DESCRI PTI ON. LOG C CI RCU T AND SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001]
The present invention relates to a logic circuit, particularly, a logic
circuit including a transistor in which a channel formation region is
formed using an oxide sem conductor. The present invention also relates to
a seni conductor device including 10thellogic circuit. [0002] Not e
that a sem conductor device in this specification refers to all devices

whi ch ‘can function by utilizing sem conductor characteristics, and

el ectro-optical devices, sem conductor circuits, and el ectronic appliances
are all sem conductor 15 devi ces. IBPSHURDIID ART [ 0003] In a
general circuit including transistors manufactured by using a Si wafer or
20 SO (silicon on insulator), as the operation voltage is reduced by

progress of m crof abgjotaid CIRCEANSNIESEMRYONDUTTOER BIACE 0004]
Consuned power is a stun of dynam c power and static power (hereinafter,

also referred to as standby power): the dynam c power is power consuned

mai nly by chpeaRi@RL et i scharge of the gate capacitor of transistors and
the parasitic capacitor formed with wi rings connecting transistors and

circuit bl of081] and the like; the static power is power consumed when
Consured pover, CREpRery aGHDh riafs G Rbie B Rl PR IBRPEER 0 e
see Pat ent iboldime rat tranpistoCliro whichaat ¢hagnél fommatien regiepuis formed using an oxide

semiconductor. The present invention also relates to a semiconductor device including

10 the logic circuit, |
[0002]
Note that a semiconductor device in this specification refers to all devices
which can function by utilizing semiconductor characteristics, and electro-optical
devices, semiconductor circuits, and electronic appliances are all semiconductor

15  devices.

BACKGROUND ART
{0003]
In a general circuit including transistors manufactured by using a Si wafer or
20 SOI (silicon on insulator), as the operation voltage is reduced by progress of
microfabrication, consumed power is reduced.
[C004]
Consumed power is a sum of dynamic power and static power (hereinafter, also
referred to as standby power): the dynamic power is power consumed mainly by charge
25  and discharge of the gate capacitor of transistors and the parasitic capacitor formed with
wirings connecting transistors and circuit blocks, and the like; the static power is power
consumed when circuits do not operate.
[0005] ’
As one of methods for reducing the coasumed power, there is a technique
30 called clock gating (f(')r example, see Patent Document 1). Clock gating is a technique
by which supply of a clock signal to a circuit is stopped in a period during which the

circuit does not operate. By the method, the power consumed in parasitic capacitor of



by which supply of a clock signal to a circuit is stopped in a period
during which the circuit does not operate. By the nethod, the power
consuned in parasitic capacitor of 2 wirings supplied with a clock signal
or the like can be reduced. [Reference] [0006] [Patent Docunent 1] Japanese
Publ i shed Patent Application No. 2008-219882 5 DI SCLOSURE OF | NVENTI ON

[ 0007] St andby power is generally classified into power consunmed by a
circuit which does not operate (hereinafter, referred to as a non-operating
circuit) and power 10 consuned by | eakage current (which is in general, a

current fl oyidy sQ@bm&ﬁtrﬁpas%lgaﬂoﬂﬁé\nhﬁec\mg@rehb&avol tage flow ng between
gate and source is 0 V) a transistor. [O By the

above- descr [Rséagenstlock gatl ng, dynam c power consuned can be reduced, but
the static R@ﬁﬁr consuned due to | eakage current cannot be reduced. Note
that the 15 dyrnam c power consuned in the non-operating circuit includes
power cons uffegniddeumentcl) Japgeesa RublithatPrtangApplication Me.i2008-2t2882ci t or forned by
wirings §o which a clock signal is supplied. Further, in the circuit where
clock gating is perfornmed, the state of an elenent included in the

non- oper at i DIFCLOSURE OF INVENTION hus, power consuned due to the | eakage
current of m&g]transi stor accounts for a | arge percent of the standby
power. 20 | ddition, the probability of malfunction of the logic circuit,
caused by | eakag@taady gver & genbrally clagiiedtifo poveceiBsmdd igha cit@RGHich

does not operate (hereinafter, referred to as a non-operating circuit) and power
160  consumed by leakage current (which is in general, a current flowing between source and
drain when the voltage flowing between gate and source is 0 V) of a transistor. '
[0008]
By the above-described clock gating, dynamic power consumed can be reduced,
but the static power consumed due to leakage current cannot be reduced. Note that the
15 dynamic power consumed in the non-operating circuit includes power consumed due to
charge and discharge of parasitic capacitor formed by wirings to which a clock signal is
supplied, Further, in the circuit where clock gating is performed, the state of an
element included in the non-operating circuit is held. Thus, power consumed due to
the leakage current of the transistor accounts for a large percent of the standby power.
20 Inm addition, the probability of maifunction of the logic circuit, caused by leakage current
of the transistor, becomes high.
[0009]
In view of the above problem, one of objects of one embodiment of the present
invention is to reduce standby power due to leakage current or suppress malfunction in
25  alogic circuit performing clock gating.
~ [0010] |
In one embodiment of the present invention, a transistor in which 2 channel
formation region is formed using an oxide semiconductor is applied to an n-channel
transistor included in a logic circuit. The oxide semiconductor in the above transistor
30 becomes an intrinsic or a substantially intrinsic semiconductor by removing an impurity
such as hydrogen or water capable of being an electron donor {donor) therein, and has

an energy gap larger than a silicon semiconductor.



In view of the above problem one of objects of one enbodi nent of the
present invention is to reduce standby power due to | eakage current or
suppress mal function in 25 a logic circuit performng clock gating. [0010]
I n one enbodi nent of the present invention, a transistor in which a channel
formation region is fornmed usi ng an oxBde sem conductor is applied to an
n-channel transistor included in a logic circuit. The oxi de sem conductor
in the above transistor 30 - becones an intrinsic or a substantially
intrinsic sem conductor by renpving an inpurity such as hydrogen or water
‘capabl e oflb@hmg an el ectron donor (donor) therein, and has an energy gap
| arger than a Silicon sem conductor. 3 [0011] =~ Specifically, the

| ogi ¢ circuit in&pasificslly theregia pisquitringlpdesfaitransigorcn skl a ghannehfaropfignegi on i s

for 1ed Ui 1igublie ol he A0 B Qb | b LB ARGENuCt or

hydr ogen o group 1 renoved so that the concentrafion of
hydr ogen i rhy8rogereonx Offegrewmninclodeiiis tremoved 5o bt Byeloa@n{rationnef/ hyd@gemin | ower ,

preferakly 54018 (atons/cnB) or.| 19 rt hems, preferably. 5x1017 3

(o o) oy he s  SPRCORAEEE % bt 4D a5 B Tofhd Prtrrdfiy 310 e
preferably (ab@smicCorBoRtr, baier prefepibiy bx10Y (;t&lsmﬁif"yi 8r RVENCAAANE bafier t he
energy, gap is 2 eV or hjgher, preferabl gu .5 eV 10 or higher, further

pr ef er abl y denséty inpx1Q; derarer lewet, preferablyirdlPy /emic layeerhy dr ogen which forns a
donor is r d as nmuch as possible, so that the carrier density is 5x1014
/cnB or |over, "preferably, 54017 /cnB or |ower. [0013] By using a -

hi ghl y- purifi ed bithelexidesimiamdutorpthe gserghegapris Bel of bigher, prefamabdy 2.535Vf or mat i on

region,.,a tr i St.0 i.dth _i,s . S rai. R current
of 11913 o At Bffpet PRRFfY 3 9 0r Stk b i e dodh Badhef i) 21470
and the gatfermsal dongeisiraiuical sheuchais gessitiie, s5 thdt the caFier densityisdxiey /oo ds, a

hi ghly-purified oxi de sem cgonductor is used for a channel formation region
of a transio&iayer PHerRkiB 1R Ak O fQiYstent can be drastically reduced. 20

[ 0014] [poigpe embodi ment of the present invention is a logic circuit
having a first period during which a clock signal is input and a second

peri od during whBEsiag@ bighlypughed okige semicpngugtor agisesonibpdh §orual ehangel
bet voon 2neiin {Bion's BfhsRlor Wb BRI RALET) A ol LBl SRR .
period. 25
In the tr adzil&”_t“o[ﬁ] of lwven i the chserwidre thie dray voltage 3s 1 ¥ addLOUE iand) thergatexi de
semi conduct o L whi,Ch L he PYgrpgen §QICEILAal LonT § wodfi0. (Bousc®) o
semiconductor is used for a channel formation region of a transistor, whereby leakage
current can be drastically reduced.
20 [0014]
One embodiment of the present invention is a logic circuit having a first period
during which a clock signal is input and a second period during which a clock signal is
not input, which includes a transistor which is in an off state where a potential
difference exists between a source terminai and a drain terminal over the second period. |
25 In the transistor, a channel formation region is formed vsing an oxide semiconductor in |
which the hydrogen concentration is 5x10" (atoms/cm®) or lower.
[0015] ' ‘
The logic circuit of one embodiment of the present invention includes a
transistor which is in an off state where a potential difference exists between a source
30  terminal and a drain terminal over a period during which a clock signal is not supplied.

A channel formation region of the transistor is formed using an oxide semiconductor in




[0015] The logic circuit of one enbodi mnent of the present invention

i ncl udes a transistor which is in an off state where a potential difference
exi sts between a source 30 termnal and a drain term nal over a period
during which a clock signal is not supplied. A channel formation region of
the transistor is fornmed usi ng an oxi dé sem conductor in 4 which the

hydr ogen concentration is reduced. Specifically, the hydrogen concentration
of the oxide sem conductor is 5x1019 (atons/cnB) or |ower. Therefore,

| eakage current of the transistor can be reduced. As a result, the standby
power of t henibiP@k fydibfenlbhceniionds fa6¢AE dspffichr) | r&?&ﬂo@éb_ QhcdnliBtidnO9i C
circuit can be suppresSsed. 5_[001@] 3In particular, in the logic

ci rcui t wherféheoxidelsemicondugtor is xdPT datameriemy oslawtes | Therofiere) leakiage @irrentui t i s

held for a Jf%@%gi%r cay].v%tr?dlua d. glﬂﬁpaergéufltl ﬁlets{aﬁlt’i@ sp%w%{ oiktﬁg R)}c 1rc&{ state for

a long tine, re a poten erenté exi bet ween source term nal
and a dr ai rbetreductdand. matfopétionrod thelogic eirduitaas bssuppresspd.t he above transi stor
bri ngs eq@oﬁﬁfect. 10 [0017] Further, reduction in power consuned
in the ol rcuit allows reduction in | oads of an external circuit which
makes a | ogi c ci ICpirficulk, iotie 16gibetlcuiewherotlotihgating SsSenorhétly @ Bfatedn tper at e.
Thus, the functjonaljty_of a sem copductor device .including the | ogic
circuit and%‘ﬁé“‘é‘;‘(tt"él‘ﬂélﬂ“@i Ippg fipec aﬂ’aﬁés’ %ﬁﬁfﬁﬁ.’&éﬁ‘?‘s‘i@ ksepsn ‘E%%‘@le‘?’ﬂ ON OF
DRAW NGS [ Q084 time, wheré h @oikbn6idl @ifferénce @RisisPdfwtkeh @Ro@ s Mfabindoa 4:@Hi C
circuit described in Enbodinent 1. 20FI GS. 2A and 2B show a configuration
exanpl e andeEinaby spRlEnuch atrapgisior te theyabove tensistor brings greabgfiest. | ogic circuit
descri bgd ipoiybodi ment 2. :

Further, reduction in power consumed in the whole circuit allows reduction in

loads of an external circuit which makes a logic circuit of one embodiment of the
present invention operate. - Thus, the functionality of a semiconductor device including

the logic circuit and the extemal circuit can be expanded.

15
BkEF DESCRIPTION OF DRAWINGS
[0018]
FIG 1 shows a configuration example of a logic circuit described in
Eml')odiment 1.
20 FIGS. 2A and 2B show a configuration example and an example of a timing

chart, respectively, of a logic circuit described in Embodiment 2.
FIGS. 3A and 3B each show an example of a circuit configuration of an AND
gate described in Embodiment 2.
FIG. 4A shows a configuration example of a flip-flop circuit and FIGS. 4B and
25 4C each show an example of a circuit configuration of a NAND gate, described in
Embodiment 2,
FIGS. 5A and 5B show a configuration example and an example of a timing
chart, respectively, of a logic circuit described in Embodiment 3.
FIGS. 6A and 6B each show an example of a circuit configuration of a NOR
30 gate described in Embodiment 3.
FIGS. 7A and 7B show a configuration example and an example of a timing

chart, respectively, of a logic circuit described in Embodiment 4.



FI GS. 3A and 3B each show an exanple of a circuit configuration of an AND
gate described in Enbodi nent 2. FI G 4A shows a configuration
exanple of a flip-flop circuit and FIGS. 4B and 25 4C each show an exanpl e
of a circuit configuration of a NAND gate, described in Enbodi nent 2.

FI GS. 5A and 5B show a configuration efanple and an exanple of a timng
chart, respectively, of a logic circuit described in Enbodi nent 3.

FI GS. 6A and 6B each show an exanple of a circuit configuration of a NOR 30
gate described in Enbodi nent 3. FIGS. 7A and 7B show a configuration

exanpl e and an emmﬁﬂslﬁtvsacbhﬁgﬁﬂxoﬁféﬂ&h leb?ﬁ@ﬁéﬁ AneekIGS, BB afid BEQagh Circui t
descri bed in Enbodi nent 4. Gp shows_a configuration exanple

of a |latch 98y aﬂ“@“’ﬂ@“éﬁ@“ﬂ@%ﬂb‘ﬁ“%\m alqgefrﬁlscgm degcribyd ia Embopimest an

~inverter, in alogic circuit described in Enbodi ment 4. FIG9
shows a configuration exanple of a logic circuit described in 5 Erbodi nent
5. FI G 10 FGoRsshaws onfdogligutionn examemiplof oflogic| eigiug désedendt idescri bed
in Enbo bl entS FIG 11 is a cross-sectional viewillustrating a

structural exanp e of a p-channel transistor and an n-channel transistor
descri bed i n Enb&#snthtshdws hOEdnEgurafign examplz Hofa aelogicosiscuite descobell in/i ews
illustrati n‘%ﬂg ?{ggpl e of a manufacturing process of a p-channel

t ransi st or ik i n Enbodi nent 7. FIGS. 13A to 13G are
cross-sectional \FI@\M; is dérosstseaionslg;mmlmmmge swiicteralnaxampla ©f o pichgnngl ocess of

an n-channel tran tor .descri be | GS. 14A to 14D are
cross- sect i Gt (/ ‘H“f‘\’-ﬁ%ﬂf%ﬂsfsg?é Eg%g'ﬁ]ﬁ;g’og‘fm"at '5 manuf act uring process
of an nichannel FIGSISIZA & ldﬂsﬁélcb@—sbd’ﬂmﬁﬂbﬁ%ﬂEMStﬂtmg an exampit Gflb is a

cross-sectional view illustrat a structural ex of _.a p-channel
transi st or BHYE agwrwgef?&mﬁsfwh pliragpisgEdsseitsd in %ﬁ%ﬂ. Trent 7.

FI'GS. 16A and 16BIGE.e13A @5 336e%t | @68lscdtioRNSvieRs hllﬂslrhﬁ&%t hflekdifipld oftd uct ural
exanpl e of a p-channel transistor and an n-channel tranS|stor described in
Enbodi nent menufacturing process of an n-channel transistor described in Embodiment 7
FIGS. 14A to 14D are cross-sectional views illustrating an example of a
15  manufacturing process of an n-channel transistor described in Embodiment 7.
FIG. 15 is a cross-sectional view illustrating a structural example of a p-channel
transistor and an n-channel transistor described in Embodiment 7.
FIGS. 16A and 16B are cross-sectional views each illustrating a structural
example of a p-channel transistor and an n-channel transistor described in Embodiment
20 7. .
FIGS. 17A and 17B are cross-sectional views each illustrating a structurai
example of a p-channel transistor and an n-channel transistor described in Embodiment
7.
FIGS. 18A and 18B are cross-sectional views each illustrating a structural
25 example of a p-channel transistor and an n-channel transistor described in Embodiment
7.
FIGS. 19A and 19B are a plan view and a cross-sectional view, respectively,’
illustrating a structural example of a transistor described in Embodiment 8.
FIGS. 20A to 20E are cross-sectional views illustrating an example of a
30 manufacturing process of a transistor described in Embodiment 8.
FIGS. 21A to 21E are cross-sectional views illustrating an example of a

manufacturing process of a transistor described in Embodiment 9.



FIGS. 17A and 17B are cross-sectional views each illustrating a structural
exanpl e of a p-channel transistor and an. n-channel transistor described in
Enbodi ment 7. FI GS. 18A and 18B are cross-sectional views each
illustrating a structural 25 exanple of a p-channel transistor and an

n- channel transistor described in Enbodinment 7. FIGS. 19A and 19B are a

pl an view and a cross-sectional view, respectively, illustrating a
structural exanple of a transistor described in Enbodinent 8. FIGS. 20A to
20E are cross-sectional views illustrating an exanple of a 30 nmanufacturing
process of a trapghst 93A 489BD e hrbR.sEHIAS IBHE iBustrating an ekhfile Al t0 21E
are cross-sectional views illustrating an exanple of a manufacturing
process of manufagising porcess@f a framsesipridascEhesbigiBnghodingent 1G5 FIGS. 22A to
22D are cross-segihONad s Vi | i uring
process of a traggq}g;t%%A:ﬁ%?é?i%gaqﬁ\sq nb%gie%%nrﬁé(%gm geﬁ&ﬁuMF%%A to 23F
each il | ustdestribedim Bmbodinentdl. a sem conduct or devi ce described in

Enmbodi t 11. 5 4. 1s a graph show. n.ini.iial. characteristic of a
thin f % transi Ek‘grﬁdlésacﬁaﬁlgaﬁo% r%n%xmé\{rrﬂﬁﬁ% %‘.m acldfdde J’flﬂ &1 ?%}33?%&10‘258 are
top vi ews ofesa@ibediiBahmient for an exanple of a thin filmtransistor
descri bed in Exa . EIGS.,. 2 nd B are gr howi ng
Vg-1d characteri ﬁ#@ﬁ&aﬂg 2B [PYiey oﬁf)?qéb%e‘ﬁ?%g%?ﬂﬁ’?g’@?ep&% ﬁﬁ"h film
transi stor giasembioeflddstriedanBkanple 1.BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

0019] Hereinafter, enbodi nts of .the present invention will be described
i[n de][ ai | FIGS. 26A and 26B are graphs showing Vg-Id character%stics of a test element

10  for an example of a thin film transistor described in Example 1.

BEST MODE FOR CARRYING OUT THE INVENTION
[0019]
Hereinafter, embodiments of the present invention will be described in detail
15  with reference to the accompanying drawings. Note that the present invention is not
limited to the description below, and it is easily understood by those skilied in the art
that a variety of changes and modifications can be made without departing from the
spirit and scope of the present invention. Therefore, the present invention should not
be limited to the descriptions of the embodiments below.
20 [0020] '

Note that since a source terminal and a drain terminal of a transistor change
depending on the structure, the operating condition, and the like of the transistor, it is
difficult to define which is a source terminal or a drain terminal. Therefore, in this
document (specification, claims, drawings, and the like), one of a source terminal and a

25  drain terminal is referred to as a first terminal and the other thereof is referred to as a
second terminal for distinction.
[0021]

Note that the size, the thickness of a layer, or a region of ¢ach structure

illustrated in drawings or the like in embodiments is exaggerated for simplicity in some
30 cases. Therefore, embodiments of the present invention are not limited to such scales.
Further, in this specification, ordinal numbers such as "first", "second”, and "third" are

used in order to avoid confusion among components, and the terms do not limit the




15 with reference to the acconpanying drawi ngs. Note that the present
invention is not limted to the description below, and it is easily
understood by those skilled in the art that a variety of changes and

modi fications can be nmade wi thout departing fromthe spirit and scope of
the present invention. Therefore, the present invention should not be
limted to the descriptions of the enbodi nents bel ow. 20 [0020] Not e
that since a source termnal and a drain term nal of a transistor change
depending on the structure, the operating condition, and the |ike of the
transi stor, . dool | ffl:cilt to define which is a source termnal or a drain
term nal . T%dg{?g?%rt%?uqehatl i's document (specification, clains, draw ngs, and
the like), [B82]of a source terminal and a 25 drain ternminal is referred to
as a first (?Eﬁ-[ghi?&ht nd the other thereof is referred to as a second
termnal fo I'stinction. [0021] Note that the size, the thickness of a

| ayer, or a regi &ntlo$§ cehodineni; ot example biigtlogit edirciit velrezaniclogk gating lie | i ke in

mbodi ts i ted . ' iGity i 30 ... Ther ef :
nbodt et LeEPrEso iF B8 Rl o SeRataletn, sPaiHA o dcfoBf Sirui MeEaEL, ©
Further, i rpetibd dussipewhitli & alotlo Bignad figlinpad and @rpedod deinphwhisch a tlotB$ignal issecond”

and "third" are used in order.io avoid confuysion ng, conponent.s, and the
Fore: do. ot i A peormg ArihRe BrofesSaE Ml 145 of 160 SSFk RN 1) |

t hi s enbodidesdiibed @ith eoferdide®o PIG.2. | 0gi c circuit where clock gating is 5
performed wi:l| be described. Specifically, an exanple of a logic circuit
havi ng a pelpf’%?ﬂ during which a clock signal is input and a period during

whi ch acl ock si gnadic cFcrR0lo shbRiin AICH 1 RRASISY AHRYinph! AMRALI1S REPRARSI NG W th
use of the clock signal wll be described with reference to FIG 1.” [ 0023]
connected to a wiring through which a pulse signal (PS) is supplied (hereinafter, also
referred to as a pulse signal line), a second input terminal 12 electrically connected to a
wiring through which a data signal (Data) is supplied (hereinafter, also referred to as a
data signal line), and an output terminal 13. The logic circuit 10 has a period during
15  which a clock signal (CK) is supplied through the pulse signal line and a period during
which a clock signal is not supplied. That is, the logic circuit shown in FIG. 1 is a
logic circuit in which clock gating is performed. Note that the sentence "a clock gate
is not supplied" means that a clock signal is fixed to a potential at a high level or a
potential at a low level; i.e., a signal whose potential level varies from a high level to a
20  low level or from a low level to a high level is not supplied.
[0024]
In addition, the logic circuit 10 of this embodiment shown in FIG 1 includes a
main logic circuit portion 14 and a transistor 15 which is in an off state where a
potential difference exists between a source terminal and a drain terminal over a period
25  during which a clock signal is not supplied. Note that the main logic circuit portion 14
includes a plurality of elements of transistors, capacitors, resistors, or the like.
[0025]
A channel formation region of the transistor 15 is formed using an oxide
semiconductor in which the hydrogen concentration is 5x10" (atoms/cm®) or lower,
30 preferably 5x10*® (atoms/cm®) or lower, further preferably 5x10" (atoms/cm®) or l_ower..

In other words, the transistor 15 is a transistor in which a channel formation region is



10A logic circuit 10 shown in FIG 1 includes a first input termnal 11
electrically connected to a wiring through which a pulse signal (PS) is
supplied (hereinafter, also referred to as a pulse signal line), a second
input termnal 12 electrically connected to a wiring through which a data
signal (Data) is supplied (hereinafter,8 also referred to as a data signal
line), and an output termnal 13. The logic circuit 10 has a period during
15 which a clock signal (CK) is supplied through the pulse signal line and -
a period during which a clock signal is not supplied. That is, the logic
circuit Shoymed vsinG an! okidle Aselidnbuctds” FHich #& Mhipkhly cﬁhxﬁie@%l} %ﬁbigg the
performed. Note that the sentence "a clock gate is not supplie neans t hat
a cl ock si geeificenteatiop Qb hydroges ssoingnas aioner of atdagier (e ge lextoemely fox bevelh al at a
| ow | evel ; i td.ak . J fl.O i | evel to
1730 Foe | o T hydrfleh cOikhy A5 RS g&%@gﬁ}éﬁééﬁﬁ{"@%ﬁo@ %%S%ggﬁ' [0024]

| n addi t i onmassisgedtrogietsy (SIMS)i t 10 of this enbodi nrent shown in FIG 1

i ncl udessawﬂy)'bg logic circuit portion 14 and a transistor 15 which is in an
of f state ere a potential difference exists between a source term nal and
a drain term nal Thedogiacipaitiod dthi?Embadimerny isvnlogit dreoit dicwhich gloak gatingriot :
supplied. Note that the in.logic circuit.portion. 14 includes a urality
of "6l enent sPEPTEG At Rgdes ths Haosistgy ovbichis iy gy SF Fpteq et acBoetghos] A
channel df Or diffeiefdt cExw'hﬁHmﬁéﬁn 4 gtﬁrdertaﬂﬁhﬂtaﬁd aldvaih SerindfalrederusSpdiigd Qiﬂriﬁl%d de)

sem conduct of. | n ich the rogen concentration is 5x1019 (atons/cnB) or
| ower, 30 pWéFEF’Q&]?‘S‘EOﬁ%“%\éWﬁ@FE ﬁﬁs%dawg%wt Pt hythe, rarsistozidhy 511017
(at ons/ ¢orB) cifahndl PRMatioh Re@bh1@Y foked Sising NG bxidd Séric@idudtor.| The HyApst stor in
which a channel formation region is S formed using an gxide semconductor

whi ch is hi¢tacsntiation pf the exjder ssaieqndectomis costieliedt tediei HH 00T (atomsfeaykar ser vi ng

as a donor i | ydlr 3
Concent rat i Syel pRRHbiHeR @onITE e Alfher Bty 0T BRI of ) s
spect r onmet rpwesS| Whrefore, [tRO@f |current of tHd@ardsbgir @as ibe ceducedfo 1hi0S” ¢apedi ment is

alogic circuit in which clo at i is_perforned, and ipcludes the
transi stor RHFth I e g‘(‘)f)?e fggfé’ & oélglbbtiee‘iﬁ*’c'\s’é1°r&f“fp‘°eﬁ‘&?£‘ése€xi sts

bet weenist SAY b GesultC&AdBR poBXldiing! thiseti6d BArBY re@N@H and REdlfufeliodWrithg Whi ch
clock gating js,. pe_rfo,rnego(i_.e. , a clock signal is not input). In the
transi st or , logi&irqwt dugiag His PaTiod GaR POWPPIERESN i s fornmed using an oxi de

sem conductl[gmﬂThe hydrogen concentrati on of the oxi de sem conductor is
controlled to be 5x1019 (atons/cnB) or |lower, preferably 54018 (atons/cnB)
or |ower, furtheln thedegie giseujt ipsphich clackogating agperfrmed particulitipragfide &  t he of f

curr ent o hbfoeld GGh Rl 7R 1O ! UG58 6.9 Scif rbelloid?ed QYR by FRAL 1S
ele roug

ke
| eakage of tric charges t the transistor can be suppressed.
20 for a long time, where a potential difference exists between a source terminal and a

drain terminal. Applying such a transistor to the above transistor brings great effect.
[0028]
Further, reduction in power consumed in the logic circuit allows reduction in
loads of an external circuit which makes the logic circuit of this embodiment operate.
25  Thus, the functionality of a semiconductor device including the logic circuit and the
external circuit can be expanded.
[0029]
Note that the contents of this embodiment or part thereof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
30  or part thereof.
[0030]



15 As a result, standby power during this period can be reduced and

mal function of the logic circuit during this period can be suppressed.

[ 0027] In the logic circuit in which clock gating is perforned,
particularly, a state in the logic circuit is held for a long tinme. That
is, a specific transistor keeps an offgstate 20 for a long tine, where a
potential difference exists between a source termnal and a drain termnal.
Applying such a transistor to the above transistor brings great effect.

[ 0028] Further, reduction in power consuned in the logic circuit

al I ows redqghhamﬂa&joads of an external circuit which nakes the |ogic
circuit of this enboainent operate. 25 Thus, the functionality of a

seni conduct or deld this embodimgntagn exampleoafithe logiceirctit desctibiet én Bmbedimedt 1ci r cuj t

o part t hardaf deiRR specincaty, §9E SRR ARE R ARDIPE il Lipgl " ™

enbodi nent swillbeplasctibéedeitie efferencettd FIGD rtAentd 1, FERS A snd3B, and PHES. 4iher eof .

[ 0030] (.Enpodi nent 2) In this enbodi ment, an exanple of the logic.
I
d

circuit scri'bed in Enbodinment 1 will be described. Specifically, a logic
circuit indgboesljng an AND gate and a flip-flop will be described with
reference to FIGS. 2A and ZI% FI GS. .3A and 3B, and FIGS. 4A 5 to 4C [0031]
< Confi gur at SEeRRLpeemple 3‘@3“&:C‘fﬁuft€uit > A logic circuit 200 of

thi s enbodi ment aheaiciiddit B0GohisiciibbiifiRfit howANDFIGRD & irkfille@tHARD dateP- f | Op
202. The AND gate 201 has_a first input termnal which is 10 electrically

connect ed t391z2ndli# flipgflom PO gHIRHARR gate 2RAae asfigghdnput tegninal whigholsi ed
(her ei ngf t QoctrRhIBP cofmb&E] & alwiriag tRBuANARlcR i QRBk didedf [ENEE @ppiiond i nput
termnal which is electrically connecied to_a wiring through mﬁlch a cl ock
si gnal  ( CK)(hereinafigs sisodeferrerbioass aaprable signakling) endr pesand ipuiderpingl gdichsi gnal
e o LBLUGPAARG, £ bR s MR sl ) 5 Bppr oo 1
(hereinafter, also referred to as a clock signal line). The flip-flop 202 has a first input
terminal which is electrically connected to a data signal line and a second input terminal
15  whichis electrically connected to an output terminal of the AND gate 201. -
[0032] '
Note that the flip-flop 202 included in the logic circuit of this embodiment is a
circuit which can retain data for one bit utilizing feedback operation. An output signal
of the flip-flop 202 serves as an output signal of the logic circuit 200.
20 [0033]
< Operation example of logic circuit >
Operation of the logic circuit shown in FIG. 2A is described with reference to a
timing chart shown in FIG. 2B.
[0034]
25 During a period T1, the enable signal line serves as a wiring through which a
signal at a high level is supplied. Thus, an output signal (AND(Out)) of the AND gate
201 is a clock signal (CK). That is, the clock signal (CK) is input to the second input
terminal of the flip-flop 202. The flip-flop 202 operates with the input clock signal
(CK). Specifically, the flip-flop 202 receives a data signal (DO or D1) when the clock
30 signal (CK) level is changed from the low level to the high level, and outputs the data
signal when the clock signal (CK) level is changed from the high level to the low level.

[0035]



15 which is electrically connected to an output term nal of the AND gate
201. [0032] Note that the flip-flop 202 included in the logic circuit
of this enbodinment is a circuit which can retain- data for one bit
utilizing feedback operation. An output signal of the flip-flop 202 serves
as an output signal of the logic circuid@ 200. 20 [0033] < Operation exanple
of logic circuit > Qperation of the logic circuit shown in FIG 2A is
described with reference to a timng chart shown in FIG 2B. [0034] 25During
a period Ti, the enable signal line serves as a wring through which a

signal at a high I, )) of
the AND gate 201 IiEE s feBod 1PALL 8 %bl ll'ﬁ%&?ﬁé%%rﬁh @%%ﬁ(m is

i nput to t heigrabatoniewleyelis supnli naTTll@a‘thG Retpet signak (AND(GoD) Ofl‘lﬂleAiND gaté | op 202
operates w Kk | op 202
rgcei ves a %@t %mg}o%% l(s%glgr%?)qg’meggﬂgecﬁg&a %8]%“6 i Q%&%‘ IFPEEIM pl s

changed f rotmniné df the flipaflep 202 tAddhik tigie, ﬂleoaputsgndl(ﬁlut)mﬁtlm logiecitaditds si gnal
when the %fa‘ﬁe?%g{h da&%?ll(ﬁg)e is changed fromthe high level to the |ow

| evel . a period 12, the enable signal l|ine serves
as a w r| ng[(DM]ough whi ch a signal at a Iow | evel is supplied. Thus, the

out put si gnal gat e 201 is a l.gwle naI That
is, the | ow| eve%éﬁfﬁen?‘i HE"U?“ I el Uac Hhes| aﬁﬁd‘f‘“?%ﬂ‘fﬁ'ﬁ%lwshﬂ% % he

fli E flop 2151%11-1@%1 h@md i Isﬁiipheﬂ hlgmﬁtstlgmm iy likeathe (fokibd TIf the Rip-0ep QOZ(;I rT gw t )

i s retained.as e dat na ring erio t he
enabl e si gngFeiYssAdataygna (Dézso Gletcﬁﬁcglfbé?a\/mllf’v&l |°5?‘P3F‘e581“ ¢ gnal is
suppl i eth agamevermmehfgh lévbkﬁnd W€ he @8ta Kignallvifn ftkd dlodk! siia 12@2()0&&131 ves a
data signal_ (D2 or_D3) when the c?ock signal (CK) level is changed fromthe

10 | ow | eve‘lsc{“'ﬁ'g%@mﬂlﬂ@?‘%be‘@'@“"‘Qﬁ&P"‘b‘SY‘Buts the data signal when the clock
signal (CK) Obﬁj I's changed fromthe high level to the low |level. [0037]

In the Ioglc CIrCUIt of this enbodinent, the clock signal input to the
flip-clop In the logic circuit of this embodiment, the clock signal input to the flip-clop

* 202 is controlled by the enable signal (EN). That is, in the logic circuit, clock gating is
15  performed with respect to the flip-flop 202. -
[0038]

Note that the logic circuit of this embodiment reads data when the clock signal
input to the flip-flop 202 goes into a high level, and retains the read data for one clock
cycle. Thus, the output signal (Out) of the logic circuit is temporally retained even

20  after passing through the period T1 or the period T3 during which the flip-flop 202
operates.
[0039]
< Example of circuit configuration of AND gate and flip-flop >
Specific examples of a circuit configuration of the AND gate 201 included in
25  the logic circuit shown in FIG 2A are shown in FIGS. 3A and 3B, and specific
examples of a circuit configuration of the flip-flop 202 are shown in FIGS. 4A to 4C.
[0040]

An AND gate shown in FIG 3A includes tramsistors 211 to 216. The

transistors 211, 214 and 215 are p-channel transistors, and the transistors 212, 213, and
30 216 are n-channel transistors.
[0041]

Of the transistor 211, a gate terminal is electrically connected to an enable



202 is controlled by the enable signal (EN). That is, in the logic circuit,
clock gating is 15 perforned with respect to the flip-flop 202. [0038]

Note that the logic circuit of this enbodi nent reads data when the cl ock
signal input to the flip-flop 202 goes into a high level, and retains the
read data for one clock cycle. Thus, tHe output signal (Qut) of the logic
circuit is tenporally retained even 20 after passing through the period Ti
or the period 13 during which the flip-flop 202 operates. [0039] < Exanple
of circuit configuration of AND gate and flip-flop > Specific exanples of a
circuit cond ngﬁllhﬁ’é hfa Bfst iehﬁméd\i@c&aﬁlealg%nhmédtté aQvitiRg Aol SvHi@Qigh Ci rcui t
shown in FIG 2A are shown in FIGS. d_ 3B, and specific exanples of a
circuit confasEserplopptential (YD) is ﬁ“@!lﬁb@{?@aﬁ% alsp gfprradrio ps eBighpawen 4C.

[ 0040] i %gwﬁﬂpl te shown in FIG 3A includes transistors 211 to 216.
The tran5|st8?g 11, 214 and 215 are p-channel transistors, and the
transi st ors[0042, 213, and 30 216 are n-channel transistors. [0041] 11

signal Idne, and ryTh N C ring
through Sani ch i Of bl 08 saleJeuilt s ety SRERLER hp ofnft 7T,
?I SO reI er rs;glhzai hncemldtahmg@tcpmml ofshqlltdnylspoﬂﬂlnrmthh fiksit Itﬂflt)lm;[ ?(uhz’]nt ¥ chBIGS L Ihe
ransi st or ate ally connected to the enable
signal |ine an‘%ftct%ﬁ E)ecf’m?{emmgl Oflthcqa"' %I(rianm stor 211, and a first

-11%

j;-»

erm na
termnal isgoedHctrically connected to a “second terminal of the transistor

211, [0043] O "t g 1 @0Skol 9y T3 Endi & ShLD o) 8% b

10 line, a first termmal is electrically connected fo a second terminal of the transistor 212,
and a second terminal is electrically connected to a wiring through which low power
supply potential (VSS) is supplied (hereinafter, referred to as a low power supply
potential line).

[0044] :

15 Of the transistor 214, a gate terminal is electrically comnected to the clock
signal line and the gate terminal of the transistor 213, a first terminal is electrically
connected to the high power supply potential line, and a second terminal is electrically
connected to the second terminal of the transistor 211 and the first terminal of the
transistor 212.

20 [0045]

Of the transistor 215, a gate terminal is electrically connected to the second
terminal of the tramsistor 211, the first terminal of the transistor 212, and the second
terminal of the transistor 214; and a first terminal is electrically connected to the high
power supply potential line.

25  {0046]

Of the transistor 216, a gate terminal is electrically connected to the second
terminal of the fransistor 211, the first terminal of the transistor 212, the second terminal
of the transistor 214, and the gate terminal of the transistor 215; a first terminal is
electrically connected to a second terminal of the transistor 215; and a second terminal

30  is electrically connected to the low power supply potential line.

[0047]
Note that in the AND gate, potential of a node to which the second terminal of



10 line, a first termnal is electrically connected to a second term nal of
the transistor 212, and a second termnal is electrically connected to a

wi ring through which | ow power supply potential (VSS) is supplied
(hereinafter, referred to as a | ow power supply potential |ine). [0044]
15O° the transistor 214, a gate termin# is electrically connected to the
clock signal line and the gate termnal of the transistor 213, a first
terminal is electrically connected to the high power supply potential |ine,
and a second termnal is electrically connected to the second term nal of

the transi siiRliradsistor6 ahd he rirdt SdrmirRl 58 thetraridfsedr NE6 hre RANSIRABS conneztedd?d [ 0045]
O the transistor 215, a gate termnal is electrically connected to the

second ternP‘HB‘F‘aéf“l?W‘ﬁ@#&(ﬁmpuﬁ)l%f‘hqmnfﬁaﬁest term nal of the transistor
212, and thggsgcond termnal of the transistor 214; and a first termnal is
electrlcally connected to the high power supply potentlal line. 25 [0046]
O the transi st odn figspegifigation, ¢ rﬁfrthﬁhlgbpewemuppb’aiolteyltlddhm)tm the the

second t rnj t e I ransi st or
315t heS solsibpfis suffly IoRABUAARS) S bl B ihdril ASTTL AR nhich Honleh 21
the transi S$upply2ﬂsﬁentlal VPB} ist bghnrrthdn the lewemmiwer seprly pclnntmkc(VSﬂ) t Foa second

term nal of ans 1 ecodte 0 is electrically
connect ed t%’} Igf)wégggnmé’ug y po fa“ G TRPe li“% (bh’féfw peyet ﬁ'éppﬁlf ansi st or
215 and t hepdtemmt (MSS),nind algiveh pokidvé pcamnsmrbeaj:ﬁheﬂrte tiel gl poweakbpplg onnect ed
IS output as anEWt signal (AND(Qut)) of the AND gate. [0048] In this
speci fi cat i Bl f the high power supp!y potential (VDD) and the 5 | ow
power suppl foogalt ential (VSS) nay be any potential as Iong as the high power

supply potential (VI i S hi her t he | ow power supply potential (VSS).
For exanple, gr o@g’d% &Ati “’“O"\/E]a(g %1? H’é"l’i“i,‘\"lﬁe‘“’é‘é‘ﬁmﬁegﬁpﬁ? i%é¢t t &P%¢ he | ow
power suppl yangisfoR 2 ab 265/58hn-chafid] BaiskRd) 1RS4diliNe tRAtAGLbA! 22638 208 appl i ed
to the high power supply potential (VDE[% 10 [0049] An AND gate shown
in FIG 30 i #errigacmepiiyRs dansistorpwhose greshold volgges prspesiiyeor s 221 to 225 are

n-channel tgpgsyi stors. In addition, the transistors 221 to 225 are

enhancenent -type transistors whose threshold vol tages are positive.
15 Of the transistor 221, a gate terminal and a first terminal are electrically

connected to a high power supply potential line.
[0051]
Of the transistor 222, a éate terminal is electrically connected to an enable
signal line, and a first terminal is electricaily connected to a second terminal of the
20  transistor 221.
[0052]
Of the transistor 223, a gate terminal is electrically connected to a clock signal
line; a first terminal is electrically connected to a second terminal of the transistor 222,
and a second terminal is electrically connected to a low power supply potential line.
25 [0053]
V Of the transistor 224, a gate terminal and a first terminal are electrically
connected to the high power supply potential line.
[0054]
Of the transistor 225, a gate terminal is electrically connected to the second
30 terminal of the transistdr 221 and the first terminal of the transistor 222, a first terminal
is electrically connected to a second terminal of the transistor 224, and a second

terminal is electrically connected to the low power supply potential line.



[ 0050] 15Cf the transistor 221, a gate termnal and a first termnal are
electrically connected to a hlgh power supply potential Iine. [0051]

O the transistor 222, a gate termnal is electrically connected to an
enabl e signal I|ine, and a first termnal is electrically connected to a
second term nal of the 20transistor 2213 [0052] O the transistor
223, a gate termnal is electrically connected to a clock signal line; a.
first termnal is electrically connected to a second term nal of the
transi stor 222, and a second terminal is electrically connected to a | ow
power supplgjgg]} ential line. 25 [0053] O the transistor 224, a gate
term nal irst termnal are electrically connected to the high power
supply potential Natmthat h@GsANDgate; petentiahpkd sadsrto ¥2Eh the speond temyrimdlohl i s

el ectricall ect r.. 221 and
the tirst o e SARARE 2 ahBub B ERAFoc)Do bR 2s G dledfickl URhEIS 7701
connect ed tmtputaemomdpdteignalr(AND@utD}mmermmgntcor 224, and a second term nal
is el ectgi Cf&’kﬁj connected to the | ow power supply potential line. 13

[ 0055] te that in the AND gate, potential of a node to which the
second term nal fach o€ the aamsistéro221224d shedtrad3Btor i 2291t ist Ay eAbaAdenRht-fype

transistor 225 are electrically .conn cte 'S output as .a out ut  signal
(AND( Qut ) ) snsisioz “}ANE‘ 5&‘1“’&“‘“5“%‘66@ the first ‘E’é\’é‘ﬂald'Fe FiRdrcqlly co 121 and
the transi sghehighdsbwed sapplyephtadizEIRIt -Thifahd rAidfter 221 ahd tWHrzﬁnBlsfthZQat e
termnal and the first termnal are electrically connected to the high

power suppl $AchErGnan g stpte segardiesy of perieds.; (1n HE}F%Y’B‘F‘S’ZR"%HW A&l adihsi st or

224 eaclyp r efisRior D20 4te 9tilfe8 af RGHog! ess of periods. In other words, the
transi stor {%2%7 and the

o

Further, the first input terminal and the second input terminal of the AND gate
can be interchanged with each other. A terminal which is specified to be electrically
connected to the enable signal line in the above description can be electrically

15 connected to the clock signal line, and a terminal which is specified to be electrically
connected to the clock signal line in the above description can be electrically connected
to the enable signal line.

{0058]

A flip-flop shown in FIG. 4A includes NAND gates 231 to 234,

20 [0059]

Of the NAND gate 231, a first input terminal is electrically connected to a data
signal line, and a second input ferminal is electrically connected to an output terminal of
an AND gate.

[0060] .

25 Of the NAND gate 232, a first input terminal is electrically connected to an
ouiput terminal of the NAND gate 231, and a second input terminal is electrically
connected to the output terminal of the AND gate and the second input terminal of the
NAND gate 231.

[0061]

30 Of the NAND gate 233, a first input terminal is electrically connected to the
output terminal of the NAND gate 231 and the first input terminal of the NAND gate
232.



10 transistor 224 are utilized as resistors. [0057] Further, the
first input termnal and the second input termnal of the AND gate can be
i nterchanged with each other. Aterminal which is specified to be

el ectrically connected to the enable signal line in the above description
can be electrically 15 connected to thp clock signal line, and a term nal
which is specified to be electrically connected to the clock signal line in

t he above description can be electrically connected to the enabl e signal

line. [0058] A flip-flop shown in FIG 4A includes NAND gates 231 to 234. 20

[ 0059] 0063 the NAND gate 231, a first input termnal is electrically

connected to a‘data signal line, and a second input termnal is :

el ectrically conf¥chetfAND gate @4, pufirst énpui feathingl is ctectidally edmectfO@68] 250Cf

t he NAND gat 2. .a fdrsi apu rmnpal ,is electricall onnected to an

output et P e RENANIERe 55 i ubuGeBile il RSl s

el ectri cal | v mosnme tteehitad of e NANIM patt 38) aal arobutpiiteteAiNbhlgia tetecaieallyt he

second ipnput term nal of .1 he NAND e 0 ] 30O the NAND gate 233,

a first np‘ﬁﬂ““?céﬁgﬁ?ﬁé?co %‘“BFtéW%g?%mé%Fggto the output terninal of

the NAND gafoes®j31 and the first input termnal of the NAND gate 232. 14

[ 0062] O _the, NAND gate 234, a first input terpminal is electrically

connected to an &t JliP-FoRSHPYR in FIG e RaRrfelpyttape Sip-tlop. s Alhoueh dhsut

term nal i spiplfRplor tlﬁ@érhbbdﬁﬁﬁ%ﬂﬁcat&%ytt?p@mﬁf%ﬁhlhhkﬁﬁ)ﬂly"h?b té@hidalR MND gate
y

232, and an output termnal is electrica ) .
as an output terminal, the flip-flop may have a structure in which two output terminals

10 of a Q terminal and a QB terminal (output terminal of the NAND gate 234) are

provided.
[0064]

The flip-flop shown in FIG 4A is just an example, and a structure of the
flipflop of this embodiment is not limited to that of FIG 4A. In other words, the

15 flip-flop of this embodiment may have any structure as Iong as data for one bit can be
retained utilizing the feedback operation.

[0065]

FIGS. 4B and 4C each show a specific example of a circuit applicable to the
NAND gates 231 to 234.

20 [0066]

ANAND gate shown in FIG. 4B includes transistors 241 to 244. Note that the
transistor 241 and the transistor 244 are p-channel transistors, and the transistor 242 and
the transistor 243 are n-channel transistors.

[0067]

25 Of the transistor 241, a gate terminal is electrically connected to a first input
terminal of the NAND gate, and a first terminal is electrically connected to a high power
supply potential line. |
[0068]

Of the transistor 242, a gate terminal is electrically connected to the first input

30 terminal of the NAND gate and the gate terminal of the transistor 241, and a first
terminal is electrically connected to a second terminal of the transistor 241.

[0069]



5 connected to a second input term nal of the NAND gate 233. [0063]

The flip-flop shown in FIG 4A is a delay-type flip-flop. Al though the
flip-flop of this enbodinment is a delay-type flip-flop in which only a Q
termnal is used as an output termnal, the flip-flop nmay have a structure
in which two output termnals 10 of a ¥ termnal and a QB term nal (out put
termnal of the NAND gate 234) are provided. [0064] The flip-flop
shown in FIG 4A is just an exanple, and a structure of the flip-flop of
this enbodinment is not limted to that of FIG 4A. In other words, the 15

flip-flop of thi HreRdiesislBrs43TRYab wrRiraNNg eﬁkﬁuﬂw&n&‘ﬁedlteage&ad%h@ for one
bit can be retained utilizing the feedback rfiq‘ﬂratlon [ 0065] FIGS. 4B

and 4C eachteawiagl of @péﬁmcg%%a%rﬁr% tepmipgl dp qcaléx)spmgtbql do tapsacprd NAND
gates 231 t@n2dd.or 3 dHIER 242, and atéﬁ e B3faf isSeR g‘i}filgﬁ{n%{é&d&‘ fowdes

transistors 241 to 244. Note that e tran5|stor e transistor 244
are p- chanrlmwwslmmbnmc@tld,lmand the transistor 242 and the transistor 243
are n- c P ransistors. [ 0067] 25CF the transistor 241, a gate term nal
S electrlc TQ connected to a first input termnal of the NAND gate, and a
first term nal i ©fahetinsisconl24y, £ gatnaeatnichl ioelactticallly qooneeted S0 pind secpat ent i al

e L 00Oy 5 S0 3¢ B Bl e BaBHSE R B o
term nal ofteinhiraltis eleaiicill9 coRnkited &tndxe dighl poser b@piphy poddntinbline| 8wl & sezoid Y
connect ed ttgrmainaﬁelg glggtnga?{yrrciogx?écte to t eesetC(rm Sé}nsulnglrofzthél' uals?s(t)oesrgjﬂ and the
10  first terminal of the transistor 242.
[0071]

Note that in the NAND gate, potential of a node to which the second terminal
of the transistor 241, the first terminal of the transistor 242, and the second terminal of
the transistor 244 are eiéctn‘cally connected is output as an output signal of the NAND

15 gate.
[0072]

_ A NAND gate shown in FIG. 4C includes transistors 251 to 253, Note that the
transistors 251 to 253 are n-channel transistors. In addition, the transistors 251 fo 253
are enhancement-type transistors whose threshold voltages are positive. |

20 [0073}
Of the transistor 251, a gate terminal and a first terminal are electrically
connected to a high power supply potential line.
{0074]
Of the transistor 252, a gate terminal is electrically connected to a first input
25 terminal of the NAND gate, and a first terminal is electrically connected to a second
terminal of the transistor 251.
~ [0075]

Of the transistor 253, a gate terminal is electrically connected to a second input

terminal of the NAND gate, a first terminal is electrically connected to a second
30 terminal of the transistor 252, and a second terminal is electrically connected to a low

power supply potential line.

[0076] '



15 O the transistor 243, a gate termnal is electrically connected
to a second input termnal of the NAND gate, a first termnal is

el ectrically connected to a second ternmnal of the transistor 242, and a
second termnal is electrically connected to a | ow power supply potenti al
line. 5 [0070] O the transistoryg44, a gate termnal is electrically
connected to the second input term nal of the NAND gate and the gate
termnal of the transistor 243, a first terminal is electrically connected
to the high power supply potential line, and a second terminal is

electrically con d 1 t ansi stor 241 and the
10 first term nalrﬁg‘?&?'h q{’? W%ag?’ pﬁfﬂﬁam[ogﬁﬂ? ¢ 1o Wit tsgcof‘%\getm]l‘ t he NAND
gate, pot endftht traisistor ASHandithe fist tefnihdl@f S eandstoediantdleddicallf Codneatddi st or
241, the fiyst term nal of. treégrﬁn stor 242, and the second term nal of
the transi sE8PtPaLas anoutpyt signal of thy Fiffected i s output as an output signal
of the NANOQodpgate. [0072] A NAND gate shown in FIG 4C incl udes

transistors 251 to 253. Note that the transistors 251 to 253 are n-channel
transi stdrs. In &4ahes e ﬁr’i‘H&"’c‘r‘%‘ﬁ%‘Pa&tﬂ%‘F thesgqondinpus Sergipal of thenNAREN - t ype

transi st or sgagh Qﬁebmmfdmgidvmtﬁ Q‘S&Soﬂa&e ROSEAiNE - wibh [OQedified to be & the
transi stor 251, a gate termnal and a first termnal are electrically

connect ed tdearigelly PFOBWF‘ ‘S’u‘@ﬁl@ﬁtpw@nﬁmmal phéhe NA@i)|gate in the abgge t he
transistor &'é&,pnangﬁwe élé?:frf@aﬁf‘l:oxﬁu?ct&i B deftld i¥puf RG] fﬁhé RARD #Jtét | nput

25 term nal heNA@ate and a first term I's electrical
connect ed t@daa saminall whighnisrspecifiéd tdbe tefeghrichliy g@rmza@d t¢ @Ig:7 Sdcond mpnt O the

transi sior '%éﬁ' HeAliB I ond i nput
term na?d) f al Eﬁﬁategmcqﬁhes?tﬁoﬁe@%a 'nfif’i‘l S e cirlggg?n&g%‘gdnﬁgg? ed to a
second 30 t@smpmlterminat(bfethdzNahK)gat&)r 252, and a second ternminal is

el ectrical I[)éoféinnect ed to a | ow power supply potential |ine.

In the logic circuit of this embodiment, at least one of the transistors 242, 243,
252, and 253 included in the NAND gates 231 to 234 has a channel formation region
15 which is formed using an oxide semiconductor. The hydrogen concentration of the
oxide semiconductor is controlled to be 5x10' (atoms/cm®) or lower, preferably 5x10®
(atoms/cm®) or lower, further preferably 5x10"7 (atoms/cm’) or lower. Therefore, the
off current of the transistor can be reduced to 1107 [A) or lower. That is, leakage of
electric charges through the transistor over the period where clock gating is performed
20  can be suppressed. As a result, standby power during this period can be reduced and
malfunction of the logic circuit during this period can be suppressed.
[0079]
Further, when the AND gate shown in FIG 3B is applied to the AND gate 201
included in the logic circuit of this embodiment and the delay-type flip-flop including
25 the NAND gate shown in FIG 4C is applied to the flip-flop 202, all transistors included
in the logic circuit can be n-channel transistors. By applying n-channel transistors to -
the above transistors (in which a channel formation region is formed using an oxide
semiconductor whose hydrogen concentration is 5x10" (atoms/cm®) or lower),
consumed power can be reduced in the logic circuit in which all of the included
30 transistors are n-channel transistors. In addition, by formation of the logic circuit

including not p-channel tramsistors but n-channel transistors, reduction in the



[0076] 16 Note that in the NAND gate, potential of a node to which
the second termnal of the transistor 251 and the first term nal of the
transi stor 252 are electrically connected is output as an output signal of
the NAND gate. [0077] 5Further, the first input termnal and the second
input term nal of the NAND gate can be7 nterchanged with each other. A
termnal which is specified to be electrically connected to the first input
terminal of the NAND gate in the above description can be electrically
connected to the second input termnal of the NAND gate, and a term nal

which is specified to be electrically .connected to the second i.nput 10
Lorminal of SRR PR, PP R, ohaad 08 B 1P Shetl i EaBPiom PR i
connect ed t@adubtuling 8bst catfbetachievedl nal of the NAND gate. [0078] In the

| ogi c ci rcgigb f this enbodi ment, at |east one of the transistors 242, 243,
252, and 2 §%cl uded in the NAND gates 231 to 234 has a channel formation

region 15 which Egrifed! @it ingbvah cBxsufiRd $€ Med0516 URbRN allokRGediitHbRHEN
concentration of the oxjide sem.conductor is conirolled to be 54019

(at orrs/ che)logds of gnuerterngl eircuitaigh makes the logicarienit fy thisy embagiment pperetger
preferably fpgQ1ge APty 853 sQhichiEbr dTW& ftRbRg tﬁTéﬁhg, f fircaiiah@ Ml Of the

transi stor can be reduced to 1x10-13 [A] or | ower. is, |eakage of

el ectric cletcgadcirqyitearbe ¢¥pandedansi st or over the period where clock gating
is perfor ”9[60821? can be suppressed. As a result, standby power during this
period can be reduced and mal function of the logic circuit during this

peri od can be sulPptecthatcitic cpaeR9ef Hus embodimphteor pantethegeldl cpmt ke edmlined n FI G 3B

is appliged t i i .G ClIcul S
erbody risht ey Vi A8 B or e cREbAHEls of i feleBPlyin¢ b flonbl 2, 0,
FIG A4C is apphitderedbh the flip-flop 202, all transistors included in the

| ogi c ci rcgb@sz(ian be n-channel transistors. By applying n-channel

transi stor 0't he above transistors (in which a channel fornmation region

is formed yEmbgdiment®}i de
In this embodiment, an example of the logic circuit described in Embodiment 1
15  will be described. Specifically, a logic circuit including a NOR gate and a flip-flop
will be described with reference to FIGS. 5A and 5B and FIGS. 6A and 6B.
[0083]
< Configuration example of logic circuit >
A logic circuit 500 of this embodiment shown in FIG 5A includes a NOR gate
20 501 and a flip-flop 502. In the NOR gate 501, a first input terminal is electrically
connected to an enable signal line and a second input terminal is electrically connected
to a wiring through which an inverted circuit signal (CKB) is supplied (hereinafter, also
referred to as an inverted clock signal line). In the flip-flop 502, a first input terminal
is electrically connected to a data signal line and a second input terminal is electrically
25  connected to an output terminal of the NOR gate 501.
[0084]
Note that the flip-flop 502 included in the logic circuit of this embodiment is a
circuit which can retain data for one bit utilizing feedback operation. An output signal
of the flip-flop 502 serves as an output signal of the logic circuit 500.
30 [0085]
< Operation example of logic circuit >

Operation of the logic circuit shown in FIG 5A is described with reference to a



sem conduct or whose hydrogen concentration is 5x1019 (atons/cnB) or
consuned power can be reduced in the logic circuit in which all of the
i ncluded 30 transistors are n-channel transistors. In addition, by
formation of the logic circuit including not p-channel transistors but

n- channel

transistors, reduction in thqg 17 manufacturing process;

I mprovenent of yield of the logic circuit,, and reduction in the
manuf act uri ng cost can be achi eved. [0080] Further, reduction in power
consuned in the logic circuit allows reduction in 5 | oads of an external

circuit mhi?h.n35§§§%Q%”L%%%§ngrcuit of this enbodi nent operate. Thus, the

functionality

ming C

co r device including the logic circuit

| ower),

and t he

external cif@os6] can be expanded. [0081] Note that the contents of
this enbodinentngh art thﬁﬁ¢0f can .be gﬁﬁbined 10 freely with the contents
A t i

of ot her enbodi
thereof . [0l

&t PoSf (14, the cophlc gien

e SEMEAs2 BB IbRpsewhich gar ¢
at ETgvw v erdupglied. N Thié, an @URACEFRD INORD YR dF NG’ ghe | ogic

circuit described.in Enggginent 1.15 will be described. Specifically, a

| ogi ¢ ci PcuPPl ISfcalenisigy
"~ reference t @nildaDeof &

exanpl e of

10

15

20

25

30

| ogic circu
(CK). Specifically, the flip-flop 502 receives a data signal (D4 or D5) when the level

of the clock signal (CK) is changed from the low level to the high level, and outputs the
data signal when the level of the clock signal (CK) is changed from the high level to the
low level.

[0087]

During a period T5, the enable signal line serves as a wiring through which a
signal at a high level is supplied. Thus, the output signal (NOR(Ouf)) of the NOR gate
501 is a low-level signal. That is, the low-level signal is input to the second input
terminal of the flip-flop 502. At this time, the output signal (Out) of the logic circuit is
retrained as the data signal D5.

[0088]

During a period T6, the enable signal line égain serves as a wiring through
which a signal at a low level is supplied. That is, like the period T4, the flip-flop 502
receives a data signal (D6 or D7) when the level of the clock signal (CK) is changed
from the low level to the high level, and outputs the data signal when the level of the
clock signal {(CK) is changed from the high level to the low level.

[0089]
In the logic circuit of this embodiment, the clock signal input to the flip-flop

502 is controlled by the enable signal (EN). That is, in the logic circuit, clock gating is

performed with respect to the flip-flop 502.
0090}

Note that the logic circuit of this embodiment reads data when the clock signal
input to the flip-flop 502 goes into a high level, and retains the read data for one clock
cycle. Thus, the output signal (Out) of the logic circuit is temporally retained even
after passing through the period T4 or the period T6 during which the flip-flop 502

operates.,

Gkor That &, therlerkrsignal (kg ds inppt togke seeendrinpd wi t h
fiﬂifLﬂgé Boance! fi5-nofA02 MelRs wWikA83knptt GORE bighiat i on



A logic circuit 500 of this enbodi ment shown in FI G 5A includes a NOR gate
20 501 and a flip-flop 502. In the NOR gate 501, a first input termnal is
el ectrically connected to an enable signal |line and a second input term nal
is electrically connected to a wiring through which an inverted circuit
signal (CICB) is supplied (hereinafteryqalso referred to as an inverted
clock signal line). In the flip-flop 585 a first input termnal is

el ectrically connected to a data signal line and a second i nput termnal is
electrically 25 connected to an output termnal of the NOR gate 501. [0084]
Not e t hat tﬂﬁgélip-flop 502 included in the logic circuit of this

enbodi nent circuit which can retain data for one bit utilizing

f eedback OpeERimMO of AvtuR BbilighrabbHeRNOR g aiefaﬁdhgﬂbﬂi op 502 serves as an
out put signal of the logic Circuit 500. 30 [008 < Operation exanpl e of

logic circuit > Spesifis pompbs of nélr%g%ﬂwem pt @ﬁm igpte PPEinglvded iescri bed

wi th ref er e godi® cicuitlholwnTh NIGCHATde SkAMNiD FIdS. GA0Ed 680%Rdte that the During a
period T4, the 'enable signal line serves as a wiring throug a signal

at a | oW | efliptflopsS02uippindeslin thidegic gircwtishaym i BlalSA m:&uhc) t)elayftypme NOR
gate 5 501 ﬂgtﬁﬁcéh%% f 9&9'4& ere}?ﬁ%i e?fxb&vlag%gérﬂﬁiﬁnséfg&@l ?ﬁﬁgﬂf s input

to the secon put term nal | 1 p-
oper at es wi flip-flopeis |tmbgtrefctrgtm ss gma@@mamr@)et i faincuif Icwﬁgumlohqu hef I op 502

receives a h naI (CK)
I s changed tﬁ? aéo‘i’/v(: evcgf‘m{’ ?ﬁh%ﬁc'}lﬂgﬁ e?"o aIrjl%I&'oEfi %gt t%h tat a

si gnal \Aherﬂeshﬂ)eﬂb&lew,mﬂhtcfwcmétmd?m&@ﬁmhd gEK) is changed fromthe high

| evel tﬁtgﬁ %ﬁ | ow | evel . [0087] During a period T5, the enable

si gnal g ves as a wiring through which a signal at a high level is .

suppl i ed. Thus, meomgamo\sh §NRIG. 6AGIR{(4ALs )mn@s‘tort 5e1 NGMgaNete&ﬁﬂt thé a
| ow-| evel si r1a| the evel IS i np second
nput 16 ¢ orRRrs TH LR e Pl s A te tiapsib Bﬁﬁ % gnal
(Qut) of thecHaafdlgandidigisit IS retrained as the data si gnal

[0093] .

15. . Of the transistor 511, a gate terminal is electrically connected to the enable
signal line, and a first terminal is electrically connected to a wiring through which high
power supply- potential (VDD) is supplied (hereinafter, referred to as a high power
supply line).

[0094]

20 Of the transistor 512, a gate terminal is electrically connected to the inverted
clock signal line, and a first terminal is electrically connected to a second terminal of the
transistor 511.

[0095]
Of the transistor 513, a gate terminal is electrically connected to the inverted

25 clock signal line and the gate terminal of the transistor 512, a first terminal is
electrically connected to a second terminal of the transistor 512, and a second terminal
is electrically connected to a low power supply potential line. '

[0096]
Of the transistor 514, a gate terminal is electrically connected to the enable

30 signal line and the gate terminal of the transistor 511, a first terminal is electrically
connected to the second terminal of the transistor 512 and the first terminal of the

transistor 513, and a second terminal is electrically connected to the low power supply



[ 0088] During a period T6, the enable signal |line again serves as a
wiring through which a signal at a low level is supplied. That is, |like the
period T4, the flip-flop 502 20 receives a data signal (D6 or D7) when the
| evel of the clock signal (CK) is changed fromthe low | evel to the high

| evel , and out puts the data signal wh the |l evel of the clock signal (CK)
I's changed fromthe high level to the Tow level. [0089] In the
logic cirtcuit of this enbodinent, the clock signal input to the flip-flop
25502 is controlled by the enable signal (EN). That is, in the logic
circuit, clog%mggting Is performed with respect to the flip-flop 502.

[ 0090] 0 fhat the logic circuit of this enmbodi nent reads data when
the cl ock sfogggl input to the flip-flop 502 goes into a high level, and

retains the read_data for, qne clock 30 cycle. Thus, the output sigpal (Qut)
of the logic ci r59Fettg?‘§“fh§(r)f’g(g‘?§f‘tr’ypql@f'éli‘?yfédwée%“’g‘ﬂQPSB%Pé‘Qi‘?@“?hg ugh the
peri od T4 One iR 91003 Girdl Uerinithl Wh e irankitof 51D zhd 0 HO20RRIYrERe 19
[0091] < Exanple of circuit configuration of NOR gate and fllt%-gjfl op >

0
Speci fi @ exzamsistesSkarg elestriealiyconnsgted in puiput ahangutpt sigRNPR(QuDRE thenc| uded
in the | ogigoRigh@Uit shown in FIG 5A are shown in FIGS. 6A and 63. Note
that the 5 flip-flop 502 included in the logic circuit shown in FIG 5A can
be the del d§0%B}lpe flip-flop shown in FIG 4k Therefore, the above
description of t | 2.~ « F o l; ' : f ard4-rd pecific
exanpl e of a ci rgﬁ?gﬁcgg%fs%‘gfg{#gﬁs% &?%dgéfm&b% 5%1 @0%3 nggtgi =§}tglwéxarrpl es
of a ci r cuittansistufsi 3dlite52are gicharmel MERstpat. e I Additione the dmwsistbe$2bed 533, wit h

refere t |, GS, .o 2O e shown in FI G 6A
i ncl udg@e t rag?lgnlhs cglrnsﬁé‘ﬁeqf%g@f%.w%gggﬂsh% v?lrﬁagg}lfhlgﬁgﬁqﬁc(‘)rs 511 and 512 are

p- channel t[0899%i stors and the transistors 513 and 514 are n-channel
transi st ors.

[Oogig]the transistor 521, a gate terminal and a first terminal are electrically
connected to a high power sinpply potential line.
[0100]

15 Of the tranéistor 522, a gate terminal is electrically connected to the inverted
clock signal line, a first terminal is electrically connected to a second terminal of the
transistor 521, and a second terminal is electrically connected to a low power supply
potential line.

[0101]

20 Of the tramsistor 523, a gate terminal is electrically connected to the enable
signal line, a first terminal is electrically connected to the second terminal of the
transistor 521 and the first terminal of the transistor 522, and a second terminal is
electrically connected to the low power supply potential line.

[0102] ' '

25 Note that in the NOR gate, potential of a node to which the second terminal of
the transistor 521, the first terminal of the transistor 522, and the first terminal of the
transistor 523 are electrically connected is output as an output signal (NOR(Out)) of fhc
NOR gate.

[0103]

30 The transistor 521 is an enhancement-type transistor in which the gate terminal

and the first terminal are electrically connected to the high power supply potential line,

Thus, the transistor 521 retains an on state regardless of periods. In other words, the



150F the transistor 511, a gate termna

Is electrically connected to the

enable signal line, and a first termnal is electrically connected to a

wi ring through which high power supply potential (VDD) is supplied

(hereinafter, referred to as a high power supply line). [0094] 20OF the
transistor 512, a gate termnal is elgﬁtrically connected to the inverted
a

clock signal line, and a first termn

Is electrically connected to a

second terminal of the transistor 511. [0095] -OF the transistor 513, a gate

t er m nal

S electrically connected to the inverted 25 cl ock signal

i ne and

the gate term.nal _of. t ransi.stor 512, a first termnal is electrically
connect ed t’("f‘“%fs‘%%ﬁﬂ“'fgf: $AIESIHPL t he transistor 512, and a second terninal
is electriqeidqgg connected to a | ow power supply potential |ine. [0096] O

the transistor 514, a

30 signal

li ne aRerthendheAmtinpw terpnal apg the secopd Fput @rpinalpf the NOR

é[?ate termnal is electrlcallé connect ed to the enabl e

termnal i %aﬁb@%térbﬁ:ﬁbéd’wﬁﬁ’@ﬂﬁ%ﬁéﬂ thérHﬁaf%ﬂ:ﬂds Eﬁe&iﬁeﬂ% b@EIeEt'ﬂ@alltyr ansi st or
512 and the first termnal of the transistor 513, and a second termnal is

el ectri &al lopnessiedelot b engblengignabulingotne thesahoye Wesqmugmt‘@ntbeaplectnﬁ@ly [ 0097]
Note that id uﬁeﬁéd'}%&ﬁﬁ%emwp;@l ik, dP bl Waichhs ks mqm term nal

of the transistor

10

15

20

30

first term na

electrically connected to the enable signal line.
[0105]

The logic circuit of this embodiment includes a transistor in which a channel
formation region is formed using an oxide semiconductor. The hydrogen
concentration of the oxide semiconductor is controlied to be 5x10"° (atoms/cm®) or
lower, preferably 5x10'® (atoms/cm®) or lower, further preferably 5x10"7 (atoms/cm®) or
lower. Therefore, the off current of the transistor can be reduced to 1x107 [A] or
lower. That is, leakage of electric charges through the trausistor over the period where
clock gating is performed can be suppressed. As a result, standby power during this

period can be reduced and malfunction of the logic circuit during this period can be

suppressed.
[0106]

Further, when the NOR gate shown in FIG. 6B is applied to the NOR gate 501
included in the logic circuit of this embodiment and the delay-type flip-flop including
the NAND gate shown in FIG. 4C is applied to the flip-flop 502, all transistors included
in the logic circuit can be n-channel transistors. By applying n-channel transistors to
the above transistors (in which a channel formation region is formed using an oxide
semiconductor whose hydrogen concentration is 5x10'° (atoms/cm®) or lower),
consumed power can be reduced in the logic circuit in which all of the included
transistors are n-channel transistors. In addition, by formation of the logic circuit
inciuding not p-channel transistors but n-channel transistors, rcducﬁon in the

manufacturing process, improvement of yield of the logic circuit, and reduction in the

manufacturing cost can be achieved.
[0107]

e transi st 513, and the
first ter melegirically cdnoected to the inverted clock signal line in the above descnptlon can be



5 transistor 514 are electrically connected is output as an output signal
(NOR(Qut)) of the NOR gate. [0098] A NOR gate shown-in FIG 6B

i ncludes transistors 521 to 523. Note that the transistors 521 to 523 are
n-channel transistors. In addition, the transistors 521 to 523 10 are
enhancenent -type transi stors whose thrgshol d voltages are positive. [0099]
O the transistor 521, a gate termnal and a first termnal are

el ectrically connected to a high power supply potential {ine. -[0100] 15Of
the transistor 522, a gate terminal is el ectrically connected to the

inverted cl .OCk Sg?ﬁfeherl:éﬂﬁm th fév{rc Iis%mcd he 13 l(e.l &F{ ?ﬁ%ﬁé\gﬂqe nnECt ed to a

second term nal ransi' s
el ectri cal |lgads@fiae ektechat circaitlvdﬂclpmums tlwlogicy:upmt eﬁthlzﬁémlbddliment bpéfxd] 200f

t he transi s,or e m nal ectric C nnth ed to the enable
o onal 1 noli F RuncBoffh ot Fsuiiandr Fnd eiing e BaRs Gt and dieona
term nal ofextdntal tif@iteksboexphdedand the first terminal of the transistor

522, an e[ﬁ(f(? nd termnal is electrically connected to the | ow power
supply line. [0102] 25Note that in the NOR gate, potential of a

node to \Ahl ch thﬁoﬁ&ﬁﬁtnﬂie (cBitBAte F 113§ elBEdilnbMNS puktOtheredt cant BEcdrhbiigdg t er ni nal
of the transistor 522, and the first terminal of the transistor 523 are

el ect ri cal |Heclionithtie eontents Hfnthss embedigants gt past thereefrthy squiptefiBample t he NOR
gate. [0103; %@m@ﬁofrany stor 521 is an enhancenent-type transistor in

whi ch the a e termnal and the first termnal are electrically connected
to the hi gHOB®her supply potential line. Thus, the transistor 521 retains

an on sjAt QeLBeAMEN&FS Of periods. In other words, the

In this embodiment, an example of the logic circuit described in Embodiment 1
will be described.  Specifically, a logic circuit including a latch and a flip-flop will be
described with reference to FIGS. 7A and 7B and FIGS. 8A to 8C.

[0110]
15 < Configuration example of logic circuit >
- Alogic circuit 600 of this embodiment shown in FIG. 7A includes a latch 601
and a flip-flop 602. In the latch 601, a first input terminal is electrically connected to
an enable signal line and a second input terminal is electrically connected to an inverted
clock signal line. In the flip-flop 602, a first input terminal is electrically connected to
20 a data signal line and a second input terminal is electrically connected to ‘an output
terminal of the latch 601.
[0111]

Note that the flip-flop 602 included in the logic circuit of this embodiment is a

circuit which can retain data for one bit utilizing feedback operation. An output signal
25  of the flip-flop 602 serves as an output signal of the logic circuit 600.
[0112]

The latch 601 of this embodiment may have any structure as long as data can
be latched. Here, as the latch 601, a circuit which latches an inverted signal of a signal
input to the second input terminal when a signal at a high level is supplied to the first

30  input terminal is used,
[0113]

< Operation example of logic circuit >




21 transistor 521 is utilized as a resistor. [0104] Further, the
first input termnal and the second input termnal of the NOR gate can be

i nterchanged with each other. Aterminal which is specified to be
electrically 5 connected to the enable signal line in the above description
can be electrically connected to the igyerted clock signal line, and a
termnal which is specified to be electrically connected to the inverted
clock signal line in the above description can be electrically connected to
t he enabl e signal line. [0105] 10The Iogic circuit of this enbodi nent

I ncl udes a transi I n V\:hl ch a channel rnmation regjon i s formed using
an oxi de seni concﬁ?@f“b‘?“ ofrthe Wﬁﬁ’éﬁh%h’e b 74t 15 dpscgbed with efsrence to a

senm conduct ghilgchiPHoalin BIG. ¥B. be 5x1019 (atons/cnB) or |ower, preferably
5x1018 (atons/an) or |lower, further preferably 5x1017 (atons/an) or
|lower. TherBH#fle, the off current of the transistor can be reduced to

| x10-13 [A] or 15>.Jrﬂwpen§w7 he enﬁlﬁ@%% 1AL s&VECEs'd ﬁlr&{%gga%g rﬁr@&f)&*gh the

transistor over the period where clock gating is perf

suppr ess®d. sigeal gt p bighllevel i spplisd. pMdhis dimei ag ovthitssignat (lotché@ut))oef theduced
and mal func C ressed.
[ 0106] 20Fufra% %O?f’ vx#lgdJ a;fﬂe&gg{%rﬂg tﬁ%}@k&%ﬁ?@:@%@ r"{i’g'ﬁ%#ggt he NOR
gate 501 i n@lcm!feuiputrtermml lo® gxecﬂlp*fﬂuptﬁ(}@ oThe flipsllapniBdiperares vamdthe livgput

del t h N h FlL. G lied t
Che 11 oo RS ROk SR e MR 307 SBRRC s iene) fifR pf DB Lo | °
n- channel twhensthslegelnf &B)clm:krsiglalr(giﬁ)-ls:ﬁangsdl frdni ghedow lavebiotthe mblele&blpve -

¢ : : oh h I , ,

25 ser Dt dohi o arS g LEIER] of e FBRk Rema T et bpe B or ¢

| ower), cortighkedelpotieloveiielbe reduced in the logic circuit in which aI | of

t he incl ude li ansi stors are n-channel transistors. In addition, by
formation e logic circuit including not p-channel transistors but

n-channel transi $ufihfa peRsLITS, tBehablel sighal Bt erveh 46 b Mridd ﬂﬁﬁ%ﬁwﬂuﬂﬁ[ ovement
of yield of the logic circuit, and reduction in the 30 manuiacturing cost
can be achi8&nalat 3 gm) el iy gupplied. At tius time, the output signal (Latch(Out)) of the
15  latch 601 retains a low level. In other words, a low-level signal is input to the second
- input terminal of the flip-flop 602. At this time, the output signal (Out) of the logic
* circuit is retained as the data signal (D9).
[0116]
During a period T9, the enable signal line again serves as a wiring through
20  which a signal at a high level is supplied. That is, like the period T7, the flip-flop 602
receives a data signal (D10 or D11) when the level of the clock signal (CK) is changed
from the low level to the high level, and outputs the data signal when the level of the
clock signal (CK) is changed from the high level to the low level.
[0117]
25 In the logic circuit of this embodiment, the clock signal (CK) input to the
flip-flop 602 is controlled by the enable signal (EN). That is, in the logic circuit, clock
gating is performed Wim respect to the flip-flop 602.
[0118]
Note that the logic circuit of this embodiment reads data when the clock signal
30  input to the flip-flop 602 goes into a high level, and retains the read data for one clock
cycle. Thus, the output signal (Out) of the logic circuit is temporally retained even
after passing through the period T7 or the period T9 during which the flip-flop 602



Further, reduction in power consuned in the logic circuit allows reduction
in loads of an external circuit which makes the logic circuit of this
enbodi ment operate. Thus, the functionality of a sem conductor device
including the logic circuit and the external circuit can be expanded. 5
[0108] Note that the contents ofqfhis enbodi nent or part thereof can
be conbined freely with the contents of other enbodi nents or part thereof
or the content of Exanple or part thereof. [0109] 10 (Enbodi nent 4)

In this enbodi ment, an exanple of the logic circuit described in Enbodi nent
1 wll be descrlbed Specifically, a logic circuit including a latch and a
flip-flop whHF e described with reference to FIGS. 7A and 7B and FI GS. 8A
to 8C. [011fpid)5 < Configuration exanple of logic circuit > A logic

circuit 600 of this_enbodi nent sho A includes a latch 601 and a

flip-flop 66%*”?&6 ﬁ%“?ﬁ?@ﬁﬁﬁﬁTmnapgc §Frbw Ternminal is electrically

connected to an %@&ﬁ@eﬁdﬂm' of 4 HfcufNGnBgEffoanst th@lﬂt@h $0Ar #LIAdd InSthe

electrlcally connected to an inverted clock signal line. In the flip-flop
o

602, a rdst IogiggiRcuit shoynnia FIGs7A presbeye it FIGS $ihiei(ed Naie thet the dip-Hor gnal

line and a g@ciaafdedp e 168E Eﬂ'&ﬁlshév?n /IM6lTA &aldencinaghetiplpaRowiit Pt
termnal of the latch 6017 [0111] Not e t hat theflip 1P 602

i ncl uded i nint KK |4dgi (Theiief%@ltbﬂ @PO‘{%f]@C@?fMd‘an@lﬁtdqhs"‘aP%ﬂntﬂ‘i’R lﬁwm Bh can
retain dat are? ed e bbts Wifid lezhdidle fRCLRAE: ‘89&* i8R of &RHF; &gnal 25

of the flip-tlop ves as out put signal” of the rcuit 600.
[0112] Speﬁir; elxamplhs of0 cipfuittchnfigueatioo o thentatchgl ha:xﬁbscanbyd belowcwith e as

| ong asl(glatl%feg%fgj Ibg@ﬂri)dgoqﬁere_, as the latch 601, a circuit which

| at ches™an i nver a signal input to the second input termna
when a si gn@l2@}t a hlgh level is supplied to the first 30 input termnal is

used. [0113] < q%efaﬂsimis (r)]wr? )%llﬂgf(lleSA mciuggsl z(t: tr(z:illlslis Or %ll an inverter 612, and an

inverter 613. Note that the transistor 611 is an n-channel transistor.
[0121]
15 Of the transistor 611, a gate terminal is electrically connected to the enable

signal line, and a first terminal is electrically connected to the inverted clock signal line.
[0122]
An input terminal of the inverter 612 is electrically connected to a second
terminal of the transistor 611.
20 [0123]
An input terminal of the inverter 613 is electrically connected to an output
terminal of the inverter 612, and an output terminal thereof is electrically connected to a

second terminal of the transistor 611 and the input terminal of the inverter 612.

[0124]
25 Note that in the latch, an cutput signal of the inverter 612 is output as an output
signal (Latch(Out)) of the latch.
[0125] ' _
FIGS. 8B and 8C show specific examples of a circuit applicable to the inverter
612 and the inverter 613.
30 [01206]

An inverter shown in FIG. 8B ircludes a transistor 621 and a transistor 622.
Note that the transistor 621 is a p-channel transistor and the transistor 622 is an



23 Operation of the logic circuit shown in FIG 7A is described with
reference to a timng chart shown in FIG 7B. [0114] During a period 17, the
enabl e signal |ine selves as a wiring though which a 5 signal at a high

| evel is supplied. At this tinme, an output signal (Latch(Qut)) of the latch
601 is a clock signal (CK). In other wds, the clock signal (CK) is input
to the second input termnal of the flip-flop 602. The flip-flop 602
operates with the input clock signal (CK). Specifically, the flip-flop 602
receives a data signal (D8 or D9) when the level of the clock signal (CK)
is changed fromthe l.ow level to the high level, 10 and outputs the data

si gnal when™thRneldARSISOE  ( he ¢l ock signal (CK) is changed from the high
level to thmibpw | evel. [0115] During a period T8, the enable signal

| ine serves as a wiring through which a signal at a low |evel is supplied.
At this tine, th&fdﬂ%;ﬁﬁaﬂﬂﬁ?fgﬁﬁa(&aaq tpmingt 35 elggtrigalix cpgngciedctr the ingubt aj ns a
low | evel. (efn@ANGth¥RivERer, shdl PHist B¥RInaPisWitridafly coitidEted ® & 'ﬂfﬁh%%i“d I nput
termnal of the flip-flop 602. At this time, the output signal (Qut) of the
| ogi ¢ ci¥ cusupplypoteatidiined as the data signal (D9). [0116] During a period
T9, the enafbllggsi gnal line again serves as a wiring through 20 which a
signal at a hi Jh | evel is supplied. That is, like the period 17, the
flip-flop 602 red¥ithesrapsistent 622% jaggmtd tefidind! & elgdrigallyinonnacted tbabelinppt t he

out put o ¢ netetl o BB dE Bl Wplodof BE Sl €8, LA epiEnse E10

from t he hidécttiemiie lconmpcttd & 2 saoohdeteghinal] df tHe/frandiston 62hentl agecond termiial of thi s

enbodi t,.the cl.ock si I i nput.to.t flip-flop 602 is controlled
by the ab’lsggg'i" |mwﬁﬁ%5?%£q%'?%wer?wp%wm§§%‘aneu rcuit, clock gating is
perfornmed woti#o)respect to the flip-flop 602. [0118] Note that the |ogic

circuit of this odi ment .reads data en the ¢Jock signal 30 input to the
flip-flop 602 gogqu 'ﬂ?‘dﬂ CHTYGHE pOERtial "rdgtt%\”%gfcbr‘?éc‘fogaécrﬂﬁi’%loﬁ? one

cl ock transistor 621 and the first terminal of the transistor 622 are electrically connected is

output as an output signal.
15 [0130] ‘ _
An inverter shown in FIG 8C includes a transistor 631 and a transistor 632.
Note that the transistor 631 and the transistor 632 are n-channel transistors. In addition,
the transistor 631 and the transistor 632 are enhancement-type transistors whose
threshold voltages are positive.
20 [0131]
Of the transistor 631, a gate terminal and a first terminal are electrically
connected to a high power supply potential line.
[0132] '
Of the transistor 632, a gate terminal is electrically connected to the input
25  terminal of the inverter, a first terminal is electrically connected to a second terminal of
the transistor 631, and a second terminal is electrically connected to a low powef supply
potential line.
[0133]
Note that in the inverter, potential of a node to which the second terminal of the
30 transistor 631 and the first terminal of the tfransistor 632 are electrically connected is
output as an output signal. '
[0134)



cycle. Thus, the output signal (Qut) of the logic circuit is tenporally
retai ned even after passing through the period 17 or the period T9 during
which the flip-flop 602 24 operates. [0119] < Exanple of circuit
configuration of latch and flip-flop > Specific exanples of a circuit
configuration of the latch 601 includegyin the 5 logic circuit shown in FIG
7A are shown in FIGS. 8A to 8C. Note that the flip-flop 602 included in the
logic circuit shown in FIG 7A can be the delay-type flip-flop showm in FIG
4A. Therefore, the above description of the delay-type flip-flop is to be

referred to as a eci,fj,C e.of a.circuit onf at on_af .the

o Top g0s. SAMRRHN g AR Benbion’is it dte whRRIhETERTR 68 B at on
601 are desg-thdane thﬂhﬁw., that t'tdhsﬁt@r 6l &hﬂi&.@pkﬁmﬁhﬁ&mﬁt@uﬂ dn Beis cis@,lE)O]

A latch shown i.n ngf qﬁnlgll.{)":es a.tran |st%§agll a %ert 612, and an
i nverter 618vertipg the gpable si fhe pRerationyimyar o the above cap be perigrmed. ansi st or .
[0121] 150‘50113133 transistor 611, a gate termnal is electrically connected

to the enable signal line, and a first termnal is electrical lcﬁ connect ed
to the ihverted dhelgicseisyitiof thip gmbpdiment|includes a tpansistap int whisk gichagnebf t he

inverter 61@ha&ioR! é‘é[gidn' G&l formePNiGfd el (RiR %&ﬁﬁ&?hu&ﬁafm NRle & dﬁog&
613 is

transistor 611. 20 An 1 nput term nal of I nverte
el ectri cal | spnesotraliéant @ﬁjthpcvm aguuqmduqt@rimcnmolbﬂ t@H?@ 57110 rlelomsend) omnd an

CULPUL L TRl TR R ER arBRS S RO B 1o
lower. - Therefore, the off current of the transistor can be reduced to 1><10“13 [A] or
10 lower. That is, leakage of electric charges through the transistor during the period
where clock gating is performed can be suppressed. As a result, standby power during
this period can be reduced and malfunction of the logic circuit during this period can be
suppressed.

[0136])
15 Further, when a latch including the inverter shown in FIG. 8C is applied to the

latch 601 included in the logic circuit of this embodiment and the delay-type flip-flop
including the NAND gate shown in FIG. 4C is applied to the flip-flop 602, all transistors
included in the logic circuit can be n-channel transistors. By applying n-channel
transistors to the above transistors (in which a channel formation region is formed using
20 an oxide semiconductor whose hydrogen concentration is 5x10"° (atoms/cm3) or lower),
consumed power can be reduced in the logic circuit in which all of included transistors
are n-channel transistors. In addition, by formation of the logic circuit including not
p-channel transistors but n-channel transistors, reduction in the manufacturing process,
impravement of yield of the logic circuit, and reduction in the manufacturing cost can
25 beachieved.
[0137]

Further, reduction in power consumed in the logic circuit allows reduction in
loads of an external circuit which makes the logic circuit of this embodiment operate.
Thus, the functionality of a semiconductor device including the logic circuit and the

30 external circuit can be expanded.
[0138]



[0124] 25Note that in the latch, an output signal of the inverter 612 is

out put as an output signal (Latch(Qut)) of the latch. [0125] FI GS. 8B
and 8C show specific exanples of a circuit applicable to the inverter 612
and the inverter 613. 30 [0126] - 25 n-channel transistor. [0127] O

the transistor 621, a gate termnal isyglectrically connected to the input
termnal of the inverter, and a first termnal is electrically connected to

a high power 5supply potential line. [0128] O the transistor 622, a
-gate termnal is electrically connected to the input term nal of the
inverter and the gate termnal SIStOI‘ fi st termnal is
electrically conﬁ\&get ﬁ‘at §’8 cﬁ“‘é’%‘éd’ﬁc}ﬁ enb?r P%gﬁeaﬁ %FO‘B fg‘l and a

second t er niréehy wikﬁ)tues:oﬁhﬁ@ bf other! ehnboﬂmﬁeeﬁ palt theredf biohe Bttt oS BRPAple

pot enti al I|ne % Note that in the inverter, potenti al of a node
to which th‘ér termnal of the transistor 621 and the first term nal
of the tra or 622 are electrically connected is output as an out put
-signal. 15 0] An inverter shown in FIG 8C includes a transistor

631 and A t fll§%€8‘r5)632 Note that the transistor 631 and the transistor
632 are n-channely ﬁﬁ@éﬁ?ﬂoﬁh%ﬁanlefhngﬂéjbﬁthé’ i diBuit Hé%ﬁﬁﬂﬁnﬁgw the
es

transi stor 632 are enhancement -t tranS| tors whose thr vol t ages
are posi ti vwill be described.  Specifically, aloglc circuit including an AND gate and a plurality of

flip-flops will be described with reference to FIG. 9.
{0140]

10 A logic circuit 800 of this embodiment shown in FIG. 9 includes an AND gate

801 and a flip-flop group 805 including flip-flops 802 to 804.
© [0141] |

' Of the AND gate 801, a first input terminal is clec;trically connected to an
enable signal line, and a second input terminal is electrically connected to a clock signal

15  line.

[0142] . _ _

Of the flip-flop 802, a first input terminal is electrically connected to a data
signal line, and a second input terminal is electrically connected to an output terminal of
the AND gate 801.

20 [0143]

Of the flip-flop 803, a first input terminal is electrically connected to an output
terminal of the flip-flop 802, and a second input terminal is electrically connected to the
output terminal of the AND gate 801,

[0144]

25 In the flip-flop 804, a first input terminal is electrically connected to an output
terminal of the flip-flop 803, and a second input terminal is electrically connected to. the
output terminal of the AND gate 801.

[0145] '

Note that an output signal of the flip-flop 804 is an output signal (Ouf) of the

30 logic circuit 800,

[0146]
Note that the flip-flops 802 to 804 included in the logic circuit of this



20 [0131] O the transistor 631, a gate termnal and a first term nal
are electrically connected to a high power supply potential line. [0132] O
the transistor 632, a gate terminal is electrically connected to the input
25 termnal of the inverter, a first terminal is electrically connected to
a second termnal of the transistor 63 and a second termnal is
electrically connected to a | ow power Supply potential line. [0133]

Note that in the inverter, potential of a node to which the second term nal
of the 30 transistor 631 and the first termnal of the transistor 632 are

electrically connected.is, Ou&iﬁ#t as an output signal.. &0134 26
Al t hough t hEmbasipent deegircpity Wiich c2n sefin datg for\gne b uiithizing fesdback opsratiomy i s an

n-channel t Fareghmiplefa deldya ermpsioﬁfsmwﬁﬂahem&ﬁbeaﬁblﬁbanne! transistor. In
this case, by inverting the enable signal, the operation simlar to the

above can b 679]rf0rrred. [0135] 5The logic circuit of this enbodi nent

 ncl udes 'a L r anSiyslud gl A he A B RTUP LIoBR sl Q) FpliA6ERE US1 g

an oxi de sem conductor. The hydrogen concentration o

sem conduct Bp-flop granpt806 iy contrelicdihy thxendhle sigaal ¢Fl).c ridipt isyin thwdegic cioeuitf er abl y
2018 ORGP (110110 o1 over
or 10 | ower[014§1at i's, leakage of electric charges through the transistor
0ur 9 {0 ety BHRET R AT WO L BB RO o
the | ogi c c805¢ thet fidt fripag tddnimal e eleciticallyncdnaecseddfr &8 SRtput terminal of the
10  flip-flop in the previous stage. That is, the logic circuit of this embodiment is a shift
register which shifts the data signal (Data) through the flip-flops sequentially during a
period where a clock signal is input.
[0149]
The logic circuit of this embodiment includes a transistor in which a channel
15 formation region is formed using an oxide semiconductor. The hydrogen
concentration of the oxide semiconductor is controlled to be 5x10" (atoms/cm?) or
lower, preferably 5%x108 (atoms/cm®) or lower, further preferably 5x10"7 (atoms/cm’) or
lower. Therefore, the off current of the transistor can be reduced to 1x107 [A] or
lower. That is, leakage of electric charges through the transistor during the period
20  where clock gating is performed can be suppressed.  As a result, standby power during
this period can be reduced and malfunction of the logic circuit during this period can be
suppressed.
[0150]
Further, all transistors included in the AND gate 801 and the flip-flop group
25 805 in the logic circuit of this embodiment can be n-channel transistors. By applying
n-channel transistors to the above transistors (in which a channel formation region is
formed using an oxide semiconductor whose hydrogen concentration is Sx10
(atoms/cm®) or lower), consumed power can be reduced in the logic circuit in which all
of the included transistors are n-channel transistors. In.addition, by formation of the
30 logic circuit including not p-channel transistors but n-channel transistors, reduction in

the manufacturing process, improvement of yield of the logic circuit, and reduction in




[0136] 15Further, when a latch including the inverter showm in FIG8Cis
applied to the latch 601 included in the logic circuit of this enbodi nent
and the delay-type flip-flop including the NAND gate shown in FIG 4C is
applied to the flip-flop 602, all transistors included in the logic circuit
can be n-channel transistors. By applying n-channel transistors to the
above transistors (in which a channel formation region is forned using 20
an oxi de sem conduct or whose hydrogen concentration is 5x1019 (atons/cnB)
or |ower), consuned power can be reduced in the logic circuit in which al
of included tran%jstors a¢e F-cm%pqgl transistors. In addition, by
formation of®{RBUpdUIng coptean be asievedii g not p- channel transistors but

n- channel tj0asyi stors, reduction in the manufacturing process, inprovenent

of yield of the Ioggg ci.rcuit, and reduction in the manufacturing cost can
25 be achi eved. [FyEaer) reduction i-povyersonsumed jp thegeic Fphallovsowdurtian in n t he

| ogi ¢ ci I cUlokdsaflal WktehR BieduiitOPhitN maRAdfie RigicAéircit of iatmBddimtitlophicch makes
the logic circuit of this enbodi ment operate. Thus, the functionality of a
seni conduct Biusgtheiferctiopality, af a gemisandugigr deviey ingluding fhe dagic doruityand ith|
Circuit canyagnf¥namndeve Lphedth. 27 Note that the contents of this
enbodi nent or part thereof 'can be conbined freely with the contents of

ot her enbodOkeflts or part thereof or the content of Exanple or part

h f. [0139 i - ) i : | ¢
thgrleggi c[ ci rcLi ?‘°§°§g§?ﬁ‘€g§ﬂ§bﬁg)€%‘éﬁ%§n?"%mﬁﬁ ?ﬂﬁgph‘@g@ﬁ frfglgése)ﬁﬁ&p ¢ 0

Speci f i cal |fip-fiaps; dgiveveri the niumbérrof fligHlops iarthe\N@icguircrit af thimerpbadimdt tisy of

flip-flgps Wkl - I Lth T er%ﬁ ElG 9. 1014Q] 10A.l.ogic
circui tfbgoonwéfhhll{%?stg?%g%d%wk; %\‘f\ﬁéulnn % %’a?orqlé?eﬁge@sioﬂf (i{kﬂljtg“é @'301 and
a flip-fl opngudesFir@0d nith dliptlops(nfik iapafuird pambBed chiob8Uskd. Note that of the

' k-th flip-flop (k is a natural number equal to or less than #) included in the logic circuit,

a first input terminal is electrically connected to an output terminal of the (k~1)-th

flip-flop, and a second input terminal is electrically connected to the output terminal of
15  the AND gate 801.

[0153]

Furthermore, in this embodiment, an output signal of the flip-flop in the
previous stage is input to the first input terminal of the flip-flop in the second or
subsequent stage; however, a structure of the logic circuit of this embodiment is not

20 limited to the above structure. For example, a structure in which a signal is input from
the external circuit of the logic circuit 800 to the flip-flop may be employed.
Alternatively, a structure may be employed, in which a first input terminal of a flip-flop
is electrically connected to an output terminal of a flip-flop which is not a flip-flop in
the previous stage; e.g., the first input terminal of the flip-flop may be electrically

25-  connected to an output terminal of a flip-flop in a stage before the preceding stage.
Further alternatively, a first input terminal of a flip-flop may be connected to an output
terminal of another flip-flop via another circuit, instead of being connected directly
thereto.

[0154]

30 The plurality of flip-flops included in the logic Eircuit of this embodiment do

not necessarily have the same structure to each other, Each of the flip-flops may have

a different structure in accordance with applications or the like.



[0141] O the AND gate 801, a first input terminal is electrically
connected to an enable signal line, and a second input termnal is

el ectrically connected to a clock signal 15line. [0142] O the
flip-flop 802, a first input termnal is electrically connected to a data
signal line, and a second input termngd is electrically connected to an
output termmnal of the AND gate 801. 20 [0143] O the flip-flop 803,
a first input termnal is electrically connected to an output term nal of
the flip-flop 802, and a second input terminal is electrically connected to
t he out put E gT naI of the AND gate 801. [0144] 25In the flip-flop 804, a
first input*termnal is electrically connected to an output termnal of the
flip-flop 803, aﬂtbtaﬂmedmmbntemstﬂf thisrdfﬂmaimehsoebﬁctlre'rmlchxybeQBmsﬁEaed to the

out put ter | o 1...[0145 hat n out put
si gnal of Fﬁ“é‘% Wtbt I°8B %ﬁggtberaﬁ'f'q’(?ﬂ ts %!l’@‘ﬁmef%’&ft the 8‘?‘“‘?‘“8%

circuit 800ordafilMédof. 28 enbodi ment are circuits which can retain data for
one bit tlé iélng f eedback operation. For exanple, a delay-type flip-flop
shown i can be applied. [0147] In the logic circuit of this

enbodi nent , dimeac) signal (CK) input to the 5 flip-flop group 805 is
control led by the enable signal (EN). That is, in the logic circuit, clock

gating is perfor r‘%ﬂ“ﬁ/ﬁ’ﬁt}?d%béé example plthe Jogjs. ginceiy deseriend ig Embofliorns)
will be described.  Specifically, a logic circuit including an AND gate and a plurality of
flip-fops will be described with reference to FIG. 10.

10 [0157]

A logic circuit 900 of this embodiment shown in FIG. 10 includes a control
portion 903 including a flip-flop 901 and an AND gate 902, and a flip-flop group 907
including flip-flops 904 to 906.
[0158]

15 Of the flip-flop 901, a first input terminal is electrically connected to a wiring
through which a first data signal (Data 1) is supplied (hereinafter, referred to as a first
data signal line), and a second input terminal is electrically connected to a clock signal
line.

[0159]

20 Of the AND gate 902, a first input terminal is electrically connected to an
output terminal of the flip-flop 901, and a second input. terminal is electrically
connected to an enable signal line. '

[0160]
Of the flip-flop 904, a first input terminal is electrically connected to a wiring

25  through which a second data signal (Data 2) is supplied (hereinafter, also referred to as a
second data signal line), and 2 second input terminal is electrically, connected to an
output terminal of the AND gate 902,
f0161]

Of the flip-flop 905, a first input terminal is electrically connected to an output

30 terminal of the flip-flop 904, and a second input terminal is electrically connected to the
output terminal of the AND gate 902.

{0162]




Further, of the flip-flop in the second or subsequent stage in the
flip-flop group 805, the first input termnal is electrically connected to
the output termnal of the 10 flip-flop in the previous stage. That is, the
logic circuit of this enbodinent is a shift register which shifts the data
signal (Data) through the flip-flops sequentially during a period where a
clock signal is input. [0149] The logiC circuit of this enbodi nent includes
a transistor in which a channel 15 formation region is forned using an

oxi de sem conductor. The hydrogen concentrati on of the oxi de sem conduct or
Is controlled to be 5x1018 (atops/cnm) or |ower, preferably 59018

(atoms/ cml) or | defdhe tincflapR0p, Hiust mputfermingl igelectically garmesd iy an oufpsit

Ther ef ore, ichfingf df tkd#lip21dp 90%, ah1 @ stdoad Sipht @fmifid'k Q&tﬁ&ﬂ?%@ﬁx&@d koXthd 0_13 [A]
or lower. That is, |eakage of electric charges through the transistor

during the PépPytdemiml ofthe ANB g#480ating i s performed can be suppressed. As
a result, sgpagsby power during this period can be reduced and mal function
of the logic circuit during this period can be suppressed. [0150] Further,
all tranistors iNa¢ thdean ¢utput isignaiNiD theaflip-Bp1906risian hetpht signaf (Qip) ofitbap 25 805
in the |ogig ﬁicgr&?ﬂéooof t hi s enbodi nent can be n-channel transistors. By
appl yi ng n- CRannel transistors to the above transistors (i nh which a channel
formation r®d64n i s fornmed using an oxi de sem conduct or whose hydrogen

concent ratOn | 1 il 6 AR 7y ok po BRRHR R POIGIe Sl B | c0uce
transi st or sthisl embdittnérit ame chyuifsowhigh ican refaint 8€a 36 bagibit Wilizfigi feedbael udi ng
ranuf ackl | RSHPBe 8 SRl B e gE fob FRGT I ERG s L GRTER: 1 and
reduction if@es9 the manufacturing cost can be achieved.
In the logic circuit of this embodiment, the clock signal input to the flip-flop
group 907 is controlled by the enable signal (EN) and the output signal of the flip-flop
901 controlled by the first data signal (Data 1) and the clock sigral. That is, in the
15 logic circuit, clock gating is performed with respect to the flip-flop group 907.
[0166]
Further, of the flip-flop in the second or subsequent stage in the flip-flop group
907, the first input terminal is electrically connected to the output terminal of the
flip-flop in the previous stage. That is, the logic circuit of this embodiment is a shift
20  register which shifts the second data signal (Data 2) through the flip-flops sequentially
during a period where a clock signal is input.
[0167]
The logic circuit of this embodiment includes a transistor in which a channel
formation region is formed using an oxide semiconductor. The hydrogen
25  concentration of the oxide semiconductor is controlled to be 5x10" (atoms/cm’) or
lower, preferably 5x10"® (atoms/cm®) or lower, further preferably 5x10" (atoms/cm’) or
lower. Therefore, the off current of the transistor can be reduced to 1x10™" [A] or
lower. That is, leakage of electric charges through the transistor during the period
where clock gating is performed can be suppressed.  As a result, standby power during
30 this period can be reduced and malfunction of the logic circuit during this period can be

suppressed.



[ 0151] Further, reduction in power consuned in the logic circuit
allows reduction in |oads of an external circuit which nakes the |ogic
circuit of this enbodi nent operate. 5 Thus, the functionality of a

sem conductor device including the logic circuit and the external circuit
can be expanded. [0152] Not e t this enbodi nent shows the |ogic
circuit which includes three flip-flopsS; however, the nunber of flip-flops
in the logic circuit of this enbodinent is 10 not limted to three. As the
logic circuit of this enbodinent, a logic circuit which includes first to
n-th flip-flops (n is a natural nunber) can be used. Note that of the k-th
flip-flop (K’ & a natural nunber equal to or less than n) included in the
l'ogic circuit, agjhe&! al %stér@rlﬁelﬂﬁh ih $hé b&ifttol ipbAtoh Yo030RASKE Shp-fiGp 2N
out put ternlnal of the (k-1)-th flip-fl. op, and a second i nput tern1na| S
el ectrical Iyovemﬂﬂ’ém the IQQCtC eubqﬁﬁnﬁem@dmlmwa@be n5channel ApESisiers.e 01,

[ 0153] P ug hRGLIR Emsis@rs 13! the %H?/Q%HBE\B (ﬂpwﬂiéh RUlhaiied FsHmafibn t N€
flip-flop .ﬁ previ ous stage i s I nput the First I nput termnal of the
flip-flap ingohds E’mmmimgranmidsequemtdusmaghoseMMgerqoneemnmmm GrED'Df the

| ogi c C|rcu t of tEIS enmbodi nent. i s not 20‘4 ﬁgito t he above stLucture
For exanpl e at"&‘sé‘i“P e lgwer). sensprmed porersag by requeed g 8h logic siyihin vwhichal

circuit of gge hfefliaed Grhrister m%QDcﬂaﬁna fﬁ%ﬁl&w@ fin%dimy Befrridystdhe

Al ternatively, a structure may a_rust input term nal
of a flip-flosig dirsuitjnshdingnat p;ﬁhwﬁhwgvér% E‘“dh‘:flﬁm%ma“?ﬂ%‘i’fﬁa wdyctig i
flip-tlop wyt ﬁ{zm?ﬁa ozés nmyo%nm JEHRIPHEME Whic StAHCandEreductioh i 1 1St
input termnal o be électrically 25 connected to an
out put r nﬁhqmanv@ffact@mfglqopj-canb@aqhwvad -.st age before the preceding stage.
Further alt iggatively, a first input termnal of a flip-flop may be
connected t output termnal of another flip-flop via another circuit,
i nst ead of bei ng Fouhaeredwtionliir pawdryconsweredtin thel 10416 4fre@0 Fitvspieductibi fity  of
flip-flops jn ded ..o |

necessari | yf ﬁ‘gsvog ﬁéieénaairrg csutr‘glcl:1 u%’éd‘( t)u]%a}a%h &{Ehﬁ Oﬂiﬁ‘ggﬂﬂﬁ@dﬁ&?ﬂ%"rﬁeb-f | ops
may have a Thikf fheefmtcnsnaﬁty:bﬂa @emmicomincior davice incluttingahp logiatirapitsandrthé he | i ke.
30 [01 go 1 te &; t he.contents of this enbodi ment or part thereof
can be tombTfERR F?‘B’é‘l P¥PaR9eS- contents of other enmbodiments or part

t her eof or [m)l_[\m]content of Exanple or part thereof.

Note that this embodiment shows the flip-flop group 907 which includes three
flip-flops; however, the number of flip-flops in thc. flip-flop group 907 of this
embodiment is not limited to three. As the logic circuit of this embodiment, a logic

20  circuit which includes a flip-flop group including first to n-th flip-flops (n is a natural
number) can be used. * Note that of the k-th flip-flop (k is a natural number equal to or
less than #) included in the flip-flop group, the first input terminal is electrically
connected to the output terminal of the (k~1)-th flip-flop, and the second input terminal
is electrically connected to the output terminal of the AND gate 902. '

25  [0171]

Furthermore, in the flip-flop group 907 of this embodiment, the output signal
of the flip-flop in the previous stage is input to the first input terminal of the flip-flop in
the second or subsequent stage; however, a structure of the flip-flop group of this
embodiment is not limited to the above structure. For example, a structure in which a

30 signal is input from the external circuit of the logic circuit 900 to the flip-flop may be

employed. Altematively, a structure may be employed, in which a first input terminal



5 [0156] (Enmbodi nent 6) In this enbodi ment, an exanple of the logic
circuit described in Enbodinent 1 will be described. Specifically, a logic
circuit including an AND gate and a plurality of flip-fops will be
described with reference to FIG 10. 10 [0157] A logic circuit 900 of
this enbodi ment shown in FIG 10 i ncl udgf a control portion 903 including a
flip-flop 901 and an AND gate 902, and™a flip-flop group 907 incl uding
flip-flops 904 to 906. [0158] 15O°¢ the flip-flop 901, a first input
terminal is electrically connected to a wiring through which a first data
signal (Data 1) is supplied (hereinafter, referred to as a first data

si gnal |i ne$f 2 Wigdflop is elecirieplly gprnected fnameiitput derminat of 3 Hiptflap whishhisaokd to a
cl ock si gnafipladac: At . st el Ut inal is
el ectrical glpc%d%ﬁrgctthgé%%%)ougﬁggﬁ’t% t ﬁ??rﬁ?h@%@rig%ltnﬁ]egé P}%pf-hk) qu)g rﬁ%ﬁ?@and a
second i nputleatdeatly gennetted 9 ancmtput terhipaloaf aflip-flepl in vstage tefrabihe psicgdiag | i ne.
[0160] OF t fl kPs AWEI N qlol! Inal is electricall
connected to & V\nh?rlﬂ%gglgeg%t%%?%’ﬁag%s{/ﬁ{’ %ﬁé}%&%leé%{rﬁp- ata e ibgcncg)fm(cﬁé? %1‘132/) i's
suppl i ed ( hentpitriefntieal , ofsdnether dlipefloe did endiser acirseic dmtad adfabedigy b@lnettedhe) , and
a second in&%g}é&%%al Is electrically connected to an output term nal of

the AND gate 61] O the flip-flop 905, a first input
term nal isf0e¥xctrically connected to an output 30 termnal of the-

o on o e Sy B alortins siciidty Tt 1001 chcuid o ' dhwodiimen o 1© 1"
not necessarily have the same structure to each other. Each of the flip-flops may have
10  adifferent structure in accordance with applications or the like.
[0173]

Note that the contents of this embodiment or part thereof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
or part thereof.

15 [0174]
(Embodiment 7)

' In this embodiment, examples of transistors included in any of the logic circuits
described in Embodiments 1 to 6 will be described. Specifically, described are
examples in which a transistor formed using a substrate including a semiconductor

20  material is applied to a p-channel transistor included in the logic circuit, and a transistor
formed using an oxide semiconductor is applied to an n-channel transistor included in
the logic circuit.

[0175]
<Structural Example>

25 A p-channel transistor and an n-channel transistor included in the logic circuit

of this embodiment are shown in FIG 11.
[0176]

A p-channel transistor 160 illustrated in FIG. 11 includes a channel formation
region 116 provided over a substrate 100 including a semiconductor material, a pair of

30  impurity regions (specifically, a pair of impurity regions 114a and 114b and a pair of
high concentration impurity regions 120a and 120b) between which the channel

formation region 116 is interposed, a gate insulating layer 108a provided over the



31 O the flip-flop 906, a first input termnal is electrically
connected to an output termnal of the flip-flop 905, and a second i nput
terminal is electrically connected to the output term nal of the AND gate
902. [0163] 5Note that an output signal of the flip-flop 906 is an output
signal (Qut) of the logic circuit 900..]0164] The flip-flop 901 and
the flip-flops 904 to 906 included in % e logic circuit of this enbodi nent
are circuits which can retain data for one bit utilizing feedback 10
operation For exarrple a delay-type flip-flop shown in FIG 4A can be

appl i ed. 1'1 %e the logic circuit of this enbodi nent, the cl ock
signal i npuf ap ltfﬁ’é'l’qnlof‘preiF‘P’b&l@rblﬁﬁt"'Q@‘?‘:“i"Qe daysr rlaP3 gEpvisigd raver gieagite si gnal
(EN) and t hgsstidaUhyesi1082la iirch hféctiddenaie!r qmaq%cﬁ @snélé%éa‘ﬁ? OQMneua& t§irst
data signal (Data 1) and the clock signal is, In | ogi c .
circuit, clBeKdmpyritynipgios bdas andraddsping hlemsipelerert tﬁobhwhnﬁ:hup-euqcufya@y oup 907.
[ 0166] mnﬁé&écﬂl@ﬁhcﬂ%uﬁﬁ?eé&dﬁﬁ' op in the second or subsequent stage in
the flip-flop group 9 Irst input termnal is electrically connected
to the out pl7flerm nal of the flip-flop in the previous stage That is, the
l ogic circuit of f l,St e ts the
second data si gnaol&'l(%a %?dnnﬁr o’ﬂ ! CZJ] #%gg)f%%%dsoélq%%en qdﬁ?l ng a
peri od whergteacle¢tmdk lsyeg Ad0a. i The mphslrate[mmﬁﬁo}ludmg a seiﬁlmanﬂumg)ranaerﬁaa ust of

this enbodi gen e ransis n_whic nel, formation region
is formed u%qlg‘ﬁgedan%b%g é’rggirﬁgg Sﬁ%ﬁﬁmf%ﬂpn"llﬁgmwa‘?%(ﬁ‘éﬁg%a olr?géfﬂ E&PPHN gf t he
oxi ](c:Ie seni cgimfuddi gt olv&lap?mtrmb knedvdlnnhﬁatﬁglﬁrk& 108t omR/ s&gi&)atdgmtl)gﬁﬂ?lﬁf

refera X t ons ur era X

Fatoms/ y)prg\“g"’r‘ﬁ“éﬁa é‘f%ﬂlé"’m?‘ﬂ-\éﬁ&f:&‘ ’BJHA E&Sfﬂt{ Pt i ofhigh can be
reduced to c’bnadﬁ&&m{ﬂm;mmyl Rgphs 130ednd B20b] CBKAEE Mmeil Bolatibs ifshRf
through the tra stor duying the riod where clock gating is per orrred
can be sup;(ilf’a‘éféss‘g'aé affsPE? d Aver “?tg’r\’a fOfeto that thegtransistas; 0pen; by can be
reduced agdnﬁ?oéddnﬁfctaﬁ&“@%,tﬂﬂ hiD GitGrldybr %hiatzﬂé! MayRf 126 MmdPS RGN be
suppr essed.

insula%ing layer 128 are provided so as to cover the transistor 160. The source

15  electrode layer 130a and the drain electrode layer 130b are electrically connected to the
metal compound region 124a and the metal compound region 124b, respectively,
through openings formed in the interlayer insulating layer 126 and the interlayer .
insulating layer 128. That is, the source electrode layer 130a is electrically connected
to the high concentration impurity region 120a and the impurity regidn 114a through the

20 metal compound région 124a, and the drain electrode layer 130b is electriéally
connected to the high concentration impurity region 120b and the impurity region 114b
through the metal compound region 124b. , |
[0178]

In addition, as layers below an n-channel transistor 164 described later, an

25  insulating layer 108b formed using the same material from which the gate insulating
layer 108a is formed, an electrode Jayer 110b formed using the same material as the gate
electrode layer 110a, and an electrode layer 130c formed using the same material Qs the
source electrode layer 130a and the drain electrode layer 130b are provided.
[0179]

30 The n-channel transistor 164 illustrated in FIG. 11 includes a gate electrode

layer 136d provided over the interlayer insulating layer 128, a pate insulating layer 138

provided over the gate electrode layer 136d, an oxide semiconductor layer 140 provided




[0168] Further, all transistors included in the control portion 903
and the flip-flop group 907 in the logic circuit of this enbodi nent can be
n-channel transistors. By applying n-channel transistors to the above
transistors (in which a channel formation 5 region is forned using an oxide
sem conduct or whose hydrogen concentrajd on is 5x10'9 (atons/cnm) or |ower),
consuned power can be reduced in the logic circuit in which all of the

i ncluded transistors are n-channel transistors. In addition, by formation
of the logic circuit including not p-channel transistors but n-channel

transistors, reduction jn the mapufacturing process, inprovement of yield
of the | ogi®ettheceats msulaling é%}’ﬁbtl?’gna‘ﬁdna popTEs sleptEorlss lavsry ﬁzﬁga“é&ti’a&hn be

achi eved. [&df8de layer 1426WHidE4re émqhéqtdvemle bxRIRWenicoRdtoTBset 146 B | 0gi C
circuit allows reduction in | oads of an external circuit which makes the

| ogi ¢ ci r cuilectrigplly emmgediodigdhaexide sspicordustoraygsl40;: he functionality of a
seniconduc”g gdevice including the logic circuit and the 15 external
circuit can be’expanded. [0170] Note that this enbodi nent shows the
flip-fldp group Hemr, theizite claetadddayer AGdkisiprpyided spas tohbpnenkadded fpeamunber of
flip-flops i ' I r ' ofli [ Limted to
three. As t‘h%lﬂt“gg i@"t ﬁ?’% u@%%f%i@pg“rﬁ%%&%%’ﬁ?@f@ ﬂgg?ggzof%??’%ﬁdﬁ%mm ch

i ncl udes a sithilp-t6 thepgatr deatrode blyerdi3ng, #ni dectrodeolagert 1364 kndarf ¢logiod¢ leyes a

natural nu can be used.. Not at.of, the k-th flip-1] (kqis a

nat ur al nu%&' )wehd%a?w tr%Sch(r?wFlé’s"s] ct%ﬁ%% Y fﬁfensi: ' e%ecltrﬂ -et% “if f’l%ﬁ-aflfl 3%6 gr oup,
the first idigititeldcodd hagtr 130behdodadi matht p-chamiek tiargdstérol 0hare duinpdt  frer mi nal
of the (k-1)-th flip-fl and, t.he second .inpu m is electrically
connecté)d t#gditine, aBﬁfeﬁﬁ?é)etqﬁeﬁiT o S?H%Tﬁi‘e"“gﬂﬁ eg‘f%rga%frqg@”fg‘f?‘fﬁ

Furt hernor goigmp the flip-flop group 907 of this enbodi nent, the output
signal of the flip-flop in the previous stage.is input, 1o the first input
termnal of the PVt tEsgsisr 166 % petsriveo s G‘Hbgel?ﬁﬁnf‘{“s’lsdﬁ‘é‘?g%%%r , a

structure Qfartly dohiadl- %P heWx@etseticohdhctora e duOEMt abSnt8Ayel il t 0 t he
above structure. For exanpl a structure in which a 30 signal is 1nput

from the et ki is grovide ovestthy preteptixgiinsulating laver Ydo Herer pponings paghingy may be
ieggtfy tefeg-r m%rl]% Tn@ldIdtabde 1aferSIAN Gha' R diRY cREursINhRYad2b b2 phbViddd i thd T St
protective insulating layer 144 and the interlayer insulating layer 146. An electrode
layer 150d and an electrode layer 150e are formed, which are respectively in contact
with the source electrode layer 142a and the drain electrode layer 142b through the
openings. In a manner similar to the electrode layer 150d and the electrode layer 150e,
20 an electrode layer 150z, an electrode layer 150b, and an ¢lectrode layer 150c¢ are formed,
which are respectively in contact with the electrode layer 136a, the electrode layer 136b,
and the electrode layer 136c through openings provided in the gate insulating layer 138,
the protective insulating layer 144, and the interlayer insulating layer 146,
[0182]
25 The oxide semiconductor layer 140 is highly purified by sufficiently removing
an impurity such as hydrogen therein. Specifically, the hydrogen concentration of the
oxide semiconductor layer 140 is 5x10" (atoms/cm®) or lower. Note that the
preferable hydrogen concentration of the oxide semiconductor layer 140 is 5x10'
(atoms/cm3) or lower, and the much preferable concentration is 5x10'7 (atoms/cm®) or
30 lbwer. When the highly purified oxide semiconductor layer 140 in which the hydrogen

concentration is sufficiently reduced is used, the transistor 164 having an excellent



33 of a flip-flop is electrically connected to an output termnal of a
flip-flop which is not a flip-flop in the previous stage; e.g., the first
input termnal of the flip-flop may be electrically connected to an out put
terminal of a flip-flop in a stage before the precedi ng stage. Further
alternatively, afirst input termnal g a flip-flop may be connected to an
5 output term nal of another flip-flop via another circuit instead of being
connected directly thereto. [0172] The plurality of flip-flops
included in the logic circuit of this enbodi nent do not necessarily have

t he same structur ach oth c thefl Ios have .10 a

di f f er ent s?‘#I fé?ﬁ%“? E%F‘H’a Bb‘é\hnf‘ﬂ ?ﬁbﬁ‘%’é&‘% ?d%mEF %/eltkgd“‘f"bl73]
Not e that t{igagoOwletEVaer +qommﬁmgdtmtag@wgn§mm& begeef -£§Mo 8o §oNbi ned
freely with the contents of ofher embodiments or part "thereof or t he

content of #%aeHH urment jnrlxlQ her{éibfor Aagvelr.0 1 Applyfrignithed ibfghiy-putified oxide In this

enbodi nment t,f, rs | e f rcuits
described i E% LEF%S‘ I%Eer 146'?1§ L"gﬁc\?l\n I?'? hg(géog‘gehsg.}nl neg{.:(yré%esé&é]mm P’%f/?u escri bed
are exanpl ealows reduttide in off caneit t the trhsinerd 6ds i Tig lydighstonatmratincinthé ng a
sem conduct or., 20 nmat r&a gR@LiEd toﬁgdp-chan eI.transistéﬁrincluded I n
the | ogic PP Ppmicosdyier f‘}yﬁh ORI Y U SRR 1B PSS SR8 B lctor i s
applied to ¢@giM8).channel transistor included in the logic circuit. [0175]
<Structural npl e> 25A p-channel transistor and an n-channel transistor

i ncl uded i nl® logic circuit of this enbodi ment are shown in FIG 11.

[0176] A p- chann@hrthier,amShelaling 168r 137 # phovide@ Gverthéinerh erllﬁﬁﬂdﬂﬂg%ﬁr channel
formati gn region 116 r vi ded over a substrate 100 including a
seni conHlict 1P, #adan €l ealab“d'l 1543, an electrode layer 154b, an electrode layer 154c, and

an electrode laycr 154d are provided so as to be embedded in the insulating layer 152,

Note that the electrode layer 154a is in contact with the electrode layer 150a, the

electrode layer 154b is in contact with the electrode layer 150b, the electrode layer 154¢

is in contact thh the electrode layer 150c and the electrode layer 150d, and the
15  electrode layer 1544 is in contact with the electrode layer 150e.

[0184]

The source electrode layer 130a in the p-channel transistor 160 of this
embodiment is electrically connected to the electrode layers 136a, 150a, and 154a
provided in the upper region. Thus, conductive layers for the above-described

20  electrode layers are formed as appropriate, whereby the source electrode layer 130a in
the p-channel transistor 160 can be electrically connected to any of electrode layers
included in the n-channel transistor 164 provided in the upper region. The drain
electrode layer 130b in the p-channel transistor 160can also be electrically connected to
any of electrode layers included in the n-channel transistor 164 provided in the upper

25 region. Although not illustrated in FIG. 11, the gate electrode layer 110a in the
p-channel transistor 160 can be electrically connected to any of electrode layers
included in the n-channel transistor 164 through an electrode layer provided in the upper
region.

[0185]
30 Similarly, the source electrode layer 142a in the n-channel transistor 164 of this

embodiment is electrically connected to the clectrode layers 130c and 110b provided in




30 inpurity regions (specifically, a pair of inpurity regions 114a and 114b
and a pair of high concentration inpurity regions 120a and 120b) between
whi ch 't he channel formation region 116 is interposed, a gate insulating

| ayer 108a provi ded over the 34 channel formation region 116, a gate

el ectrode | ayer 110a provi ded over the3?ate insulating | ayer 108a, a source
el ectrode layer 130a which is electrically connected to the inpurity region
114a, and a drain electrode |ayer 130b which is electrically connected to
the inmpurity region 114b. 5 [0177] Not e that sidewall insulating

| ayers 118 ar rovided,_ on side surface f the gat | ectrode | ayer 110a.
Tho subst r ol 1005 I udPHG oM CETHe IO D Acetiecbef eec ot 68 SF ¢ h ¢ he
pair of hi gformedGsibpRbiiAE Wity the $caedeOfISctibddAayn 422QR the nt@ghNS Whi ch
do not overlap with the sidewall insulating |layers 118. The substrate 100

is also 10 pPshlogded aanls dechigally samnggiedito B8 gpfe Gleatrodsdryshd 10 the sawrge 124b

over the paiibctdlic HyBMBRNGARS Bl QoD bl Y30b 8 MR cHeaRd 1ARss2 D,
Further, elenent iSolation insulating |ayers 106 are provi ded over the

substrat® 148hayghmpyillustratedtin FHa 134 the sateGlectipdeayer A86d protbe draitheleatiode ween,

and an int y I t : Eg%@m ' ' | ayer
128 are prggy egﬁg592gé$gm%%§£?-t1%&$§%ﬁ§?§?€ﬁl .hgﬁgﬁggﬁfgég&%aglectrode
| ayer 130a elendrodd daydrsaingludddeint tho dechanned traggeibr 326G thedugbt ani eladtiode dayenect ed to

t he net al %@HQ@ﬁ$ﬂt&ﬁ@&8neégéa and the netal conpound region 124b,

respectivel ough opentngs formed in the interlayer insulating |ayer
126 and t hef0isdler| ayer insulating |layer 128. That is, the source el ectrode

| ayer 130a is el rically. copnecte o the high congcentration i rity

eyt on B0a an oFEm e OF BEFAEY bons'lis 6 RASSHH] Bhasioct 1B\

regi on 124adeserdtdd absvedeaprovidbd; ahier logie clrayiedesd32 in snyedffrhiodaadntsy/1 eomnect ed

to the high concentyratign |npuri region 120p and the inpurity.region 1146

t hr ough thémﬂ&FgﬁwgﬁﬁpoﬁﬂHL¥§HWé%%TEi ansisprs §g4 ingluded gp the, fcﬁggV%§ rs bel ow

an n- channejot tnegdasarisi @ bel @4hsRREE ch@thgl Al Gide Smicdndadod badt the Gi-dhayRf 1086

formed using the sane material fromwhich the gate insulating |layer 108a is

formed, an EAUSEEFOHY feahere diftsient Srycues daparfling,an sharectsristies Feqiredsiof he gate

el ectrofe | @a¥Rfarkkiia, PRExaMpIE!8eh mﬂsﬂeﬁ&ﬁfsisaag%&%emo Hﬁdlrﬂg af m%, sane
e

material as the source el ectrode |ayer 130a_and the drain ‘el ectrode |ayer
130b are prapo¢di@drangigoriprmeshyusing :subliaate dcludingassemiennductor materipd cambed in FI G

nsul at | ng TaRiar o 8 55 3 Gan Hanfi A0l of WA SRR o abd LA o
el ect r ode |uepdad, 4 Bansistas forowed dsing amoxidestaicandudtoncan ba gdplpyadvi ded
[0187]
20 <Example of manufacturing steps> _

Next, examples of manufacturing methods of the p-channel transistor 160 and
the n-channel transistor 164 are described. Hereinafter, a manufacturing method of the
p-channel transistor 160 is described first with reference to FIGS. 12A to 12H, and then,
a manufacturing method of the n-channel transistor 164 is described with reference to

25 FIGS. 13Ato 13G and FIGS. 14Ato 14D.
{0188]

First, the substrate 100 including a semiconductor material is prepared (see FIG
12A). The substrate 100 including a semiconductor material can be a single crystal
semiconductor substrate formed wusing silicon, silicon carbide, or the like; a

30 polycrystalline semiconductor substrate; a compound semiconductor substrate formed

using silicon germanium or the like; an SOI substrate; or the like. Here, an example of

the case where a single crystal silicon substrate is used as the substrate 100 including a



35 over the gate insulating |layer 138, and a source el ectrode |ayer 142a
and a drain electrode |ayer 1426 which are provi ded over the oxide

sem conductor |ayer 140 and electrically connected to the oxide

sem conductor |ayer 140. [0180] 5Here, the gate electrode |ayer 136d is
provi ded so as to be enbedded in an inﬁylating | ayer 132 fornmed over the

I nterlayer insulating layer 128. In a franner simlar to the gate el ectrode
| ayer 136d, an el ectrode |ayer 136a and an el ectrode | ayer 136b which are
respectively in contact with the source electrode |ayer 130a and the drain

el ectrode layer 130b included in the p-channel transistor 160 are f or med.
In 10 addi t $gHcondpcten WRIEHY fs desepbed. 1 3 gepstale i tgpp "WPI gubskialeb means ade | ayer

130c i s for g@flconlibbtSldubstrate in MRA al ffcon’ RATéoAlEtoriBehr i@ pRIVRHeAIveY n

insulating |ayer 144 is provided to be partly in contact wth the oxide
seni conduct Bpalptingesurfaoy I this specification apdethelikey thattemmry "$QY sybstrate” also pr ovi ded

over the pr i hidsiiudbl i ' 5 the
source el ec{a%%gées ?lgﬁldér 14%* gﬁﬁ{’iﬁﬁgﬁﬁgﬁﬂ’nae %ﬁo?%?ll%grfaﬁggdsa e}pr ovi ded
i n the pYotwaterial otlen than silicor is| pagrddediovar aminsulating sutfegel inyis categpl dfhang | ayer
146. An el egt e. 50d. n el egty,ode .l ayer 150e. formed, which
are res pectlﬁ\/geggmllc%ﬁé?r’?f jﬁ?{' T vlﬁ%{'}ﬁec?hneﬁl o@béesugﬁ" (F:let P%B‘i} &39‘2&{ %ﬁfﬂw%d t he
drai n el ectsead@ntivy®@r lajet2 bFirthien) uhd "SOE satpantieh @scludes) aastfiiffein Shivhl &r to t he
el ectrode Iag&r éSQd and. t he ﬁlectrode l.ayer 150e, . 20 el ectrode | ayer
150; an el EPHBREUA YT Edpned Qe aainsulalps Fpaate sirbas 3 glots sybsirtesyithd, ~ whi ch
ar e r espectinvifidufating lenhReioss thérebddweedl €ct rode | ayer 136; the el ectrode

| ayer 136b, and the el ectrode | ayer 136c¢ through openings provided in the
gate inghldpiﬁﬁ | ayer 138, the protective insulating |ayer 144, and the

interlayer insul @eiiekabittite 166 a &Rk 12RT1E2 QHIRE a5 £ HaQORE dshfiod ayer 140
I's highly purified by sufficientl'y renoving an inpurity such as hydrogen

t her ei n. - spcmiqlemegnt ysolating insplating, lyercis femied, (saei R &7A) Ké&sm fieotective
sem -CO”d“CtIﬁfcr 18 Sor LAhpIS aninsdibBod By RHAE ulfe éiﬁéféﬁlroxé&\é?kﬁcédﬂeiiﬂ&ehe

preferabl e hydrogen concentration of "the oxi de Sem conductor |ayer 140 is
54018 (at orfilicopmytride okidowear they ke cancbarused. piNete dhat before onaftantthiatstepnan s 5x1017

(280! BSOS el By i S BEGRHEL o1L
t he transi sopductigily may bngddad teethe ektistzate 100 in order to control the threshold voltage
of a semiconductor device. In the case where the semiconductor is silicon, the
impurity imparting n-type conductivity can be phosphorus, arsenic, or the like. The
impurity imparting p-type conductivity can be boron, aluminum, gallium, or the like.
20 [0190]
Next, part of the substrate 100 in a region which is not covered with the
protective layer 102 (exposed region) is etched with use of the protective layer 102 as a
mask. By this etching, an isolated semiconductor region 104 is formed (see FIG. 12B).
As the etching, dry etching is preferably performed, but wet etching can be performed.
25  An etching gas and an etchant can be sclected as appropriate depending on a material of
layers to be etched.
[0191]
Next, an insulating layer is formed to cover the semiconductor region 104, and
the insulating layer in a region overlapping with the semiconductor region 104 is
30 selectively rembvcd, so that the element isolation insulating layers 106 are formed (see
FIG. 12B). The insulating layer is formed using silicon oxide, silicon nitride, silicon

nitride oxide, or the like. As a removal method of the insulating layer, polishing




36 off-current characteristic can be obtained. For exanple, in the case
where the drain voltage Vd is +1 V or +10 V and the gate voltage Vg is in
the range of -5 Vto -20 V. the off current is Ix10-13 [A or |ower. :
Appl ying the highly-purified oxide sem conductor |ayer 140 in which the
hydr ogen concentration is sufficiently,deduced 5 allows reduction in off
current in the transistor 164. The hydrogen concentration in the oxide
sem conductor |ayer 140 is neasured by secondary ion nmass spectronetry
(SIMS). [0183] Further, an insulating |ayer 152 is provided over the
interlayer insulating |ayer 10 146, and an el ectrode | ayer 154a, an

el ectrode | SsAtpent sugh as chémicalpechapicyl polishing {6 MP)qclching, treatementy grfle fikg er 1544
are provi degin2 @den! SnddghyesIRRE I8Vl tiataltft AP BE AbddNI NofY @bt the prorddal€ t hat
the electrode | ayer 154a’is in contact with the el ectrode | ayer 150a, the
el ectrode |ay@rl02autemoged aftes Sormation af the semisordustor Fegénm 104yas fornsipn of he

el ectrode 't?n¥€fcml§4ﬁ)lzitﬁnii uﬁgﬁ%ﬂ% Ywg.h the electrode |layer 150c and the
el ectrode | ayer 150d, and the 15 erfectrode | ayer 154cl is in contact with
the el ecirol#d92Jayer 150e. [0184] The source el ectrode |ayer 130a in
t he p-channel tr ' thi ' i ' y nect ed
to the el ect rode‘iﬁrégii/?rl gﬂsﬁ%g% B&%r g,f&gﬁgg’ %%4%38%%1\?;8 ndﬁgt%?%ggéﬁzidﬁb%@?;r egi on.
Thus, condueyenimehidingsr@nfustive metecdbioy formied over thednsahiting bgénr ode | ayers are
formed as a@%Qpri ate, whereby the source el ectrode |ayer 130a in the

p- channel tYansistor 160 can be electrically connected to any of el ectrode
| ayers included iThe tifselating hgemeives naesissd gate Iifsdlatiiglayelednd & fohiredupper

regi on._ The. drai | ectrode | ayer 130b.in the.p-channel fransi.stor 160can
L 50 belChl gt binelhad & S mlhed, onfhy st RutectitECBIR LY & SRR RN RRAD. o 1t ne
n-channel td giicinSiigide bRidle Fil@) h efidon Ritdideetile) @ Hafndim oRe Glm, A hla@iigih not
illustrated ip E‘l’a’?? 11, the g‘?tg el ectrode layer 110a in_the p-channel
transi st or K ajantalp qxide i, or e e pred Stpcked J3yep including; 4oy pf theyy e s

i ncl uded i mbbiefilnsC hARB@htively2 iheistifade of Mt dehicondiltio? Re b 204 9 dRidlz8Y 6F
provi ded in the Upﬁi%é region. [0185] 30Simlarly, the source el ectiode

| ayer 142a Nitsided,By highidspsity|plasma {ecatinest on tharmad oxidationdragianirayheraby the

Slect ! @l |iMsbAip ehkPhay e fofiel] CRiclRERISYCHRmA NGB cdnl EPpRofEf1eC 11

37 the lower region. s, conductive layers for the above- cribed

el ect r ode " |uaipgr o1 examplep p mixedzgas abprarsgas auak as WieehAn Ky, ar e and aigessueh axct r ode

| ayer 1l42a j he.n- I EH?c@ﬁi . 6 el ri.call ected to
the gate eldggﬁnbgléﬁfggg?%%l a, é%étgéﬁc%’eé%?'g%? g‘%‘ae Tﬁgltfeirs ITA‘% a,ﬁ‘@?‘nt he

dr ai n el ectlimitition ey the tliiGidlessaff thenigsydatinigdayee but the insulsting lagds @an be formed

to have a thickness in the range of larger than or equal to 1 nm and smatler than or equal

20  to 100 nm, for example.
[0194]

The layer including a conductive material can be formed using a metal material
such as aluminum, copper, titanium, tantalum, or tungsten. Alternatively, the layer
including a conductive material may be formed using a semiconductor material such as

25  polycrystalline silicon including a conductive material. There is also no particular
limitation on the method for forming the layer including a conductive material, and a
variety of film formation methods, such as an evaporation method, a CVD method, a
sputtering method, or a spin coating method can be employed. Note that the case of
forming the layer including a conductive material using a metal material is described in |

30 this embodiment,.
[0195]

Then, the insulating layer and the layer including a conductive material are




5 Although not illustrated in FIG 11, the gate electrode |ayer 136d or the
drain electrode |ayer 1426 in the n-channel transistor 164 can be

el ectrically connected to any of electrode |ayers included in the p-channel
transistor 160 through an el ectrode |ayer provided in the |ower region.
[0186] 10When a plurality of p-channel 4dransistors-160 and n-channel

transi stors 164 descri bed above are prOV|ded the logic circuit described
in any of Enbodinments 1 to 6 can be provided. Not that all n-channel
transistors 164 included in the logic circuit are not necessarily to be

164 can haveavats e 3o M i BEC tSpatE oo ol0Be at e, B1 SEHEe SHgE ed T or
15 each tramatequdaqgeeﬂ@nm, as an n-channel transi stor which needs to

operate at hlgh speed, a transistor forned using a substrate including a
sem conduct B%at eri al can be enpl oyed, and as an n-channel transistor in

whi ch reduction iNgxi, %ﬁ'ﬁ%ﬂﬁtxﬁglfa?@rnﬁz'év&ﬁgwaat@e&étﬁﬂé 'l:nyPilOfa% fo'i-ﬂcd‘S' ng an
oxi de sem conductor can be errp oye cturing

steps> 5 (sequd¥& 120anphen be lﬂm“ilm@ABetOhdbl% ltkﬁ :srﬁeldgi dthmel
transi stor t 4 C reinafter,
a manuf act ugrelﬁﬁ?goﬂarrlgﬁti%dglg? Q?ﬁ;k%%%ﬁgﬁﬁﬁf B¢ ﬂﬁ r?il?jlst%io‘ﬁiggéa dia scr“rg‘eﬁ first
wi t h ref er etheldow pnpriaSire farmed fﬁeE.I.E!ﬁ 12€1hd Ndheth;!t athoegh Homot tnrralmzynmatnhod of

(1 Ao ST o L UETRL PR AR o " 1
sem copducttmnsmnenumbumts ehanspa suet a(ssphespﬁdn@s 2Wr. arsehie (m):)mhy &t addedd
1l %08 SRR Th S v o e B i B TR
pol ycryst aIﬂomm:osaﬂglomrmiﬂcisoﬁonﬁubﬁt ui&t ecmleorﬂﬁappwmbrsem beladuthicogats ubst r at e
oo ! s TR Pl "l % ol B PR BHEE e | <
used as t ha:a.ﬁLB%Sielt ab leiﬁﬁnatB,Cthtlﬁg:oacen&gnons are preferably set to be high in
accordance with high miniaturization of semiconductor elements. Although the pair of
15  impurity regions 114a and 114b are formed after formation of the insulating layer 112
 here, the insulating layer 112 may be formed after formation of the pair of impurity
regions 114a and 114b.
[0197]
Next, the sidewall insulating layers 118 are formed (see FIG 12D). An
20 insulating layer is formed so as to cover the insulating layer 112, and highly anisotropic
etching treatment is performed on the insulating layer, so that the sidewall insulatiﬁg
layers 118 can be formed in a self-alignment manner. At this time, the insulating layer
112 is partly etched, so that a top surface of the gate electrode layer 110z and top
surfaces of the impurity regions 114a and 114b may be exposed.
25 [0198]
Next, an insulating layer is formed to cover the gate electrode layer 110a, the
pair of impurity regions 114a and 114b, the sidewall insulating layers. 118, and the like.
Then, boron (B), aluminum (Al), or the like is added to part of the impurity regions
114a and 114b, so that the pair of high concentration impurity regions 120a and 120b
30 are formed (see FIG. 12E). Here, in the case of forming an n-channel transistor, an
impurity element such as phosphorus (P) or arsenic (As) may be added.  After that, the

insulating layer is removed, and a metal layer 122 is formed to covér the gate electrode




sem conductor material is described. In general, the term"SO substrate"
means a sem conductor substrate in which a silicon sem conductor |ayer is
provi ded over an insulating surface. In this specification and the |iKke,
the term"SO substrate” also includes a sem conductor substrate in which a
sem conductor layer forned using a 5 npjerial other than silicon is

provi ded over an insulating surface ini1ts category. That is, a

sem conductor |ayer included in the "SO substrate” is not limted to a
silicon sem conductor |ayer. Further, the "SO substrate" includes a
structure ip whjch ctor s formed over an jnsulatin
substrate sg"é'ﬂ afﬁ‘@F‘ %‘gaclg @?‘f’%&l@y"ﬁ/ﬁp 2b¢ Pavsofi high fepeeafiatipn |“ﬁP‘€F‘boged

t her ebet weeregioh® 1POL &R 120b, and @ETikd (Re FBSIIB)! eTHO Rhetal 14836PULE chy Be | ayer
102 serving_as a mask, for formation of an el enent isolation insulafi ng

layer is fofffBee pseeriehe! fimyomaton methgds, suchias g yaquygevapqgtioniegthadianpl e, an
i nsul ating gﬁne'ingf,ﬁaﬂ&g oFalspil o'ahtkdgqeahw ¥Eis pféféfaae Bhat ke thélfy 1 fé '122‘0”
nitride oxi or the ke can be ‘used. Note 'that before or ?e

step, an’ 15b§ f?amd psjnged @ﬁ@hmaﬁcﬁﬁahaturwtsmwp gemiegnduciol matpyaioncl@dvdumur ity

el ement i Npakt iBfcd e, %ﬁﬁd 4 iyl u e 100 in
order to contr% thg&@t{ re gévot t%&’gg ag%gg%\gcong'g‘g{] o eﬁ%{é‘ﬂ&rn t he
case wher e Examplesrfcaehimetabmaiegals ithdlusiotitanide, fantplwm, ﬁ\;ngstmp avitkieh grobelt, ype
conducti vi ty, inh§. Phosphorus, arsenic, or the like. The inpurity

i nparting p-type conductivity can be boron, alumnum gallium or the Ilike.
20 [0190] [0199] Next, part of the substrate 100 in a region which is not

covered th the,protective | ibon) .1s etche ith use
Cove e L e LR S PN e85 R0 R 4 S N

seni conductmmmagmm zﬂ,ﬂéhals B}Dﬂﬁﬂ?ﬂea( aeamEhthHb%B)r of Afetiln@mipbait fegionslr y
etching is efe et chi ng can he rperfo d. .25 An

et chi ng gas ?1?4]' 2R ﬁ%fH?thY" ‘B%Pﬂé’e?f@beﬁma%mfa o IFPEPYy TESIgRL KA RRY on a

mat eri al of120a3aﬁ:rfsnia (b2 mGCcinR) Ih(iﬂ&sa];e Mset& RErybtilfibé Stiedariiayifie it s f or med
to cover thesﬁ;?m conduct or SUI on 104, ﬁg I nsul ating laﬁ? In a reg| on
over | appi ng"Si {91 the,gateselpgtrode, E’thoa’r%EﬁrB‘i’P ‘iﬁﬁe gate glgcizededayer $Hlawhighpy ed,

that thgs eligi¥PdntacSkiPthE Getal Ry BRIaRE be@WRE & nide céhfoun@idilsh. (see FI G 128)
The insulating | ayer is formed usi ng silicon oxide, silicon nitride,
silicon nitlP? oxi de, or the Iike. a renoval nethod of the insul ating
| ayer, polishingas3@e idafHeloith SHﬁEx fich GHfTAC h”ﬁﬂga ing
(CWP), etching treat ﬁent or thte’ I|ke can Elma f}%/sen g&gﬁ’y %1& %’ﬁ@ above
treat nent rAljhoygh il isenpedlpgstie sayihat anwbermedtt@@menembfayémaib@used ametbokd after
formation r DR f I nt
i sol ation Cﬁ Jb g{;ﬁcﬁgh aygr#g&?_ X x?rgfn%fégc?nﬂl CLR[) eQred%prépl%bl% used

20 im order to improve the controllability of chemical reaction in formation of the metal

compound. Note that the metal compound region is formed by reaction of the metal
material and the semiconductor material, which is a region having sufficiently increased
conductivity. The formation of the metal compound regions can properly reduce
electric resistance and improve element characteristics. Note that the metal layer 122
25  is removed after the pair of metal compound regions 124a and 124b are formed.
[0201]
Next, the interlayer insulating layer 126 and the interlayer insulating layer 128
are formed so as to cover the components formed in the above steps (see FIG. 12G).
The interlayer insulating layers 126 and 128 can be formed using a material including
30 an inorganic insulating material, such as silicon oxide, silicon nitride oxide, silicon
nitride, hafnium oxide, aluminum oxide, or tantalum oxide. Alternatively, an organic

insulating material such as polyimide or acrylic can be used. Although the interlayer



Next, an insulating |layer is formed over the sem conductor region 104, and
a layer including a conductive material is formed over the insulating

| ayer. [0193] The insulating |layer serves |later as a gate insulating |ayer,
and is forned by 10 CVD nethod, a sputtering nethod, or the |like to be a
single layer of a silicon oxide film gsilicon nitride oxide film a
silicon nitride film a hafniumoxide film an alum numoxide film a
tantalumoxide film or the |like or a stacked |ayer including any of the
above filnms. Alternatively, the surface of the sem conductor region 104 is

oxi di zed or_.nitrided hj gh- densi t l.asma treat t or .thernmal oxidation
t r eat nent, WQ?W?%%&%@Q&M%&&%M&& y‘if%g?@}crf&?flayﬁﬁénsr‘f}a&ﬂg density
pl asma trealap@ni26 and hke paedaemagulatng Qayef A28 xR RhRiuré ofi thedn@asyeef a rare
gas such as, I—{ﬁ A K, o$ Xe and a %S%tsuch,as oxygen, njtrogen oxide,
‘ammoni a, ni PFYYHE layst 5H0Y 'Blfﬁé’rfg“?tﬂer ofprtion,of thedtsiaver wsylaiingdayen t he
thi ckness of2g, heurk#es it péterally phX&ized Brtmmeeéuﬁau,l ihimttrdafYeRE, of g2 1iRe. f or ned

to have a thickness in the range of lTarger than or equal to 1 nm and
smal | er ¥ hal284 equal 20 to 100 nm for exanple. [0194] The | ayer

i ncl uding a condugfel gy, BpeRingflealafl 1R rﬁﬂg&&eﬂeaﬁwﬂpo@n@%g&ns@;%@' such

as alum num copper, titanium tantalu r tungsten. Alternatively, the

| ayer i ncl utB4hgreafosmetindhe interlapar dnsulatingldayetse ereaireesilevtyode loperi1l80mduct or
material sugh @s ddan REL¥GIY | 2l ied 1 i H%&? C {ve
material. There is %I SO (?1% %&?tiﬁggﬁ‘é?lf#lm%atqgtt%h on h(geerr@t%g 'orAf orm ng
the | ayer icoofuativedpyar isdomneditiyneP VBtmethed, a GVB reethal; oethe 1k ifi ialregibor mat i on

met hodsqq4 S at,i , od,.a s t eri,ng met hod,
or a splmn (L:hggl%nlﬁﬁﬁqnn%t%ﬁ%ﬁg%'aﬁh%g’agﬁ%l{]%ea&d%ggnﬁh%t gt ﬁegmggd;tgyo?thlgqm ng the
| ayer i ncl ugkatmens ot dPMB dteatmentysb ethatathe souncg elechrtealayeraiidaisal ths dedxscri bed
in 30 this odi nment 0195 4Q sel ectively etched, so that the gate

i nsul ating ‘ﬁ%@&cfgﬁ a13%l£1‘(‘fnﬁ)ﬁkma]§8°e el ectrode |l ayer 110a are fornmed (see FIG
12C). [0194p20¥xt, an insulating |ayer 112 covering the gate el ectrode

| ayer 110a is formned ee F] G 12C), Then, boron ,,alumnum (Al), or
the like is added® B‘e?ﬁfﬂi’?%‘g?ht{%foﬁ?a{féfwf?@gwﬁ?{l‘@&,ﬂ&5%? d('ﬂaffyftwewﬂ of

i mpuri 115  eIB0BBE fdrkka t@hsve hitihaybirtaced  Torlekanple, Wit & Biin Bl of PtiBAN{ See FI G
12C). Note fthat although horon_or alum numis added here for formation of a

p- channel t i atitgpiumnitrie, filr isforraed gy segiey ingluding thg openings, weser | an

i mpurity elMmseformdd b AF the RBSHAR! U thillcalll) uffcS84rG tdrBStbn FRVurl d. 10
Not e that by fororrati on of the pair of iqr{B;JPity riergi ons nll4a‘J aﬁc 1T4b, the

channel f ortHeMus or fitagjughnitrids is enfoyedrby treatment and planattyof theesyirfaee 104
bel ow t he Is i V. . uh%é?

concentr at %?eéﬁﬁﬁkg&a dgd&i ﬁ%l#’?’?hé:an cgl“s%(lat S&g%ﬁrgep?l%%%g? lagﬁrd t he
concent30at 130 angd the shrain electipidg laysr 130D isglamagjted, wherchpaleledmde a Wirliggh

m_niaturi Z%i ig&la(?ifng ia%m', %%@ﬂ%h&{{cto?llﬂz?, W $he A é%%%r&éﬁbﬁ%ﬁﬁn&fin the
later step.
[0204]
Note that here, only the source electrode layer 130a and the drain electrode

25  layer 130b which are in contact with the metal compound regions 124a and 124b are
illustrated; however, an electrode layer serving as a wiring (e.g., the electrode layer
130c in FIG. 11) or the like can be formed together in this step. There is no particular
limitation on a material for forming the source electrode layer 130a and the drain
electrode layer 130b, and a variety of conductive materials can be used. For example,

30 a conductive material such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, or scandium can be used.

[0205]




15 inpurity regions 114a and 114b are fornmed after formation of the

I nsulating |ayer 112 here, the insulating |ayer 112 may be forned after
formation of the pair of inpurity regions 114a and 114b. [0197] Next, the
sidewal | insulating |ayers 118 are fornmed (see FIG 12D). An 20 insul ating
layer is fornmed so as to cover the inspfating layer 112, and highly

ani sotropic etching treatnent is perforned on the insulating |ayer, .so that
the sidewall insulating |layers 118 can be forned in a self-alignnment
manner. At this tinme, the insulating layer 112 is partly etched, so that a

top surface of t el ectrode | ayer 110a and surfaces of e

mpur ity egi ond High BraPota SEPLY WeneRddeaason sty wiBANe Rixee 00°

i nsul ati ng inaki@ing laSehRbiRdtor SabMER chilfle@a] CARLAGE HRNE stepy B eletlodel he pai r
of inpurity regions 114a and 114b, the sidewall insulating |layers 118, and

the |ike. ThWHINgp¥Ygsplatmg laysr, onihe like may be fusthes fqmned. | Whea therwamehas dart of

the i mpuri {iufibistORtridel dudild WARR. 159 bk LhGerid fnéﬂxffingi) &b igeagept ration

i mpurity region$ 120a and 120b are fornmed (see F 2E). Here,” in the

case of ¥ oripswlafingdayer andanoafuative lyers a bighlyntegrsisd dogis cisquitipambe prgeidedss
phosphor us r kO d . | ting

| ayer is relfgr%/hglg ,ﬁ)y gns%%gmr;r%{rgf ﬁe@é}ré)%?%’ ?‘gg?gﬁ%@;atngﬂg%\%%h?#e@g%% '

el ectrode W0 ihclyding 4 s@uiconductos mdteriell dan b feried. NThat isy by gsigg 8y imneitypai r  of
hi gh concen ' i[y:wr' I e 0 2 -an L,y ke (see FIG
12E). The rféé% a ot g‘gﬁ;ler Qioﬁ%ﬁuﬁetgieg?%r?#icdaﬁ? ggﬂg?a%%gf@ o?ﬁlgnﬁlaflﬁi otPr%g I on

nmet hods, suehi@adetoracgiominehesgbovadtem an nehdnnel transistoutandreifognedet hod, or a
spin coia&ir@&ﬁ;hod. It is preferable that the netal |ayer 122 5 be forned
usi ng a net ? terial that reacts with a sem conductor material included
in the sem condudegs, & @gindfacthfide tppodess af nid alchamiEp atansiston \1i6H Joved whe

e ARy T e B S DO L M 2L O
performed, HGS! DA td MD.TENGE thad FEGS. 1A foeBU Snd/\FEIS. t1AR to 14D illustrate a
manufacturing process of various electrode layers, the n-channel transistor 164, and the

15 like over the interlayer insulating layer 128; accordingly, the p-channel transistor 160
and the like provided below the n-channel transistor 164 are omitted.

[0207]
First, the insulating layer 132 is formed over the interlayer insulating layer 128,
the source electrode layer 130a, the drain electrode layer 130b, and the electrode layer

20 130c (see FIG 13A). The insulating layer 132 can be formed by a PVD method, a
CVD method, or the like. The insulating layer 132 can be formed using a material
including an inorganic insulating material such as silicon oxide, silicon nitride oxide,
silicon nitride, hafnium oxide, 2luminum oxide, or tantalum oxide.

[0208]

25 Next, openings reaching the source electrode layer 130a, the drain electrode
layer 130b, and the electrode layer 130c¢ are formed in the insulating layer 132. At this
time, an opening is formed also in a region where the gate electrode layer 136d is
formed later. A conductive layer 134 is formed so as to fill the openings (FIG. 13B).
The openings can be formed by a method such as etching with use of a mask or the like.

30 The mask can be formed by a method such as exposure with use of a photomask or the
like. Either wet etching or dry etching can be used as the etching; in view of

microfabrication, dry etching is preferable. The conductive layer 134 can be formed



sem conductor material. By this heat treatnment, the pair of metal conpound
regions 124a and 124b in contact with the pair of high concentration

i mpurity regions 120a and 120b are fornmed (see FIG 12F). In the case where
polycrystalline silicon or the like is used for the gate el ectrode | ayer
110a, a portion of the gate el ectrode jayer 110a which 15 is in contact
with the netal |ayer 122 al so becones a netal conpound region. [0200]

As the heat treatnent, irradiation with a flash | anp can be enpl oyed.

Al though it is needless to say, that another heat treatnent method nay be

used, a net which heat .t nt, f.or extrenel hort tine can be
achi eved isg’ggg&éfoﬁf tflonunslgigo‘ﬁﬁgﬁeﬁlgemglfwt% i ?’8\578 ’tof’iél'}/“"cl trOMaHR ity of
chemi cal r esset ifenfoimatioarafahé egndadtive eyera B4 lcart berp @ondhctiNof@tetifioduch Be net al
conmpound re%i IOH%I s farnmed b%r reactio:g of the metal. material and the

sem conduct BPYASEEF; Hianitiy, Cummyum, fantaipm , ipngsicn, »| COPRER Gy M ased -
conduct i vi t §r scdldfuni, @h GBéyY Mbreof, achapsiat ahchCRAMREUN hch@ Gk MSabodd mifeaRer | y
reduce el ectrjc, resistance and inprove el enent characteristics. Note that
t he net I%‘)}E?I‘@QZ 25 is renoved after the pair of metal conpound regions
124a and 12gpogyre formed. [0201] Next, the interlayer insulating |ayer 126
and the interlayer insulating |ayer 128 are forned so as to cover the

conponent s f or medqrh speriical ¢ aneshadizan bs smplayet a9@) examiple, imwhichay thin
i nsul ating fdyeH thankdf iRnd LGy Q?V])bxﬁct&'ﬁﬁ meadregah Bt Bg%:inégpﬂhﬂp' ng 30

an inorganic insulating material, such as siTicon oxi Iton nitride
oxi de, si | ifdlanofraitide titanivm isformmddy 216V Dainethpds s @xtimgsten dilmtis faresedito oxi de.
Al ternaid v ange. .| L | ' i1 or acrylic
can' bo Sed e Refibe e e bRl thelcdy S bl HufeFipRlo 2

st ruct ur e ideokidite ag oxide film geansinpffadese ab it edha@ycontactretidtatce mithltkylpwer 26 and

the interl LNsul ati n ayer .128 stiHcture of .the inter er

i nsul at i nga%{e%rgérle llsagcr% eI'TC’J idlrﬁ BEet eé:trr%‘iegﬁ ¥ ?&f]tag?’ t#%&'ﬁglt slerods E‘P’Fﬁ’eiﬁt erl ayer
i nsul ati ng thaylectroll2 $yyeal ¥y dnelabe fils:).pr Heaitaditing njttide filnh fethed yftdciiit hiecat ment ,
etching treafnent, or the |ike. .5 [.020 . After, that, openings

Feach N 1 HoPBERT aonP ARPRESTRAIIO S SRuduEs whmatacal > R bercates thed i n ¢ he
i nterl apser bafrbesfitiof Gitdndues,! ttanidm chifiide, Qb Gke Bl Bfhdd)dopty Ellmdfabeaand t he
drain el ectfr ode Iay?r_ 130§mgre formed in the openings (see FIG I2H). A
conduct i ve PEgrdbyaplatiggmethody 4 pvD nethod, a CVD nethod, or the like in &
region 10 ifpglopdi ng the openings, and part of the conductive |ayer is
renmoved by etching treatnent or CMP treatment, so that the source el ectrode

| ayer 130a and t flerithgcandictive layerel 3¢ 4y prmed,martcof the) sorrduetivedayer 4363

removed by etching treatment, CMP treatment, or the like, so that the insulating layer
20 132 is exposed; accordingly, the electrode layer 136a, the electrode layer 136b, the
clectrode layer 136¢, and the gate electrode layer 136d are formed (see FIG. 13C).
Note that when the electrode layer 136a, the electrode layer 136b, the electrode layer

136¢, and the gate electrode layer 136d are formed by removing part of the conductive
layer 134, it is preferable that a planar surface be formed. By planarizing the susfaces
25  of the insulating layer 132, the electrode layer 136a, the electrode layer 136b, the
electrode layer 136¢, and the gate electrode layer 136d, an electrode, a wiring, an
insulating layer, a semiconductor layer,, or the like can be preferably formed in the later
step.
[0211]
30 Next, the gate insulating layer 138 is formed to cover the insulating layer 132,
the electrode layer 136a, the electrode layer 136b, the electrode layer 136c¢, and the gate
electrode layer 136d (see FIG. 13D). The gate insulating layer 138 can be formed by a



It is preferable that the source el ectrode |ayer 130a and the drain

el ectrode layer 15 130b be forned to have a planar surface. For exanple,
after athin filmof atitaniumfilmor a titaniumnitride filmis forned
in a region including the openings, a tungsten filmis fornmed to fill the
openings. In that case, unnecessary tuggsten and unnecessary titani um or
titaniumnitride is renoved by CWP treatnent, and planarity of the surface
can be inproved. In such a nmanner, the surface including the source

el ectrode | ayer 20 130a and the drain electrode |ayer 130b is planarized, -
wher eby an ctrod a W.rin n i.nsyl ating | ayer, .a sem conductor |ayer,
or the Ii keei@r{“‘ﬂg‘“ﬁ? Sulieipy Vglpg‘ﬁr?éhmﬁ#e‘t h%mﬁ’ﬁ{’g% @Féf)s.“fﬁ“ﬁég’ﬂ I NSt® t hat
here, only plefrdbufcaed toeiclude gilicay oxidd,38Rcoandiridbesiléahi dxyRitesd, snKen 25 | ayer
130b which are in_cogtact Wit hhe,netal conpound_regions 124a and 124b are
i 11 ust r at ed™trilgpide, alummum oxide, bafaium, gxde, santelpm pxide, or the fikeg Nate ghat { he

el ectrode | myejatel 3OMating fayés 138) nRY Habé al dikBe-L38r BRuchit B §QARERARE, i N this

step. There is no Earticu ar limtation on"a material for formng the

source el ectgHEs. | f9erxample thegate Haswlptiag fayar J3B rasa el faymed asiap silisond a
variety of &@HMBWEgI@&E@\%&e%B iﬁ‘%vﬂgﬂfglangﬁirﬁﬁ(% Hefi, antCnitidedpgduct i ve

mat eri al such as nol ybdenum titanium omu t‘antd um tungsten,
al um num cespdes 2 spereel gas. urkhergris ae madicular dimitatien o tht. thicR@BS of tht3gate

Thr ough ' NCinGRIG 1eP RS, bhi'f chli GORRRE) of 4 AaSS Ured Waplr' dhulilG 194RS1 1 €

100 including a conductor naterial 1s conp he "above st eps,
an el ect r ocng smaller thay or gqual e S8 tinp (fot ayaample.orln tthe cdse lof avstyckied-14yer t her

o S, Vo P it R R S B

conduct i ve laggrethan ar &ijughtoy50i b and smaltkr ithemi ar equal @oi200 amande eemd ghed.
Further, by. a,step sim]lar .t.o the above ste n n-channel. transistor with
Che sunst r P88 RRL P E MitGetdiedRit et woiin s &€ leptar rBaT Tha

i s, by usi rg3ehnmnipmovery el enent such as phosphorus.(P) or arsenic (As) as
the inpuri t?ﬁzﬁ]errent added to the sem conductor region in the above step,
an n-channd ansi stor can be forned. 10 [0206] Next, a

manuf actsur i ng pr AG4%peQr sibitantialNRPE bxids siceRdELol RhiV¥e by kifovalber | ayer
insulating layer 128 is described wmth reference to FIGS: 1;(L3A to 13G and

FI GS. 14A tipyrafss (abighly-purified oxzde semicopduciorhsissextremelgssensitiye toginterface :

i 11 ustrate spudRREiHC bk ihiderad RRSEES. ofmmfdre,uanein?&fa,&@%nfe%xemzoﬁi&l-]e .
n-channel transistor 164, and the 15 |ike over the interlayer insulating

| ayer 128; samiconrdycieylayer anda gatednsiatiap lavenisangmpertans tacton i th easeiwberepr ovi ded
bel ow t he ns i i First, the

i nsul at i ng%}l‘gg%;m?gf&?s é(??{.ﬁggf ‘%@ﬁfpﬁﬁ'ﬁggfﬁﬁ%@ﬁg@&g%?ﬁ%ﬁﬁ aPll °r%5°‘|“i{’§"zsr 128,

t he sodfce thd gateriosidatingyleyer1 538 which #r i womhat cwitlodlee highbyrputi#ed, oxdded t he

FLeCtrote ARl A koGS g thuge Lo 20 00 Tever 132 canbe
can be for @Zﬂysi ng a material including an inorganic insulating materi al
S 2 Lo B! Seimit R VB e LU el O
preferable in that it produces a dense and high-quality gate insulating layer 138 with
25  high withstand voltage. This is because a close contact between a highly-purified
oxide semiconductor layer and a high-quality gate insulating layer reduces interface
state density and produces desirable interface characteristics.
[0214]
Needless to say, even when a highly-purified oxide semiconductor layer is used,
30  another method such as a sputtering method or a plasma CVD method is applicable if a
high-quality insulating layer can be used as a gate insulating layer. An insulating layer

whose film quality or interface characteristic is modified by heat treatment after film



[ 0208] 25Next, openings reaching the source el ectrode |ayer 130a, the drain
el ectrode | ayer 130b, and the el ectrode |ayer 130c are forned in the
insulating |ayer 132. At this time, an opening is forned also in a region
where the gate electrode layer 136d is forned |ater. A conductive |ayer 134
Is formed so as to fill the openings (52(31313). The openi ngs can be forned
by a nmethod such as etching with use of a mask or the like. 30 The nmask can
be formed by a nmethod such as exposure with use of a photonask or the |ike.
Ei ther wet etching or dry, etching can be used as the etching; in view of

m crofabrication, dry etching is preferable. The conductive |ayer 134 can
be forned @H“‘Eﬂfmdn"ﬂ’ e pmpinYeet | 90K EsEolle ghte nsplatinglayerdd8 maycumIent hod, or

the |ike. ﬁWob@ﬁInF&tﬁﬂty 19{)1&6‘?55%@&6&50&5% MQWah\ﬁ?tmjf?c\é%th]tﬁﬂ' can be

a conductive naterial such as nolybdenum titanium” chrom um tantalun1

t ungst en, Wﬁﬁﬁﬁlﬁﬁon@lﬁméﬂﬁeflﬁ&ﬂé?ﬁﬁfgﬁqmtﬁﬂﬂsieﬁhmluwa@n all oy thereof, a
conpound sughifs nitride including the above material, Sor the like. [0209]
More specifically, a method can be enpl oyed as an exarrpl e, in which: a thin
filmof %itani umFushdrowhemothd pias tédvivratet Hestl (B tast)ra GSAC fondR ubdungritthe

openi ngs; ﬁﬂ¥r%flln1o& nitrjde titaniumis formed by a CVD nethod; and a
t ungst en f| /er8 i pgripred oing the | capg, whgreo an Qxide: sep and!{cﬁg ncludesi #n i1 m

formed by amp\Whtymat Bexl Basvean fth) Ginp@rityt nd) @RX inthir? %&Bm@ﬁt 4% fhk! Gi@d an
interface so as to reduce contact resistance with the | ower el ectrode

| ayers (hersém'QOH@‘CéQSdF Cut By actrerg eleptry dicld) Byabias) igad Grlﬂglh tasppegatyro d&: | ayer
130b, the qbg féh i Anayae entdR: dafPithg! fiind! ihdiRks a Thidt ﬁ'%@ﬁ;wﬁbﬂ' &J1 film

formed after as a barrier functlon to suppress usi on o
conducti®e (Werial . Further, after the 15 barrier filmof titani um
tltanlumnl[ (ﬁle or thelikeisforrred, a copper filmmay be fornmed by a

pl ati ng nmet’hod. [ 0210]
On the other hand, when an impurity in an oxide semiconductor, especially

hydrogen, water, or the like is removed as much as possible so that an interface with the

gate insulating layer can have preferable characteristics, a transistor which is stable to
15 ‘the BT test can be obtained.

[0217]

Next, an oxide semiconductor layer is formed over the gate insulating layer 138
and processed by a method such as etching using a mask, whereby the island-shaped
oxide semiconductor layer 140 is formed (see FIG. 13E).

20 [0218]

As the oxide semiconductor layer, an In-Ga-Zn-O-based oxide semiconductor
layer, an In-Sn-Zn-O-based oxide semiconductor layer, an In-Al-Zn-O-based oxide
semiconductor layer, a Sn-Ga-Zn-O-based oxide semiconductor layer, an
Al-Ga-Zn-O-based oxide semiconductor layer, a Sn-Al-Zn-O-based oxide

25  semiconductor layer, an In-Zn-O-based oxide semiconductor layer, a Sn-Zn-O-based
oxide semiconductor layer, an Al-Zn-O-based oxide semiconductor fayer, an an
In-O-based oxide semiconductor layer, a Sn-O-based oxide semiconductor layer, or a
Zn-O-based oxide semiconductor layer is used. In particular, an amorphous oxide
semiconductor layer is preferable. In this embodiment, an amorphous oxide

30 semiconductor layer is formed as the oxide semiconductor layer by a sputtering method

with use of an In-Ga-Zn-O-based metal oxide target. The addition of silicon to an



After the conductive layer 134 is forned, part of the conductive |ayer 134

is renoved by etching treatnent, CWVP treatnent, or the like, so that the

insulating layer 20 132 is exposed; accordingly, the electrode |ayer 136a,

the el ectrode | ayer 136b, the electrode |ayer 136; and the gate el ectrode

| ayer 136d are forned (see FIG 13C). Npfe that when the el ectrode |ayer

136a, the electrode | ayer 136b, the el ectrode |ayer 136¢c, and the gate

el ectrode | ayer 136d are fornmed by renoving part of the conductive |ayer

134, it is preferable that a planar surface be fornmed. By planarizing the

surfaces 25 of the insulati | ayer 132, the el ectrode ] ayer 136; the

el ectrode |4YBPhopsg ?c fﬂﬁ'&@pg‘%}?ﬁ%}? SYRINFST thf%‘@t,aﬁ‘.?rﬁ’dfmt?féj“‘géfeé; PElr% o de

| ayer 136d, thabxigé &eticandEotorday fria§ Be fotthed n;s% kR cdriifihg SFO,SEMWERRAUCT OF

| ayer, or the like can be preferably forned in the later step. [0211]

30Next, thel@uteinchisite.ati ng | ayer 138 is formed to cover the insul ating

| ayer 132, Qﬁ) el ectrode | ayer 136a, the el ectrode |ayer 136b, the

el ectrode | yer] 136¢c, and the gate el ectrode |ayer 136d (see FIG 13D). The

gate insul ati ng |Aapeargd3& fominpthe baidaseniogndactodayt\Wy arspiticoitlg netlp 4 t er i ng

met hod, or t |Lke. Further, the gate insulating |ayer 1 is preferably

formad to iam paidedimerdhndBine aine oaftRisd s i eptnghche sl Rt dod FrPevie

silicon ni tAitamationyde meel oRide yirpa dod@inidippin) iGaamk Zdga compbsitidamatixiigle, or

the like. Note tr;gé t he gate inéntEJI atir_l% Iaégr 138 may have a single-I|ayer

structure dPQs &l ajert ol mQlgaptiple n:Gaifn sls PP datomicragel) €20 byl at i ng

| ayer 138 Gapa bead Ahd ekl Sttt &kﬂée't%ﬂt_aﬁifﬁﬁ"lﬁ,'@ﬂemhiyzﬂ, Rl %{gm@é%met hod in
rce gas.

which silane (Sint), oxygen, and nitride are used as a so There is
no par t¥0culcemppsition etip of ImGa:Zne- Lhilclatomic rasio] ohe tajeat daving 9 domposition ayer

138, but it_ecan.be~forned. L0 .hi ckness | arnger th .equal ta 10 nm and
smal | er thar‘ﬁt Oon gnqﬁ%?‘" t"og'%gola%r%‘lc fr_%lro AP e’ qsﬁé't ﬁl@uc?ﬁi{g%g gaplcyé of the

st acked- | aygtal URidetdrht s frém 98 B1oel008 Blckisive f 44 ipiferablp 05 Ysleshighet (48 gate
insulating | ayer with a thickness |arger than or equal to 50 nmand snaller
than or eqii9 - 20With yseied % mesd opridey dargeti with| high fglingyyfagtonniap hoxddet hi ckness

| arger tha : I r equal to 300 nmt hereover.
[ 0212] 15Ar%e'|9§c?§%§a)(lr)}aggu@g@ﬁ?@?ﬁﬁ-ﬁgéwfﬁe sem conduct or achi eved by

renovallSof [028Mirities (a highly-purified oxide semiconductor) is extrenely

sensiLi ve (o | Nt &1 ey A SHEI T lrBlidn Ol B5Re SURLIRLHI RSl B, 21

i nterface between *an oxl ond ayef and a 1:a’(si“'ng | ayer
i S an. i nporjragss ftypddally atgon} dimosphere, ah@tygersatafospherepur dimixed Atnphliesor i S
used for the oxide sem condyctqr |ayer . |In.ofher wrds, 20.the e
sl ati ng A TR TR PXE aSPo<al R PERYEaS i P el Yo de
ﬁ e mh c 3 nductused, lhrawﬁir:h gﬁ/gd@rhﬁ)s&ﬁ a®hydtogdn, gﬁfzg ih&&o;:{rlp&ll%éldri]ge is rgcll&ec_[ toeX ﬁﬁp le,
i-gh- sity plas sing p. .waves is preferable in that it

pr oduced o HRSEAIEYSIHF Pamef wﬁ%at(epé%@mfg%ﬁ@www%gewi parts:

per billion (ppb)).

[0221]

In formation of the oxide semiconductor layer, the substrate is set in a chamber

at reduced pressure and the substrate temperature is set at 100 °C to 600 °C inclusive,
25  preferably 200°C to 400 °C inclusive. Depositing while heating the substrate can
reduce the concentration of impurity in the oxide semiconductor layer. In addition,
damage by sputtering can be reduced. Then, a sputtering gas from which hydrogen
and moisture are removed is introduced into the treatment chamber from which
remaining moisture is being removed, and an oxide semiconductor layer is deposited
30 over the substrate with use of a metal oxide as a target. In order to remove residual

moisture in the treatment chamber, an entrapment vacuum pump is preferably used.



25 high wthstand voltage. This is because a cl ose contact between a

hi ghl y-purified oxide sem conductor |ayer and a high-quality gate

i nsulating | ayer reduces interface state density and produces desirable
interface characteristics. [0214] Needl ess to say, even when a
highly-purified oxide sem conductor layer is used, 30 another nethod such
as a sputtering nethod or a plasnma CVD nethod is applicable if a

hi gh-quality insulating | ayer can be used as a gate insulating [ayer. An
insul ating |ayer whose filmquality or interface characteristic is nodified
by heat treatnment after film 46 formation may be enpl oyed., In _any case,
the gate i nEQn<@mAk. f SYSPUMBENIAR PWHP| By titanipy sublinpiospump isprfdbly y | s
preferabl e gid | Tietfaambion uak %ag%% tbPhurd plovidea fvathea Wbili irabhemmoxt de

sem conductor layer is reduced fo forman excellent interface. [0215]

S5Furt her, wheatmemn chymbes whichols exnagated mathtuse Y thecesygpump, 8 hydrogey atom, dour s

w th 2406 V, | red e S r 3 ' t or

i ncl udes an% Ollljl?? !t% gﬁtglgfng’oﬂg&%g%m%tﬁﬂlt ﬁlg%pﬁ?t?’%g?r?g&%rﬁgm&gﬁﬁg@ "rr%onent of
t he oxi de senmmund centaining @ cetbpn bipm)aandttho like areaemeoved, Wherthy th8impirg) and a

hi gh t enper To. t A ' | nduces a
Shi'ft i neorEpan i BAE i hay@tls/t: REBRATH GE IR GenBRR bECLO00
when an i npredudeyf. i n an oxi de sem conduct or, especially hydrogen, water, or
the |ike isog ved as nmuch as possible so that an interface with the gate
I nsul ati ng } gﬁ? can have preferable characteristics, a transistor which is
stable to 15 t he ASTant @ainplkast éepobitian Bewllitidn) Alke/distance betviNex tthe RAibsieaté de
sem conguct or, | ayer j orned over th ate insulatin ayer 138 and
o ocesott tapdane it 100 Bl e phee ip0 6 SR he Ak etent o er shopiy
i s| and- shap@s kW hatParsiibsphed WE Heoshivy & an b4 Pgdnthie PédpdEtidnDE Ox YRS -

100 %) atmosphere. Note that a pulsed direct current {DC) power supply-is preferably

used because powder substances (also referred to as particles or dust) generated in film
deposition can be reduced and the film thickness can be uniform. The thickness of the

15 oxide semiconductor layer is 2 nm to 200 nm inclusive, preferably 5 nm to 30 nm
inclusive. ~ Note that an appropriate thickness differs depeﬁding on an oxide
semiconductor material, and the thickness may be set as appropriate depending on the
material. | | |
[0223]

20 Note that before the oxide semfconductor layer is formed by a sputtering
method, dust on a surface of the gate insulating layer 138 is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. The
reverse sputtering refers to a method in which instead of making ions collide to a
sputtering target in general spuﬁing, fons are made to collide to a surface to be treated

25  so that the surface is modified. A method for making ions collide to a surface to be
treated includes a method in which high frequency voltage is applied on the surface in
an argon atmosphere and plasma is generated in the vicinity of the substrate. Note that
a nitrogen atmosphere, a helium atmosphere, an oxygen atmosphere, or the like may be
used instead of an argon atmosphere.

30 f0224]

The etching of the oxide semiconductor layer can be either dry etching or wet

etching. Needless to say, both dry etching and wet etching can be combined and used.




20 [0218] As the oxide seniconductor |ayer, an |In-Ga-Zn-0-based oxide
sem conduct or | ayer, an |In-Sn-Zn-0O based oxi de sem conductor | ayer,

I n- Al -Zn- O based oxi de sem conductor |ayer, a Sn-G-Zn- O based oxi de

sem conductor |ayer, an Al -Ga-Zn- O based oxi de sem conductor |ayer,
based oxi de 25 sem conductogqe | ayer, an |In-Zn-0O based oxi de
sem conduct or | ayer, a Sn-Zn-O based oxide sem conductor |ayer, an
Al - Zn- O based oxi de sem conductor |ayer, an an |n-0-based oxide
sem conductor |ayer, a Sn-O based oxi de sem conductor |ayer, or a

Sn- Al - Zn- 0-

Zn- O- based

oxi de sem ¢

a sputterin

r is used. In

an

a

xX] de sem.conductor | aye yarti cul ar, an anor phous
Bebice tcs?dfﬁl%ivéfuﬁ?@spﬁ'@wé &t gichant qiefing EWBOEH%H{PF“’%\‘H’)&B%r phous
oxi de 30 seﬂﬂpedzm@giﬁjus{eaylermcbﬁiaﬁ&rmﬂthamwaﬁl, QX tHAEthe Vide BHiShdELor ayer by

met hod wth use of an In-G-Zn-0-based netal oxide target.

The

addi ti on of l2¥ricarbpreessye inta the desigpd shangs oxi de semi conduct or | ayer suppress
the crystal O'Qgﬂt ion of the layer; therefore, the oxide sem conductor |ayer
d using a target containing Si02 at 2 w%to 10 wm % i ncl usi ve.

may "be for
[0219] 5As

Sputtering

zt)h ron
conponent can“be used,

10

15

20

30

a t ar get exemple; aigas eeptainiag shiodee Geshiosinerdrassd gas bucheas chipripe

(CCls)) can be employed as. an etching gas used for the dry etching. Alternatively, a
gas containing fluorine (a fluorine-based gas such as carbon tetrafluoride (CF,), sulfur
fluoride (SFs), nitrogen fluoride (NFs), or trifluoromethane (CHF)); hydrogen bromide
(HBr); oxygen (02); any of these gases to which a rare gas such as helium (He) or argon
(Ar) is added; or the like can be used.
[0226]
‘ 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 layer into desired shapes, the etching condition (the amount of electric power
applied to a coil-shaped clectrode, the amount of electric power applied to an electrode
on a substrate side, the temperature of the elecirode on the substraté side, or the like) is
adjusted as appropriate. '
[0227]

As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic

acid, and nitric acid, or the like can be used. Alternatively, an etchant such as

ITO-07N (produced by KANTO CHEMICAL CO., INC.) may be used.

[0228]

Next, first heat treatment is preferably performed on the oxide semiconductor
layer. By the first heat treatment, the oxide semiconductor layer can be dehydrated or
dehydrogenated. The temperature of the first heat treatment is higher than or equal to
300 °C and lower than or equal to 750 °C, preferably higher than or equal to 400 °C and
lower than a strain point of the substrate. For example, the substrate is introduced into

an electric furnace using a resistance heating element or the like, and the oxide

B (R SR SIBALESRY, B Qo8 ifuctiride ™

semiconductor layer 140 is subjected to heat treatment at 450 °C for one hour in a -

nitrogen atmosphere. During the heat treatment, the oxide semiconductor layer 140 is




Alternatively, a netal oxide target containing In, Ga, and Zn (a
conposition ratio is G203 : ZnO=1: 1 : 1 [nolar ratio], In:G:Zn
= 1:1:0.5 [atomi c ratio]) can be used. As the nmetal oxide target containing
In, Ga, and Zn, a target having a 10 conposition ratio of In:Ga:zZn = 1:1:1
[atom c ratio] or a target having -a cogposition ratio of In:G:Zn = 1:1:2

[atom c ratio] can also be used. The filling factor of the netal oxide
target is from90 %to 100 % i nclusive, and preferably 95 % or hi gher
(e.g., 99.9 %9. Wth use of a metal oxide target with high filling factor,
an oxi de sem cond t or er V\/mc se filmcan be forned. 15 [0220]

A pref er abl BOISERSE tf:fé"rré"P yent SRhER |‘¥f’i‘|ﬁr8fﬂ¥‘ﬁ‘ég°8xi de seniconductor layer is a
rare gas (tpppgjal |y argon) atnosphere, an oxygen atnosphere, or a m xed

at mosphere of a rare gas (’[%pl cal |y argon) and oxygen. Specifical I4\:,

hi gh-purity gas iNetpthatacheahisatment apparatus js inehlingited ta3n clectiicaldumaceagntiy dr ogen,

wat er, hydr ﬁK)Y be arP4] (pséhéﬁg Wﬂﬁ:h'h%atﬁ sb584 td Bh &ch@&ﬁrvﬂﬁll M&h&ucﬁgy E).r lF%at parts

per mllion & ferab p(gr oxi mately several parts p I on
(ppb)). Joom ljﬂthﬂhgli"%ﬂ hwe mﬁlnm s @deheé@dsgem’tﬁﬁdlket oFor| fesy@ple, s mapidubstrat e

Is set in reis
set at 100atC to 600 C% F\% %@a&{d& pre er%’g ﬁ?o@%ﬁ%%é@?ﬁ%ﬁ%& ve.
Deposi ti ng apphiatys heatamgamlﬂ@lﬁmﬁwn@heg (idﬁ'ﬁr)@dpﬁmusmbcmmr.\nwmm of
impurity i

sputteri ngnagkgg%lgﬁr% B@ﬁgﬂugﬁﬁ%ﬁkg i/tgetpl n %gseﬁ“’ Hdd Pﬁ%lgry(‘gben and
noi st ure ardectromagretic wava)nnntmdtfmada lanmcsutm 4 Iatogpe trinindp, chﬁmblmldéll whi ch

dnp,
remai ni noj sture d an ox em conduct or | ayer is

deposi ted 0 Ve lF’i"slp’su nl?"r“ amP[’ ﬁ eprgsfs“rg f’r&‘P’é’lsla‘BR’l g §h Bt Get . In
order to reneveyrksipdua GR]IAstapqﬁaEatum id he dppaatusefr kharsmenBlsiggtd apnent
vacuum puhmg, gh-tcgnli]glfa&&eagalsy A3 ?]13 gas, an nert gas which does not react with an object to '
be processed by heat treatment, such as nitrogen or a- rare gas such as argon is used.
[0230]
15 For example, as the first heat treatment, GRTA may be performed as follows.
The substrate is placed in an inert gas which has been heated to a high temperature of
650 °C to 700 °C, heated for several minutes, and transferred and taken out from the
heated inert gas. With GRTA, high-temperature heat treatment for a short period of
time can be aéhieved. Further, GRTA is heat treatment for a short period of time;
20  therefore, it can be employed even under a temperature condition which is higher than a
strain point of the substrate. |
[0231]
Note that the first heat treatment is preferably performed in an atmosphere
which contains ni&dgen or a rare gas (e.g., helium, neon, or argon) as its main
25  component and does not contain water, hydrogen, or the like. For example, the purity
of nitrogen or a rare gas such as helium, neon, or argon introduced into a heat treatment
apparatus is greater than or equal to 6 N (99.9999 %), preferably greater than or equal to
7 N (99.99999 %) (that is, the concentration of the impurity is less than or equal to 1
ppm, preferably Iess than or equal to 0.1 ppm).
30 [0232]

Depending on conditions of the first heat treatment or a material of the oxide



For exanple, a cryopunp, an ion punp, or a titaniumsublimtion punp is
preferably used. The evacuation unit nmay. be a turbo punp provided with a
cold trap. In the treatnent chamber which is evacuated with use of the
cryopunp, a hydrogen atom a conpound containing a hydrogen atom such as
water (ILO (further preferably, a 5 Cﬁrrpound contai ning a carbon aton,
and the |li ke are renoved, whereby the i'npurity concentration in the oxide
sem conductor |ayer forned in the treatnent chanber can be reduced. [0222]
As an exanple of a deposition condition, the distance between the substrate
10 and the target is 100 nm the pressure is 0.6 Pa, the direct current
(DC) power ¥mponguctar layer, iy oxKlg senicanductomaver 6% cawpbized i 1osbama oxygen

(the propor hicesrfallmg Y@ fal Rty ck il i ialshRs ehes e FoNekangitiadbe Sxiy! sed
direct current (DC) power supply is preferably used because powder

P . : ) A
subst ances Yeatiepdycigrdayeesomaherysiallize to hereme micragrgytgllippesvaricandectorjayers m
deposi tion b . Y hi.c S Ng,D i Oy The
t hi ckness o%q#ﬁegfé&gi%g%%%%{gﬁndhgtgg}%l é;{yélra&f ?rg@n% ?%H@b% nmntl usi ve,
preferalfl y depemiirigoos the roonditicdsudfi the firdiihe® ttdatiens andi ier oateriz tof thehoxidness
di ffers dependin n an _oxide.sem conductor material, and the thi.ckness may
be. et as. SR SBeRR Rty e T SrEBRiEny davEE betonds ey Mootis DY bot o e
t he oxide ssemiicoadete layer donlefiing B0 drgstaliink dyynponap it éthéricags.net hod, dust on a
surface of- Eﬁlﬁate insulating layer 138 is preferably renoved by reverse
Sputtering hich an argon gas is introduced and plasma is generated. The
reverse sputteri mge 680€semitchdactoElbtd Ghikht bobntdlad MEEERti@ndiRdt 1@ iONS

col lide to‘gh,gsiﬁut tering target in general spurting, ions are nmade to
col | i det® o vehich,a micracryialipe portign Gyitiba graip digmeter greakey, than Ok equal fHlinm ed. A

met hod for di‘iﬁ'fésgﬂxahQﬂ&luﬁplk)'io%,ttﬁ)i&l@lﬁéa@gﬁmh%r Baual (ePhR4And 64 taleS @ et hod

in which high frequency voltage 1's applied_on the surface in an argon
at nospher e “4Hd P HIIMEEXILS ityarh aporpbepsi gxiderremigopdyetary(fas fexample.cy sfarmele.  Not e

that a ni tr&@&ﬂd%ﬂ@&ﬂ&ﬂ&dg@r hel i um at nosphere, an oxygen atnosphere, or
the Ii ke may be used 1 nstea gf an argon atnosphere. 30 [0224] 49 Etching
condi tions [5%3ﬁh as etching gas, etchant, etching time, and tenperature)
are appfopri at el i . W\ S . t he
i do- o conduc R 4ob8 St QAL 3ARG bl TRLEE RryeiBhutl6F | 102
5For exanplthkg oxide ssmicavductonlayer winlter¢hargefa Eédr enample; mthetagpawhaadlhe as -

chlorine (G 2), boro hlorid BCl 3 tetrasili-con chlorid Si as), or
carbon tet Sg%: 15 'r“i"’&%‘p 133 lsgfg'&n%eusg%ﬁng@écza'g%’ogﬁ“gfElﬁf%[]&x@%lgwﬁfge% for the
dry et chi nguicrbktyetailiaé i pertiyn whag@ scrgaslt araisn @ff (iGEIZNO, ( Bavidgu @ldciiiRalbased gas
such as carbon tetrafluorjide (CF4), sylfur fluoride (SFG), nitrogen
fluoride (RPSHIORy,are Alﬂ“’ﬁllofsof?é‘f‘f‘pdn‘%hef%ﬁ%f)#%F@F’E?%n?ﬁ@cﬁg HBO,

oxi r gerpo( 03gmicaingact lavéreas bgdks@ged 0 Whi ch a rare gas such as helium (He) or
argon (Ar) [(i)2'535?dded; or the like can be used.

More specifically, by aligning crystal grains of InpGa;Zn0, whose c-axis is in
the direction perpendicular to a surface of the oxide semiconductor layer, conductivity
in the direction parallel to the surface of the oxide semiconductor layer can be increased,

25 and an insulating property in the direction perpendicular to the surface of the oxide
semiconductor layer can be increased. Further, such a microcrystalline portion has a
function of preventing an impurity such as water or hydrogen from entering the oxide
semiconductor layer.

[0236]

30 Note that the oxide semiconductor layer including the above-described

microcrystalline portion can be obtained by heating. a surface of the oxide

semiconductor layer by GRTA. The use of a sputtering target that contains more In or



. [0226] As the dry etching nethod, a parallel plate ME (reactive ion
etching) nethod or an I CP (inductively coupled plasm) etching nethod can
be used. In order to etch 15 the layer into desired shapes, the etching
condition (the anmobunt of electric power applied to a coil-shaped el ectrode,
the amount of electric power applied tg,an electrode on a substrate side,
the tenperature of the electrode on thé substrate sirde, or the like) is

adj usted as appropriate. [0227] 20As an etchant used for wet etching, a

m xed sol ution of phosphoric add, acetic acid, and nitric acid, or the |like
can be used, ternatively, an etchant such as | TO 07N (produced by KANTO
CHEM CAL coﬁﬁﬁamgﬂ)cﬂ?m?ﬁ ughpaeferablg oxide sqrpiconduetpr. layer by foppeht nent i s
preferably mesfprned on the oxide sem conductor 25 layer. By the first heat
treatment, the oxide sem conductor |ayer can be dehydrated or

dehydr ogenat ed. Tl fireisat tsgaiment araytheeperformed enpthe oxidsseminenductoriygher t han

or equal toyRQf nis ﬂ&%clcﬁ)ﬁd;cegts a?]lt@ 'Ehceigfdﬁd-sﬂageg ggdﬁfcs?ﬁfz&{dﬁ 3P iaégreﬂm}her than

or equal to 400 C and lo a straln point o e substr . For
exanpl e, t hin atiesse, after the firsitheatdizratrdent,nthe sehstrate de taker ofitufrora dlee besiting a

resi st ance %ﬁg&g@qu£Eﬂ?@hﬁﬁgﬂ%nggFﬁgﬁ?&&%‘the oxi de 30 sem conduct or

| ayer 140 i ubj ecte at 450 C for one hour in a
nitrogen ati®@3here. During the heat treatnent, the oxide seni conductor

layer 140 s 50 Rt uSEROTRY He Alafmdn? B SUSBL A" denPratiBl atnoine oy T 09€N.

dehydrogenation treatment because it is effective in dehydrating or dehydrogenating the

10  oxide semiconductor layer 140. It is possible to perform such dehydration treatment or
dehydrogenation treatment after forming the oxide semiconductor layer, after stacking
source and drain electrode layers over the oxide semiconductor layer 140, or after
forming a protective insulating layer over the source and drain electrode layers. Such
dehydration treatment or dehydrogenation treatment may be conducted more than once,

- 15 [0239] ,

Next, the source electrode layer 142a and the drain electrode layer 142b are
formed so as to be in contact with the oxide semiconductor layer 140 (see FIG. 13F)
A conductive layer is formed to cover the oxide semiconductor ]ayer 140 and then partly
etched, so that the source electrode layer 142a and the drain electrode layer 142b can be

20 formed.
[0240]

The conductive layer can be formed by a CVD method such as a plasma CVD
method or a PVD method including sputtering. Examples of the material for the
conductive layer include an element selected from aluminum, chromium, copper,

25 tantalum, titanium, molybdenum, and tungsten; and an alloy including any of these
elements as a component. Alternatively, one or more of materials selected from
manganese, magnesium, zirconium, beryllium, and thorium may be alternatively used.
Further alternatively, aluminum combined with one or more of elements selected from
titanium, tantalum, tungsten, molybdenum, chromium, neodymium, and scandium may

30  be used as the material. The conductive layer may have either a single-layer structure
or a staked-layer structure of two or more layers. For example, a single-layer structure

of an aluminum film containing silicon, a two-layer structure in which a titanium film is



[ 0229] Note that a heat treatnment apparatus is not limted to an

el ectrical furnace, and may be an apparatus which heats an object to be
processed with heat conduction or heat 5 radiation given by a nedi um such
as a heated gas or the like. For exanple, a rapid thermal annealing (RTA)
apparatus such as a gas rapid thernal gsnneal ing (GRTA) apparatus or a lanp
rapid thermal annealing (LRTA) apparatus can be used. An LRTA apparatus is
an apparatus for heating an object to be processed by radiation of |ight
(an el ectromagnetic wave) enmtted froma |lanp such as a hal ogen |anp, a
nmetal halide |anp, 10 a xenon_arc |l anp, a carbon arc , .a high pressure-
sodi um | arrpsm‘i]de Vi @halblf‘g’é‘?uf‘]g“ r?e?l’ﬁ‘?.?i’l9yqréffﬁ°““/§& W"lhﬁgg‘f my diifg an

appar at us f gimhRatfilly, SRt REiud FilGrestitkintt BT BREA LM B GRScand® gk, Jas, an
inert gas which does not react with an object to be processed by heat
treatment, ¥8¢H as nitrogen or a rare gas such as argon is used. [0230]
15For exanpl e, agiddGiddviof: R0 ek AR Bam, SRR AFlsch el if BlcfERibAS
follows. The substrate is placed in an I nert gas whi ch has eated to a
hi gh t erfperused fas exosegofocmaking@getchingawslod for several minutes, and
transferredo? taken out fromthe heated inert gas. Wth GRTA,

hi gh-terrpergi ure heat treatnment for a short period of tine can be achieved.
Furt her, GRTA isTheahanncldatgnle(it) off ¢hre teansiktor {s determindd by thei distanc Getwzen ef or e,

it can be ¢ ven er at ature nd t ich her than
2 strain pohoolie eRien gl dbe foder FEBEHE P 1EATGHA M Raltih RarioR A
t reat ment idta:premfcem&bhger [h42H, orlmﬂﬂ chse mreaﬂxﬁnﬁaainelrlmgmac)hs siorteathms 251 t r ogen

doce nold cobaPiRodlis 6F iR B gERe in S fa Wi S b g e B 1 "of

ni trogen orextremalyeshgASwakticighs of Sevdiil nfﬂxeﬂjﬂtersofo aervgﬁn téndt dfOskGMEteisNt 0 a
heat treat nent aparatus IS ter th nor to 6 Né{b99 9999%
pref er abl y TfPosHre Withxfregp "é'gayéﬂettsaelés gpges ggm%a gredislepthsot fons
concentr at |'ﬂféréf$retth€ chaliiﬁélrlbﬂg‘fh {19 Jf 83fnéitar) whichasl fdned fatek, dARBe fRMLIEr abl y
| ess than or equal . nfL‘F' 30 [0232] 51 sem conduct or | ayer, the
oxi de seni R Pmua‘g}qu,gn %@appqrat@arﬁﬁaflhsqs@lwnberw%t alline film
or a poisycr[ngjj}l line filmin some cases. For exanple, the oxide
sem conductor ers may crystallize to beconme mcrocrystalline
sem-conduct or 5’@? mategiols dgf the genluetavedpyes agd the) gxidegeminendiictaydays 340 nor e, or
80 % or nor Q?aoz}% eat
t r eat ment aa(r?llg FH&EQngédenrl?ﬁlgl m cﬁgs xébéég}ﬁé%&gggggﬁ %Lgﬁéérﬁdjd ZJYSQ de
sem conductlarndtagcmovt;bannﬂshlagl anﬂrephmsisucmq dbercsenimdlnslw@orthbawadc
cont ai ni ng n S h
eni conduot SRRy Rior Hish FC BTN Gnelo B 98 onfE SRR et BT bydr Bnf 4

20 groove(a depressed portion) depending on the materials and the etching conditions.

[0244]

An oxide conductive layer may be formed between the oxide semiconductor
layer 140 and the source electrode layer 142a or between the oxide semiconductor layer
140 and the drain electrode layer 142b. It is possible to successively form the oxide
25 conductive layer and a metal layer which is to be the source electrode layer 142a or the
drain electrode layer 142b (successive deposition). The oxide conductive layer can
function as a source region or a drain region. Such an oxide conductive layer leads to
the reduction in the resistance of the source region or a drain region, and thus
high-speed operation of the transistor is achieved.
30 [0245]
In order to reduce the number of the masks used or the number of steps, a resist

mask is formed with use of a multi-tone mask which is a light-exposure mask through



10 which a mcrocrystalline portion (with a grain dianeter greater than or
equal to 1 nmand less than or equal to 20 nm typically greater than or
equal to 2 m and less, than or equal to 4 nm exits in an anorphous oxide
sem conductor (for exanple, a surface of the oxide sem conductor |ayer).

[ 0234] 15Further, when m crocrystal i55 | i gned in anorphous, electric
characteristics of the oxide sem conductor |ayer can be changed. For
exanple, in the case where the oxide sem conductor |ayer is formed using an
I n- Ga- Zn- O-based netal oxide target, a microcrystalline portion where
crystal grains, of .1n2Ga2zn0O7. havi ng el ectrical anisotropy are aligned is

f or ned, V\he?"g’ﬁy lght, i3, rapsmifted g, bave @ plpalityc of dntensitiss,ogndqgtching Jaa Benduct or

layer can bgerfndb0®sh ubdhe resist maskVDBicS Re6isk bfadl fo¥med¥sifd & GlGnET VSt al
grains of I1n2G2zZn07 whose' c-axis is in the direction perpendicular to a

surface of A% xpabralibneidbickrrstes (Stapcikeshaned sl ran be furies ghapged inishapet i on
paral | el _topy Berrdiidsaifind! wNBid thilk 3F BeGRATHES BlurdiRy SF efeflheiopk RET CaSET.

25 and an insulating property int rection perpendicu he surface
of the oxi derovideiliflgrratipatioms] alherefergra tesist maskeagesponding tolaé leastdwo hingds

m crocryst e | %';' g LNg Lpur it uch as
wat er or h?/é r%gge‘rﬁﬂﬁag%ﬂgﬁ%g% fﬁgﬁt I(E)S%{kdghél g%%ﬁg%‘%}gt (;@ G?’aye’r“fmt[%f\%m]
30Not e t hat lightrexpmsurde msasks comdulet orediepde randndtheld nagbdr heof alwourespdading | bed

m crocrystal, | r{i n t aine eat.| a.surface of the oxide
seni conduc?%hrohq%%?ap%%%%" %ﬁ%%gsrg&“g? ’avpﬂs/eﬁ%hyt“l?‘ q%‘bcaf'%'?' ﬁttswl’shﬁim é‘bnt ai ns
nore | n or redlzeia t han Zn enabl es a nuch preferabl e oxi de sem conduct or

| ayer tgq(b(jggngr med. [0237] The first heat treatnment nmay be perforned
on the [ érri conductor | ayer which has not been processed into the

i sl and- shaped oxiNde: eenplamiciuetent ughigra ded Quctbas N,0,INY, of A% §s prfdrdly t he
first heat treat {, th% substrate_js taken out fromthe heating apparatus
and a phot GOPSYRES) Hish {Bectbage PECEser 1 Bieplgsmy Hempnt removes water or the like

that adheres to an exposed surface of the oxide semiconductor layer. In the plasma

treatment, a mixed gas of oxygen and argon may be used.
15 [0247]

Next, the protective insulating layer 144 which is in contact with part of the
oxide semiconductor layer 140 is formed without being exposed to air (see FIG. 13G).
[0248]

_ The protective insulating layer 144 can be formed using as appropriate a
20 method, such as a sputtering method, by which an impurity such as water or hydrogen is
prevented from entering the protective insulating layer 144, The thickness of the
protective insulating layer 144 is at least 1 nm or larger. Examples of the material for
the protective insulating layer 144 include silicon oxide, silicon nitride, silicon
oxynitride, and silicon nitride oxide. A structure can be either a single-layer structure
25 or a stacked-layer structure. The substrate temperature for the deposition of the
protective insulating layer 144 is preferably higher than or equal to room temperature
and lower than or equal to 300 °C. The atmosphere for the deposition is preferably a
rare gas (typically argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of

a rare gas (typically argon) and oxygen.

30 [0249]

When hydrogen is contained in the protective insulating layer 144, entry of the

hydrogen to the oxide semiconductor layer 140 or extraction of oxygen in the oxide




Note that the first heat treatnment can al so be call ed dehydration treatnent
or dehydrogenation treatnent because it is effective in dehydrating or
dehydrogenating the 10 oxi de sem conductor |layer 140. It is possible to
perform such dehydration treatnent or dehydrogenation treatnment after
form ng the oxide sem conductor |ayer, safter stacking source and drain

el ectrode | ayers over the oxide sem conductor |ayer 140, or after formng a
protective insulating | ayer over the source and drain el ectrode | ayers.
Such dehydration treatnent or dehydrogenation treatnent may be conducted
nore than once. 15 239] t, the source el ectrode | ayer 142a and
The: dr o CPEBmgon ByFar49 byhe, PEodsp it GSth 4ereny THRATE g STRSASEE G (1 ¢ he
oxi de sem CgiahagkcBinneBYigE of 4Rt 0HEE sbthicoddiCior 14yeF Q80! UG, | 86EthhEY Phrakiic f Or med
to cover the oxide sem conductor |ayer 140 and then partly etched, so that
the source 13888l Ttayebe fopmed. | Ihgreforey it freimnogiant thateh film durmalignmethedin can be

20 formed. {QR48)drd, is:md]g&mevem@ﬁs fin 6B tB@orEpﬂh@sf&Jeﬁvézn@{Qiggg%fd such

as a plasma CVvD nethod or a PVD net’hod including sputtering. es of

t he mat e} i al44ontaining asditthp hydrogen ssppssiblencl ude an el enent sel ected from

al um num cﬁgggiunl copper, 25 tantalum titanium nolybdenum and
tungsten; a n alloy including any of these elenents as a conponent.

Al ternatively, odeisgpreiemabls tof fonmtthe ipritective liwsolatig flayemlfdh wddln gsmovinggnesi um
zi rconi um ' . rJ e. I Y sed, Further
alternati veﬂ%{s’éﬁg ljﬁ}rlllh%@rr\'hn I'il((i:j%)t} r?bq%ﬁtgy mw&t%%].b grh]él%éérl&rtr%&%v%]? L@@ﬁé’ﬂ’?@“’s" F’é’ﬁt ed from
titani um t=anisaraitom being shiered imo [thebaladnsemiandenorlayer 10 adydhe protedhisle Scandi um
may. 30,0be useicli ai th§44nateri al . The conductive |ayer nay have either a

si ngl e- My PSUH 8IS B 2 staked-1ayer structure of two or more |ayers.
For exanpl ef02s1]si ngl e-|1 ayer structure of an al um num fil m containing

silicon, a two-Ilayer, structure jn _whi.ch titaniumfjilmis
?IY order to remove resildual mo:stureain the treatment cgnamrger, an entrapment

vacuum pump is preferably used. For example, a cryopump, an ion pemp, or a
titanivm sublimation pump is preferably used. The evacuation unit may be a tarbo

15  pump provided with a cold trap. In the treatment chamber which is evacuated with use
of the cryopump, a hydrogen atom, a compound containing a hydrogen atom such as
water (H>0), and the like are removed, whereby the impurity concentration in the
protective insulating layer 144 formed in the treatment chamber can be reduced.

[0252]

20 A sputtering gas used for the deposition of the protective insulating layer 144 is
preferably a high-purity gas in which the concentration of an impurity such as hydrogen,
water, hydroxyl, or hydride is reduced to approximately several parts per million (ppm)
(preferably approximately several parts per biilion (ppb)).

[0253]

25 Next, second heat treatment is preferably performed in an inert gas atmosphere

or oxygen gas atmosphere (preferably at from 200 °C to 400 °C inclusive, e.g. 250 °Cto

- 350 °C inclusive). For example, the second heat treatment is performed in a nitrogen
atmosphere at 250 °C for one hour. The second heat treatment can reduce variations in
electric characteristics of transistors.

30 [0254]

Further, heat treatment may be performed at 100 °C to 200 °C inclusive for



53 stacked over an alumnumfilm a three-layer structure in which a
titaniumfilm an alumnumfilm and a titaniumfilmare stacked in this

order, and the like can be given. [0241] Here, ultraviolet rays,
a KrF |l aser beam or an ArF |l aser beamis preferably 5 used for exposures
for making an etching mask. [0242] The channel length (L) of the

transistor is determ ned by the distan%% bet ween the bottom portion of the

source el ectrode | ayer 142a and the bottom portion of the drain el ectrode

| ayer 142b. In the case where the channel length (L) is shorter than 25 10

nm exposure for making a mask is performed with use of extrene ultraviolet

with extrenm ogpbpur tRaifhaisyingur. og‘h%lwr Heatmem gnax e perfosmedgiet fiked ens of

nanomnet ers. i h j ' [ G i.on and a
hel$H0 Rl Eratlird. mmaoa, htgé i w“@.!,%eara;ea%g%fﬁ ﬁlf meg.gk}gr §ﬁ1@w&&9

1
great depth of Tocus. Therefore, channe ransi stor,

whi ch is fonasebe cenducted phmal $iands repeatedlyn thet heath@)@mpatatune isuipcessed droch t hus t he

operation r of the circuit can j ed.. 15.[02 e
materi al s f%érgttﬁnép%%{ﬁr 3((): i?e\/meD © aguieePPgOrngf{?:ﬁgxﬁd%&%séJrﬁ a@é%&cchfaﬁeg?f’er 140
and et chi ngocenehparamns. aFatiejthis hed tresgtmapRhapbd pirforfial béfae féfatiexboe
seniconducngr I%%fr IS not hgnnv din etchin9 of t$e conductive |ayer. In
this step, THETSH YR SE ETMPr Teduesd PrassUtes Hadarredused prsssufe e an
oxi de sem aRaEHECHERYE candQhorfard. NNote Hat lﬂi’st@MQreﬁﬁmdeﬂﬁﬁB&fﬁgf

_ ) _ el oR@éd in@Bad
depending on the materials and the etching conditions. 24

4 An
oxi de condutithesecqndhest treatmentorpertopmed Befoseand afterthe,sscond %eéh‘ifialiﬁ@\bct or |ayer
140 and thqgggt;rce el ectrode | ayer 142a or between the oxide sem conductor
| ayer 140 and fhe drain electrode |ayer 142b. It is possible to
successiel y for Nextadheintgdayer inwlating tlayes 1464y famepdaovest tie paiestivanhi ch i s
to be the Spuifife MlyBCidqee FIBYRA) L 4Rk iRlerh e ity ﬁ&éﬁ‘-cih§9£1?b«:|1%¥§€d 142b
(successive deposSition). The oxi de conductive |ayer Tan function as a
source regitm aethodi HCVEnehod, suthie liker okbedatedansd insulpting layey d46 bamads t o
the reduct Qg
t hus hi gh-speed operation o e SI'S I'S achieve
whi ch | i ghtoxids, siliconavitritle exide, silien/mitride phafnipini axidepdlumingmnoxiide, estantalnoh et chi ng
may be rforyed,with use of. the resjst K..Si resist f or med
et g amuloPioEy AR, Roitfoncr SO bt IRt 1B, .5 RO PTRE S hape)
-and can be shafacelbe planivined g OMP, stokipg, doyvhefdikef or mi-ng ashi ng, the resi st mask
can be use%é'es:g a plurality of etching steps to 5 provide different
patterns. &for’e, a resist mask corresponding to at |east two kinds of

di fferent patterNextcépenidgs feadiimothd ¥lebddagayr 134, iheleRafodaYer 1368 %he t he
nunber ‘of || ght-exposure masks can he reduced and t he nunber o

I f
cor r espondi® JRYSF 1900 e apwe dectiode laypr 142a,pngd the degyp elegirodgilagier i42b
si mpl i fpC ataiedrmdd it tRNSteAAfer BRulaMR 1"\??& d46, 1k prBrRéBle insulating Mete1d4hala pl asma
treatnment using a glas such as N20,” N2> or Ar is preferably conducted after
t he above ﬁ'iecﬁagfs@?“mfﬂ!"%iéﬂ% tThen hreomdustivadayes 145is dormed sp e tq filk ghet hat

adher es too?éhil?%&ﬁ&%@&%‘hﬁ.acﬂaeq;fpeﬁiﬁgs Qhivd Sorafell Q,Rﬂiﬁgtugﬁlg 'aqyagﬁ.- T the
plasma treatnent, a m xed gas of oxygen and argdn may be~used.
mask can be made by exposures with use of a photomask, for example. Either wet

etching or dry efching can be used as the etching; in view of microfabrication, dry
25  etching is preferably used. The conductive layer 148 can be formed by a deposition
method such as a PVD method or a CVD method. Examples of the material for the
conductive layer 148 include a conductive material such as molybdenum, titanium,
chromium, tantalum, tungsten, aluminum, copper, neodymium, and scandium; and an
alloy and compound (e.g., nitride) of any of these materials.
30 [0257]
Specifically, as an example, a method can be employed in which: a thin film of
titanium is formed by a PVD method in a region including the openings; a thin film of

dl i rfﬁliat%}i?q%iﬁuﬂ{ig %%&%E&ﬁsnﬁeﬁ ' %at&(ffl,asggﬂ F%%ﬂ%]%gl 821 and



15 [0247] Next, the protective insulating |layer 144 which is in
contact with part of the oxide sem conductor |ayer 140 is forned w thout

bei ng exposed to air (see FIG 13G. [0248] The protective insulating |ayer
144 can be fornmed using as appropriate a 20 nethod, such as a sputtering
met hod, by which an inpurity such as er or hydrogen i's prevented from
entering the protective insulating Ia\;/\g# 144. The thickness of the
protective insulating layer 144 is at least 1 tun or |arger. Exanples of
the material for the protective insulating |ayer 144 include silicon oxide,
silicon n|tr|de 5|I|con oxynitride, and silicon nitride oxide. A structure

can be et Heifids tisgnim & fopmed bysa CYD metbodznga tyngsteadimgs (forpsd ta fillthe ure. The
substrate tgupg P;.at Wefe, h&rnt&hﬁu(?ﬁﬁ%iuﬁéd% LBV Rt EibizCal SGH Ml N | ayer
144 is preferab hi gher than or equal to roomtenperature and | ower than
or equal toat:ae@nt@facwfﬁe ag toisdysiscontagioesistinee withabe lawen elestrosiedfiyersafberg, a rare
gas (typic S

it osphr o b HearaE 1S BOHEp AR, L RARIE Tier FlocT i

sem concﬁJct&kctrb@hwerlma,byldt llhe dh‘gmilcbgmdcllsyecaézléd Thé Gtagivyn nmkdelﬂnt he

resi stance n the bac of the conduc 140

| ow, so t ha aedpaare 5?1 {( am e crign t%gqu(rjcg?ne ”"”%(@F ngSP(H’C ok mfngxzﬁ‘rrpor t ant

t hat a fil nifdrthemysfter tre hm'tehﬁdn bﬁtminumhtnlamdmmyﬂﬂe ios tiredike isfotndic a esppkoyed i n
or der tofo m th ot 1nsu|at|nglayer 5144 containing as little
hydr ogen a ellﬁpfr E?&Zé‘(ﬂ?a{ ethod =i s breferable to formthe protective
i nsul ating [bmr 144 V\/m I e renovi ng noi sture remai ning in the treatnent

chanber, in order to nt, hydro hydr oxyl noj st ure fro .bei ng

enteredd nto t heA8&T "E‘%éﬁ?ftlg‘% i & d'lﬂi%‘ %fn‘g" Pﬂ“é'l“ﬁtl“’(‘f't]éi‘f’f 180

i nsul ati ng sy Mchlﬁé)m or the likd, hn@ itCintekiRydr GRTRAYRIng @@eﬂm isTmpgsSture in

the treatnment chanber, an entr aprrent vacuummo rrg) Is preferably used. For
Burihes it

exanpl e, a SXPYREHUHETEDR fOMRIRE Shevslectspdes layer & glsrirodst laysr theg

preferably dighgde fEP& ﬁuacm@ueafbdu%,}er 7504, Rfd the! dlécdiBad RyBUIde RERMIIGed With a
cold trap. In the treatnent chamber which is evacuated with use of the

cryopunp, a4@)drieje thabiwhen the elegimsis dansr £30a: te sleptgods Iayed A 30w theplestiodsuch as
wat er (g512G)yer 336 tHE ere'cﬁgdeaf er fﬁﬂ&vgﬂd fd({)\%‘@rrlé tlgﬁze' 190k "drd YorpRAGRNL F ati on

i'n the prot ectlve insulating Fayer treatment chanber can
be reduced.rep@dag parp OA thepcanduetivadaygasldisitds fpcnferabie thé poplanar garfade tehe

protective fbﬁ]l?eul ah& Bﬂn*r@ﬁ?gr the g\ﬁ'ﬁicé of the interlayer insulating layer 146, the electrode
layer 1502, the electrode layer 150b, the electrode layer 150c, the electrode layer 150d,

and the electrode layer 150e, an electrode, a wiring, an insulating layer, a semiconductor
20 layer, or the like can be preferably formed in the later step.

[0259]

Further, the insulating layer 152 is formed, and openings reaching the electrode

layer 150a, the electrode Iayer 150b, the electrode layer 150c, the electrode layer 1504,

and the electrode layer 150e are formed in the insulating layer 152. Then, a
25 conductive layer is formed so as to fill the openings. After that, part of the conductive

layer is removed by etching, CMP, or the like, and the insulating layer 152 is thus

exposed, thereby forming an electrode layer 1542, an electrode layer 154b, an electrode

layer 154¢, and an electrode layer 154d (see FIG. 14D). This process is similar to the

process for formation of the electrode layer 150a and the like; thus, detailed description
30 is omitted.

[0260}

When the n-channel transistor 164 is formed in the above manner, the hydrogen




preferably a high-purity gas in which the concentration of an inpurity such
as hydrogen, water, hydroxyl, or hydride is reduced to approximtely
several parts per mllion (ppnm) (preferably approxinately several parts per
billion (ppb)). [0253] 25Next, second heat treatnment is preferably
perfornmed in an inert gas atnDsphere g oxygen gas at nosphere (preferably
at from200 Cto 400 C inclusive, %50 Cto 350 Cinclusive). For
exanpl e, the second heat treatnent |s performed in a nitrogen atnosphere at
250 C for one hour. The second heat treatnent can reduce variations in

el ectric characteristics of transistors. 30 [0254] 56 fromone hour to 30
hours in ai foncenijaomeishe w%&eméqwdm layer B4} is 5x 1 ((atomséenr’) ordawérsatli ng

temperat ur ey, h L he heat i t enperature
may be condigt ﬂtd&I t?%%e}l'ﬁ t?/tﬁ%;s] Crgep a%%"&fsp(’g lﬁﬂésnﬁ‘g ti ol e g%lhéml s

i ncreased f nmhanndoumtntsmpe&ahw isg txceHerit @ﬁﬁe&t&ﬁsuéselsQfsed-QﬂﬂQ Ibflic 286uifs '
i ncl usive and th n gfﬂﬁ?(ﬁg\sed to 5# q’ri’d‘f er,ature Further, this heat

treat nent nB§© 'B%F or &tp L i Pravhesshygedustonin standbypesres and spepsessaf| at i ng

| ayer unsler makghicGetlofiieiogid cRcuildanl B¢ adiisleged pressure, the heating tinme can

be shorteneg, te that this heat treatnent may be perfornmed instead of the
second heat atment or perforned before and after the second heat

treatnment. kafaicatidIanptetzhe i nterlayer insulating |ayer 146 is forned ,
over the protectiyve |nsuipat| ng | ayer 144 (see FIG 14A). The interl ayer

“insulating |ayer FlGelS¢ E{iS% d 6AANAE By FIGS. A7A andti7Be andy 18Atand d8Bor thé
like. The lmmfalt@malﬁwﬁyle%hggs bﬁyﬂa&@?ma nRiadre Rfdisths 139, terial

i ncludi ng an i norganic i nsul mat eri al, such as silicon oxide, silicon
ni t ri del®xi fwrctugg ofithedrnsistoy 1%11“ﬂlfa¥€ﬁ|lmﬁl(bi$ daGS.J6Arend 16B.FBIGEl 7Amndt ant al um

15 oxi de. Astmanéﬁ@ﬁais@ﬂmqfsatlme'sﬂa@;é %gggwl ating layer 146, it is
y

preferabl e that a surface be planarize etching, or the I|ike.
[ 0256] [026BEXt, openings reaching the el ectrode |ayer 136a, the
el ectrode | ayer FIQ6ls, illisnateeheatamptbeofitiy/©thahdd Gransishg 154)11&‘@@; ehteeturode | ayer

142a, and t ai n 20 _are formed.in the | terI ayer

i nsul atingf é"g‘/‘gf’ © U ec?rﬂé l%ﬁSté@%Wéacf VL the 95ide 5%?“%%01‘ layep 14and gat e

i nsul at {19 ehdpertionk3d. thélhumrve eaecmmcluy:etrlma hralytté dbibSeléctrofi® lap@rd1 436 a@Sint 0 fi | |

t he openl n ee EI1 G 14 s can be formed by etching using a
mask. The %ﬁ'ggf’% éthﬂﬁé’xﬂqﬁae ‘Bvldggﬁrcolg‘iﬁlgpwth use of a photomask, for

exanpl e. Cﬁ,@@r wet etching or dry etching can be used as the etching; in

view of m Abrl cation, dry 25 etching is preferably used. The conductive

| ayer 148 can beAfhjgtﬁﬁdrebge lmnmpdimstmmrermmmmiheammu?mmmmd or a
148 i ncl ude a

CvD net hod. ter| al or the nduct i v er

conducti ve tﬁaﬁﬁﬁglﬁg&? he P %fﬁ'b%’ﬂﬂ‘?ﬁ e L s co FtB‘ﬁ{‘U squiceranf y m
tungst €20, alraini dmmodcdpw 14lecnilylnn4|211 amtsﬁaﬁdnwlsuximé an tid logideand
compound ( een%ldoné]u& aycx) 149)]c isin Xorﬁact Wlﬁ] the rsrt?t}r&r ! ?l dsram egctLod% la)Jers 1425

and 142b in the structure in FIG. 11, whereas the bottom surface of the oxide

semiconductor layer 140 is in contact with the source and drain electrode layers 142a

and 142b in the structure in FIG. 15. Moreover, the difference in the contact position

25  results in a different arrangement of other electrodes, an insulating layer, and the like.
The details of each component are the same as those of FIG. 11.

[0264]

Specifically, the n-channel transistor 164 illustrated in FIG. 15 includes the gate

- electrode layér 136d provided over the interlayer insulating layer 128, the gate

30 insulating layer 138 provided over the gate electrode layer 136d, the source and drain

electrode layers 142a and 142b provided over the gate insulating layer 138, and the



57 nitride titaniumis fornmed by a CVD nethod; and a tungsten filmis
formed to fill the openings. Here, the titaniumfilmfornmed by a PVD net hod
deoxi di zes an oxide filmat an interface so as to reduce contact resistance
with the lower electrode |ayers (here, the electrode | ayer 136a, the

el ectrode |ayer 136b, the electrode laygr 136c, the source 5 el ectrode

| ayer 142a, and the drain electrode |ayer 142b). The titaniumnitride film
formed after that has a barrier function to suppress diffusion of a
conductive material. Further, after the barrier filmof titanium titanium
nitride, or the like is formed, a co ger filmmay be fornmed by a plating

met hod. [ 026%ifle semicendnctor, layero 1@ o gaplacy with top surfaces o thepsqurcp #ped dgiin ¢ he

conductive ligytRite 1ARrsi £12h SRVIA%H.DYin Gld8#bAJove MR n-BhanhllCirdnk@r 180 %4nt he
interlayer insulating |ayer- 146 is thus exposed, thereby formng the

el ectrode | pipteetivegasulating layeetdrip geovidgd s¢ asig@pverithproxideesemieadudianyayer 150c¢,
the el ectrogg | ayer 150d, and the el ectrode |ayer 150e (see FIG 14C). Note
that when the el ectrode | ayer 150a, the el ectrode | ayer 150b, the el ectrode
15 | ayer5 15{26%]he el ectrode | ayer 150d, and the el ectrode |ayer 150e are
formed by renovi cLive | Jt ks .preferable that
a pl anar surfacertggg'?i(’)éAn%Icﬂ ige%ﬁ%gﬂg‘ﬁdzei nth% %33‘55111}?"]?“3%{8; (%FE t"ﬁ(‘a”%llc‘r?lltte?l ayer

i nsul ati ng gaky electfod6 layeh @36l Bairoddel dvay dre dxidi; sehfiendb@art iapad 40ayBIG. 150D,

the electro layer 150: the el ectrode | 150d, and th | ectrode | ayer
1506, an of (0t PEEes 3R Learinlt of y SRSy RS he 00 o2 aly Fesfipobts 20
IayeL , or L Malah&e42tﬁﬂcblieqnﬂﬁft evithid yot:coimsu?de bfltéffehﬁide&bﬁicoﬁd@ﬂ)r la{ﬁZSﬁ]
Further,t in t [.n ayer 152 i rnmed, an nings reaching the
el ect rotfe 1 50er ﬁ‘%ggh i?lﬁgm Se"(?t‘?"é‘ﬂ'gfel %ti;‘éft"i%ﬁ,mt‘ﬁig&e’rh@%w’&ﬁémsélffg‘? 150;
the el ectr odectioay @dyekS04ka amdl 1udte 20 e€ticonda Walied dpQerfakCofl @eNBeldé N t he
i nsul ating |layer 152. Thepn, a 25 conductive layer is formed so as to fill
the openi ng¥migepgugtordayss 140y, ¢ of the conductive I ayer is renoved by
etching, CNBesyr the like, and the insulating layer 152 is thus exposed,
thereby formng an el ectrode |ayer. 154a, an el ectrode |ayer 154b, an

el ectrode |ayer fgg difirrmcanf the seyciuwserin| EIGS 16/cand 16Bone (hysq ifjIG. ¥hi s

processiy S SUEIGAS it fat mSFgggﬁ@é&esze; I IR bIab Kbr ﬁ@gxﬁfg%%f.ﬂﬁg%ﬁyer 150a

and the like; thus, detai description 30"1s omttec

concent r at ilayer dA0+ hiurrimise, s big (dithererce detwegy dhe stagturg s KD 16A(aatidhes/ cm) or

| ower, and fs : I i Lah64. LS 1x10. 13
LA or 1 onsrieigt i X6 6B i Hial B oltke hiafurkin SRR 11 drE 0B A TP b

char act er i sontast with eitled thenbdttoa bwfice ot ihectop tserfabe 2f thdr exide serfiobmldetoents 1 to

6, whereby, redﬁﬁti i n stand ower and .suppress, of 5 mal function of the
| ogi ¢ ci rculfi er 120. bgﬁée(?ﬁ?re&/lg t?%Yffe[r)enccs result in aD Hlff%rent arrangement op ther
20  clectrodes, an insulating layer, and the like. The details of each component are the
same as those of FIG. 11, and the like.
- [0267)

- Specifically, the n-channel transistor 164 illustrated in FIG 16A includes the

*

source and drain electrode layers 142a and 142b provided over the interlayer insulating

25 layer 128, the oxide semiconductor layer 140 in contact with top surfaces of the source
and drain electrode layers 142a and 142b, the gate insulating layer 138 provided over
the oxide semiconductor layer 140, and the gate electrode layer 136d over the gate
insulating layer 138 in a region overlapping with the oxide semiconductor layer 140,
[0268]

30 The n-channel transistor 164 illustrated in FIG 16B includes the oxide
semiconductor layer 140 provided over the interlayer insulating layer 128, the source

and drain electrode layers 142a and 142b provided to be in contact with a top surface of



[0261] < Modification Exanple > FIG 15, FIGS. 16A and 16B, FIGS.
17A and-17B, and FIGS. 18A and 18B illustrate nodification exanpl es of
structures of the n-channel transistor 164. Each 10 structure of the
transistor 160 illustrated in FIG 15, FIGS. 16A and 16B, FIGS. 17A and 17B,
and FIGS. 18A and 18B is the sanme as that in FIG 11. [0262] = FIG 15
Illustrates an exanple of the n-channel transistor 164 having a structure
in which the gate el ectrode |ayer 136d is placed bel ow t he oxi de

sem conductor |ayer 140 and 15 end portions of the source el ectrode |ayer
142a and the drajn el ectrode | ayer 142b are in contact with the oxide

sem conduct Bf 9xideetemicpgductqsolaysr 140, the gatenmsplating fayer, Eifcpropided \ewst thee

structure i gxifid éemidonditforidyer S40 AAth Ruict afid Gaihldchoddyd9$idaia0l é@éb whi ch

the oxide seniconductor |ayer 140 is_connected to the source and 20 drain
el ectrode | #fcthe gata plectipds 1avep 336drprayided; oves theognte; insylating layert188 ang ije

sem conduct Qbioh d¥&appit with the b i Afbndicld? 1dyBE14p0Ur ce and drain el ectrode
b

| ayers 142a and 1420 i A the structure in FIG 11, whereas the bottom surface
of the oxi d€®26¥mi conductor layer 140 is in contact with the source and

drain el ectrode | 4 ol S YR e ed oL & (13 reover,
the difference i r@%{fgﬁéé‘nt%%c{lﬁgtggeﬁi?oﬁg&%?géu#fis I'n aacdﬂqopgn?e(ﬁﬁ"a&gangenent
of ot her eldetnodeldayer 4604 s dhatelengodealager, 134a)l it Isemttirkes. omhitied diedmaithe of each

ﬁ?gﬁgﬂﬁgf ﬁ@ﬁé’?@t‘lgﬁaﬁg %itﬁﬁhﬁger g‘i tehéFsl ‘fcgﬁel’ ]Iél sé{%égrﬁ]ﬁg?%%ﬁ'gff %ﬁisg'%é%qc@h‘g‘fect rode
| ayer 136d gfraombasidabtaingrprédess ¢antierdbdaised. | Rsisineddiesg td Giyahat bbnedsbi@iapat e 30
source. ha SRR Rkefia i Sooss R L Aot GG Sver  he gate
i nsul ating fo2ygr 138, and the
FIGS. 17A and 17B each illustrate the n-channel transistor 164 in the case
where the size of the element is relatively large and the gate electrode layer 136d is
placed below the oxide semiconductor layer 140. In this case, 2 demand for the
15. . planarity of a surface and the coverage is relatively moderate, so that it is not necessary
to form a wiring, an electrode, and the like to be embedded in an insulating layer. For
example, the gate electrode layer 136d and the like can be formed by patterning after
formation of a conductive layer.
[0271]
20 A big difference between the structure in FIG. 17A and the structure in FIG
17B is that the source and drain electrode layers 142a and 142b are in contact with
either the bottom surface or the top surface of the oxide semiconductor layer 140.
Moreover, these differences result in other electrodes, an insulating layer, and the like
being arranged in a different manner. The details of each component are the same as
25  those of FIG. 11, and the like.
[0272]
Specifically, the n-channel transistor 164 illustrated in FIG. 17A includes the
gate electrode layer 136d provided over the interlayer insulating layer 128, the gate
insulating layer 138 provided over the gate electrode layer 136d, the source and drain
30 electrode layers 142a and 142b provided over the gate insulating layer 138, and the
oxide semiconductor layer 140 in contact with top surfaces of the source and drain
electrode layers 142a and 142b.




59 oxide sem conductor |ayer 140 in contact with top surfaces of the source
and drain el ectrode |ayers 142a and 142b. In addition, over the n-channel
transi stor 164, the protective insulating |layer 144 is provided so as to
cover the oxide sem conductor |ayer 140. 5 [0265] FI GS. 16A and 168
each illustrate an n-channel transistog, 164 in which the gate el ectrode

|l ayer 136d is provided over the oxide sem conductor |ayer 140. FI G 16A
illustrates an exanple of a structure in which the source and drain

el ectrode | ayers 142a and 142b are in contact with a bottom surface of the
oxi de sem c%ctor | ayer 10 140. FIG 168 illustrates an exanple of a
structure i i ch the source and drain electrode | ayers 142a and 142b are
in contact with FuliBd, ¥ nidamedtrafsiororstdRusk@ril GO PUS Gt/ int1adR thel $fle [ 0266]
A big difference of the structures in FIGS. 16A and 168 fromthoSe in FIG
11 15 and F¥lestrpde jlayer nh36d ¢ praviged oven ghet salayeraipsylatings dayer 138.athedgatker t he
oxi de sem cRRHMaIe0 idefUbdne loe dia{ L8 eghe n the
structure in FIG 1%3 ﬁ%ﬁgt églsdfgug‘%%rgg?%ﬁffl %e%ggeigg‘%rhétg@htehgs%%@%e and
drai n el-®ct sedreondugjerrlayer 140 pravided 4npr the @ateringdnting dayenil 8% seas toeoverlae bot t om
surface or [ Eofelploltle reover,
these diff e‘?’gﬁ}:ﬁgggqtre:és%cﬁ't@&iﬁlﬁ% %??’f%?éﬁctemgﬁpaa%genen%lgé‘fddg%{ﬁ[gfs'léaga _éﬁéct r odes,
an i nsul at i Mgbipsoréded tabrintchasadtiwith.a top surfiet of thsoxifie adtondurgadaenidar e t he
sanme as tho®§7@f FIG 11, and the like. [0267] Specifically, the

n- channel transistor 164 illustrated in FIG 16A includes the source and
drain el ectrode [Naeethat hisdainathe siebioresriaVFIGSd 10vesnd BEB; Atedripdyat is

i nsul atjhg 25 |.ayer et he oxide sem.cqonductqr layer, 140 in contact with
top sur#d;cesgmgflmﬁgmééar %“3’#&13 Cﬁf’ﬁ "élpg@T ﬂ;%%?ea{%%s $poip WIS Ca9 4" t he
gat e i nsul adetongatyaffect sdchtasRingplifidibn@f @ manbRcaNhglprocstaRdbeimRd. | ayer 140,

and t he gat[?) ﬁlectrode | ayer 136d over the gate insulating |layer 138 in a
regi on over A ing with the oxide sem conductor |ayer 140. [0268] 30The

n-channel transi 168, 1B3dard 185 kicht Mdstiafe file@-diaBndl NEhLicSs 1606 Ml @6
sem conductor | ayer 140 provided over the interlayer insulating |ayer 128,

the source whete Hieize of|the elepgnt is Aglatively lsge anddhe 23tp elnctodediayerti68ds i n
cont act19M-tdlacd o9& the!b§E Sefcondror layer.140. Also in this case, 2 demand for the

planarity of a surface and the coverage is relatively moderate, so that it is not necessary

to form a wiring, an electrode, and the like to be embedded in an insulating layer. For
example, the gate electrode layer 136d and the like can be formed by patterning after
formation of a conductive layer.

20 [0276]

A big difference between the structure in FIG. 18A and the structure in FIG.
18B is that the source and drain electrode layers 142a and 142b are in contact with
either the bottom surface or the top surface of the oxide semiconductor layer 140.
Moreover, these differences result in other electrodes, an insulating layer, and the like

25  being arranged in a different manner. The details of each component are the same as
those of FIG. 11, and the lLike.
[0277]

Specifically, the n-channel transistor 164 illustrated in FIG. 18A includes the

source and drain electrode layers 142a and 142b provided over the interlayer insulating
30 layer 128, the oxide semiconductor layer 140 in contact with top surfaces of the source
and drain electrode layers 142a and 142b, the gate insulating layer 138 provided over

the source and drain electrode layers 142a and 142b and the oxide semiconductor layer




t he oxi de sem conductor |ayer 140, the gate insulating |layer 138 provided
over the oxide sem conductor |ayer 140 and the source and drain el ectrode

| ayers 142a and 142b, and the gate el ectrode |ayer 136d provi ded over the
gate insulating layer 138 and in a region overlapping with the oxide

sem conductor |ayer 140. 5 [0269] i Note that in the structures in

FI GS. 16A and 168, a conponent (e.g., ?%e el ectrode | ayer 150a or the

el ectrode | ayer 154a) is sonetimes onmtted fromthe structure in FIG 11 or
the like. In this case, a secondary effect such as sinplification of a
manuf act uri ng process can be obtained. It is needless to say that a
nonessent i at Gn‘(g@‘ﬁﬁétﬁéﬁﬁ“&iﬂaﬁélﬁ Rrevided gyer the satednuiatipg laven B8 spas FI G 11
and the |ik@,ovg,ggpm}htheoxidesgﬁig&dugtgﬁa@pq4@78 each illustrate the n-channel
transistor 164 in the case where the size of the elenent is relatively

| arge and tH87%ate el ectrode |ayer 136d is placed bel ow the oxide

semi conduct of Tayg d&fmndiNichflishr A8 e iGN shP ok BePbANRERE Y Of 2
surface and the coverage Is relatively noderate, so that 't s not
necessary t senfigmdvciondayer 140 psovidedenyver thd dnteddayer insalatingdlaydrol28ethe sbadeled i n an

i nsul ating | aver. gg}gl Epﬁ ode | ayer..136d and the |ike
can be forn%@(ﬁ{/mﬁgﬁoé@)rfn ng lgg?er %ﬁﬁ?gqvfdgﬁgéﬁelgc%ﬁ L}‘(Iil{hle{/tgpF% P.OP[0271]
20A bi g di f theroaitdeesenidondietortlnger H0UtE gaee insuliiing hydk EB8dprovideds bvasaheir e in

FIG 178 is that .t source.and drajn trqode | ayers,142a and 142b are in
contact w tsr?"%letaﬁé;gmf“hezecgrg?etalﬁﬁr% Ejﬁ"’é’ﬂgll at“ﬁghet%‘%ssﬁ’infcgﬁ‘i“c&’ T"’ty Ael4xi de
sem conduct amd theagaes eldetdde Mpercidde providae seerdicf da6s iasulRig 188138 inA reliker

el ectroﬂﬁs, ag imsulig%tihng l.ayer., and the Iigﬁe bei ng arranged in a different
manner . 10rhe®"§ERRIEW G} the Bxide uctorlayer 18he sane as 25 those of FIG 11,
and the |i k@274]0272] Specifically, the n-channel transistor 164
illustrated in FIG 17A i ncludes the gate el ectrode |ayer 136d provi ded over

the interlayer iAOR St aljolnythe stmgtures ja HGSe 18Asda8B,ga |cappeRertds pr ovi ded
over the gadofhefines bmREA frdl e $3RGure INFIGOM 6£ RNk Al AO0mB! &6t rpde

| ayers 142a and 142b provi ded over the gate insulating |ayer 138, and the
oxi de seni c6FrIdaRysfeqt sycdvas simplifigationof 4 sranyfactpring,proesss eancepbiginedhe sour ce
and drajn gpegyrode |ayers 142a and 142b. 61 [0273] Further, the
n-channel transistor 164 illustrated in FIG 170 includes the gate el ectrode
| ayer 136d provi &ethipempodiment, thee example i mbichathe mychiapged transigor 16k igat e

| NSUl 311 NG o odk? G pRhAES cRior [ BPhfeo) SELEACGLANCSs ddEhel e Oxi de

however, the structures of the p-channel transistor 160 and the n-channel transistor 164
are not limited to the above. For example, the p-channel transistor and the n-channel
20 transistor can be formed over the same planar surface. Further, a structure in which the
p-channel transistor 160 and the n-channel transistor 164 overlap with each other may
be employed.
[0281]
The above-described n-chanmel transistor 164 is applied to the n-channel
25  transistor included in the logic circuits described in Embodiments 1 to 6, whereby
leakage of electric charges through the transistor can be suppressed. As a result,
reduction in standby power and suppression of malfunction of the logic circuit can be
achieved.
[0282]
30 Note that the contents of this embodiment or part thercof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
or part thereof,




5 sem conductor |ayer 140 provi ded over the gate insulating |ayer 138 so as
to overlap with the gate electrode | ayer 136d, and the source and drain

el ectrode | ayers 142a and 142b provided to be in contact with a top surface
of the oxide sem conductor |ayer 140. [0274] Note that also in the
structures in FIGS. 17A and 170, a co nent is 10 sonetinmes omtted from

the structure in FIG 11 or the |iKke. so in this case, a secondary effect
such as sinplification of a manufacturing process can be obtained. [0275]
FIGS. 18A and 18B each illustrate the n-channel transistor 164 in the case

where the size of the element is relatively large and the gate el ectrode
| ayer 136d §0283]5 pl aced over the oxide sem conductor |ayer 140. Also in
this case, @nfiegRpdidor the planarity of a surface and the coverage is
relatively hoderate, so that it is not necessary to forma wiring, an

el ectrode, and t Brethis pmbodimens, ambedylciof a trapsistorsincladéednip dnyyafrthe fagic exanpl e,

the gate el t f g%g i ng
after forna‘ﬁll%g{rtlsoo cngb%ggigﬂn%ggyg alytg;% @kﬁh[[geg;gi ﬁ{ alB’ymp%iaﬁr gé:ence
bet ween X heofsxt thincfilor ansistoF inQvhiCB A charthel foemationuegion és forméd @n@ﬁn oxddd hat the
source and Sd’rnau n %ltea'lﬁﬁdg sI Ay S 142a and 142b are in contact with either
the bottom I’ﬁ”ﬁ% BV Re ?8&5 urface of the oxide sem conductor |ayer 140.
Mor eover, tjoe®sg differences result in other eI ectrodes, an insulating

| ayer, and the | ke 2 ei ng .ar ed i n fere manner . The _details of
each’ component alg¢ £, g‘g ?ti‘ c?‘(fi‘l‘“s’lﬁf1 a mapufaphiEng Step, thepegh iny

Speci fi cal Iis ehib@dtﬂmﬁﬂ'ﬂélﬂ&bnﬁddaﬂ&i fefedncd GAFICS. USA bid 898 bt FIGS, 26vd ncl udes
t he source %ﬁg drain el ectrode | ayers 142a and 142b provi ded over the
interl algper 08yl ati ng 30 layer 128, the oxide sem conductor |ayer 140 in
contact witfdsgp surfaces of the source and drain electrode layers 142a and

142b, the gate |nsulat|ng | ayer 138 provided over ‘the source and drain
el ectrode [ ayer sFifaldhdands A58, sespedtivelyx iilnstrate it c Blaersc sectyray and %62 140,

and the gat&os@'s@&:hﬁ:ﬂ@&u&t@rx%h& dﬁié 64 HREARY Ghnsidi. gﬁttﬁn'ﬂ]ﬁqlaﬁélét&g | ayer
138 so as to overlap with the oxi sem conductor |ayer 140. 78]
460 illustrated in FIGS. 19A and 19B has a top-gate structure.

15 [0286]

FIG. 19A is a plan view of the top-gate thin film transistor 460, and FIG. 19B is
a cross-sectional view along line D1-D2 of FIG 19A.
[0287]
Thin film transistor 460 includes, over a substrate 450 having an insulating
20 surface, an insulating layer 457, a source or drain electrode layer 465a (465al and
465a2), an oxide semiconductor layer 462, a source or drain electrode layer 465b, a
wiring layer 468, a gate insulating layer 452, and a gate electrode layer 461 (461a and
461b). The source or drain electrode layer 465a (465al and 465a2) is electrically
connected to a wiring layer 464 through the wiring layer 468.  Although not illustrated,
25  the source or drain clectrode layer 465b is ;ﬂso electrically connected to a wiring layer
in an opening provided in the gate insulating layer 452.
(0288] '
A process of manufacturing the thin film transistor 460 over the substrate 450
is described below with reference to FIGS. 20A to 20E.
30  [0289]
First, the insulating layer 457 serving as a base film is formed over the

substrate 450 having an insulating surface.



The n-channel transistor 164 illustrated in FIG 18B includes the oxide 5
sem conduct or | ayer 140 provided over the interlayer insulating |ayer 128,
the source and drain electrode |ayers 142a and 142b provided to be in
contact with a top surface of the oxide sem conductor |ayer 140, the gate
i nsul ating |ayer 138 provided over the?gource and drain el ectrode |ayers
142a and 1426 and the oxi de sem conductor |ayer 140, and the gate el ectrode
| ayer- 136d provided over the gate insulating layer 138 in a region 10
overl apping with the oxide sem conductor |ayer 140. [0279] Note that al so
in the structures in FIGS. 18A and 18B, a conponent is sonetines omtted
fromthe stl3®lure in FIG 11 or the like. Also in this case, a

secondary effect jsue Lam! J §i: Gatd i can be
bt ai nod. 15 [ 028ny AbodnlR, 4 HERSRl, 1aherds RN 87 L Sh|HnE AR TET
n- channel tthamesnleting layg57s Thy snbstrate 450 istteanplenedhintocd treatmnnti chamber]1 60 t o

o channol ¢ WaReie BE' ity SERGRIR oy O Bl WifroBte] Wil Wsg o, o

to the abovemokat iscintroguiced titekmintp,- aidam sidicon tagss ios tquartz (iefehablynsyathatinel 20

transi stor ca far er..the s | anar .surface. Further, structure
nowht oh 1 AR med s s PR TPt Rl B e B Rapatha g 45707 1 614
overl ap wi tihe edtshiatobi@r Asthe bputering gasedxyge) 384 middiepas b usygde and hpearl
n-channel transistor 164 is applied to the n-channel 25 transistor included
in the | ogi ®"®FP€% ts described in Enbodiments 1 to 6, whereby | eakage of
el gctr! c chiaeggs EjBrough t he 'Ejransi stor can be S:J]E)pressed. %As ﬁ rfasu! t,
reduction in stan ower and suyppression of malfunctigon of the | ogic
circui tI&an be a&Af éﬂ?@d&?é&%oﬂ‘gﬁﬁ%’ﬁ?&?“{W@%%ﬁF@W“Wﬂ 'éndéﬁgodi ment
or part theheableang Ren@shi e dutitye ok ¥ gguht@ﬁ;}gﬁgxasc wltsﬁptqam&f (BERROLy,

anp

enbodi nents or part thereof or the content o e or part thereof. 63
[ 0283] synthetic quartz) is used; the substrate temperature is 108 °C; the distance between the '

substrate and the target (the T-S distance) is 60 mm; the pressure is 0.4 Pa; the high
frequency power is 1.5 kW; and the atmosphere is an atmosphere containing oxygen

15  and argon (the flow ratio of oxygen to argon is 1:1 (each flow rate is 25 sccm)). The
thickness of the silicon oxide is 100 nm. Note that instead of quartz (preferably,
synthetic quartz), a silicon target can be used as a target used when the silicon oxide
layer is formed.

[0292]

20 In that case, the insulating layer 457 is preferably formed while removing
moisture remaining in the treatment chamber. This is for preventing hydrogen,
hydroxyl, or moisture from being contained in the insulating layer 457. In the
treatment chamber which is evacuated with a cryopump, a hydrogen atom, a compound
containing a hydrogen atom such as water (H20O), and the like are removed, whereby the

25 concentration of an impurity in the insulating layer 457 formed in the treatment
chamber can be reduced.

[0293]
A sputtering gas used for the deposition of the insulating layer 457 is preferably
a high—ﬁurity gas in which the concentration of an impurity such as hydrogen, water,

30 hydroxyl, or hydride is reduced to approximately several parts per million (ppm) or
several parts per billion (ppb).
[0294]



(Enbodi nent 8) In this enbodi nent, an exanple of a transistor

I ncluded in any of the logic circuits described in Enbodinents 1 to 6 wll
be described. Specifically, an exanple 5 of a thin filmtransistor in which
a channel formation region is formed using an oxi de sem conductor wll be
descri bed. [0284] One enbodi ne of athin filmtransistor and a
manuf acturing step thereof in this enbddi nent are described with reference
to FIGS.- 19A and 1913 and FIGS. 20A to 10 20E. [0285] FI GS. 19A and
1913 respectively illustrate a planar structure and a cross-secti-onal
structure of an exanple of a thin filmtransistor, Athin filmtransistor
460 illustrated Fatherdde insylatipg dayeo 437 mey have g stagkedostauctuge dny aichifgr [ 0286]
FI G 19A i S GaRpRNa HirGal ﬁém&iﬁg myeps.ﬁﬁfa@afsmc& ﬁ:&ﬁd@ﬁ;&%ﬁ&ﬁ .faﬁ.@oxia@d FI G
1913 is a cross-secti onal w-al ong |ine D1-D2 FI'G 19A. [0287] Thin
fil m transileyesr amglominug gitdde layese or ans‘at!mgmwat@trmlsoaxmlam and damexiflat i ng 20

surface, qﬂwwcpgeg A iR m@eﬁ&gtﬁg?ﬁ%ﬁg% & ectrode [ayer 465a

(465al1 and an oxl e sem conduct or layer , a source or drain

el ectrode |[83%] 465b, a wiring |ayer 468, a gate |nsulating | ayer 452, and
a gate el ectrode Ia 6 % la and 46 r ar aln electrode
| ayer 465a (465af g“sa“‘z PUIEIHR &5t FI°C %"P%/-Bc@ g¥ e ngn rlleEP | ayer
464 t hr oughhydfogenviid mgistusey e réﬁ&ed/ﬁ; inwedagded betweeh khessilicoh actideAbyet Amd sour ce
or drain el ctro e layer 465b is also.electricall t ed, to a wring

| ayer in aﬁ ﬂ'ﬂ #O@F’H‘é‘a’ fareet frougyd ‘é’ﬁ FRYLT At "1%3‘5} E”WS’? 58g8]

A process Q‘ﬂlsnﬁ’r&ﬂ lﬂfséieiddl in"g niddfert diinflad ol MirhdtRNSHFShO isilikoH) oRideayenCit S4IbSt rat e

450 i's des Cprrelz eraglebﬂ%lt% si 1(20?1 ngt?l];ee Ea%glp ge Eo%nﬁ v%?l!c rze(r)n%v}n% r%sq ual ?n%lsnqu ?ngl o4

the treatment chamber.
[0296]
Next, a conductive film is formed over the insulating layer 457. By
performance of a first photolithography step, a resist mask is formed over the
15 conductive film and selective etching is performed, so that the source or drain electrode
layer 465al and 465a2 is formed. Then, the resist mask is removed (see FIG. 20A).
It seems in cross section as if the source or drain electrode layer 46521 and 465a2 is
divided; however, the source or drain electrode layer 465al and 465a2 is a continuous
film. Note that the source electrode layer and the drain electrode layer preferably have
20 tapered shapes in end portions because coverage with the gate insulating layer stacked
_ thereover can be improved.
[0297]
As the material of the source or drain electrode layer 465al and 465a2, there
are an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W: an alloy including any of
25  the above elements; an alloy film containing a combination of any of these elements;
and the like. Further, one or more of materials selected from manganese, magnesium,
zirconium, beryllium, and thorium may be used. The conductive layer may have a
single-layer structure or a stacked-layer structure of two or more layers. For example,
a single-layer structure of an aluminum layer containing silicon; a two-layer structure of
30 an aluminum layer and a titanium layer stacked thercover; a three-layer structure in
which a Ti layer, an aluminum layer, and a Ti layer are stacked in this order; and the like

can be given. Alternatively, a layer, an alloy layer, or a nitride layer which contains



[ 0290] In this enbodinent, a silicon oxide layer is fornmed by a
sputtering nethod as the insulating |ayer 457. The substrate 450 is
transferred into a treatnent chanber, a sputtering gas containing

hi gh-purity oxygen in which hydrogen and noisture are 5 renoved is
introduced thereinto, and a silicon tagget or quartz (preferably synthetic
quartz) is used, so that the silicon oxide |ayer is deposited as the
insulating | ayer 457 on the substrate 450. As the sputtering gas, oxygen or
a m xed gas of oxygen and argon can be used. [0291] 10For exanple, a

silicon oxide |ayer, is fornmed an sputteri nmet.hod under the .

ol | ow g cOREIEIGAD TS 0F b el of Spnestaartsd g iangr i izpiopim
(pref er abl y(Tag yuhfedd ¢WIUMdIghdemin UDES); chRnisi DESH, 2heodyile’ @iy @nd S 108 C;
t he di stance between the substrate and the target (the T-S distance) is 60
M the pr eSaRfiwm {3€) may bpysed; he hi gh frequency power is 1.5 kW and the

at nosphere [g@g@n at nosphere contai ni ng oxygen 15 and argon (the flowratio
of oxygen to argon is 1:1 (each flowrate is 25 sccn)). The thickness of

the siliTon oxi ddn this arpipdipent.Notitaninmdayer s fosmerl t9fa thickness of 36@ hmrtyid v,
synthetic quag % ifhd 0 Lok, o §%¢ t t used when the
silicon oxide ‘fra é?e?illo? #or?r%b&’.&[ogg aéﬂfég%{?’neﬁat g%s%,d 4’?%%% nsul ati ng | ayer
457 is prefl@¥y fornmed while removing noisture remaining in the treatnent
chanmber. This is r ng 0 roxyl . or i.stu from bei ng
contai ned in theleegét?Pa |(§eg£%ng§)@lra¥% &?Frnwilﬁga rléekg srsre%ftérg arir%gﬁo\ﬁﬂ chis
evacuat ed wntlisiee eeythp insplatizg lyotrdo@end tht eoqreecoralodip electebde davieed G5ah gnd
hydrogeﬂ) at azsuch as water (1120), and the |ike are renoved, whereby, the
25 concentratton of an inpurity in the insulating |layer 457 formed in the
treat mnent dbaod)er can be reduced. [0293] A sputtering gas used for

the deposition of the insulating.layer 457 is pr.eferahl hi gh-purity gas
i whi oht he contieH e PR Sy e § etERteIn Ry st e 30
hydroxyl, aembyidicthe layer 462 GE @ GedohdamiolitiofRbRY yteﬁgéé@rlﬂﬁ paE) SPais M | i on
(ppm or sev rail,m parts r billion (ppb). %294] 5 . Further, the

i nsul ati ng e&‘éﬁ“"r\‘ﬁ‘g‘%ﬁ&wa‘l‘ﬁ%{ wish 1sderrd by sputesipg wethodwith usgpl e, a
nitridesi ns;glaﬁtﬂ-(}g.zjna(y_ggseggﬁmaﬁd@taﬁ'et_i con nitride layer, a silicon nitride

oxide layer, an alumnumnitride layer, or an alum numnitride oxide |ayer
and an oxi d8B0Mhsul ating | ayer are stacked in this order fromthe substrate

450 si de. : The substrate is held in a treatment chamber kept under reduced pressure, a

sputtering gas from which hydrogen and moisture are removed is introduced into the
treatment chamber while removing residual moisture in the treatment chamber, whereby
20  the oxide semiconductor layer is deposited over the substrate 450 with the use of metal
oxide as a target. In order to remove residual moisture in the treatment chamber, an
entrapment vacuum pump is preferably used. For example, a cryopump, an ion pump,
or a titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with use
25  of the cryopump, for example, a compound containing a hydrogen atom such as water
(H20) (further preferably, a compound containing a carbon atom), and the like are
removed, whereby the concentration of an impurity in the oxide semiconductor layer
formed in the treatment chamber can be reduced. The substrate may be heated when
the oxide semiconductor layer is formed,
30 [0302] _
A sputtering gas used for the deposition of the oxide semiconductor layer is

preferably a high-purity gas in which the concentration of an impurity such as hydrogen,




5 [0295] For exanple, a sputtering gas containing high-purity
nitrogen, fromwhich hydrogen and noisture are renoved is introduced
between the silicon oxide |layer and the substrate, and a silicon target is
used, whereby a silicon nitride layer is formed. Also in this case, in a
manner simlar to formation of the silggon oxide layer, it is 10 preferable
that the silicon nitride |ayer be fornmed while renoving residual npisture
in the treatnent chanber. [0296] Next, a-conductive filmis forned
over the insulating Iayer 457. By perfornance of a first photolithography

step, a resjst K is d over the 15 conductive filmand sel ective
etching is Bars ga ‘?f@’ﬂyi %’(S'Yf"'ﬁ is fodu otﬂraBIémB‘P’ yaffeﬁeréhé’é‘lsrpﬁﬂﬁ“ql%@i’thSal and

465a2 is foom&hral'ﬂaﬂ@perbhﬁo;f@pb)st mask is renpved (see FIG 20A). It seens
in cross se @ﬁg as if the source or drain electrode | ayer 465al and 465a2
I s divided; ver, the source or drain electrode | ayer 465al and 465a2 is

a continuous fil mnéﬁ%ﬁietohﬁfe dePRitRRALLRES BGE FMd&s! BY &lb gﬁz{lgtc'ir{}@raﬂ{r in

el ectrode | ayer preferably have 20 tapered shapes in end portions because
cover aged wi ¥HOM derpperature e | distange) betwpen thetsubitiate andahe targat ix 60 vy therpr oved.

[0297] As t t:epl and
465a2, t herlhg@sggg lgg 4?%% r(ﬁrage 12{::}{: ZEC? P%‘ﬂ%rr%\ll &IQS%%%W%A ﬁ}f?{m{ﬂ&?ﬁ %nd W an
al | oy i ncl udiangtmegsphest cangrining oxgor andhrgome(the flow matial df@xygdnl tmaggontial i ng a

conbi nati o : 2 g%aﬁi tl\ﬂ)?es that 'vv(f'lgi? gtlﬁﬂsea&}gctt Qu?re bf‘%)n Fuv{fetrhs%rg?l q:{‘:] IeEF mor e of

materi als se om nmanganese, ‘magnesi um  Zzi and
t hori um naypdmleuslbstancfh(alsomcfdmrtm\aephrayles ormdwyt) penetal in |filrgldepdsﬂjpﬁrcmst ructure

S gl o- [y o kel e et il 96 PousBH e GRS 1O 0% o 1 ayer
structure clem@@nductallayet iupnﬂeﬂabb'rs fincto 30trint elusive. ay&e st an lspistopriney eover; a
| ayer are. SPRSRITONES dopliieinah oxids PhionEor Baiemel 5] Ve claermHa | vel y
a layer, arbeakRipprapridte dependinglod thé dRterialyer whi ch contains
[0304] | '
15 In this embodiment, the oxide semioonductor layer is processed into the
island-shaped oxide semiconductor layer 462 by a wet etching method with a mixed
solution of phosphoric acid, acetic acid, and nitric acid as an etchant.
10305)
Next, the oxide semiconductor layer 462 is subjected to first heat treatment.
20  The temperature of the first heat treatment is higher than or equal to 400 °C and lower
than or equal to 750 °C, preferably higher than or equal to 400 °C and lower than the
strain point of the substrate. In this embodiment, the substrate is put in an electric
furnace which is a kind of heat treatment apparatus and heat treatment lis performed on
the oxide semiconductor layer in a nitrogen atmosphere at 450 °C for one hour, and the
25  oxide semiconductor layer is not exposed to air so that water or hydrogen is prevented
from entering the oxide semiconductor layer. By the first heat treatment, the oxide
semiconductor layer 462 can be dehydrated or dehydrogenated.
. [0306]
Note that the heat treatment apparatus is not limited to an electronic furnace,
30 and may be the one provided with a device for heating an object to be processed, using

heat conduction or heat radiation from a heating element such as a resistance heating



66 al um num (Al) and one or a plurality of elements selected fromtitani um
(Ti), tantalum (Ta), tungsten (W, nolybdenum (M), chromum (Cr),
neodym um (Nd), and scandium (Sc) may be used. [0298] 5In this enbodi nent,
a titaniumlayer is forned to a thickness of 150 nmby a sputtering nethod
for the source or drain electrode | ayer,465al and 465a2. [0299]

Next, an oxi de sem conductor layer with a thickness of 2 nmto 200 nm

i nclusive over the insulating |ayer 457 and the source or drain el ectrode

| ayer 465al and 10 465a2. [0300] Next, the oxide sem conductor |ayer
I's processed into an island-shaped oxi de sem conductor |ayer 462 in a

second phot &emEMogF A femBlecy apiidhermaanngaling (RTA) appatatys Myefiasaogas rapite oxi de

sem conduct @erhaY&inedling ! @HRY Ppadns P b Shind IrapRl hefnatd dleding dR14H an

| n- Ga- Zn- O based netal -oxi de tgl\rbget. T30 Srapd ththn dniedifig X1 N
a treat ment 2PN jbe ysed n fer exagtples e therfistcheatetreatment (GREA by gvhdriisthé r om

whi ch hydro i S, I uced into.the t ment
chanber while r@%vﬁgé{r‘!éi{slﬁg%%%g% ;/h%?teeh ?Onél F{%é?{jnrlpeeﬁ'ﬁr%n Blghaaﬁgéé ;eévvher eby
20 the oXi de HONIC; dwsted foprseveral eninitss, dad Gakich @de ByMIthé hrrgabatdied ® M50 with
the use of pefal oxide as.a target. In order to renpve residual npisture in
the treat meﬁg‘ psTRie may b%ﬂ?‘?‘?{%ﬁévntw%&Wﬁ’ B\Bﬁﬁcq’&e“}iﬁ“éfhé‘\“éﬁf“ymﬂé@ﬁ. For
exanpl e, a g£5BoRQPFAB oftfind @R bBUMMevedl @ titani um sublimation punp is
preferably Fsed. The evacuation unit nmay be a turbo punp provided with a
cold trap. G0%lhe treatnent chanmber which is evacuated with use 25 of the
cryopunp, for exayge fhat @ 15O KROHOH teRHeA, ﬂ'iggre?ergﬁighﬁg%cﬁt@&?og% qgs water
(1120) (further preferably, a conpound containing a carbon’at , and the
li ke ar 80 r ethelike be wrteastajnedHa theortmepnbeest oforitregen o aj ratsugas sych 45 heliemoxi de

sem conduct o, | Y Sfod. O'HRApde e tﬂmﬁg The
substrate may_n’be heat ed V\hen_ﬂ{%% %h%,irgg se 8?)2@1’&?@{)?10@%@}% éagdsﬁglfgsed 30
[0302] 67 hedingy neomy ofr gan whigh isriptipduded intp 2 beiti rettmex apppetos bersdt ¢ be sever al --

parts per r%lil l(é%é %rgr h?grhexs, %}/c%rgtl)!y W@§99@9 ‘% Lrl lixi ncr ((llagtbi%,'the impurity
concentration is 1 ppm or lower, preferably 0.1 ppm or lower),
15  [0308] L

Depending on conditions of the first heat treatment and the material of the

oxide semiconductor layer, the oxide semiconductor layer may crystallize to be
microcrystalline or polycrystalline.
[0309]

20 The first heat treatment of the oxide semiconductor layer may be performed
before processing the oxide semiconductor layer into island-shaped oxide
semiconductor layers. In that case, the substrate is taken out from the heating
apparatus after the first heat treatment, and then a photolithography step is performed.
[0310]

25 The heat treatment for dehydration or dehydrogenation of the oxide
semiconductor layer may be performed at any of the following timings: after the oxide
semiconductor layer is formed; after a source electrode and a drain electrode are formed
over the oxide semiconductor layer; and after a gate insulating layer is formed over the
source electrode and the drain electrode.

30 [0311]

Next, a conductive layer is formed over the insulating layer 457 and the oxide



[ 0303] An exanple of the deposition condition is as follows: the substrate
tenperature 5 is roomtenperature, the distance between the substrate and
the target is 60 nm the pressure is 0.4 Pa, the direct current (DC) power
supply is 0.5 kW and the atnosphere is an atnosphere contai ning oxygen and
argon (the flowratio of oxygen to ar Is 15 sccm 30 sccn). Note that
when a pul se direct current (DC) power ‘supply is used, powder substances
(also referred to as particles or dust) generated in filmdeposition can 10
be reduced and the filmthickness is likely, to be uniform The thickness

of the oxide sem conductor_ |ayer is preferably 5 tun to 30 nminc] usive.
Not e t hat  aFTISBIURATI IAYeS 4% QR BSTOTHARGERica Duidemtaiabihorepli SR RiEssit

sen conduct @iskTRfddédbver it GohdiRtivd Tafdf ARG SeldBBYe BBhiRL s RffoARAI QALAARE
depending on the material. [0304] 15In this enbodi nent, the oxide

seni conduct WPIE Ly drain elegiiogde dayseddibrang thewiring layrs 468 apetormasd. ddhemthe onduct or
ayer 402 Qi@ Rl ieIHBWCEPERD 0y, | 8 ofilrted B idcfarbydiaBIPIAT | © aci
0305] Next, t e

acetic acid, ar_lq nitric actd as an e'gchant. . 3 e oxXl
seni conductthe witngdayet @98 imayheifpruesdansingn mitedal and steps sicdiantorthose2d thene

t enper at ur oglfceBp&g%iﬂﬁ%&?%q%{)h@gmg&abs hi gher than or equal to 400 C

and | ower than or preferably higher than or equal to 400 C
and | ower t[B3I2}t he strain point of the substrate. In this enbodi nent, the

substrate is put.ipn.an.electric.furn j ch i kind o at .treatnment
appar at us and heft H’fsree"élfor?e“ﬁ nq’iasmﬁ'!é?l gi?l‘er?émgrr?‘efjhté ag%l(‘}cg‘écsggfﬁl%}g?fﬂt?étaor | ayer
in a nitrogputaingmtivefer the selid o dfai electmdh dayer 465bdnd ki vAbin®kyetel6s,

sem co ctor. .layer..is t exposed.tq air so that t y hydraogen is
prevent®d fP&H %‘ﬁﬁoedr"f'ﬂ’é’qﬁ%%oub i°<5|&@’eﬂ?‘ﬁ@ﬁﬁfﬁ?‘o&%ﬁ%@r&%@“gﬁeﬁ ?ﬁgg’t heat
treat ment, thdeitdiund €iha ot Grdels Her sduidesr &Gk elegirdde 18R WEERtE doriled;
dehydr ogenat ed 38‘glﬁl\bte hat. t&g heat treatnent apparatus i s not

. [0
limted to a&?Pf@‘Pé‘éf’t chi traty efpths squrce er drein slecds layesiodddad th a
device for 4asad isiBk hne0R)dR Ghbstmtile; MEQHRS &€ that HISE Goltebr LA Ietbn or heat
radiation froma heating el enent such as a resistance heating 68 elenent.

For exanpl daven4p3ni dn Oier tpaprevsth dhel sopige ORI slepfendstiaper 4034 aad 4858%as rapi d

t her maljsanigat bélgs CEFEHWhARRAScHdtSorQraif elediffde 13 sswgézmea,atﬂp%lidgg (LRTA)
apparatus can be used. For exanple, as the first heat treatnent, A by

whi eh t he dauss#68is provided oxersf partiencpfithg spupae or deain clgpirode bayeretb5a2) whidhi gh
tenperat ur g; 46 J3véby Fith r0xde semiconductor layer 462. In the case of using different
materials which provide high selectivity ratio of the source or drain electrode layer 465b
to the source or drain electrode layer 465al and 465a2 in the etching step, the wiring
20 layer 468 which protects the source or drain electrode layer 465a2 in etching is not
necessarily provided.
[0313]
Note that materials and etching conditions are adjusted as appropriate so that
the oxide semiconductor layer 462 is not removed when the conductive film is etched.
25 [0314]
In this embodiment, a Ti layer is used as the conductive layer, an
- In-Ga-Zn-O-based oxide semiconductor is used as the oxide semiconductor layer 462,
and an ammonia hydrogen peroxide solution (a2 mixture of ammonia, water, and a
hydrogen peroxide solution) is used as an etchant.
30 [0315]
Note that in the third photolithography step, only part of the oxide

semiconductor layer 462 is etched, whereby an oxide semiconductor layer having a



5to 700 C, heated for several mnutes, and taken out fromthe inert gas
heated to the high tenperature may be perfornmed. Wth GRTA,

hi gh-tenperature heat treatnment for a short period of time can be achi eved.
[0307] Note that in the first heat treatnent, it is preferable that water
hydrogen, and 10 the |ike be not contajped in the atnmosphere of nitrogen or
a rare gas such as helium neon, or argon. It is preferable that the purity
of nitrogen or the rare gas such as helium neon, or argon which is

i ntroduced into a heat treatnment apparatus be set to be 6N (99.9999 To) or
hi gher, preferably 7N (99.99999 Vo r higher (that is, the inpurity
concentrati® oﬁesﬂa feﬁffﬁ#@Pmlt‘BWe‘F{ghbﬁ)"ég’é‘P%l esish 5rasip psed Jppfoymingshg 0308
Dependi ng  ogauke e didideIsctRide idyer 165bSdnd MR lvirlnz @@}l @08 nal beliBnddalied bl of the
oxi de sem conductor |ayer, the oxide sem conductor |ayer may crystallize to

be ni cr oaysitkiati methed. pEpnratign tof| the yesisy gmek)byo@rniakief mathade seeds rrmt nent  of

the oxide SgglorANE WnfsOah@yeil t%%e&a ged before processing the oxide
semi conductor |ayeér into isl anrillg-%bs{%ape oxllfb(%e sem conductor |ayers. In that

case, thefl[08llstrate is taken out fromthe heating apparatus after the
first heat treatggpt qgg"ﬁﬁ [ r | f d. [0310]
25The heat treat Er?gnf ai‘g(g){r'l e y@?qaaiy?ggg%irs %@E@ﬁgggﬁz&sﬁ%ﬁﬁgf]&%ﬁé%giﬁde

seni conductaxidelsemizondugtior byepdi2f the smulceair dealy eloétradh dayEnddSatvembddsaiitiegs: af ter
t he oxi de ) tor [ Lsoforsed: .after ource el ectrode and a
drain el ectssgic;? e&l;&gﬁ %Ftﬁé%&i&(féﬂéstbh%@?%m ‘é?ﬁecr:%snséuctor | ayer; and after a
gate insul 403§ | ayer 'is fornmed over the source electrode and the drain

el ectroge. 30 [0311 69 m condyct or .l ayer .462. By performance of a third
phot ol ?&nogr apLy%éet é"ﬁc mé“égggr e W?ﬂ%?%cdg&feq’yatﬁaé’i‘ﬁ‘glﬁﬁfcéw | ayer
Fmd se |4 gg L iumgahl% loF agilicon m?f& Qiy&'gd,ssiﬁdamtx?ﬁliﬂe lleg@r, %c]uﬂwaﬂ oﬁmdﬁﬂilﬁyeglaecL rode
ayer nd the wr ayer are fo : n, the resist mask is
re?/mved (ségjcﬁ? @“‘%‘t’ﬁ“&e F& é&?ﬁ“%‘?“‘ﬂr"é?‘{‘iq&%é’m‘ fooped byABE Mg 5 t he
Wi ring | ayrve efiisaya Gritttaigmethod ion thedikeBt BY draér t@?ﬂw%t%%ﬁé Wshiadingt O t hose
of the source or_drain el ectrode |ayer 465al1 and 465a2. [0312] ) In
this enbodi'®iEh#>2 Homicontaining 7 largs amountpfhygrogen. she gatejosdainedayer 462 ism by a

Smpgit tn grzisgg ep?&irg%lﬁl focdit}: SAMESES AL, 2R uf Q6L HRdE ol NBh otRBRaPE t he
formed by a sputtering method, a silicon target or a quartz target is used as a target, and
oxygen or a mixed gas of oxygen and argon is used as a sputtering gas.

[0318]
The gate insulating layer 452 may have a structure where a silicon oxide layer
20  and a silicon nitride layer are stacked from the side of the source or drain electrode layer
465al and 465a2 and the source or drain electrode layer 465b. In this embodiment, a
silicon oxide layer is formed to a thickness of 100 nm by an RF sputtering method
under the following condition: the pressure is 0.4 Pa; the high frequency power is 1.5
kW; and the atmosphere is an atmosphere containing oxygen and argon (the flow ratio
25 of oxygen to argon is 1:1 (each flow rate is 25 sccm).
[0319] |
Next, by performance of a fourth photolithography step, a resist mask is
formed and selective etching is performed to remove part of the gate insulating layer
. 452, so that an opening 423 reaching the wiring layer 468 is formed (see FIG. 20D).
30  Although not illustrated, in forming the opening 423, an opening reaching the source or
drain electrode layer 465b may be formed. In this embodiment, the opening reaching

the source or drain electrode layer 465b is formed after an interlayer insulating layer is




10 In this enbodi ment, the source or drain electrode | ayer 465al and 465a2
is formed fromthe titaniumfihn fromwhich the source or drain el ectrode

| ayer 465b is formed; accordingly, the etching selectivity of the source or
drain el ectrode | ayer 465al and 465a2 is the sanme as or substantially the
sane as that of the source or drain elgctrode |ayer 46513. In order to
prevent the source or drain electrode l'ayer 465al and 465a2 15 from bei ng
etched when the source or drain electrode |ayer 465b is etched, the wiring
| ayer 468 is provided over a portion of the source or drain electrode | ayer
465a2, which is not covered wth the oxide senm conductor |ayer 462. In the
case of usif¥ghdistacksdetnd aygriag Jaysrforglectricabeonpeciion iy fgpmeddin dhe dpgping: ratio of
the source jpsog]rain electrode |layer 465b to the source or drain electrode

| ayer 465al and 465a2 in the etching step, the wiring 20 | ayer 468 which
protects the soudben, ghergreppuctive layerod éormgg everAigngare inqulatinghipyeg 452 ambt

necessaril y i i h g
conditionslgﬁépégﬁﬁgﬁédqgégggSkggrké%%pgglgﬂ%%agﬁgégggﬁgﬂggﬁyggﬁgtgtor

| ayer 462 i494naut founedviecr $ifibrphotedithograghic siepe Note thitsa edsishewhsk 2ay[ B:314]

In this e ' 2, i rd ti.ve .l a an

I n- Ga- Zn- g}t}gglge Oa)?i lgig&ls%%%ﬁ%gn S%P%iﬁ)ggg %iésrtggsélga%g %gcag,l%le emésltg g I(’:‘3(‘3(r11sduct or

| ayer 462, mypdotmaskythms) manufatunige nogdearcbei reduced! uti on (a m xture of anmoni a,
wat er, and ﬁ3 drogen peroxide solution) is used as an etchant. 30 [0315]
Not e t hat ﬂ e third photolithography step, only part of the oxide

sem conduct or | ayeathedGi: gate elbctivael laysdhd160a51 a0dnd @61 )end ¢l wivind Uslepiod ayer

havi ng 70 qraoove (a depressed portion) mght be forned. The resjst mask
veed P 1 sanbhgona s Bloelisysr SicrwR i Ryer SHGBES uRE POk 1 i ng

|l ayer 468 nietalbehalcpaREsucH b Molybdbiui ttitiiih0 ¢hrolmimP ithidstu@f thipRtehesi st
mask by an i nkjet nethod needs no_photonask; thus, nmanufacturing cost can
be reduced.2lumipym,¢opper, neodymgm, and seandium, aed p, allgyympterial inoluding any of ned over

t he insul attﬁéggujaeeyiglgaglégmjntdaﬁ,pgffg,,Qe sem conductor |ayer 462, the source or
drain electrode | ayer 465al and 465a2, the source or drain electrode |ayer

4656, and tB&2)i ring layer 468. [0317] 10The gate insulating |ayer 452 can
be a sijagle |ayef, @fs eﬁgyﬁ €4 et 1fyRF Bdrhisd B% @MP&E of' 150 hh &9 OXi de
e |ayer I e

| ayer, a silicon nitri , a stlicon oxynitri ayer, a silicon
nitride oxispeteriag method dot thengai¢ eledtradenlayri 46 (Halpaand 44Hh)@nd the wicngilageby a

pl asma CVD ,ppt hod, a sputtering nethod, or the like. In order to prevent
the gate insulating |layer 452 fromcontaining a | arge anount of hydrogen,
the gate if@32A34ti ng | ayer 452 is 15 preferably forned by a sputtering

Tothod. a si |1 cofctiargerd biat Fegint srpiianiy &0,/ p J06SC e B oxygen
or a myged cganplef frddX PSEC BNI5 (AT RNkive S Peifdimed i® BN iRl dald GenttAfherd §318]
‘ an oxygen gas atmosphere. In this embodiment, the second heat treatment is
pcfformed in a nitrogen atmosphere at 250 °C for one hour. The second heat treatment
may be performed after a protective insulating layer or a planarization insulating layer is
formed over the thin film transistor 460. ‘
25 [0324] ,

Further, heat treatment may be performed at 100 °C to 200 °C inclusive for
from one hour to 30 hours in air. This heat treatment may be performed at a fixed
heating temperature. Alternatively, the following change in the heating temperature
may be conducted plural times repeatedly: the heating temperature is increased from

30 room temperature to a temperature of 100 °C to 200 °C inclusive and then decreased to

room temperature. Further, this heat treatment may be performed under reduced




The gate insulating |ayer 452 may have a structure where a silicon oxide

| ayer 20 and a silicon nitride |layer are stacked fromthe side of the
source or drain electrode |ayer 465al and 465a2 and the source or drain

el ectrode | ayer 465b. In this enbodinent, a silicon oxide |layer is forned
to a thickness of 100 nm by an RF sput%ﬁring met hod under the follow ng
condition: the pressure is 0.4 Pa; the 'high frequency power is 1.5 kW and
t he atnosphere is an atnosphere containi ng oxygen and argon (the flowratio
25 of oxygen to argon is 1:1 (each flowrate is 25 sccm. [0319] Next, by
performance of a fourth photolithography step, a resist mask is fornmed and
sel ective ePEsspisefare fuppiipmelthe gx mﬁﬁtlﬂ&fﬁyebf Uner the redursisRiEssiieng | ayer

452, so thafe féut GRPRREMTintt%an bERomend. t he wiring |layer 468 is forned (see
FI G 201)). 30 Although not illustrated, in formng the opening 423, an

openi ng real®8?Mg the source or drain el ectrode |ayer 465b nmay be forned. In

thi s enbodi nent, 4he ' ' : i | ayer
465b is forned afterggﬁ]%{}h%ﬁegég%h?%&ﬁggﬁﬁg{ gglge}fhsligg&‘@g cgfraﬁgce%?@stacked,
and a Wi nexideaymmicindpctel bayer #EAlin vhiche thei comcéntration pf dyiliogti anejpiursi ng.

[ 0320] . ' j med over the gate

I nsul ating lfyg%%’%ﬁgg%a’ﬁ%c ?ﬁ@%@%%ﬁ#&%@éﬁ tﬁ]gﬁ%at e electrode | ayer 461
(461la and 4@129] and the wiring layer 5 464 are fornmed in a fifth

phot ol i t hogr aphy ,step. . Note t.h a resjst.nmask, .be forned b n i nkj et
et hod. | Format 1 ofhspeeive Hsdllin fyh ok & BlsBaridaRior SPdniinst ot Bltgealih

phot omask; radwise prowided cvei the thig filho Shnsisao 46@ 1 Althovghinot[iDBHakd, Fuoplidig t he
gate el ectrode. |l ayer 461 (46la an 61b nd the.wiring,|layer 464 10 can be
Por mea U+ rresshin iy sourchy et Fopase devsr dosbonak REme e BHE insiBigic: g any
of metal nemh@ridsd sndihs Prodéctiv® inddesp Ayertor HRYIAHAzRH0R Gibulithg 196 aldem
tungsten, al um num _copper,  neodym um and scandi ym _ and all o materi_al

\ an .
i ncl udi ng a¥yingrlaxen ddreclprtrica! capnection 19 the Spurce, Op Gk electrode layer 465D is

formed in the opening.
- [0327]

15 Moisture remaining in a reaction atmosphere is removed as described above in
forming the oxide semiconductor layer, whereby the concentration of hydrogen and .
hydrde in the oxide semiconductor layer can be reduced. Therefore, the oxide
semiconductor layer can be stabilized.

[0328]

20 The above-described thin film transistor is applied to the transistor included in
the logic circuits described in Embodiments 1 to 6, whereby leakage of electric charges
through the transistor can be suppressed. As a result, reduction in consumed power
(standby power) and suppression of malfunction of the logic circuit can be achieved.
[0329]

25 Note that the contents of this embodiment or part thereof can be combined
freely with the contents of other embodiments or part thereof or the content of Example
or part'ther‘eof.

[0330]
(Embodiment 9)

30 In this embodiment, an example of a transistor included in any of the logic

circuits described in Embodiments 1 to 6 will be described. Specifically, an example

of a thin film transistor in which a channel formation region is formed using an oxide




[0322] 15In this enbodinent, a titaniumlayer is formed to a thickness of
150 nm by a sputtering nethod for the gate el ectrode | ayer 461 (46la and
461b) and the wiring |ayer 464. [0323] Next, second heat treatnent
(preferably at 200 Cto 400 C inclusive, for 20 exanple, from250 C to 350
Cinclusive) is perforned in an inert s atnosphere or an oxygen gas

at nosphere. In this enbodi nent, the second heat treatnent is perfornmed in a
ni trogen atnosphere at 250 C for one hour. The second heat treatnment may be
perfornmed after a protective insulating |ayer or a planarization insulating
| ayer is fornmed oqver the thin filmtransistor 460. 25 [0324] Further, heat
treat ment ndPIERRdpRiergl dedessiibedon C to 200 Cinclusive for fromone hour to
30 hours in@Bf} This heat treatnment may be perforned at a fixed heating
tenperature. Alternatively, the follow ng change in the heating tenperature

may be conduct ed Qneupmpodimenrtsof apdhin cfilmy - tranpiston aft thiy embagiecat wnd ¢ s
i ncreased fﬁamfi%ﬁng%u{oaqp&wwcﬁsme@mﬁ RREeAkHS F1Y. 218% %]é.o 200 C

i nclusive and then decreased to roomtenperature. Further, this heat
treat nerit n@$3He performed under reduced 72 pressure before formation of

t he oxi de insul atg ¢ t I . . L reat ment
time can be shor %ﬁ%glﬂflﬁfﬁgﬁﬂ&%w g&sfﬁgiggg%uﬁﬁgéggggé@%e%& ?I%ﬁée’%fmpr ocess,
t he thin fiArthinrfdmsirasistor 480 illwstobiediim FIGH2 FHhaxi tettaegite stroktiat aind limyer 462

0 S SRR SR ElgR0 Rl Py deor hydroxice i
[0333]

10 The thin film transistor 390 is described using a single-gate thin film transistor;
however, a multi-gate thin film transistor including a plurality of channel formation
regions can be formed when needed.

[0334]

Hereinafter, a process of manufacturing the thin film transistor 390 over a

15  substrate 394 is described with reference to FIGS. 21A to 21E.

[0335] '

First, a conductive layer is formed over the substrate 394 having an insulating
surface, and then, a gate electrode layer 391 is formed by performance of a first
photolithography step. It is preferable that an end portion of the formed gate electrode

20  layer 391 have a tapered shape because coverage with a gate insulating layer stacked
thereover is improved. Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask; thus,
manufacturing cost can be reduced.

[0336] _

25 Although there is ro particular limitation on a substrate which can be used as
the substrate 394 having an insulating surface, the substrate needs to have heat
resistance high enough to withstand at least heat treatment to be performed later. A
glass substrate formed using barium borosilicate glass; aluminoborosilicate glass, or the
like can be used.

30 [0337]

In the case where the temperature at which the heat treatment is to be

performed later is high, a glass substrate whose strain point is higher than or equal to




[ 0326] A protective insulating |layer or a planarization insulating
| ayer for planarization nay be provided over the thin filmtransistor 460.

Al t hough not illustrated, an opening 10 reaching the source or drain
el ectrode | ayer 465b may be formed in the gate insulating |ayer 452 and the
protective insulating |ayer or the pl rization insulating |ayer, and a

wiring |layer for electrical connection to the source or drain el ectrode

| ayer 465b is fornmed in the opening. [0327] 15Misture renmaining in a
reacti on atnosphere is renoved as descri bed above in form ng the oxide
sem conduct or | ayer, whereby the concentratlon of hydrogen and hydride in
the oxide s&ifl CondfuPresFablyybiedcarfihe kgt cubstiatn et olass cmateridd sudhges

sem conduct aﬁmiﬁﬁﬁ&t&@&sbﬁu.ﬁ;namrbglﬁ&% &@3%%&9‘69@6@9&2&/9&%%19 ebhgf thin

filmtransistor is applied to the transistor inclu ogic circuits
descri bed i #kampisodNetertha nlor@ @ra@tlcahfabs%wh heat kesitancé casl becobtainedomlzangie s

t hrough the | e dugt | 0 I n
-consuned pOVJ\BPIEa s‘%ﬁ%y powe 5 ﬁég%érbgstﬁﬁl%ob%r% &lféelcpﬁé’jt Pghﬁr% “the | ogi c
circuit ianglmseltstratewuam{ngamc}BﬂBNkan@zOhatprdfhabigmsﬁdents of this enbodi nent
or part thelr ggg] can be conbined freely with the contents of other

enbodi nent s part thereof or the content of Exanple or part thereof.

[ 0330] ( Errbodl e MNotethat36 the staive glassantistrans ta, submra&»(mmﬂddeof(hiu ifsulat@nattst or
i ncluded in any of lt hel?ﬁt ic circu ) gleso(%ra L EH;OOdI ment s 1Sto 6 wll
be descri be¥. 2 SFREYG iS¢ F‘@ a‘ﬁ“"gﬁasr’f'b?’é‘ of tsf'i?ﬂjF Flﬁ e, ey Heopsedn whi ch a
channel f ormamamlyegysmmea giags oretHe liked gy B useki dRurthér3alternatively, a plastic
10  substrate or the like can be used as appropriate.
[0339]

An insulating layer serving as a base film may be provided between the
substrate 394 and the gate electrode layer 391. The base film has a function of
preventing diffusion of an impurity element from the substrate 394, and can be formed

15 to have a single-layer structure or a stacked structure including one or more films
selected from a silicon nitride layer, a silicon oxide layer, a silicon nitride oxide layer,
and a silicon oxynitride layer.

[0340]

The gate clectrode layer 391 can be formed with a single layer or a stacked

20 layer using a metal material such as molybdenum, titanium, chromium, tantalum,
tungsten, aluminum, copper, neodymium, or.scandium, or an alloy material which
contains any of these materials as a main component.

[0341]

For example, as a two-layer structure of the gate electrode layer 391, a

25  two-layer structure in which 2 molybdenum layer is stacked over an aluminum layer, a
two-layer structure in which a molybdenum layer is stacked over a copper layer, a
two-layer structure in which a titaninm nitride layer or a tantalum nitride layer is
stacked over a copper layer, a two-layer structure in which a titanium nitridé layer and a
molybdenum layer are stacked, or a two-layer structure in which a tungsten nitride layer

30  and a tungsten layer are stacked is preferable. Alternatively, a three-layer structure in
which a tungsten layer or a tungsten nitride layer, an aluminum-silicon alloy layer or an

aluminum-titanium alloy layer, and a titanium nitride layer or a titanium layer are




sem conductor will be described. [0331] One enbodinent of a thin film
transi stor of this enbodinent and a manuf acturing nmethod thereof are
described with reference to FIGS. 21A to 21E. 5 [0332] FIGS. 21A to
21E illustrate cross-sectional structures of a thin filmtransistor. Athin
filmtransistor 390 illustrated in Fl 1E has a bottomgate structure and
Is referred to as an inverted staggered’thin filmtransistor. [0333] 10The
thin filmtransistor 390 is described using a single-gate thin film
transistor; however, a nulti-gate thin filmtransistor including a

plurality of channel formation regions can be formed when needed. [ 0334]
Her ei naf t er Stackedy isopreferablyr usgehn J¥ofe that theeateneleqtione layer eant beofemned wing’390 over a

15 substrat gs r efaQr 6HCEy I 0335]
First, a coﬁ%lﬁ%t&? dﬁ“ﬁaygéddpgﬂ;‘eﬁ%d 0\}/% %?he %’ﬂ%és:t(rgitﬂéezé@h{ ﬁ%‘éﬂ"ﬁ&“%

i nsul at | ng ewdective layemailightdransmittingtcendsictien oxidicor it like c89le givert.or ned by
performanceoﬁg 2)2 first photolithography step. It is preferable that an end
portion of e fornmed gate el ectrode 20 | ayer 391 have a tapered shape
because Tover age Thet, theggagaemlating ldyet 397ds foaped ot telgetd eldemodeduyer 395

| nproved. mgg:nt hat a resist nmask may be formed by an inkjet nethod.
Formati on e resist mask by an inlcjet nmethod needs no phot omask; thus,

manuf act uri ng codhe gaa iﬂs&latiﬁgllagacBQ?[dafBSSEorﬂﬁAI\immughglé-h@ées&mwomrt i cul ar’

limtation gn,a su trat.e which can he su$stra,te 394 havi ng an

i nsul ating F?daﬁtﬁl W 85108, BT PaTRETe é’d§H ?T‘é‘?Fe ot Sc eindsdaveri jh enough
to w t hst angllich olxjﬂﬂﬁid Ry, atsmeaﬁm&ﬁ&edxﬁueneyep%a% ARehildh Bkide Py BSS

SIS A i oD ek S e ctbads 3 the Bk’ Ti ofder o proven the gate . ©
insulating layer 397 from containing a large amount of hydrogen, the gate insulating
layer 397 is preferably formed by a sputtering method. For example, in the case where
a silicon oxide layer is formed by a sputtering method, a silicon target or a quartz target
is used as a target, and oxygen or a mixed gas of oxygen and argon is used as a

"~ 15  sputtering gas. '
[0344]

The gate insulating layer 397 can have a structure in which a silicon nitride
layer and a silicon oxide layer are stacked from the gate electrode layer 391 side. For
example, a gate insulating layer having a thickness of 100 nm is formed in such a

20  manner that a silicon nitride layer (SiN, (y > 0)) having a thickness of 50 nm to 200 nm
inclusive is formed by a sputtering method as a first gate insulating layer and then a
silicon oxide layer (SiOx (x > 0)) having a thickness of 5 nm to 300 nm inclusive is
stacked as a second gate insulating layer over the first gate insulating layer.

[0345]

25 Further, in order for the gate insulating layer 397 and an oxide semiconductor
layer 393 to contain hydrogen, hydroxyl, or moisture as little as possible, it is preferable
that the substrate 394 over which the gate insulating layer 391 is formed or the substrate
394 in a state after the gate insulating layer 397 is formed thereover be preheated in a
preheating chamber of a sputtering apparatus as pretreatment for film formation so that

30 impurities such as hydrogen or moisture adsorbed to the substrate 394 are eliminated,

and then evacuation is performed. Note that the temperature of the preheating is



74 730 Cis preferably used. As a glass substrate, a glass material such as
alum nosilicate glass, alum noborosilicate glass, or bariumborosilicate
glass is used, for exanple. Note that nore practical glass with heat

resi stance can be obtained when it contains a |arger anount of barium oxide
(BaO) than boron oxide (8203). Theref o4 a 5 glass substrate containing
nore BaO than B203 is preferably used. f0338] Note that as the above
gl ass substrate, a substrate forned of an insulator such as a ceramc
substrate, a quartz substrate, or a sapphire substrate may be used.
Alternatively crystallized glass or the |ike may be used. Further

al t er nat i vekigher thap jopequakto 160 SGigad loseethan of ¢qual tp KBO CQrpreferably diphgsthan

ot e SR %, U

provi ded be e gate e The
base fil m hiastle greheatingothamberpa ewepimm s mlefefabbi wwad. ochamhannwprteyeaﬁhgrrent,
fromthe substrate 3§46 an& n,be 'ftcﬁ)lrrrq% 15 to have a .sin Ia r
structure oF°2HP@f S RHOBIEE e THrlen Sigh Feg I Eealpentg1ax beine ed from
a silicon nietgettte theyiBEtrat@ 384 ini L£Qkte Whetben ScAYR' electrodd layG @ISR ahd hdﬁnDXi de

| ayer, and a silicon 329% eetrl de I?% [ 0340] The_ gate el ectrode | ayer 391
can be f or rfaeFtpes yer 3 ¢ formation pbap oxddq mudatingdayey 396 ined a)

mat eri al S%Q,na,ssﬁmn){bqi@%me_t i tani.um chrom um tantalum tungsten,
al um num g er, neodym um or scandium or an alloy material whi ch
cont ai ns an[ these materials as a main conponent. [0341] For exarrpl e, as

a two-layer str U%&H ﬁleQJchetl@m%ﬁcﬁxcﬁ)L‘ BoES 793Gs fo?ﬁ'x@& toeﬁinckﬁcsg R 2!

structure in which a nolybdenum | ayer |s stacked over ?fum num ayer a
t wo- | ayd} <tp20@ nmowerithe g sulatingdaxen d%hisen FIE 21A) s stacked over a copper

| ayer, a tweslayer structure in which a titaniumnitride layer or a
tantalumnitride |ayer is stacked over a copper |ayer, a two-|ayer
structure in whi dotezthatitefne the axiderseniécohdiyotor layed 393 is formed by a sputtering

method, dust on a surface of the gate insulating layer 397 is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. The

15  reverse sputtering refers to 2 method in which, without application of a voltage to a
target side, an RF power source is used for application of a voltage to a substrate side in
an argon atmosphere to generate plasma in the vicinity of the substrate to modify a
surface. Note that instead of an argon atmosphere, a nitrogen atmosphere, a helium
atmosphere, an oxygen atmosphere, or the like may be used.

20 [0348]

The oxide semiconductor layer 393 is formed by a sputtering method. The
oxide semiconductor layer 393 is formed using an In-Ga-Zn-O-based oxide
semiconductor, an In-Sn-Zn-O-based oxide semiconductor, an In-Al-Zn-O-based oxide
semiconductor, a Sn-Ga-Zn-0O-based oxide semiconductor, an Al-Ga-Zn-O-based oxide

25 semiconductor, a Sn-Al-Zn-O-based oxide semiconductor, an In-Zn-O-based oxide
semiconductor, a Sn-Zn-O-based oxide semiconductor, an Al-Zn-O-based oxide
semiconductor, an In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor,
or a Zn-O-based oxide semiconductor. In this embodiment, the oxide semiconductor
layer 393 is formed by a sputtering method using an In-Ga-Zn-O-based metal oxide

30 target. Further, the oxide semiconductor layer 393 can be formed by a sputtering

method in a rare gas (typically argon) atmosphere, an oxygen atmosphere, or an



nmol ybdenum | ayer are stacked, or a two-layer structure in which a tungsten
nitride layer 30 and a tungsten | ayer are stacked is preferable.
Alternatively, a three-layer structure in which a tungsten |ayer or a
tungsten nitride layer, an alumnumsilicon alloy [ayer or an
alumnumtitaniumalloy layer, and a titaniumnitride |layer or a titanium
| ayer are 75 stacked'is preferably uséll. Note that the gate el ectrode

| ayer can be formed using a light-transmtting conductive |ayer.As an
exanple of the light-transmtting conductive layer, a light-transmtting
conductive oxide or the like can be given. [0342] 5Then, the gate

i nsul ati ng #tmpepheON 4 sird gasnftypically argonk agth veygeh.e clnrtbel ease ayf eempBing § 034 3]
The gate in ' Q d.wth si nal e-l.a sfructure
or a stac ke%“éﬁdﬁgﬁe J%@géﬂoﬁgz%%yggs errr%’rr%lgxc;wtg“%ﬁ ?f?’c%r aﬁ’)‘(@ﬁﬂé"gl %é?%i a
silicon nitwi%e 106w195, incdusBiel i con oxynitride layer, a silicon nitride oxide
| ayer, and @H@l um num oxi de. | ayer by a 10 plasma CVD net hod, a sputtering
nmet hod, or like. In order to prevent the gate insulating |ayer 397 from

containing a | ar gg 2w fooforMing! MY WRide sBMIGALRII NEHE 208 NG 4 SWRferind/ 1S
preferably forned by a s_%trjtterg nlg met hod. For exanple, in"the case where a
si|icon oxi®Bethedypapctalsoxids tapmgt ingluding zinc exidends nmaiorpmpgnent (car b usedr get or a

quart z tar g&{ ardobhel SEshpRSofdhd ﬁéﬂ%xid@t&%cgéﬁjﬁi' ofitle ﬁré% 1es1%ﬂ.dﬂ. $n,Qa, @y 9€N and

argon is used as a 15 sputtering gas. | gate I nsulating
| ayer 397 c&n (¢eenpesitions ratipe thonOs:GapOwhin@ k= d:1s) [[inglen ratio],r Ind@a:Zmyed: 1406 a

silicon oxi . Iy st acked m t he te el ectrode | ayer 1 side. For
exanple, a [gg)fdég?(aglguf%ﬁibﬁg&ﬁgye‘?sf ﬂ’gvnl'er% ‘ggf%‘%@?*]ggéjd&gelfog%h?ﬂ fdrmed in
such a B0 nmigerhiavingatcompadifiorc@tio of IntGLIEn LayeT [admhidlyatio] oPa Oiget haigw a

t hi ckness of 50 tun to 200 tun inclusive is formed by a sputtering nethod
as a first qgmpesiion gt lg-Gastior Likd lpweeric Ftig] can: also brivged. | Fpedillimg 0 (x >

0)) having oot Gtal hide (g2 930 gtgiigbi@ﬁgu as?ki%hiéfq g:%&?:l_ﬁﬁfggj%fo second

gate insulating |layer over t frrst yer
99.9 % inclusive. By using the metal oxide target with high filling factor, a dense

oxide semiconductor layer is formed.
15 [0350]
The substrate is held inside a treatment chamber which is kept in a reduced
" pressure state, and the substrate is heated to a temperature higher than or equal to room
temperature and lower than 400 °C. Then, a sputtering gas from which hydrogen and
moisture are removed is introduced into the treatment chamber from which remaining
20 moisture in the treatment chamber is being removed, and the oxide semiconductor layer
393 is formed over the substrate 394 with use of a metal oxide as a target. In order to
remove remaining moisture in the treatment chamber, an entrapment vacuem pump is
preferably used. For example, a cryopump, an ion pump, or a titanium sublimation
pump is preferably used. The evacuation unit may be a turbo pump provided with a
25  cold trap. In the treatment chamber which is evacuated with use of the cryopump, a
compound containing a hydrogen atom such as water (H,0) (preferably a compound
containing a carbon atom), and the like arec removed, whereby the impurity
concentration in the oxide semiconductor layer formed in the treatinent chamber can be
reduced. By film formation using a sputtering method while removing moisture left in
30 the treatment chamber with a cryopump, the substrate temperature at the time of

forming the oxide semiconductor layer 393 can be higher than or equal to room



25Further, in order for the gate insulating |ayer 397 and an oxide

sem conduct or | ayer 393 to contain hydrogen, hydroxyl, or npisture as
little as possible, it is preferable that the substrate 394 over which the
gate insulating layer 391 is forned or the substrate 394 in a state after
the gate insulating layer 397 is formeg,thereover be preheated in a
preheating chanber of a sputtering apparatus as pretreatnent for film
formation so that 30 inpurities such as hydrogen or noisture adsorbed to
the substrate 394 are elimnated, and then evacuation is perfornmed. Note
that the tenperature of the preheating is 76 higher than or equal to 100 C
and | ower tsmpegiureNddowerdhapd@0lC. pref erabl y hi gher than or equal to 150 C
and | ower tfgp0r equal to 300 C. As an evacuation unit provided for the
preheati ng anber, a cryopunp is preferably used. Note that this

pr eheati ng treat denrine czamile obthe demsitiok aorditem, the dishanps Biteedni thesubstieas nent nmay

be performed with 5 r ect to the s rate,.394 in ate where .a source
el ectrode I%lnf\g'r'e Q%%llsgﬁgmén’&?ea‘frﬁss'érféscﬁska’g}"? %\'{/%F'c%@agg XPopist ?’r‘é’BgB%f ore
formati of 00.5&W, aud I!Héalirrﬁﬁl;lﬂeﬁik nﬁoigyegmﬁaeﬁmmmdpmnwﬁ dFithie dxEent fovk Pe g
above. [0346] Then, t oxi de sem conductor |ayer 393 is forne
to a thickrni8d8039)- 1 Ngts thatyylen ppulsg disges Q"Hﬁ“tcfpgs PPYEr Rl i Hesd BAASE | ayer
397 (see FlGbgdbs gﬁ%ﬂn’ed to as pRikRs bP AhstPediRited AR hdBsiBeTaPpIuUCt O

| ayer 393 is formed by a sputtering method, "dust on a surface of the gate
i nsul ati ng Tedyced agdthe Elnp thickaessois Jikelyrtg\hequifprm e Bhesthickpess tof thengxifien whi ch
an argon 9agminhitidragyse bfY S5R39 fidfved- Ndt Ghal 2n . _
sputtering rpfle?s .tor g}éngs?%rg%%w |cﬁ, vﬁﬂgut appll\llaicata%g}]lag%sgéa\?%l tage to
a t ar gel0 sj tigknegp differsplspendingomrancoxids semingndugtor apatariak and the thitkngssamphy age to a
substrate s | . generate plasma in the vicinity of
t he substrzsiﬂte%gttdgqﬁjt?)@?%gg&gﬁﬁr ?:Ig{ﬂgh%{etéﬂ{'hat I nstead of an argon
at nospher e,[0353}i t rogen at nosphere, a hel i um at nosphere, an oxygen
at nosphere, or the_ like e . yse 0 348l,-The. oxi de sefmi cqonduct or
Mayer 363 1 s 1 or el of Timfifuti Rt ielse S RE SHlechi Heakid T SRS
high-frequency power source is used for a sputtering power supply, a DC spuitering

15 method, and a pulsed DC sputtering method in which a bias is applied in a pulsed
manner. An RF sputtering method is mainly used in the case where an insulating layer
is formed, and a DC sputtering method is mainly used in the case where a metal layer is
formed.

[0353] .

20 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, layers of different materials can be formed to be stacked in the same chamber,
or a film of plural kinds of materials can be formed by electric discharge at the same

_ time ir the same chamber.

25 [0354]

Alternatively, a sputtering apparatus provided with a magnet system inside the
chamber and used for a magnetron sputtering method, or a sputtering apparatus used for
an ECR sputtering method in which plasma generated with the use of microwaves is
used without using glow discharge can be used.

30 [0355)

Further, as a deposition method using a sputtering method, a reactive sputtering



oxi de sem conductor layer 393 is forned using an 1n-6a-2n-0-based oxide
sem conductor, an In-Sn-2Zn-0O based oxi de sem conductor, an |In-Al-2Zn-0O based
oxi de sem conductor, a Sn-@&-Zn- O based oxi de sem conductor, an

Al - Ga- Zn- O- based oxi de 25 sem conductor, a Sn-Al -Zn-0-based oxi de

sem conductor, an In-Zn-O based oxi de m conduct or, a Sn-Zn-0-based oxi de
sem conduct or, an Al -Zn- O based oxi de Sem conductor, an |In-0-based oxide
sem conductor, a Sn-0-based oxi de sem conductor, or a Zn-O based oxide

sem conductor. In this enbodi nent, the oxide sem conductor |ayer 393 is
fornmed by a %gutgerincg met hod using an I n-QCa-Zn-0-based netal oxide 30
target. Furbpépd in whichd Weset svhistaserdard asputipyiag 239 sompgneplart hemigallyy
sputtering ekl Bach diith Qufl® abgolibbsi B Fofmad Eﬁﬂ&rﬁﬁdﬁﬁ?@ﬁ}ﬁr&mﬁ“ roawgen

at nosphere, or an 7/ atnosphefre 'of a rare gas I ca argon)

oxygen. | n hitfe spicang fmeghod| wy ivhishaa sieltageeisi algo rapplieddio debstrate dnrmmy be
performed w Jdise arget including Si02 at 2 w%to 10 Wt %

i ncl usi ve. Vﬁ%gﬂgﬂﬁl%ﬁgeg&?arget for form ng the oxide sem conductor |ayer
393 by & siB3dri ng nethod, a netal oxide target including zinc oxide as a
mai n conponent cgﬂ be, used, As anq her ex tﬁm de target a

metal oxide targdf®hnlY RFRERIIC 2 AK8%n k‘%‘Sﬁ’é}S%‘f’ﬁlyoﬁh’Pat
| N203: Ga20 Ferivonduciar 1aykr {srmbc&lﬁsed &Iitoah,:slhﬂ-éﬁ@elmxldckcﬁuﬁn&ic[cﬁlﬂ@m 899 ati 0] )

ar gt havi 055 HIOCOMIooNot o arys ot pspdes Smaton of e Fapdsecd snife) or o

target. hawsaﬁm%nmmacp@a wyrmﬁyabé for@kd bylmeaqkﬁnmcchbdl Rorbrdfi®d{Ghé Akis©] can

al so be used. The fill factor of the netal oxide target is 90 %to 100 %
i ncl usi\fe, B B élfé?lafﬂ ve@sd Aeeds B PHolomass | this \P@nuﬁymagg £t $@ Beet al
oxi de targgkdueed.h high filling factor, a dense oxide sem conductor |ayer is

formed. 15 50350]
10357)

In the case of forming a contact hole in the gate insulating layer 397, its step
can be performed at the time of formation of the oxide semiconductor layer 399.
-15  [0358] _
For the etching of the oxide semiconductor layer 393, wet etching, dry etching,
or both of them may be employed.
[0359] '
As the etching gas for dry etching, a gas containing chlorine (chloxine-ﬁased
20  gas such as chlorine (Cly), boron chloride (BCls), silicon chloride (SiClL), or carbon
~ tetrachloride (CCly)) is preferably used.
[0360]
) Alternatively, ‘a gas containing fluorine (fluorine-based gas such as carbon
tetrafluoride (CF4), sulfur fluoride (SFg), nitrogen fluoride (NF3), or trifluoromethane
25 (CHF3)); hydrogen bromide (HBr); oxygen (0»); any of these gases to which a rare gas
such as helium (He) or argon (Ar) is added; or the like can be used.
[0361]
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
30 the layers 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 substrate side, the temperature of the electrode on the substrate side, or the like) is




The substrate is held inside a treatnment chanber which is kept in a reduced
pressure state, and the substrate is heated to a tenperature higher than or
equal to roomtenperature and | ower than 400 C. Then, a sputtering gas from
whi ch ' hydrogen and noisture are renoved is introduced into the treatnent
chanmber from which remaining 20 noi st in the treatnent chanber is being
renoved, and the oxide sem conductor |ayer 393 is fornmed over the substrate
394 with use of a netal oxide as a target. In order to renove remai ni ng

nmoi sture in the treatnent chanber, an entrapnent vacuum punp is preferably
used. For ex l.e, a cryopunp, an ion punp, or a titanium sublimation punp
i s preferab%@gggéﬁ?mﬁﬂgﬁggagﬁation uni? ggy be a turbo punp provided with a
25 cold tram3sdjn the treatnent chanber which is evacuated with use of the

cryopunp, a conpound containing a hydrogen atom such as water (1120)
(preferably a cof§@nRtFham yeesifay wet %F"@ws-béhx“é‘tseml?n ahphosphericiagid, agetéc r enoved,

wher eby  t Ne,cidTRHA | Hit¥ic GRIIC B e ik Barl Be 3@&1 of} Qﬁdiﬁ@l‘ﬁ‘@@gﬁcﬁ)ﬂ{duéeﬁy formed
in the treatnent chanber can be reduced. By filmformation using
sput t er ing RANROLCHEMIGAL €00 INGg mayialsolbeasddeft in 30 the treatnent chanber
with a CryQpsés the substrate tenperature at the linme of form ng the oxide
sem conductor - I'ayer 393 can be higher than or equal to room 78

The etchant after the wet etching is removed together with the etched materials

by cieaning. The waste liquid including the etchant and the material etched off may be

purified and the material may be reused. When a material such as indium included in
10  the oxide semiconductor layer is collected from the waste liquid after the etching and

reused, the resources can be efficiently used and the cost can be reduced.

[0364]

The etching conditions (such as an etchant, etching time, and temperature) are
appropriately adjusted depending on the material so that the material can be etched into

15  adesired shape.
[0365] .

Note that reverse sputtering is preferably performed before formation of a
conductive film in a subsequent step, so that a resist residue attached to surfaces of the
oxide semiconductor layer 399 and the gate insulating layer 397 is removed.

20 [0366]

Next, a conductive layer is formed over the gate insulating layer 397 and the
oxide semiconductor Iayer'399. The conductive layer may be formed by a sputtering
method or a vacuum evaporation method. As a material of the conductive layer, an
element selected from Al, Cr, Cu, Ta, Ti, Mo, and W; an alloy containing any of these

25 celements as ‘a component; an alloy layer containing any of these elements in
combination; and the like can be given. Further, one or more of materials selected
from manganese, magnesium, zirconium, beryllium, and thorium may be used. The
metal conductive layer may have a single-layer structure or a stacked-layer Istruc':ture of
two or more layers. Fof example, a single-layer structure of an -aluminum layer

30 including silicon, a two-layer structure of an aluminum layer and a titanium layer
stacked thereover, a three-layer structure in which a Ti layer, an aluminu.m layer, and a

Ti layer are stacked in thAis order, and the like can be given. Altematively, a layer, an




tenperature and | ower than 400 C. [0351] As one exanple of the
deposition condition, the distance between the substrate and the target is
100 mm the pressure is 0.6 Pa, the direct-current (DC) power supply is 5
0.5 kW and the atnosphere is an oxygen atnosphere (the proportion of the
oxygen flowis 100 %9 . Note that when gipulse direct current (DC) power
supply is used, powder substances (alsO referred to as particles or dust)
generated in filmdeposition can be reduced and the filmthickness is
likely to be uniform The thickness of the oxide sem conductor |ayer is
preferably 5 nmto 30 nminclusive. Note that an appropriate 10 thickness
di ffers dep®fYi ALl aanitrideilenst wbichCoR@IRE phymingm 44D and o gr aplreliiy @kness may

be set as L i i |l es of a
APBMORS s cfeddeRe Rthiich AF), SR (BN ﬁhgs&én&ﬁw)zw}%o(l:yﬁdgnuﬁfgﬁ@

sputtering nmethod include an RF sputtering fmetho -Trequency
power sour cehrpmivgsEa), pendymium (N candiseandme(Scrmppbaused DC sputtering 15

nmet hod, andoggﬂulsed DC sputtering nmethod in which a bias is applied in a
pul sed nann%r. An RF sputtering nethod'is mainly used in the case where an
i nsul atidhg | ayer ByspeHormasds obinthird pbGodifhoptaphy siep, motdisd ghask isdaermédovesed i n

t he case [ netal | is.kor : 35 Oln addition, .there is also
ot 1< sooPe SoRufFlcdavendtEhs i HeSF sclRpBle it Ratir b SuPk SHIBHE o

di ff erent niayaridsh andandbim dedtroddMdyer 3hsb nxel foima&b uiThen, Sheltrésivt inlggk dppar at us,
| ayers of different terjals can be fornmed to be stacked in the sane
chamber, oﬂq¥q@¢%%%#ﬁ%é%$al kinds of materials can be fornmed by electric
di scharge afo3ésle sane tine in the same chanber. 25 [0354]

Alternatvely, a_sputteri apparatus, provided wjth a magnet system i nside
t he chattber and EQE‘EFPPWGS&g’n‘B%’é%_ 6 HeS: E’F?I%Fﬁﬁ&%f‘ﬂﬁf%&,lc%ﬂa%r a3t PBr ng.

appar at us UseArH Ber Beant-{siprefndblyRséd)d THE chasiel 18ng (IQMbf Rl (B MmARAGESE €d Wi th
the use of mcrowaves is used w thout using glow discharge can be used. 30

[0355] 79 ‘Retenformedlaigriie Hetgrmingdyly the fistangs otwsen the bojtam pprtieg of dhe

conponent  ajogrce RERrEdR! Tayer3985 bl (¥l BooMasoMidH Scthe Akl PRrHRRARYE 395, O form
a thin compound filmthereof, or a bias sputtering method in which.a

vol t age i s “dhishaggdiapeng tq epch othghayer shecoxide sepicondysdsilayen A9 ardn he aased. 5
[0356] 15  where the channel length (L) is shorter than 25 nm, exposure for making a mask in the
third photolithography step is performed with use of extreme ultraviolet with extremely
short wavelengths of several nanometers to several tens of nanometers. Exposure with
extreme ultraviolet yields high resolution and a great depth of focus. Therefore, the
channel length (L) of the transistor, which is formed later, can be from 10 nm to 1000
20 nm inclusive, and thus the operation rate of the circuit can be increased. In addition,
the off current value is extremely small; thus, lower power consumption can be
achieved.
[0369]
Materials of the layers and etching conditions are adjusted as appropriate so
25  that the oxide semiconductor layer 399 is not removed in etching of the conductive
layer.
[0370]
In this embodiment, a Ti layer is used as the conductive film, an
In-Ga-Zn-O-based oxide semiconductor is used as the oxide semiconductor layer 399,
30 and an ammonia hydrogen peroxide solution (a mixture of ammonia, water, and a
hydrogen peroxide solution) is used as an etchant.
[0371]



Then, by performance of a second photolithography step, the oxide

sem conductor |ayer is processed into an island-shaped oxi de sem conduct or
| ayer 399 (see FIG 21B). Note that a resist nask used for formation of the
I sl and- shaped oxi de sem conductor |ayer 399 nay be fornmed by an inkjet

met hod. Formation of the resist 10 nasﬁzby an inkjet nethod needs no

phot omask; thus, manufacturing cost cah®be reduced. [0357] In the
case of formng a contact hole in the gate insulating |ayer 397, its step
can be perforned at the tinme of formation of the oxide sem conductor | ayer
399. 15 [0358] For the etching of the oxide sem conductor |ayer 393,
wet etching, dry lathethitd phetplithegraphytstapy enly pass %@WW“Q@%Q}Y“

As the etchi ef r

(chlorine- bg’g‘%aﬁ gg’ géa?léshcgu&%%l%wgﬁ%gr%ﬁgé@%ﬁwg‘g&o%ggﬁ orid %{"é’&iéﬁ

silicon chl depreseed(irton)nay be fmcd;od‘fatethammlsirm@b qu@@Dm)onnmgﬁreesbucabl y
used. [0360 &4 nalyl I t fI u r| ne- based
gas such asllg%r g ]ayer?r ar uor| gya:"t %ﬁ%abdg(l}%f% % ?lbge f"gl%e?y( ogen

f I uori de5 ( Nm8thpd.orFarmatidnud tienetiktansk by aﬁﬁiﬂﬁa)n)qthddepMcnmkl;eth(d—lBr)
oxygen (02) of these o which a rare gas such as helium (He) or

argon (Ar) 1“5”“& EHRe Byt P “ieﬁ'l'é’@&can be used. [0361] As the dry etching
met hod, a ppsa] eI pI ate RIE (reactive ion etching) nethod or an | CP

(i nductively cou | asna) etchin an be us er to etch
30 the layers int H‘QEF"r@ﬁ“ Hﬁ"p%‘émbﬁ%l?g%é?‘eﬂ? usgia Ei\?FPl Gt of

el ectric poyRY redste! thé urhberf GhblolibbaAREY RbRC hi eRRinglshp xﬂﬂDb’é\ crm‘rmsd ectric
power applied to an el ectrode on a_substrate side, the rrperature of the

el ectrodfe owith mee ofdEruitistope Magle whigh is ﬁehahF REPPSyre miask through Which light 1

transmitted to have a plurality of intensities. A resist mask formed with use of a
multi-tone mask has a plurality of thicknesses and further can be changed in shape by
etching; therefore, such a resist mask can be used in a plurality of etéhing steps for
processing into different patterns. Therefore, a resist mask corresponding to at least

15 - two kinds or more of different patterns can be formed by one multi-tone mask. .Thus,'
the number of light-exposure masks can be reduced and the number of corresponding
photolithography steps can be also reduoed, whereby simplification of a process can be
realized.

[0373]

20 Plasma treatment using a gas such as N2O, N3, or Ar may be performed to
remove water or the like adsorbed on a surface of the oxide semiconductor layer which
is exposed. Plasma treatment may be performed using a mixture gas of oxygen and |
argon.

[0374])

25 In the case of performing plasma treatment, an oxide insulating layer 396 in
contact with part of the oxide semiconductor layer is formed without being exposed to
air (see FIG 21D). In this embodiment, the oxide insulating layer 396 is formed in
contac;t with the oxide semiconductor layer 399 in a region where the oxide
semiconductor layer 399 is overlapped with neither the source electrode layer 395a nor

30 the drain electrode layer 395b.

[0375]

In this embodiment, the substrate 394 over which layers such as the



80 adjusted as appropriate. [0362] As an etchant used for wet
etching, a m xed solution of phosphoric acid, acetic acid, and nitric acid,
or the like can be used. In addition, |ITOO/N (produced by 5 KANTO CHEM CAL
CO., INC. ) may al so be used. [0363] The etchant after the wet etching
I's renoved together with the etched na%grials by cl eaning. The waste |liquid
I ncl udi ng the etchant and the nmaterial "€ ched off may be purified and the
material may be reused. When a material such as indiumincluded in 10 the
oxi de sem conductor |ayer is collected fromthe waste liquid after the
etching and. reuysed, .the resources can be efficiently used and the cost can

be reduced. '§¥gsAgped oxide semigpudugtop kayer3Pothgiserrsn legEade Ravas 3%%e, sadothant |
et chi ng ti MeraiAélebtloBRPERIISH B fBnRdAPRERIIh Ak&hperaale %ﬂm@ﬂhﬁ?ﬁﬂéﬂg on the

material so that the material can be etched into 15 a desire ape. [0365]
Not e t hat r &8} lempgiatyre and loger hap 09 8Cadndya sputtérnengad comthining High-purity on of - a

conductive f] Ie . that a r.esist residue attached to
surfaces of Bitqt%gh (I)Qi“@le(:ﬁg@rﬁn%g% udcﬁ%gp %?/%rreglg‘éed:’ﬁdmﬁds“élaf% ﬂl“ﬁé‘lfﬁ%f?? ng | ayer
397 i s r&novxide la3¢r ind@HR a Mefett,is formediakibe ioxide imylating Bydraosedthaeof i he gat e
insulating Layer 397 and the oxide sem conductor |ayer 399. The conductive

| ayer may be B by a sputtering nethod or a vacuum evaporati on net hod.

As a materi f0376f the conductive layer, an elenent selected fromA, C, Cu,
Component an al 85 SRR VG 4R AP i e oy ARObed s NGB el nat | on:
and the |i kg whidh ResildoH QirgetTabpbd With Wkén &d ARiEy 2T pullRL &' ﬁﬁl(%.%e%i ed
10 (resistivity: 0.01 Qcm) is used, the distance between the target and the substrate (T-S
distance) is 89 mm, the pressure is 0.4 Pa, the direct current (DC) power sispply is 6 kW,
and an atmosphere is an oxygen atmosphere (the proportion of the oxygen flow is
100 %). The thickness thereof is 300 nm. Instead of the silicon target, quartz
(preferably, synthetic quartz) can be used as the target for forming the silicon oxide
15 layer. As the sputtering gas, oxygen or a mixed gas of oxygen and argon is used.
[0377]

In this case, it is preferable that the oxide insulating layer 396 be formed while
removing residval moisture in the treatment chamber. This is because hydrogen,
hydroxyl, or moisture is prevented from being included in the oxide semiconductor

20  layer 399 and the oxide insulating layer 396. '
f0378]

In order to remove residual moisture in the treatment chamber, an entrapment
vacuum pump js preferably used. For example, a cryopump, an ion pump, or a
titanium sublimation pump is preferably used. The evacuation unit may be a turbo

25  pump provided with a cold trap, In the treatment chamber which is evacuated with the
cryopump, a compound containing a hydrogen atom such as water (H,O) (preferably, a
compound containing a carbon atom), and the like are removed, whereby the
concentration of an impurity in the oxide insulating layer 396 formed in the treatment
chamber can be reduced.

30 [0379]

Instead of the silicon oxide layer, a silicon oxynitride layer, an aluminum oxide



from manganese, magnesium zirconium beryllium and thorium may be used.
The nmetal conductive |ayer may have a single-layer structure or a

stacked-| ayer structure of two or nore |ayers. For exanple, a single-I|ayer
structure of an alum num | ayer 30 including silicon, a two-layer structure
of an alum-num |l ayer and a titanium|l ?ﬁ;aer stacked thereover, a three-|ayer
structure in which a Ti layer, an alufi'num|ayer, and a 11 |ayer are
stacked in this order, and the like can be given. Alternatively, a |ayer,
an 81 alloy layer, or a nitride-layer which contains alum num (Al) and one
or a plurality of elenents selected fromtitanium (Ti), tantalum (Ta),

t ungst en (\Vipyerraplaliodeymy pxyoitoile layen enthe like @n)be usrsioad e axide(infijating lyesscandi um
(Sc) may be3désed. [ 0367] 5By performance of a third photolithography step,
a resist mask is forned over the conductive layer, and the resist mask is
sel ectivel 038 hed, so that a source electrode |ayer 395a and a drain

el ectrode layer 395b are forned. Then, the.resist pask is r V, (see FIG
10 . [0368] T0FEPERHE: H8t FRgher iy PRETRELFcs Fgsietr pF T Ko kbe 1 ays.
a KrF | aserqgpeqtMund s8éh A" fonlifidf thl RN dx e PinSfi &3 0laYerUsdandT iR Glidnnel

l ength (L) of a thin filmtransistor to be formed |ater is determ ned by

t he di st ancemisendyston lavee 38 rreoih goutact with shch pidies o Since the exide ingelating/ er 395a
and t he bot kg =] : I ' adj acent
to each ot ﬁg&mgggrlﬁcfh gs g{(aﬁ%fgas%ﬁ% ?Hgtﬁ%tsgéﬁlggtygﬁ X@Bgﬁ? ?’ECh\tAﬁge%@gﬁiS wher e
t he channelméistnggt hydro¥yli or diydridee includedh i@ 3hen wxide xgpodeondudiar laperk39%yisa mask i n

the third p | rad ' ] S .
ul travi ol etcﬁﬁn&sg %h&%?gﬁl@?ézs@l%ﬁ% 153%@)21% éﬁé%%g'c%%@éébe@gﬁicn%ué él}es to
sever al 1 enxidefsemizomaivetoelager 39% pashi fartbertrkduead.r ene ul travi ol et yi el ds high
resol ution @:g@ a great depth of focus. Therefore, the channel length (L) of
t he transis[ ] which is forned later, can be from 10 mm to 1000 20 nm
i nclusive, and t Thisugihthe Gipeveaddscribed ateps,Othe iR filinr teaukistot 390 beludigraased. | n
addition, the, off current val LS %}(Lrt%msl smal | ; “}u; | ower, power

B]g]ll C! € CO ) ydrogen, moisture,

consunpt i orfP¥gnseprcondypiqr, layer cesntration
hydroxyl, or hydride is reduced can be formed (see FIG. 21E).

15 [0382]
When residual moisture in the reaction atmosphere is removed at the time of
the above-described formation of the oxide semiconductor layer, the concentration of
~ hydrogen and hydride in the oxide semiconductor layer can be reduced. Accordingly,
the oxide semiconductor layer can be stabilized.
20 [0383] . ,

A protective insulating layer may be provided over the oxide insulating layer.
In this embodiment, a protective insulating layer 398 is formed over the oxide insulating
layer 396. As the protective insulating Iéyer 398, a silicon nitride layer, a silicon
nitfidc oxide layer, an aluminum nitride layer, an aluminum nitride oxide layer, or the

25  like is used. |
[0384]

As the protective insulating layer 398, a silicon nitride layer is formed by
heating the substrate 394 after the oxide insulating layer 396 is formed, to a temperature
of 100 °C to 400 °C, introducing a sputtering gas containing high-pﬁrity nitrogen from

30 which hydrogen and moisture are removed, and using a silicon target. In this case also,

it is preferable that residual moisture be removed from the treatment chamber in the



Materials of the layers and etching conditions are adjusted as appropriate
so 25 that the oxide sem conductor |ayer 399 is not renoved in etching of

t he conductive |ayer. [0370] In this enbodinment, a Ti layer is used
as the conductive film an In-Ga-Zn-0-based oxi de sem conductor is used as
t he oxi de sem conductor |ayer 399, 30 gnd an ammoni a hydrogen per oxi de
solution (a m xture of ammonia, water, And a hydr ogen peroxi de solution) is
used as an etchant. [0371} 82 In the third photolithography step,
only part of the oxide sem conductor |ayer 399 nay be etched off, whereby
an oxi de sem conductor |ayer having a groove (a depressed portion) nmay be
formed. Notformition of theeprpteetivadnsklating byérci98fim p miangertsimailas taithatofeheotidode | ayer
395a and t i rode | ayer 395b may be fornmed by an inkjet 5

met hod. FoPﬁ% %gﬁ%gglgﬁ% resi st mask by an inkjet nethod needs no

phot omask; f0B8H, nanufacturing cost can be reduced. [0372] I n order

to reduce the nu r of ot amasks used i.n a.phot ol jthograph p and
reduce the nunbe EIP@F CB??o‘%L}gP"i“{%@‘.‘;é’ﬁﬁﬁg’ £ é?;gf?mg% &&rcjr?l%ng'g §ﬁ€iﬂxﬁg§2 B
performeyl lidatd ttda tipetifturd o0 1€ tOA0D TRSKhVINE Ibf FimAtidd vhe BIORREW € mask
through which Iight is transmtted to have a plurality of intensities. A

resist nmaskinfiRgd lages s vty dyftogen offe mrigtieh dashided) inr ohe ¢ gxideot
thi Cknessessuaadnbiid: 15fer SARETERANE Sidh AR 18/ iRy LETRLPT e, such

a resist mask can be used in a plurality of etching steps for processing

i nt o di f f ertesatmephisimet resessartly perfasmed aferforgiation pftbk oxide ingwlptingdiyey3%% at | east
15 two Ki nd[§3%' nore of different patterns can be fornmed by one nulti-tone
mask. Thus, t 4 nunber of 1ight-exposure masks can be reduced and the
nunber ¥X¥ corr espothedicasg whiestthe silidopgxideHayes ascthe oxidninbdatingdayer 8%uawlcy  wher eby
sinplificaty . : . | ! Rl t r eat ment
using a gasslﬂg:{(}% iﬁa}ge l%gf%g‘gﬁﬁzp? gtg?tplgrlﬁs(?n%&/] n%ga 'B%#@garr%aai%%’ tﬁ% %ﬁ%ﬂ %ler or the
|'i ke adsor Haxtr emd the silicdraxitrideflayeheanche fdemaicinitisosachs cteatimehtglambedusing a s

crBoses P Syt SHhThph. "Bl O wRSEhRE B ER Sl Yol 847
i nsul at i ng silivge bxid® fayermis formed using 2 silicon target placed inside the treatment chamber,
15  and then the sputtering gas is switched to a sputtering gas containing nitrogen and a
silicon nitride layer is formed using the same silicon target. Since the silicon oxide
layer and the silicon nitride layer can be formed in succession without exposure to air,
an impurity such as hydrogen or moisture car be prevented from being adsorbed on a
surface of the silicon oxide layer. In this case, after the silicon oxide Iajrcr as the oxide
20  insulating layer 396 and the silicon nitride layer as the protective insulating layer 398
are stacked, heat treatment (at a temperature of 100 °C to 400 °C) for diffusing
hydrogen 6r moisture included in the oxide semiconductor layer into the oxide
insulating layer may be performed.
[0387]
25 After the formation of the protective insulating layer, heat treatment may be
further performed at 100 °C to 200 °C inclusive in air for 1 hour to 30 hours inclusive.
This heat treatment may be performed at a fixed heating temperature. Alternatively,
the following change in the heating temperature may be conducted plural times
repeatedly: the heating temperature is increased from room temperature to a temperature
30 of 100 °C to 200 °C inclusive and then decreased to room temperature. Further, this

heat treatment may be performed under reduced pressure before formation of the oxide



contact with part of the oxide sem conductor |ayer is fornmed w thout being
exposed to air (see FIG 21D). In this enbodi nent, the oxide insulating

| ayer 396 is formed in contact with the oxi de senm conductor layer 399 in a
regi on where the oxide sem conductor |ayer 399 is overlapped with neither
the source el ectrode |ayer 395a nor 30,the drain el ectrode | ayer 395b.
[0375] 83 island-shaped oxi de sem conductor |ayer 399, the source

el ectrode | ayer 395a, and the drain electrode |ayer 395b are fornmed is
heated to a tenperature higher than or equal to roomtenperature and | ower
than 100 C,_and a sputtering gas containing high-purity oxygen in which
hydr ogen ani@swgfingtlayes dinder prepduerdipsespurerthelirab lcatryent timgtcan be shortersd. 5 oxi de
| ayer i ncl i | 6 with
% lhien el Sy hARRSof ih B Bl Ul Bl ELIP 1",
formed by arehaliiityof e sepigonduciondevinstcambl iniprowedi ch’ a 5| I i con target doped
wi th boron @ggfﬂhavi ng a purity of 6N (99.9999 To) 10 (resistivity: 0.01
Ocm is used, the distance between the target and the substrate (T-S
distancey is 89 M’llmnrbdldnapmamemﬂ:sréhoﬁorpaundsphemjisrrembvedwtuMmé bC) power

of The oxygh g & ol oot Wt JRard SbotomtePdl ona o

t he sil i conwtbafgmaied, cydptht ga:é pselatinglalyat, the yoricemtation ofleydiogen @ARydiRlc ised as

the target for form.ng.the silicqn o 15 layer. As the sputtering gas,
oxygen or as‘ﬁ?YQﬂseﬁH%"%?“?&w&ﬁa“%‘?deéﬁ%‘gn is used. [0377] In this

case, it isjopggferable that the oxide insulating layer 396 be fornmed while
renovi ng residual _noisture in the treatnment chanmber. This i s because

hydr ogel, hydr oxyhe akgve sisps eagrte ysed fir avpontaghire: elortioved Frystelfisplaygnneln ¢ he

oxi de_seni %raet@rbm&mzéacénayarspla%mﬂan%meb&xm@e (aNabdiate mr W&r adp. [0378]

In order to renpve residual noiSsture in the treatnent chanmbe an

ent r apnent ﬁ@c‘fﬁ?ﬁ#‘“ﬁﬁﬁrﬁoﬂ@d})ﬁeﬁf &isRlt devigs aiging Eisetraiaid eTheaabvewmpe an ion
punp, or aeﬁ Tfof u g.g@lddm} 160erP ef'o?e Rﬁf?fa% bLtX?syiﬁfi X}ﬁ)llquguaat 1on

unit may b punp prow wth a coldt e treat nment
chanber whi m#nuff&ttmmgpmbsm which atglws subyiogie havingoa thmkmssl nﬂl nmmbmnmllng a

hydr og ato uch a pr ef co ound, con ng a
car bonei;t é &\%t'éio %r]lﬁ@%é’éﬁuseah Bﬁ@f%ﬂ ¢ LERERNPS BT f an
impurity i rhtub@"om: U@wdr)hiid, At lafdg amduMrof X6l 64 ﬂmd:eedtdtfbﬁmbﬁﬂadtmgta chamber

can be reduged. 30 [0379]
display panel.

[0390]

The above-described thin film transistor is applied to the transistor included in
20  the logic circuits described in Embodiments 1 to 6, whereby leakage of electric charges
through the transistor can be suppressed. As a result, reduction in consumed power
(standby power) and suppression'of malfunction of the logic circuit can be achieved.
[0391]
Note that the contents of this embodiment or part thereof can be combined
25  freely with the contents of other embodiments or part thereof or the content of Example
or part thereof.
[0392]
(Embodiment 10)
In this embodiment, an example of a transistor included in any of the logic
30 circuits described in Embodiments 1 to 6 will be described. Specifically, an exaimple

of a thin film transistor in which a channel formation region is formed using an oxide




84 layer, an alum num oxynitride |layer, or the |like can be used as the
oxide insulating |layer 396. [0380] Furthernore, heat treatnent may be
performed at a tenperature of 100 Cto 5 400 C under such a condition that
the oxide insulating | ayer 396 and the oxi de sem conductor |ayer 399 are in
contact with each other. Since the oxide insulating |ayer 396 includes many
defects in this enbodiment, an inpurit§7such as hydrogen, noisture,
hydr oxyl, or hydride included in the oxide sem conductor |ayer 399 is
diffused into the oxide insulating |layer 396 by heat treatnent, so that the
inmpurity in the 10 oxide sem conductor |ayer 399 can be further reduced.
[ 0381] semitundugdr willde dsaiibeddescri bed steps, the thin filmtransistor
390 includiﬂgﬂgn oxi de sem conductor layer 392 in which the concentration
of hydrogent i sture, hydroxyl, or hydride is reduced can be fornmed (see
FIG 21E). 15 [038g] JMedimeasictual thifDifinunRndifiot R heAachibofimhimas@here is
~renoved at the tine of the above-described formation_of the aoxide

sen conduct Banyfaspung method thareof il be desrribad wilhretgrare 9dCRy#A 18€2Pn t he oxi de
senicondyctggghayer can be reduced. Accordingly, the oxi de sem conduct or
| ayer can be stabilized. 20 [0383] A protective insulating |ayer may
be provi ded over HGE 24 ta22Prilgtrate; angxpmple of a|crpss-prcyoraksiantyre af a thin
protective hpsul.alilind |2¥Gh AAP uhisidd 95 iMMESed R B 39pi RSHi@ld Bg | aver
396. As the protective insulating layer 398, a silicon nitride |ayer, a
si licon nithatder-gats steachue ealled anchannelpraeetivg type dehaneglstop tipe) @ndiid alson ni tri de
oxi de | ayer l.] i . 4] As the protective insulating
| ayer 398, %allgéﬁ@g%%ﬁiskggeééeds*glﬁ?}tlm[ggl?@?mad by heating the substrate 394
after tHe oped i nsulating |ayer 396 is fornmed, to a tenperature of 100 C

to 400 C introdyql R, Airs RisleRr 308 i dRScriboR hdhd'h Bl o8 vk ik Yrallidd, 098N T rom

however, a multi-gate thin film transistor including a plurality of channel formation

regions can be formed when needed.
[0396]
15 Hereinafter, a process of manufacturing the thin film transistor 360 over a
substrate 320 with reference to FIGS. 22A to 22D.
[0397]
First, a conductive layer is formed over the substrate 320 having an insulating
surface, and then, by performance of a first photolithography step, a gate electrode layer
20 361 is formed. Note that a resist mask may be formed by an inkjet method.
Formation of the resist mask by an inkjet method needs no photomask; thus,
manufacturing cost can be reduced.
[0398]
The gate electrode layer 361 can be formed to have a single-layer or
25  stacked-layer structurc using a metal material such as molybdenum, titanium, chromium,
7tantalum, tungsten, aluminum, copper, neodymium, and scandium, or an alloy material
which contains any of these materials as its main component.
[0399] .
Next, a gate insulating layer 322 is formed over the gate electrode layer 361.
30 [0400]
In this embodiment, a silicon oxynitride layer is formed to a thickness of 100

nm or smaller by a plasma CVD method as the gate insulating layer 322.



30 which hydrogen and noi sture are renoved, and using a silicon target. In
this case also, it is preferable that residual npisture be renoved fromthe
treatment chanber in the 85 formation of the protective insulating |ayer
398 in a manner simlar to that of the oxide insulating | ayer 396. [0385]
In the case of formng the protective insulating |layer 398, the substrate
394 is 5 heated to a tenperature of 108 C to 400 C at the tine of formation
of the protective insulating |ayer 398, whereby hydrogen or noisture

i ncluded in the oxide sem conductor |ayer can be diffused into the oxide
insulating layer. In this case, heat treatnent is not necessarily perforned
after formafHO® of the oxide insulating | ayer 396. [0386] 10l n the case
where the silico i de ox1 ayer 396

asi | i con nitride@l§§8?°§ge “E?ﬁ?%@? qﬁﬁ% fgfqh 8%a aYF 8%t acked,
t he silicontothavel@ thiekess anflomlEni thZI]OI’hnlﬂlahd Esjﬁod:eagedrmmadil isandﬁtapaﬂ in the
sane treatnen%:chanb r i a co éh?ljlcon tar Fi r st sp ttering

gas cont ai n?H %%@&uqt%?%yg H’l‘g‘oﬂalpp-‘éﬁ o>!l‘ ts ?’HWF’“‘T‘ %r med

using a si |¢Jﬁdﬁ’behﬁdbﬂ&lctd?|l%€£ﬂ fdlrﬂﬁudﬁng b il GRZhPhise hRxPexide thigettiita t hen the
sputtering gas is swtch to a sputtering gas containing nitrogen and a

silicon ni tyPPHengmehodi s formed using the same silicon target. Since the
silicon oxi Jiayer and the silicon nitride |layer can be forned in
succession W thout exposure to air, an inpurity such as hydrogen or :
moi sture can be (e tisctaseit it proferabls that thu%éwmlmdw@dmabefmed whilesi | i con

oxi de | ayer t |de 20
insulating g@@gég%%dgﬁgﬁ?ﬁe Sl fcgﬁmﬁé?rﬁﬁﬂl ayer as tﬁe pro c Ive

i nsul at1thg hydyasyl, 38 gnaisteresis aodvented liroat b@mealtqlitnhd i ghe exide sgmicenducter of 100 C
to 400 O fr..diffusing hydrogen or noisture included in the oxide

sem conduct ot 1ayer into the oxide insulating | ayer may be perforned.

[ 0387] 25Af[04031t he formation of the protective insulating | ayer, heat

treatment may be,further perfor at. 100 nelusive in air for 1
hour to 30 hour st RS RO lgeageamw ?’r?ehr?f’%mmc gt 5h PP SRS 3? a fixed
heati ng tenqaemnmi pusmp Alﬁreﬁeﬂblyl wsely, For example, a cryopump, an ion pump, or a

15 titanium sublimation pump is preferably used. The evacuation unit may be a turbo
pump provided with a cold trap. In the treatment chamber which is evacuated with use
of the cryopump, a compound containing a hydrogen atom such as water (H>0), and the
like are removed, whereby the impurity concentration in the oxide semiconductor layer
formed in the treatment chamber can be reduced.

20 [0404}

A sputtering gas used for the deposition of the oxide semiconductor layer is
preferably a high-purity gas in which the concentration of an impurity such as hydrogen,
water, hydroxyl, or hydiide is reduced to approximately scvctal parts per million (ppm)
or approximately several parts per billion (ppb).

25 [0405])

Next, dehydration or dehydrogenation of the oxide semiconductor layers is
performed. The temperature of first heat treatment for dehydration or dehydrogenation
is higher than or equal to 400 °C and lower than or equal to 750 °C, preferably higher
than or equal to 400 °C and lower than the strain point of the substrate. Here, the

30 substrate is introduced into an electric furnace which is one of heat treatment

apparatuses, heat treatment is performed with respect to the oxide semiconductor layer



the follow ng change in the heating tenperature may be conducted plural
times repeatedly: the heating tenperature is increased fromroom
tenperature to a tenperature 30 of 100 Cto 200 C inclusive and then
decreased to roomtenperature. Further, this heat treatnment nay be
performed under reduced pressure beforegf ormation of the oxide 86

insul ating layer. Under the reduced pressure, the heat treatnent tine can
be shortened. Wth this heat treatnent, a normally-off thin filmtransistor
can be obtai ned. Therefore, reliability of the sem conductor device can be

i mpr oved. [0388 Wien re |du sture in the reaction atnosphere is
renoved at the %‘mﬁ%enapm c?? ﬁﬁ@%ﬁ%f’ﬂ% bR apd fhers dbg eoedespmiemndpetger | i n
whi ch a chariagr i QtofBixhesed 1@ Gii0 8o ithatt Ehtdyof Wafé?%d%l’-ogwq @20t JGqul ating
| ayer, the concen ratl on of hydrogen or "hydride in th oxi de seni conduct or

| ayer can beTal ‘P@&ggifcvfﬂtFﬁeth&%@v@Xﬂeeﬁsgﬂf@a@% lagse 332 dsobtaimadf act ur e
of aliquid (ggeﬂgadzA(jl splay panel, an el ectrolum nescence display panel,

and a backpl ane (a substrate over which a thin filmtransistor is forrred)

of a di S|§I aﬂ Wi ce usi ng el ectronic ink. The above steps are perforned at
400 C or |lower; t e I

manuf act uri ng projggétséllggnn% tréa@mn@%og[}(eg%g&és%p lr?ray%ag%ﬁggi%nhqg ﬁzhfrﬁﬁe?§ of 1 nm
or smal | er 15s glagmntcdtmenteadsorbied witer andghd himchcﬂanaﬂexpnsdd&.um@f thel | the

above steps ( t hus anpunt of
energy is nc?tﬁﬁﬁesg‘ﬁe ug@f%g a? A}]gor%g: Cigasg_ ;%ﬁaggﬁ"b%glbepf%%‘&ﬁf“ﬂ%a
above- descrlnbwgahpﬁoxfy'genmﬂramlasmn. is applied to the transistor included
in 20 th ?@199 circuits described in Enbodinents 1 to 6, whereby | eakage
of el ectrl C 1ges t hrough the transistor can be suppressed. As a result,

reduction in consNerchnpaideinsGRting MRy id formed o@idlesgémﬁgﬁai]ngmayghmﬂﬁunctl on
of the logig cir Ult C Note that the contents

b
of this emboti MEN P ?)ei”“%glfi?‘g?rﬁg?yébff:%an 83%6%1 ﬁ’éfdPQ@"ff"rﬂé@l Wi & thirdt he

cont enth s of ]?hﬂthl&hogﬁﬁh@(ihtéﬁ?rﬁ fosBY nik tis OANA0 fan®thd BRide ObuRRling Ahydr@MMP! € or
part thereo

selectively etched to form an oxide insulating layer 366. Then, the resist mask is
. 1§ removed.
(0408] -

In this embodiment, as the oxide insulating layer 366, a 200-nm-thick silicon
oxide layer is deposited by a sputtering method. The substrate temperature in
deposition may be higher than or equal to room temperature and lower than or equal to

20 300 °C and in this embodiment, is 100 °C. The silicon oxide layer can be formed by a
sputtering method in an atmosphere of a rare gas (typically, argon), an oxygen
atmosphere, or a mixed atmosphere containing a rare gas (typically, argon) and oxygen.
As a target, a silicon oxide target or a silicon target may be used. For éxample, the
silicon oxide layer can be formed by a sputtering method using a silicon target in an

25  atmosphere of oxygen and nitrogen.

(0409]

In this case, it is preferable that the oxide insulating layer 366 be formed while
removing residual moisture in the treatment chamber. This is because hydrogen,
hydroxyl, or moisture is prevented from being included in the oxide semiconductor

30 layer 332 and the oxide insulating layer 366,
[0410]



[ 0392] (Enbodi nent 10) In this enbodi nent, an exanple of a transistor

I ncluded in any of the logic 30 circuits described in Enbodinents 1 to 6
wi |l be described. Specifically, an exanple of a thin filmtransistor in
whi ch a channel formation region is fornmed using an oxide 87 sem conductor
wi || be described. [0393] An enbgﬂinent of a thin filmtransistor of
this enbodi nent and a manufacturing nethod thereof will be described with
reference to FIGS. 22A to 22D. 5 [0394] FIGS. 22A to 22D illustrate.
an exanple of a cross sectional structure of a thin filmtransistor: A thin
filmtransistor % | lustrated.i Eﬂ FI.G 22D is a kind of bottom gate
structure cal | ed 1% OWRLITEMOYS; tspidealimaistyrg dn, the teatmadt chambise, ap sEYARIEEt | s al so

called an im&imgﬁ@t ROgiefeflly bécd. | ForMetatnpls iaSt9bpundy) dn0RASpump, or 2 The thin
filmtransistaor I s.described using a S|ngle-gate thin f|In1tranS|stor
however, a tHatiem.syblimation; pysn 1spreferably; used Theqvachation anibmay hei 3 {urest channel

formation rﬁﬂﬁﬂﬁwﬁ&f‘wﬂ?a £Qd RS "ﬁ?% R8RSR HchalBaPhich R IEes&hia it E use &

process of manufacturing the thin filmtransistor 360 over a substrate 320
with refler etfde ¢rpopumpsa cmm@maynng @bgdrpgen atom such as water (H>0), and the

like arc removed, whereby the impurity concentration in the oxide insulating layer 366
formed in the treatment chamber can be reduced.
[0411]
A sputtering gas used for the deposition of the oxide insulating layer 366 is
10  preferably a high-purity gas in which the concentration of an impurity such as hydrogen,
water, hydroxyl, or hydride is reduced to approximately several parts per million (ppm)
or approximately several parts. per billion (ppb).
[0412]
Next, second heat treatment may be performed in an inert gas atmosphere or an
15 oxygen gas atmosphere (preferably at a temperature higher than or equal to 200 °C and
lower than or equal to 400 °C, for example a temperature higher than or equal to 250 °C
and lower than or equal to 350 °C). For example, the second heat treatment is
performed in a nitrogen atmosphere at 250 °C for one hour. When the second heat
treatment is performed, heat is applied under such a condition that part of the oxide
20  semiconductor layer (2 channel formation region) is in contact with the oxide insulating
layer 366. '
[0413]
In this embodiment, the oxide semiconductor layer 332 which is provided with
the oxide insulating layer 336 and is partly exposed is further subjected to heat
25  treatment in a nitrogen atmosphere or an inert gas atmosphere or under reduced pressure.
By the heat treatment in a nitrogen atmosphere or an inert gas atmosphere or under
reduced pressure, the exposed region of the oxide semiconductor layer 332, which is not
covered with the oxide insulating layer 336 is in an oxygen-deficient state and has
reduced resistance. That is, an n-type oxide semiconductor layer is provided. For
30 example, heat treatment is performed at 250 °C in a nitrogen atmosphere for one hour.

[0414]




First, a conductive |layer is fornmed over the substrate 320 havi ng an

I nsul ating surface, and then, by perfornmance of a first photolithography
step, a gate electrode layer 20 361 is formed. Note that a resist mask may
be formed by an inkjet nethod. Formation of the resist mask by an inkjet

met hod needs no phot omask; thus, nanufgﬁ;uring cost can be reduced. [0398]
The gate el ectrode | ayer 361 can be fo d to have a single-layer or 25
stacked-| ayer structure using a netal material such as nol ybdenum

titanium chromum tantalum tungsten, alum num copper, neodym um and
scandium or an alloy material which contains any of these materials as its
mai n conponent . [W¥itloYe heahdreatrpeny forcthe axide semigepdugtpe layer382) rovidedvwith over t he

gate el ect rg@%xtc@}iﬁ‘{uiaﬁ %laygp:’ptfé)ﬂqph %% Jugé%l:re hc remsll\ﬁ?é of &u@fgﬁés & have a

sem conductor |ayer is Tornmed over t gate’l nsu at| ayer
t hi ckness ofegion@hihe onide semizowluptor lapet 332 isgedised s éﬂlus,rmlmxah semicamhhcmh aped

O bogi mom CTafh8) cnldSleaitits Bk ARRAG: RIShRLE TAAMAR LAY, Sl repiln b3S

enbodi nment condu ayer or e -Zn-0
based nef al Wbmmgonﬂng’éﬁzaﬁ)afeqmﬁlt ering net hod. [ 0402] In this case,
it is pref e@ggge that the oxide sem conductor |ayer be fornmed while
renoving re J moi sture in a treatment chanmber. This is because
hydr ogen, 10 hydanxyhpomiuctﬁm:l lsﬁeuﬁsﬁforrﬁedm’veﬂfha'fgﬂd ifsuRIM®RYEB3LNEE bgded i n the
oxi de sem conduc % ﬁ’b‘g] Ln or.der to renove_ residual

“38 the

noi sture i N the™ 't‘é‘?it APriden frsulating (axFE cifém pMivE 1hat bt er abl y
used. For epeafdphance DfCd f@mﬂfphotdﬂhéﬁi])hylﬁi@, ®restt mask is formed, and the

10 conductive layer is selectively etched to form a source electrode layer 365a and a drain
electrode layer 365b. Then, the resist mask is removed (see FIG. 22C).
[0416]
As a material of the source electrode layer 365a and the drain electrode layer
365b, an element selected from Al, Cr, Cu, Ta, Ti, Mo, and W; an alloy containing any
15  of these eleménts as a componeni; an alloy layer containing any of these elements in
combination; and the like can be given. The metal conductive layer may have a
single-layer structure or a stacked-layer structure of two or more layers.
[0417] _
Through the above steps, when the oxide semiconductor layer is subjected to -
20  heat treatment for dehydration or dehydrogenation after film formation, resistance of the
oxide semiconductor layer is reduced, that is, the oxide semiconductor layer becomes of
an n-type. After that, an oxide insulating layer is formed in contact with the oxide
semiconductor layer, whereby part of the oxide semiconductor layer is to be in an
oxygen-excess state selectively. = As a result, a channel formation region 363 which
25  overlaps with the gate electrode layer 361 becomes an i-type region. At that time, a
high-resistance region 364a which has higher carrier density than at least the channel
formation region 363 and overlaps with the source electrode layer 365a, and a
high-resistance region 364b which has higher carrier density than at least the channel
formation region 363 and overlaps with the drain electrode layer 365b are formed in a
30  self-alignment manner. Through the above-described steps, the thin film transistor 360
is completed.
[0418]




15 titanium sublimation punp is preferably used. The evacuation unit may be
a turbo punp provided with a cold trap. In the treatnent chanber which is
evacuated with use of the cryopunp, a conpound containing a hydrogen atom
such as water (H20), and the |like are renoved, whereby the inpurity
concentration in the oxide sem conductgr |layer fornmed in the treatnent
chanber can be reduced. 20 [0404] 92 A sputtering gas used for the
deposition of the oxide sem conductor |ayer is preferably a high-purity gas
in which the concentration of an inpurity such as hydrogen, water,

hydroxyl, or hydride is reduced to approxi mately several parts per mllion
(ppn) or approxi riutthéryheae uest@kntpadyt & prefortiid dtifom (@PYJ to 2W [Oikclkivilext ,

dehydrati on_or. dehydr ogenat.i on .of _t xi d em conduct or |.ayers i

per o med.  IRAOPEIRGAPRE G PRy el TR crpediitii bos HrettemyaPSITBA o
dehydr ogenajt o0 *6 fdt @ Béurd. N AMiOheat We@inehOmdP Be GeABAnddONST fikhPRealihg €quUal to
750 C, preferably higher than or equal to 400 C and | ower than the strain

poi nt of t hsmpeiatng. oAdternaiyely, the, followying ghangeainethp Sesting temprraiyre; maypbean
electricgfu ' ' ] t r : r eat ment
I's perf oSr mmﬁcﬁﬁwggﬁéﬁw?gﬁ?@%%&%@%tﬁ ?th}t%gg i?%r'éaés?& fglg??é\m%_

ni trogen at wmppiatretost tempdatref af 100 AE td 20 C moldsivéem] themhdecoeateaddo room

senm conduct gor | ayer is_ not exposed to air so that entry of ter and

v ogen | rEBPPAE iR R BRE RetPn g, PO plehined M Bonci pReuf 0. e
seni conduct fork dy@iatidB 3f te dxdidedinfuddlingdeer. FITnd2?2 Ak. reduckd pfedure, the heat Next ,
plasma treatnent is performed u |nﬂ(%ﬁ%g}ls such as Nﬁ)g, N2, .oy Al B% this
pl asma t r eaf FERTNL UESEPRES - angn oeh peat dreabment hydrogen é?anQ‘Lﬂ{?% d
surfacel®@f &6 tRxodfe SpiTtahandoCh@T tb Betixid RslATRVEF:; b 3MRnhABAENt MAy
be perforrreﬁﬂalgéi ng a m xed gas  of, oxygen and argon as well. 10 [0407]

Next, an oxiHehiim Zansisior fan hepbtaineds piats, Brliapility ff the-semiconduptorideyise | ayer
322 and t heca@¥l @Bprd¢al conduct or | ayer 332. After that, by performance of a
third photolithography step, a resist mask is fornmed, and the oxide

i nsul ating 043 i s selectively etched to form an oxide insulating |ayer

366. Then, the r @gheSthal®§Krohatibn SEH0igh-resistance drain region 364b (and the

15  high-resistance source region 364a) in the part of the oxide semiconductor layer

overlapping with the drain electrode layer 365b (and the source electrode layer 365a),
reliability of the thin film transistor can be improved. Specifically, formation of the
high-resistance drain region 364b enables such a structure that conductivity gradually
varies from the drain electrode layer to the channel formation region 363 via the high
20 - resistance drain region 364b. Thus, in the case where operation is performed with the
drain electrode layer 365b connected to a wiring for supplying a high power supply
potential VDD, the high-resistance drain region serves as a buffer, and thus local
concentration of an electric field hardly occurs even if the high electric field is applied
between the gate eléctrode layer 361 and the drain electrode layer 365b, which leads to
.25  an increase in the dielectric withstand voltage of the transistor.
[0420]

A protective insulating layer 323 is formed over the source electrode layer 365a,
the drain electrode layer 365b, and the oxide insulating layer 366. In this embodiment,
the protective insulating layer 323 is formed using a silicon nitride layer (see FIG. 22D).

30 [0421]

Alternatively, an oxide insulating layer may be formed over the source



[ 0408] In this enbodi nent, as the oxide insulating |ayer 366, a
200-nn-thick silicon oxide layer is deposited by a sputtering nethod. The
substrate tenperature in deposition may be higher than or equal to room
tenperature and | ower than or equal to 20 300 C and in this enbodinent, is
100 C. The silicon oxide |layer can be fornmed by a sputtering nethod in an
at nosphere of a rare gas (typically, a?@on) oxygen at nosp. here, or a m xed
at nosphere containing a rare gas (typically, argon) and oxygen. As a
target, a silicon oxide target or a silicon target may be used. For

exanple, the silicon oxide |ayer can be forned by a sputtering nethod using
a silicon t eegeatdelayerd6525ha tirosgéntrode bifyera3oib.cand diredoxidet insgeing 1404 568,

In this case, kit | referabl e th t he, oxi de insul ati | ayer 6 be
Formed it g plafech Sl Tadd 322 g of e RREL Hlet AR e ThpBia s | ¢
because hydlaggen, hydroxyl, or noisture is prevented from being included in
t he oxi de Sﬁﬂh&fndUCtor 30 layer 332 and the oxide insulating | ayer 366.

[ 0410] .90 In order to renove residual noisture in the treatnent
chamber,5an ent r AMIBBsveuRScHbEY HibiHIch Sraiistdras adplivd WS@e traltorSi@iddes 2
cryopunp, an ion punp, .or a titaniumsublinmation punp is_preferably used.

The evacuat hgloginticuiingeseabed ip Embadigicats 19p SvivBaePX deakiies ok dedris ¢hafges | n t he
treat ment CHadliRR the'dnSibtol SanDAGPREREd WM Adla HE&lt, Fedibtid B stnMBPP&WRer ald COMPOUNd

contai ning a hydrogen atom such ‘as water (IlZg%i and the like are renoved,
wher eby t hesuppisssion of mabfyaction of thedogic pirquifcaple arbievetbul ati ng | ayer 366 formed
inthe trea t chanber can be reduced. [0411] A sputtering gas used for

the depositlon of the oxide insulating |ayer 366 is 10 preferably a

hi gh- pul®@ty gas iNetehat thet doatepisrafcthisremtiodiment oppart thezeof topn da chmbisedy dr ogen,
wat er, hydr - | | ! j ts per
11 on { ppot e bAAER5e b G Rl br bl WBHOFBf i LoRHTE Bharidh’ o
Next, seconor pagdhertafeat nent may be perfornmed in an inert gas atnosphere or
an 15 oxyge %ﬁs at nosphere (preferably at a tenperature higher than or
equal to 20 and | ower than or equal to 400 C, for exanple a tenperature
hi gher t han(BExtbodimeat 1)0 250 C and | ower than or equal to 350 C). For

CESTE! ey e S Y b hobigA Tl b Pl e SO B R
appl i ed undpgicseifdiitadeseiv@i tinOdhyt B thep aidve OdmBodimedtd @all be described with
reference to FIGS. 23A to 23F. Note that the logic circuit relating to the above
embodiments are integrated with an external circuit for operation of the logic circuit and
the like and mounted on a circuit board; the logic circuit is included in semiconductor
20  devices. '
[0425]
FIG. 23A illustrates a laptop computer including any. of the above logic circuit,
which includes a main body 2201, a housing 2202, a display, portion 2203, a keyboard
2204, and the like.
25 [0426]
FIG. 23B illustrates a portable information terminal device (PDA) including
any of the above logic circuit, which includes a main body 2211 provided with a display
portion 2213, an external interface 2215, an operation button 2214, and the like. A
stylus 2212 for operation is included as an accessory. | '
30 [0427]
FIG. 23C illustrates an e-book reader 2220 as an example of an electronic paper

including any of the above logic circuit. The e-book reader 2220 includes two



20 sem conductor |ayer (a channel formation region) is in contact wth the
oxide insulating |ayer 366. [0413] In this enbodi nent, the oxide

sem conductor |ayer 332 which is provided with the oxide insulating |ayer
336 and is partly exposed is further subjected to heat 25 treatnent in a
nitrogen atnosphere or an inert gas atnosphere or under reduced pressure.
By the heat treatnment in a nitrogen atffosphere or an inert gas atnosphere
or under reduced pressure, the exposed region of the oxi de sem conduct or

| ayer 332, which is not covered with the oxide insulating layer 336 is in
an oxygen-deficient state and has reduced resistance. That is, an n-type
oxi de semi clansiagd, @ hobsinged221 andod hovising 22230 Th3 GowsimpsR2], ande2203 hredatunEnt | s
performed at_250.C.in_a nitrogen sphere for. on our, [ 4 91
VLt e hesith B HERY s Eiapald. Bavs Dhish s Gotiaireder 2430 Gt ded wi t
the oxide igjehéddnditBséRY QVithxth  Rnitnié, thO@Bobkataeszi8cen bé hid aepdpst ance of
t he exposed region of the oxide sem conductor |ayer 332 is reduced. Thus,
an oxi de séifi®%&Hnduct or | ayer 362 including regions with different
resistaqpeseﬁquicated as a shaded region and 5 white regions in FIG 22B)
is formed. &04 5] Next, a conductive |ayer is fornmed over the gate
i'nsul ating | ayer A3display pertign 2825 it ifcerprtated: i the housingz 3221, And| at ¢isplaiki de

i nsul ati ng : _ r ey Ci !ﬁhﬁﬁﬁH

photolitho rog% yz%?g%?ég&?fgtseﬁgﬁq%ﬁmiiﬁg ifzgi:"rred, q‘éﬁ’da t'he 10§%gnagﬂcﬂﬁ ve | ayer
i s sel ecti vdispjayepartienl 2227 fnay rdisplaycenecimage ax tdiffietent| impges. 386 theastricturedr ai n

el ectrode | 6 T i i V. (see 0.

[0a16] - HGRE g by 46 hns il S Ghon TGes efon BB e, BERLIRR 6T 4
el ectr olli)le Ir@neditsﬂpﬁpq:ﬁmn(tbd ?gén}tpmm%dn Fioa3q) qan@ispla@kxtimz t.h&’ile,ft Nlbl and
gyer cont SiHgouRy Br SPHlazoBrusef il X HETER AR F3R The 1 (ke can’ be
gi ven. The [0#29| conductive |ayer may have a single-layer structure or a
stacked-| ayer strguctur.e_ or, nore ers. .[,L0A17] Through the above
steps, when the gk@ﬁ’é %Jﬂf‘c%?ﬁgb‘&'bﬁ"w&ﬂ?yfssp"% Fhowit gn pper %’“n%"é?m’t r eat ment
for dehydr afnii @i like. dRbYWstiapIeBE haRing2DRT isfprdvidddavitied pawer sipply 323ade of the
ayer DcomPEralim Gy oy prease) SoP. aibibe b OVt Ehe SIS KAy 8 < 1 o ed
in contact whtyd fubRdOXNEE (BRN keybdba! A pdiMind! devitbEbe e MRy maffaldohge oxi de
sem conductor |l ayer is to be in an oxygen-excess state selectively. As a
resul t, a dme¥ides o dhenurfags of dhyi bopsinga optyhieh the display portion is provided.

Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a

terminal that can be connected to various cables such as an AC adapter and a USB cable,
20  or the like), a recording medium insertion portion, and the like may be provided on the
back surface or the side surface of the housing. Further, the e-book reader 2220 may
have a function of ar electronic dictionary.
[0430]
The e-book reader 2220 may be configured to transmit and receive data
25  wirelessly. Through wireless communication, desired book data or the like can be
purchased and downloaded from an electronic book server.
[0431]
Note that electronic 'paper can be used for electronic appliances in all fields as
long as they display data. For example, electronic paper can be used for, instead of
30 electronic book (an e-book. reader), posters, advertisement in vehicles such as trains,
display in a variety of cards such as credit cards, and so on.
[0432]




25 overlaps with the gate el ectrode |ayer 361 becones an i-type region. At
that time, a high-resistance region 364a which has higher carrier density
than at | east the channel formation region 363 and overlaps with the source
el ectrode | ayer 365a, and a hi gh-resi stance regi on 364b whi ch has hi gher
carrier density than at |east the channgt formation region 363 and overl aps
with the drain electrode |ayer 365b are fornmed in a 30 self-alignnent
manner. Through the above-described steps, the thin filmtransistor 360 is
conpleted. [0418] 92 Further, heat treatnment nmay be performed at

from 100 C to 200 ggi ¢ Hﬁ'gtya?esfaoﬁpﬁiﬁeﬁéﬁgggﬁmtf@@r{gérﬁo Ot&%\g%grlgc% r. Inthis

enbodi ment, heat treatnent 1s pertor Pt heat
treatment nayhisk igshidesiweehpusingss a hiowsie 2280tand g oGNS BII LT The Mhsfb24] Vel v,

the foll ow ng CRANGE;l eat | tenperatyre may be 5 conducted plural
ti mes repeat gdj‘l} y: tﬁ‘glhﬂaegljtaﬁ??gp F&L%%Fa? gF‘:@[‘ rs’ﬂf*sl’c"’r wiczophong 2244; a painting

t enper at ur e deyica 22461pecaaterr EnoL2470)6n Extt@aLARNE N GriiSiay 928 ‘1%1& 'ﬂﬁerlgélecr eased
t hi eat nent may be performed under

to room tenpgyl - ther . heat t )
r educed pﬁ‘rsessfraﬁeo“%lgg%rdy'fgfmqefidﬂa’o‘?s‘ﬁ?{ée LeHecharging af the gnabily phonemder t he
reduced presstane] nichrhelef 22500 aidT@8like] Mn GAenReHs SAAFEREL in W) uch heat
treat nent, %qi ogen is introduced 10 from't hen oxisde seomﬂgtglr?dt\éé?lglrlss"fgdyer to
the oxide insulfating layer; thus, a normally-off thin filmtransistor can
be obtai ned.[o438¢refore, reliability of the sem conductor device can be
i nproved. [0419] NOtﬁi t hat bi; formati on of the high-resistance drain region
364b (and the 15 EPgfisplasparehad hes artewchy pageldnngiona) Aiphuralite op apératidn t he
oxi de seli CkagIZI43r whigh/ & dRMEYedaRPinfAdesMst; sl gelrode | ayer 365b
(and the soyrce el ectrode I%lgfe_r 365a ?Swsrlie]#lt%gefjlcqy?{i/a%gﬁ‘d E‘Pﬁﬁ ‘P(kjﬁeiﬁ‘ aﬁm
transi stor o Bt thepelyle phompiagiufescmbooster ciscuitifor dmcrabing hevdliagh okps St ance
drai n regi ofroafhb s@srln 854954 G t e that conductivity gradually
varies fromthe drain el ectrode ﬁg&%‘g&ﬁ%‘% ﬁhe?urfﬁ’ﬁf’ﬁ'ﬁ‘fd&f?nrt%&eon 363
via the hi gRbog stweir; argoatagiless ACrchip, anstiBl membhyudevide] of e GRS tayphiRr e
operation i gnBbfsgmed with the drain electrode | ayer 365b connected to a
wiring for supplying a high power supply potential VDD, the high-resistance
drai n ré§i ol0438} ves as a buffer, and thus local concentration of an
electric field h I curs,even.if the high electric field is applied
bet ween the gat ea];lﬁqe%fstp?agdénﬁ“ o ot ghe ‘él‘ﬂgaX Hg?ehﬁa‘f%c@ﬂé‘?ﬁtmmmm%%,
which | eadsatcordafsanwitinthe eappiscation ind@e. diFRkB& e Catela\Shs2d the
transi stor. th{:0420 [ %Qin;o@@gcri (r(}éd over
e

. A pr tectiveinsuiatlnglayer 3
the source éf’:’f’?tl}'ifgac? a5 the ‘gsé’g“é',paflﬂezzd%aﬂnﬁ thyscit capbroused pe r v@BSIphomnd t he

oxi de i nsul Thd speakeAYPI3 286 the thidrophér 220D BEREJ £ § Ve .l asul ating
| ayer 3 IS f?rr:red us& ng a si Iolbcor] nitride Iayé’trr ?scgrglgﬁgﬂf’zrgﬂqm§o [ 0421]
and playing sound, efc. as well as voice calls. Moreover, the housings 2240 and 2241

in a state where they are developed as illustrated in FIG. 23D can be slid so0 that one is

lapped over the other; therefore, the size of the portable information terminal can be |
reduced, which makes the portable information terminal suitable for being carried.
[0435]

25 The external connection terminal 2248 can be connected to an AC adapter or a
variety of cables such as a USB cable, which enables charging of the mobile phone and
data communication between the mobile phone or the like. Moreover, a larger amount
of data can be saved and moved by inserting a recording medium to the external
memory slot 2250. Further, in addition to the above functions, an infrared

30 communication function, a television reception function, or the like may be provided.

[0436]

FIG. 23E illustrates a digital camera including any of the above logic circuit,



93 el ectrode | ayer 365; the drain electrode |ayer 365b, and the oxide

I nsul ating | ayer 366, and the protective insulating |ayer 323 may be
further stacked over the oxide insulating |layer. [0422] 5The
above-described thin filmtransistor is applied to the transistor included
in the logic circuits described in Enbgdi mnents 1 to 6, whereby | eakage of
el ectric charges through the transistor can be suppressed. As a result,
reduction in standby power and suppression of nmalfunction of the |ogic
circuit can be achieved. [0423] 10Note that the contents of this enbodi nent
or part ther be combined freely with the contents of other

enbodi ment s"“'girc")’iil b@ﬁ?‘lr&ei A &pazp, Pody; g% o2 diplag portion @A) 2267-cngrvepiase 2368 of .
[ 0424] ( Enbgstrdiin bwilcdh)2265) atidpliypoRIHAQRY PRI a bR/ PI6ESand khelfigl CONduct or

devi ces each including the logic circuit described in any of the above
enbodi ment sl%#Tll be described wifh reference to FIGS. 23A to 23F. Note that

the logic circui. ' ‘@ﬁﬂy B9 4l TR Lot with an
external circui t@%%?%{glgg{a}tégnggb%t e Fe(t)gl c Sfllrcwgtsmg{lgf k%eﬁﬁ?igoeggcnd .
nmount ed on @regity which iﬂ&ﬁdﬁ-’d? display Ipogtion 2378 dugorparated inch haesihg 2273 enThonduct or
20 devi ces. g . . I tr S 0 nput er, i,ncl udi ng any
of the abov%lgqqa (]:m%ﬁ %%:ﬁi%cé\}\ﬁﬁghﬂa%%l ugélg’ g%n‘??‘%‘}‘%gégpﬁdﬂ?°‘§dﬁ’3&i ng
2202, a di syandy2@brti on 2203, a keyboard 2204, and the like. 25 [0426]

FI G 23B ilugiﬁgates a portable information term nal device (PDA) including
any of the boJe l ogic circuit, which includes a main body 2211 provi ded
with a display p@h¢ ietevisRiilsa; 2290 cex bebpahted By aii bptiod 2dch aNthe BGHsiid ON

ggzteggolr?()zylzbﬂ?%g atskclgarAtL lf’eerf'lote,Accs)ltlt.}/ollllé!rs Z%}Zcfhgrgne?spa%rda\}oﬁu%]e <I:a?i li)engoln%glel:ed as an
with an operation key 2279 of the remote controller 2280 so that an image displayed on
_ the display portion 2273 can be controlled. Morcover, the remote controller 2280 may
have a display portion 2227 in which the information outgoing from the remote
controller 2280 is displayed.
15 [0439]

Note that the television set 2270 is preferably provided with a receiver, a
modem, and the like. With the receiver, a general television broadcast can be received.
Furthermore, when the television set 2270 is connected to a communication network by
wired or wireless connection via the modem, one-way (from a transmitter to a receiver)

20  or two-way (between a transmitter and a receiver, between receivers, or the like) data
communication can be performed. |
[Example 1]
[0440]
In this example, measured valﬁes of off current using a test element group (also
25  referred to as 2a TEG) will be described below.
[0441]

FIG. 24 shows initial characteristics of a thin film transistor virtually with L/W
=3 um/10000 pm in which 200 thin film transistors each with L/W = 3 pm/50 pm are
connected in parallel. A top view is shown in FIG. 25A and a partially enlarged top

30  view thereof is show in FIG. 25B. The region enclosed by a dotted line in FIG. 25B is

a thin film transistor of one stage with L/W = 3 pm/50 wm and Lov = 1.5 pm. In order




30 [0427] 94 housings, a housing 2221 and a housing 2223. The housi ngs
2221 and 2223 are bound with each other by an axis portion 2237, al ong

whi ch the e-book reader 2220 can be opened and cl osed. Wth such a
structure, the e-book reader 2220 can be used as paper books. 5 [0428]

A display portion 2225 is incorporated,in the housing 2221, and a display
portion 2227 is incorporated in the hoating 2223. The di splay portion 2225
and the display portion 2227 may di splay one image or different images. In
the structure where the display portions display different imges from each
other, for exanple, the 10 right display portion (the display portion 2225
in FIG 23Cio meajusginifial pharaeteristionof thethin il tranisisioirss theshangingchatabigristics pl ay

portion 2224 gp cEﬁthZ E&\s;éencs%ﬂrcghlz&éhl\%%t mER@GHer 4P as a drain chiddnt Bﬁ’% in FIG

23C, the housing 22 I'S provi an operatiron portion and li ke.
For exanpl eweretteeasured iunderRe coniditiops ohextabie swbstiate tapupeeature wyaplsst t22&im an 15

operation k 3 nd.the hike .Wth the eratj.on key
2223, pages%%:ﬁgﬁl%g%’tt%r‘?log@gﬁ%wg%tsﬁg cggn ‘ei%no hrg{ ,mage[pgitaﬁ st %8\%5@9 or the
| i ke may5 al was ssetoptloViadd theowlthgechesuschaomcofind gt (howehiafier, a giite whlitaph of he -

di spl ay pori,ion i rovided., . .Furth re, an external. connection term nal
(an ear phongg)t g?srﬁsl}‘?gg‘fd éor{‘JS%Ot‘yef(’m*fé\{&? ﬁ‘ ?tg?frff’?fﬂ?’ Yﬁiiﬁ chf‘éﬁ?‘%‘é"‘i?’d?ﬁﬁ‘éct ed to
vari ous cabhesuRdC NS il FRE22 6Ny iRk @ndd W roaLl B v &y, the like), a
recording mediuminsertion portion, and the |ike may be provided on the

back surfacl4®l the side surface of the housing. Further, the e-book reader

2220 may have a f i - i LGl . The
e- book reader 22%04’ %Bt/v{,? ']%ng](ggé% ?gﬁ%%ﬁ%q{aﬁgﬁé%ﬂ%mﬁé c&%é}'gﬂ}"edt%g{ gf 25
wi r el estl y. 10080 gopwd W d afl e¥ or 30 iVrhas ias afficomentdé dix T jApbr Waen whichtihie | i ke

b hased and | caded f | ect roni k er.. [0431
Rote thar QPR gt s $0Rtinh (ABLAT b b ianfarcs B raicuaaton 2l |
fields as |mngnas andlpacr, Agslphtati S6@manufkairee k9 ARl Tedhaslbgieding, paper can be

used for, nL[ﬁ?‘&:ﬁad of 30 el ectronic book (an e-book reader), posters,
adverti se n vehicles such as trains, display in a variety of cards

such as credit caldéhodfd nfRuRturin®thd flin film transistor used for the measurement
15  isdescribed.
[0444]
First, a silicon nitride layer was formed as a base film over a glass substrate by
a CVD method, and a silicon oxynitride layer was formed over the silicon nitride layer.
A tungsten layer was formed as a gate electrode layer over the silicon oxynitride layer
20 by a sputtering method. Here, the gate electrode layer was formed by selectively
etching the tungsten layer.
[0445]
Then, a silicon oxynitride layer having a thickness of 100 nm was formed as a
gate insulating layer over the gate electrode layer by a CVD method.
25 [0446) |
Then, an oxide semicbnductor layer having a thickness of 50 nm was formed
over the gate insulating layer by a sputtering method using an In-Ga-Zn-O-based oxide
semiconductor target (at a molar ratio of Iny03:Ga;03:ZnO = 1:1:2). Here, an
istand-shaped oxide semiconductor layer was formed by selectively etching the oxide -
30 semiconductor layer.
[0447]



95 FIG 23D illustrates a nobile phone including any of the above

l ogic circuit, which includes two housings: a housing 2240 and a housi ng
2241. The housing 2241 is provided with a display panel 2242, a speaker
2243, a m crophone 2244, a pointing device 2246, a canera |ens 2247, an
external connection term nal 2248, and,the |like. 5 The housing 2240 is
provided with a solar cell 2249 chargi% of the nobile phone, an external
menory sl ot 2250, and the like. An antenna is incorporated in the housing
2241. [0433] The di splay panel 2242 has a touch panel function
A plurality of operation 10 keys 2245 which is displayed as inmages is

il lustrated by dddpedirstihsatdreptment wasypprormesian the,exide seamieapgngter Iavesinea i ncl udes

a booster Cﬁi[rﬁ nz?"é hér@ﬁ{aeﬂ%ﬂygeﬁt\ﬁgbbé%o%hmy fromthe solar cell 2249
e

to a voltage nee or each circuit. Further, 1n addition to the above
structure, HM448Intactless IC chip, a small nenory device, or the |like may be

ncorporated, L \LOE o b rte S SHSBL g o b e Bl 227
the canme§ a ¢dleondd? Pdr medl prdeain diciraie 1kye ovanthe utideamicdadidie 1y Wyay panel
2242, and thus it C%@gPe s?ﬂﬁas a vide hone.. The speaker 6243 and the
ni cr ophone P¥YSMEdRF u@gff SOUEHEET ﬁg"yﬁ’aﬂdsﬂ,‘e FREE ¥y W pl ayi ng
sound, et C. foRficd'\§Y sclfivey SRR, 6o that L/ SE1600b 1n BOWE itiE TilmdtAsidBe 2241 in
a state where they, are developed as illustrated in FIG 23D can be slid so
t hat one | swas virtually achieved by connecting 200 thin film transistors, in parallel, each of which
has a channel length L of 3 um and a channel width W of 50 pm.
10 [0449]
Next, a silicon oxide layer having a thickness of 300 nm was formed as a
protective insulating layer by a sputtering method so as to be in contact with the oxide
semiconductor layer. The silicon oxide layef serving as a protective layer was etched
selectively, whereby openings were formed over the gate electrode layer'and the source
15 and drain electrode layers. After that, second heat treatment was performed at 250 °C ..
for one hour in a nitrogen atmosphere.
[0450]
Then, heat treatment was performed at 150 °C for 10 hours before the
measurement of Vg-Id characteristics.
20 [0451]
' Through the above ph&s,. a bottom-gate thin film transistor was
manufactured.
[0452]
The reason why the thin film transistor has an off current of approximately 1 x
25 10" [A] as shown in FIG. 24 is that the concentration of hydrogen in the oxide
semiconductor layer could be sufficiently reduced in the above manufacturing process.
The hydrogen concentration of the oxide semiconductor was 5x10" (atoms/cm®) or
lower, preferably 5x10'® (atoms/cm®) or lower, further preferably 5x10%7 (atoms/cm3) or
lower. Note that the hydrogen concentration in the oxide semiconductor layer was
30 measured by secondary ion mass spectrometry (SIMS).
[0453]



| apped over the other; therefore, the size of the portable information
termnal can be reduced, which nakes the portable information term nal
suitable for being carried. [0435] 25The external connection term nal 2248
can be connected to an AC adapter or a variety of cables such as a USB

cabl e, which enabl es charging of the W%gl | e phone and data conmuni cati on
bet ween the nobil e phone or the like. reover, a |larger anount of data can
be saved and noved by inserting a recording medi umto the external nmenory
sl ot 2250. Further, in addition to the above functions, an infrared 30
comuni cation function, a television reception function, or the |like may be
provi ded. [0436] Adﬂnauals&lmquuslter@tuemgandn@at@-odaﬁ@r@mdmelnu@nndgctmy of the

above | ogi CgaLi ki ﬁleomgg%gmb&lau&%u?t uﬂﬁ&,ﬂﬁﬁg‘géﬁ%@l a display portion

(A) 2267, an eyeplece an operation sw a display portion (B)
2265, a bat Agothe? ABfEle esndicbm@ctdrkmate[rﬁu3§l}chFla@ 28F In-Bh-7atQ-hosed axidel evi si on

set 2270 |nclud| any of~ the bov ic.5 IFCUIt ncl.udes a

di spl ay porfl on r@gcf |xr§30(% p%rgt é’ae(F%XI&)eg c%%qnﬁg Al E?’hgﬁgt?%ﬁﬁegyx Brtion
2273 cans di sgphiegnductog @s Sn-AdZa,O-bhsed hodidd B@niﬁ&ﬂixctbﬁ amuhpmi Oelshsély/ ogidst and
2275. [0438] The t | evi si.0 an be o rat ed by, atji.on switch
of ' the: housHTECrgGy i 153udE el | Grife sopeoBitFors SEIIan Al s and
vol ume can gamicadidted | @0 Mi-ZiH-Oebasep ebxidd omﬁ&m?&&? &f khe-baRd0bLLIde

controller 2280 so that n i mage di splayed on the display portion 2273 can
be control |%°a“°wf}v°é‘efve? (b PEIGE o ATRIGIOEFO 28D ﬁa%nr%\%ca arxidp| ay

portion 222s7em1£bn»sﬁ&tsrhcaﬁmsoluafueédmtﬁhﬁﬁeraukﬁ@ dHbxideQBMiddRduchRiTalateriaR Rk r ol | er
2280 is di sg*éf;ed 15 [ 0439] Note that the tel evision set 2270 is

preferalfly Farbcbaged oide yeprieandugtor mixed aath Al of 218e1% K10 W% lor ame
recelver, A gf,pgrlgg%%g ge?ﬂ:%d@ét?ra%%%ﬁtwﬁlagl% €25 Sk S8 107 %%bi}” e, when

t he television IS connec ni‘¢at’i on net wor w red or
Wi rel ess comedction via the nodem one-way (froma transnmitter to a
receiver) 2@]49{ two-way (between a transmtter and a receiver, between
receivers, he 1 ke) data communi cation can be perforned.

The carrier density of the oxide semiconductor layer which is measured by a

15  carrier measurement device is 5 x 10™/cm’ or lower, preferably 5 x 10%%/cm’ or lower,
much preferably lower than er equivalent to 1.45 x 10'%m> which is the intrinsic
carrier density of silicon. In other words, the carrier density of the oxide

semiconductor layer can be made as close to zero as possible.

20 [0455}

The thin film transistor can also have a channel length L of 10 nm to 1600 nm,
which enables an increase ir circuit operation speed, and the off current is extremely
small, which enables a further reduction in power consumption.

[0456] '
25 In addition, in circuit design, the oxide semiconductor layer can be regarded as
an insulator when the thin film transistor is in an off state.
[0457] .
_ After that, the temperature characteristics of off current of the thin fiim
transistor manufactured in this example were evaluated. Temperature characteristics
30  are important in considering the environmental resistance, maintenance of performance,

or the like of an end product in which the thin film transistor is used. It is to be



[ Exanpl e 1] [0440] In this exanple, neasured val ues of off
current using a test elenent group (also 25 referred to as a TEG w |l be
descri bed bel ow. [0441] FIG 24 shows initial characteristics of a thin film
transistor virtually with LIW= 3 pm 10000 pmin which 200 thin film
transistors each with LIW= 3 pm 50 pmare connected in parallel. A top
view is shown in FIG 25A and a partlaH@ enl arged top 30 view thereof is
show in FI G 25B. The region enclosed by a dotted line in FIG25B is a thin
filmtransistor of one stage with LIW= 3 pni50 pin and Lov = 1.5 p.m 1In
order 97 to neasure initial characteristics of the thin filmtransistors,

t he changi ngndsistocdcthatrd smalles ampunthof chemgeein tmushtpifenablsowhich ingrehsely then

(herei naftea?ége&r eg&lon;@ ?&dﬁd%%§%£urrent or 1d) were neasured, under the
iti t stra

condi tions € su ature was set to roomtenperature, the
vol t age bet {#88] source and drain (hereinafter, a drain voltage or Vd) 5 was

T e S S R AR G Y SRR Shpehgar, o

charact esi Stlélﬁ@a\beﬁs&nmbﬁﬁ)ldfaade claiter ulidk tiid éondifion@Nsre ¥abstiates prvidedge of
from-20 Vto +5 V. £0442] As shown in FIG 24, the thin fi]mtransistor
havi ng a ch¥Hh&Hn §ir frensigtess wers kepior gespeqtive C%H“VGmB?fatP‘WOBF3(iCp\9 Kas an of f

current of %513% fA“;e?gPAb 86 °¢t,0MB™°C, Wl £2B ACS teSefisin W BRAe Was $EUB6 ¥, AnkiNE

resol ution a’ nmeasureneht devicé (a semc uctor parameter
anal yzer, AthelgetetvoMdgd6v@s nkrangéditom 20 Vity +20V.| ent Technol ogies Inc.). [0443]
A nethod fo nufacturing the thin filmtransistor used for the
measur enent Ofgﬁs descri bed..

10 FIG. 26A shows Vg-Id characteristics measured at the above temperatures and

‘superimposed on one another, and FIG 26B shows an enlarged view of a range of off
current enclosed by a dotted line in FIG 26A. The rightmost curve indicated by an
arrow in the graph is a curve obtained at —30 °C; the leftinost curve is a curve obtained
at 120 r"C; and curves obtained at the other temperatures are located therebetween.
15  The temperature dependence of on-state currents can ﬁardly be observed. On the other
hand, as clearly shown also in the enlarged view of FIG. 26B, the off currents except in
the vicinity of a gate voltage of 20 V are lower than or equal to 1 x 1072 [A], which is
near the resolution of the measurement device, at all temperatures, and the temperature
dependence thereof is not observed. In other words, even at a high tempefature of
20 120 °C, the off current is kept lower than or equal to 1 x 107" [A], and given that the
channel width W is 10000 pun, it can be seen that the off current is significantly small.
[0460] -
A thin film transistor including a highly-purified oxide semiconductor shows.
almost no dependence of off current on temperature. This also results from the fact
25  that the oxide semiconductor has an energy gap of 3 eV or more and includes very few
intrinsic carriers. In addition, the source region and the drain region are in a
degenerated state, which is also a factor for showing no temperature dependence.
Operation of the thin film transistor is mainly caused by carriers which are injected from
the degenerated source region to the oxide semiconductor, and the above characteristics
30 (independence of off current on temperature) can be explained by independence of

carrier density on temperature.



[ 0444] First, a silicon nitride layer was fornmed as a base fil mover
a glass substrate by a CVD nethod, and a silicon oxynitride |ayer was
formed over the silicon nitride |ayer. A tungsten |layer was forned as a
gate el ectrode | ayer over the silicon oxynitride |layer 20 by a sputtering
met hod. Here, the gate el ectrode |ayer;yas formed by selectively:etching

the tungsten | ayer. [0445] Then, a silicon oxynitride |ayer having a
t hi ckness of 100 nmwas fornmed as a gate insulating | ayer over the gate
el ectrode | ayer by a CVD net hod. 25 [ 0446] Then, an oxide

seniconduct?gvgfyer having a thickness of 50 nmwas forned over the gate
i nsul ating | é by a sputtering nethod using an |In-G-Zn-0-based oxi de

seni conduct or tar@kn adbgid diebiflis Fetne@ with h IRA3GINAARistt Qaving: shcdan Her €,
an i sl and-shaped oxi de sem conductor |ayer was formed by selectively

et chi ng t he SRRy apelb et currnt fequstion i stqndby pawer or syppression of adfpnctionr st heat
treat ment WasthR ®ehicdineH cibeldbme®g de sem conductor layer in a nitrogen

at nosphere in a clean oven at 450 C for one hour. [0448] Next, a titanium

| ayer (hfving a thickness of 150 nn) was formed as a source 5 el ectrode

| ayer and a drain el ectrode | ayer over the oxide sem conductor |ayer by a
sputtering nethod. Here, the source electrode |ayer and the drain el ectrode
| ayer were bismpplidationsis|basad) anclapanehs Ryent Swplitasion [sty! no32409-250800filedn of t he
thin filmt ' Lr j ..connect i 200 thip film
transi stor s@?h%gﬁfep@ﬁggéﬁé%ﬁ%ﬁ%gge ga%é gonnrtleéﬁ?s ?fg‘ﬁ}b'f arfthS?eg% gm and
a channel wingofposatedfbysfenome. 10 [ 0449] Next, a silicon oxide |ayer
havi ng a thickness of 300 nmwas formed as a protective insulating |ayer by
a sputtering nethod so as to be in contact with the oxi de sem conduct or

| ayer. The silicon oxi-de |ayer serving as a protective |ayer was etched

sel ectively, whereby openings were forned over the gate el ectrode |ayer and
the source 15 and drain electrode |ayers. After that, second heat treatnent
was perfornmed at 250 C for one hour in a nitrogen atnosphere.



[ 0450] Then, heat treatnment was perfornmed at 150 C for 10 hours
before the neasurenent of Vg-l1d characteristics. 20 [0451] Thr ough

t he above process, a bottomgate thin filmtransistor was manufact ured.

[ 0452] The reason why the thin filmtransistor has an off current of
approximately 1 x 25 10-11 [A] ‘as shotd2in FIG 24 is that the
concentration of hydrogen in the oxi de sem conductor |ayer could be
sufficiently reduced in the above nmanufacturing process. The hydrogen
concentration of the oxide sem conductor was 5x1019 (atons/cns) or | ower,
preferably 54019 (atoms/cn) or lower, further preferably 5x1017 (atons/cnil)"
or lower. Note that the hydrogen concentration in the oxide sem conductor

| ayer was 10 logiaisinceit, bi: inpubheraminal, d2: inpet tepainial, dideouyputldvininal] P4 T34in 99
Al t hough the exanple of using an |In-Ga-Zn-0-based oxi de sen conductor is

descri bed, t.he oxi.de sem cqnductor, is particularly limted thereto.
Anot her 03986 %‘Eﬁﬁ‘f'gd?ﬂfﬁef‘oﬁ%rr&f anstigtor, gﬁbh SHﬁtGF’n]@é{F- protechiye clavei 4104:
sem conductor, a Sn-G&G-Zn- O-based oxi de sem conductor, an Al - Ga-Zn- 0O based

- 2 - DAC MRS oo IR i Eh  RREGH |SDIARR 00, U8l ealinstlatie

Sn- Zn- O-based oxi de semi conductor, an Al -Zn-0-based oxi de semi conductor, an

| n- 0- basedayer] @8ks dnsulatini by, TH)zBrga@.b leciElodx Idl@rs E10L: Aesicb 86 fayiel, #12:
Zn- O-based oxi de sem conductor, can also be used. Furthernobre, as an oxl de
sem condugt Oli material,, .an, 10 | n- Al - a-0-based oxi de sem conduct or m xed

with AL0. insulating lgyer, (1d4apimpuytyregion, A 14h inmusty deginndbl & eiappekiiocination

mxed with SiO'" of 2.5 % to 10 wt % can be used. [0454] The carrier

density ofedibf ig: SRt inSNdHAL Ryer2Y50a: %Eh%o*é%n@a%%ﬁr i_engpubr}‘:y%egion. 120b:
high concentration impurity region, 122: metal layer, 124a: metal compound region,
124b: metal compound region, 126: interfayer insulating layer, 128: interlayer
insulating layer, 130a: source electrode layer, 130b: drain electrode layer, 130c:
electrode layer, 132: insulating layer, 134: conductive layer, 136a: electrode layer,
136b: electrode layer, 136¢: electrode Ia)}er, 136d: gate electrode layer, 138: gate
insulating layer, ;140: oxide semiconductor layer, 142a: source electrode layer, 142b:
drain electrode layer, 144: protective insulating layer, 146: infer!ayer insulating layer,
148: conductive layer, 150a: electrode layer, 150b: electrode layer, 150c: elecfrode
layer, 150d: electrode layer, 150e: electrode layer, 152: insulating layer, 154a:
electrode layer, 154b: electrode laye-r. 154c: electrode layer, 154d: electrode layer,
160: transistor; 164: transistor, 200: logic circuit, 201: AND gate, 202: flip—flop, 211:

transistor, 212: transistor, 213: transistor, 214: transistor, 215: transistor, 216:

transistor, 221: transistor, 222: transistor, 223: transistor, 224: transistor, 225:



15 carrier nmeasurenent device is 5 x 1014/cnB or |lower, preferably 5 x
1012/ cnB or |ower, nuch preferably |ower than or equivalent to 1.45 X

1010/ cnB which is the intrinsic carrier density of silicon. In other words,
the carrier density of the oxide sem conductor |ayer can be nmade as cl ose

to zero as possible. 20 [0455] T02 thin filmtransistor can al so have
a channel length L of 10 nmto 1000 nm which enables an increase in
cirecuit operation speed, and the off current is extrenmely small, which

enables a further reduction in power consunption. [0456] 25In addition, in
circuit design, the oxide sem conductor |ayer can be regarded as an

I nsul ator when the thin filmtransistor is in an off state. [0457] After
that, thetRIERR6AIATICNAND gate: 2821 NAND kat, 23CLNAND gatle, PB2: NAND gdteNP41:
transi stor manufactured in this exanple were eval uated. Tenperature
characteristics 30 are inportant in considering the environnental

resi st ancéransistat,eA42ic transispern: {243 relransistor, (244: (transistiora@Séndransistoct 252

“which the thin filmtransistor is used. It is to be 100 understood that a

smal | er apount ,of ange i r.ef er.ab i ch i.ncreases degr ee . of
Fr eedom | HANBIRSE DD3IBa IRty 2P ORIt HEr o2 Ete NI aRE BYER A 5E pevttctive.
the Vg-1d characteristics were obtained 5 using a constant-tenperature

chanmber URdedatifielayer Bd2: ORide St ohdOStdrabpér, FBOY HAR dil frindib

\ tdt, B61Ba
transi stors were képt at respective constant tenperatures of -30 C ?(t,e 25

C, 40 C, 60 C, 80 C, 100 C, and 120 C, the drain voltage was set to 6 V,
and t he gelextrade fayernd62c oaidge semicamdug@ory layer:+ 369. chentél] formation region,

364a: source region, 364b: drain region, 365a: source electrode layer, 365b: drain
electrode layer, 366: oxide insulating layer, 390: thin film transistor, ‘391: gate
electrode Iayer, 392: oxide semiconductor layer, 393: oxide semiconductor layer,
394: substrate, 395a: source electrode layer, 395b: drain electrode [ayér.'396: oxide
insulating layer, 397: gate insulati.ng layer, 398: protective insulating layer, 399: oxide
semiconductor layer, 423: opening, 450: substrate, 452: gate insulating layer, 457:
insulating layer, 460: thin film transistor, 461: gate electrode layer, 461a: gate
electrode layer, 461b: gate electrode layer, 462: oxide semiconductor layer, 464:
wiring Iaye;'. 465a: source electrode layer or drain electrode layer, 465al: source
electrode layer or drain electrode layer, 465a2: source electrode layer or drain
el_ec&ode layer, 465b: source electrode layer or drain electrode layer, 468: wiring
layer, 500: logic circuit, 501: NOR gate, 502: flip-flop, 511: transistor, 512: transistor,
513: transisto'r, 514: transistor, 521: transistor, 522: transistor, 523: transistor, 600:

logic circuit, 601: latch, 602: flip—flop, 611: transistor, 612: inverter, 613: inverter,




10FI G 26A shows Vg-1d characteristics neasured at the above tenperatures
and superi nposed on one another, and FI G 26B shows an enl arged view of a
range of off current enclosed by a dotted line in FIG 26A. The ri ght nost
curve indicated by an arrow in the graph is a curve obtained at -30 C, the
| eft most curve is a curve obtained at 1840 C, and curves obtained at the
other tenperatures are |ocated therebetween. 15 The tenperature dependence
of on-state currents can hardly be observed. On the other hand, as clearly
shown also in the enlarged view of FIG 26B, the off currents except in the
vicinity of a gate voltage of 20 V are lower than or equal to 1 x 10-12
[A], which is near the resolution of the neasurenent device, at al

t enper at uges$: tridistbe B2 MAARistbe GBRENRERSSEr MQe%fadsfstaptsqume&rcd.E
ot her words, even at a high tenperature of 20 120 C, the off current is
kept | ower than or equal to 1 x 10-12 [A], and given that the channel w dth
Wis 100080bnAND saten 862: Bipcflop:h8Q3:tilip—fien. 804 fhprtficps 8860flipHop rrbyip s960:! .

[ 0460] A thin filmtransistor including a highly-purified oxide
senicondu tor sho st no nc of,of f current, on erature,
This al solags grear Pl Bicnas 0B A eten 208, cortralpirtionaebd il s
energy gap of 3 eV or nore and includes very fewintrinsic carriers.

addi ti on, 0 I r 0 g e
State, whilnAoBOUDENE AR IR, b Mol Hradp 2201 Indh b, 22680RATHAL o
Operation of the thin filmtransistor is mainly caused by carriers which

ar e i nj ecdisglayrmortiohe22(¥y keybadred22 blimoainrteglyo 821 2x stipluspR213: disptay poetivi, OF |
and the above characteristics 30 (|ndependence of of f current on

tenperatu can he e nde nce carrier densi

t enper at uégh ops§ia ‘Uhé%m“' $ratt! tﬁt’"ﬁp ‘Eﬁ?"?ﬂ gHeo Ei? Zﬂyzt Thheusingn
filmtransi stor having such an extrenely small off current, reduction in

st andby 2 i Jaq. C] ' )
chi cved PR {RUSTPDIRS il poltRiy. 8221 Bonll popfion 23], fohet binfif 2,
no. 2009- 250415 flled wi th Japan Patent O fice on October 30, 2009, the
entire comnemtisndsfemaﬁt speakérs 288Y: axis popiom 28 0bliousingr234de houdig 2242:
logic circuit, input termnal, 12: input terminal, 13: output termnal,

14: main Logic cir orti.on, tran |stor 00t substrate 102:
prot ect i \fi f?'ayaa"eﬂ#!“p d%éf‘bl‘"'f’éﬂ? . @PIREiRD ko P26 ppinting

insul ating layer, 108a: gate insulating Iayer 1086 i nsul ating | ayer,
110a: gatgaviéEchspiecd % ] aver .
114a: inpurity regi O?l rﬂ%ﬁ{ igﬁ%%&&ﬁf’fé&%ﬁ%ﬁ}#rﬂ%‘%&mn ann %‘ ?g?érfagglgk &/eef"
region, 118: sidewall insulating |ayer, 120a: high concentration inpurity
regi on, 122%9: éxtgmaianemuryaslot)mzﬁthwnairy broelyi @2631 23/epleeien| 2264y &iperdtidhit:
nmet al conpound regi on, 124b: nmetal conpound region, 126: interlayer -

| ayor 1 R0tH 3265 Shepley cRpstiph, 60, 2286° babitewC S2bE: diapl partin (.20 ng

| ayer, 134 conductlve | ayer, 136a: el ectrode |ayer, 136b: electrode |ayer,

Ilgggr 8 oXI| de sem cong‘q)cto %2;)6;3;303,:1-&%2 bsour ce e ec%%hg'eb?z; ?& pi%?b

drain electrode | ayer, 144: protective insulating Iayer 146: interlayer-

i nsul at i portian.c227% 4peratiordkey,i 2880: agmbte toAtrollet ect rode | ayer, 150b:

el ectrode | ayer, 150c: el ectrode |layer, 150d: el ectrode |ayer, 150e:

el ectrode | ayer, 152: insulating |ayer, 154a: electrode |ayer, 154b:

el ectrode | ayer, 154c: el ectrode |ayer, 154d: el ectrode |ayer, 160:
transistor, 164: transistor, 200: logic circuit, 201. AND gate, 202:
flip-flop, 211: transistor, 212: transistor, 213: transistor, 214:

transi stor, 215: transistor, 216: transistor, 221: transistor, 222:
transistor, 223:.transistor, 224: transistor, 225: 103 transistor, 231:
NAND gate, 232: NAND gate, 233: NAND gate, 234: NAND gate, 241:. transistor
242: transistor, 243: transistor, 244: transistor, 251: transistor, 252:
transistor, 253: transistor, 320: substrate, 322: gate insulating |ayer,
323: protective insulating |ayer, 332: oxide sem conductor |ayer, 360: thin
filmtransistor, 361l: gate electrode |ayer, 362: oxide sem conductor |ayer,
363: channel formation region, 364a: source region, 364b: drain region,
365a: source el ectrode | ayer, 365b: drain electrode |ayer, 366: oxide
insulating layer, 390: thin filmtransistor, 391: gate el ectrode |ayer,

. 392: oxide sem conductor |ayer, 393: oxide sem conductor |ayer, 394:
"substrate, 395a: source el ectrode |ayer, 39513: drain electrode |ayer, 396:
. oxide insulating |layer, 397: gate insulating |ayer, 398: protective
"insulating |ayer, 399: oxide semiconductor |ayer, 423: opening, 450:




104 621: transistor, 622: transistor, 631: transistor, 632: transistor,
800: logic circuit 801: AND gate, 802: flip-flop, 803: flip-flop, 804:
flip-flop, 805: flip-flop group, 900: logic circuit, 901: flip-flop, 902:
AND gate, 903: control portion, 904: thg-flop, 905: flip-flop, 906:
flip-flop, 907: flip-flop group, 2201: in body, 2202: housing, 2203:

di splay portion, 2204: keyboard, 2211: main body, 2212: stylus, 2213:

di splay portion, 2214: operation buidiommR215: external interface, 2220:
e- book reader, 2221: housing, 2223: housing, 2225: display portion, 2227:
di splay portion, 2231: power supply, 2233: operation key, 2235: speaker,
2237: axis portion, 2240: housing, 2241. housing, 2242:. display panel,

2243:. speaker 4. Cr 45: operation key, 2246: pointing
devi ce, 224?:Asée§grrl§cr’%d é’%é‘?‘%g%@?‘l"ﬁsﬁ‘%%r nal connection term nal, 2249: sol ar

cell, 2250: external menory slot 2261; mai,n hody, 2263: eyepiece, 2264:

oper ati on s@ﬁ{gé%c,"%é@mpa]? Iaaf%StptBE?“ﬂSH’ﬁ’ %B??uqﬂt?éﬁl?‘y%&vf"é&??ﬁﬁi@??‘“ﬁ@ﬁﬂ &y
portion (A}, 2270: television set 2271: housing, 2273: display portion,
2275: S&PR% ?nsﬁffrﬂvem@ﬂp%\-‘jatwrl@ﬁe&n, 2279: operation key, 2280: renote
control ler 105 CLAI M5 1. A sem conductor device conprising: a.
| ogi ¢ ci r cuvhereanthei Gish gramsistpr and theaprsiond drapsistor ians eleatrically lcayrectedvier cache
first transistor, and a second transistor over the insulating |ayer;

wher eothet,he first transistor and the second transistor are electrically
connected to each ot her, wherein the second transistor conprises an
oxi de seni cheétuintthe séoay@ irahsSlot ormigrisks Gh dRTR! sefn@ioBidtoniay &Gheding A khannel
wherein the oxi de sem conductor |ayer conprises crystals whose c-axis is in
di r ectrRRtigerRRMdhsl ar to a surface of the oxide sem conductor |ayer.

2. The sem conductor device according to claim1, wherein the first

3. The sem conduc evi ce accor

sem conduct or_l.ayer conprj ses .indi.u zinc and a netal being different from
i ndi uﬂ?rg?{ﬁﬁ%%&’)‘llsmfacemﬁw Fde §G§H1C%‘|‘8{%fq¥?r'devi ce according to claim 3,
wherein the netal is selected fromgallium tin, and al um num 5. The
sem conduct or device according to claim1l, wherein crystal whose grain

dianmeter is greater than or equal to 1 nmand | ess than or equal to 20 nm
exists in t}‘gl'l@)qe@@:@émt@omm aeotdingeto, claimpd, wherein the first transistor is provided

SO WerlOME AR Rerfic BRI Al For ORI U S SOUME! B i B

on a substrate comprising a semiconductor material.

3. The semiconductor device according to claim 1, wherein the oxide semiconductor layer

comprises indium, zinc and a metal being different from indium and zinc.

4. The semiconductor device according to claim 3, wherein the metal is selected from

gallium, tin, and aluminum,

5. The semiconductor device according to claim 1, wherein crystal whose grain diameter is
greater than or equal to 1 nm and less than or equal to 20 nm exists in the oxide semiconductor

layer.




6. A sem conductor device conprising: a flip-flop and an AND gate
electrically connected to each other, at |east one of the flip-flop and the
AND gate conprising a first transistor, an insulating |ayer over the first
transistor, and a second transistor over the insulating |ayer; wherein the
first transistor and the second transil8for are el ectrically connected to
each ot her, wherein the second transistor conprises an oxide -

sem conduct gra Lgy

er i is H’ﬁﬁ!@el formati on regi on, and wherein
t he oxi de sem conlgﬁ%dtugfok:dg?ggc%noﬁrprl ses crystals whose c-axis is in
direction perpendi cul ar t surface. of. the oxi sem conducgt.or | ayer
7 " The som Edniipathein D Sk eficalny ' Saflicbte R SRS ol e Or e
transistQr is,provided on a substrate caqnprising a sem conductqor naterial.
6 “Thes i e s e Fortorinics G5 FabIeR 2 (AIAURE GAYEF AVeTaC st d@nsistor

sem conductor | ayer conprises indium zinc and a netal being different from
i ndi uARhseconeh fransistor ovepthepailaiingilaystiduct or devi ce according to clai m 8,
wherein the nmetal is selected fromgallium tin, and al um num 10.
The sen condhereinr theefinst gransistor anchdhet secohditran§stontaer elentricalls cahnestedste gichi n
dianeter is greater than or equal to 1 rimand | ess than or equal to 20 nm
exi st sthep t he oxi de sem conductor |ayer. 107 11. A sem conductor
devi ce conpri si ng: a flip-flop and a NOR gate electrically connected

to each ot hghereiltht hd UafisiStbr EdtBprides AnlokRIR sBMskonBctHTRySaLhEERER dLahig 2
first transistor, an insulating |ayer over the first transistor, and a

seconﬁ,ﬁnﬁﬁ‘%} fR aver the insulating |ayer; wherein the first transistor
and the second transistor are electrically connected to each ot her,

her ef { e REEAR! GATS Lok Ao SRIRT06 % ARAL URRFIRNINSLE! i &Y BHecron

i ncludi ng a chann ormati o

sem conductor |l ayer conmprjses,crystals whose c-axis is in direction
perpeﬂgpﬁrlﬁtméﬁlartt% éugﬂﬁefr@ ofdg 1895?63@% tonductor |ayer.

7. The semiconductor device according to claim 6, wherein the first transistor is provided

on a substrate comprising a semiconductor material.

8. The semiconductor device according to claim 6, wherein the oxide semiconductor layer

comprises indium, zinc and a metal being different from indium and zinc.

9. The semiconductor device according to claim 8, wherein the metal is selected from

gallium, tin, and aluminum.

10. The semiconductor device according to claim 6, wherein crystal whose grain diameter
is greater than or equal to 1 nm and less than or equal to 20 nm exists in the oxide semiconductor

layer.




12. The sem conductor device according to claim1ll, wherein the first
transistor is provided on a substrate conprising a sem conductor nmaterial.

‘13. The sem conduct or device according to claim 11, wherein the oxide

sem conductor |ayer conprises indium zinc and a nmetal being different from
i ndi um and zinc. 14. The semi cdBduct or devi ce according to claim 13,
wherein the netal is selected fromgallium tin, and al um num 15.
The sem conﬁu tor 'd?ﬁflii e %corcdi ng. 1o. claim11l, wherein crystal whose grain
dianeter is' g SRRt RaR” O eeqﬁg} *0*1 nm and | ess than or equal to 20 ntn

exi sts in the, oxi de sem conductor. |l ayer. 108 16.. A sem conduct.or
Govi co comp i igp and's NOTSE elsciricafly Shinestel i exshatisce et $5F SO LG BOP ¢ o
each other, at least one of the flip-flop and the latch_conprising a first
t r ans#ust the NQR gate compiivipg pdirel tranpistory pe igsulading dayen over Be firsihgansisiucendia
transi stor over the insulating |layer; wherein the first transistor and the
secon@cpnétrsmsiﬂtm‘rovaréleélllwlﬁﬁmgg@ier;y connected to each ot her, wher ei n
t he second transi stor conprises an oxi de seni conductor |ayer including a
channel f orwhdreinnthe efysOtransister and the sdeonditrandiktor ard electsiestilyc omthecicdriol cayler
conprises crystals whose c-axis is in direction perpendicular to a surface
of thgthexi de sem conductor |ayer. 17. The sem conduct or device
according to claim 16, wherein the first transistor is provided on a

substrate cQERLinShe 9ec|%n& SHhGQB8AYTh R seFBh %Fdd%!semiconductoﬁgﬁerfﬂﬁu&ﬁggﬁzﬁ%‘?t or

device according to clalm16, wherein the oxide sem conductor |a

conprj -1 ndi inc and a netal being different fromindium and zinc.
19. 021%2%%{1%5%?0%@% devi ce according to claim 18, wherein the nmetal is

selected fro lLium.,tin,. an | um num___ . . Jhe sem conduct or.

devi ce acco\”ﬁ%r 6 %idg ﬁ?"i‘é?n‘gdﬁ&fgﬂﬁercmres m&é@s &’L&F‘h C@rEnggraifegtion
greater than or equal to 1 nmand |ess than or equal to 20 nmexists in the
oxi dererpepdicia e @.éprfqtcgyg the oxide semiconductor layer.

12. The semiconductor device according to claim 11, wherein the first transistor is

provided on a substrate comprising a semiconductor material.

13. The semiconductor device according to claim 11, wherein the oxide semiconductor

layer comprises indium, zinc and a metal being different from indium and zinc.

14. The semiconductor device according to claim 13, wherein the metal is selected from

gallium, tin, and aluminum.

15. The semiconductor device according to claim 11, wherein crystal whose grain diameter
is greater than or equal to 1 nm and less than or equal to 20 nm exists in the oxide semiconductor

layer.
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16. A semiconductor device comprising:

a flip-flop and a latch electrically connected to each other, at least one of the flip-flop and
the latch comprising a first transistor, an insulating layer over the first transistor, and a second
transistor over the insulating layer;

wherein the first transistor and the second transistor are clectrically connected to each
other,

wherein the second transistor comprises an oxide semiconductor layer including a channel
formation region, and

wherein the oxide semiconductor layer comprises crystals whose c¢-axis is‘ in direction

perpendicular to a surface of the oxide semiconductor layer.

17. The semiconductor device according to claim 16, wherein the first transistor is

provided on a substrate comprising a semiconductor material.

18. The semiconductor device according to claim 16, wherein the oxide semiconductor

layer comprises indium, zinc and a metal being different from indium and zinc.

19. The semiconductor device according to claim 18, wherein the metal is selected from

gallium, tin, and aluminum.

20. The semiconductor device according to claim 16, wherein crystal whose grain diameter
is greater than or equal to 1 nm and less than or equal to 20 nm exists in the oxide semiconductor

layer.



