201 may be either a S|ngle insulating filmor stacked

| ayers ofS anﬁﬂﬂ?PQP{ Flymsfﬂ Isrzayigedrig remeYRd. bycakshanial Rettips&x cichingghbva whi ch

i ncl udes éo[mk')'h'otr' s ¥ Hat Hﬁ %\ﬁ@gct#laél%ent' it cﬁ fPerInetilgpl!l tr%\tg, %rgf et he

insulating film20l to at ness of greater t an or nm and

| ess thansemlamquabr tlemB@ds transf&ﬁcﬁﬁ@ﬂ(] the like. As a fil m i ncI uded in the

i nsul [lﬂ %I m 201, an insulating filmcontaining silicon or germni um as
its c 8 ] such as a silicon oxide film a silicon nitride film a

sili con oxyni t thdElsfe'nhi@dlrﬁ'erﬁ' Jui Eﬂﬂnlﬂé tif WEcOWitf qhd 'uLerfbf i G601 TBitaHLRX1 de

film a germaniumnitride f a germani um oxynitrid I'm “or a gernani um
nitride orswaton)Osubsiratec dlre b!@nusted in¢luding esilicaan is mh&lctmgi fanfl mhemcthudl ng a
net al oxu%_ al um _num oxi de ant al |un1o

ool at e toE incRyif R bR B IcoR e G Bl i o G P R ROT oy

i nsul ati ngaﬁufidﬂaﬁﬂgxhad@ﬂgoﬁdumraﬂevi@gyn| tride such as an alum num oxynitride
ilm or an insulating filmincluding a netal nitride oxide such as an

aI unilQum[AP8Hi de oxide film can also be used. 15[0095] For exanpl e,
inthis embodi RNty dRdXATPIE 44 WHGH Slirfm@X idiRihl cgfa%dbgaft hey el

oxi dation of the substrat S use I NSu Pnf201 is
descr i bednsulging filha201i is fdrined o84y, a $urface nfthledond gubistra@ 2001 i s forrred so as to
cover thei ire surface of the bond substrate 200; however, the insulating
film201 ﬂ@é}ﬁbe 20 fornmed on at | east one surface of the bond substrate

200. [0096] As the! B‘bntihéu%st%{i@ Qob! G&lih gﬁ@ cr}g)((ay rﬁ'eﬁu'iéogguétglf Sipduh@ Rrmdpst ance

whi ch cont ai ns nore Oxygent an nltrO nitride oxide refers 0O a
substlanceasingi shecaoeamabasiserbr dunther, @gsnm&@ahctm;sgbmate formed using silicon

having crystal lattice distortion, silicon germanium in which germanium is added to
silicon, or the like may be used as the bond substrate 200.
[0091]
Note that in a single crystal semiconductor substrate used for the bond
20  substrate 200, the directions of crystal axes are preferably uniform; however, the
substrate is not necessarily formed using perfect crystals in which a lattice defect such
as a point defect, a line defect, or a pléne defect is completely eliminated.
[0092]
The shape of the bond substrate 200 is not limited to a circle, and the substrate
25  can be processed into a shape other than a circle. For example, in consideration of the
facts that the shape of a base substrate 203 to which the bond substrate 200 is attached
later is generally a rectangle and a light exposure region of a light exposure apparatus
such as a reduced projection exposure apparatus is rectangular, and the like, the bond
substrate 200 may be processed into a rectangular shape. The bond substrate 200 can
30  be processed by cutting a circular single crystal semiconducfor substrate available in the
market.

[0093]



25[0097] In the case where the insulating film201 is formed by thermnal

oxi dation of the surface of the bond substrate 200, dry oxidation in which
oxygen comDapni/osgssa snmal | anount of npisture is used, thRrermRRoi@Ré7Tdet i on in
whi ch gas contai ning a hal ogen such aaghydrogen chloride is added to an
oxygen atnosphere, or the like can be“sed as the 30 thermal oxidation. In
addi tion, wet oxidation such as pyrogenic oxidation in which hydrogen is
burnt with oxygen to generate water or water vapor oxidation in which

hi gh-purity water is heated at 100 C or higher to generate water vapor and

oxidation is Zhefasulaingefilm\20lhmag de efthdrhuesinglé esulating filiiay shekédRerkor

form ng tr%e insulating fi.lm201. [0098]. In the case where the base
subst r at PTFoplurality ohjwsulating filins.i (Gongidering that adsgien wiih ingludgyimpuritiest a

sem cond IE8 q I ' . PU1N 5
ol e e SVER o i s FTefBA0R bl T AbpRling Bk 26T 0 AERR 0L o &
barri er fgreatertthat ocayuabtochbemh asdikeks than brpgural toySG0rmom di f f usi ng from t he base
substrat(j a&ﬁsl nto a sem conductor filmwhich is to be fornmed after

separgti Q¢ the insulating filmthat can be used as the barrier film a

silicon nitridedl fichided G kdshi | i i ' Ltride
s & lflin Achide g’ghe? idstiafifg q’ﬁh]dg(l)lif, kdnnins@lgtn?é ﬁml%me{%lgé 10

film an alum numnitride oxi ilm or the e can be given.

i nsul at i reglidon|omgeimeniym ag ife domponentsushras aesilicon loprideSilm; esdicabhifrilofimed to a
thicknes%'%b 15 nm 1o 39@ nn1ﬁﬁor e aﬁple. I? addition,. an i uﬁ@%ing film
whi ch hadt PURET BYBIE Om: &t silifen SUBHE Ride PR Bossmapivm ortEStmy &< o
silicon Qerdenitiin! Mitede Hing, 4 igeMani Wxyhitd@e Filh o8 echfafigmnEitideebxygen t he
barrier filmand the bond substrate 200. The insulating filmwhich has
| owerlOpr diBY@andis used. ni Kurthge an insplagiag fin iecudiag a mail okidesyclos Ynminuen 15
t han or 42 L I h r, e 10 . %00 ... In the
case of 5‘%?‘%@ tésn?zfl?%]oﬁglg?Oéelﬁzrgu{nh%g?%saﬁll la't()lll?1 %téﬁé) Flﬁl%qﬂcg@m ﬁlel%lglr% Gftgfi? ng film
201 can bsacl as akehibymanitriepan desabsingi fiim imelddod 8 wedalaskyaittibe suad aCMP
met hod, alPIasna CVD,HE% od, an._atnmpspheric _pressure CVD nethod, or a bias
ECRCvD Aaluminum oxynitride film; or an insulating film including a metal nitride oxide such as
an aluminum nitride oxide film can also be used.
15  [0095]
For example, in this embodiment, an example in which silicon oxide formed by
thermal oxidation of the bond substrate 200 is used as the insulating film 201 is
described. Note that in FIG. 8A, the insulating film 201 is formed so as to cover the
ventire surface of the bond substrate 200; however, the insulating film 201 may be
20 formed on at least one surface of the bond substrate 200.
[0096] '
In this specification, oxynitride refers to a substance which contains more
oxygen than nitrogen, and nitride oxide refers to a substance which contains more
nitrogen than oxygen.
25 [0097]
In the case where the insulating film 201 is formed by thermal oxidation of the
surface of the bond substrate 200, dry oxidation in which oxygen containing a small
amount of moisture is used, thermal oxidation in which gas containing a halogen such
as hydrogen chloride is added to an oxygen atmosphere, or the like can be used as the
30 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

high-purity water is heated at 100 °C or higher to generate water vapor and oxidation is



20 method using a m xed gas of silane and oxygen, a m xed gas of TEGCS
(tetraet hoxysilane) and oxygen, or the like. In this case, a surface of the
i nsul ati ngofnimos2B% may be densified with oxygen plasmaptrgatorenszesd n the
case of using silicon nitride for the jonsulating film 201, the insulating
film 201 can be forned using a m xed &@s of silane and ammoni a by a vapor
deposition nethod such as a plasma CVD 25 nethod. [0100] Furthernore, the
insulating film 201 nay be formed using silicon oxide that is fornmed by a
chem cal vapor deposition nmethod using an organosil ane gas. As an

or ganosi |grferged with usé bf the WvataVapomnigbe aseddondraiighthemstlatingfithopysi | ane
( TECS) 3%§§EQH3 mcal fornmula: Si(0C2H5)4), tetranethylsilane (TM5) (chem ca
f or mul a: § )4), tetranethylcyclotetra3|onane (TMCTS),

oct amet hyl cycl qh ghd ash WA Re & trat?%ég'm%lg%@sthﬁpgé@}q\ghﬂ:kiw&ases

triethoxysilane (chemcal formla
tri sdi netthy Irdmbdn;s iolf amnﬁuhﬂm:toakie‘ﬁoc raucl:as Sn mMﬂﬂabaBbB)an adicaline eagkd.

0101 th I as
i1 06n dRgale Y Pl 20opre Euphid S hen ab ee Gy eapt & bTige B e
t enper at Waf Hvé Osueh Odn lnﬁ&@ﬂity ﬂbﬁleﬂffﬁfsin‘gemSm he B4l @tﬂRﬁ'ﬁ@t Y0P i) Qe (LTO

formed at a tenperature higher than or equal to 200 C and |ower than or
equal to ssmmcoedwoaﬁlrm wihinhl is @vbe fernied dftensepomtiosedAs mions'almtnigaﬁhm thaed by

45113, TG U Sl PSP o, WLl BB 0un
[ 0102] 1Q|Eﬁﬁ1nﬁifﬁﬂﬂ41@, fillnd) ahhﬂimﬁfilﬁﬁl @itridesoige EE@&)I&HQ 1iR¢ ch®be tgh@nso‘l"h@e gas
tof olr(')m tlrrllsulatmg film that is used as the barrier film is preferably formed to a thickness of 15

nm to 300 nm, for example. In addition, an insulating film which has lower proportion

of nitrogen than the barrier film, such as a silicon oxide film or a silicon oxynitride film

may be formed between the barrier film and the bond substrate 200. The insulating

film which has lower proportion of nitrogen may be formed to a thickness of greater

15  than or equal to 5 nm and less than or equal to 200 nm.

[0099]

In the case of using silicon oxide as the insulating film 201, the insulating film
201 can be formed by a vapor deposition method such as a thermal CVD method, a
plasma CVD method, an atmospheric pressure CVD method, or a bias ECRCVD

20 method using a mixed gas of silane and oxygen, a mixed gas of TEOS
(tetracthoxysilane) and oxygen, or the like. In this case, a surface of the insulating film
201 may be densified with oxygen plasma treatment. In the case of using silicon
nitride for the insulating film 201, the insulating film 201 can be formed using a mixed
gas of silane and ammonia by a vapor deposition method such as a plasma CVD
25  method.
[0100]

Furthermore, the insulating film 201 may be formed using silicon oxide that is
formed by a chemical vapor deposition method using an organosilane gas. As an
organosilane gas, a silicon-containing compound such as tetracthoxysilane (TEOS)

30  (chemical formula: Si(OC;Hs)s), tetramethylsilane (TMS) (chemical formula: Si(CHz)s),
tetramethylcyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS),
hexamethyldisilazane (HMDS), triethoxysilane (chemical formula: SiH(OC;Hs)3), or



silicon oxide filmas the insulating film 201, the condition may be set as
follows: the flowrate of TECS is 15 sccm the flowrate of 07 is 750 sccm
t he deposwbizon/gsemssure i s 100 Pa, the deposition tenperatrypmidss880 C, the
RF output is 300 W and the power sour e frequency is 13.56 MHz. 15[ 0103]
Note that an insulating filmforned at2 arelatively | ow tenperature, such
as a silicon oxide filmfornmed using organosilane or a silicon nitride
oxide filmforned at a | ow tenperature, has a nunber of OH groups on its
surface. Hydrogen bondi ng between the OH group and a water nolecule forns a
si | anol grlsmmeﬂrymhmnusimnt (che et ftthubas SSRIENICH k) chinbe ustdlul ating filmat a
| ow terrpﬁém\g A sil oxane bond, which is a covalent bond, is forned
finally en t he base substrate and the insulating film The insulating

filmsuch as t hﬁn@t&rtﬁ%ﬁtﬁ 8RSHosTiahd £R gerropme%mfct ggg BREIER oRieMm wit

organosil ane or the LTO forned at a | at 1 vel w tenperature 1I's swt abl e
f or bondianfiptatrfacel caw be dommerdadt urpeoceasteaperature (d»f 860 ACar IdvesrmaAltyrnamvely,z ed
film haV| ng no OH bonds 25 or having very few OH bonds which is used in

Snar t 2Cutloyrtegperatire gxide {HER fprmedya tahtémlppléélfe fhéghgz than or equahie ZQ%LE ating

of 1 he_ b SEHRMPEREBELS DRSCARF et O b Pl i AR osee ma of

30t he i nSutnidd Bgudihg MoABdilang (9111;5 Qﬁﬁtﬂhé’ ($iH, bde 1RE a@qtbﬂtcomo@rcz y nore
preferably |ess than or equal .4 nm The thickness of the insulating

film 201 aﬁﬁy%@“@}ﬂ@ﬂé‘tommoﬁ@rﬂﬁ1@‘&@&?“9&}'311@911@9@% ess than or equal to
500 nm gﬁérably greater than or equal to 10 nmand | ess than or equal to
200 nm | ] Next, as illustrated in FIG 8B, the bond substrate 200 is
i rradDat ed wi t IFoabxdnyle,Sin the aaseiof akingdi TRDS aid Oadocthe saiireel ghytoaforItRet ri c
field thrqugh the i.hsul atlng fi.lm.201 as i ndi cat ed by arrows, whereby an

enbritt! ft H)Pé‘l‘ deplibn g, thenigSulatingo il 391, the ccgpdiian imayabe sgias follaws the

pr edet er ﬁgﬁphijb r I
exanpl e, rqd&g enbr i tt?qsgml %%@r ﬁir%eﬁa(ﬁgﬁdéé){)fa?gg ﬁ\%g g(ﬁﬁ qhépéﬁgﬁoa%g%l??ﬁ | ed by
di sor der 16 Ea, threydepabitisn teroparatere mridOt Wy thd RFeolm;buttméO@Mﬁ,raxtdttheqbobvayer
depends an a ans 10 the enbrittled |ayer. Note that there may
be the ca%¥© ﬂ‘éenﬁyﬂse]g‘{g(im}g%gl ng fromone surface of the bond substrate
to the er[bmj]tled | ayer is enbrittled to sonme extent; however, the
enbrittled layer in this specification refers to a region at whi ch
separation is potd thatrer IIISSIF ing dHa formed aica mdlatjvely B0 6Imperature, such as a

silicon oxide film formed using organosilane or a silicon nitride oxide film formed at a
low temperature, has a number of OH groups on its surface. Hydrogen bonding
between the OH group and a water molecule forms a silanol group and bonds the base
20 substrate and the insulating film at a low temperature. A siloxane bond, which is a
covalent bond, is formed finally between the base substrate and the insulating film.
The insulating film such as the aforementioned silicon oxide film formed using
organosilane or the LTO formed at a relatively low temperature is suitable for bonding
at a low temperature, as compared with a thermally oxidized film having no OH bonds
25  or having very few OH bonds which is used in Smart Cut (registered trademark) or the
like.
[0104]
The insulating film 201 forms a bonding plane which is flat and hydrophilic on
the surface of the bond substrate 200. Therefore, the average surface roughness R, of
30  the insulating film 201 is preferably less than or equal to 0.7 nm, more preferably less

than or equal to 0.4 nm. The thickness of the insulating film 201 may be greater than



15The depth at which the enbrittled |layer 202 is formed can be adjusted by
the accel eration energy of the ion beam and the incident angle thereof. The
accel er atwonoamsexgy can be adjusted by accel erati on vol raggpr2iitvesmesritt! ed
| ayer 202 is fornmed at the sane depth3§r substantially the same depth as

t he average penetration depth of the i“Ons. The thickness of a sem conductor
film204 which will be separated fromthe 20 bond substrate 200 is

determ ned based on the depth at which the ions are inplanted. The depth at
which the enbrittled | ayer 202 is forned can be set in the range of, for
exanpl e, areqailao Strimaandlesethanlbr tquab $00 @ndprefssbly prrated thaa G aljudl¢o 200 nm
preferablg%grﬁa?ter than or eqgual to 50 nmand |l ess than or equal to 200 nm
[0107] 2 nq ssthap ar pquaf tond 0 the bond substrate 200 desirably by an

i on dopi ggl@t hod in which nass separation is not perforned because the
cycle ti can be shortened; however, the present invention may enploy an

i on inpl ant at i d¥extetshibbuktiatedviniFIG. SB.sthe bopdisuttsirate 200 ip erddiated ohith [a01i01]

30When hydrogen (H2). i s used f a source_gas, Fr, H2+ and H3+ can be
or oduded TeRguting oS 1 aleteh by u Seslbrafla e e o e s 26 g8 uced
from t he jsgesie® bgaﬁo@@,pygﬁepg%n%ﬂrmnedqm} f@@t hivifg ?ni_@rlo@&ﬁl? i€rkld 2N

met hod, the pressure of : at nospher'e for producing plasm, the anount
of suppl iTegios alira pregatsrmined tdepth ifiom then surfase cefsthe visndesubistratie G200. mloant at i on

is perfor an_i.on. . dopi ng nmethod, it .i.s.ppreferahl e.that H3+ be

cont ai ned r{%?‘p E%tl%eg?brﬁ%?agﬁﬁ l?rﬁe;?’ng sagé%“t‘ which ﬁgo‘fa&ltyaelmq’a{ﬁﬂffﬂﬁy gisorderof B, ang
H34 in t heystantiears, andehd tate of ThE empritfe@nakl Ge%éiﬂ& ohNEmBARPRF Forain®f H3+

be 5 80 % or nmore. When H3+ is contained at 80 % or nore, the proportion of

H24 il8ns thiembrttied fayise ariNefe that shrae may bedhaieaso ethpre avgion raegimitizon an¢ ower
variati oyjgd BE oY BOADSuRFAR! I I BnBARTE Blcr! RO MUANRITE LANScAoH ai ned
eam Y, a n’B

in the ion nsequent the ron 1npla ion efricrency I Moves and

the cycl dowens, tarentieitddiblayeniadhis [spddifdatibl iiershtas egiogat wiikhssepiratiodt and
H2+. When the ion beam containing a higher proportion of H34 is conpared
with the'f Bﬂ'?%g’e&&l%‘érrﬂngilﬁivﬁﬂméy'hi gher proportion of H+ and F124, the forner
can i npl qoiod]ydrpgen into a shallower region of the bond substrate 200 than
the latter even if the acceleration voltage at the tinme of doping is the
sane 15Mor eover The ldepthaat mehicth the eantgitdep layen2@hisrfatmehcali be adjbsted by thd
hydrogen aicc flzrgtrilotnegneirgyg Of the ion beam and the incident angle thereof. The acceleration

energy can be adjusted by acceleration voltage. The embrittled layer 202 is formed at

the same depth or substantially the same depth as the average penetration depth of the

ions. The thickness of a semiconductor film 204 which will be separated from the

20  bond substrate 200 is determined based on the depth at which the ions are implanted.

The depth at which the embrittled layer 202 is formed can be set in the range of, for
example, greater than or equal to 50 nm and less than or equal to 500 nm, preferably
greater than or equal to 50 nm and less than or equal to 200 nm.

[0107]

25 The ions are implanted to the bond substrate 200 desirably by an ion doping
method in which mass separation is not performed because the cycle time can be
shortened; however, the present invention may employ an ion implantation method in
which mass separation is performed.

[0108]

30 When hydrogen (Hy) is used for a source gas, H', H,", and H;" can be produced

by exciting a hydrogen gas. Proportions of ion species produced from the source gas

can be changed by controlling a plasma excitation method, the pressure of an



15t he bond substrate 200 in a thickness direction, therefore, the
enbrittled |layer 202 itself can be forned to be thinner. [0110] I n

t he case wb 2pardsessei ng i on i npl antation by an ion dopi ngcmapradoswsd t he
use of a hydrogen gas, the acceleratigg voltage is set to be greater than
or equal to 10 20 kV and | ess than or “equal to 200 kV and the dosage is set
to be greater than or equal to 1 x 1016 ions/cn2 and | ess than or equal to
6 x 1016 ions/cnR2. Under this condition, the enbrittled |layer 202 can be
formed in a region at a depth of greater than or equal to 50 nmand | ess

than or emmasphere fodProducig plhsnd)ahe amobst sfaduppREPsourEO BN ofl Geelpeh. Ngnon t he
ion species included  in the ion heamand its proportion, and the film
t hi cknesdhecase,whsrs; theyjon; impjantatioq Z*E)P?rf[’meﬁlg}’%lr iqny doping method,hs isase

where th S r+gf.e i j crvstal silicon substrate and the
i nsul ati %&p@ﬁ%}ﬁ t%ﬁ% g}efcgr%%gr&daaé ?HZ% gplfgbe- ‘ﬁ'}r;t}ﬁ_tr%lp gé t? ﬁ%er%a? ar&?'r"&‘eo ffPm a
sem condugs Osnd HhMniheHoR bedthChiteRSs alore PRIfEPbIBMS the J6pdMidE 80 HIE be
separated from 30 the bond substrate 200 under the condition where the flow

rate 6f 1800%%rimpercog¥vhegdd;” is 8ontasined ke84 onmo, thegmopartibn ok Y,* #nd ih he
dosage ish2..0 g 1016, at o /c%.. Not e .tpatsz@éen I f the.condition at the tine
of addi nd™hyUt BHEH L °pSriatilhsyhish desds 1pdowet variatioged, thesuerags e

t hi ckneseaétrdtidf deptibtht hgdidgeMicid lohfidFRds th@ﬁ&ﬁsean{.h%&dgéﬂéﬁﬁéﬁhef the
sem conductor filmcan be fmade smaller. 5[0112] Hel i um (He) can

al t er nat ilQeinplhetatiereeffigionehimprovescad dasscysie time carobe $hoatenedSi nce nost of the
I on specilgf 93roduced by exciting heliumare He, He can be mainly inplanted
into the nd substrate 200 even by an ion doping nmethod in which nass

sepangtion is mt hpehtges /Rds thhher'ehde,”. MWdecavhe s beamn d@ﬂta‘irﬁﬁ%‘@@li iher t he
embrittled 10 layer 202 efficiently by an ion doping nethod. Tn the case of
per f or mi gopastometiHy | isreompated with theoph hgameonining i fdghee praportionhef H*

caual t o 9Bt Bitfel R BOuE R Riesh SR a e O¥ rregPn i b subsirdn 6
i ons/ cn? 280dhareaR hit@neveh if Héddcctierabion vbtdgt AOME/tifof doping is the same. :
Moreover, the former has a steep concentration distribution of hydrogen implanted into
15  the bond substrate 200 in a thickness direction, therefore, the embrittled layer 202 itself
can be formed to be thinner.
[0110]
In the case of performing ion implantation by an ion doping method with the
use of a hydrogen gas, the acceleration voltage is set to be greater than or equal to 10
- 20 kV and less than or equal to 200 kV and the dosage is set to be greater than or equal to 1
x 10'® ions/cm’ and less than or equal to 6 x 10'° ions/cm®. Under this condition, the
embrittled layer 202 can be formed in a region at a depth of greater than or equal to 50
nm and less than or equal to 500 nm of the bond substrate 200, though depending on the
ion species included in the ion beam and its proportion, and the film thickness of the
25  insulating film 201.
[0111]
For example, in the case where the bond substrate 200 is a single crystal silicon
substrate and the insulating film 201 is formed using a 100-nm-thick thermal oxide film,
a semiconductor film with a thickness of approximately 146 nm can be separated from

30  the bond substrate 200 under the condition where the flow rate of 100 % hydrogen gas,

which is the source gas, is 50 sccm, the beam current density is 5 uA/cmz, the



[0113] 15. A hal ogen gas such as a chlorine gas (Cl2 gas) or a fluorine gas
(F2 gas) can be used for the source gas. [0114] In the case where

i ons are wopbansessei nto the bond substrate 200 by an i orcCaap2mgosrethod,
inmpurities existing in an ion doping §9paratus are i nplanted together 20
with the ions to a processing object; “therefore, there is a possibility
that inpurities such as S, Ca, Fe, and M exist on and near the surface of
the insulating film 201. Therefore, a region on and near the surface of the
insulating film 201 where the nunber of inpurities is considered to be the
| ar gest raeyelb@atioe MoNAE iHF0 &N Ahdithe doRhdeSiBi2mx 10 dibvas/cinke. NSRagritfdveal |y, a
region at._a depth of 10 nmto 100 nm preferably, 25 approximately 30 nmto

70 nm f r dhihersenditipn atihe sime ofaadding hydtagen te therhond substriptei200rie novvaddngethe dry
et chi ng ennl r I . ctive 10 hi I e d, an

i nductive yencg%p gcé(n %Iga%frergl%?ﬁ' é@? tl@ gﬁﬁ%nédlnest Pnlcz)'g? Eig%erélqg%gd;g@e&/&tfgﬁ?on

r esonanc sefnidenjiu@bctiimeantet hadt sneallear al | el - pl ate (capacitively coupl ed

pl asgg) e[bchi ng met hod, a nagnetron plasma etching nethod, a dual-frequency
pl as et HQr]g met hod, 30 a helicon wave plasma etching nethod, or the

| i ke. For exanpj j he, C 1 i I 0 a({[d' urface
of a silicon ni teﬁugieag‘%?i %’él ?;ﬁ%&bf }gﬁp}ﬂég@g?cth?%gg&gsé}ﬁe h(ljlg%fl h%air%égi on
can be r dinsadoitofahdptspecits ploduted exvitingoveliuhears Hd aHe" tadied malidy
condition where the flow rate of CHF3 as an etching gas is 7.5 sccm the

f1 ow rat dvgfanisd into thgchbapdcsubstrate 208 sven by a5y vadoping method ipavhiehy anass
.| s 70Q.: ) i
e {EParRorts! RTerBiBRL " OfiferdiSre] BiCiovbile il bk il M ShERUEL ©, DOWE!

applied to a col ectrode 1§ ctric power applied to
t he [16werdar 262 effédentlyrbybamionsiogi)e methd00 M/thangsetdi@eefomhinggor hdditioss about

10 seconds. [0115]. | nst of CHF3, which is a fluorine-based gas, a
chl ori ne%’a@e‘&“é@gl%dﬁﬁh‘é‘% “&TE?‘%SEM gelgration veltags . cag bsageater than or

fluori nechafad 19aRV 3HE NesBShid dr cqifab to 900 W3 andPthe UdsERn HO S&itdtShish 85
appropriate for the etching gas. Mreover, an inert gas other than He may

be added equaltthd xet® hiong/cpdend fess them anpiue] toohie 161° iphsieral. el enent s sel ect ed
from Ne, 3 Kr, or Xe can be used as the inert elenent which is added to
the et chil éas In the case of renpbving a region on and near a surface of

a i lT5con N { T iAdRi16Rtn s GhdHsDY cNGHineSl8 RCAGas Porf 4 HESARASYFAE d
sol ution including arr%g%i um hsydcr ogenneeél Eo[r}i%éé)?o 15amnia%m(éff%dc§?|cﬁgi§@or t he
| i ke may ubed fos &t seyrcargast chant. The pol i shing can be

[0114]
In the case where ions are implanted into the bond substrate 200 by an ion
doping method, impurities existing in an ion doping apparatus are implanted together
20  with the ions to a processing object; therefore, there is a possibility that impurities such
as S, Ca, Fe, and Mo exist on and near the surface of the insulating film 201.
Therefore, a region on and near the surface of the insulating film 201 where the number
of impurities is considered to be the largest may be removed by etching, polishing, or
the like. Specifically, a region at a depth of 10 nm to 100 nm, preferably,
25  approximately 30 nm to 70 nm from the surface of the insulating film 201 may be
removed. The dry etching may employ, for example, a reactive ion etching (RIE)
method, an inductively coupled plasma (ICP) etching method, an electron cyclotron
resonance (ECR) etching method, a parallel-plate (capacitively coupled plasma) etching
method, a magnetron plasma etching method, a dual-frequency plasma etching method,
30  a helicon wave plasma etching method, or the like. For example, in the case of

removing a region on and near a surface of a silicon nitride oxide film by an ICP etching



perfohned by CWP (chem cal nechanical polishing), liquid jet polishing, or
the like. [0116] After the formation of the enbrittled | ayer 202,

t he regi owoantiznseBsaear the surface of the insulating filPoT20d1whemws t he
contam nation is remarkable is rennve§3by 20 etching, polishing, or the

| i ke, whereby the amount of inpurities-which enter the sem conductor film
204 fornmed over the base substrate 203 can be suppressed. Mreover, in a
sem conduct or device which is conpleted finally, it is possible to prevent
the inmpurities fromcausing decrease in reliability and decrease in

el ect ri cahethbdythe tegionsdan®e reovddanaidepird, absucsm @f floal ihatshﬂﬁbei u?ldEhth@S hol d
voltage or |ncre se i.n 25|l eakage current
i 11 ust r at@ditionpyhere e fl q“h@teoeyfﬁ‘aHEuﬁ%%nrfé@en&w i§rep sog81, stflovs msgpf Htee 203

ar e attaqtgq@ots%ﬁ aﬁe LB Phebdhrd Besisns Ll At kag%eféat d&?% lag

[0118] 30Note t ore the base substrat trate 200
are att actoetC,tthe R&o(m SbMHz) electtia pewtr ggglivdnd afcoil-shapydosledi@de I‘sawsww,ll ng
strength between the insulating film 201 and the base substrate 203 is

pr ef erabl the pEFiisPRRET applisd te thedewenglectmade fom biap gide} 153001V, ang the etcking

enbodi me he base substrate 203 and the insulating film 201
f or med OO%?CFE%%E€§§;86(§trate 200. [0119] As exanples of the surface
treatment[011gt treatnent, dry treatnment, and 5 conbination of wet treatnent

and dry treat C n D fferent wet trea or different dry
treatnents mgﬁbﬁeaﬁ%&%ﬁ Cbés “PHPFr&:’HSG %nﬁlcég’e #rd gastsuch @at nent
i ncl ude cz@lgrmgrﬁ@nnsp@cusammmeﬁn%ss%a gQQa%%s\@4 Fé}bﬁﬁfﬂ; 90, cap
ul trasoni ¢ cl eani ng such as negasonic cleaning, two-tlurd ¢ eanlng

met hd@® i rbewsed las Appropiige 6r thatemhl@gals aMagenver, eatigert gas bipr thge et mdy vvat er
and a carfrl ni t en are 10 s d t oget.her anjng with
hydr ochl di5% d%lcgﬁcfh tc‘fnglgl%?&r 0 (g xpap %anbe SFQPHEYFE'SWW ﬁﬁle?tﬁ%frlol’klg.e’ ‘éﬂ&

exanpl es Kf, of B ¢hinybel ise@tafBRY incHtNRérherd ahiole i ddled 36 B &chiB@ Fad." SRLAENT
inert gas ion beamtreatnment, ultraviolet treatnment, ozone treatnent,

pl asma t résk ﬁ%mnovmga% FRZIQT emand AT Susfase o6 asfjsion gutride xidedfiimchy wet
LLoat rentecif 4 HiofihliE SR Bl ¥ lionDhoRRfle Glnhil h/ARONE ASSIC, P
15 ammonium ﬂuorlde or the like may be used as an etchant. The polishing can be
performed by CMP (chemical mechanical polishing), liquid jet polishing, or the like.
[0116]
After the formation of the embrittled layer 202, the region on and near the
surface of the insulating film 201 where the contamination is remarkable is removed by
20  etching, polishing, or the like, whereby the amount of impurities which enter the
semiconductor film 204 formed over the base substrate 203 can be suppressed.
Moreover, in a semiconductor device which is completed finally, it is possible to
prevent the impurities from causing decrease in reliability and decrease in electrical
characteristics of transistors, such as variation in threshold voltage or increase in
25  leakage current.
[0117]
Next, as illustrated in FIG. 8C, the bond substrate 200 and the base substrate
203 are attached to each other with the insulating film 201 therebetween.
[0118]
30 Note that before the base substrate 203 and the bond substrate 200 are attached
to each other, surface treatment for improving the bonding strength between the

insulating film 201 and the base substrate 203 is preferably performed on surfaces for



15cl eanl i ness of the surfaces for attaching can be increased. Thus, the

bondi ng strength can be inproved. [0120] For the attaching, the base
subst r at ewd0Q811a3assshe i nsul ating film 201 forned over tpreTherdoserost r at e

200 are disposed in close contact vvitt_;)4each ot her, and then, a 20 pressure
of approximately 1 NcnR to 500 NcnR,” preferably, 11 Ncn2 to 20 NNcnR is
applied to part of the base substrate 203 and the bond substrate 200 which
are superposed on each other. Wen the pressure is applied, bonding between
t he base substrate 203 and the insulating film 201 starts fromthe portion,
whi ch r eshentiingj thdycisdiim ghis e¢mb@timent! isufacagr dades bafe tutstrbes20T whdtthat e 203

and the i.nsylati il m 201 25which are in ose contact with each other.
[0121] '™su a“ﬁgeélgbidﬁﬁlﬂnia OY)“é\r{\g]eol?orPg(f“B?mVa Her Waals force or a hydrogen
bond, so hippgy the bonding is firmeven at roomtenperature. Note that since

t he above-descri bed bonding can be perforned at a | ow tenperature, a
vari ety of subdis axasplesirofbthe usuaficé dreaBiertheve dsmtmends tdrptteeafiiéht, aod

exanplke, a variety_.of glass suhstrates for el ectroni i ndustry, such as an
al um Ro s‘i"m\f’é‘é?ﬁ@“éf gggggqjglgptreg@éfry YIRS B éﬁ%@re& ‘éf%'s“é‘ffﬂ%’tt? ate, or
an al um nphefrashl &Gak@AERS MmayURStmbifed fo Eélibéifénﬁédf?sgxﬁh%les%fQH% J{ec 35

substrate, a sapphire substrate, or the like can be used as the base
subst r at dreatygent spclydecozone treatnisnt vsing 02N, Waien (oFonet Watet glearing)enitmsordact or

ke can daESHel o Mok PRk o 8fide WARM Qeinivg [ BRIGURIOAR Rty 2”

st ai nl essva¢resdich avpaie water GRKydrogdined wael ikl Haseies 4iS§uchta® ndeokenire
Substrates with coefficients of thermal expansjon of greater than or equal
to 290x fprayed together), gleaningayith hydrghlorie gcmloand a dygrogen peroxidsy sebution, gr eat er
than or egyahet 930 Q5 NGe! &S rs I -¢..1C) and
strain polnt seol?(egrelgst %r mtzﬂ%% (gr&eeqﬁil tr%%ﬂggg ‘&g‘g%‘ﬂ ltéés?lééf)ﬁgor@grgeea%al to
680 C ( preheunel| incrt gae ancbeanhtieatmente gltedvidlet t6d@néhtaozbneasathdimplasmequal to
680 C) are preferably used as. the gl ass .substrate which serves as 10 the
base su béfeflg‘l‘eé‘t’zﬁé%s.’n%@szﬂewﬁlf E’§§ gglalfé‘[‘?’étr %é‘Fg tegqtmentAnd the dke gk

subst r at givenMP Byl petorRRAiHeNHol A QEibe® Rl ERRIYCH AL NIt fici .
suppress%tlj‘f &0152‘% gaAse t he gfasls substrat e, an ot hef(ﬁgﬁgs%lggﬁ%dstrate
develldpedldaplingss of thet upfacest for atiadhéhgeeapsheaincysased! s Thas) the borsbing stéength ot her
gl ass subgltléa}e ros%gstrat es having the 15 follow ng sizes are known: the
third ger?er |'3?1 ( O m x 650 nmm, the 3.5-th generation (600 nmx 720
m), the[dmeth generation (680 mmx 880 mm or 730 mmx 920 nm), the fifth

generation (1100 mmx 1300 mm, the sixth generation (1500 nm x 1850 nm),
the sevent h geher thei ¥taching7therhass spimp@ten?f)3 andtheeingiating; filve 281 iform¢d2200 mm

X 2400 mgler MObohl Subdlsf 208 4% difREEPRCcIBle AhiadtwithBiRh e SRS 4 o2l 1 zed

20  pressure of approximately 1 N/cm® to 500 N/cm?, preferably, 11 N/cm? to 20 N/cm? is
applied to part of the base substrate 203 and the bond substrate 200 which are
superposed on each other. When the pressure is applied, bonding between the base
substrate 203 and the insulating film 201 starts from the portion, which results in
bonding between entire surfaces of the base substrate 203 and the insulating film 201

25  which are in close contact with each other.

[0121]

The bonding is performed by Van der Waals force or a hydrogen bond, 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 203. 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 by using a |l arge-area substrate such as a nother glass substrate, as the
base substrate 203. Increasing the area of the SO substrate enabl es many
chi ps suckhoasiili3s3ser LSIs to be nmanufactured all at oncecrtarthib/iemd he
nunber of chips manufactured fromone ,substrate is increased; therefore,
productivity can be dramatically incre7’§sed. [0123] 25If the base substrate
203 is a glass substrate that largely shrinks when heat treatnent is
performed thereon, such as EAGE 2000 (manufactured by Corning

I ncorporated), defective in attachment nmay occur after the bonding step.
Ther ef or esubstratgradepphire substraie, o chie lilef @a tbe weeday e basetshbitrats2@RusRothby t he
shrink, the b@)se su may he subg' ected to heat treatnment in

trate 20 ) =X .
advance H¥F%SUPStale n&ﬁ?@ag‘f“iﬁa sepjiepnsingtor substigty formed g sibicaneallivine 203
is not n ri r O\ i A ol L o L tS: f
However, ed?%é@brl#‘ialtl@o cS)Fj ﬁitq ﬁ’\é\blit ﬂlg ?Fkéét ?a'rﬁlgb?itu%énk?onﬁﬁrﬁgpgﬁél%%é%&%faah%éalbase
subst r at subStitc aclipliey e rstainlepustedli sabstodte ey ixassedsasbhie rtate s@3Bates2@h as an

al kali_ metal and ap al kaline earth nmetal, fromentering the bgond substrate
200. Nbr etipatrates WI‘S Wéeélcbeé‘ése"fo‘%e@?ﬂl FEPRStoReot; greaipiatham 9F eqalte, 85 pn 80 2 urf ace

of the b i bat | ' r bstrate 203
i's bonde??(%lﬁ"!tll §§ flﬁ}sls)lr g‘?‘?drl]é& Wrnlpgglét(érﬁ%rr %41%%%\{% ﬂ\}\%nrc}grre%\ﬁglﬁf)?tﬂ y)< @)(15 ,
subst r at g3C aad 1d3¢ tHanes! egSaltth@0bas®’ Pd)shd 3irginddts bNg@aRethah or hgalypper
tenperature limts of substrates formed of flexible synthetic réesins such

as pl ast i389 “Ceand less than dsquaHoSOEC (paeferablyggraatet than oulbgual & 680 ¥@iand esi st
process éo tF%Ferat uy es%i({]o nuf act u in'% c?te S cif a sem conduct or el enent
per f or med®SS40at OF §9ya’ Lt 1k B PRAdEY fd ag ey glassiSHastalg Which $6B@s 28 t he
base 19ubshe 3h& RRLR 24 ORREN e LREIIELLRC I BPUNAliLAG EilabdsQ)dhd he base
substrate 203. Exanples of a plastic substrate include poFyester typified
by pol yetimphgtyecontmdpitidnadfstmiqoREiictor deeicge tdebesuippmnsed( PES), pol yet hyl ene
napht hal 3&222}]PEN) , pol ycarbonate (PC), 15 pol yetheretherketone (PEEK),

pol ysul f PSF), polyetherimde (PEI), polyarylate (PAR), pol ybutyl ene

terephthal ate (ARBihk,gl@e!Mibéti#le, a Afother YMst lsubRrabl HAIGHRE -0} YFRIBLE S N
pol yvi nyl chloride, pol ypropyl ene, polyvinyl acetate, acrylic resin, and

the |i ke liquid enygtak panglsogant by nsedg Mlsea mather glasngulistrate, eubstrateh dabiag ghe
subst,rat 03. the attachnment,,of the base s rate 2 and the d
subs;l? at goéﬁ‘ﬁmtgos%eﬁc?fcg]? oy the ptPKEéCQB‘iaﬁ%gS%Hﬂ@dxz_ Cily rtp‘% Lﬁf'gbe
treat mentgeh&afi& {600TRE 04 B%n)S erffé&?tb géznglmioa (bgé/ginwsm thin! B2 *éahsu I nner

simlar to the insulating film201. | fter the bon rate
200 is atx %fhmch)f the fifith deasmtion(Ei00ane >20R)0 ad] the sixdh pamriation (PSGS @nabl y
performed in order to increase the bonding force at the bonding 25

i nt erfaces hBI0wELW: tthie seygath senssationt d 820 anmpy 220@ mmy thateighth feeherationl. Thi s

t r eat ment .4 erf d at_a, tenperature where, a ck i s not,generajed in

t he enbri(%%q?)erﬁml )é%ﬁgﬂa?ﬂg %nr?ld&gg e'bg§16%F"fc5eraFr%8f%ﬁ§§? ?‘ﬁ’ﬁ%@?&?’bp I5242¢he range
of hi2ghemytiiaiy Plargsitith substRA@Osifehadidth ONRE 1R Rulirafdstkhel Bast QRbseratBy
attachi ng the bond substrate 200 to the base substrate 203 within this

t enper at #3. r lasErasing e moaaf thy 3@k wibstite waeries manhekips 9831 ICs ar 5203 and
the i nsu't@th qganfuﬂcmrg@ 2111 (ﬁ?%npee, a?lh rtf?&gtthgeﬁrl]l%%er L)P %%%L manufactured from one

substrate is increased; therefore, productivity can be dramatically increased.

[0123]

25 If the base substrate 203 is a glass substrate that largely shrinks when heat
treatment is performed thereon, such as EAGLE 2000 (manufactured by Corning
Incorporated), defective in attachment may occur after the bonding step. Therefore, in
order to avoid such defective bonding that is caused by the shrink, the base substrate
203 may be subjected to heat treatment in advance before the bonding step.

30 [0124]

Moreover, an insulating film may be formed in advance over the base substrate



37 | f the bonding plane is contam nated by dust or the |ike at the
time of attaching the bond substrate 200 and the base substrate 203 to each
ot her, thsocontmsesseat ed portion is not bonded. |n order pro/sauai/tsie
contam nation of the bondi ng pl ane, t@g bond substrate 200 and the base
substrate 203 are preferably attached-to each other in an 5 airtight
chanber. At the tine of attaching the bond substrate 200 and t he base
substrate 203 to each other, the process chanber nmay have pressure reduced
to approximately 5.0 x |l e Pa and the atnosphere of the bonding process may
be cl eaned3. [ The BhseNmbitraté1 @63 it e ateomssirily prowdédwithdn indvdatRip)filE 66 @y oi ds

whi ch are adjacent to 19 each oth(g{ in the enbrittled | ayer 202 are

conbi ned SH%E&L' helQsverehe riormation; of theoingelating fidmsery theasurface cafy the bage
illustrat j j: t ' ' i t he
bond subsstﬁ ?satttagk g%%;c?fagg%)ﬁ;?a gfnlnl?s'(r)gfrjn{ﬂtE r?gg%%dng%%g@t?’ \?Agltcgmﬁ(@ @?%%E%Eaﬁe
enbri tt | edd|anydkalid ZartBimetel, fiom enstihgtthanbordd subs@axd 200d Mwedasgeinatibst r at e

203 are bonded to each ather, t sem condyctor_film 204 which_is separated
Do e Bun gl fafnBEnle npiungo i 61 4 Seng the Bal pshaE 2GR be the

heat treahdiiifng! Alm SRRANRS ibagk SRBHARMOPNEWEhALd td IR IR fin@ iR e@ond
substrate 200 i's preferably performed at a tenperature which does nbt

exceed t Heergforaian widdrnvaristy pheubsiratessedpsbe asel 20she past28ibstFae 206i s Iineat

treatnment, a id thermal anneal.in A ar at us, resistance 20
neati g srdat 3% Spoed iRira R0 B2 kb Rles PRRRE of Tl S RRGnE e rra
appar at usucttagplasticapestl folsy IR,  dHuVRAkt, B9 16Kg~Is"the 3P adsUSin QEsist prédRs api d

t hermal anneal i ng (LRTA) apparatus can be used. \Wen a GRTA apparatus is

used 0a HeBReTAyresdRyBIRfteringptepos arsericondveomelementy perfirmigil dafer. thhan or
equal to smragsffﬁgnécpx\fegucthhl%ﬁ{lgrc%)r?ggﬂakenct?seﬁ%&a@%g%@ra&r ﬂﬁ?ﬂs{hg%aéé 0 can be

set at greater an or equa €ss than or “equal to 60
m nut es. fommihpethe assulatingusilmgoeerr thei basansubstraat203y dpaaipdsust at pRstieat i ng

tenperature can be set at, a tenperature higher than or equal to 200 C and
| ower t h3RPSYRIC ginglude, Belyester d"fg“rdoc ¥si Y?tpﬂén%aﬁerﬁ%‘ﬂg@?teat (R Bat er
than or Ihet@ifdndowssandolvedsichoa al 4 23]~30The
heat trez)tggrrgnte rraynbew;)er)f org(r)ngd 2;’ gi gﬁﬁe}g?ﬁg% éggtgg’ngﬁwaﬁb%&%ilgﬁ%q)? equency
wav e 1§ ucipolystharetharkesorey PEEKY palmsulfone aPSENt pdlyetticringlet (REL),hpelyanytpte 38 can

be perfor by .irradiatin e b subst.rate 200 with a high-frequency
wave Wt ﬂp&‘q}réﬁﬁ@ﬁx "%fter§gbé"%?§ ?@99 ﬂ@yla’é%eer%ganweﬂ’“m CrStEERfency
wave geneEsi, i polyvamRahride, iphichal polyvihpr aceistiTRbAdicirkdiAdiral ekl th a

m crowave - W t#f?wakfreqyencyl.)??ﬁgp%_ G—é }ét 800 Wi's lg,elr frorlrred for 14 mi nutes
to conbi ke the eappobiogmingdhe nsnlating fidmaiver the base substrate 203, the attachment of

the base substrate 203 and the bond substrate 200 to each other is preferably performed
20  after surface treatment is performed on the surface of this insulating film in a manner

similar to the insulating film 201.

[0125]

After the bond substrate 200 is attached to the base substrate 203, heat

treatment is preferably performed in order to increase the bonding force at the bonding
25  interface between the base substrate 203 and the insulating film 201. This treatment is

performed at a temperature where a crack is not generated in the embrittled layer 202

and can be performed at a temperature in the range of higher than or equal to 200 °C

and lower than or equal to 400 °C. By attaching the bond substrate 200 to the base

substrate 203 within this temperature range, the bonding force between the base
30  substrate 203 and the insulating film 201 can be strengthened.

[0126]



5 other in the enbrittled | ayer, whereby the bond substrate 200 can be
split along the enbrittled layer finally. [0130] A specific

treat mentwoebhed2s36 a heat treatnment using a vertical fecmaezibvasmosg
resistive heating is described. The bgge substrate 203 to which the bond
substrate 200 10 is attached is disposeéd on a boat of the vertical furnace
and this boat is delivered in a chanber of the vertical furnace. In order
to suppress oxidation of the bond substrate 200, the chanber is evacuated
first such that a vacuum state is fornmed. The degree of vacuumis

approxi mat el y 3f thelfdndinggplan®fis eéntaninacadwyl dilstbethe $ikoat e ek ofMitiatRigeN i S
suppl i edﬁho t he chanber_ so that the chanber has a nitrogen atnosphere under

15at mos pH8s ihong rsubstiate 200 andpthe bﬁ‘é‘? |SB?Ftrafen80$léﬁteaF'é r?f)‘@tf,aﬂ\ﬁr‘émit%lminhf@ﬂ eased
to 200 C. p({rg&glg not bonded. Ath ®rddri6 a%i%”i‘ﬂﬁ eohSmiRHiSn o? t? cgnéﬂ)fa ggt%
eat | S orne 2 C for

at nosphere under atnospheric pressure, ng |
two hour sbonaﬂsebstratmﬂ)(l anipke bisdsebstiate ZOBraapmtﬂerhbiyZh&@clﬁdltdﬂ cavheothaun an Af t er

the state, a heating tenperature of 400 i 0 stabiljzed, the
t enperat A gl’“% F"HB Has '#Be & atfaching H’Su"on‘ﬁm‘s\‘léﬁ‘ratg 200, randj WCV\H’ﬁSEh t he

heating t@pRefatigtetd SadPBiter,PAEOPRTesst APinfher NGH Hawsgireg%ﬂlte riu g fgr med at

600 C for two hours. Thenj the tenperature i s decreased to 400 I n one
hour, andpafdxémattly 10 mUt0ESPa and3be atmusplege of the boadingipsocesy magte oluhnefdr omthe
chanber . grg base substrate 203 to which the bond substrate 200 and the
sem condU@toll film 204 are attached and 25 which is di sposed on the boat is

cool ed under amnn&tRaPhedthienelsRIBARES- wr[&ét?yZJmcmvmds ﬁf&ﬁ J?@%& abdn @b ment

usi ng the above resistance heating furnace I's forme dCessi vel y
per f dOmi regchhether in thatemdnitti¢dblayert 2@n:gb membng;dtdné tbc) moliumg o‘fclhc mlbewm:e n the

|nsulat|n fiIm21andthe 03 and heat tre t . f.or
splitti nd PRS0 b AT 4 f@&?é?te E(;?[fht € é?igléoﬁcﬂcgoérfflg’r 4n\j’g’tché§e t wo
ki nds of pagabf tHeeBéﬂlf&ibstrﬂtedZ(f(f B SiphrabddPfoat Heebond Qibs¥@NMALalog ahe
treatment is perforned at 200 C for two hours 39 in a resistance heating

furnace Smbrithed laype 202 s eSiagh sher mselatms fibin2Q1hand, thedbasa substeate 209 revhi ch
are attaghgd.d g, g&%hotgmce Qerrﬁfr(g{?druao?chl@%oi S 18 S0 GFom NeX M&mt

treatnment 1S perrorne us at roc errpera hi gher
t han 16r eqbstatd ﬂ)(ﬁ&&u@daﬁdhd bamersulbs}matt 203. eqnﬁ|he'&10tr3@ﬁeﬁ foPkepaRgingithéit € to
several hours, ,so 5that_the bond substrate 200 is split along the
enbrittl éampcgygpct%ﬁlm[%gl})m the bond substrate 200 is preferably performed at a
temperature which does not exceed the strain point of the base substrate 203.
[0128]
For this heat treatment, a rapid thermal annealing (RTA) apparatus, a resistance
20  heating furnace, or a microwave heating apparatus can be used. For the RTA apparatus,
a gas rapid thermal annealing (GRTA) apparatus or a lamp rapid thermal annealing
(LRTA) apparatus can be used. When a GRTA apparatus is used, a heating
temperature can be set at a temperature of higher than or equal to 550 °C and lower than
or equal to 650 °C, and processing time can be set at greater than or equal to 0.5 minute
25 and less than or equal to 60 minutes. In the case of using a resistance heating
apparatus, the heating temperature can be set at a temperature higher than or equal to
200 °C and lower than or equal to 650 °C, and processing time can be set at greater than
or equal to 2 hours and less than or equal to 4 hours. |
[0129]
30 The heat treatment may be performed by dielectric heating with a

high-frequency wave such as a microwave. The heat treatment by dielectric heating



Note that in sone cases, the periphery of the bond substrate 200 i s not
bonded to the base substrate 203. It is likely that this is because the
peri pher ywofotis2isend substrate 200 is chanfered or haspaToRZMGDEATOE, SO
that the base substrate 203 and the 1S insulating film201 are not in close
contact with each other or the embrittfed | ayer 202 is difficult to split
at the periphery of the bond substrate 200. Another reason is that

pol i shing such as CWP perfornmed in manufacturing the bond substrate 200 is
insufficient at the periphery of the bond substrate 200, so that a surface
t her eof icanbepgifermalbyt idpeing peciond tshibstratd 200 Witk Gigh-feéduehcypw@bdwithr eason
is that, in the case where 15 a carrier or the |ike damages the periphery
of the bohireausmsy o300 MFiz 0 3 EHz jegperaied iy a Jghyfrequangy Waysdeagision at e

200, the -] o 1. g . ' ry:
Subst  at SPO0 R ooberaellvptol (bt hARARE oG REMPIEI W 8 IR ERYY
smal | er t2déihnGHaet BOOW sylesformedfaz (10 misues taaaimttiné mi¢rbeoiiasdjacnbsidaghe 203.

[0134] 20Note that the bond sulstrat 00 ,may be &@j ected to hydrogenation
treat %rent(’t f‘Brtgete i e atlieigd Bopond Sgéfrtraeej §r Fersplif glpnggthe
per f or memiiieEH Mvat 350 C for about 2 hours in a hydrogen

at nosphere. [0135] If a plurality of bond substrates 200 are attached to

the base [8UHHtrate 203, the 25 plurality of bond substrates 200 may have

different crystal pl.ane orientati The mobiljty of jarity carriers in a
seni conduct or d%i?&ﬁﬁ?qﬁeﬁgﬁ? ﬂeif‘o‘g&a%léeagw%tﬂ‘[eﬁ{ \‘% .aY?E%FéfEHFé?e fang
seni conduedigtivelichti2341e8@IbeBE TRE BRR sAbstfudd 203 i0'WhRE (RPPSHANUbStRe bhe bond

r a

substrate 200 which has crystal plane orientation suitable fo )
seni d8ndut atched éndisposed opea bont o dhe wytica fumsreand this heatdadelivsred orai ng an

ne’ T or et aaiot bR ebaPRAEE I bitet Ao oyl BEENSNEABE ner cace

t he nobi 1200ythefchambaris tyacuaredifizstsuchn tHahe vadfins efaiecio iskuidor ThE do@Bé of On t he
other hand, for exanple, in the case of formng a tp-.ty e sem conduct or
el ement WRFHM® e apRrexigratilne xdf cBhdudltera vaquimssate is ipbtairadaaitragends t he

i d fi 0] A i : bili f
e cordugi il IOt 5 iThe HaReedh ' PSGEARE RSty

formisg athbdphest pleturdS Ia thie Peaod) AMChAr tegl RNk is nbRaf@ANGI200 °di r ecti on of
the sem conductor film204 is determ ned in consideration of a channel

directi odObHd crystal plane orientation. [0136] Next, a surface of

the sem conductgfe fihd Bails: TP (B haNAL | fiESkeRY:BBLIRN Dfher A ARBAR t e

pl anari zation i S not necessarily essen ep i it 10

possi bl e présirep heatmgCRaperMed it 1200 W féMevd Mbeis! aTRed) SthvaeMpératidd §s
insulating filmand sem conductor filns 206 and 207 which are to be forned

| ater. Sp@ﬁ?ffsb@a} #90 °(_t: h@_om)hi)lyhi Agtenﬂ}c shate @h@llﬁ:aﬁillg température af 4QOPC i ng
Sem 28nstbbfel e Ropocniurdls bessessd 005 nC Bioanons ok » $H8 G i zat i on
may be Pehd RtRE i pekdlireIE BOE OO BUGnREs stdbldThe el & RFHRGeE LR C

for two hours. Then, the temperature is decreased to 400 °C in one hour, and after 10

minutes to 30 minutes, the boat is carried out from the chamber. The base substrate

203 to which the bond substrate 200 and the semiconductor film 204 are attached and

25  which is disposed on the boat is cooled under an atmospheric atmosphere.

[0132]

The heat treatment using the above resistance heating furnace is performed by
successively performing heat treatment for strengthening the bonding force between the
insulating film 201 and the base substrate 203 and heat treatment for splitting the

30 embrittled layer 202. In the case of performing these two kinds of heat treatment in

different apparatuses, for example, heat treatment is performed at 200 °C for two hours



15al ternatively, the planarization may be perfornmed on the sem conduct or
films 206 and 207 fornmed by etching. [0137] Not the polishing but
et chi ng sy 2bey/esstor ned on the surface of the sem condectrap2diobem®04 in
order to planarize the surface of theééeniconductor film204. 20 The
etching may be perforned using a dry ching nethod, for exanple, reactive
ion etching (RIE), inductively coupled plasma (I CP) etching, electron
cyclotron resonance (ECR) etching, parallel-plate (capacitively coupled
type) etching, magnetron plasma etching, dual-frequency plasnma etching, or

hel i con wiaverepisanc@hedtingi faghact QB Blen2bEbaseestdbipdte 209/aaa théOborrt sibstistei S
used, etching. may be performed under the following conditions: the flow

rate of OoWhice argyttaghedstosgachiathgrrgge gagriqdsoufoframcihe tiarmeon  Next; h%\c/iver
applied t i [ 0 | i to a
over el anvefGRiy e BY oh 30 pBpay 4 ey Wb 2y WEhe OB f
pr essur e dqeallxo500a’G andllodvePshanFmreqealatopiOs, °Q foe onbingikne 36 seﬁerill‘l&)urst,) SO

I cQnduct i 04 be r.educed 30 to apout nmto 60 nm by
;gm‘g nm lrff at’?[\"ei"lé‘ldg%ﬁ%ﬁ'tﬁatg%%%s ?hbﬂe% et “\mﬁ‘@éertlﬁg- flow rate of chlorine

as an et qb'wg gas is 100 sccm the reaction pressure is 1.0 Pa, the
tenperature of the lower electrode is 70 C, the RF (13.56 MHz) electric
power applied Nde thattmhsomotcises Happetipheacof thddond sutis@ratd/200He nel emtded c  power

oBPL1 €0 8 Bk UL 05 0RR S MAER BSEl, b ol i g o1 0
chl ori ne-daB&efe 968 i iidinfefedCot! Kisi \@urv QO Ro AtQhe BBse Sibkirf@R08MnArhee or
carbon tetrachloride; a fluorine-based gas such as carbon tetrafl uoride,
sul fdP f Iipgating film 201 are not in close contact with each other or the embrittled layer 202 is
difficult to split at the periphery of the bond substrate 200. Another reason is that
polishing such as CMP performed in manufacturing the bond substrate 200 is
insufficient at the periphery of the bond substrate 200, so that a surface thereof is
rougher at the periphery than at a center.  Still another reason is that, in the case where
15  a carrier or the like damages the periphery of the bond substrate 200 at the time of
delivery of the bond substrate 200, the damage makes it difficult to bond the periphery
to the base substrate 203. For these reasons, the semiconductor film 204 which is
smaller than the bond substrate 200 is attached to the base substrate 203.
[0134]
20 Note that the bond substrate 200 may be subjected to hydrogenation treatment
before the bond substrate 200 is split. Hydrogenation is performed, for example, at
350 °C for about 2 hours in a hydrogen atmosphere.
[0135]
If a plurality of bond substrates 200 are attached to the base substrate 203, the
25  plurality of bond substrates 200 may have different crystal plane orientation. The
mobility of majority carriers in a semiconductor depends on crystal plane orientation.
Therefore, the semiconductor film 204 may be formed by selecting as appropriate the
bond substrate 200 which has crystal plane orientation suitable for a semiconductor
element to be formed. For example, in the case of forming an n-type semiconductor

30 element with the use of the semiconductor film 204, the formation of the semiconductor

film 204 with a {100} plane can increase the mobility of majority carriers in the



50r nitrogen fluoride; or oxygen is used as appropriate. [0139] By
the etching, the thickness of the sem conductor film 204 can be reduced to
be opti malvof0ri/@2men conduct or el enent to be forned | at ectarzhiv/besur f ace
of the sem conductor film 204 can be pl.anari zed, as well. 10[ 0140]

Note that in the sem conductor film 2(5‘2 bonded to the base substrate 203,
crystal defects are forned due to the formation of the enbrittled |ayer 202
and the split along the enbrittled |ayer 202, and thus planarity of the
surface of the sem conductor film204 is inpaired. Thus, in one enbodi nent
of the prsesscunductoeeleiment. |@n ohidethet haid foeduemplel ysithd cabel fctdmandai npr ove
pl anarity, the sem conductor film?204 is irradiated with | aser beamafter a

process dt P& IVANANALOnslgment; Frths then use of the: semicorducths fifm 20k th | s
formed ory hhﬁlmffmggerﬂfcomfaaeﬁnﬁ@ﬂ%w {]1'05 fspé;ﬁl%“can ifldrd e the mo EBX S

this enbo I ment of t resent 1 nvention m con uct or
i nmer sed ofr’mE]HFityhaMtlﬂg; m thg cieatieondiittop eletieenc.ONMTIRAY i tthe Basef ofOfdmig?af or 110
seconds, wheyeby the ¢ e filmis renmove The Iaser beam

i rradPat |tB'WSﬁS§’r i éfséF‘é‘{S’I“ uctr ¢lgmeRty the tt"r’idt’\gc‘hreﬁﬁo% ﬁEF‘tjﬁeﬂ’é‘%@iﬂP‘}}ot t he
semi condugyqg déthx‘n’ﬂfhgd)ﬂi eoamae,rahb@bucmhfle(ﬁr il Snd & Q@gah&fee 25
cf tylo mcrocrystals

sem conductor film204 1s conpletel gener a
due to rdot3dtal lizati on of the sem conductor film 204 is acconpanied with

di sordered nucl |on senm.conductor f£ilm?204 in a lj ui .phase and
crystal lini ty x% gﬁ‘ﬁﬁ&'ﬁ“b‘i‘m PGoR fglﬁh%{ma%%&péﬂlanéiﬂ 'g’é PRSI t i ng,
so- cal | edalkiyught e Qxlarﬁﬁﬁ’(\lﬂ his it VM3L&Rarfly Yaskétiagl" @t plaﬂir%ﬁsmnil{eemk an

unnel ted sol i ortlon occurs in the 30 Sem conductor film 204. Due to the

r ecr Y18t alpossible t@ rAmpyovetrharagtegisticsoo e igfedorenbetwegsa ghtedipsdating Gin ahd
sem Cond%%%mghétﬁﬁ fgrﬁs 308, L 6‘?%1’}? afer ¥‘b(t9§| tlolrrplief%?ir%t he p§c%z]ﬁ egﬁo"ere‘j

The state I n sem con UCt or Fet

i ndi cat eepoulbnanghﬁrye;e|cnem&ua1:ineéﬂmlcsemusm@t(cw) fiqhitjet QdlisiEng Rk tRAiKe0 be in
a liquid _phase to the interface with the insulating film201. On the other
hand, thelMSttaikness afihe Remicendustarcidlitigld & deareasecd by th% plraptizajiope| Thel

| Tour g oopldrifizalda! iy be Kerotiméd oHRAE seRROhalSH A 202 WIEE Bindldold; ' @

| i qui d phase an ower part thereof Is 1n a so
t hi s 1basaltetnatively,rthaglanbrizaionpudys bel pbﬁ&medb@amei%nmtndhd:mﬂﬁirﬁs poched abl e

for partl | ti em conductor film 204. For exanple, in the case of
a pul sed%)égge dtrhg'eeaﬁf)%tltlon rate is less than or equal to 1 MHz and the

pul se wi gpin7]s greater than or equal to 10 nanoseconds and |l ess than or

equal to 500 nanoseconds. A XeCl exci ner
' Not the polishing but etching may be performed on the surface of the

semiconductor film 204 in order to planarize the surface of the semiconductor film 204.
20  The etching may be performed using a dry etching method, for example, reactive ion
etching (RIE), inductively coupled plasma (ICP) etching, electron cyclotron resonance
(ECR) etching, parallel-plate (capacitively coupled type) etching, magnetron plasma
etching, dual-frequency plasma etching, or helicon wave plasma etching.
[0138]
25 For example, when ICP etching is used, etching may be performed under the
following conditions: the flow rate of chlorine, which is an etching gas is 40 sccm to
100 sccm; power applied to a coil type electrode is 100 W to 200 W; the power applied
to a lower electrode (on the bias side) is 40 W to 100 W; and the reaction pressure is 0.5
Pato 1.0 Pa. For example, the thickness of the semiconductor film 204 can be reduced
30  to about 50 nm to 60 nm by performing the etching under the condition where the flow
rate of chlorine as an etching gas is 100 sccm, the reaction pressure is 1.0 Pa, the

temperature of the lower electrode is 70 °C, the RF (13.56 MHz) electric power applied



10 laser with a repetition rate of 10 Hz to 300 Hz, a pulse wdth of 25
nanoseconds, and a wavel ength of 308 nm can be used, for exanple. [0144]

As the | asenobasmssa fundanental wave or a second har nomice/gefoivos®dd d- st at e
| aser, which is selectively absorbed by a sem conductor, is preferably
used. 15 Specifically, for exanple, Iéﬁer beam havi ng a wavel ength in the
range of greater than or equal to 250 nmand | ess than or equal to 700 nm
can be used. The energy of the | aser beam can be determ ned in

consi deration of the wavel ength of the | aser beam the skin depth of the

| aser beaoithd bsil-stipek BRESodY istl30 Wethe eluetitchdWerfapphit R the Bowdrngedtioge. For
exanple, in the case where the thickness of the sem conductor film204 is

20 appr oXPRificeligs side) in AD and the eteling timeds aboi 25 sacands tudtsecondam Hovi ngba
| t ' ' f | .
sot “toadbe Sigpiilchera bgHAEHasch 'V SRALIV GG, bhi cHidifuc, SEhn RERUETY °F

Kr | aser ,or@arbex¢étraehloridser fluarifedstdigarsuckn ad/éb@btetrafigsrideasoiRR Idosigeyr . a
YV |_aser, .a YLE Iager, a YA103 | aser, a glass |laser, a ruby laser, an

al exandr iqr@itrogen fluogdesior oxygas;is usqdas@ppropria§nper - vapor | aser, or a

gol d-vapqpidggser can be used. [0146] In this enbodiment, in the case where
the thickness of the sem conductor film30 204 is approximtely 146 nm the
| aser beam i rr &ji tht ietwhinga thettbigheess @f edsdamicondactoo filmvA0dgambeneducedso a | aser

emtting, aser heam a XeCl exciner |aser (wavelength: 308 n pul se wi dt h:

20 nanosé’@oﬂﬁg?gaﬁﬂ 3 SEUFPRYUGHPT relgment g %¥°W%u§@g.aWhéeﬁ£§° Ogsﬂs’%ect i on

of the | agRiconadditodr SInbPRPEH HePlshadizéd, R8¥ellf Ormwith a size of 0.4 mmx 120

nm t hrougih an optical system The seniconductor film204 is irradiated with
M

the 18sedOb¥dm with | aser scanning speed of 0.5 mm's. Then, through the
aser beam i1 ey e SEFIGRARAE Blp A ARG DR L Bl o e
crystal defects are formed due to the formation of the embrittled layer 202 and the split
along the embrittled layer 202, and thus planarity of the surface of the semiconductor
film 204 is impaired. Thus, in one embodiment of the present invention, in order to
15 reduce crystal defects and improve planarity, the semiconductor film 204 is irradiated
with laser beam after a process of removing an oxide film such as a natural oxide film
which is formed on the surface of the semiconductor film 204.
[0141]
In this embodiment of the present invention, the semiconductor film 204 is
20  immersed in DHF having a hydrogen fluoride concentration of 0.5 wt% for 110 seconds,
whereby the oxide film is removed.
[0142]
The laser beam irradiation is preferably performed with such an energy density
that the semiconductor film 204 is partially melted. This is because if the
25  semiconductor film 204 is completely melted, generation of microcrystals due to
recrystallization of the semiconductor film 204 is accompanied with disordered
nucleation of the semiconductor film 204 in a liquid phase and crystallinity of the
semiconductor film 204 is lowered. By partly melting, so-called longitudinal growth
in which crystal growth proceeds from an unmelted solid portion occurs in the
30 semiconductor film 204. Due to the recrystallization by the longitudinal growth,
crystal defects of the semiconductor film 204 are reduced and crystallinity thereof is

recovered. The state in which the semiconductor film 204 is completely melted



[0147] Note that the |laser beamirradiation is preferably perforned
in an inert atnosphere such as a rare gas atnosphere or a nitrogen

at nospherwg 20r1/82386duced- pressure atnosphere. |In the cageTaPuibvesatpove

at nosphere, the laser beam 10 irradi atj,on may be perfornmed in an airtight
chanber whose atnosphere is controll ed? It the chanber is not used, the

| aser beamirradiation 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 |aser beamirradiation is perforned in an inert

at mos pheriadicstesitheathte &0w hich sissemiedndusioh €l 2013¢ galedfo @ inai liquad pR&Bher e,
wher eby the natural aoxide 15 ilmis further prevented fromqbei ng forned,

) f n bel
cracks  ortophe iterface withsthe ipsuliting filmaiie d Ony theother Aang, shertateiim whigh the
sem condughféonkih&iBr | &N iy FREIERd; r, i.rradiation,
planarity o 0t e sergnﬁ)l@o%%uctgr ?irﬁmf@ogaygﬁersbtggﬁgﬁ?g%gﬁag% "[ﬂ?gldgg%l i cabl e
ener gy r dhepeof ismelted ahdiisain abemid phae red adoshen part theddof8d in20sbiid phasser beam
preferablézms its cross section shaped of a linear formw th honbgenous
energ dil®#loution thr ough an optical system Accordingly, the | aser beam

irradiation camdmiPRsEosaRAiARBANPMSLY 1284 maghiﬁdaﬁﬂfaﬂhpésheg&%fehf&he beam

| ength of the | aser beam|onger than one side of the base strate 203,
t he enti rparttemelimgdhe seaniconduetor Gdlmz30dac Fedexamplhen s eass obs tpubstd 142363 can be

i rradiat with.the 25 |aser bheam ni ng..once. \Wen.the beam | ength of
the | acennb it BuE R 68 i AP BaFly TERE oS s ilie VBT i eifwcSBah o e beam
| engt h MesquiteoSI®t nansdcbiads dndelethin 6r sQMH €PPOY RAsedontish 20K el agiiRd to the
base substrate 203 can be irradiated wth the | aser beam by scanning a

pl ur d0; t yassr withrerepetitipnmte gfolthHp @i800 Ha, penise widthind 25naapsesends and adi at i on
inar EdLWaQQIeBgﬁso?‘é'bg o gg?l%q%gﬁ 81 8 'lgert at nosphere such as a rare gas
p

at nosphere or ni trogen at nosphere, € laser 44 beamirradiation may be
performedOi4d]an airtight chanber whose atnosphere is controlled. If the
chanmber is not used, th% | aser beamirradiation in an inert atnosphere can

be achi eved by “Spi&yseG P& hEmdaggaakwaye 952 seeandrhagapnigf awlidtstate ur f ace
to be irnadiatagen it hsdiBQiveRS SbstiBadN by N2 %&%%%n_dﬁ%ﬁﬁ‘ 1€ T ki

g”uée%..
performed in 5 an inert atnosphere or a reduced-pressure atnosphere instead
of ar5ai rSpatifiosljyhdoregxanipde, dipgr béren having al wawelaigt!f inl the irsngk ftgneaterphay ent ed

from being for <~Cracks or pitch stri can b revented from bei ng
formed | i enBhTBs0GHAaNT 1S P SaBainl DR 1 CrpBe Bedl; B enpiey1afdbt Deam
i rradi atilggr bl Bl bé HetefminBe irS&IHskIeRtibf o khd WhvBIHYEh 6BMhe MRct FRILPYRD. and
t he applicable energy range for the | aser beam can be w dened. 10[ 0150]

In the cakm dapdr ef thedasenbearpethefthickeess ofrthrosethicensiuctor [fikm 204, psthelldwrar i zed
oy U0 il Qg e e AT AR B L e AR AR5
fi 1 m2004 agp@ximattlyel 201mm ehd hipiBed HIWEMB! emitd RsélRAMAMRR g R avdI@Re ofpeam
irradiation can recover even the damages
8 nm is used, the energy density of the Iaser beam may be set to 600 mJ/cm? to 700
mJ/cm?.
[0145]
As a pulsed laser, an Ar laser, a Kr laser, an excimer laser, a CO, laser, a YAG
25  laser, a Y,0;5 laser, a YVOy laser, a YLF laser, a YA103 laser, a glass laser, a ruby laser,
an alexandrite laser, a Ti:sapphire laser, a copper-vapor laser, or a gold-vapor laser can
be used.
[0146]
In this embodiment, in the case where the thickness of the semiconductor film
30 204 is approximately 146 nm, the laser beam irradiation can be performed in the

following manner. As a laser emitting laser beam, a XeCl excimer laser (wavelength:

308 nm, pulse width: 20 nanoseconds, and repetition rate: 30 Hz) is used. The cross



15caused by the dry etching. [0151] Next, after the | aser beam

I rradi ation, the surface of the sem conductor film 205 may be etched. If

t he surf awe 20f1/dsbsesenm conductor film 205 is etched aft ectuemibaseys beam
irradiation, the surface of the senicgsductor film204 is not necessarily
etched 20before the | aser beamirradiation. Mreover, if the surface of the
sem conductor film204 is etched before the |aser beamirradiation, the
surface of the sem conductor film 205 is not necessarily etched after the

| aser beamirradiation. Aternatively, the surface of the sem conduct or

film 205 seatjonbsf tht tdsedibaint Brshhpel infs£ linke E0inh Wwithdi €ikd 6N0.4NAmMbEN20 thrh he
| aser beamirradiation. 25[0152] . The etching can not only thin the
seni conditbioggh | eptisalssystem. h eThenseapigenductontfilmy 94 & irsadinted withothe tleser el enent .

to be for r.h al s I Iize the,surfac f the,sem.copductor film
205. [01@%?83{5@# filser Yhmuting G @gg'r%Tr%fsadﬁ%F?’éﬁ‘,O“e‘h@es}ésrﬁ‘ 88?{855’6?‘{5%‘%4 m 205

i s pref eraabdnyicendiictsit B tX05h&Bbset EfafalRIRtecR! have! BERE Fcpalib® iDifBhREd khan or
equal to 500 C and |lower than or equal to 650 C. This heat treatnent can

el i m Aat dlledmtediis K36 8he 45 semi conductor film 205 which have not been
repaired gysf1he | aser beamirradiation and can reduce distortion of the
sem cond&c%lor] film205. For this heat treatnent, a rapid thermal annealing
(RTA) appar at uNota thatsthet &Rere bbaat irradiatiof N Cprefepsblp perforav@via Aedhérng
apparatus can be used. For the RTA apparatus, a gas rapid thermal annealing
5 (GRTA) 2Hppiphsteusueh 25 |2arfprer £35 d2RsPhfas  ahnalifTAgeY [atmesPhsppaPatis can

be used. rgd?fce@-é?égg’lh@a(t)ff{ﬁnggle&. reRitRd 2 eothﬁ%t 030 farrgfi%g?rei, the!BEG bénireat

treatment nmay De perf at 600 C for 4 hours.
10  irradiation may be performed in an airtight chamber whose atmosphere is controlled.

If 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

15  film is further prevented from being formed, cracks or pitch stripes can be prevented
from being formed in the semiconductor film 205 which is formed after the laser beam
irradiation, planarity of the semiconductor film 205 can be improved, and the applicable
energy range for the laser beam can be widened.

[0148]

20 The laser beam preferably has its cross section shaped of a linear form with
homogenous energy distribution through an optical system. Accordingly, the laser
beam irradiation can be performed homogenously at high throughput. With the beam
length of the laser beam longer than one side of the base substrate 203, the entire
semiconductor film 204 attached to the base substrate 203 can be irradiated with the

25  laser beam by scanning once. When the beam length of the laser beam is shorter than
one side of the base substrate 203, the beam length may be set so that the entire
semiconductor film 204 attached to the base substrate 203 can be irradiated with the
laser beam by scanning a plurality of times.

[0149]
30 In order to perform the laser beam irradiation in a reduced-pressure atmosphere

. or an inert atmosphere such as a rare gas atmosphere or a nitrogen atmosphere, the laser



Next, as illustrated in FIG 9A, the sem conductor film205 is partly
etched to 10 formthe island-shaped sem conductor filns 206 and 207. \Wen
t he seni owoducotosesski | m 205 is further etched, edge portipomgpafionéress

sem conductor film 205 which do not have enough bondi ng strength can be
renmoved. Al though the sem conductor filT'nms 206 and 207 are fornmed by etching
one sem conductor film205 in this enbodi nent node, the nunber of

sem conductor films which are formed is not limted to two. 15[ 0155]

Note that the surface of the bond substrate 200 from which the

sem conduehor irfradiaticd0aysbes qreefoahed ih samplaittigliti Zieabeshwhedey amndsghére ogduct or
film 204 can pe, separat ed ain fromthe bond substrate, 200. [ 0156]
20Speci f i‘i?&frf’@‘fd't & thes ﬁ!‘ad’[‘al?eﬁglsf PPimu thei laperr Beamm ngragiatian ying an cinge
portions - ' t chi t ike. In
t he case a\%h;lg%ﬂgl% FEE@REEP%H%S}[ %P%yiz%lgll?g& ;fgg?rsgﬁmﬁsﬁ%qgﬁrﬁego%%o% 'ﬁg

si | i con ouyfacd toitedrradiated odth the fasedleeaoxi dEhe laser béeen irrddigtionss peffairieddgnusi ng

hydr of.l uor.i c gci d can be enpl,o d'%Js()lS?thSllNeXt’ rojections forned at the
edge por tAoMET AHMPRRNCE, A2 B‘é‘{eﬁé&‘ BSCAIPEPheEre iitstrad Of a3t pif FHm@sPherfe
sem condugkerébyl fht RaRPA it ﬁﬂﬂ?isrﬁﬁﬁéﬁﬂ)r@%rﬁéﬂ)frbﬁtﬂe%% fomned, MhiGbr G al ns

hydrogen excessively are renoved. For the etching t he bond substrate
200, wet stripshiqag hesprovemted fiomy being dormesddinathe essemacnmidhgtbn fitm ri2Qdnwhictirioxi de

Gasi 1 abl oY et S e FabRRe R Ry BEudGehcinRcy Bt LS bt cr ¢ e

pol i shi ndmpR&sAdcdrane ﬁ]@lié&lbl@@nétgﬂliﬂfgblf@hhé 1236t BEaBY cantR Widkged. s per f or med
because abrasive particles and the I'ike are I eft on the surface of the bond
substlPat 405%Y. [ 0159] 5By reusing the bond substrate 200, the cost of a

material of the, $RMLEIMCE He SYRSE bRHR &AlcARUEGHHES D04 is planarized by

dry etching before the laser beam irradiation, damages such as crystal defects might be

generated on and near the surface of the semiconductor film 204 due to the dry etching.

However, the aforementioned laser beam irradiation can recover even the damages
15  caused by the dry etching.

[0151]

Next, after the laser beam irradiation, the surface of the semiconductor film 205
may be etched. If the surface of the semiconductor film 205 is etched after the laser
beam irradiation, the surface of the semiconductor film 204 is not necessarily etched

20  before the laser beam irradiation. Moreover, if the surface of the semiconductor film
204 is etched before the laser beam irradiation, the surface of the semiconductor film
205 is not necessarily etched after the laser beam irradiation. Alternatively, the surface
of the semiconductor film 205 may be etched after the laser beam irradiation and before
the iaser beam irradiation.

25 [0152]

The etching can not only thin the semiconductor film 205 to the thickness
optimum for a semiconductor element to be formed later but also planarize the surface
of the semiconductor film 205.

[0153]
30 _ After the laser beam irradiation, the semiconductor film 205 is preferably
subjected to heat treatment at a temperature higher than or equal to 500 °C and lower

than or equal to 650 °C. This heat treatment can eliminate defects of the



[ 0160] To control threshold voltage, a p-type inpurity el ement such
as boron, alum num or galliumor an n-type inpurity elenent such as
phosphor wsoaniiarss®ei ¢ nay 10 be added to the sem conducton/sbrdinm@o® and t he
sem conductor film 207. The addition of. the inmpurity for controlling the
threshol d voltage may be perfornmed on 4éhe sem conductor film before being
patterned or nmay be perfornmed on the sem conductor film 206 and the

sem conductor film 207 which are forned by the patterning. Alternatively,
the inmpurity for controlling the threshold voltage may be added to a bond
15 subst rsetreconductter filih 208 hich e add bédnalpaifedtyethe mgser bdayn ireadidtieonpadf or med
on the bond substrate in order to roughly control the threshold voltage,

and the A8i"tTHE BYOLHRB 9f Pt PTRIFORIHFIB il 9ne PO dhis deatelgeabmentha rapid

sem condugt@fal fddnBAIRG! PREAPEhAFR8! § SEA8EnQ hEDoSRIFRERNNCS Hhicfdlp 206 and
the sem cono]uact orn f?lﬁmggof\/\m%g?\ ar eeﬂf'eorrrlé by ﬁﬁeﬂ%%?éggi%gﬁlf{\&dg%er to
finely cdreating appraeatuhcasbohstdvoFonte. REAOpPEBADs, a gas rapiNak¢rmadaheealingul at i ng
filnms 208 formed to cover the sem conductor fi|lm 206 and the

e condUSTUPr PP S S5 riped WFBal Prveihes (oA GhiRZAES Cat bF Hoed

sem condugdrOgxahipld whkh andsiktafices 8BAHRNAREIRN isTised) 2 tathRathienfligSdpor
nitrided by high-density plasma treatnent, whereby the gate insulating
filnms 20cetapmedat@Omedior 428urfhe hi gh-density plasma treatnment is

per for mg01§<@r exanpl e, by using a m xed gas of an inert gas such as He,
Ar, Kr, or , and oxygen, nitrogen oxide, amoni a, nitrogen, hydrogen, or

the like. In tNetcasHustRyediarFIor 9ANtheaétiidoddu@dr Gfm RO&SNPartly tebeched to
i ntraoduction of a mcrowave, plasma with a |ow electron tenperature and
0

hi gh endPiy theislad-shaprd sgnaigondpgtor Silms 206sangf 2Qhe WheR tenwinieanduetor s ar e
2 di zed hall e . . g .

R A S D B i LR LS s S

pr oduced Haye snmighthogéiing etvengtly capl Besremovedher Aboughshid seniognduictomgilias 206 nm t o

20 nmthick,. desirably.5 nmto 10 nmthjck, is forned in_ 47 contact with
the sem %ﬁ&ggtaé? % eﬁé’.y “ff‘m‘%g PRS SA3ICP Cﬂrlfﬂﬁnoéo%mrf S_teé“bPG“H‘?ﬂt_t‘?ﬁdfk is
used for th&iRuABErSfisEfitbAdIcRS flink WhidPRe t&ifledS¥ AMlMBitedolthBUS Oxi de ( 1\ 120)

is diluted with Ar by 1 to 3 tiines (flowratio) and a m crowave (2.45 GHz)
el ectldi c [BbWdr of 3 kWto 5 kWis applied with a pressure of 10 Pa to 30 Pa

to oxidize or nitride the surfaces of h 1 conductqgr film 206 and the
seni conduct or wqg?nlhfg‘}’e H a‘f%?é&?’@ﬁ? ﬁ’é%r,a{aea%ﬁﬁﬁgﬂl“%lflh MUY a

t hi cknesdilgf 20l i8Rt fapatddisPlardapized, sviRbdby seniTtdrlubton flm 204 @ BB Gepalitd her,
nitrous oxide (1\170) and silane (Sala) are introduced and m crowaves (2.45
GHz) el e@gnrindrogpihsrbogsl sabstigtex200W i s applied with a pressure of 10 to 30 Pa
to form Oﬁé]i con oxynitride filmby a vapor-phase growth nethod, which is
to be a 3ate insulating 10 film Wth a conbination of a solid-phase
reactbon and a Spedfitdlgnthayinsulatigdilnd2@oshichaemais hednlytdedgapatibasof at i ng
filmwth | Ew i nt erfacg state densjty and excellent wthstand voltage can

be for medhe 9‘1‘62]“_’@3% 0@ He TR DY §tBingn PE ey dike-onnothe ¢se s¥here dhrduct or
films by ithieihp MinfRodge ,sfbﬁe/edphﬁﬁge‘r%nfcaﬁa&x@a'eﬂsmc%namamtgﬂ;, PRASS REASL! o0

the interface State density between the gaté insulatin and each
of the semidcoothelibe, Wit letnh@aisangchydhdlweriacidndo bt empfdyedr 207 can be

drasti cal @/S(ﬁecreased. Further, since the sem conductor film 206 and the
sem condtﬂ film207 are directly oxidized or nitrided by the

hi ghogensity DN%§LTg>r jE@RMEBHned e ileBddgl Poktibnk I GGl Qbstde200am /f | ng
filmto be formed 20 can be suppressed. Mreover, in the case where the
seni conddien sppafafipinoh the ssmjeandh¢tonfilny 204 and ther feaeming embuttlsd daycomdiindt or fi | m

i s oxidi ith.solid reaction by th i gh-densit | as r eat t to
estrai nepiat’s bYedEnt Eriesirey £ et dt, Ho ticuntt BaBioTsnaRar APl ¢ ne
gat e i nsweteiohéghgf isl preferdbly usddi afidriatt¥tranethl@mndiigh i3aRxidealaBbAeRGbAY Ccan be
formed. Transistors in each of which the insulating filmfornmed by the
hi gh- den &M@‘H) solution can be used as an etchant.
30 [0158]
Then, the surface of the bond substrate 200 is polished. For the polishing,

CMP can be used. To smooth the surface of the bond substrate 200, the surface is



25pl asma treatnment is included in a part of or the entire gate insulating
filmmay reduce variations in a characteristic. [0163] Al ternatively,
t he gat e wo=olztsessg fil ns 208 may be fornmed by thernal | ycoxdpziitainergos he

sem conductor film 206 and the senicoq%uctor film207. The gate 30
insulating filns 208 may be forned as single layer or a stack of plural

| ayers of a filmcontaining silicon oxide, silicon nitride oxide, silicon
oxynitride, silicon nitride, hafnium oxide, alum num oxide, or tantalum
oxide by a plasma CVD nethod, a 48 sputtering nethod, or the like. [0164]
Then, af tdsirdtdy polighed byaaprodimutely 1 wm ©VEY phhe tgiakeess.nsAftat thegofisHing 208,

2

t he conductl ve filmis processed (patterned) into a predeterm ned shape,
wher eby eRedt Flseniag gisingg &qir@ nov¢regido g rthe Hikes snpederansdt Becapsq gbmeiyeand t he

sem cond Jles{#r{glrfhgﬁlk EH‘E}JS‘E} ge 6fr[h!:: l) d s%?;strﬁc %6) met hod, &

sputter| or t e my e used Tor tormng the conductlve film
As the cqﬁmﬂﬁtlve film tantalunl(Ta) tungsten QU tltanlunl(Tl)

nol ybdenum (Mo), al unmi num ( rom um ni obi um ( Nb),

or the like m3ﬁ3b@“ﬂ§édhen&ﬂﬁe%\bé‘1‘ate fo, é?‘? G%t@éﬁtrﬁ?tﬁ‘i‘fﬂg) tthfesealwevrélmtu oned
10 et al @psipatdBIfbCRIRQAENt or a conpound contai ning the above-nenti oned
nmetal nmay be used. Alternatively, the conductive filmnmay be fornmed from a
semnm condUéil@d] such as polycrystalline silicon doped with an inpurity

el ement such a ph o[, us ch inparts conducti vi to the seni conductor
film [0165] 1? tg‘ﬂ &“ W&’ Rltags aatp\/\ﬂp‘l’a’wn%ﬁg%’é‘ﬂtv%‘ i BMPORP® | 1 st

| ayer canbgintgy, 6B amﬁmt&rami ty@b%hﬁﬂl elaﬁentt 3idhPdsYiRogpbras oAt mayer can
be formed of tungs en. Moreover | owi ng conbi nati ons are given:

t ungdPen hsiaddedito thp demicapduceor, fﬂﬁbi@ﬁb@érthmmmmcuet@rfdmmy bdén adqhtxan um num

and t ant gu L um um an ke. Since tu te

t ant al umadnl {Hri ghe&ﬁ]ége &ﬁltrﬁh} Fhéeglllhsr ar%éa V%H%%et Hfayegf: eﬁ—% rf“%? ‘l’rf‘let 20
acti vat i cemi@ndbeopEint tbéffdiﬁdbd:lﬂg paséra@d of nay bk PeroRged be tﬁd/\éhﬂle(}iﬁllhctor
conductive film Alternatively, as_the conbination of the two-I|ayer

conduct i V8™ i20f, ang fthe <§ﬁmtﬂ9ﬂé‘tFt% fkma 307 phjek tfye viormpd .brpéhq s)aﬁerpme
conduct i VAﬁesfmﬁmgn Jelss{ ufily fof tG@rolfih fhganelgfzﬂ %I‘Mgte Ad IRHN I Y bR Ch

inparts n-type €on ct|V|ty and tungsten s e can be used.
25[ 0166] substrate. Alternatively, the addition of the impurity may be performed on the bond

substrate in order to roughly control the threshold voltage, and the addition of the
impurity may be further performed on the semiconductor film before being patterned or
the semiconductor film 206 and the semiconductor film 207 which are formed by the
patterning in order to finely control the threshold voltage.

20 [0161]

Next, gate insulating films 208 are formed to cover the semiconductor film 206
and the semiconductor film 207, as illustrated in FIG. 9B. Surfaces of the
semiconductor film 206 and the semiconductor film 207 are oxidized or nitrided by
high-density plasma treatment, whereby the gate insulating films 208 can be formed.

25  The high-density plasma treatment is performed, for example, by using a mixed gas of
an inert gas such as He, Ar, Kr, or Xe, and oxygen, nitrogen oxide, ammonia, nitrogen,
hydrogen, or the like. In this case, by performing 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

30  oxygen radicals (which include OH radicals in some cases) or nitrogen radicals (which
include NH radical in some cases) produced by such high-density plasma, whereby

insulating films of 1 nm to 20 nm thick, desirably 5 nm to 10 nm thick, is formed in



In addition, although the electrodes 209 are forned of a single-Iayer
conductive filmin this enbodinent, this enbodinent is not limted to this
st ruct ur ewvOoBha/skmet r odes 209 may be formed of a pl ural ipCy/JJetolcoerdesct i ve
films which is stacked. In the case of using a three-layer structure in
whi ch three conductive filns are stackgd a 30 stacked structure of a

nol ybdenum film an alum numfilm and a nol ybdenumfilmis preferable.
[0167] 49 Note that the el ectrodes 209 may be sel ectively forned
by a droplet discharge nethod w thout using a mask. [0168] Not e
that a drooptaet wﬁthsh&wsmgieommmtmdilins aThistihsudhating filli 6hS anpreeti®her thidkeid

or edet er Moo BpBL (oG BAATER 200K FBF CHERHEMITEH AENGASEO) i diued
cat egor y.wikDABY 1 to 3 times (ﬁH&rtrlﬁ't% an@fa tn% r&w@%e?@ ng 'dﬁ—ii \é?ecfrié ;gﬁvéfe?‘ of 8fpd, the

el ectrodes 209 tan be etched |nto a desired tapered s ape using an
i nduct i vépy kMuphprdied Ivaﬁlrmpl(es{uﬁt) okt Ra my30LPa revtidide an dltraqb:plrho poifates lof

o | 80 10 s REpRut e Hiat A0 e S Epnode, A a7 By FhRCralieR Bpp i od

to an el epdulffig fllayieiifh hitgknsdsFtih & 50 AR (pRErhBG 2618 ¢S 6 AR i RIREqat ure
on the substrate side). In addition, angles and the |ike of fthe tapered

shape mayFuathe niEousoRidoINER) md aﬂ'@h ofarg lnfﬁsklced\l@tl‘é mifpwages §h4et chi ng
gas, a Ch) dEERsRe0aes 'Sk RSs SRHiRi Dfn BRI fMo24d B2 1o Rl £O7

chlorlde or’ car rach orlde uortn gas

tetrafl uailicde ,oxsmhidtrfﬂhi b4 ivalgor-phlasegrbwegmethibl) U@hicﬁ@s tode 0@ RRulaAAg be used
as anroprlate L; Subsequently, as illustrated in FIG 9D,

i mpurtPt y Témenefit ?rﬁﬁgibt“?aﬁ’ﬁn %ac%@u@taﬁﬁllrﬁﬁt@?p@dalaereéﬁéféﬂ byoa t Yapor

sem cond I d C 0 g e

el ect rodgigb %%édasn% r%i%ﬁ e %Mﬁf]%ﬁiﬂ gﬂH hith g)lr\?l |rﬂl rrt}%lgzrul'2E gtagfléigﬁegﬁt? V\)&](P

i mparts mxcgbetwﬁhsiamivoliag«yc:(reb@forrnprhosphorus or arsenic) is added to the
sem condttﬁ film206, and an inpurity el ement which inparts p-type
conduct i @r](e g., boron) is added to the sem conductor film207. It is to

be noted that wWire e Rida¥iBE biMMfridadoR! SMBRE detidiidfetof Ofilkle by the
sem conductor film 207, the sem conductor film25 206 to which ty he n-type

i mpulpty highedansity i plasaitid &rdatiment os @r sdlidapltabe acactio, the mbafack ketate alenkigt t he

e he ty BENYeship? efiearuuihe R 208 8T Eich Bt onPiBRABETORI PPERS0GRe (o

sem Conduéﬁlﬁbnﬂudt(m fAR2070cantbe Ghastio@l Pddcyddted. Wﬂh’éi{ shke Remiconadeded i s
covered with a mask or the |ike so that the n-type inpurity elenment is

added selféd®t PQeiapd the semirendvater filaf 2Qr asgndirenshyr xidized as| mirided bynther ti ng
o R RO XA Sy AP BB o,
i mpal0i ngat he cupyeessedndddrcvidry imethe beass elvherei el yeraiddadhctar @nhg Bis t he
sem Cond%?ystallmlty, the surface of the semiconductor film is oxidized with solid reaction by the
high-density plasma treatment to restrain fast oxidation only in a crystal grain boundary;
therefore, the gate insulating film with uniformity and low interface state density can be
formed. Transistors in each of which the insulating film formed by the high-density
25  plasma treatment is included in a part of or the entire gate insulating film may reduce
variations in a characteristic.
[0163]
Alternatively, the gate insulating films 208 may be formed by thermally
oxidizing the semiconductor film 206 and the semiconductor film 207. The gate
30  insulating films 208 may be formed as a single layer or a stack of plural layers of a film
containing silicon oxide, silicon nitride oxide, silicon oxynitride, silicon nitride,

hafnium oxide, aluminum oxide, or tantalum oxide by a plasma CVD method, a



50 film 206 and the sem conductor film 207 at a higher concentration than
that of the previously added inpurity elenent. By the addition of the

i npurity,worpurdstiger egi ons 210 are formed in the sen cordwgbmiofHiéosm 206 and
inmpurity regions 211 are fornmed in thglgsem' conductor film 207. 5[0171]

Next, as illustrated in FIG 10A, sidewalls 212 are forned on side surfaces
of the el ectrodes 209. For exanple, the sidewalls 212 can be formed in such
a manner that an insulating filmis newy forned so as to cover the gate
insulating film 208 and the el ectrodes 209 and the insulating filmis

parti al | yspeteimmethodmirslxt kikspi ¢ et ching in 10 which etching is perforned
mai nly i OZ Zﬁerpendi cular direction. The newly-fornmed insulating filmis
parti al l il ? hed by the anisotropic etching, whereby the sidewalls 212 are
formed on the sinde strfBARMQf cdddfc®letin @d&sthg%%te hebigtidd Bimd s A8t €
insulating film208 nmay al so be partially etched by the aforenentioned

ani sot r oploadeativhifibg.is Prosessed (pagieingd) inid apfedetefroinad shppehehgtbieoladtiagle® 12 can

be f f ingl e | f | f il il
oi 11 oon Sl G e baRlofyRidT it 20 iont B Fip Rar il Bt s e

oxi de fi lilust@edainfFIGMCNCAUAVIImEthol) g 9piitteriiRin®dthad, of WkiRS mah ter@adi C
resin by an LPCVD nethod, a plasma CVD nethod, a sputtering nethod, or the

li ke. | nfonfosmapthaicpadictive filmo- Asthaeandutive idlan tantalym (Tp), fangstend™ded by a
| . ' ] AF d_hel i
e noed. ‘Kl R} mbfy bbbk 168) 28Rt AU LSS 8D, Shroffill GROBluE" 2"

limted t(Db),hirsthprideeansy teased.bedordoosre an [alldby Zontaining thd\ebdve-métionkdist r at ed

in Flg 10B,. an inpurity el ement inparting one conductivity type is added
to tH8 sdMFRFRAUBEG COMHORPBARE 2:50PRAA] Senipiodgilie @BPVe-meptiansd Mitelmane

el ectrodeg R8P akekrhitfef, %v@nh&t%%imﬁgy aéfdméﬁ%oﬂ\%nfcaﬁau&&%ua?
inmpurity elenents Inparting the same conductivity type as the inpurity

el ement s agipobyerystaliindosibinomddpat withtaneingrueity olesnest epchaae pbabgborus ovltitie

sem conduyctor fil mt20t6 tanlgl t he Oiﬁmtcogggct or film207 at a higher
concent r ALPE (ISR R G SemieRIUCOE HED- Not e that when the p-type inmpurity
el enent i{gu;gglded to the sem conductor film 207, the semni conductor film 206
to which the n-type inpurity elenent is added is covered with a 30 nask or
the MPke so thdn acks qfformiagiatyarlpyey cenduetive films, aficke thysetanchd foengd of n an
opposite M. -t ype | ity elenent is.added tq,the

seni condlic %pﬁfql‘r}n&%é&%‘lﬁﬁ asn\gna] S(:e(‘):nﬁic’??' %rrcaf] iﬁe@%‘i‘l $fom\lllﬁ “h '(Mgreﬁ‘-’?ype

i mpurity tied éoltowing ScoatbdRdions ard kivy aigdten hitride ABS kuBgstdnhemblyk@engh t hat
the n-type inmpurity element is added selectively. [0173] By the
addi t i on "fid¢ ged PRyl Wi andstaptalym, pdumping L angridtakipmagndbtheilikpuri t y

regi ons i of i i i i »
Channor Fae fndifinfand tar QUGGHRRETA! Chioh RebcTEMifuddt, REOYIMATthr ufORR
Furt B@r, abyvatioe addie perforafedt inea istqpuafitdryfoemangetite, twa-lager cafductive film.
hi gh- con oW ¢concentrati.on

centration ippuri regigns 216, a pair ofh
i mpurity Aﬁ@&fa&HEIYQ’iS?{EQ&QH‘t%“a@ﬁgrﬂ%éﬁe Pee-1yes g‘?Pdr“_étheo 1.“215811%“?‘10&’8‘? et in the
sem conduyg t@purity RidPimpali&-HpoBofRRGER! SRl Aifkk] TR Me! §iMc6ne&3p83%vi%l§1 and the
hi gh-concentration inpurity fegions 216 serve as source and drain regions,
and t he impurity which imparts n-type conductivity and tungsten silicide, or the like can be
used. |
25  [0166]
In addition, although the electrodes 209 are formed of a single-layer conductive
film in this embodiment, this embodiment is not limited to this structure. The
electrodes 209 may be formed of a plurality of conductive films which is stacked. In
the case of using a three-layer structure in which three conductive films are stacked, a
30  stacked structure of a molybdenum film, an aluminum film, and a molybdenum film is

preferable.

[0167]



10 Il owconcentration inpurity regions 214 and the | ow concentration
inpurity regions 217 serve as LDD (lightly doped drain) regions. Note that
t he LDD rwgi2ongs2s86 not necessarily provided, and only iPapuP2i1y/0678gh ons
serve as source and drain regions nay fhe fornmed. Alternatively, the LDD
region may be formed on either the source region side or the drain region
side. 15[0174] Note that the sidewalls 212 fornmed over the

sem conductor film 207 and the sidewalls 212 forned over the sem conductor
film 206 may have the same widths in a carrier noving direction or may have
di fferent wi dt HSote that hiee elactrades 269 waygedicteetivelgformdd bysa droplerdidvhergehat t he
wi dt h of th% (?id wal | . 212 over the sem conductor film 207 20 which is

i ncl uded PHPQY FIEAUHTUIE 3 Pasksi st or be larger than the width of the sidewal
212 over [bmg%]serri conductor film 206 which is included in an n-channel
transistor. This is because boron which is added for formng a source

regi on and a drN¥ite thasgi droplet disebange ghethorbls & maatlsods fnowhich @ peideterminfefius ed

and ahort channel effect. is easily .induced. en the width of eac
et | B B Do bR s o) b Sopiele untiire mnbrroBianinsg of
each si desyalpositidbR ahdlah fifk-jot MBMOBY inkldb$inSth@tate}yON can be added to the
source regron and the drain region at high concentration, and thus the

resi stand®1@?] t he source region and the drain region can be reduced. [0175]

Next, in order rthen r . resi e gf .the rce,.region and
the drain 30 rgtél?%%\r,y agt?ﬁ {hgicgg&lll&gwfggﬁﬁeﬁ%f)ﬁﬁ%ﬁgheséel‘r“:ﬁtfzogﬁ%légycg?n PF © h§66 and
the sen dendacksifed tdpsiedOshaps Oyt isaig anliindudtiveigy@upledtyladica (IWRYEschitfe
silicide is formed in such a manner that a netal 1s brought into contact

wi t h 10he Tehed attizrarepriately sentrolae g stehing ponditien (52, e gmeyRbefcelestrie| | ns i s

made to r?%@,g it h t %ﬁ’ﬁ?@ ggg Aii . A
nmet hod, or t?}gm)li;él?etfo %ﬁgﬂéd?%lf‘gyoggqﬁg?’e{h%my Ea{){ glreme o(#wetégqg’g}l?@gq J|$Ii de or
ni ckel sudleitdde ldyer omthecabgravhside drhtke ¢lbctoddeasspahtueaahthefsubdimte side).
sem condyctaqr,. film 206 gnd t.he m conductor film 207 is 1, silicide
f or mat i o#" r‘?§9‘“88’ eéeaé‘a tg%ilpﬁgfﬁle%?etrffﬁ?ﬁﬁ‘@i?f‘?ad Sq,pe f‘?i’é’oilgﬁibé‘ B¢or film
206 and tdre medR. C AL EaPas fah lefBhdf)/ gasAR BlOMRE HasdiBERIudh ayéﬁl@riﬁ;&rbcﬁiﬂ? (N)

i

suicide formation, the follow ng can be used: titanium (Ti), nicke
t ungdPen chigridensiligarietondg; vy carbop etrach{abisle; a fluptoerbased (¢26 sucthas parbion ( Hf )

pal | aai uietBipridG RSl ntl: ofEREVTL RS Bt LTI s b s mea by

| aser bedo1Ax)i rradiation, light irradiation using a lanp, or the like.
[0176] Through the above steps, an n-channel transistor 220 and a
p- channel transSubteapently; asr Blustgatebdn FlG1 D, apriterelements tigpattinguene at ed i n

FIG 10B CiOﬁdlﬁI%ng’ %‘;p%dare qm‘i&@ﬂ%h@ Eaﬁicbwc%qifﬂ% 36 and the semiconductor film

20 207 by using the electrodes 209 as masks. In this embodiment, an impurity element
which imparts n-type conductivity (e.g., phosphorus or arsenic) is added to the
semiconductor film 206, and an impurity element which imparts p-type conductivity
(e.g., boron) is added to the semiconductor film 207. It is to be noted that when the
p-type impurity element is added to the semiconductor film 207, the semiconductor film

25 206 to-which the n-type impurity element is added is covered with a mask or the like so
that the p-type impurity element is added selectively. In an opposite manner, when the
n-type impurity element is added to the semiconductor film 206, the semiconductor film
207 to which the p-type impurity element is added is covered with a mask or the like so
that the n-type impurity element is added selectively. Alternatively, after an impurity

30  element imparting one of the p-type conductivity and the n-type conductivity is added to
the semiconductor film 206 and the semiconductor film 207, an impurity element

imparting the other conductivity may be selectively added to one of the semiconductor



oxi de sem conductor is manufactured over the transistor 220 and the
transi stor 221. [0178] First, as illustrated in FIG 11A, an
i nsul ati rgof2nims280 is fornmed to cover the transistor 220TARzb10/he999
transi stor 221. By providing the insulg@ting film 230, oxidation 20 of
surfaces of the el ectrodes 209 can be 5<grevent ed when heat treatnent is
performed. In particular, the insulating film230 is preferably formed
using silicon nitride, silicon oxynitride, silicon nitride oxide, alum num
nitride, alum num oxide, silicon oxide, or the like. In this enbodinent, a
silicon oxXyni206 iadd the Isamimudutgorafihﬂniwllrmmshighexapqmoemirznwneﬂhyn Sﬂzgnﬂsﬁ ihﬁl uGsed
as the insul.atin | 1 .m 017 as illustrated in
11B, an iMEYiPSEY 36 “é'%i éﬂ% é géyng’ﬁlaélfilt'ﬁ’ﬁ HfithemEYIt: IMPUFRh g er t he
i nsul ati naof drk BrARd ihIhE WMBicohdiRdr ARSI fd % rﬁ‘yr'?eg?(riﬁ A1 apskshidy ig2l. The
I nsul ati nﬂ film231 and the insulating fil 2 are tormed using materials
whi ch carthesemiserdudtan filmdder at ure of heat treat ment in a later
manuf act yp step. 30 Specifically, an inorganic insulating filmof
silicon (L)t g@ silicon nitride, silicon nitride oxide, silicon oxynitride,
al um num ni t ri desxt,adsUlugttaRrdnint Ficle0AaxXbidewalty 21 hgrel fhkedansiae suﬁs‘&sfo@r the
insulating film231 and the insulating fil m 232, for exanple.
2011/ oszégwb‘rf/rg@zc%@/ 0&ppoxamgye, [td)wui%walls 212 cambe domntrgt int sueh mrmeuhrazln Pgl
film231 a S t.he I lm
2301 n AR SR Rl B Yoo B Rl ag B P o
i nsul at i re Elebmd}:S(I()Q&mdbhe arn;ulatnsglfﬂm ﬂsgpaiitialllryl aéhea 31 micﬁrolga;yaghllg%]@n
i nsulatin ayer 5in which three aor nore | ayers are stacke
sur f a@ d?hlf%ét H@uﬂsaﬂﬁ?@mﬁ |“?ﬁ“2‘32nr?a96r5%nd¢¢la?faﬁilir%'an by The ewyme@ or the
| ke. [ OLRclath@NaX is ;ﬁﬁla'llzle‘t@lteﬂ By afke hflsditdpic dilfing AvEAOSHGE ISR whalts BY 5 S
formed over the insulatin

are formed on the side surfaces of the electrodes 209. Note that the gate insulating

film 208 may also be partially etched by the aforementioned anisotropic etching. The
insulating film for forming the sidewalls 212 can be formed of a single layer or a stack
15  of layers of a silicon film, a silicon oxide film, a silicon oxynitride oxide film, a silicon
nitride oxide film, or a film including an organic material such as an organic resin by an
LPCVD method, a plasma CVD method, a sputtering method, or the like. In this
embodiment, a 100-nm-thick silicon oxide film is forrﬁed by a plasma CVD method.
As the etching gas, a mixed gas of CHF3 and helium can be used. Note that the
20  process for forming the sidewalls 212 is not limited to this process described above.
[0172]
Next, as illustrated in FIG. 10B, an impurity element imparting one
conductivity type is added to the semiconductor film 206 and the semiconductor film
207 with the electrodes 209 and the sidewalls 212 used as masks. Note that the
25  impurity elements imparting the same conductivity type as the impurity elements which
have been added in the previous step are added to the semiconductor film 206 and the
semiconductor film 207 at a higher concentration than in the previous step. Note that
when the p-type impurity element is added to the semiconductor film 207, the
semiconductor film 206 to which the n-type impurity element is added is covered with a
30  mask or the like so that the p-type impurity element is added selectively. In an
opposite manner, when the n-type impurity element is added to the semiconductor film

206, the semiconductor film 207 to which the p-type impurity element is added is



film 232, and then unnecessary portions are renoved by etching, so that a
wiring 233 and a gate electrode 234 are forned. At that tinme, etching is
per f or redweurot/iskass at | east an edge portion of the gat eceliemtio/oeeIR34 is
formed in a tapered shape. [0183] 15T§i conductive filmcan be fornmed to
have a single-layer structure or a stacked-layer structure using a netal
mat eri al such as nol ybdenum titanium chromum tantalum tungsten,
neodym um or scandium an alloy material which contains any of these netal
materials as its main conponent; or a nitride which contains any of these
met al s. Noveret Indth ainask erithe tike swoihpethe aappainyurie clemedt @ adddiesebdetiveynet al
mat eri al 8? Olong as it can withstand the tenperature of heat treatnent
perforrrec[ er. [0184] For exanple, as a two-layer structure of

the conductive gy Jhmadalrssnfo@kﬂeqmpﬂa ﬁéléﬂ@ﬁtgrﬁgﬁﬁgﬁhlgﬁ%Bﬁ"ée%n}aﬁén uﬁarﬁ%' ayer

structure in whi'ch a nol ybdenum'l a I's sta er an alumn yer,
t wo- | ayerreglt)ntué.‘llrraqaarumfvl,hwedmnemmtlymdapunyIragaens 254, ahdalchanizb fauatiom copper

| ayer . a two- e tructure in vvhlcha trid er or
tanta umrﬁfcr;‘??rzgéa ?P&ne dn ghe St?E’é%O“(Si\')%tPr @@B E]F‘g}ifé by ﬁ’r‘?oa%é“’c%oofltg?er
struct ur gmhriey teidnfen,um Eaﬁ rdfdﬁlghaab%emqoﬁt Rpured e s az'l%r a%a%naof

t hree-1 ayer structure e follow ng structure is preferab e:

st acked- |leyeoneantigtion rrepurﬁu Iregions? 151 end molmnnelforrhaton region |20 mamﬁwrandi

Soneodym it e uRlnafs VAP 2 e PR Ehelon el ipafion T B

titani umhigh-cordentraion impguaity Wegions 216 eprvk aa}éesrouajadaxﬂ 8nid edpidbmy ahd th§185]
At that time, a light-transmtting oxide conductive filmis used

54
for p8rt 19W-qoReenitien BRIt FREIQNHE Iiand the loy-foncerasionimeundegione2t At i o.
For exam%t:ﬁle %fe aﬁrﬁ(ggt}]t OX e@a Iﬁyre%fonkndN{de et qfe Qﬂﬂ)tﬂeglogg('agce’no?n al I oy

of i ndi um oxi zi’nc oxi de, zinc al um num ©xiI de
al um numneggssarfly iptievidetl, rod galyl impurioxieg@ns Gervelae sburke asddraie régigsdnipr t he

oxi de condyctive film [018 . _The thickness of each of the wiring
235 and Didogat Histhaiah: DR regon BOSHE DY SHEHAPABPFCS BB (o 200
nm In tRi® fUROsLIFERLondfdeer a conductive filmwth a thickness of 100 nm

for the gate electrodé is fornmed by a sputtering nethod
15 [0174]

Note that the sidewalls 212 formed over the semiconductor film 207 and the
sidewalls 212 formed over the semiconductor film 206 may have the same widths in a
carrier moving direction or may have different widths in the carrier moving direction.
It is preferable that the width of the sidewall 212 over the semiconductor film 207
20  which is included in a p-channel transistor be larger than the width of the sidewall 212
over the semiconductor film 206 which is included in an n-channel transistor. This is
because boron which is added for forming a source region and a drain region in the
p-channel transistor is easily diffused and a short channel effect is easily induced.
When the width of each sidewall 212 in the p-channel transistor is made larger than that
25  of each sidewall 212 in the n-channel transistor, boron can be added to the source region
and the drain region at high concentration, and thus the resistance of the source region
and the drain region can be reduced.
[0175]
Next, in order to further reduce the resistance of the source region and the drain
30  region, silicide is formed in the semiconductor film 206 and the semiconductor film 207,

so that silicide layers 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



10 wusing a tungsten target, the conductive filmis processed (patterned)
by etching to have a desired shape, so that the wring 233 and the gate

el ect r odewd34d11asessbor med. [ 0187] Then, as il uspcatyeth1ome7®dsc 11D,
a gate insulating film240 is forned Sger the wiring 233 and the gate

el ectrode 234. The gate insulating fiFm240 is fornmed using a 15 film
having a single layer or a stacked | ayer which includes a silicon oxide
film a silicon nitride film a silicon oxynitride film a siliconh nitride
oxide film a hafniumoxide film an alum numoxide film or a tantalum
oxi de fi IsemigpngbcenflnBG\Dmagdptio teact wigh tlermethkby héat treatinens apGRTA nadvhcel, t hat

the gate | ti film240 ingludes.ippurities such, a i.sture,
hydr ogen,anwwgl%’da_é’r the H(ee a ep%]é‘gfl‘b ger *F‘r?e‘ﬁ{?aﬁ’ém%o? ﬁé%l%ﬁlllﬁge °f 1 m 240
may have pickel Sitieide! e1d the \MaéeChha@d ulamwkﬁ&gsr& cath BE {HeIsERftoahdSr AiniBbeT | al

having a high barrier property and an insulating filmforned using a
sili con @nridhbe fseinfronductr fibe 20gxignimall, ddlididd fqrmation eayl bk gredeed o ths | ower

propottiQn.of nifro are stacked._..| is case,.the insulating film

f or ne u%o%mé)oﬁl?l?sc h%ﬁralgo?(ﬁcﬁ%r £ mrs]%dqh r SQVHiCPP‘i?‘Eféorffﬁf"rédﬂr H& 1ike

i s _for nedndigtm@enaltied forst ailici@ hirthaMdaaiieBliewhiar dah ¥e w38d:RIBAEMpHiaNd t he
oxi de sem conductor film As the insulating fil mhaving a barrier property,

for exanpiickel §NB; fungsign (W) insypdenm EMe), |dobelh (RP), rdigeniomi (&r)f hafrjuman

al um num At ri i J U Liride i fil the |i can be
gi ven. B§ﬂpé iténlgﬁf] &etwsﬁﬁggﬁhﬁg{w Irﬂr%H n\rllllug"g (lgé %?’F?%IP pF(gré’eP ltaﬁl,ml}] Hri ties
in an at paldatiesngPd}wehhadikeni Alternetivdly thy dilie@iizmayp be ifoiudi by Bser Béamided in

t he ﬁbst,ra,e, such as an al kali metal and a 30 heavy netal can be

pr evi t ed™ 1A HEbyiradiatipugng flamps oF B5ddGet or film the gate insul ating
film 240 9pfgjan interface between the oxide sem conductor filmand another

i nsul at i rgg filmand the vicinity thereof. In addition, when the insulating
fil mhaving 5Fhrdughehe ghroopeteps,an méhann¢intogeistor 22@ Andig pachandel ansistsi de fil m
or a sili,gon oxynitride filmis fornmed in contact with the oxide

seni cond&gﬁé‘fet])‘(’ﬁﬁ‘f' the insulating filmformed using the material having a
hi gh bar oer7jproperty can be prevented frombeing directly in contact with

t he oxi de sem conductor film 5[0188] In this enbodi ment, the

i nsullating fil Afathenstsp allestratedtinri G AO0RKs chmpletéd, jacwansistordiacluding ani t h a

t hi ckness_of 100 nm for.ned b uf teri,ng nethod.,is acked ov a silicon
it 1 de. PR TSt S Bira el R 50 BRIy et noa,
[0189] 1Q0e78], an oxi de sem conductor filmis formed over the gate
insulating film 240 and processed into a desired shape by etching or the

like, so that Hifst as Hivgtratnd ped16xilde aadnddingdémo?39 is fermed tg covenitred so as
to overl ag, Wb N3N Sk %hﬁg)rr ragle %gﬁmvﬁ'@ W ﬂl%uﬁﬂg%%?lﬂ%pt gxridftkolnm 'S
T'ho & ctor-target.

formed by a sputfering ne usi ng oXI| sem con g
Mor e@@er of sinacex iofl thes elndtomiesl 209 @an b | preveatedbehdohidie dreltyneat 1Spdiftrined] Ng

nmethod inp a rare s.(for. exanple,. argon) atnosphere, an oxygen atnosphere,
or an at Qbﬁ‘l‘é\’]ér’ggﬂ’%}‘ﬁf’ﬂ% f‘imr%%?)e‘sé’é er(#)b(r opRstypiag sticgBmitridegsibsapgen.

oxynitride, silicon nitride oxide, aluminum nitride, aluminum oxide, silicon oxide, or
the like. In this embodiment, a silicon oxynitride film having a thickness of
approximately 50 nm is used as the insulating film 230. |
25 [0179] |
Next, as illustrated in FIG. 11B, an insulating film 231 and an insulating film
232 are formed over the insulating film 230 to cover the transistor 220 and the transistor
221. The insulating film 231 and the insulating film 232 are formed using materials
which can withstand a temperature of heat treatment in a later manufacturing step.
30  Specifically, an inorganic insulating film of silicon oxide, silicon nitride, silicon nitride
oxide, silicon oxynitride, aluminum nitride, aluminum nitride oxide, or the like can be

used for the insulating film 231 and the insulating film 232, for example.



[ 0190] Note that before the oxide sem conductor filmis forned by a
sputtering nethod, dust and a contam nant attached to a surface of the gate
i nsul at i ngofaoims2380 is 20 preferably renoved by rever sepspubtroinergod n whi ch
an argon gas is introduced and pl asma 4,5 generated. The reverse sputtering
refers to a nethod in which, without application of voltage to a target
side, a surface of a substrate is nodified in such a manner that an RF
power source for voltage application is used to a substrate side under an
argon at nosphere and an argon ion is collided with the substrate. Note that
i nstead 29180] an argon atnosphere, a nitrogen atnosphere, a helium

i ch oxygen. | AN 4t B FaiaCEs HERciaed ShE RaulaBnd pug R e BuSked Sl © 1 ©

Al ter nat it4e In)sm@lmgeﬁlﬁpmmlm&%@dihﬁnmio%v&b bR inSRatifATiRR Tolnfld §fruor i de,
or the like is added may be used. [0191%i 30An oxi de material having

sem condube gisutahag ftm&30gnaycke asingedsiirg Hlm obbsingletayertys andesildting layee oxi de

sem cqnd - fhlmfor formn hannel formation region. [0192] 56
The t icﬁﬁé@éc% d Oerq%%e ersse%a%ﬁifa(‘:t or filmis set to be 10 nmto 300 nm

preferabl@i2d nmto 100 nm In this enbodi ment, deposition is perforned
using a target for form ng an oxi de sem conductor containing In, Ga, and Zn
(in a mol ar rath #irfac 96 heapsudaiing fibm=23p: may be)plaparizgd bpaidP methed ar the 2)
under thg;follow ng conditions: 5 the distance between a substrate and a
target is 100 mm the pressure is 0.6 Pa, the direct-current (DC) power
supply i 40083 kW and the atnosphere is oxygen (the flow rate of oxygen is
100 %. Note that a pul se di.r current (DC) power supply is. preferable
becaLﬁ’e dust czﬁ%xbélsr‘ YRRl ’%ﬁ&tlﬁg{’ FiCPPH‘tCHV%Qﬂgé%fOE‘&ﬁd peeriths fskkHing n this
enbodi merfim 2 the o EiheSQRAS PtisHsUre FdrhdVeddy dibhiffR- O & P

non- si ngl e{ncrystaal 10 fi Iem har\?/’icﬁr?g a tﬁﬁi:cknesesq%’f Sd%m IS fo?arrlg 3%‘7’ ng the
| n- Ga- Zn-a0d agatel clerirode 2¥harsdiotned. orAt thagmenetching is perforereidrayclaphpdraat us.

[ 0193] : te that en_the oxi senm cqnductor filmis forned

wi t hout é?(aﬁﬁ)%rh?ée\é%tpgntl%]eOfatp?gé}? f‘g?tr?‘#ei% lﬁg eﬁﬂ‘éﬁgarPﬁFﬁd,S&‘ﬁ’iFst or noisture
can be prjgvg3)ted fromattaching to an 15 interface between the gate
insulating film 240 and_ the oxide-sem conductor film Further, a pul sed

di red® current Thegjondudiéte Sburcae be fomeddetmthree Besingledayhusitructme tse 7 educed

and a t hisg}éﬁgcﬁﬁay §xturc1}?é'h§19 a et e s lhoélsgéél i){leniursn, %Iia%fiuerrrl,acl?nlr()emlturr]na}t the
rel ative densi y of the oxide sem condauc?or tar 6e I'S
tantalum, tungsten, neodymium, or scandium; an alloy material which contains any of
these metal materials as its main component; or a nitride which contains any of these
metals. Note that aluminum or copper can also be used as the above metal material as
20  long as it can withstand the temperature of heat treatment performed later.
[0184]

For example, as a two-layer structure of the conducfive film, the following
structures are preferable: a two-layer structure in which a molybdenum layer is stacked
over an aluminum layer, a two-layer structure in which a molybdenum layer is stacked

25  over a copper layer, a two-layer structure in which a titanium nitride layer or a tantalum
nitride layer is stacked over a copper layer, and a two-layer structure of a titanium
nitride layer and a molybdenum layer. As a three-layer structure, the following
structure is preferable: a stacked-layer structure including aluminum, an alloy of
aluminum and silicon, an alloy of aluminum and titanium, or an alloy of aluminum and

30 neodymium in a middle layer and any of tungsten, tungsten nitride, titanium nitride, and
titanium in a top layer and a bottom layer.

[0185]



20 greater than or equal to 80 % nore preferably, greater than or equal to
95 9% further preferably, greater than or equal to 99.9 % The inpurity
concent r avoeniafs2ishe oxi de sem conductor filmwhich is poryeshivséime t he
target having high relative density c be reduced, and thus a thin film
transi stor having high electric characteristics or high reliability can be
obt ai ned. 25[ 0195] In addition, there is also a nulti-source
sputtering apparatus in which a plurality of targets of different materials
can be set. Wth the nulti-source sputtering apparatus, filnms of different
materi al s can bét ther timd, 4 dightetratsaditiag dxidet dvadsaive filhaisheed for pat 6f the of

pl ural kinds of terials can be forned byrelectric di scharge at. the sane

30 ti me. i C‘itWéleéa ecwgwetp_mcfr@isgé e appyture atio. FPheml?’ilBﬁif}‘mt‘ﬁ‘éﬁi"e a{re a
sput t er i ng1FRAM M DxRIMddRhML bn gllmﬁ‘ﬁhiuﬁy&iﬁé"aﬁd‘ﬁhg8xih9,ezix?é‘&{m£r and

used for a fagnetron sputtering, and & sputtering apparatus used for an ECR
sput t er i nigng alumhnurh opides pnc gbmeinamexkywittide, zive gadleumofoxivec oothaVis das based

Wi t hoyt usi ng qhow .gi scrrk:darge. .&&0197] : Furthernore, as a deposition
met hod by ™SPRETHRT PHYe COMREHVERI™ 1 5o a reactive sputtering method in which
a target @yt ance and a sputtering gas conponent are chemically reacted

w th each other during deposition to forma thin conpound filmthereof, and
a bi as sputt erithg thigkngss oh cachefl theydring 23} ansl thp ghieedectroda 234110 mmgodur i ng

10deposi tjfpn. [ pti .the substrate may be .heated at a
t enper at que6 iy Iéer?eg%tﬂénl Ogrnnéééjgpagl gn'lolgqtflsaer??})qdé%l}t’ ?TPL\C i 8%“@8“%3 g[rﬁ 700 C
by |ight witha thivkhes cfurongmt foe tite pasidlécddwvis Forted it & 8pithgingehbhed The
damage due to sputtering is repaired at the sane time _as the I5deposition
by hedti it HUHg«“%@r@gﬁB%F?qd@ﬁtW@[ filmyig)processed (pattaragdd By ciohing tedave p s

pref erabdesPEf {APERE 1R RSwhihe IO tiPk UeS e BYUrLBERfCMI N NG On an
inner wall of the sputtering gpparatus, on a surface of the target, or in a
target nmeO&8T]al , before the oxide sem conductor filmis forned. As the 20

P neat e T B T b b B T D AR oL
D | PR e byl OO g AN HOTRER SR,
gi verd> Affiler havieg prenglatlayer eatarstackedt hagerswhishriacleder a sHizos puxtideefilmga
appar at ussilgcsoncrg r}cf%:dfilm%nad sitliggnn o%?r%tr?&éi i m,sae gljli(c::grll’] %ﬂﬁhg rox}ccf-el t[ﬁ'nil,sa zcl) mrlrlerr(1j
oxide film, an aluminum oxide film, or a tantalum oxide film by plasma CVD,
sputtering, or the like. It is preferable that the gate insulating film 240 includes
impurities such as moisture, hydrogen, or oxygen as little as possible. The gate
20  insulating film 240 may have a structure in which an insulating film formed using a
material having a high barrier property and an insulating film fdrmed using a silicon
oxide film, a silicon oxynitride film, or the like which has lower proportion of nitrogen
are stacked. In this case, the insulating film formed using a silicon oxide film, a
silicon oxynitride film, or the like is formed between the insulating film having a barrier
25  property and the oxide semiconductor film. As the insulating film having a barrier
property, for example, a silicon nitride film, a silicon nitride oxide film, an aluminum
nitride film, an aluminum nitride oxide film, or the like can be given. By using the
insulating film having a barrier property, impurities in an atmosphere, such as moisture
and hydrogen, or impurities included in the substrate, such as an alkali metal and a
30  heavy metal can be prevented from entering the oxide semiconductor film, the gate

insulating film 240, or an interface between the oxide semiconductor film and another

insulating film and the vicinity thereof. In addition, when the insulating film having



25w t hout exposure to air. In this case, not water but oil or the like is
preferably used as a coolant for the target. Al though a certain |evel of
ef f ect cawmoherwit®msned when introducti on and exhaust of poirtpagens7ase
repeated without heating, it is nore ferable to performthe treatnent
with the inside of the deposition chanber heated. [0200] 30It is preferable
to renobve noisture or the like remaining in the sputtering apparatus with
the use of a cryopunp before, during, or after the oxide sem conductor film
is formed. 58 [0201] The i sl and- shaped oxi de sem conductor film 241
can be f oowedpupbripnvtniteegehj sughias avdilicoin, oxfider filex anpbiicom orynigriliesiliniisi on of
phosphori nd nitric a e i sl and- shaped

oxi de selnflC %Hbf%}?gcﬁ 'VYC‘H% Iﬁ%xfcg EBHcARuggr g‘l"‘q %‘CBH%’%WB;BWW@ Néngat e
el ect r odehé 3ffatedidl RhAIY 5‘911@ biriRr Prépitty S@a’ﬁ" lgeogfik}gﬁt% fionk 'Haln%rtg?é}Hyslﬁc' d

such as citric acid or oxalic acid can’be used for etchant

enbodi nergontaghwath dhesewige ssoriconshustonfigmr enoved by wet et ching using | TOO7N
(prod ct El anto Chem cal Co., Inc.), so that the island-shaped oxide
sem c % film241 is fornmed. Note that the etching perfornmed here may

be dry et chi ng IhNBkeatbodimée! thd @uttinBilnl DRAPRAs a structureAd Wileh §6ARLAY 9as
for dry etchln? a gas containing chlorine (chlorine-based gas such as
m

chl ori ne qxaderfil b‘dﬂ’o‘h thighnsps efelQBumaformed by spwiteringanethied (sSht@iayl over acar bon
tetrachl Osrllllc%?l n(ltﬁ%g—:@lau ﬁ'tz? h%k%ﬁ?sbdf%OL}l%g(jrm]eg [bg plaxltéeré %rB%tHO?t ernati Ve! y, a

gas contai ni ng rine-based gas s ‘etrafluoride
(CEQ, sul[bwg9jf | uori de ( SF6), n| t rogen fl uor| de (NF3) or trifluoronethane
(CHF3)) ; hydro&éﬁn brom_ de (H oxygen & y of these gases to which a
rare §as such 2¥MheAn Qg 1 US'PQ (IR 9“11€§ ‘%(66@& -gasy insylating fikn 249 pe

used. 20[f4d (lcessed 1nto db&sfr&?s gé{ bgteﬁﬂ'icrggorrfﬁé iR 5o Ziixzﬁ ah %lgrﬁ- ﬁh?dag)ﬁl'%

(reactive 1on etching) nethod i nduct’ivel'y couple
et chi ng reetmhaaiductor Gbm 24éds formedrsoeas tbcnvetlal!n wiithetht igate éladtmdd @3ir ehs hapes,

the etchin econdi.ti ntgt anmpupt of electric power lied to a
coi | - shap? elsgglt“f‘o(?g%? rt&gmarfﬁuﬁ’fm’ﬁfi Eyeﬁt PRyite B%BWC&?& UEESt 8N aPXidf ect r ode
on a semiconductor target. Moreover, the oxide semiconductor film can be formed by a
15  sputtering method in a rare gas (for example, argon) atmosphere, an oxygen atmosphere,
or an atmosphere containing a rare gas (for example, argon) and oxygen.
[0190]
Note that before the oxide semiconductor film is formed by a sputtering
method, dust and a contaminant attached to a surface of the gate insulating film 240 is
20  preferably removed by reverse sputtering in which an argon gas is introduced and
plasma is generated. The reverse sputtering refers to a method in which, without
application of voltage to a target side, a surface of a substrate is modified in such a
manner that an RF power source for voltage application is used to a substrate side under
an argon atmosphere and an argon ion is collided with the substrate. Note that instead
25  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.
[0191]
30 An oxide material having semiconductor characteristics as described above

may be used for the oxide semiconductor film for forming a channel formation region.

[0192]



25substrate side, the tenperature of the electrode on the substrate side,
or the like) is adjusted as appropriate. [0205] The etchant after

t he wet ewohnngsemer enoved together with the etched nat ecraPxibyserodeani ng.
The waste |iquid including the etchantsc.and the material etched off nay be
30 purified and the material may be réused. When a material such as indium
i ncluded in the oxide sem conductor filmis collected fromthe waste |iquid
after the etching and reused, the resources can be efficiently used and the
cost can be reduced. 59 [0206] In order to obtain a desired shape
by et ching, théﬂettbi\tm@sw@rﬁhﬁ DXidﬂselpknoducaxfélméstsrhanb;: 16trohiten §00 inme, and

t enperat ure e dj u as_ap r ri ate,.depen on.the material. 5[0207]
Next, hedt™ %:F %L‘f rﬂm 3686"% 8m i {“ﬁg t‘%‘ét‘ﬁ g oSI98 fm 241
in a redus@et ff TOSIRLLR oxalR deﬂﬁ—‘édndﬁ@l& edrﬁaqm@%eGﬁum Z§(ﬁ Dinb[2P 98N,
atnmosphere or a rare gas atnobsphere, an oxygen gas atnosphere, or an ultra

dry air dmReGtbednQ r lah:d OWIer %C$ZHO(:; édrﬁ)emden the felawinpgonditiomqual t o
20 ppg] (qgw dPs?zinPE b%g e Sklﬁﬂtrgtﬁ %249 '(ar%l aFrlcaéer ab FS%%p%eﬁssutsl’%téS @gsg Wﬁ%?gl to

nore prete ess an or e

rreasur enrfiteci-Surpat tDCandwus bl R isled- W] Mid tegitmaBsiRie &f 08/ geR\(iheYfidw Ng- down
| aser spectroscopy (CRDS) system). By performng the heat treatnment on the

oxi de serfr€opfdoxsgsn is10f A1 Nat§ bri derusentlicent dwereor (PC) poRap supplywkis ch t he

f d.is forned
T ot r arratf PRI e SR NP o il SERERRER | &8 T80 1 O e

by rapi d enftedimadnt mnﬁabx{d%émldoh&@dtéﬁemn laf [AG4-A8Y0-beRY R EATILeFy8tal
(nltrogen hel i um neon, or the Ilke at ate erature of "hi gher

than 18r dimahayige 34)Gh’€kla‘?§§l 9 oﬁgrmf‘ h‘énf%meéqwg tthe ABacZp-61-based epiide at ur e
| ess tha@eﬁ?co‘ﬁ Habr e{\k}ﬁh?éﬁﬂe@l %%E)Bgra&fs the gl ass substrate) for

appr oxi mat e m nu e m nu preferably at 650 C for approximately
320 m m[()%]to 6 mnutes. Wth an RTA rret hod, dehydratl on or
dehydr ogenati on can bea%)erfor d in a sho tine; eref ore, the treatnent

can be perf or nePiethahwhen theox éF’é‘f‘iﬁ’l“Q‘“ﬁ? lstfﬁ%e yihayt FéP??“f?otPﬁ}Pe of a
gl ass sulyst Rk She %\Qtrﬁa tR&meat tdudt Ggrél%fstﬂrg%alhﬁétpré\feﬁﬁﬁmﬁ ahﬁ nt{‘r% tdirited to

after formation o he i sl and- shaped oxi de seni conduct or 1, and the
heat 16r eantedage hetyebe tb@rg‘atﬁr msdlating tfilen @40 dmd28seoxidorsdmitondudtor ifildaef or e
rfornmed ral tinmes

o o . B A b o DR oY o S T Ao
reduced and a thickness distribution is uniform.
[0194]
It is preferable that the relative density of the oxide semiconductor target is

20  greater than or equal to 80 %, more preferably, greater than or equal to 95 %, further
preferably, greater than or equal to 99.9 %. The impurity concentration of the oxide
semiconductor film which is formed using the target having high relative density can be
reduced, and thus a thin film transistor having high electric characteristics or high
reliability can be obtained.

25  [0195]

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

30 time in the same chamber.

[0196]



In this enbodi ment, heat treatnent is perfornmed for 6 mnutes in a nitrogen
at nosphere in the state where the substrate tenperature reaches 600 C

Furt her, wo20hembisng net hod using an electric furnace, a&crapidoheatd ng

met hod such as a gas rapid thermal annealing (GRTA) nethod using a heated
gas or a lanp rapid thermal annealing™ 60 (LRTA) nmethod using |anp |ight,
or the Iike can be used for the heat treatnent. For exanple, in the case of
perform ng heat treatnment using an electric furnace, the tenperature rise
characteristics is preferably set at higher than or equal to 0.1 Cmn and
| ower than or elquulldittom, AerChars msputmhrhﬂgeappempsrpmu'rdeddvidpacxhaagmctsﬁtérati cs is
5 preferab ése‘i&} her than or ual to 0.1 Cmn and | ower than or
equal to' B E’ used Ofama&l‘}ff n Spfering, al"rﬁlea $PuLETIRG aRRAFALpt usedt s

pref er abl f@r taﬁ' HCRRpifitteing in W‘ﬂ(’flp ﬁE‘ma aRrkrhRE Witk@elRe 'i‘)‘?ﬁnl@ﬂ)ma%laé" fOudel

nitrogen or a rare gas Such el ium neon, or argon. preferable
that the methﬁySIDEglﬂwdEMmr the rare gas such as hel | um neon or argon
whi ch [:Q Moduced into a heat treatnment apparatus be set to be 6N

(99. 9399 g J hi gher, preferably 7N (99.99999 % or higher (that is, the

i mpurity concerfuitin®te] & 4 depeRi@sn hRWRM, byPsiterial! theld drePAD BlreAOET ) -
[0210] 15Next, the i nsul at | ng film230, the insulating film 231, the

i nsul at i rfguiteling pthodaiigwhich yaarect sebslaaed and fai sputteriog gee compohsntearched, so
t hat c0nt&%@%ﬂy%a&&awym&fggbﬁhégga;‘pg%g&ﬁsghm% Bk ”pﬁaglh L¥mbSHLRRn 213

i ncluded 1n transi stor es reachin

hi gh- conaheresftandn biapspitteying égindiich 2161tagecisiddedapplict he at sudBgats tdaring21, and
a coqbact hol.e reaching the wiring 233 are fornmed. Then, a conductive film
used GogB‘Bﬂ ce and drain electrodes is forned over the oxide

sem condx f| | m 242 by a sputtering nethod or a vacuum vaper deposition
nmet hod. fte that, the conductive filmis patterned by etching or the

|l i ke, so that doadditon\the $ublstrate 2aiy ieche2$@ afmtmnpemhmgaig&:rtl’rm s eyguadeo and
drain el ectr, are fornmed a ed in FIG 12B. [0211]  25In

parti cul a#) %ﬁ"’é‘déBWBTU f7 %eqwafm %)95%%;% ighi@r @ bsatat dyring the dapositipnayish

connect ed bl Agia! TH ElnGANERNL Bk Aihe TR LY of GOSN ifks! e ! uded

in the transistor 220. In addit ctrve

conndét edlepositibrebyheating dag thEklepentaiuct i ve fil m 247 and t he conductive
film 248 g@g) connected to the pair of high-concentration inpurity regions
216 i ncl L[ ]i n the transistor 221. In addition,

Preheat treatment is preferably performed so as to remove moisture or
hydrogen remaining on an inner wall of the sputtering apparatus, on a surface of the
target, or in a target material, before the oxide semiconductor film is formed. As the

20  preheat treatment, a method in which the inside of the deposition chamber is heated to
from 200 °C to 600 °C under a reduced pressure, a method in which introduction and
exhaust of nitrogen or an inert gas are repeated whfle the inside of the deposition
chamber is heated, and the like can be given. After the preheat treatment, the substrate
or the sputtering apparatus is cooled, and then the oxide semiconductor film is formed

25  without exposure to air. In this case, not water but oil or the like is preferably used as
a coolant for the target. Although a certain level of effect can be obtained when
introduction and exhaust of nitrogen are repeated without heating, it is more preferable
to perform the treatment with the inside of the deposition chamber heated.

[0200]

30 It is preferable to remove moisture or the like reinaining in the sputtering

apparatus with the use of a cryopump before, during, or after the oxide semiconductor

film is formed.



30besi des the conductive film 249, the conductive film248 is also
connected to the oxide sem conductor film242. 61 [0212] As the
conduct i weof2oims2845 to 249, for exanple, a material suebras@nieheNent
selected from al um num chromum tantglum titanium manganese, nmagnesi um
nmol ybdenum tungsten, zirconium berylTium and yttrium an alloy incl.uding
one or 5 nore of these elenents as a conponent; or the |ike can be used.
Note that in the case where heat treatnment is performed after the formation
of the conductive film the conductive filmpreferably has heat resistance
enough t d020tlhstand the heat treatnent. In the case of perform ng heat
treatnment after_the forpation.of the conductjve film the conductive film
is formed usi nJhFhlélaflg'\RH?pé:gi %’i‘gﬁlsml?{fﬁﬂ (?rvéilﬁ‘ra%“ér?agl bg fomsdoiing vt 10

W th al urdihing AP GARDE fér SniHIN AMRRR Qikiidd OPpRIEBhGHc haW Rest e lgance,

being easily corroded, and the like. As the |lowfesistant conductive

mat eri al nAmIcagid is uswshrbiThedsland-phapkd nkidasgmicoediatér fiwi 24 ivdomrddado dsgo

pr ef er.abl sed:..an el enent selegted, fr titanium.tantal um tungsten,

mol yb ean)r(r'neH%%rVBm ﬂ}ﬁ g?ngoegg/cﬁﬁo‘éﬁn%ér é‘?:&ﬁc 'W?étﬁe zg}‘}dSyse?‘H‘é‘?qﬁlHFt% r}gﬂ’e or
nore of tdigffc AbRINBILhS ad Titéic CRNP @R ed}alic daciti Ichh AR LOQ B Aishakeanih @fist hese
el ements as a conponent; or the like. [0213] The thi ckness of each of

t he condi@Ebodiment) yanegessary pogtipmsjage EMAyad by WrYGtahing ysing BIGIHIN/ (produohm t o
200 nm | i i Aen t he Jetive fi for th r drain
el ectr odedg I%ﬁ?’?(iﬁﬁ%}gﬁglb at fn“é’c?’ %ythgﬁgg Eslq‘&n[{gjl 'Sglaf’ ‘H %fi‘g i F?Iﬁ?uggért% ﬁ?lg%ﬂd%
nitride A0fmddn Nute ahdtnthawching prrfamsbdahéret@ay ben driyl ¢rching tildtGadobd@ret | S
proceﬁsed (patterned) to a desired shape by etching, so that the conductive
filmeV2454h %49 are forned. [0214] The etching for formng the
conductiv[gz(jg' | ms 245 to 249 may be either wet etching or dry etching. In
the case where the conductive filnms 245 to 249 are fornmed 25 by dry

et chi ng, a gas Asdht atahimgygashfoo diry etchidty »,gabeootainiig oilbdee (dBGirde-based t he

li ke is preferably used. t he et chi,n p,...an exposed..reqgion of the

oxi de. et HiL Gt EPOTRS KObhbaren Sho BT esucin SHBRTE Sicidl Sherbomped

oxi de Se%t@&ﬂﬂ#ﬁégcchb)'iﬁbl?e@&albl k& med. Therefore, the thickness of the
regi on of the oxide sem conductor film 250 between the conductive film 248

and tthe dBH¥lctive film 249 is reduced. 30[0215]

Alternatively, a gas containing fluorine (fluorine-based gas such as carbon
tetrafluoride (CF,), sulfur fluoride (SFs), nitrogen fluoride (NF3), or trifluoromethane
(CHF3)); hydrogen bromide (HBr); oxygen (O2); any of these gases to which a rare gas
such as helium (He) or argon (Ar) is added; or the like can be used. '

20 [0204]

As the dry etching method, a parallel plate RIE (reactive ion etching) method
or an ICP (inductively coupled plasma) etching method can be used. In order to etch
the film into desired shapes, the etching condition (the amount of electric power applied
to a coil-shaped electrode, the amount of electric power applied to an electrode on a

25  substrate side, the temperature of the electrode on the substrate side, or the like) is
adjusted as appropriate.
[0205]

The etchant after the wet etching is removed together with the etched materials

by cleaning. The waste liquid including the etchant and the material etched off may be
30  purified and the material may be reused. When a material such as indium included in
the oxide semiconductor film is collected from the waste liquid after the etching and

reused, the resources can be efficiently used and the cost can be reduced.



62 sem conductor film 250. The insulating film 251 preferably includes
inpurities such as noisture, hydrogen, and oxygen as little as possible,
and may beoformeessgsi ng an insulating filmof a single lpaygr2mooeop urality
of insulating films stacked. A nateri%%]having a high barrier property is
preferably used for the insulating fil'm251. For 5 exanple, as the

i nsul ating having a high barrier property, a silicon nitride film a
silicon nitride oxide film an alumnumnitride film an alum numnitride
oxide film or the like can be used. In the case where a plurality of

i nsul at i §206]l ns stacked is used, an insulating film having | ower
proportion of nitropgen,, such, as silicon oxide film a silicon oxynitride
filmis provi ddB OFfEY f abeicedesired shave YFW@"&&&@‘%?& cqdiinng dvuchias an 10 250
than the digsul, akdhgh fibd ' [ L& VS i; Lng film
havi ng a ébar rier Hgggof)eregﬁﬁiigé%rr }ﬁng*dy) ? ge g@%&%ﬁgﬂ%ﬁ P%?’flh% %@Eﬁ%@?:&bgﬁ* il s
245 to 249atgnd. t he oxi de semiconductor film 250 with the insulating film
havin% Iqﬁ567proportion of nitrogen therebetween. By using the insulating
fil mhavi'ng A barrier property, inpurities such as noi sture and hydrogen
can be prevent eNkxt,Hent @ett@EntIBay REp@Forfed &R tRCHHi8OaMMes RIucior ilh 229 .in t he
gate insulating film 240, and an interface between the oxide sem conductor
film 250 aali?é“@%cﬁ"ﬁ@ﬂ)hﬁf?s @n ararhgasfatmasphere sueh agiagiiipgep atinesphsfe or mraaeldi ti on,

s Gt merplerss an s siciibsep :
Si1 1 con dir AL EPhAR: i QEBR Ea oGl B B8 Ui 49,8 1WA sl ARt "l 1

t he oxi densietiteC ottesait Rricés than 250equiah€o i20SpPrat(deg FdihthediverRsh, USisnaC)d
mat eri al havi ng’ba hi gh 20barrier property can be prevented from bei'ng
di redf! y nreferabht kst thantos cand to)li rpan, Seore esrfeablyoless thamop squal t@2Q epb in In

thi s enbqgl t i i ng.fi . havi .structure in which a
silicon 2?‘% ri ew%‘%rP%n%/a@?%h%}l{ %”l %{(rﬁdéfgg&g%m%o% d%‘%ﬂ (ljnﬁnf%-:y&?%nf/et%r tgﬁtcf’%@ ng
met hod | singtdskethséSpeattosaosy (CRDS) opstade). f iBynpesfdrihing thei kkngsfmeht @90 nm
formed by, a sputtering nethod iis formed. The substrate tenperature in

deposi ti ¢he rﬁ’évjeb\%"“ﬂ?‘ﬁ%éf”of HER 8f LetjuaKidecserienndueiRpdriay af e andhiflbwlt t han
or equal hRyaP8F fmARfieb Quéhhdéshc)ﬂmq!a Water i% rediedis l%)%%]is 1 gt'?at%xﬁ]?n exposed
uct e conauc

regi on of the oxide sem con or film250 between t uctive film
248 dhd tH6. thndulntpavtecular) the B tiegtnumoisi efdrmed by ripat themndllanhéuwt (RTA) con
oxide included i.n the insulating film 251 sistance of the rq%%: on of the

n [.E
oxi de serliCATHR IR 8P FT #R28BRISRNGrp PIOES el it BEoh AR (0 dha ikeh S | s
I ncr easeqempQatul@bf £iBfer thah or equal to 300 °C and lower than or equal to 750 °C (or a

temperature less than or equal to the strain point of the glass substrate) for

approximately 1 minute to 10 minutes, preferably at 650 °C for approximately 3

20  minutes to 6 minutes. With an RTA method, dehydration or dehydrogenation can be

performed in a short time; therefore, the treatment can be performed even at a

- temperature higher than the strain point of a glass substrate. Note that a timing of the

heat treatment is not limited to after formation of the island-shaped oxide

. semiconductor film 241, and the heat treatment may be performed on the oxide

25  semiconductor film before etching. In addition, the heat treatment may be performed
plural times after the island-shaped oxide semiconductor film 241 is formed.

[0208]

In this embodiment, heat treatment is performed for 6 minutes in a nitrogen

atmosphere in the state where the substrate temperature reaches 600 °C. Further, a

30  heating method using an electric furnace, a rapid heating method such as a gas rapid

thermal annealing (GRTA) method using a heated gas or a lamp rapid thermal annealing



oxi de sem conductor film 250 including a channel formation regi on whose
resistance is increased can be obtained. [0218] Next, after the insulating
film 251 we 2bovasesks heat treatnent may be perforned. 5 Pheshzav/oémeat ment
is perforned in an air atnosphere or gla i nert gas atnosphere (nitrogen,

hel ium neon, argon, or the like). The heat treatnent is preferably
performed at a tenperature higher than or equal to 200 C and | ower than or
equal to 400 C, for exanple, at a tenperature higher than or equal to 250 C
and |l ower than or equal to 350 C. For exanple, the heat treatnent is

per f or medLRTA2 ietlidd nsisg tinyp bigktn oi thealikvosyphier esetldor dreehdantieatmdht. erfoat | vel vy,

inasimlar {mnner to t% heat treatnent perforped on_ the oxide
sem cond FEPBPS i nihs 498SC BF APFFUENG featy freafment pisig s (el figaces Hibet ¢ e

may be pathpidRee By chdifctbdics i pRETRRY . iOpd ' ti06~£i:] m 250
i s heated wﬁi |l e bgi ngCJ in cont ;ctEwi th ﬁgtt ‘}is,}lefln léégﬁﬁﬁ?ﬂlg&%ﬂ??’ﬁ edC/lgﬂr{Lt he
i nsul at i regdflover 2Ban Fhergudlotoe 20 t W&#mire ang tthedempdratuire doopi dearseatistizndsct or

film 250 is.further 15.increased. Agcordin ,. electric characterjstics of
t he tganﬁr%fﬁ# égnatbglg;h%tﬂba\?ear &AM ﬁéti inpand, lowsr ofbap jqr equal o

char act eri5%0d/@sn.t her eof can be reduced. There is no particular limtation
on the timng of the heat treatnent as long as it is perforned after the
insul ati@299]l m 251 is formed. Wien this heat treatnent al so serves as heat

treatnment in a r.ostep, xanpl e, heat . treatnent in . formtiop of a
resin filmor %a{]ﬁ'fb@rtg’gth ﬁe&ﬁ{eaﬁg%t’rlé%:?Lpéftﬁbatb}ee%l fls?lglr?gu e’&ydéogtef”aiwéiﬁﬁ?ent

conduct i Vikeftiel mat doheinednibafitrogensérep sare s BECHELHEARNE thebh 067 Alg6h.aR Q.
[0219b Througg t he above steps, a transistor 260 including the oxide
sem d8ndwEeisrable thai thsopugly o nilcegepeon thy darccgas Pieh s helines meer or2EEOR20]
Next, a : t !@ty f i r{ion QVeKl i with the
oxi de seﬁ‘lﬂgghn%@?r grahﬁal %Rgg I ntrgaﬁrgﬁgt;ﬂﬁ%ﬁéﬁgsr B? I{r%ga)tt ttoa&cgﬁd@%t%%\gg %? Phis
formed ovgghet,hgefer®l) aANi (99.90099A%k mgkkr (AN id, ik FARRIE b¥@nirhdidh 1551
patterned. The back gate el ectrode can be fornmed using the sanme nmaterials
and the PRMeOdpYeE plpterablyd).k pprger lfwarhe 30gate el ectrode 234 and the
conducti \Cfngd | ms 245 to 249. [0221] 64 The t hi ckness of the back
gate ele ro&e is set to be 10 nmto 400 nm preferably 100 nmto 200 nm

For afanpl e, tNexhabkingaladingFibat2300ehetaguldgf GRS, ithe thsBMERg &ldemner t hat
a conductive filmin which a titaniumfilm an alumnumfilm and a

titani umPfithe &rte iBvudtingdtii 200 rfopartly qtesrsgo Hirs leontact knlprperapling the
phot ol i t R &Rf¥ntration impurity regions 213 included in the transistor 220, contact holes
reaching the high-concentration impurity regions 216 included in the transistor 221, and
a contact hole reaching the wiring 233 are formed. Then, a conductive film used for
20  source and drain electrodes is formed over the oxide semiconductor film 242 by a
sputtering method or a vacuum vaper deposition method. After that, the conductive
film is patterned by etching or the like, so that conductive films 245 to 249 functioning
as the source and drain electrodes are formed as illustrated in FIG. 12B.
[0211]
25 In particular, the conductive film 245 and the conductive film 246 are
connected to the pair of high-concentration- impurity regions 213 included in the
transistor 220.  In addition, the conductive film 246 is also connected to the wiring 233.
The conductive film 247 and the conductive film 248 are connected to the pair of
high-concentration impurity regions 216 included in the transistor 221. In addition,
30  Dbesides the conductive film 249, the conductive film 248 is also connected to the oxide

semiconductor film 242.



5 nmet hod, and unnecessary portions are renoved by etching so that the
conductive filmis processed (patterned) to a desired shape. [0222]

In the cawe 2atsessshe back gate el ectrode is forned, anpcmgetEodergosilmis
preferably forned to cover the back gate electrode. The insulating filmis
preferably 10 formed using a material "having a high barrier property which
can prevent noisture, hydrogen, oxygen, and the like in an atnosphere from
i nfluencing characteristics of the transistor 260. For exanple, the
insulating filmhaving a high barrier property can be fornmed to have a
singl e-1 gp@t2]structure or a stacked-layer structure including a silicon
nitride film a silicop nitrjde ide fi.lm an alumnumnitride film an
al uni num ni tri d& the cggdugtive H'?ﬁ 2%@%& fR&xpmRle: pInAETH suGhes @YBIGRSHod, a
sputteri ngloRiNeEm MyrhiAGml | &ﬁomidﬁ],(){&%ﬁ%ﬁlo B! ﬁﬁlgpa%%?gﬁﬁ) neiufif’ ! €r

property, the insulating filmis preferably formed to a t Ss of 15 nm
to 400 nrmoliybdensxrmrtphgsten] @edliumpberytlhom, aidt yroigh; shellbpaichghinge oat @ct r ode
may fQrmed to ver .t he whol e 200xi de seni.condyctor film 250, the back gate
el ect Sodem?rg Oﬁggesﬁ&eg%eé]ésr‘?sl YEToRameR- Pﬁa}f rcaf‘ﬂ’é yRRd NOithrl 18 AR eaSRduct or
film 250 vagert Qiegt @SatidenPVEHEASEN hiferathe! RABAtiRRALE (RE bhGugilamme], hor mation
region included in the oxide sem conductor film 250. [0224] Further, the

back gat ecogtlectivedim praferahdy drebeat iresagtanceienoughateewithstand thezhehl vedtinegt. 25
Stat e oY R o Beotbl el RSP B SO BB Bt 1

a potential. case ér, ®be

suppl i ed oshitlictive dilgaizEfopnéd Bingthabowi-Fsisgmt ol tivé atterdB4n cOmbiMMowe
supplied with a fixed potential such as a %éound potential. The |evel of
the P8t entitthplugyipyn; egayss alpainyge rlogathas ereiemy @k lpw heghrasistanse, beingr eby

the threshol cbbdcdendl pkNfid " 305 i Ww 200w SR ARUGRL hRldff Wil 42251 . 65

conductive tilns to %1 9 1s fornmed by partly etching the i1nsulating film
251, a caodbaiedweith aluminwen,fthe fobldwingematehel is psaférablynged:iahrelédieht selacted hen t he
conduct | Vfr60r:1 itiltarlrllilimsl, tgg}a}u%,ntgrcljgst ?%%?}bdenum, chromium, neodymium, or scandium;
an alloy including one or more of these elements as a component; a nitride including
15 any of these elements as a component; or the like.
[0213]

The thickness of each of the conductive films 245 to 249 is 10 nm to 400 nm,
preferably 100 nm to 200 nm. In this embodiment, the conductive film for the source
and drain electrodes which is obtained by stacking a titanium film, a titanium nitride

20  film, an aluminum film, and a titanium film in this order is processed (patterned) to a
desired shape by etching, so that the conductive films 245 to 249 are formed.
[0214]
The etching for forming the conductive films 245 to 249 may be either wet
etching or dry etching. In the case where the conductive films 245 to 249 are formed
25 by dry etching, a gas containing chlorine (Cl,), boron chloride (BCl3), or the like is
preferably used. In the etching step, an exposed region of the oxide semiconductor
film 241 is partly etched, whereby an island-shaped oxide semiconductor film 250 is
formed. Therefore, the thickness of the region of the oxide semiconductor film 250
between the conductive film 248 and the conductive film 249 is reduced.
30 [0215]
As illustrated in FIG. 12C, after formation of the conductive films 245 to 249,

an insulating film 251 is formed to cover the conductive films 245 to 249 and the oxide



S5Note that in this enbodi nent, after formation of the transistor including
silicon, the transistor including an oxi de sem conductor filmis stacked;
however, wo 20ntBeiseent of the present invention is not lpcmypadoberoddi s
structure. The transistor including silyicon and the transistor including an
oxi de sem conductor filmnmay be formed over one insulating surface, or the
transistor including silicon nmay be stacked 10 after formation of the
transi stor including an oxi de sem conductor film Note that in the case
where the transistor including silicon is stacked after formation of the

t r ansi st cemiiconductdon{jlraR50xi ke senlatiog dilmt 251 pﬂefemblyriimﬂmtesympaﬂiﬂiésrtﬁlchi li con
or polycrystallin ilicon js used 33 t he silicon. 7] I s enbodi nent
can”be | AIEASHEEdIRIPE Bt SR SATTHE HngoBioIE B8y S R Hane 81 [ 0228]
[ Enbodi maRdulading film of a sinlglk fa ?érsorez{rpﬁﬁiélﬁ? D 11ns%lzittﬁ1?'Tﬁh1§ts9Jckéd1C|N%d?&1 n oxide
sem conductor filmhas a 20sfructure which is different fromthat of the

transi st draviag Erhﬂgidbmm propestydis sprefeabdy UFGIEZQ] the msulaﬂlmg &ilmi 241. arFomanner

to E | ustr at in.FlG,.13A includes an

odi nent | 2 se onduct or '
- chagnel pmgisers s R ERER s K hirGer protfah & ieos s iimor sUiipen
i ncl udes rGtiis foaldei fiifr, Sh aivesiRum Initridd dilh] SDalumifeh hAIE8%i8e FHIANS tht Pike 310
whi ch has 25a channel - protective structure and includes an oxide

seni condiféR dte vsem s thepeassawhsrera phyzality o dpsdatingr fhmy stagked>BOusgddan he
h P . t B, 310
p- channelj, & Ay 'ﬁ rhagl%é lbgzi};k)&pg\;}?f@egt{ 91%%%131% hsuch as z?% 53"1?{'(? £

i ncl udes ‘& gat ectrode ove e 1 ns 2% a gate
i nsul at i rsgui)nldmyﬁilﬁdqofihniidpfbvmearort the sgdi:teoﬁiresttli@dﬁld3Js&mlo@nd@tmdﬂhﬁo

sem ¢qnd film .ch oyerl with the gate el ectrode 311 over the
gat e(iﬁnsé_%é Hythe H?Sh*}aé'il\g} ‘?Pr‘(éﬂﬁw%ﬁ ggrbafféeétﬂr%ﬂm | Andesulgitnectilng Bavingyi ded
over 't he J sl ANdydPaRPS RiFde & SULERNAHALRE cbhdullivd Firh@ 28¥ 56 1239 af e ¢ e

gate el ectrode
oxide semiconductor film 250 with the insulating film having lower proportion of

nitrogen therebetween. By using the insulating film having a barrier property,
impurities such as moisture and hydrogen can be prevented from entering the oxide
15  semiconductor film 250, the gate insulating film 240, and an interface between the
oxide semiconductor film 250 and another insulating film and the vicinity thereof. In
addition, when the insulating film having lower proportion of nitrogen, such as a silicon
oxide film or a silicon oxynitride film is formed in contact with the oxide
semiconductor film 250, the insulating film formed using a material having a high
20  barrier property can be prevented from being directly in contact with the oiide
semiconductor film 250.
[0216]
In this embodiment, the insulating film 251 having a structure in which a
silicon nitride film with a thickness of 100 nm formed by a sputtering method is stacked
25  over a silicon oxide film with a thickness of 200 nm formed by a sputtering method is
formed. The substrate temperature in deposition may be higher than or equal to room
temperature and lower than or equal to 300 °C and in this embodiment, is 100 °C.
[0217]
When the exposed region of the oxide semiconductor film 250 between the
30  conductive film 248 and the conductive film 249 is provided in contact with the silicon
oxide included in the insulating film 251, resistance of the region of the oxide

semiconductor film 250 in contact with the insulating film 251 is increased, so that the



66 a conductive film 315 and a conductive film 316 which are provi ded over
t he oxi de sem conductor film 313. The transistor 310 nmay include an
i nsul at i gofoims3seé provi ded over the oxi de seni conduct ectfiptorv/Bd899 as its
conponent. [0231] 5The channel protectji,ve film 314 can prevent the portion
of the. oxide sem conductor film 313 ich serves as a channel formation
region later, frombeing danaged in a later step (for exanple, reduction in
t hi ckness due to plasna or an etchant in etching). Thus, reliability of the
transi stor can be inproved. [0232] 10An inorganic material containing
oxygen ( sodidesamioondietor $ilmi50rindliding dehaxiel €ornatibh eayiorDwiodet tesig@nceadsum num
oxi de, al um num oxyni gﬁr;?id , or the like) can be used for the channel
prot ect i VBHFRIEHC3RRE O E‘eghannel protective film 314 can be forned by a
vapor depgsigj on nethod such as a plasma CVD nethod or a thermal CVD
met hod, or a sputtering nethod. After the deposition of the channel
protective fil M&idafter He ishidgmglfim 2fleisdofmdds hgat dcetssad may betperfonged. Her e,
the channgl protective film314..s forned in such a manner that a silicon
oxi de%fi Inﬁ?el Eeq(‘%otf‘??érﬂe‘btylsap A Al HOWSBIFEE B e NEBSHy 2WHQSRNSTE usi ng
a mask fq}rx:ma%e ,yh_eimh,oldebﬁl,ogiffg@ambr H328RY). Ve tie GRaMNGL Br plegcibiye film
c

314, whi is an insulating filmcontaini'ng 20 oxygen, is fornmed In” contact
wi t h the pesfoamed sha pepesatiteehigheri tbamduequad td 200n°GkBd Hywer thpuitor equaigo et hod,

a PCVD nefhad, .or the like, at |east a region of the isl|and-shaped oxide
seni condu@o%’ {91 Grample, jaha temperatpre figherthan enegualde 2900 end lpwer thapos14 s

i ncreased. i, hstan hgh- i i ! uct or _region.
By 1 ho 1 oum PORUoF 1 e efmife ho el e ah ARG, 2T CRTSHRen

sem dondutiosphieid for3die heur. 2Alteimadbelgein hesimilghniaasdrsioameehaaK it@datment

sem conduct or r(ggrilon which is provi in the vicinity of the interface

ded
bet ween tRFEOBRE é’éervP’&‘Sﬁd_EthCBPd‘%‘i‘?rrﬁ%ﬂ%4]arlﬁTf’cFfa?fﬁlé‘rpt Br dhight Fmpemidren 314,
[0234] NapesHdrédimt Iﬁ?aa/tﬁife s%%&{ %ptmatf dat At fh@(blxﬂféeseﬂli ghctglaflﬁn

el ectrode over the 3 ulating f1I'm 317. The back gate electirode iIs
formed sd258sistheated evhikpbanig m eontdrarwigl tHeosihanni enide eglwiediin thdesobatite

oo Fonoss | ki, THE RO S R e B AR B g
15 increased. Accordingly, electric characteristics of the transistors can be improved and
variation in the electric characteristics thereof can be reduced. There is no particular
limitation on the timing of the heat treatment as long as it is performed after the
insulating film 251 is formed. When this heat treatment also serves as heat treatment
in another step, for example, heat treatment in formation of a resin film or heat
20  treatment for reducing resistance of a transparent conductive film, the number of steps
can be prevented from increasing.
[0219]

Through the above steps, a transistor 260 including the oxide semiconductor

film 250 as an active layer can be manufactured.
25 [0220]

Next, a back gate electrode may be formed in a portion overlapping with the
oxide semiconductor film 250 in such a manner that a conductive film is formed over
the insulating film 251 and then the conductive film is patterned. The back gate
electrode can be formed using the same materials and the same structures as those of the

30  gate electrode 234 and the conductive films 245 to 249.
[0221]



WD 2011/ 052386PCT/ JP2010/ 067999 67 el ectrode is supplied with a potenti al.
In the case of the latter, the back gate el ectrode may be supplied wth the
sanme pot enbi2aii/@sisshe gate el ectrode 311, or nay be suppkirgd2mndros fi xed

potential such as a ground potential. Jhe |evel of the potential supplied
to the back gate electrode is controll'ed, whereby the threshold voltage of
the transistor 310 5can be controlled. [0235] In a simlar manner to
Enbodi ment 2, a sem conductor device illustrated in FIG 13B includes the

n- channel transistor 220 and the p-channel transistor 221 each of which
i ncI udes cryst dlhei thackaiedsi abwhe backagdakiet ¢lectroda Isoget amlon®anh tor 400sinat, or 320

i ncl udi i de conductor fil s fornmed over th channel
t ran5| st dF° %g’@?ya%@?lﬂéogsgﬂ%n%rff%@Fs$8pa%&atF ﬁgﬁr %e? Yosd)in
The transi §ichh mafhet Mol 4E65duRLHGALBn 8 REIchdRamigh ﬂ@l&rp\ﬁhf&ﬁﬁnmﬁﬁﬁfuhh%nd
insulating film232, a gate insulating film 322 provi ded over thé gate

el ectrode Bmlunaflérorm@taplm B5fofédn Br8ishmiskh lszimdmdtbyve phoﬂommgmppy OVI ded

over the ulating film322 a ese or. fiJm.z3

over| tgppllﬁeg[h%i’taﬁ "ﬂ%ecegﬁqey %(I"Jg]g?sr %féée’ﬁ‘é‘ie%q?yné&law £7 erFé’“%‘?%Wg |f1>l’E“dF 320

may i ncl Lpi@cea@dl(pawraéd)rf@aﬂbgjlmj:ag@epr ovi ded over the oxide sem conductor

film325, as its conmponent. [0237] 20ln addition, in the case of the

bot t om cdA2&t transi st or 320, the thicknesses of the conductive film 323

and the conductj yge ichdmlieft Mok L SRkodIN éinchinah iR Okt he

bottom gate transistor descr n of
di sconnegtréferabbf forined ox icoheer sherbacknghte 'elizbtrédd M3 Sndudatigdfilngisepreferably

Speci fi c t he thi cknes of each t he conductive film 323 and the
condd®t i ?8“%/?4 H§1no 4 matesigl ‘%a%é“ %ﬁ{“ﬁbrpé?lé?'é(bwi}mbacaswfﬁ‘fﬁﬂf BNOEYUIem

[0238]  hydrogeNU:§g Elh%dttﬁbenﬁm%' aiﬁle%plé?@framnﬁ i 1% e'ﬂﬂg s AR gk gate

el ectrode over the I nsul ating f . The bac ectro e 1s forned
so as to tmssﬂoa|36(w tFDrasXahlalmdie rhsxrlmlutg Him hagngr high bzkraenmopert)s eari bonduct or

film325.. Th te electrode | ectrical l | at d
1 oat | ng TG0 e Aoy BE 154" BTSN P e e Bk Gin b s oligor s |

suppl i ed nidridb fﬁ’mPﬁ)Tsﬂi@bh altridd BxidbEilmagealdinitif nitAibé Glm, iMAuRdRIn dAtige
el ectrode may be supplied with the sane potential as the gate el ectrode
321, 1gr rpaydetfdlms @pgior e like by a plasma CVD method, a sputtering method, or the like.
In order to obtain an effect of a barrier property, the insulating film is preferably formed
to a thickness of 15 nm to 400 nm, for example.
[0223]
Note that although the back gate electrode may formed to cover the whole
20  oxide semiconductor film 250, the back gate electrode is not necessarily formed to
cover the whole oxide semiconductor film 250 as long as it overlaps with at least part of
the channel formation region included in the oxide semiconductor film 250.
[0224]
Further, the back gate electrode may be electrically insulated and in a floating
25  state, or may be in a state where the back gate electrode is supplied with a potential. In
the case of the latter, the back gate electrode may be supplied with the same potential as
the gate electrode 234, or may be supplied with a fixed potential such as a ground
potential. The level of the potential supplied to the back gate electrode is controlled,
whereby the threshold voltage of the transistor 260 can be controlled.
30 [0225]
Note that it is possible to form a wiring connected to any of the conductive

films 245 to 249 in such a manner that after a contact hole reaching any of the



68 with a fixed potential such as a ground potential. The |evel of the
potential supplied to the back gate electrode is controlled, whereby the

t hr eshol dweebtiagessef the transi stor 320 can be control | edT/IpRaded798 n a
simlar manner to Enbodinment 2, a sem’6§onduct or device illustrated in FIG
13C incl udes the n-channel transistor 220 and t he p-channel transistor 221
each of which includes crystalline silicon. In addition, a top-gate

transi stor 330 including an oxide sem conductor filmis provided over the
n- channel transistor 220 and the p-channel transistor 221 in FIG 13C

10[ 0240] conductive Thilenst 248 24Dris IGGnddney paaly acbmgdhstlhs\iﬂatfn@ fin33512Rd a
conductive film ﬁ‘n provi ded over the ingsulating film , an_ oxi de

semi cond lf@f‘g‘llcnf" £ItHmais Z§°Iﬁ‘ie6‘\/?v(9é thegpeiHatingsfilmy ﬁab(ﬁnﬂ\}@l\‘ ]h|e r?PBé‘lCUé( adilmhs
conducti viaubinkdn 332, a gate insulating film 334 provided over the oxide
sem conductor film 333, and a gate el ectrode 335 overlapping 15 with the
oxi de serfD2]ductor film 333 over the gate insulating film334. In

addi ti.on, the sto include an insylating fil m 336 provided
over Phe gate 3\5 ‘(’:fﬁﬁabﬂlet OEEX‘?“(‘S&%{%%HHBH{‘ OFF’GQWET&PH“{C IREGHUECHE t he

t op- gat e the amsiskiddr u?c'lmim% heﬁl td¥igek rk@ﬁl%dﬂtiu&@ic Fringf Ehﬁaa@dcm ket Venfilm
331 and the conductive fiTm332 is preferably smaller than that of the

bott om g&ﬂ@oﬂrlafmf,l(!fttb? paesselr mbemlqnnlSEmmddnmw this straotaer e prapyistot

di sconnec t he ox onductor fi 33 fo

Speci f i ca1t“+1 &lmtg Sll“ioﬂl clkd g“sstsr%]?m rcﬂlcg "{ghgn 05‘?1 uﬁ?’i”\%’r‘?c%aé"ﬂ MAOF he
conduct i \fernfldd oV e3DaeiifsuldingButface) A théNrapigbeinefidingd§lieth nQy be Bked S| 0242]
In addl tign, in the sem conductor device illustrated in FIG 13C, a contact
hol e 1Peacfithiprmation &f sheclransisiasdacladme adoade smisendugtsr dilme 2 M¥ite ghat e
conduct i I h

el ect rod\ége %dasémglé%?@[gé #eagst %tﬁmtnﬁgldl sulF}'g)tn ﬁ%gﬁgﬁpﬁaﬁl@gg}r&‘g@ l?é%tthggans@ﬂ%ul ating
film 334 isdodinpem axider samgicaRIlcoontilect microay@ollinbesiljedne oel REfdrpAalizd5 and a
conductive. film3 %Smal be fornmed. [0243] -

silicon is use silicon.
[0227]
15 This embodiment can be implemented in combination with any of the above
embodiments. |
[0228]
[Embodiment 3]

In this embodiment, a transistor including an oxide semiconductor film has a
20  structure which is different from that of the transistor of Embodiment 2 is described.
[0229]
In a similar manner to Embodiment 2, a semiconductor device illustrated in
FIG. 13A includes an n-channel transistor 220 and a p-channel transistor 221 each of
which includes crystalline silicon. In addition, a bottom-gate transistor 310 which has
25  achannel-protective structure and includes an oxide semiconductor film is formed over
the n-channel transistor 220 and the p-channel transistor 221 in FIG. 13A.
[0230]
The transistor 310 includes a gate electrode 311 provided over the insulating
film 232, a gate insulating film 312 provided over the gate electrode 311, an oxide
30  semiconductor film 313 which overlaps with the gate electrode 311 over the gate
insulating film 312, a channel protective film 314 which is provided over the

island-shaped oxide semiconductor film 313 to overlap with the gate electrode 311, and |
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In this enbodinent, a structure of a sem conductor display device referred
to as 5elwotwomisesspaper or digital paper, which is a sewcegregucbhemodi spl ay
device relating to an enbodi ment of t present invention, is described.

[ 0245] A di splay el ement which can control grayscale by voltage
application and has a nenory property is used for electronic paper.
Specifically, as the display elenment used 10 for el ectronic paper, a

di spl ay el ement such as a non-aqueous el ectrophoretic display elenent; a
di spl ay ol eorelnttivsfihg 3dSRDAG cpolugtier fith sY1érwhidh |arg proyidedystealthe bridBod, in
which liquid crystal..dr ets, are dispersed in, i gh polynmer material that
i s bet vvecel’ﬁmt'%d ‘ftgﬁtf’rl@dgg' aflﬂﬁ §rﬂf‘§§/togﬁ3éﬁeﬁ’layvﬂm: Heiﬁ‘i‘cf%lﬂlégn% HilmaBlhemat i c
liquid crprsiiabd SVerehob:88¢ nhiCoddudidh Hih BY 3t A!itsRehBRMt WO el ectrodes; a

di spl ay el enent which includes 15 charged fine particles between two

el ect rodd823Hd enpl oys a particl e-noving nethod by which the charged fine

parti gl es are ngved through fine_particles by usi an electric field; or
the | |gke can bg%ﬁsgl&ennﬁlﬁrp?‘ﬁg?tfvea flﬁ%nggéu%BugyeéF%tc?%pﬁﬁgfﬂ io_k @F‘sﬁ’F‘gﬁ

el enent n@ihidvadactei Sith B3 aVIEERBérvedasiichihn] $riRB6S irélon IAéH Ehonl Beiti ch
charged fine particles are dispersed, is sandw ched between two el ectrodes;

a di spl aylagiagesbix a lagersepdfor£xamplei guetignoin thickngss diatoplassha ehar goltnt i ne
particle e [ ed. i 8l .e|l ect rodes between which an
i nsul at | 26%@1‘%?1 CPhuty %rh%%‘é‘bg‘?ﬂtggﬁug‘ésgﬁ\{‘g{/cage‘\l%gr‘rg‘ﬁfovieﬁ' which twisting balls
havi ng hgo23jheres which are different colors which charge differently are

disparsed in a so|lvent between two el ectrodes; a display el enent which
i ncl fes m cr ocAg‘pg\?F@}C PAICHAT SHENIBEfrABeR (sikgoncpede sificop mitridaroide es are
di sper sed;jidan %x?ﬁitx‘i'&é, %[hmi%@ﬁe&?@&][élﬁrﬂ‘muﬁxl fRHE Sor B gﬁ(QFcAn' &e%eh%fm]

FIG 14A illustrates a top view of a pixel “portion a signal line

driver cithedhannglOdroteative filrg Gaé. | Theclimheleproctivufitm 302 cad befeateddyi £ paper .
g0;2)|431 al?)iquégro eip)égllio erregﬂo(c)insuZIQ z(i)s ail Sl%lsrlrjlg 5% nl%lthuordaolriattXer(l)lIal %i\}i)elmseth%g?br a|1: urther,

sputtering method. After the deposition of the channel protective film 314, the shape

15  thereof is processed by etching. Here, the channel protective film 314 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.
[0233]

When the channel protective film 314, which is an insulating film containing

20  oxygen, is formed in contact with the island-shaped oxide semiconductor film 313 by a
sputtering method, a PCVD method, or the like, at least a region of the island-shaped
oxide semiconductor film 313 in contact with the channel protective film 314 is
increased in resistance to be a high-resistance oxide semiconductor region. By the
formation of the channel protective film 314, the oxide semiconductor film 313 can

25  include the high-resistance oxide semiconductor region which is provided in the vicinity
of the interface between the oxide semiconductor film 313 and channel protective film
314.
[0234]

Note that the transistor 310 may further include a back gate electrode over the

30 insulating film 317. The back gate electrode is formed so as to overlap with a channel

formation region in the oxide semiconductor film 313. The back gate electrode may

be electrically insulated and in a floating state, or may be in a state where the back gate



signal lines 707 is led into the pixel portion 700 fromthe signal |ine
driver circuit 701. A plurality of scan lines 708 is led into the pixel
portion ARO 2briaseisee signal line driver 70 circuit 702pcitQORABH/067999 The
pi xel 703 includes a transistor 704, i splay el ement 705, and a storage
capacitor 706. A gate electrode of the transistor 704 is connected to one
of the scan lines 708. Further, one of a source electrode and a drain

el ectrode of the transistor 704 is connected to one of the signal lines 707
and the other of the source electrode and the drain el ectrode of the

t ransi st cgleq@deiissupphind wtithch pasertiahi xkal the casetaf obkelatter, theebatk wateagleatodaent

705. [0249 ONote. that, jn FIG 14A, . the storage ca itor 706 is _cqnnected
in paral |r8}1y El) 6 S't‘IF'PgleﬂiV?h {3"59 Sa& rPé’%ﬁ“tl?b%s tzlﬁc,gﬁtetﬂ%itmée @gf’t %fg‘Ba%le) FiRRYicBet wee n

the pixelwih@&xe@@6teansl suBLaCHPRMRA pBIeREAIN OT8e Rvel b¥and Pétléhﬁé‘l sEpAERNL 705 is
hel d; however, in the case where the nenory property of the display el enent

705 i s suhe backegat¢ gleetrqgle iepenitgled owherett thie thrdshopd weltage o€ thet teamaiytor 3afaci t or
706 i s no ces ily provided. 15[ 0250] Note that in FIG 14A,
althoﬁgh(%HQgéﬁPégﬁ%%lrix pi xel portion structure in which one transistor
whi ch ser[ge3sjas a switching elenent is provided in each pixel is described
in this enbodi nent, electronic Egger.according.to one enbodi ment of the
present inventildr? sidilipmanpeg toelimbedimens 2s e rsgeiconductar devigaailjustrated in

transi st ofg; ey ilPé?ud%Q Qﬁé)?(—'cﬁﬁglel BafRed ﬂOXa%ld'thé: E-rcillﬂ'ﬁ'[el trgxtlg}sqg)r i#iaé]ac og .
transi stor an, elenment such as a capacitor, a resistor, a coll, or the |like
may al so voleichriaviuded .crys@i?Brd silicon. IhWsadditi@l, estbaonccaaper trafsister 320

el ectrophoreti c system havi m ¢rocapsul es as an example, a

cr os 0o echriig e LCQRiOgPs I e PUST BF AoshaBec] tRngision 280 apd xel s
703 25 ange p-chh@Rd rafGdtdoM8lin FIEW 3, a sem conductor device used for a
driver circuit such as the signal line driver circuit 701 or the scan |ine
driver ci[P236)t 702 are illustrated in FIG 14B.

The transistor 320 includes a gate electrode 321 provided over the insulating

film 232, a gate insulating film 322 provided over the gate electrode 321, a conductive

15  film 323 and a conductive film 324 provided over the gate insulating film 322, and an
oxide semiconductor film 325 overlapping with the gate electrode 321. In addition,
the transistor 320 may include an insulating film 326 provided over the oxide
semiconductor film 325, as its component.

[0237]

20 In addition, in the case of the bottom-contact transistor 320, the thicknesses of
the conductive film 323 and the conductive film 324 are preferably smaller than those of
the bottom-gate transistor described in Embodiment 2 in order to prevent disconnection
of the oxide semiconductor film 325 formed later. Specifically, the thickness of each
of the conductive film 323 and the conductive film 324 is 10 nm to 200 nm, preferably

25 50 nmto 75 nm. |
[0238]

Note that the transistor 320 may further include a back gate electrode over the
insulating film 326. The back gate electrode is formed so as to overlap with a channel
formation region in the oxide semiconductor film 325. The back gate electrode may

30  be electrically insulated and in a floating state, or may be in a state where the back gate
electrode is supplied with a potential. In the case of the latter, the back gate electrode

may be supplied with the same potential as the gate electrode 321, or may be supplied



[0252] In the pixel, the display element 705 includes a pixel electrode
710, a counter 30 electrode 711, and microcapsules 712 to which voltage is
appl i ed byot2oa/abisel el ectrode 710 and the counter el ectregeiddsroine of
conductive filns 713 serving as the squrce electrode and the drain

el ectrode of a transistor 704 is connected to the pixel electrode 71 710.
[ 0253] In the transistor 704, an oxi de sem conductor filmis used as
an active |layer. Therefore, off current in the state where voltage between
a gate electrode and a source 5electrode is approximately 0, that is,

| eakage cwith erfixedfpotehtaltsuainas s giund PétendalirudThe $evel dbfthe pbentidikappladd @

transi stor includi si]i.con having crystallinity. [0254] ~In the
mcr ocaps‘E}F bg&ﬂ ?2‘86%? i1y PRI ]r?g’rﬁ%‘ﬂe%hih%hrﬁﬁ N?l[‘aﬁﬁ@rﬁ thstransisiii 3 oxi de
and negatiMeleXoffigii@ed bl ack pignment such as carbon black are seal ed

together 10 with a di spersion nedium such as oil. A voltage is applied
bet ween t[0@3¢i xel el ectrode and the counter electrode in accordance with

the valtage of a vi.dep signal applied to the pi.xel, el ectrode 710, and bl ack
pi gment and whilf e f)'f“_dﬁér’i‘fa%&f’retodg_g\mg’t“&“é zpéssle%‘%dé?%&g?ﬂ%‘@HSH@CQHB a
negative RIGRESC GulGudes d8o ncBSRRE irhv®dtor 220NEIGhO hhak e HIhANSE B e B HrDE

di spl ayed. 15[ 0255] Further, in FIG 14B, the m crocapsules 712 are

fixed by Whightingludessnystallipgysitiegn.n Inaddisionne ¢op-gite tpinsistor 3@ dnaludieg 240 and

t he count0 rideels%%t

rode 711, However the present inyentiop i ot .limted to
this structure. }E"gg‘é%%f lg}]rr{esdpﬁ’ﬁ'lqeﬁeo‘r’ﬁrc{hgcgﬁémnézg t?fﬁl,spotrh%zogiaﬂgltlhe
el ect r odep-didanclardhsistoe 220 UNFES, 18Cectrode 711 may be filled with gas such 20

as inert gas or air. Note that in this case, the m crocapsules 712 are
pr ef dPabl[f24@lxed to both or one of the pixel electrode 710 and the counter

el ectrode 711 bbhe%néﬁib“r‘5&3?5%8&&“&&&&6@&\/4 ﬁﬁfi’%l and a conductive film 332

provided over the insulating film 232, an oxide semiconductor film 333 provided over
the conductive film 331 and the conductive film 332, a gate insulating film 334
provided over the oxide semiconductor film 333, and a gate electrode 335 overlapping
15  with the oxide semiconductor film 333 over the gate insulating film 334. In addition,
the transistor 330 may include an insulating film 336 provided over the gate electrode
335, as its component.
[0241] |
In the case of the top-gate transistor 330, the thickness of each of the
20  conductive film 331 and the conductive film 332 is preferably smaller than that of the
bottom-gate transistor described in Embodiment 2 in order to prevent disconnection of
the oxide semiconductor film 333 formed later. ~Specifically, the thickness of each of
the conductive film 331 and the conductive film 332 is 10 nm to 200 nm, preferably 50
nm to 75 nm.
25  [0242]
In addition, in the semiconductor device illustrated in FIG. 13C, a contact hole
reaching the gate electrode 335 and a contact hole reaching the conductive film 338
functioning as the source electrode or the drain electrodes may be formed in the
insulating film 336 and the gate insulating film 334 and then a wiring 337 connected to
30 the gate electrode 335 and a conductive film 338 may be formed.
[0243]

This embodiment can be implemented in combination with any of the above



Note that the nunber of the m crocapsules 712 included in the display

el ement 25 705 is not necessarily plural as in FIG 14B. One displ ay

el ement 7AQRD 20myose3s6l ude a plurality of mcrocapsul es 712corpmipbemsad ity of
di splay el enments 705 may i nclude one mg,crocapsule 712. For exanple, two

di splay el enments 705 share one m crocapsule 712, and positive voltage and
negative voltage are applied to the pixel electrode 710 included in one of
the display elenents 705 and the pixel electrode 710 included in the 30

ot her of the display elenents 705, respectively. In this case, in the

m cr ocapsambodihgnts.n a regi on overl apping with the pixel electrode 710 to
whi ch poab%hée vol tage is applied, black pignent is drawn to the pixel

el ectrod i side and white pignent is drawn to 72 the counter el ectrode
711 side{EgnxﬁhﬂmQuper hand, in the m crocapsule 712 in a region

overl apping wth the pixel electrode 710 to which negative voltage is

appl i ed, whit e Ipitjpembodimedt, awtructyre ¢fer ssmiendatterdispldp dgvice sifateedanasbl ack

ignent i awn to th unter electrode.71 i de. .5[ 0257 . I n
DT B . el oy S e RS WRIATE B 3ESichadudiondl AGRE relating o ab
sem condugibpdithédt Bt 8% @eseacinvy@idnaisales@idda transi stor 721 incl uding

silicon as_an active layer are provided. As a switching el enent for
controllﬂﬁ§4§upply of a power supply voltage to a circuit including the

transi stor 721, r i 7 02581 4: .- n a

o oper at i on s ifab ERRERE bRlch CaR AP Basele by O Phlication apd bl g
circuit imembygpepkriyyis ubed fonelectronigpalee MeSgecifidyllg @b chesdigplahpylepen@isegonsunmed
in tq3 ciycujt can be reduc In addition, since the oxide sem conductor

d.
fi 1 miDs JoE alestsoninpaper ¥ isPlas, WEmeR tush a8,k ARl 2UsPUY SlsCROrgiG dishley i n a
state \Aheaiénemuaftaﬁug %ite\;}ﬁ%f‘uﬁngét@ﬂés;ﬁhfrﬁ&rcﬂ r&di icﬁésvygtgs ?gééﬁ&& rpde is

approximately 0, , | eakage current of the transi 'S much
smal | er twieh fiquid afstalhdopletsrage stispers?® in ariéghupolyores imataziah thaais befween
crystallinity. Therefor.e, when the transistor Zég is used ag the switching
el ement t?’toa¥l|e%tr CFCE\’_nﬁb S%Mfe"&eélﬁe‘?ﬁ‘é‘FﬁdnﬁlH&?seﬁlk‘ eneélﬂﬂtﬁceﬂﬂmgrcrﬁ'ﬂél Pf ke

whi ch i s (ieReeAt afuid) ciydRl Deivicehi D elear®it; &alsgdsy ERAAL UhiACHRMENT! V.
when supply of the power supply 20 voltage to the 'non-operation circuit is

st oppéd, dbaiged fine paitigles betstean tivy clsetrrdes and employs p particte-mozing nyethadley

consuned j - [ LICcuj r ced, .so that. the .

sem condu‘)‘(’:tp%é n%eéhgg‘?ep(aﬁﬁ{e%%r@ﬂesg%ﬂ\;e\e&r%\%egra\@goﬁﬁﬁ ?fgnﬁ %*’F“?Q‘%Segwgf‘% PG can be
reduced diid;he thdtiké badbe [A59Furbda pak-aGddudiclectrbshoréiacdipley PRERAt

i ncludes the display element having a high nmenory property as conpared to

ot her sef¥oPfdadislyFlaptiyn sdichca dispersiondiquid, |in gdiieh ehayaadafinegpastitless devi ce
or a lightesamti] hCei I i.spl (S of a period
"1 whi o SRpE LAt SaEhod BELELE G0 MR, SFaBal S REEAC T Efren D
drivep cidispaision7lquidrintwleicls chargkd fmedparticles aier dispdrsedOR inalndee oséroppaed t ends

to be long. Therefore, py 30 applicaljon of an enbodi ment of the present
i nventi oﬁ?ecgpﬁ?fdtiﬁﬁwﬁ%\/\)é’g%tié‘ﬁ 1B ?tértﬁjé ‘Srr’é‘Feép‘éng?e%filsP@D’)Fl%e‘Edﬁﬂ‘ﬁV@U to

ot her semyaengwalohadths BbRYspHEkt GaAgeh @28 rent colors which charge differently
are dispersed in a solvent between two electrodes; a display element which includes
microcapsules, in which a plurality of charged fine particles are dispersed in a solution,
25  Dbetween two electrodes; or the like. 4
[0246]
FIG. 14A illustrates a top view of a pixel portion 700, a signal line driver circuit
701, and a scan line driver circuit 702 of electronic paper.
[0247]
30 The pixel portion 700 includes a plurality of pixels 703.  Further, a plurality of
signal lines 707 is led into the pixel portion 700 from the signal line driver circuit 701.

A plurality of scan lines 708 is led into the pixel portion 700 from the signal line driver



73 In addition, the transistor 721 including silicon having
crystallinity has higher nobility and higher on current than the transistor
720 i ncl wstongriars2msi de semi conduct or. Therefore, by for rcmgrrheosiscui t
with the use of the transistor 721, high integration of the integrated
circuit including the circuit and high“speed driving thereof can be
5achi eved. [0261] Next, the above el ectronic paper of the

el ectrophoretic systemis given as one exanple to describe a specific
driving nethod of electronic paper. [0262] 100peration of the electronic
paper carrikeit§éparately described as the follow ng periods: an
|n|t|allﬁ@5 n period, a witing period, and a hol ding period. [0263]
First @ﬁayscale | evel s of each of the pixels of a pixel portion are

tenporarily setry.g,iba mqaauu& 3 BEndiftb 7@, 'azaglslg eré%{éppe}og,figﬂfaes@ragksp' ay

image is switched 15 in order to initralize display e
| ni tial i zapaater G061 hd giite plectyodel (értbclttlsnspstex/ém $s comestedi@loné e faanom

remai i n Spegi fi . in an el ectrophoreti ste spl ayed yscal e
vel 51 o dings T8 e o erine of o Bt ERHLSEISA MR oR oty Tof Lont
705 such i baﬁnebia@ t6bfi® bBtheQlgrABRRResPi0YaIndithe Mlelt 8t e sBiu@e %lec{ch?e@fHd @eln this
enbodi nent, operation of initialization in the case where after an

initiali Zeingecsiode®fghetransistor 784 3pcagrentsditoas Rixek cleapode obthe gisplay, an

|n|t|all%%5ﬁgq Bgdeo signal for displaying white is input to a pixel wll
be descri gor exanpl e, when the el ectronic paper of an el ectrophoretic

system i rog40]ch display of an image is performed to the counter electrode

711 side, voltage is apEIied to the display el ement 705 such that 25 bl ack
pi gnéflt i n t he NAte that HpEI d 44 thersirrage eapacity 708un cannesieddn paradlelztolthe de and
white pi C I h

Sl de. e Pyo Pre7® Sk MG DI B O Bt B L B3 i o
pi gnent |qounﬂaeel¢rnmdmaﬁ)ﬂmlcbsp'layzelenmelsmi)ls ln:eld;cbmmt\&r ial the tcasedwhert kthei de and

g: ggk gloﬁg%gérlyl [;]ro%)ehrtey of e dis, aslylzj lCFCIIZe]I_ltZ 7 \{se Ssu 1C1ent IP;I;}i( grlloueglhet((:)t1£1glcrilteam7 10
display, the storage capacitor 706 is not necessarily provided.
15 [0250]

Note that in FIG. 14A, although an active-matrix pixel portion structure in
which one transistor which serves as a switching element is provided in each pixel is
described in this embodiment, electronic paper according to one embodiment of the
present invention is not limited to this structure. A plurality of transistors may be

20  provided in each pixel. Further, other than a transistor an, element such as a capacitor,
a resistor, a coil, or the like may also be provided.
[0251]
Using electronic paper of an electrophoretic system having microcapsules as an
example, a cross-sectional view of a display element 705 provided in each of pixels 703
25  and a cross-sectional view of a semiconductor device used for a driver circuit such as
the signal line driver circuit 701 or the scan line driver circuit 702 are illustrated in FIG.
14B.
[0252]
In the pixel, the display element 705 includes a pixel electrode 710, a counter
30 electrode 711, and microcapsules 712 to which voltage is applied by the pixel electrode
710 and the counter electrode 711.  One of conductive films 713 serving as the source

electrode and the drain electrode of a transistor 704 is connected to the pixel electrode



74 conpl etely depending on the grayscale |evel displayed before the
initialization period, thus it is possible that difference between

di spl ayedwgnrayssaise | evel s of pixels occurs even after twrheJprmivhebdzati on
period ends. Therefore, it is prefera 18 t hat negative voltage -Vp with
respect to common voltage Vcom be appliied to the pixel electrode 710 5
plural times so that black is displayed and positive voltage Vp with
respect to the common voltage Vcom be applied to the pixel electrode 710
plural tinmes so that white is displayed. [0266] Note that when grayscal e
| evel s diBlf) ayed before the initialization period differ 10 dependi ng on
di spl ay abggﬁnts of each of the pixels, the m ni num nunber of tines
necessar inputting an initialization video signal also varies.
Accordingly, thg g %ﬂ%st@f( 704, %50)3(1@5 sdriebiddcRg isnds%i]ag A3k 00 13 €0
signal may be changed between pixels in accordance w't grayscal’e’l evel
di spl ayedllize¢fores offhmrient ini the istakt where peitagedbetivaert hngsteoaaemrpdé Ia&d agouie
volta omi.s. referab pyt to kpixel to h the 15initialization
vi deo gﬁi%ﬁtmflg (?Pp’ﬁ’é%%%]é(rél a} fpl¢akapp sHFFpnt 0 the tragststor; POt 1§ Mushder for
the vol t ageal¥PtHAh tRA6f ¥ hhad6: mmdmglsﬂrboh%aaaﬂglcfysm%tyz ation video signal
to be applied to the pixel electrode 710 plural tines,” the foll ow ng
operatlodogéﬂuence is perforned pl ural tlnes the initialization video

signal is 20 i a_scan i od during which a

pul se of a sel gg# %‘%nmlgl ﬁarPgFlsels gflg’u%os iV 53' f]barg‘?fgwgggﬁlgl?% Sughas ifniule vp or
the vol t agede Ml Wépatibely chasyed wildck i \A%maﬁtl S06h \b @8fof I AR ark ScaABPdRehet 0 t he
pi xel electrode 710 plural tinmes, ereby novenent of white pignment and

bl acKkOpi ghitha dispersion Iﬂﬁdé?fﬂé&‘ﬁt%ﬂ qil ﬁvvlsagémr&eé@ewea ﬁh?emlxelcﬁ?qﬂtr@de nt
dlfferen r T
25initi alcd?lggféfl: (8)(%“%0 %@CEP!}(&S ? Ollaﬁe pi xe port? %%%P%ﬁgikﬁgﬁéﬂggheﬂé thf0268]
Not e thatplxcﬂ cdeutﬂmdpl’/}wl aneh bildok plgmhntahnczmterpngmehtodz drhernCtaSze pokieive bl ack
IS dISp| gr M@Ite as the case where mhlte is displayed after
bl ack is ed%’@g SIGF @nd APCEAUYSLE "\‘PEP S‘Fi?r TesPeRt ik e Therrtptse the graysedle £a8 i on
peri od, qﬁqhﬁ@%gdmhere 30bl ack is dlsplayed after white is displayed; and

further, after that white is displayed is al so acceptabl e.
15 [0255]

Further, in FIG. 14B, the microcapsules 712 are fixed by light-transmitting
resin 714 between the pixel electrode 710 and the counter electrode 711. However, the
present invention is not limited to this structure. A space formed by the microcapsules
712, the pixel electrode 710, and the counter electrode 711 may be filled with gas such

20  asinert gas or air. Note that in this case, the microcapsules 712 are preferably fixed to
both or one of the pixel electrode 710 and the counter electrode 711 by an adhesive or
the like.

[0256]

Note that the number of the microcapsules 712 included in the display element

25 705 is not necessarily plural as in FIG. 14B. One display element 705 may include a
plurality of microcapsules 712 or a plurality of display elements 705 may include one
microcapsule 712. For example, two display elements 705 share one microcapsule
712, and positive voltage and negative voltage are applied to the pixel electrode 710
included in one of the display elements 705 and the pixel electrode 710 included in the

30  other of the display elements 705, respectively. In this case, in the microcapsule 712 in
a region overlapping with the pixel electrode 710 to which positive voltage is applied,

black pigment is drawn to the pixel electrode 710 side and white pigment is drawn to



75 [ 0269] Further, as for all of the pixels in the pixel portion,
timng of starting the initialization period is not necessarily the sane.
For exanpWwe,20t1/ose3sg of starting the initialization peri edTamyivesdds f er ent
for every pixels, or every pixels belaaglng to the 5sane line, or the like.
[0270] Next in the witing period, a Video signal having imge data is

i nput to the pixel. [0271] 10ln the case where an inage is displayed on the
entire pixel portion, in one frane period, a selection signal in which a
pul se of voltage is shifted is sequentially input to all of the scan |ines.
Then, in thc\eoﬂdtﬂealq:mnoklodll sidehi ©Oh the pthbskandp pethe :mii:mc@psa&l Hetinaregiognal , a

V|deo S|gna haV|n aisinput to all of t gnal |ine. [0272]
15Wite p'g ﬁi‘gt%{%gﬂé % eé?fé'ﬁ’?l ﬁvB Revhick H‘G&%{H§UY<§‘339_25 éPIéleHDWé‘éFet o the
pi xel el gﬁl&qels 7deQw§'tQQh@BQ(ei IQI%CG&}HWﬁf sfk Snbr g ﬁ%ﬂnehp is? NGE Wi th
t he voltage of the video signal applied to the pixe electr 0, so that
t he di splcaynter eleetnede73 siflespl ays a grayscal e. [0273] 20Note that also in

t he WWIt”Bg'ﬂeriOd’ the voltage of a video signal is preferably applied to
t he plxel Pdct rode 710 plural tines as in the initialization period.

Accordingly, the idditienV RO tRYedridlek OBir &R UL NEShsisforP§260 OmbRding RhUbRakty of
tinmes: the video S|gnal IS input to plxels of a scan line in a period

duri ng wcepcoadpgipsBlnyas an Q@lvédﬂyﬁ‘@ Ang  graasistos 781 pysluding siicanhas ancaxtive i ne.
25[ 0274] layer are provided. As a switching element for controlling supply of a power supply

voltage to a circuit including the transistor 721, the transistor 720 can be used.

10 [0258]

In a non-operation period, when supply of the power supply voltage to the
circuit is stopped by the switching element, dynamic standby power consumed in the
circuit can be reduced. In addition, since the oxide semiconddctor film is used as the
active layer in the transistor 720, off current in a state where voltage between a gate

15  electrode and a source electrode is approximately O, that is, leakage current of the

transistor 720 is much smaller than that of the transistor 721 including silicon having
crystallinity. Therefore, when the transistor 720 is used as the switching element,
static standby power depending on leakage current or the like which is generated in the
switching element can be reduced. Accordingly, when supply of the power supply

20  voltage to the non-operation circuit is stopped, both the static standby power and the
dynamic standby power consumed in the non-operation circuit are reduced, so that the
semiconductor device in which power consumption of the whole circuit can be reduced
can be obtained. |
[0259]

25 In particular, the electric paper includes the display element having a high
memory property as compared to other semiconductor display devices such as a liquid
crystal display device or a light-emitting device; therefore, when display is performed, a
period in which the operation of the driving circuit such as the signal line driver circuit
701 or the scan line driver circuit 702 can be stopped tends to be long. Therefore, by

30  application of an embodiment of the present invention, standby power can be reduced
more effectively as compared to other semiconductor display devices.

[0260]



Next, in the holding period, a selection signal is not input to a scan |line
or a video signal is not input to a signal |ine after the common vol t age
Vcom i s iwpuviwos2abl of the pixels through signal |inespchaezmnaiergdy, the
positions of white pignment and bl ack pj,gnent in the mcrocapsule 712
included in the display elenment 705 i s maintained 30 unless positive or
negative voltage is applied between the pixel electrode 710 and the comon
el ectrode 711, so that the grayscale |level displayed on the display el enent
705 is held. Therefore, an inmage witten in the witing period is

mai nt ai ned everniadditioe, thgGraneiswr 7g1 perludinlg silio@y jving crystalldtyehdshdghea

vol tage which is necessary for, change af . scal es of .the display el enment
ised Tor Phiai) IR DR shreR uhiiut JpasAr G oREg HH e oy
crystal Srhepdf8reeBl fositlg HRS cifeulitl With theCl¥ Srdhe FhmhGY7de % ghEnRErfion of _
light-emtting elenent used for a light-emtting device, such™as an organic

| i ght - enithe iingeetesreireuit Thdudingrthe circpidtandt high sfietd el threeofeean hesour ce

electrod%m gm§ drain el ectrode of the pixel transistor 704 used as the

swi t chi ng el'effént becones large in the witing period. As a result, off
current i[e26rcreased and the potential of the pixel electrode 710 is
changed, so that 10 disturbance of display is |ikely to occur. However, as
descri bed abovéYextrtheabevendestiania paper oh thepectiophorelig Syat¢rans giviar apnde

semm condughoipidibldfdribe UIBELAS aAlind Heil A%Y%grag{cl%hgn transistor 704.

o\

Ther ef or e, o?} current a Sta ere v Pheen a gate el ectrode
and the dJ6262Je el ectrode is approximately 0, that is, |eakage current of
the transistor 704 is(gg h smaller than the transistor including silicon

havi 1 cryst al IFRFFAPN ofghe elgHE e 8ARArFan PR Seprsatah; descrgedensithe folloveng when
the pot enjetighs: dhfifighgAgSn B@Iti(‘/&eg@vrﬁth% rgegﬂfl,%dei 1&%@?%&1@@ the drain

el ectrode of the transistor 704 bec ar ge, urrent can be
suppr essd82@¥d generation of disturbance of display due to change of the

potential of t ixel elecirode 710 can he prevented. [0276] 20In this
enbodi ment, th lréf’)e@f’rgr@y?fﬁ efOVEls 8?\?@%’ aog _ B%Eppg % "&Ysé‘}ﬂ‘%r?&%c_t or
devi ce ofierporaiiyordi iRt eq@hl inlRe PiitRSRAor pRfRAeRRe 2 TRPIYSHagORAWAIAED di Sp! ay
devi ce of an enbodi nent of the present invention includes The following in

its datedeeyder fo jnitdalize displpytedgmerits p| Iaiialieationeof the display clemientsi prgvedésa ce i n

which a [ ] 1Ll | en tyni fd by an .organic .light-emtiin

el enent (r la?%} ?Ilggéépbggll Fénciﬁggé' fgrecgggﬁy’ﬁl}(xaéll ?le%ﬁ%c?ﬁ%ﬁe{“éﬁ%}'f“@r g]ﬁptap’%(? devi ce
(DVD), a gpdyasateldliebisladjuspdrgl thé Rifbcapsulki AR dn@adeisih oRe displal dlenfehER)s and

ot her sem conduct or di splay devices_ which include a driving circuit

i ncl udi ngueh hahthe dinglaytad each Rixglds White orbipck. For exanple, like a
screen s &%Mq in the case where display of images is 30 tenporally stopped
whi |l e sugp y of a power supply voltage to a sem conductor display device is
per f @0ned, st afwblis ponsrdinents wpedtioarofbiitiabidatemd in [tR2 é8de where after an

initialization video signal for displaying black is input to a pixel, an initialization video
signal for displaying white is input to a pixel will be described. For example, when the
electronic paper of an electrophoretic system in which display of an image is performed
to the counter electrode 711 side, voltage is applied to the display element 705 such that
25  black pigment in the microcapsule 712 moves to the counter electrode 711 side and
white pigment in the microcapsule 712 moves to the pixel electrode 710 side. Next,
voltage is applied to the display element 705 such that white pigment in the
microcapsule 712 moves to the counter electrode 711 side and black pigment in the
microcapsule 712 moves to the pixel electrode 710 side.
30  [0265]
Further, when an initialization video signal is input to the pixel only once,

white pigment and black pigment in the microcapsule 712 do not finish moving



77 Thi s enbodi nent can be inplenented in conbination with any of the

above enbodi nents. [0279] [ Enbodi nent 5] In this exanple, a

st ruct ur ewof20m/dsezpai d crystal display device rel ating t @ecanpavosivyent of
the present invention is described. [0280] FIG 15 illustrates an
exanple of a perspective viewillustrating a structure of the liquid

crystal display device of an enbodi nent of the present invention. The
liquid 10 crystal display device illustrated in FIG 15 includes a liquid
crystal panel 1601 in which a liquid crystal elenent is fornmed between a

pai r of swpletalyedeperdifig ps tthel gfafysmingvel disayedOR:fora the imtialidated pdbéB, a
second diffusi.n l.at 604, a |jght 1 d | at e 1605, reflection plate
1606, a ITBnt S qarae 1ad At iee bleed dsphuly Grapegic 14vsedt piraiRscySqU; d
crystal paegelafipQhe ihilizdtiont %ﬁl(fdf BSdsNg THeRkSe 190% pihGaRE | G50 ﬁ%&?ﬁg 1603,

the second diffusing plate 16 the light guide plate 1605, an
refl ecti omwliggatEp séhaespeet totcavinash valtagh ¥ 'sombdapplicihe thé pintl deurode 71607 i s

provi ded gt an. edge portjop .of .the light guide plate 1605. The |iquid

crystal p‘g\’féf HEE0 1°0% E‘a{J_ﬁ?iaFEr‘ﬁl‘i}sﬂq?xc&o‘i%gt RPN H&Fqgﬁ kP f"‘f‘ghf@tsﬂ"étltp RE source
1607 whi %mrﬁomélfaggwomwagﬁnédﬂ@ thé pREl QbtRRe 290 pRkSl kA0 tHM‘%vJ{i%. if%he .
first diffusing plate 1602, the prism sheet 1603, and the secon i Tfusing
pl at e 160Hspl§EES2] Al t hough the first diffusing plate 1602 and the

second dib& ing plate 1604 are used in this enbodi nent, the nunber of
diffusin& pfates is not Iimted thereto. The 25 nunber of diffusing plates

may be one, or Ny tHaewhbi gfiyStaldRKEls disblaiy_éd BEfoRPthaitastibe ggri@d; dicfae
diffusing plate is provided between the [ight guide plate 1605 and the

i quild crdggending anelispiaoglemenis raft esek of sheipixelss itheyminigrua pambereofrtimes ded
oL, %S ARk S AR Rt bl ALy O AP T
pl at e 16Gmntbeanf tines dor sipugingedn inb@dizaGe ORIB3[signal may be changed between
pixels in accordance with a grayscale level displayed before the initialization period.
In this case, the common voltage Vcom is preferably input to a pixel to which the
15  initialization video signal is not necessarily input.
[0267]

Note that in order for the voltage Vp or the voltage -Vp which is an
initialization video signal to be applied to the pixel electrode 710 plural times, the
following operation sequence is performed plural times: the initialization video signal is

20  input to pixels of a scan line in a period during which a pulse of a selection signal is
supplied to the scan line. The voltage Vp or the voltage —Vp which is an initialization
video signal is applied to the pixel electrode 710 plural times, whereby movement of
white pigment and black pigment in the microcapsule 712 is completed in order to
prevent difference of grayscale levels between pixels from occurring. Thus,

25  initialization of a pixel of the pixel portion can be performed.

[0268]

Note that in each pixel in the initialization period, the case where black is |
displayed after white as well as the case where white is displayed after black is
acceptable. Alternatively, in each pixel in the initialization period, the case where

30  black is displayed after white is displayed; and further, after that white is displayed is

also acceptable.



78 light fromthe |ight guide plate 1605 can be concentrated on the liquid
crystal panel 1601 side. [0284] The circuit board 1608 is provided with a
circuit wochiigsessat es vari ous kinds 5 of signals inputcrariheodmepui d
crystal panel 1601, a circuit which pﬁgcesses the signals, or the like. In
FIG 15, the circuit board 1608 and t liquid crystal panel 1601 are
connected to each other through an flexible printed circuit (FPC) 1609.
Note that the circuit nay be connected to the liquid crystal panel 1601 by
using a chip-on-glass (COG5 nethod, or part of the circuit nmay be connected
to the FHG24909 by using a 10 chip-on-film (COF) nethod. [0285] FI G
15 illustrates an exanple in ich the circuit board 1608 is provided with
a controlling cfla“lr%’GT’ tasvgﬁf é‘h %f(m)ﬂlerB‘P‘ElsdPi‘\l}Frfﬁx%fP%@’I‘i‘@H‘g Qfosfa®e1¥97 and

t he cont riglabiRgios! at; i o e -t oeach

ot her vi o EaEgE B RO s e RN e Bl A B bt =

ci rcuits intiplipgiongreniod noayebe difiierdnt dori avery pixtla) opeveey pikeBlbeldngingat thease,
the li.quid cr¥§talh§ﬁgel 1601 and the |ight source 1607 are connected to
each ot heP™HPSLYHPSH EPC or the Iike. [0286] Note that although FI G 15
iIIustran[ggngn edge-light type light source where the 20 |Iight source 1607
is provided on the edge of the liquid crystal panel 1601, a direct type

| i ght source whitaxé in e Wiriging psoigd.ce vidso Bignal baving dedgeidatacis ligpliebahe t he
liquid cr %élal panel 1601 may be used. The liquid crystal display device
accordi ngfX 0 an enbodi nent of the present invention may be a

transm sqO2EHtype liquid crystal display device, a sem -transm ssive type
liquid crystal display device, or a reflective type liquid 25crystal

di spll8y devi ceIn[tho gy where an image|is ispdpyed yost the” entisp Pisgl @ertione it @ne i ncl ude
TN (twi st i G)cokd-fL d: t V, ' | J nt) i guid
crystal stﬁ%&%ﬁ ogt’ i%csaeﬁcg%glr%é%gla?g%hbﬁ el$ %??\éjgﬁ@ee)ﬁl%hg&q?@c%%%etngﬁgy | PS
(i n- pl anenpuito ali ofghe scapulimkscr Yhemlis onodindbAeridd (amwihich- &l paleé appeatd incal

l'ignment). liqui.d cr | S. . -
alignme ts)electlc%umgnai \%Elgo sslgnal having image data is input to all of the signal line.
[0272] »
15 White pigment and black pigment in the microcapsule 712 are moved to the

pixel electrode 710 side and the counter electrode 711 in accordance with the voltage of
the video signal applied to the pixel electrode 710, so that the display element 705
displays a grayscale. |

[0273]

20 Note that also in the writing period, the voltage of a video signal is preferably
applied to the pixel electrode 710 plural times as in the initialization period.
Accordingly, the following operation sequence is performed a plurality of times: the
video signal is input to pixels of a scan line in a period during which a pulse of a
selection signal is supplied to the scan line.

25 [0274]

Next, in the holding period, a selection signal is not input to a scan line or a
video signal is not input to a signal line after the common voltage Vcom is input to all of
the pixels through signal lines. Accordingly, the positions of white pigment and black
pigment in the microcapsule 712 included in the display element 705 is maintained

30  unless positive or negative voltage is applied between the pixel electrode 710 and the

| common electrode 711, so that the grayscale level displayed on the display element 705

is held. Therefore, an image written in the writing period is maintained even in the



[0288] 79 is unnecessary may be used. A blue phase is one of |iquid
crystal phases, which is generated just before a chol esteric phase changes
into an iwotznnopisessphase whil e tenperature of chol est eri ecriJgeiidoemwystal is
i ncreased. Since the blue phase is on% generated within a narrow range of
tenperature, a chiral agent. or an ult'faviolet curable 5 resin is added so
that the tenperature range is inproved. The |liquid crystal conposition

whi ch includes a liquid crystal showing a blue phase and a chiral agent or
an ultraviolet curable resin is preferable because it has a small response
time of lIdlRegeetiwl. 100 Rsec, has optical isotropy, which makes the

al i gnnment 85 cess unneeded, and has a small view ng angl e dependence.
10[0289][0 : Thi s enbodi ment can be inplenented in conmbination with any

of the above eqhﬁghﬁﬁgk%hacﬁ%ﬁﬁﬂh?P&%ﬁkggﬁgkh%iE¥¥3§%ngmﬁ$§EQﬂ&?§g#?tOr

device relating to an enbodi nent o e present ron, an e oni c
appl i anceslémenthiseéh fon thee eleetriof papevwtands doshenpighenthaanthixteopn dugmid etysedd whi ch

has hi.gh functions_.can .be provided, In particular, the case of a portable

el ect Poni ¢ ?JBI"iS%‘iE(E 4 Bq‘bfﬂicéﬁtaéldgsé’ﬂarﬁ ‘ée"g‘if\/\%rra ﬁgﬁtﬁg{ntty_gg EEPnussgpr fed

const ant | jysht-6RMkih P UOHEe, UG€h d dFE0REGE ngﬁt-élﬁmﬁg clBMeRddTRgredie, é@d}k&mduct or
0 p

device 20 relating to an enbodi nent the present invention as a
conponentdiffeianeshbitweema sowan elegeodd grdd frain electrodthef the miixad twsistor 764vi ce

accordin e e di ment of .the present .invention can he used fo
i ool oy debd e e FIRKTEnCR! Rl B IRE T b4 i 68 5 A5 ool «
recor di nguffesti B intiepsedadndy thedgutétRS oMhe PixcE RlRHUEE 71016s eRiHA! sPthat
recordi ng medi a and have displays for displaying the reproduced inmages such
as dilfi t slistybarge of edignlads (Ibgbs )ty . oaorher Howaver e dasenieed abowen ial eet roni c
appl i ?”C%HYMB?EH?{E P htSste e%?n@%ﬁ@ncﬁaoﬂ%u&&gé ?e%)é?]lﬁﬁlc%??ﬁrhq% ﬂ%idta% A Ctive .
enbodi nent of the present 1nventidn, nobile phones, portabl e gane machi nes,
por t abl e layek of nixt iransidte@r TidnalBhereforbpoff cnmraateinss sta@wiittee vorape!taswed gi t al
navi gati on
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audi o transistor 704 is much smaller than the transistor including silicon having crystallinity.

15  Consequently, in the writing period, even when the potential difference between the
source electrode and the drain electrode of the transistor 704 becomes large, off current
can be suppressed and generation of disturbance of display due to change of the
potential of the pixel electrode 710 can be prevented.

[0276]

20 In this embodiment, the electric paper is given as an example of a
semiconductor device of an embodiment of the present invention. The semiconductor
display device of an embodiment of the present invention includes the following in its
category: a liquid crystal display device, a light-emitting device in which a
light-emitting element typified by an organic light-emitting element (OLED) is provided

25  for each pixel, a digital micromirror device (DMD), a plasma display panel (PDP), a
field emission display (FED), and other semiconductor display devices which include a
driving circuit including a semiconductor element.

[0277]
For example, like a screen saver, in the case where display of images is

30 temporally stopped while supply of a power supply voltage to a semiconductor display
device is performed, standby power consumed can be reduced.

[0278]



80 players), copiers, facsimles, printers, nmultifunction printers,
automated teller machines (ATM, vending machines, and the |ike can be
gi ven. Speoizbilwsessanpl es of these el ectronic appliances pargrdiboeyyat ed in
FIGS. 16A to 16F. [0292] 5FIG 16A il I#strat es an e-book reader including a
housi ng 7001, a display portion 7002, ‘and the |ike. The sem conduct or

di splay device relating to one enbodi nent of the present invention can be
used for the display portion 7002. By including the sem conductor display
devi ce according to one enbodi mrent of the present invention in the display
portion 7002, dFhigembodinreatdar bevimplehentedanerombimsionpritloanyl Of tkensbdviegh
functions can.be provided. In addition, the sem conductor device relating
to an emtBHPIMEREMET the present invention can be used for an integrated
circuit v{@'grm controls driving of the e-book reader. By using the _

sem conductor device relating to an enbodi mrent of the present invention for
t he int edEmbedingéntdlii t which controls driving of the e-book reader, Lhe

e- book reader with. | ow power consunption gnd high functions 15 can be
provi §ed. Nor e\(%etBl,s %3{11%?6[’ ﬁeStU%Cé“IS;EQaa ﬁﬂ'élaicﬁysgalsé}ﬁglﬂ Seyice Zelatpg (9380 ct or
devi ce oOrenbdi@iitR T thciredentinyBhtadh idavdceiBecan have flexibility. Thus, a
flexible, |ightweight, and useful e-book reader can be provided. [0293]
FIG 16B [OP8Qstrates a di splay device including a housi ngh7011, a di spl ay
20 ortion 70 [ 01 the Jike. The semn conductor
di sploay devi cejfr%gl g? ?IF\{%H? {Sg Sﬁ%é%ﬁglgi Oéea er%?%gﬁﬁce"%?ve'suélgt{ at}n%vaegﬁf‘icé‘ﬁe@ n be
used for thb#qeidspysty dppldyidenicé @1 2n e?hoﬁﬁengoﬁmepﬁeeaﬂtﬁmﬂiitlﬁﬁ.]?rTﬂd l?]@lig_y I
devi ce according to, an epbodi nent _of the present invention for the display
por t itGn 7ys2 c{a]spéqysfiﬂvgyl psfated G 1oRclydoet ligud soisil penel AR in wiich
functions, H@Pd Reyddl QUHER is TétehedSBeORdY %51? fof qgﬂ%tlga?es,r &l ('ﬁﬁugiﬁé &;Lﬁe an

enbodi nent the present 1 nvention can be use an 1 ntegrat crrcuit
whi ch cont603] s paismvshegt b0, hesedomsbdfusthgvplate. 16B¢, adighy gide pateilcondact or

devi | ati od] t of th . t i tion for the
e o a SeA P a1 SR el AR T YR ne et b
di splay deygge with | ow power consunption and high functions can be

provided. Note that a display device includes all display devices for
30di g1 ayi ng i fherliauid erystal panel H0di thel fargt didluisingsplitor16028r herprisnt shetit er s,

0L ot e bR P bt G AR0s, MR PRV LG5, 30N e KRBT '
plate 1606 are stacked in this order. The light source 1607 is provided at an edge
portion of the light guide plate 1605. The liquid crystal panel 1601 is uniformly
irradiated with light from the light source 1607 which is diffused inside the light guide
20  plate 1605, due to the first diffusing plate 1602, the prism sheet 1603, and the second
diffusing plate 1604.
[0282]
Although the first diffusing plate 1602 and the second diffusing plate 1604 are
used in this embodiment, the number of diffusing piates is not limited thereto. The
25  number of diffusing plates may be one, or may be three 6r more. It is acceptable as
long as the diffusing plate is provided between the light guide plate 1605 and the liquid
crystal panel 1601. Therefore, a diffusing plate may be provided only on the side
closer to the liquid crystal panel 1601 than the prism sheet 1603, or may be provided
only on the side closer to the light guide plate 1605 than the prism sheet 1603.
30 [0283]
Further, the cross section of the prism sheet 1603 is not limited to a

sawtooth-shape shown in FIG. 15. The prism sheet 1603 may have a shape with which



FIG 16C illustrates a display device including a housing 7021, a display
portion 7022, and the |ike. The sem conductor display device relating to an
enbodi menwoeh1vdsesspr esent i nventi on can be used for thepdirgptayogosds i on
7022. By including the sem conductor dj,splay device relating to an

enbodi nent of the present 5 invention 'in the display portion 7022, a

di spl ay device with | ow power consunption and high functions can be

provi ded. The sem conductor device relating to an enbodi nent of the present
i nvention can be used for an integrated circuit which controls driving of

t he di spllight dom ¢t ligit gigde glateh@6G5 panc bedontentratdé wincthe rigjuat crygtal pame

enbodi menlgép(ff .qt‘?he present invention for the integrated circuit which
controls iVl g of the display 10 device, the display device with | ow
power conpugpti on and high functions can be provided. Mreover, with the
use of a flexible substrate, a sem conductor device or a sem conductor

di spl ay devi ce Td@reineniy dodrdeho0B iy proyided muth, a cirdulitexhioh generateghvanmug kindsand

usef ul. di spl ay, devi.ce..can b rovi de ccordi. as illystrated in FIG
1oe “one s RIS e hui® pRbGUARR e RirPD Sl aiBctier 188 EhS arne
| i ke, andhanikappln CaGi 05) thbrawegR thrd NEVS afll GROWAGICOErySiaB Bh 1OV £€ 1S
dramatically w dened. [0295] FIG 16D il lustrates a portabl e gane

nmachi ne i998NeEhie eachothsr tyorginan flgxihleuprinied vioant (FRC0i16p9.ayNpisrthitathe 7033, a

di spl ay j 1 one..:40 S 36.. an eration key
7037, a 2’?{?%2{?%% Ogn%&%‘ﬁé&ﬁkkg&mah%%aelnﬁ a?‘%ﬁﬁ@% 3)’9' ‘gsbn %Ilascp %1‘;911' VP ce

(r]I el alt ing (O@Ga)mneuhbd,dbxrrp:gt oﬁfthetd bieculilr |agive donvendd mﬂtlﬁaIFP(baFG% &g lfsQ{]g dhe

i splay portion 70 nd the display portion 7034. By including the

sem @nd {RsP1 ’Qﬁ&éﬁmc@e relating to an embodi ment of the present

i nventi or[o'ng-]t he di splay portion 7033 and the display portion 7034, a
portabl e game machine with | ow power consunption and high functions can be
provi ded. The d$@@i Kollasicates ardexampde mewhich tiig Gfcuitdoand Ei8das ipraidedofith he

resent inventjon can.be.used.for an in rated circuj ich cont.rols
B Tvi g dfconels, 2R S et ariing B BRORAE Souted Bt andiné Rodroliee ce
rel ating direuitAn@ SHTBBhrcO 160N BreloRi&Md 104 ot vilihe tHPE 1 diloeInajied

circuit which controls dri vi‘gg .of the portable game nmachine, the portable
gare lfacHhaiéhephoyeidgseripsdeenteding eiptuite mayrhe fiermaed ovendhe londd erystabpanst ovi ded.

i spi ay. Pl oSS ATl TREThOBct 180T BHERe' Do e 0TS ons

i ncl uded cohnettepad teadd @hgathughahiFRE drshdike.| i M ted thereto. 82 [0296]

FIG 16E illustrates a nobil e phone including a housing 7041, a display
portion 102 an audi o-i nput portion 7043, an audi o-out put portion 7044,
operati on keys /04 i ecehvil i.an: i ke., Light
received int hé\I oﬁ.)cl g’a% ?1rtﬂed(l:lg?wd%gﬁ§m\ég?¥?sgﬁ{ %glqﬁgﬁg’%@g?f%@&l ‘Lrgtlééget]ileect rical
si gn@Ds, ligheswminge BX7es padvidatagethe edge bietht digdebcry&hiepaselr 60anddatartygievi ce
rel ating,to an enbodi nent. of the present invention can be used for the

di spl ay 6@3{ PYHCET V. Er.er%?tllgﬁ[: F?}Hﬁsﬁ‘ﬁé %rgﬁidégrﬁiHﬁﬁtﬂ)deHWs £ digugbcrystal

rel ating fafelas@MAL RNMus@f. 't e PERENMrydtlly BRIAN dbticd Mo rtion
7042, a nptit)lbfi: | e phonéej}; Wi t hSI ow p(.)?/vercﬁlgons%rrpti %&:aznd Yﬂcgh fﬁ'lrﬁ%\t%‘: %sﬁgan be
provi ded.empadimant o€ thecprashnt inyentiery ingg beel tmarisngssive-tape tnbiddirystaltdigflayt he
present invention.can be used for.an in rated .circuit_ which controls
Griving SFVEnd WOBTTRoBRsHE sy oid Mt SRk fftioc s ornstvs Bettarid i ng 1o
an enbodichpi dizplalyievigeesent invention for the integrated circuit which

controls driving of the nobile phone, the nobile phone with | ow power
consunpt il8#B7dnd hi gh functions can be provi ded. 15[ 0297] FIG 16F is

a portable inf j i i i ncl.ude sing 7051, . a display
portion 7052, A QWFL chEKT dfPabak it A HAGRe AV UTE s Pptew ik
I nf or mat icoystdlgr MANgertichlusillipainest) | iqit Gerybfills, @CBd@picAY bonipasidior at ed
in the housing 7051, The sem conductor display device relating to an
enbodi meRireBmEepRe) phgtd neryptalse JPPofin-plane switching) liquid crystals, or MVA

30  (multi-domain vertical alignment) liquid crystals.
[0288]

Alternatively, liquid crystal exhibiting a blue phase for which an alignment film



20 can be used for the display portion 7052. By using the sem conduct or

di splay device relating to an enbodi nent of the present invention for the
di spl ay peot2oownsZ$862, the portable informati on term nal pairtiR2dieespower
consunption and high functions can ben.@rovi ded. In addition, the

sem conductor device relating to an enbodi mrent of the present invention can
be used for an integrated circuit for controlling driving of the 25
portable information termnal. By using the sem conductor device relating
to an enbodi ment of the present invention for the integrated circuit which
cont r ol s idninuégegsany mayebepusedablAeblunfphaseisi @r ofeliquidakystdl phagpoey wabdheis

information termnal, with | ow power cons tion and hi gh functions _can be
pr ovi ded.geflﬁrf%él] J‘f?%‘lt?’?\fn ee?‘rb%’m%f?ﬁlf B eb‘g‘a_ &Pl é‘ﬁ‘én”l”ed?qup_lfo pssatvbdls with
any of th@m?@x@i{ﬁe IRdicsRAL SiquiPerystal is indiaSeRPHih&AiHeOBut HhBES KoMy
Japanese Patent Application serial no. 2009-250665 filed with Japan”Patent
O fice orgegetatsideritiso a oY, ranpe obtemperaterona ehira agéntwiriap ultaadolhecwhlyle
incorgorat ed hy ?riéefderen uct or d?a\fi ce

84 CLAI 1. A seni
550 R B 68T i TRl rapsa s BB 150 HBDiE

conpri’sing’ a ci
transi st ajonfpesitiof Wiich ineludent Nighidsetpihlysheivim PBMEphasePRIdYa Mt agéntie t he
circuit, wherein a channel formation region of the first transistor

i ncl udes a uliragplehewnblg resiny istprefierabile Becawsedt has a small responsh éinei of 18 eannel

formation region of the second transistor includes an oxide 1
seni cond 8t1§8 usec, has og}lcalslsotropy, which makes the eﬂlcgnment process unneede(?, and has

a small viewing angle dependence.

10 [0289]

This embodiment can be implemented in combination with any of the above
embodiments.
[Example 1]
[0290]

15 By using a semiconductor device relating to an embodiment of the present
invention, an electronic appliance in which increase of power consumption can be
prevented and which has high functions can be provided. In particular, the case of a
portable electronic appliance to which electric power cannot be easily supplied
constantly, continuous use time becomes longer by adding the semiconductor device

20  relating to an embodiment of the present invention as a component, which is an
advantage.

[0291]
The semiconductor device according to one embodiment of the present
invention can be used for display devices, laptops, or image reproducing devices

25 provided with recording media (typically, devices which reproduce the content of
recording media and have displays for displaying the reproduced iméges such as digital
versatile discs (DVDs)). Other than the above, as an electronic appliance which can
use the semiconductor device according to one embodiment of the present invention,
mobile phones, portable game machines, portable information terminals, e-book readers,

30  video cameras, digital still cameras, goggle-type displays (head mounted displays),

navigation systems, audio reproducing devices (e.g., car audio systems and digital audio



2. The sem conductor device according to claim1l1l, wherein the silicon
having crystallinity is mcrocrystalline silicon, polycrystalline silicon,
or singl eworystre@k3ssi | i con. 153. The sem conductor devi cecaoezmaergox o cl ai m
1, wherein the oxide sem conductor ingludes indium gallium and zinc. 4.
The sem conduct or device according to glain11, wherein the
channel formation region of the first transistor is forned in a first 20
sem conductor film wherein the channel formation region of the
second transistor is formed in a second.sem conductor film and

wher ei n tplayers)y echpislenﬁacsjmdlagtpmmtdrsi;,Imlﬁﬁdctib\mpﬁﬁmmdumﬁmedaankmh%nhiﬂdsl m are
formed on di.fferent insylating, surfaces. 25 5. A gsem conductor device
conpri si HgIM): depdingy mp ‘i‘%d?ﬁ% tf;e #‘%Fs@“tb"aﬁ%’iﬁgt oppecific examplgs of thesg

transi st ddjeGRRId Ppligtket AreGAiFaAld BURELY1604 (Pagtover supply vol tage to the
circuit; and 30a control circuit including a third transistor and

confi gur 292 control supply of a clock signal to the circuit, wherein a
ﬁg\e}ingél C]; 3;{”;} :Pﬁﬁl {1(93,9" glirx}at?gteé[ QE ef-li)oro?(t retaglgrnlsnlc Jd?nrg Brhcclu‘éﬂ@smgdl', IaC Qpla?S
portion 7002, and the like. The semiconductor display device relating to one
embodiment of the present inventioﬁ can be used for the display portion 7002. By
including the semiconductor display device according to one embodiment of the present
invention in the display portion 7002, an e-book reader with low power consumption
10 and high functions can be provided. In addition, the semiconductor device relating to
an embodiment of the present invention can be used for an integrated circuit which
controls driving of the e-book reader. By using the semiconductor device relating to
an embodiment of the present invention for the integrated circuit which controls driving
of the e-book reader, the e-book reader with low power consumption and high functions
15 can be provided. Moreover, with the use of a flexible substrate, a semiconductor
device or a semiconductor display device can have flexibility. Thus, a flexible,
lightweight, and useful e-book reader can be provided.
[0293]
FIG. 16B illustrates a display device including a housing 7011, a display
20  portion 7012, a supporting base 7013, and the like. The seiniconductor display device
relating to an embodiment of the present invention can be used for the display portion
7012. By using the semiconductor display device according to an embodiment of the
present invention for the display portion 7012, a display device with low power
consumption and high functions can be provided. The semiconductor device relating
25  to an embodiment of the present invention can be used for an integrated circuit which
controls driving of the display device. By using the semiconductor device relating to
an embodiment of the present invention for the integrated circuit which controls driving
of the display device, the display device with low power consumption and high
functions can be provided. Note that a display device includes all display devices for
30  displaying information, such as display devices for personal computers, for receiving
television broadcast, and for displaying advertisement, in its category.

[0294]



wherein each of a channel formation region of the second transistor and a
channel formation region of the third transistor include an oxide

sem conduw0an11/6838¢ The seni conduct or devi ce accordi ng t ectlirzarn/bg79gsher ei n
the silicon having crystallinity is n%qrocrystalline silicon,

pol ycrystalline silicon, or single crystal silicon. 7. The

sem conduct or device according to claim5, wherein the oxi de sem conduct or
i ncludes indium gallium and zinc. 10 8. The sem conductor device
according to claimb5, wherein the channel formation region of the

first transistdlG d6€Coillwsttaten aadiplay tdesieni inclndingt @rhousing) 7021, a display
wherein the.ch | fqQrmation region of the second transistor. is fornmed in
a 15secorff 4 Yhi 2§d&@ﬁoﬂgfb?ﬁ1 gﬁﬁ §“nm°mp r Pﬂbyhgmf??§?h§é&jﬁbﬁﬂuc;or
filmand ddiRdhReRNSt HEPr&eRdHGERion Edimb@lised R RE dRPIA pdrBbRMo2b NSl ati ng

sur f aces.
including the semiconductor display device relating to an embodiment of the present

5 invention in the display portion 7022, a display device with low power consumption and
high functions can be provided. The semiconductor device relating to an embodiment
of the present invention can be used for an integrated circuit which controls driving of
the display device. By using the semiconductor device relating to an embodiment of
the present invention for the integrated circuit which controls driving of the display

10  device, the display device with ‘low power consumption and high functions can be
provided. Moreover, with the use of a flexible substrate, a semiconductor device or a
semiconductor display device can have flexibility. Thus, a flexible, lightweight, and
useful display device can be provided. Accordingly, as illustrated in FIG. 16C, the
display device can be used while being fixed to fabric or the like, and an application

15  range of the semiconductor display device is dramatically widened.

[0295]

FIG. 16D illustrates a portable game machine including a housing 7031, a
housing 7032, a display portion 7033, a display portion 7034, a microphone 7035,
speakers 7036, an operation key 7037, a stylus 7038, and the like. The semiconductor

20  display device relating to an embodiment of the present invention can be used for the
display portion 7033 and the display portion 7034. By including the semiconductor
display device relating to an embodiment of the present invention in the display portion
7033 and the display portion 7034, a portable game machine with low power
consumption and high functions can be provided. The semiconductor device relating

25  to an embodiment of the present invention can be used for an integrated circuit which
controls driving of the portable game machine. By using the semiconductor device
relating to an embodiment of the present invention for the integrated circuit which
controls driving of the portable game machine, the portable game machine with low
power consumption and high functions can be provided. Note that the portable game

30  machine illustrated in FIG. 16D has the two display portions 7033 and 7034. However,
the number of display portions included in a portable game machine is not limited

thereto.
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[0296]

FIG. 16E illustrates a mobile phone including a housing 7041, a display portion
7042, an audio-input portion 7043, an audio-oufput 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.
The semiconductor device relating to an embodiment of the present invention can be
used for the display portion 7042. By including the semiconductor display device
relating to an embodiment of the present invention in the display portion 7042, a mobile
phone with low power consumption and high functions can be provided. The
semiconductor device relating to an embodiment of the present invention can be used
for an integrated circuit which controls driving of the mobile phone. By using the
semiconductor device relating to an embodiment of the present invention for the
integrated circuit which controls driving of the mobile phone, the mobile phone with
low power consumption and high functions can be provided.

[0297]

FIG. 16F is a portable information terminal which includes a housing 7051, a
display portion 7052, an operation key 7053, and the like. In the portable information
terminal illustrated in FIG. 16F, a modem may be incorporated in the housing 7051.
The semiconductor display device relating to an embodiment of the present invention
can be used for the display portion 7052. By using the semiconductor display device
relating to an embodiment of the present invention for the display portion 7052, the
portable information terminal with low power consumption and high functions can be
provided. In addition, the semiconductor device relating to an embodiment of the
present invention can be used for an integrated circuit for controlling driving of the
portable information terminal. By using the semiconductor device relating to an
embodiment of the present invention for the integrated circuit which controls driving of
the portable information terminal, the portable information terminal with low power
consumption and high functions can be provided.

[0298]
This embodiment can be implemented in combination with any of the above

embodiments.
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This application is based on Japanese Patent Application serial no.
2009-250665 filed with Japan Patent Office on October 30, 2009, the entire contents of

which are hereby incorporated by reference.
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CLAIMS

1. A semiconductor device comprising:

a circuit including a first transistor; and

a second transistor configured to control supply of a power supply voltage to
the circuit,

wherein a channel formation region of the first transistor includes silicon
having crystallinity, and

wherein a channel formation region of the second transistor includes an oxide

semiconductor.

2. The semiconductor device according to claim 1, wherein the silicon having

crystallinity is microcrystalline silicon, polycrystalline silicon, or single crystal silicon.

3. The semiconductor device according to claim 1, wherein the oxide

semiconductor includes indium, gallium, and zinc.

4. The semiconductor device according to claim 1,

wherein the channel formation region of the first transistor is formed in a first
semiconductor film,

wherein the channel formation region of the second transistor is formed in a
second semiconductor film, and

wherein the first semiconductor film and the second semiconductor film are

formed on different insulating surfaces.

5. A semiconductor device comprising:

a circuit including a first transistor;

a second transistor configured to control supply of a power supply voltage to
the circuit; and

a control circuit including a third transistor and configured to control supply of
a clock signal to the circuit,

wherein a channel formation region of the first transistor includes silicon
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having crystallinity, and
wherein each of a channel formation region of the second transistor and a

channel formation region of the third transistor include an oxide semiconductor.

6. The semiconductor device according to claim 5, wherein the silicon having

crystallinity is microcrystalline silicon, polycrystalline silicon, or single crystal silicon.

7. The semiconductor device according to claim 5, wherein the oxide

semiconductor includes indium, gallium, and zinc.

8. The semiconductor device according to claim 5,

wherein the channel formation region of the first transistor is formed in a first
semiconductor film,

wherein the channel formation region of the second transistor is formed in a
second semiconductor film, and

wherein the first semiconductor film and the second semiconductor film are

formed on different insulating surfaces.



