DESCRI PTION 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 condu¥0aP118883xe including 10 the logic circuit. FODE210/6679% 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 devices. BACKCROUND ART [ 0003] In a
general circuit including transist Nct ur ed by using a Si wafer or
20 SDI (silicon on insulator), as the operation voltage is reduced by
progress of mcrofabrication, consunmed power is reduced. [0004]

Consurmed power is a BAFGICIRGIHRAND SEMICONDYCHOR DEXIEE (herei nafter,
also referred to as standby power): the dynam c power is power consuned

mai nly by charge 25 and di scharge of the gate capacitor of transistors and
t he par @i tTRCHEMISAI FIBLDf orned with wirings connecting transistors and
circuit blggksy and the like; the static power is power consumed when
circuits d nog operate. [0005] As one of nethods for reducing the consuned
power, there is ¥he prhent duenBon cadtteth allogik offatil, martidhbarly,ex dogit ejircice Pat ent

Document 1)iflCIl%iI?gC l:f tggéiétglgini whigh Eiec%gj?xxieﬂ ¥mation region is formed using an oxide
semiconductor. The present invention also relates to a semiconductor device including
10  the logic circuit.
[0002]
-Note that 2 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.
[0004]
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 mcthods for reducing the consumed power, there is a technique
30 called clock gating (for 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
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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 wrings supplied with a clock signal or
the |li ke can be reduced. [Reference] [0006] [Patent Document 1] Japanese

Publ i shed %2@5,0 pl i cation No. 2008-219882 S DI SCLOSEHRE610dohdeéNT! ON
[ 0007] . andby power is generall? 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 flow ng between source and-drain when the voltage fl ow ng between

gate and SGHFRS sh?plﬁd \ﬁthqfclcﬁktsigﬁd]%}ﬂk%ke c4riQ8duced. By the
above-descri bed clock gating, dynam c power consuned can be reduced, but

the static [BefMERcdonsumed due to | eakage current cannot be reduced. Note
that the 13jgghspam ¢ power consuned in the non-operating circuit includes
power consuned due to charge and discharge of parasitic capacitor forned by
Wi rings to [RitensiDogumens dkIapimgprafublished Raisnt AnplictionNoe 2008 H%B%% circuit where
cl ock g%ti ng is perfornmed, the state of an elenent included in the
non-operating circuit is held. Thus, power consuned due to the | eakage
current of DISELOSHREIGH BYVENEOMts for a | arge percent of the standby
power. 20 I[ dition, the probability of malfunction of the logic circuit,
caused by | ge current of the transistor, becones high. [0009]

In view of the afandbypoebt Brgenaally dissifibd éxte powedr conmmedibydioirowit whicht he

st A NEN CNE TN A e R S
10  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  In addition, the probability of malfunction of the logic circuit, caused by leakage current
of the transistor, becomes high.
[0C09]
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 a 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.



[ 0010] I n one enbodi nent of the present invention, a transistor in
whi ch a channel formation region is forned using an oxi de sem conductor is
applied to an n-channel transistor included in a logic circuit. The oxide
sem conductor in the above transistor 30 becones an intrinsic or a

subst ant i alyy§ 2017f0kd38551 C sem conductor by renoving an i rgdipboiosdseds as
hydrogen or water capable of being an 2l ectron donor (donor) therein, and
has an energy gap larger than a silicon sem conductor. WO
20111052383PCTOP2010/ 067996 3 [0011] Specifically, the logic circuit
includes a transistor in which a channel formation region is forned using
the foll owi[B@filpxi de sem conductor. In the oxide sem conductor, hydrogen or

a OH group included.is,r ved so.t.hat . the concentration of drogen in 5
he oxi de” sem coNERTea: B oS B initbarh dTaRiey o s el BRGS0 ' £4016
( ﬁt ons/ cnB)regidn Isduvdied ubitg tHaedsuc}@ﬁﬁg eiiaé)il;dyhi&)hﬂlﬁ&& ]S Biiﬁglﬁiidﬂ&)mi%n/dhawr ; and
the carrier dgensity, 1s 54014 /c or wer, prefera 5401 cnB or

| ower. [ 00TFf OB e Obhgraw welyl aefevst 5o thit s ropcrpts ?fshém@v‘ B hi gher,
preferalyly g x@y sl‘%i&ﬁdﬁl:‘t&h&&v bd Ur4 b (a Srak Mo@cz,e\ﬁr&ﬁramyggﬁfﬂgsand an

impurity such as Qy rogen which forms a donor is reduced as muc

possi bl e, Suomblam’) drdowen firtber prefesably Sx 1)’ Siatapisint’) 08 layer; andethe caieff er abl vy,
5x1012/ cnB or .| ower,. 14,0013], By usin 'ggl uri fied oxi de sem conduct or
as descri bgg"sf“gr‘g,\g"lghéﬂﬂe‘fljl‘i‘gééfp&?%}y%"qbe ‘f%rn‘j??oawelr‘r ansi stor whose channel
width is egmnz}o nm has a drain current of 1x10-13 [A] or lower in the case
where the drain voltage is, 1 and 10 V and the_gate. voltage.is_.in the
range of -5 V t oMm.tbpox)de sempiconduston,the grereyatp laﬁ|ey-°§§}fah1ﬂﬁ= BEFY 25 oV

sen con@uctophighsr, s ?&fer@lﬁ@%ﬂﬂﬁ' higlek;aNd | A mp @ty QBcHPEs Rydrdgdh SWHIHOT |

wher eby | eakage current can be drastically reduced. 20 [0014] ==, One
enmbodi ment fermstadonpr is sedueed asrychias possible, sp Shgt the cpsrigq densipy isi 1d0a /em’ st
period duri i I 25| i S input and a second period during

whi ch a cl 8?:'%“)5@?! ﬁ%?rg?lg’sﬁg& féﬁ‘g&?k‘“ﬁﬁiu ch includes a transistor which is in
an of f staf@eoidhere a potential difference exists between a source term nal

and a drain ternynal. ovey, the second. period. .25 In the. .transisior, a
Channel  format i ofb Palgedy el ure StieP S5miERadiierna® ertriogh elct SPPH whi ch
t he hydsogesmeaacRpionad traRisios whiseQhandeh kil {s@R&) 100Mm KW@ drain current of

1x107 [A] or lower in the case where the drain voltage is 1 V and 10 V and the gate

voltage is in the range of -5 V to —20 V. In other words, a highly-purified oxide
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 terminal 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 transi r is.formed using an oxi de sem conductor i

2011/ 05238%@81%/ 067996 4 which th& hydrogen conce%??’%é%osfs‘s%reduced.
Specifically, the hydrogen concentration of the oxide sem conductor is
54019 (atons/cn) or |lower. Therefore, |eakage current of the transistor can
be reduced. As a result, the standby power of the logic circuit can be
reduced andyyiE] the'Redrbgefl cOficehitfioh Refucedt.” Bpetifiealy, he hpdtbgpnesicftration[ 0016]

In particular, inthe logic circuit where clock gating is perforned, a
state in t ofthemyide semiconductor is 5xa0'd (stems/emi) onlgwer. ndherpfag, leakagecumpmici £ ¢
ey bor B @ BorLh R kaheed Vs ARNE Loy IRGECr IR U el | F o7 N
exi sts bet &K BrLY0 P8 Fer M nal “SAd"A drain term nal . Appl yi ng such a
transi st or teeedubal admatfunctionof e dogideiicniy sambessmppredsédct . 10 [ 0017]

Furt her, reiﬁi(ﬁ:él on in power consuned in the whole circuit allows reduction
in | oad® of external circuit which nakes a logic circuit of one

enbodi nent of t hp fakeaRAtin thevegit ciuitoperadleck ghlingis felforntedna statemmihiet y of a
sem conductor. device, including.the Jogic cirguit and.the external circuit
can be expal?s%%ﬂl.m“it!‘a‘swgﬁ ?—’TI'J&QQ’GF" feRsis e ﬂglqtgeﬁggﬁ%v\s a
confi gur at iOpneHRAEPIRer®h pdichtd) idiffcience ekibts Gemvebn becurtatchninaicindedraik.

terminal. Applying such a transistor to the above transistor brings great effect.
10 [0017]
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 external circuit can be expanded.

15
BkIEF DESCRIPTION OF DRAWINGS
[0018]
FIG. 1 shows a configuration example of a logic circuit described in
Eml;odimcnt 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 Embediment 2.
FIG. 4A shows a configuration example of a ﬂip—ﬂdp 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.



20F1I GS. 2A and 2B show a configuration exanple and an exanple of a timng
chart, respectively, of a logic circuit described in Enbodi nent 2.

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
exanpl e of wobémmps2Bs30p circuit and Fl 4B and 25 4C emalypshowae exanpl e
of a circuit configuration of a NAND gte descri bed in Enbodi nent 2.

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

FIGS. 6A and 6B each show an exanple of a circuit configuration of a NOR 30
gate described i HlGckBohpwencodiguration exampbsof 7 htchrpad AIGS heRvard 8Gwadhgur at i on

exanpl e anl héH) %b%&g%a%oggxﬁnﬂé 58 mn&hg g. %r/ggﬁ;r%ﬁ%ﬁﬂ H&erbeg% Efhbbflef Circuit

descri bed hows a configuration exanple
of a latchdand FIGS. 8B and 8C each show a conflguratlon exanpl e of an

i nverter, in a l GhLGY! cr| ed in di FIG 9
shows a conflgurgjtqiL ggn ielxaérjrp l%fs gggexé’m IFI’CgI qeo%%c?“cgnddescnbgdéﬁbodl ment
5. 5 Enbodbneahbws a conflgur ation exanpl e of a logic circuit described
I n Enbodi nent 6. .S a.Cross ectlo vi.ew, i Llustraiing a
structural exanpie of ﬁh%"scﬁa?ﬂ’i'bg"r??%gfaé’?@? (gn?j gﬁc c'f,cﬁﬁn%e@f“%ﬁ Balsi st or
descri bed iBmbodiaegi gent 7. 10FI GS. 12A to 12H are cross-sectional views

illustrating an anpl e of a ma fact ring process of a p-chanpel
transi st or descrf@egﬂsﬁcﬁ%&’cﬁnﬂﬁif"e’?" ustrafing a Hyystyral fﬁﬁ“ll’l‘c’)"g%ﬁ;"léﬂ”éel

Cr 0ss- sect in@isidtor'tn@ 48 nichansk AbistofdRBHIRY 3N BIMBodimea 77BNUf act uri ng process of
an n-channel transi stor described in Enbodinent 7. FIGS. 14A to 14D are

cross- 98ctional WG 2 toudH ¢ Spstfrciqmaievsotivgtrating amerampluef dg process
of an n-c h%ﬂ@ﬂaathﬁ@é‘ﬁrb@és@& ﬂ?—él%hg%dlﬂorQMEMmgodlmcnt 7. FIG151is a

cross-sectional view illustrating a structural exanple of a p-channel
transi stor and aFIGY- dBAnteel3G razh sTosy-snctional ciigwse Hlutmtingand example of a

manufacturing 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. | i
FIGS. 17A and 17B are cross-sectional views each illustrating a structural
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.
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FI GS. 16A and 16B are cross-sectional views each illustrating a structural
exanpl e of a p-channel transistor and an n-channel transistor described in
Enbodi nrent 20 7. FIGS. 17A and 178 are cross-sectional views each
illustrating a structural exanple of a p-channel transistor and an

n- channel t&ﬁ%ﬁiﬁg [, described in Enmbodi ment 7. PCT};{,%,%:}@‘Q and 18B
are cross-secfional views each illustr@ting a structural 25 exanple of a
p- channel transistor and an n-channel transistor described in Enbodi nent 7.
FIGS. 19A and 19B are a plan view and a cross-sectional view, respectively,
illustrating a structural exanple of a transistor described in Enbodi nent
8. FIGS. 20A to PRis. ana fJ 9315 -#€ Gldsebliondl 8Néwvs lubisdtingtanngkaniplecspapl e of a
30 manufacturing process of a transistor described in Enbodi ment S.

FI GS. 21A tmpngfRptugpgpropess of seansistondescibed\ig Embpdimeptdd ng an exanpl e of a
manufact uring preeasS3Al ¢ 25F Fag atu?ﬁatg%cega;al?fé b a EEREOhIRY: &vice

' ustrating an exanple of a

FIGS. 22A to 22D are cross-sectional views i
manuf act ur idespribedbiodizsbodiment t}.ansi st or descri bed i n Enbodi nent 10.

FIGS. 2 to 23F L r . e I : . f4i ce
Gescri bed i n EnbbRs bt o oL oo HAP charliry ORI Bincl
char act er i slesctibaf indExtdnple If i | m t r ansi st or descri bed in Exanple 1.

FI GS. 25A and 25 Q Lews, of est e r f athin
filmtransistor g‘é&?ﬁ%@ﬁdi\iﬁﬁ@i%%ﬁl%&f&a t%ét et th‘}&_%Qggéé‘gﬁh%ﬁB are

gr aphs shovilmgraigstbrdesdiibedid Exanpld s of a test el ement 10 for an exanpl e of
athin filmtrangjstqr,de | bed i anpl BEST NMODE_FOR CARRYI NG OUT

THE | NVENTI ON [o% 35pmq 708 i‘rérg{al’gﬂg’tx?&ﬁ%ﬁﬁid 8‘?“1%?8“&%%8%3 %ﬁ%‘ﬁt ion will
be descy begr dnexatfpia of a thin film transistor described in Example 1.

BEST MODE FOR CARRYING QUT 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 betow, and it is easily understood by those skilled 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 each 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
under st ood by those skilled in the art that a variety of changes and

nodi fications can be made wi thout departing fromthe spirit and scope of

t he presentwépymenszssgan. Therefore, the gresent I nvent i orcghprohalosnds be
limted to the descriptions of the enbbdi 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
transistor, it is difficult to define which is a source termnal or a drain
term nal . Thwperfeotisapmenicallhi s document (specification, clains, draw ngs, and
the |ike), [@ﬁ% of a source terminal and a 25 drain termnal is referred to
as a first ‘terimnal and the other thereof is referred to as a second

term nal f {Embodimentd)i on. [ 0021] Note that the size, the thickness of a

| ayer, or a regipon,of eﬁc. structure li I Itugtlra(t:eg_ iig qlrlavm'ln S OF the like in
enbodi ments is e aﬁlbseFIH O a%ieffﬁlfl?&i?y i PP SHEM 30 ERs 82 $#lliEelor ¢,
errboﬁi ment @e@imiel‘l enmrlﬁ?&%bﬁﬁeﬂy esﬁécgtcanjlf, anner::t;xﬂplerrbﬁ eﬁogia c‘.l‘i?ﬁh havifig @s. .
Further, in thjs specification, ordina unbers,such_as "first", "second",
and "t hi r aPoERkOusRE i soclerd Simal tsBpH 2nd A PERICHRE SR A AIRITRIELIS and ¢ he
terms do na@bt inpli dnd! REforrAMBRGIALKIR PrOGEBYINE Mith Yuse [of G2¢lodkEgBRiwiBMe 1) I N
this enbodi ment, an exanple of a logic circuit where clock gating is 5
per f or med Apscribgskwithrstersnsete FISphci fical Iy, an exanple of a logic circuit
havi ng a pmdzg]j during which a clock signal is input and a period during
which a clock signal is not input and perfornming arithretic processing with
use of 1®he cl ockAdagigrircuifild shayen inddEy 1 melpdes a first iaput termigal dbelpptaically [ 0023]
10A logi c ea;ﬁn%&h& toL® with rduBh WHREla bR HERE (PS) ik sgplied Rhtreih el 13| 11

el ectricall
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 (heseinafter, 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
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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 signa
(Data) is supplied (hereinafter also referred to as a data signal line),
and an out 13. The logic circuit 10 has a g 15

whi ch a clggézgﬁé%% (CK) is supplied 8hrough the pulsg%ng%% ﬁ?ﬁe and a
period during which a clock signal is not supplied. That is, the logic
circuit shown in FIG1 is a logic circuit in which clock gating is
performed. Note that the sentence "a clock gate is not supplied" neans that

a clock si gf_aﬁhed asﬁﬁg %doti@e dchRbfcion!widkh @ Mighly lpeNBid Oy Rdpdiemd al at a
| ow | evel ; i. %&Pal whose, potential |evel varies froma hl%@- | evel to

a 20 | ow | BRSO RfYATIEEY, SHEIpB|2S 2A0RONPIgH CATEFRI0 Fsextismely I ledrk [ 0024]
In addi1i OnI‘hetH]/@rd 0 bncEittafibh tn hE oRide sbhivoRIBBH is R EHursd 8y Redofdary fBnl

includes a main | 6gic circuit portion 14 and a transistor 15 which is in an
off state Wh@ﬁéﬁ@ﬁynﬁéﬁ§ﬂﬂ5)difference exi sts between a source term nal and
a drain eH@Pﬂﬁ over a period 25 during which a clock signal is not

suppl i ed. that the main logic circuit portion 14 includes a plurality
of el enents of t Thakigktaxcsit of thiscemttodineent isadpgit cirenit iprwhidtleclodkigating 6025] A

e o HRbiradd, LR8I RRWEL b Srab GARPWRICRYss i and ofr YATE Syl B ol 10

sem conduct®BF oA i tn hydrogen concent ratTon is (fatons/ cmil) or
| ower, 30 mlﬁéremcatdx;stsaaeﬂy&:bﬁ a(mhmersémm&) amwt a doweterminel ¢veen perief durigl y 5x1011
(atom;/cml) | n otgereg\ﬁords the t ans Lra srstor in

which a cha‘ﬁ l’f’%&f‘&f‘ﬂ?ﬁe Lg-52 Clpgl; Sien ﬁé’i 13]}%51 (])lﬁugsmgg?no orfduct or

whi ch i hidlhnel Porinatior tegivn Isefbunéd gsmgtan axitzestimicintianorof They Hydrggn ser vi ng
as a donor of a carrier to _an extr y. low | eyel . The bydrogen
concent r at i SRCEHatgReofthe &él@mﬁ%d? cpntrofied, &9, be xi0) 1 4@8’8?{8'3%/’“ on nass

SPect [ ot iS5Vl 55,18928) s/cm)ortmrlmeggia,msxmﬁvﬁmm&di ment i s

a logic crrcurf ch cloc gatiing 1s perfornmed,” and incl udes the
transi stor aechThaefore, #e off tursinibé thettemsistar pat bmtadad:eddpflbcéﬂ'énbﬂ @xi sts

bet ween a ource er.m and .a drain a period during which
cl ock gati @WFr B’E‘?‘f%rl??%age( ?Pgecm% Eﬁrgi’%hJ:gF?izg Sistoy gﬁ"nlf?uﬁ“?prefsﬁgt he
transi str-, Ad feesif) stahtaﬂilpbwércxrmmg [1313 pél@:@l @0 Yesreduzedrand nifmgtion odiede
seni conductor. The ydrogen concentration of the oxide sem conductor is
control | ed Pg)‘cﬁ’écugﬂfﬂ_“t@h(sdt%ﬁﬁfwsummsﬁ%r, preferably 5x1018 (atons/cnB)
or | ower, [?02 er pref erably 54017 (atoms/cnB) or lower. Therefore, the off
current of the’transistor can be reduced to_ Ix i013 ﬁl or lower. That is,
B

| eakage of el ect I the dogie gieitrin vighclogkesating isnegfomneds partigdarly a statss®ed. 15 As
a result, shapdeit rheﬁ!rit)w%l gtt'ue p?ﬁdtci)sda‘ig&lfﬁﬁrﬁﬁgﬂdpﬁ&p@mom{eunm' on

of the Iogic cfrcurt during t peri od can be suppressed [ 0027
20 fora 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 thercof.
[0030]



In the logic circuit in which clock gating is perforned, particularly, a
state in the logic circuit is held for along tine. That is, a specific
transi stor keeps an off state 20 for a long tine, where a potenti al

di fference exists between a source termnal and a drain termnal. Applying
such a tranedst10ms2883 t he above transi stor brings great pefifremionsye628]
Further, reduction in power consuned ifi the logic circuit allows reduction
in loads of an external circuit which makes the logic circuit of this
enbodi ment operate. 25 Thus, the functionality of a sem conductor device
including the logic circuit and the external circuit can be expanded.

[ 0029] (Embodipent 2) hat t he contents of thIS enbodi nent or part thereof

Cher oot or 1 ho. ca s o, iSRGl TR 18pe Chol Eitefy FRRh bl B

2011/ 05238 3RICHE BBl 0 Gp&dfically,( Hlvgiodiincein incRiding an ANDrgatdmsl efdipdthipnent , an

exanpl e of t. |rc descri ﬁﬁl %ﬂ%f% cri bed.
Speci fi cal I“ﬁ;p%gdf%aﬁe ‘(‘ﬁﬁf Eeaﬁr?ncfﬁ%ﬂj%e' dt'e aééﬂa F@§F‘ will be
descri bsd wi4d reference to FIGS. 2A and ZB FIGS. 3A and 3B, and FIGS. 4A
5 to 4C 8&%% < Configuration exanple of Iogic circuit > A logic
circuit 20 this enbodi nent shown in FIG 2A includes an AND gate 201 and

a flip-flopCiguritich AMRpBAf Gopaddircdids a first input ternminal which is 10
electrically connected to_a wiring through which an enable signal (EN) is

suppl i ed (her ei nAfqgis circyjt 280 ?fé*"éPF’@ﬂdlt”GméQO‘ém G744 includpsan ANR@gatea g o

second i npyhy g4 i ﬂﬁ'—ﬂ b6 "F’heeAﬁDt %dt&@bi Yha€ QNARE ikt ‘t@mAnalMwHiddist hr ough
whi ch a cl ock si is supplie hereinafter, 'also referred to as a

cl ock épgnalccmpﬂgo comwé ta p-viripg ﬂgqumawa an; gngble sigmal (BND) 1% svapliehi ch i s
el ectri cal '(Ner&%é?%ﬁ@efk&edato%faﬁeﬁdb a“ufé? aﬁd‘&'s&oﬁcﬁﬁgmcﬁxﬁwkvhﬁ&r m nal 15

which is electrically connected to an out term nal he AND gate 201.
[ 0032] is electrically connected to a wiring through whxch a clock signal (CK) is supplied

(hereinafter, also referred to as a clock signal ling). The flip-flop 202 has a first input
terminal which is electrically connected to 2 data signal line and a second input terminal
15  which is 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]



Note that the flip-flop 202 included in the logic circuit of this

enbodi nent is a circuit which can retain data for one bit utilizing

f eedback operation. An output signal of the flip-flop 202 serves as an

out put signal of the logic circuit 200. 20 [0033] < Operation exanpl e of

| ogi ¢ Circuih 211052383 Operation of the logic circuit shewipioiodshdos2A is
described with reference to a timing cart shown in FI G 213. [0034]
25During a period Ti, the enable signal |line serves as a wiring through
which a signal at a high level is supplied. Thus, an output signal
(AND(Qut)) of the AND gate 201 is a clock signal (CK). That is, the clock
signal (CK) is imuhgh(pcﬂdimmeh@miblemﬁgnhl Yirer @wives bs @ viddgathfouplpwhichm 202. The

flip-flop 202 er.at h ut. cl ock si . ecific IIy, t he
flip-flop z%@afﬁééwie’e PEE@ éﬂ@rs 'cf‘dt'}tﬂhs @Qm&%&fﬁfﬁﬁ i gnal

(CK) level 21 ishaogasvd rsigﬁm h‘fhdtﬁ.Wth@ltﬁd lebél di@ﬁl iaugﬂsutlte\rw secéitlinpit put s t he
data signal when the cl ock_signal | evel is ch ed fromthe, high | eve

to the | ow truaigal of thegligsflop 202. 7 At th‘ﬁi‘?‘? i 2R plepdy (9! Of‘ﬁ‘él"(ﬂ%’lcgl & gnal

l'i ne seryes[eﬁﬁlc@ay\@hguggm%m % which a signal at a low level is suppl i ed.
Thus, the output signal AN? t)) of the AND gate 201 is a lowlevel -
Si gnal Thel0036d, the | owlevel signal is input to the second input term nal
of the Tlip-Tloppafigs a hbridd ™S thd HBplels aﬂ'rﬁc@é}v§hegﬁlarll QlohigiPvnidie | 0gi ¢
circuit is 5reta|])§ec?§g ?mhe dat a S|5na (D1) . E=00 m{g %8“ ng a period
T3, the endigelesélgvignal i§ sepplied again.asThat i, rlﬂmgh@ mpmbﬂ'l,v\ﬂ\ecﬂmélom | evel

fiegg?l/ els S as Jcs g%a@%@?&&%%%h V\#h%% (%p glgpzﬂ é{gﬁglclél i I-_t?%dl qr Op 202

changedi@ r dnwtlhel tb(lhé lngh lesele hnd antpiuitscthér dagia sipeal edhen talmtlmkl sigoal {CKh b:vdat a

si gnal when the C g’?’ evel .is changed fromthe high level to
the | ow | eV8Fhang ﬁgéi‘ﬂgveﬁ Ciogllf’:‘éeell t of this enmbodinment, the clock
signal i npt{t}ﬂ:ﬂq the fI i p-clop 202 is controlled by the enable si gnal

(EN). That is, ﬂ'{é‘hﬁ?éﬁ %@Céf UI t mggtkth% tlocﬂ%lgngl input Qg rtﬂceofilp-CEjo i th

respect to t he f
202 is controlled by the enable 51gnal (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 fransistorss, 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



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 per ivoR20IBostss3i ng which the fli H-lflop 202 oper at @ETIPIOBH%6 Exanpl e
of circuit configuration of AND gate and flip-flop > Specific exanples 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 exanples of a
circuit conflguratlon of-the flip-flop 202 are shown in FIGS.  4A to 4C

[ 0040] sign amd Tystrtermipg) delpoirigafly; canneptsd Q) wiring taroegl whick high1 (o 216.

The transi 55951%1;3%1% ottt Wﬁng 1OsuppRedRn&BRARME)! alld RitSled (PhsSa high fokdie
transi stors 212 § 30 216 are n-channel transistors. [O 41] signal
line, and aunnlrmtemreklmehal is electrically connected to a wiring through
whi ch hi ghgwer supply, potential (VDD) is supplied (hereinafter, also
referred t as a high power supply potential line). [0042] 5O° the
transi sbor 212, @f gettemsigonPhala gae &dmpoat iscelediycallp enemscied to dhe mabbnabl e
signal line, a t he terma f n
termnal i glgn q' 7 F‘(lza ggteconnrﬂea(l:t% gg'%ttgigﬁogclgh df%ﬁ:%% éﬂrﬂmaiaig' c&n{;
211. [0043}:oﬁectt=,dh&> 4 seeondlitertainal 2fi (e transjsdr@1l.er mi nal is el ectrically
connected_bgmg clock signal 10 Iine, a first termnal is electrically
connect ed Jsecond terminal of the transistor 212, and a second term nal
is elect Iri cal | g/ opﬂna&ﬁﬁﬁ%&x&mSﬁa pté idﬁgmf‘ hmeug'?‘m cg)lﬂnéc&!ﬂ taewlﬂfcksigﬁﬂl y I
pot ent i VSS) i s syppli ‘hereinafter, referred.to a |l ow r supply
ot ent 181 {neymrstioamii i deseicaly o 4 o reooth erhinglotil Bpmsmiia BTEC
el ectri cal hyd 6 QEGRE t@fhiraP ist d1€:t5¢al¢ leonnected to a wiring through which low power

supply potential (VSS) is supplied (hercinafter, referred to as a low power supply

nSI stor

potential line).
[0044] :

15 Of the transistor 214, a gate terminal is electrically connected 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 tcrminél 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 transistor 211, the first terminal of the transistor 212, and the second
terminal of the transistor 214; and a first terminal is electrically cornected 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 transistor 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



signal line and the gate term nal of the transistor 213, a first termnal
Is electrically connected to the high power supply potential line, and a
second termnal is electrically connected to the second term nal of the
transistor 211 and the first termnal ‘of the transistor 212. 20 [0045]

O the trangigshplosztd, a gate termnal is electrically wanpaghededs0 t he
second termnal of the transistor 211,12 he first termnal of the transistor

212, and the second term nal of the transistor 214; and a first termnal is
el ectrically connected to the high power supply potential |[ine. 25 [0046]
O the transistor 216, a gate termnal is electrically connected to the
second t er mho ahnsistort2h® atid the Sirss tedminllok thd themsikior 316 dre elettriadlly@bnrielied is ansi st or

212, the secqond term nal. of ransi.st 214, and the gate term nal of
the transis? “‘Qiﬁgff’“ép“?ﬁggf{lQ‘-@ﬁﬁé‘ﬁ&"?%‘ﬁ%é‘ﬁ cally connected to a second
term nal ofjoolg transistor 215; and a second termnal 30 is electrically
connected to the_l ow power supply potential |ine. [0047 the transistor

215 and the firstn thi§sRerification, ¢agh of thefugh peyersugply pateatial (VPD) apd (hec onnect ed
i's outpl apwapbwad sipply pbemddl (VW%E)m?fpoieﬁﬁalAﬂQp%hﬁthe[lQBfl%])wérn this

speci fication, each of {he high power supply potential (VDD) and the 5 | ow
power suppl SPpigtRotential (VRRISH hgher thancthg 19yoperves sHPPlisPateniiglt 4SDheFer gh power
suppl y pot e&tain?ie, %g;a széntm,%“*bf of BRNiKeNGn 1R\ B0 (Bt R YoRet giya' (VSS).
For exanpl e, ou otential, 0V, or the i ke can be applied the | ow

power suppl gotentiale(ViSShland wgHer pagitivespolntialreap bs applied tqthe dighi pawersupplye appl i ed

to the hi grw%\(@r(vgwpl y potential (VDD). 10 [0049] An AND gate shown
in FIG 3B includes transistors 221 to 225.. The transistors 221 to 225 are

n- chann¥} t§0648i st ors. “In addition, the transistors 221 to 225 are
conanceri{YPe bt A5, Bl gathoRopid T B R Zpngp e (0050
el ectri cal | tyansietorsex2 esl225ara nkchainehivangistoss.i p it ydditirinethie inahsidtors @21 fo0Z251]
are enhancement-type transistors whose threshold voltages are positive.
[0050] |
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 gate terminal is electrically connected to an enable
signal line, and a first terminal is electrically 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]
| 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.



O the transistor 222, a gate termnal is electrically connected to an

enable signal line, and a first termnal is electrically connected to a
second term nal of the 20transistor 221. [0052] O the transistor
223, a gate termnal is electrically connected to a clock signal line; a

first termnmweabkoliiesasectrically connectﬁd to a second t exQTIm010/a579% he
transi stor 222, and a second termnal I's electrically connected to a | ow
power supply potentlal line. 25 [0053] O the transistor 224, a gate
termnal and a first termnal are electrically connected to the high power
supply potentlal line. [0054] O the transistor 225, a gate termnal is

el ectricall Wﬁ?&nnect ed to the second 30 term nal of the transistor 221 and

the first term noreQfarfl el ANID 3hed! enBRof sholtk ISR 2B st 11 cal | y

connected to a second term nal "of ‘the transistor 224, and a second term nal

i s el ect ri dhg ransiston 24 ansthe Brst ﬂq@up@wf s teansistop 33 Syare eleetredlly| copgegied is [ 0055]
Not e t hat 091}“9534%35?3’9 %alﬁﬁl?{ﬁdtﬁlofﬂlfemgﬂg to which the second term nal
t he rs

of the transrstor term naf of the transistor 225 are
el ectri Gal [[Q056dnnected is output as an output signal (AND(Qut)) of the AND

gate. 5 [0056] h Sj St t.he LSt 224 is
an enhancenent - t%ctlal fg}]%rs\f%tﬁs{orezﬁvﬂﬁ ﬁé tﬁe ga%t??% r%gnzi#' %@htggefl rst
term nal anensiftecinrwldell thy gatenermiriaband thetfhe térmiinl pevelectiualip cynnpcttdat i al

i ne. Thus e transistor transi stor retaig, an on
state. regarffi Eigg Pgyen; %’Pplé'c??%cniﬂalgltehe Yo fIL§Lranpit r?ﬁﬁﬁ‘é‘ﬁ&'ﬁg’fmﬁg‘i d the 10
t ransi st or eaaﬁemmm dtdtifbﬂara&ssraqieﬁbdsr SIn a[)tﬁa&?drds, the trankistof Prandtttike fir st

i nput term nal dzét he nd |n$)ut term nal of the AND gate can be

i nterc ngéf&“ﬂﬁ? f°§!§”é~rm nal which is specified to be

el ectri cal lygosypnnect ed to the enable signal line in the above description
can be electrically 15 connected to the clock _ signal line, and.a term nal

which is specifi b thsefirg! ippyt terpingt W%@ﬁﬁ@@?@&‘%bte%al(ﬂfé&@gﬁﬁﬁ line in

][ he ab?\685%§1§85 Erﬁérblih!ﬂg&ﬁﬂxtlb@acﬁ'&ﬁefrr | & 3drin¥naf WARBGE SbciRalih 8e %Eétl?il:ﬁlys' gnal
I ne
oonnected to the enable signal line in the above description can be electrically

15 connected to the clock signal line, and a 1 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 terminal is electrically connected to an output terminal of
an AND gate.

[0060] ,

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




B

Aflip-flop shown in FIG 4A includes NAND gates 231 to 234. 20 [0059]

O the NAND gate 231, a first input termnal is electrically connected to a
data signal line, and a second input termnal is electrically connected to
an output termnal of an AND gate. [0060] 25OCfF the NAND gate 232, a first

i nput termwgglmil@szg&_,,ectri cally connected to an out put t@&;}}%,%%%t he NAND
gate 231, and a second input term nal 1ds electrically connected to the

output term nal of the AND gate and the second input term nal of the NAND
gate 231. [0061] 30OF the NAND gate 233, a first input termnal is

electrically connected to the output term nal of the NAND gate 231 and the
first inputjopgm nal of the NAND gate 232. [0062] O the NAND gate

234, a first input terninal i l ectrjcally .cqnnected o an output term nal
of the NAND gat eogﬁg", Nghg)e%?léz“ﬁﬂpﬁ’t“ ngptyte: Pﬁi% e‘éF‘é‘E*l]iyi ‘E?&Pﬁfcfﬁ%ctBr?Hect ed to
an out put tReput RehinAfof tRANAKDRa38, L2ondaRsht &maM! B éfeciiRAI ddhected .

electrically 5 connected to a second input termnal of the NAND gate 233.

[ 0063] to ayqutpuf tesminabpf SroNANDheaty @3% mod anputpatt sgrminabds electrcallyop

Al thougly t igafdeieRtd 4 QRod inpflkcim&EPOALIRAND @t@zs@.e! ay-type flip-flop in
which only a Qtermnal is used as an output termnal, the flip-flop may
have a strUé@3le in which two output termnals 10 of a Qterminal and a 013

The 111 p-11op. shon gk sy 4 G RADR!E sl Eplic! Mflowt B8} e
flip-flop diipfthp of thistrododierent is9 delay-typerflip-8dp irowhibaonlph QFleGnigal is bsedot her
words, the as an output terminal, the flip-flop may have a structure in which two output términals
10 of a Q terminal and a QB terminal (output termina! of the NAND gate 234) are
provided.
f0064]

The flip-flop shown ia FIG 4A is just an example, and a' structure of the
flip-flop 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 long as data for one bit can be
rctained 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
iransistor 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]



15 flip-flop of this enbodi nent may have any structure as |long as data for
one bit can be retained utilizing the feedback operation. [0065]

FI GS. 4B and 4C each show a specific exanple of a circuit applicable to the
NAND gates 231 to 234. 20 [0066] A NAND gate shown in FIG 4B incl udes
transi st or sw84diibose3®4. Note that the transistor 241 amgriiesoidnavssi St or 244
are p-channel transistors, and the trasistor 242 and the transistor 243
are n-channel transistors. [0067] 250Of the transistor 241, a gate term nal
is electrically connected to a first input termnal of the NAND gate, and a
first termnal is electrically connected to a_high power supply potenti al
line. [0068] O Ohthettransigprsdagy a gato terminglis slecisicallyrronngcteddp eé@qoniénpny
connected tgQ i | f Sty d ] . ate

t erm nal ofthtlr?EﬁtJrfatﬁng |I¥%Igi?u%aﬁ0d g‘%&i r{zgﬂﬁkarl g% e%egﬁlr%my;‘}?m?@&% 2‘2?‘ r %écegﬁ;y
connect ed ttgmana of thedrangstor A4, and 2 s¢rond tamiab salec@itilly f@BEGd to a low of

the transi sto%rrszu4?1p %tcﬂﬁt %m;:erm' nal is electrically connected to a second

I nput ter mifnal oFPYRe a'{l gate, a first termnal is electrically connected
to a sedondo@®@®im nal of the transistor 242, and a second termnal is

| ectricall ted t | | tential |ine. 5 [0070
& “Che tranki ot opt SipgransiSgf 288 % B Sermoiab B tieBiafy pipelet 6 0 o0 e
second i npypput e¢rinidadlof Gfe NANDNAND agditie gud terialeld B ttahsitonk4Nfa filke

transistor 243, a first termnal i |ectrically connected to the high
pover suppl§TPR &rlgcimpealty ﬁ%‘,‘ne‘é\tﬁ% ma'i‘g glggrﬁ?“ieé?‘m’ Rotgntialing, and 3.seep

connect ed tgmlif® iSa6ARGIIY QofideRt t8fthd 8odd RAFKAL S the fdnstid 24 @nd @nd i 1 St

termnal of the transistor_ 242. [0071]
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 eléctrically 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 to 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]



Note that in the NAND gate, potential of a node to which the second
termnal of the transistor 241, the first termnal of the transistor 242,
and the second termnal of the transistor 244 are electrically connected is
out-put as an output signal of the NAND 15gate. [0072] A NAND gate

shown in Fl‘g?égw’%ﬁ%wes transistors 251 to 253. Note tﬂ!‘i‘}m}otﬂﬁoés@ﬁ‘r‘s' stors

251 to 253 hnel transistors. 16n addition, the transistors 251 t

253 are enhancenent-type transi stors whose t hr eshol d vol tages are p03|t|ve.
20 [0073] O the transistor 251, a gate termnal and a first term nal
are electrically connected to a high power supply potential |ine. [0074]

O the transi st Ologafat i :wmbe%am pétbntia$ o£h 86del tb GiHidhythe SRBALC{eafinkl0 a fir st
i nput 25 term nal of the NAND and a first termnal_ is el ectrlcally

connect ed tofthe lé@é‘étﬁﬁzﬁleﬁﬂﬁﬁhﬁlm‘dmm% of thy fansistes 252 arp electsigally connected o ¢ e
t ransi st or | rically connected to a second i nput
t erm nal oflg? ﬁgutﬁigﬁggg%ﬁ[&%khe ﬁmb%ﬁ{e Y P

afirst termnal is electrically connected to a
second 30 t[@P7dlnal of the transistor 252, and a second terminal is

electrically conp I t; { BEthe 19D
Not e thgﬁa1 in the %@dﬂg]%?%&“l' Wt&@m{mﬁ#&g Sﬁ% glﬁgﬁmﬂ'}ﬂ“ﬁ E;ﬁteesecond
termnal ofgateheard barisieschange@ Sgittanatht otberf | s termirahiwhidgh f spepified rtarbei st or 252

are el ect r| al L&Ilf%gnqeec,{;gclo tﬁ%(ﬁfst% %atﬁgﬁ?‘gglﬁ%kt Pﬁ'th lie Qf, th?ngND gat e.

[ 0077] 5Fur e seco i'nput term nal of
t he NAND gadeﬁcriiaﬁﬂn b@bereueetrithﬂmmdeomdtth tleaedond tidpat termiinalef therMdANDgateh i s

R NAND, gefd ¥ ferinal S costet, o B SRRul etfend kS, AR BB T, e
second (P Ukmiif4l BE theINATD ghe iMhblabovgakescriptiifican teeluairieally stahectedits tigpeci fi ed
to be el ect Erlstclgllnllt){m%%rglngfcteeg&% gtahee second i nput
[0078]
In the logic circuit of this cmbodiment, 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 5x 10'7 (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 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-chanme! transistors but n-chamnmel transistors, reduction in the



10 terminal of the NAND gate in the above description can be electrically

connected to the first input termnal of the NAND gate. [0078] In the
logic circuit of this enbodinent, at |east one of the transistors 242, 243,
252, and 253 included in the NAND gates 231 to 234 has a channel formation

regi on 15 wWhgsehiihssdsor med usi ng an oxi de sem conduct or .pcthe20006kr6gen
concentration of the oxide sem conductddr is controlled to be 5x1019

(atonms/cm or lower, preferably 5x1018 (atonms/cnB) or |ower, .further
preferably 5x1017 (atons/cml) or |ower. Therefore, the off current of the
transi stor can be reduced to |x10-11 [A] or lower. That is, |eakage of

el ectric chenghstutiitg progéss.t inpravemasti cftydeld of dre logie ciparit, antl widectiendh thek gat i ng
is perforned 2 can be su sse As a result, standby power during this
period can “B%“ SR sy %&Pﬁvﬁ tion of the logic circuit during this
period can [&Bogsuppressed [0079] Further, when the AND gate shown in FIG 3B

is applied to t AND gate 201 i ncl uded l.ogj c.cC CUI of this
enbodi ment and t Brepctionin Webc?’}sﬂ‘ﬁe‘? ﬁbiﬁ'ﬁg‘i’g\% ’fgmt‘ﬂ WRIAFRISCERR & shown in

FI G 4C iss aguak bfah bRernfecidchit WhidhGBaled the Bkic cirt@nsf fisdntbodiifdntigfsfatt.n t he
l ogic circuit can_be n-channel transistors. By applying n-channel

transi st or Ih¢p the, Bangienality of - senieondyctps devigs ‘Bﬂ“%in% fReniagx qixsriard 8% regi on

is formed léﬁlleﬂﬁlé}féuﬁ&hﬂf‘cé Mde@nduct or whose hydrogen concentration is
5x1019 (atonms/cm or | ower consuned power can be reduced in the Iog| C

circuit inl8lth all of the included 30 tran5|stors are n-channel

transistors. |n Qgdishdi Qe i¥edObIRA! ORbMimblicor AR fierbht Gl . idiltadi no not

p-channel transistors but n-c transi stor ctronint
manuf adOur ifregly withahe eontantsf@thenembodiments et phrﬁherctrf@r theioptent ofdixiampleand
reduction ioppmemuf acturing cost can be achi eved. [0080]
[0082]
(Embodiment 3)
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



Further, reduction in power consuned in the logic circuit allows reduction
in 5 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.

[ 0081] that the contents of this enbodi men. her eof
can be conﬁWRégpﬁés?reely with the cort8ents of other enbo ﬁ@ﬂ%ﬁ%%r part

t hereof or the content of Exanple or part thereof. [0082] (Enmbodinent 3) In
this enbodi nent, an exanple of the logic circuit described in Enbodi ment 1
15 will be described. Specifically, alogic circuit including a NOR gate
and a fllF)éﬁ cm&ﬂ&mggng@@pggbed with reference to FIGS. 5A and 5B and

FI GS. 6A an [0083] < Configuration exanple of logic circuit > Alogic
circuit 50({0@$6]t his embodi ment shown in FI G 5A includes a NOR gate 20 501

and a flip-flop BQE{,%g'ﬂeﬁéheri\'% %ﬁbﬁ s%&ll stefv@é&s 4 @'ﬂ'mg thl%’il%ﬂ Qdchias

electrically connec to an enabl e si gna i ne and Second i nput term nal

is electri (mgdayatcadnwécytebd stippligd.wij RWWMWW@R(@WM(&\?@N@B gater cui t
| f d
si gnal (LCKB) i 1? ﬂ& . ?‘ﬁﬂﬁqﬂéﬁﬂ :i‘l?)]n(faj Lgd %189( ?%1 ft?]glgl ut © 135 s@hnd @ﬁﬁ;t e

cl ock sign put termn
el ectrical Ifygnﬁﬂa‘lrwalﬁeeﬂlptﬂnpasozat m‘.hesﬂgx%p $02nepezatet wwiths the dnplit ickoskitsignedr mi nal i s

Cheet el e, SRR s e LR B Bt o DepiiThgfgn. (0004
ermbodi ment  f3neclécklsighal (OH)iiehaned ffoi the Tovel Rivél th tie higheetel, tand buﬂputx itheg
out put i g wamal when g o s sl (6B st SRRy e BETE a0 £ o
| 0gi ¢ Cig CUplv 1svefOperation of the logic circuit shown in FIG 5A is described
with reference to a .
[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(Out)) of the NOR gate
501 is a low-level signal. That is, the low-level signal is input fo the second input
15  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 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 level of the clock signal (CK) is changed
from tﬁc 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
25 502 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
30 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.



WO 2011/ 052383PCT/ JP2010/ 067996 18 timng chart shown in FI G 5B. [0086]
During a period T4, the enable signal line serves as a wiring through which
a signal at a low level is supplied. Thus, an output signal (NOR(Qut)) of
the NOR gate 5 501 is a clock signal (CK). That is, the clock signal (CK)
~is input towvobmisseeond i nput term nal gf the flip-fl opre@Arzoitie7éssi p-fl op
502 operates with the input clock si gﬂ (CK). Specifically, the flip-flop
502 receives a data signal (D4 or D5) when the |evel of the clock signal
(CK) is changed fromthe low |level to the high level, and outputs the data
signal .when the level of the clock signal (CK) is changed fromthe high

l evel to tIKO91D | ow | evel . [0087] During a period T5, the enable

si gnal I|ne ' A nal at a high level is
suppl i ed. %ﬁogggc@pé%fgﬂ%hogmfﬂ@%%%ﬁhlgfﬂ%%e NOR gate 501 is a

| ow | evel si gnal Spetifiztexasples bifca t:mﬁtl@nﬁguraiognﬁlthﬂ NORngate S@lointlndedsisc ond

| nput 15 t r nal .of .t efll At. t ut ..si gnal
(Gt of ¢ 6 0BG it i B F o Kgwi an S b g g o s B o)
During & péip-fiep 562 lltdllﬁie&riﬁblleeldgkgﬁ&imﬂ shnenaigaﬂ& SAI‘daﬂSbeaﬁc alelaitypeg t hr ough
whi ch a si | Qw d. ,That I|k he eriod T4, the
et op oo spien i diCh s, JtiehRe) BEcspo8f doriviem ot che BVRIPPor ¢ he

cl ock si gnalip-fi6gis ioSbe Redidreratof ds s iedificl exampRVE! a tciacnﬁthamhgﬁfaudueuﬁthe and

outputs the data_signal .when the | evel of the c|ock si nal Q i s changed
from the hiliiloR9@d- tstﬂe‘i‘ﬁ%e’l‘wlqsé?fé cirquj sgufjguration of ﬂ“f Ofgate g6 arecircui t

of this enﬁ&@hmelovl REth GtefekceSb PGS, sApdleBl O the flip-flop 25 502 is
controlled é the enable signal (EN). That is, in the logic circuit, clock

gatingl1f brmed with respect to the flip-flop 502. [0090] Not e
that t he | 'ogi ¢ ch NIt bat®kndwhi i I@ﬂbQQMEﬁQEs ﬁﬁ@ﬁﬁyréjﬁleb‘ﬂﬁ@n N&E sk ek signal

input to the flip-flop 502 goes into a high Ievel, and retains the read
dat a for otrensisters |91l and 512 are p-channel transistors and the transistors 513 and 514 are
n-channel transistors.
[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 gatc terminal of the tramsistor 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
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30 cycle. Thus, the output signal (Qut) of the logic circuit is tenporally
retai ned even after passing through the period T4 or the period T6 during
which the flip-flop 502 operates. [0091] < Exanple of circuit
configuration of NOR gate and flip-flop > Speci fic exanples of a
circuit confb3bakisgn of the NOR gate 501 included in tiagbaddes7evs! Cui t
shown in FIG 5A are shown in FIGS. 6AZ%nd 68. Note that the 5 flip-flop 502
included in the logic circuit shown in FIG 5A can be the del ay-type
flip-flop shown in FI G 4A. Therefore, the above description of the

del ay-type flip-flop is to be referred to as a specific exanple of a
circuit confotegtisldine.on of the flip-flop 502. Specific exanples of a circuit
configurati f the NOR gate 501 are described below, with reference to
FI G oA all®8. 10 [ 0092] A NOR gate shown in FI G 6A incl udes

transistors 511 NeteQflA in INOINOR paté, gobratidliol A bdd ©rvehihlthe sitdndfzmmblcofp- channel
transistors and the transistors.513 and 514 are n-channel transjistors.

[0093] 150rth FansisonR47-<iy firsh fepming! phthe tpayisiorm. pd P &t et 9t Bnnect ed
to the enalysgcisbBIdlard d108ricalP orihekibd &toutpﬁfsgaaaiutﬂusg@{a@?«ok lt}) £ gennect ed
to a wiring through which high power supply potential (VDD) i's supplied
(herei naft ¥ORg#terred to as a high power supply line). [0094] 20Cf the
transi stor ﬁdg% a gate termnal is electrically connected to the inverted
cl ock signa{ I?ne, and a first termnal is electrically connected to a
second term nal AMN@Rgateshovyi intl3G. 68 inclydeDwaksisofs YdodeinNege that Be3, a gate
term nal i .LCy Il e | ’ ' | i ne and
the gate térraﬁ# ‘i}aﬁrs Sg??CH?eé a??ﬁ%@%?é;&%ﬁﬁ ah{‘%’d?é{oﬁf%%%a%ﬁ?&:égﬁeﬁ;% rically
connecti®d tace emhsrecment-typertransistorsofhosdthrashald voleerarsid@itivand a second t er mi nal
Is electri C[@ﬁsb?{ connected to a | ow power supply potential line. [0096]

ot

Of the transistor 521, a gate terminal and a first terminal are electrically
connected to a high power s-upply potential line,
[0100]

15 Of the transistor 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 transistor 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



O the transistor 514, a gate termnal is electrically connected to the
enable 30 signal line and the gate termnal of the transistor 511, a first
terminal is electrically connected to the second termi nal of the transistor
512 and the first termnal of the transistor 513, and a second termnal is
el ectri cal lwoecuamnEssed to the | ow powg;l supply pot ent iPgIEIP2ME67§99 097

Note that in the NOR gate, potenti al a node to which the second term nal
of the transistor 512, the first termnal of the transistor 513, and'the
first termnal of the 5 transistor 514 are electrically connected is output
as an output signal (NOR(Qut)) of the NOR gate. [0098] A NOR gate
shown i n Frenssgor Rd is udized gsafesielor s 521 to 523. Note that the transistors
521 to 523(gypa; n-channel transistors. In addition, the transistors 521 to
523 10 are enhlancerrent-type transi stors whose threshold voltages are

posi tive. [0099]Further, the@irsttibgnt terminal andothe 5ond mpyttermind ofithedNORgatea f i r st

term nal ar L L A d - i ahb: . i.al |ine.

62007 15 0P fs it sl Wik BRRSRICES & el Sich WocURRS K BECBBILS || 0O

t o t he bnveoitnected |tocthe Singlel signahdine ainf the sabove rdesaniption scaw|bec tledtdedllyy

connected to a second ferm,nal ,of t transi stor 52 and a. ond term nal

o b ect ri EoRsEEan e haep FRick el Bt B Riiinal Pich A6 PP RifRE 1 1107 oo

the transi skaricfiB3confecgdtte thecinnirivdl clock sédnelliiel inahd ybove detipich daq eche enabl e
electrically connected to the enable signal line.

[0105]

10 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 controtled to be 5x10* (atoms/cm’®) or
lower, preferably 5x 10 (atoms/cmS) or lower, further preferably 5x10'7 (atoms/cm®) or
lower. Therefore, the off current of the transistor can be reduced to 1x10™" [A] or

15 lower. That is, leakage of electric charges through the transistor 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]

20 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 ftip-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

25 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
including not p-channel transistors but n-chanmel transistors, reducﬁon in the
manufacturing process, improvement of yield of the logic circuit, and reduction in the

30  manufacturing cost can be achieved.

[0107]
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signal line, a first termnal is electrically connected to the second
termnal of the transistor 521 and the first term nal of the transistor
522, and a second terminal is electrically connected to the | ow power
supply potential line. [0102] 25Note that in the NOR gate, potential of a
node to whiwhbfiRssgrond term nal of the transistor 52kpcrifesibnersd term nal
of the transistor 522, and the first t®&rminal of the transistor 523 are
electrically connected is output as an output signal (NOR(CQut)) of the NOR
gate. [0103] 30The transistor 521 is an enhancenent-type transistor in
which the gate termnal and the First termnal are electrically connected
to the high poweFushegpeduciod énpovadr chnsamed Tinthe Jogdid eir¢uitaalivivs traducGdilinr et ai ns

an on state r rdl ess pf. peri.ods. | n other words, the

2015108235 38 0189 6X GaboisaE il mahed it 5Eie-sHPuf 8 s pbpdipont opeples st or

[ 0104] Thus,FHE iR tionalifeof 4 k&hicomttkor B&dE Mealudiag thet logicseoindnd Maut
termnal of the NOR gate can pe interchanged with each other. A term nal

whi ch is spdtemal gFruitGanbe gapardedi cal |y 5 connected to the enable signal |ine
in the apovigigkgscription can be electrically connected to the inverted
clock signal line, and a termnal which is specified to be electrically
connect ed to thelNpisthat e centertk of ithin smbediment; ¢ rafcherpef, endheseombingdon can be

el ectrical | g fORReHE eohils S Hihe? LRBbAmehd BRpar! th&tof dr MeldhteAF & atmpRi C

circuit of thi's enmbodi nent includes a transistor in which a channel
formati on regedtheieof.f or med usi ng an oxi de semi conduct or. The hydrogen

[0109]
10  (Embodiment 4)

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 js 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 >



concentration of the oxide sem conductor is controlled to be 5x1019
(atons/cnB) or |ower, preferably 54018 (atons/cnB) or |ower, further
preferably 54017 (atoms/cnB) or lower. Therefore, the off current of the
transi stor can be reduced to Ix 10" [A] or 15 lower. That is, |eakage of

el ectric cheogasos2gsough t he transi stq, over the periodcatyercao/eock gating
I s perfornmed can be suppressed. As a result, standby power during this
period can be reduced and mal function of the logic circuit during this
period can be suppressed. [0106] 20Further, when the NOR gate shown in FIG
6B is applied to the NOR gate 501 included in the logic circuit of this
enbodi ment and tﬁeerdmrmfihwlpgldcirclpt showp is KKk ddiindescriedyifiDefyzanee Hown i n

FIG4C is qQEﬂ glg L rop 502, all transistors included in the

| ogi c circul % e n c ann transi stors. By applying n-channel

transi stors[OIId}the above transistors (in which a channel formation region
Is fornmed u3|ng .0xi de.2 uct or ..whose hydr n co eptration is
5x1019 (atons/c “(55 ngwqg‘oﬁ%ﬁ%e a{)%‘?seweﬁ & e H"hﬁble | ogi c
circuitsin swgnhm aallngh Odvel Beupplizdu dAd thiy ﬁ:lns,laiimnlmtai‘@a]rfmtw(mej) of tiensi st or s.
In additio tion of C Ci | t cl udj not nnel
transi st orrs1 Slhgmnls éfg“fﬂr(g&& S*“O‘g ‘Efalél‘: 3)9?% Sten %ﬁpgtctf’gﬁ

process, i %Bédaammermnaybedhémﬁﬂb 602,001 flip-FopPis02 opbrdics @GHhé Bipui N the 30
manuf act uri ng. cost. can be achi eve Furt her duction in

pover cons FHEH signak €K oSpecifically, the ﬂ%ﬂ'ﬂ‘&ﬂ/\émr Bgives deatp ﬁ‘g“@a@g ‘gff

external CiyneHitfe 1%51 shth%iseﬁ sfgha (bﬁgiscchﬁ;gee ok @E 16&%%1&8%% teloper ate.
Thus, the functionality of a Sem conductor device including t | ogi c

ci r cui t10and@nd putputs therdaty m@ia} when the Javelnf thslagkdugnal €CK)Gs changed from %t e that

t he contentﬁghqtt;veﬂytﬁcﬁ,mggélrrent or part thereof can be conbined freely with
the contents of other embodiments or part thereof .or the content of Exanple
or part thd®®8]. [0109] 10 (Enbodi ment 4) In this enbodi nent, an

Crarml e L1 Py £l SRR R B b aeng | o
descri bed \signhl atef lowclavsd it enpplich. AtAhiartune/ BrcomupyE |si@Bal QAICh(DlsI):of [tl&llo]
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 sigral (CK) input to the
flip-flop 602 is controlled by the enable signal (EN). That is, in the logic circuit, clock
gating is performed with 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




15 < Configuration exanple of logic circuit > A logic circuit 600 of
this enbodi nent 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
enabl e signal |ine and a second input termnal is electrically connected to
an invertedwoleglsssgnal line. In the flip-flop 602, addrfsioiddpsss ter m nal
is electrically connected to 20 a dat #isi gnal line and a second i nput
terminal is electrically connected to an output termnal of the latch 601.
[0111] Note that the flip-flop 602 included in the logic circuit of
this enbodiment is a circuit which can retain data for one bit utilizing

f eedback opsemtdéson. An out put signal 25 of the flip-flop 602 serves as an
out put si gn@‘lgl ?f the logic circuit 600. [0112] The latch 601 of this
enbodi nment ]5? have any structure as |long as data can be | atched. Here, as
the latch wﬂxan@lﬁﬂdxuﬁltcdﬂﬁg@ﬂatxéﬁfqita&narfhbmp&t ed signal of a signal input
to the secondin ernmn when a signal at a high |level is supplied to
the first 30 inp Pecf ?ﬁawacs iof 2 rircpft conyigyrgtion opthe, Latch 1 daclydsd dn | ogi
cireuit s MG 3hdl AB9A 53 P/ APROIAAADEAGS28A 1 sC.  RBRNHnpladphe 001 C

circuit shown in FIG 7A is described with reference to a tlmn art shown

in FI G 7B. §031nchkdeghin the logic gireyit shewnin FiGyd Aciambe @eéplgwelmmﬂom s as a
wi ring t hoyghgpghiggh ‘?hécf%fe?@ﬁ’é alve debirPhod B Ghe dSlay- 'ﬂlg% {ames tinme,
an output signal (Latch(Qut)) of the latch 601 is a Pgna (CK). In
ot her wor dgeferrpd 1@ |28 ok sprctisabxatple of ¢ ¢irmuitt oqnﬁgm‘ﬁ@msef:élmﬂnmm;t 602r m nal of
the flip-fl | S|gnal
(69 Speci Sretl Frambie o dichn PCRGUAPS! @ Blotor et Bl Hldhy 31, ° 0
when t hd) | evktcnﬁtoﬂ@SMB%l gnal (CK) is changed from t he | ow | evel to
t he hi gh l%ﬂO] 10 and outputs the data signal when the |evel of the clock
signal (CK)-"1'S"changed fromthe high level to the |ow | evel.

A latch shown in FIG. 8A includes a transistor 611, an inverter 612, and an

inverter 613. Note that the transistor 611 is an n-channel transistor.
[0121]

15 Of the transiSto_r 611, a gate terminal is electrically connected to the enable
signal line, and a first terminal is electrically connected to the inveried 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 output 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 [0126])

An inverter shown in FIG 8B includes a transistor 621 and a transistor 622.

Note that the transistor 621 is a p-channel transistor and the transistor 622 is an



[ 0115] During a period T8, the enable signal line serves as a wiring
t hrough which a signal at a low level is supplied. At this tinme, the output
signal (Latch(Qut)) of the 15 latch 601 retains a low | evel. In other
words, a low |l evel signal is input to the second input term nal of the
flip-flop 6GO8201fMskes s time, the out pu% signal (Qut) ofedrisedieg7ess 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

| evel is supplied. That is, like the period Ti, the flip-flop 602 receives
a data signal (D10 or Dl11) when the |level of the clock signal (CK) is
changed f r orghatrel fransistosvel to the high | evel, and outputs the data signal
when the | 7]of the clock signal (CK) is changed fromthe high level to
the low | evel. " [0117] 25In the logic circuit of this enbodinment, the clock
signal (CK) inpuff the trdmsisfor i621f & @ptec@fining is ahicirizhlly doimgcted do dreainpat si gnal

(EN). That ,is,. in.t,he logic ecircuit. .cl.ack, gati] | S rfar W th respect
Lo the 111 peimrgh Op B et 3nd ol bomifrly SPBb aniedi® o MBR AN 0 ot
reads dat a sugptypdtbeiatlireck signal 30 input to the flip-flop 602 goes into a
hi gh | evel, 1623? retains the read data for one clock cycle. Thus, the out put
si gnal (OJt[9 the logic circuit is tenporally retained even after passing
through the periofl tht7irdnistoh @2Res iga@ Efnidalr is Recttvallf cofiRcitd itd the MPutc02

operates. [0119 _
P [lerminal of the inverter and the gate terminal of the transistor 621, a first terminal is

electrically connected to a second terminal of the transistor 621, and a second terminal
10  is electrically connected to a lov..v power supply potential line,
[0129] |
Note that in the inverter, potential of a node to which the second terminal of the
transistor 621 and the first terminal of the transistor 622 are electrically connected is
outﬁut 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 pc_)tential 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 power 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 transistor 632 are electrically connected is
output as an output signal.
[0134]
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< Example of circuit configuration of latch and flip-flop > Specific
exanples of a circuit configuration of the latch 601 included in the 5
logic circuit shown in FIG 7A are shown in FIGS. 8Ato 8C. Note that the
flip-flop 602 included in the logic circuit shown in FIG 7A can be the

del ay-type oiprifesaes shown in FI G 4A. Therefore, the ahugpsaeedrddgti on of
the delay-type flip-flop is to be refeffred to as a specific exanple of a
circuit configuration of the flip-flop 602. Specific exanples of a circuit
configuration of the latch 601 are described below, with 10 reference to
FIGS. 8A to 8C. [0120] ~ A latch showmn in FIG 8A includes a transistor
611, an invert er Afthdyghathel ahove deseriptinn 1 tBe chdet whérbahe triagsistorabidi sStaor 611 i S

-channel _t i stor. [0121] 15(f the t i stor 611, te termnal i
ol et ri cal Iy aerige: fecasngelioont o Send o 1 pETSRe nal i

el ect ri cal | pverapnbe tbletsiznh i) the iopatetidnasimildr @6 the ab@eahn bé peetorthéll 22] An
I nput termnal_of the inverter 612 is electrically connected to a second
ternminal ofl0##d transistor 611. 20 [0123] -~ An input term nal of the

inverters 613 is ¢hefdgid GaRuitbf AROBRBIEHeH Inchille® W itRHSistbEh /Kl a @hanhfle
inverter 612, and an output termnal thereof is electrically connected to a

second t er nfPregtionf regipn iy Jfosmed gysing] BngQEide hsemignductokr nilhg) hydrogame
' ter 6 t ' | ' 30f_ th
Lnverter nce[ngit?o%] oAbk e s@ﬁ’ﬁcoh&hcw? §s tﬁi_!lgg.[l gﬂf’%ﬁ")e?m é?tb@ﬁ'gllnl)o& €

i nverter 612 I's output as an output signa at ch.
[ 0125] lower fisferabB 10" §Gombyom’)sup &wwek,i fortlex profdratdy 6%108 @ions/eint®) @ppl i cabl e
to the i nvelg)vtvgrl.’ ’?‘l}czrefgrne(,j tl;[chgff ic:l?r\r/e?ag Ea? rthetst}a%'sist?)og c;nol])'ez ?e]duced to 1x1072 [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/cms) 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,
improvement of yield of the logic circuit, and reduction in the manufacturing cost can

25  be achieved.

[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 extemnal circuit can be expanded.

[0138]



n-channel transistor. [0127] O the transistor 621, a gate term nal
Is electrically connected to the input termnal of the inverter, and a

~first terminal is electrically connected to a high power 5supply potenti al

line. [0128] O the transistor 622, a gate termnal is electrically
connect ed twotima/sgut termnal of the_jnverter and theeqyatreoit/egrmacnal of
the transistor 621, a first termnal i< electrically connected to a second
termnal of the transistor 621, and a second termnal 10 is electrically
connected to a | ow power supply potential line. [0129] Note that in
the inverter, potential of a node to which the second term nal of the
transi stor 621 aldtetthat the contents ofiithis lembdimint o parstheteof c8pbe gpmabined

el ectricall ' Wfﬂﬁ’ t . ' An

i nverter Sr%c\%ﬁ%ﬁ?ﬁ: ‘é&géﬁ? nc uegglsnﬁgd@r@ lggﬁ E#%}hg}ggq@aﬂﬁ%&gm{n?éﬁ%}%p& 632.

Not e t hat tdngpar thameef.stor 631 and the transi stor 632 are n-channel

transi stors[o%ggi addition, the transistor 631 and the transi stor 632 are
t-Ty

enhancenen e transi stors whose threshold voltages are positive. 20
[0131] 5 (EmGbdiinest hr ansi stor 631, a gate termnal and a first termnal

are electrically connected to a hi ower suppl.y.potential |jine. [0132] O
t he transi stor 6§‘2‘,gls m&a‘?‘@‘if“e?’h?’f%%ﬁi%@%@Fr‘&g‘&h%ﬁﬁ’ég?@@%mﬂhe i nput
25 term nalwibhbe teribddly € Sh&vifically, allbgit citditThdlading £n fel #dk plurapaect ed to
a second term.nal of the transistor 631, and a second termnal is

el ectri cal Bjp-8aprieiihedescribed wishrefionee ‘%Eﬁ?b?y potential line. [0133]

Note that imdofe 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

el ectril®al | y conf\degiesirquit 890106 this ersbosdiment shawn i ijFe? 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 elec-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 (Out) of the

30 logic circuit 800.

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



[ 0134] Al t hough the above description is the case where the
transi stor 611 is an n-channel transistor, the transistor 611 can be a
p-channel transistor. In this case, by inverting the enable signal, the
operation simlar to the above can be perfornmed. [0135] 5The logic circuit

of this enb‘gﬁiﬁglgmézsésml udes a transistor in which a Ch%‘iﬁi’zofnf)ﬁs%ki on
f

region is Si'ng an oxi de sem c@¥duct or. The hydrogen concentrati on of
t he oxi de sem conductor is controlled to be 5x10'9 (atons/cnB) or |ower,
preferably 5x1018 (atons/cnB) or |ower, further preferably 54017
(atonms/cnB) or lower. Therefore, the off current of the transistor can be

reduced to athBimedt hrblciredits Mhidto¥R retaih tita fof ond BiBL@BMOkeddusiCpeiatioghar ges
t hrough the transistor during the period where clock gating is perforned

can be suppFossxample, agelay-typs flip-flop shomady Fifé tdrearibe #aped-hi s period can be
reduced an%[%;function of the logic circuit during this period can be
suppr essed. i36] 15Further, when a latch including the inverter shown in
FIG 8C is applielh the Iogie dirguit lof ¢l embedimgnty thenclockesiprnli(EKY iigpuhite thef t hi s

enbodi t and the d - L Bt s g . own in
FG aC 15 dfiohdRuBRpRK piRSlch bl Biechi L MBI nhlkie BV, Srcalt Ol

| ogi ¢ ci r cudléck@atingis perfarinad mith r¢spent &i the JipsflopByroup Sy i ng n- channel

transi stors H};the above transistors (in which a channel formation region
is formed ud; é 20 an oxi de sem conduct or whose hydrogen concentration is

5x1019 (at ons/ cnByrtlek, df theetip-flop dinthe sEdnd oenbsegasnt bage indhscig-flop gring | ogi C

circuit in ich all ,of included transistors are n-chanpel transistors. In
addi tion, B fH‘Pnﬁ‘lsﬁ H‘r}?“bfmf‘f?ép r308W@VC%Hch%CPﬁ? r?@g)ﬁgfe EHEﬂgﬁ i

transi si@r sfipiffop ﬂi&a}ﬂméuststa%as i a0 iss the NGl cirdu@tnof ithis ebodimentfisatshifi ng
process, inprovenent of &I el d of

) he l.ogic circyit, and reduction in the
manuf act ur i gsteowhich ghifty _etf@taamatm) LEI@E@?]II’C ip- OPWF‘E"HE?CJ,H‘ ‘%‘éﬁ'&@lt ion in

power cons%gdgﬁcrgggl&pggﬁdqgiﬁﬁﬂjt al lows reduction in | oads of an
external circuit which nakes the logic circuit of this enbodi ment operate.

Thus, the fl@&ionality of a sem conductor device including the |ogic
circuit and the g fpiELiRte of ki€ Bhbodaftnt AfcIfteP 3 MhRéstor 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 5x10' (atoms/cm®) or lower, further preferably 5x10' (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 5x10"
(atoms/cms) or lower), consumed power can be reducc& 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



[ 0138] Note that the contents of this enbodi nent or part thereof
can be conbined freely with the contents of other enbodi nents or part

t hereof or the content of Exanple or part thereof. [0139] 5 (Enbodi nent 5)
In this enbodi ment, an exanpl e of the logic circuit described in Enbodi nent
1 will be dweaoiusxiss Specifically, i c circuit inclradvregpiems7dddD gat e
and a plurality of flip-flops wll escribed with reference to FIG 9.
[0140] 10A logic circuit 800 of thi s errbodl ment shown in FIG 9 includes an
AND gate 801 and a flip-flop group 805 including flip-flops 802 to 804.
[0141] O the AND gate 801, a first input termnal is electrically
connect ed ttbemmémm@ogﬂgmbcadmcd and a second input terminal is

el ectricall ?nnect ed to a clock signal 15line. [0142] O the
flip-flop E!gﬁ a first input termnal is electrically connected to a data
signal line, andFurtImecretmcttid)mi)woWeemmlsualed iis thel legit ciroat dll!owscrmhwtioeih to an
out put ter I th 801, 0143 he f1i | op 803,

a first |nprn8f?d%l éﬁ‘r‘ne’ﬁ%’f“a. S eﬁec 1?h| LAt 5/9%0 et to{thls embo me topgrrat% nal of
the flip-fl|¥hos, %aﬁm&ahtﬁaﬁ:ondnmﬁumttot demm'mbludmgeheemgd mmluitwndohmect ed to
t he out put t= of he Al\(E gate 801. [0144] 25In the flip-flop 804, a
first input®™ é‘]g}rf‘ﬂftcﬁ% eP*EM9flcal |y connected to an output terminal of the
flip-flop qcﬁzﬂand a second i nput term' nal is electrically connected to the

output termnal of the AND g atg
Note that this embo 1ment ‘shows the logic circuit which includes three

flip-flops; however, the number of flip-flops in the logic circuit of this embodiment is
10  not limited to three. As the logic circuit of this embodiment, a logic circuit which
includes 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 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 Ilimited to the above structure. For example, a structure in which a signal is input from
the extemnal 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 outpuf 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 -circuit 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.
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[ 0145] Not e that an output signal of the flip-flop 804 is an
out put signal (Qut) of the 30 logic circuit 800. [0146] enbodinent are
circuits which can retain data for one bit utilizing feedback operation.
For exanple, a delay-type flip-flop shown in FIG 4A can be applied. [0147]
I n the | ogiwgoGhfifesdsss of this enbodinent, the clock sigpalyspildosrput to the
5flip-flop group 805 is controlled by3LOhe enable signal (EN). That is, in
the logic circuit, clock gating is perforned with respect to the flip-flop
group 805. [0148] Further, of the flip-flop in the second or
subsequent stage in the flip-flop group 805, the first input termnal is
el ectrical Ipissynnected to the output termnal of the 10 flip-flop in the
previ ous stage. Tha t he cir t of thi LS, shift
regi ster which sh‘ff]’fct@a't‘ﬁgca%f?‘gs S}H % gt HA 8ﬂe?tﬁ‘éanf |f)°nfql%%
sequent i al | feeHhyitHN@Ghe Romedtd ﬂcbtmaﬁlﬁorﬁm@ﬁt@ﬁkpﬁl @eedf dr3hd dopteht of XhA9le The
logic circuit "of this enbodi nent includes a transistor in which a channel -
15 formati cﬂiPP‘é&cﬁ’ﬁfl s fornmed using an oxi de sem conductor. The hydrogen
concent rsat'[@i‘s f the oxide sem conductor is controlled to be 54019
(atonms/cm or Fower, preferably 54018 (atons/cnB) or |ower, further
preferably(El@Q(hHFattﬁ)rm/crr) or lower. Therefore, the off current of the
transi stor can bg, Q8 J dmb drtle BhickBUR desctR i Exhddialiige of

[

el ectric charges rough e transrstor du eri od 20 where cl ock
gating is peilbedasdbeaian Sb@l@@bpméwedrcmn@umANBﬁf&ﬁGMPWOfdur| ng

this perio n _be Al t f the logic circuit during this
peri od cand%g %pﬁw'lrlie)ggeg |3’51]g' i %I‘I@L 0

all transistors included in the
AND gat® 8(015#)d the flip-flop group 25 805 in the logic circuit of this

embodi ment - can bS lggl%f}:%gur}§ bO& ?s' csnt] odslmenltj%h(?\plp lry FI}Y 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

ﬂ

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 a second input terminal is electrically connected to an
output terminal of the AND gate 902.

[0161}
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]



n-channel transistors to the above transistors (in which a channel
formation region is forned using an oxi de sem conduct or whose hydrogen
concentration is 5x1019 (atoms/cn) or |ower), consuned power can be reduced
in the logic circuit in which all of the included transistors are n-channel
transi st or swobkeriaskdgst i on, by formati og?lof t he 30 | ogi c rOTVIRROIb/0679%6] Udi Nng
not p-channel transistors but n-chann transistors, reduction in the
manuf act uri ng process, inprovenent of yield of the logic circuit, and
reduction in the manufacturing cost can be achieved. [0151] Furt her,

reduction in power consumed in the logic circuit allows reduction in |oads
of an external clOf ¢siflipfiap OB6. mefiratanput dermingl is eddcirically canneqted o aaPbpYt ment

operate. 5 Jg, 3% {hﬁ ﬂfi]&!ﬁ{}%ir)(gig?ﬁd 4 YecBid ﬁg&%&?nﬁ&’l‘ %%?écgicaﬂf F%%Ea%d\%'th@i ng the

logic circurt an e ‘ex circult tan be expande Not e
that this eutpudicminal dhlesNDIigetel96%i ¢ circuit which includes three
fIip-rops;[O{k% ver, the nunber of flip-flops in the logic circuit of this
enbodi ment 1'sT10 not limted to three. As the logic circuit of this

enbodi m&nt, a | ojote thitragwiutput\kipedh of thel fligdlop 906 3¢ art cutputtsipnhl ([Out)fdfals (it is
a natural nunber ﬁa be used. Note that of the k-th flip-flop (k is a
natural nu ?c’é‘éﬂ to or less than it) included in the logic circuit, a
first inputjotgyminal is electrically connected to an output termnal of the

(k-1)-th flip-flgp, .and a secqond [hput term .is elecirjcally copnected
to the out put teﬁ?ﬁ Fiprtlogy 90 i H@W@é@%ﬁ?@!@@]m ek’g-‘clf*i’fﬂ“hé? nmore, in
thi s enmbodithig mbodimeat! aRU birditd NMliclPlcad R@aih! dd8s Fdr0Bnd Bit tdidizdE SébdbH& Stage i's
input to the first input termnal of the flip-flop in the second or
subsequént operatien Kehexpaple, 3 deley-tipe Bin-flog showa ir B dAcan beiarplisd- ¢ hi s

enbodi ment hfgspot 20 linmted to the above structure. For exanple, a
structure in ich a signal is input fromthe external circuit of the logic

circuit 800 to thethtlogic cireyl afdlis ismbedipieat, &g clagk: signah inpyletoythe Hipsflopuct ur e
may be enpl Is c[yi@j Wy ' ] 14 ¢
el ectricall M@?r?gégc]t e O{i%u %’n{hgﬁtﬁ%baét Q% ﬁiﬁlﬁ%{ﬂd@é g‘%?i ;l)énH gt;)élé\/ﬂﬁ)c%&l S not a
f1ip-flop i91tchetrglied \biydbe fisst dofa signalg(Data Bearfdi the clock signalt e Thatris|in dlie t he
fli P- f |1(3p ri?ﬁfc g?cuﬁl cﬁgékrgl,aﬁf’i‘é %s%erformed 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 5x107 (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
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.
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25 connected to an output terminal of a flip-flop in a stage before the
precedi ng stage. Further alternatively, a first input termnal of a
flip-flop nmay be connected to an output term nal of another flip-flop via
another circuit, instead of being connected directly thereto. [0154] 30The

plurality qf‘,ofzbll1@52f3§pps included in the logic circuit acripiesoeidedi nent do
not necessarily have the same structur® to each other. Each of the

flip-flops may have a different structure in accordance with applications
or the like. [0155] Note that the contents of this enbodi nent or
part thereof can be conbined freely with the contents of other enbodi nents
or part thqoess] or the content of Exanple or part thereof. 5 [0156]

(Enbodi nent 6) I hi s enbodi e .e the logic,circuit
descri bed in Errbg‘ﬂffhr‘r'ér??l 'tfa'WSqus ﬂ’(‘}g{b"r ‘Ee%’""égﬁ%‘?‘f géﬁ I?‘S‘/‘?t BG® circuit
i ncludi ng gRoupNII7TRM! the Sdpic &r@httﬁfahisteyhbamrﬂeht Banf BPB-chidrint] fdhsidoncr iBged wi t h
reference to FIG 10. 10 [0157] | ogi, c CI rcuit. 900 of_ this. enbodi nent

shown in Fla@ lywe; mehaprel dragsigtepte dhe ‘ﬁ’@?’? frapsistnss (inydhighyp shangel formpationg y 901
and an %@%%&ﬁcd%&ﬁ%% BJ:lHPSFHl&BdQ&%O@QK ydrbieh Whdaerdtloh Bs $:410Ps 904 to

906. [O 58] lop 901, a first |nput termnal is electrically
connect ed t(atoms/mn?)l axdowdr), compnmadh pmhera;ari be mﬂu@dbmﬁsﬂggxabquuﬂan avhich alls

suppl i ed ( rei naf referred rst da nal .ne and a
second inp ﬂ?eW %‘Eﬂrﬁ SO rnl'cilﬁrfnlaf/tr%"(?ﬁ t &2 %@u % glﬁm&'?fg’]%?gfhcl i ne.
[0159] 20004ib cirdilingladiag 960p-chanhélrtihsiktois bt h&:hﬂﬂnlﬁlraﬂsﬁtoed eatuttionainl y
connected to an qutput termnal of the_ f| and,a second i nput

oot P R PR EEE RFoC O HaEE Bt oL eldrh the e fiepit i Sedueica

10  the manufacturing cost can be achieved.
[0169]

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

15  extemnal circuit can be expanded.
[0170]

Note that this embodiment shows the flip-flop group 907 which includes three
flip-fiops; 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 z-th flip-flops (n is a natural
number) ¢an be used. '~ Note that of the &-th flip-flop (k is a natural number equal to or
less than n) 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



[0160] O the flip-flop 904, a first input termnal 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
a second input termnal is electrically, connected to an output term nal of
t he AND gatweo $6012/052p63161] Ot flip-flop 905, praTiiP2ost/067avput

termnal is electrically connected to an output 30 term nal of the
flip-flop 904, and a second input termnal is electrically connected to the
output term nal of the AND gate 902. [0162] O the flip-flop 906,
a first input termnal is electrically connected to an output term nal of
the flip-flofp fimfop isedecaicalbyepvacsterhigrantoutpy tepminglof a) flipflop whighyis Befihect ed to.

of tho 11 APTSh e rewifs i .ol Ky il mapditecng 0080 R 000

[ 0164] electFically ¢anpectdddp 20 0utpatrtarmina of & Hip-flopips soga beforedbépicerdingded i n

the logic ¢jrcui NI_S,: %g{ re. i e ' gglg | n data for
one bit ut% g‘i n%mﬁ %re%%ggﬁ‘%%gg%er .‘%’%‘5“‘ O#f%@%%?@a?% 38 §§/t-§{' ;?/6 pi{e}I
flip-flép shgpuonténninal Gf 4hothanflipeflapppiai @dthef 0G5 instead of [beinghednhegedc circui t
of this e Odltgﬁ.ﬁérgtﬂt he cl ock signal input to the flip-flop group 907 is

controll ed abl e signal (EN) and the output signal of the flip-flop
901 controlfdert}by the first data signal (Data 1) and the clock signal. That

is, in the 15 logjic circuit,. ock ting,i er.f ot Wth respect to the
(11 bt op. o oup. Stspopbietio-Hops thefied Bitne Tl (S at s ebofiRERHE second
or subsequ@gdt neekRaifly hivel thesdnd RruthiPo@asiiGthéO TEachitA thd flipifiopidy har m nal i's
el ectricall y,connecged to the output termnal of the flip-flop in the

previ od8 s@glifferent pyctyre in qeprdange with applications of theflike. oppodi nent is a shift 20
regi ster 'pﬁglshifts the second data signal (Data 2) through the

flip-flops sequentially during a period where a clock signal is input.
Note that the contents of this embodiment or part thereof can be combined

freely with the contents of otiter 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, 2 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
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[0167] The logic circuit of this enbodi nent includes a transistor in
whi ch a channel formation region is fornmed using an oxi de sem conduct or.
The hydrogen 25 concentration of the oxide sem conductor is controlled to
be 5x1019 (atons/cnB) or |ower, preferably 54019 (atons/cnB) or |ower,
further pre§ey8Qlo¢se#017 (atons/cnB) or |ower. Theref orgyrelifefdbogCur r ent
of the transistor can be reduced to | x¥-13 [A] or lower. That Is, |eakage
of electric charges through the transistor during the period where cl ock
gating is perfornmed can be suppressed. As a result, standby power during 30
this period can be reduced and mal function of the logic circuit during this
peri od can dansdfpimesiondegiol 01683 gate electdod¢ tdyer 116 provided Divart tesgatercl uded

in the contyol portion, 903 and the flip-fl .ou 07.ip the logic circuit
of this enbuthtRayes o a0k ircrode tbyes 1 L B Aefvally repngehih nel
transi st or siht Griplifityakegion 114aN Ghds bOdrGin( £1Bctvdab Cliye 130BNIKLH fi® elBiricAlly 5 T egi on
I's fornmed using an oxi.de sem conduct or whose hydrogen concentration is
5x10' 9 (at offgResiashto e impyrty yegiengdbined power can be reduced in the |ogic
circuit 4n htah all of the included transistors are n-channel transistors.
In addition, by formation of the |ogic circuit including not p-channel
transi stors but M&nh@qiewaﬂlan@ﬂ@msﬂwer& H$are peryided onpsidersyrfages of gk ng
process, i vl d hGnGhdiGHh T L.an.in 10 the
Tt act ur s SRR tejer M1 TR by JOQrincdifY b semRAWcRT el it ", 0
power cons upreddédwitih the lpaig o high condentragioh dmpurite thgims 3204 and [136kin refioam

external ci ' i a ' ' ' tRi ' oper at e.
Thue, the rifich bo S pFSEnL Mo St isk e 38 | e SRR 0B Yl ™ ©
ci r cui t 1;andprovidedl witke % tpair rofi imetal compdund aegitwes B4p andl @24b ¢veid #e]pair of highNot e t hat

this enbodi nent . shows the flip- p_qr 907 .whi ch i ncludes. t hree

F o Tl oo BB Eaanef {ritoBs ool £20B, Bt ofehen{ Ro6ei el ) 007 o
thi s enbodilapid 106 arOprovidet tever tie sdbsieste 100 dohthal (@i €anistoE W60 @h Behi S

enbodi nent,, a logi¢c 20 circuit which includes a flip=flo roup. i ncl udi ng
FIPor! Tom infRrmore thefeheer and 30 iApIEY GBS Javeh 126 ol ol RS { hat o
the k-th flin@ddtin@Majds 128 e pbvided sd'usNE coPGURE thsiGtor 1665 THRaSouRde | NCl uded
in the flip-flop irst input termnal is electrically connected

rou the firg £
to the Bt pikctreds RyerdPOatad thdrpia. clacpie leyer ] 0 s clesteigaliy onaesiad: g then put

termnal isyghieedmpouid lVeisP D8 bid hed nichf BHpBitd Fglof b, Yspidasep\D gat e
902. 25 [0171] Furthernore, in the flip-flop group 907 of this enbodi nent,

t he out put thiogamlopesfingshiermed jin ftheofnteriayeminsiypting layer $26aged jthe intgslayen o t he
first i npu'[inéu?z{tiqh mlar Pig. t Ii‘ﬁatfié,itﬂa' dufR elddtrode layer 130a is electrically connected
to the high concentration impurity region 120a and the impurity regioﬁ 114a through the
20 metal compound région 1242, and the drain electrode layer 130b is eIectric,;ally

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-chanmel 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 layer 110b formed using the same material as the gate
electrode layer 110a, and an electrode layer 130c formed using the same material as 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 gate insulating layer 138

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



t he second or subsequent stage; however, a structure of the flip-flop group
of this enbodinent is not limted to the above structure. For exanple, a
structure in which a 30 signal is input fromthe external circuit of the
logic circuit 900 to the flip-flop nmay be enployed. Alternatively, a
structure rw9 2000838 oyed, in which afdrst input termiaWP260E%! i p-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 output termnal of a
flip-flop in a St%ﬁ? bef gre_ the grecedin stage. Further alternatively, a

first inputoveiethsi insplating [l3ypr £$% Anfed SPUCT SRAEdeaYT ol42n a3d qudin

term nal ofgRRed BYerl 1400 wWiiPary y;ﬁwmetob@:r thé iokfdisemicBidReR 18)er D4 A
connected directly thereto. [0172] | The plurality, of flip-flops

i ncl uded i releckisallyepneeciadte theroxisde semicandueion laypeH0. do not necessarily have
the same stpygjure to each other. Each of the flip-flops may have 10 a
different strucCture in accordance with applications or the like. [0173]
Not e tha&t the coHerenths gafe ¢lpitrode fayoulil 3ehis povigesh 0 ashter kep¢mbrddedin aobi ned

(roeL . v bl WAPTSE il B0 o W BBl R 50K ok
enbodi ment singikaa gpthe gatfeldciradeslagardidsd,i ancllestiede laperdidga aid amheledtmge dayer rcui t s
ar o exarmpl 30 RO, erpo b 6 ot o i “SeerpCEben E00 e T
sem conduc tdedin 2@ctiicelayal 1306 inglpdedeid the pachprneh aamsistort 160nare Somdedi Nl uded i n
appl i od0t o e ah friendE ian Liteat onael v Seserarey g o0 e AR [ 0175)
<St ruct ur aljpggggnpl e> 25A p-channel transistor and an n-channel transistor
'ncluded in the })\%Jri t(l:le ?rlall;s(isl{:)} 164, a protective insulating layer 144 is provided to be
partly in contact with the oxide semiconductor layer 140, and an interlayer insulating
layer 146 is provided over the protective insulating layer 144. Here, openings reaching
15  the source clectrode layer 142a and the drain electrode layer 142b are provided in the
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 150a, an electrode layer 150b, and an electrode layer 150c are formed,
which are respectively in contact with the electrode layer 136a, the electrode layer 136b,
and the electrode layer 136¢ 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/cmS) or lower. Note that the
preferable hydrogen concentration of the oxide semiconductor layer 140 is 5x10'
(atoms/cm®) or lower, and the much preferable concentration is 5x10" (atoms/cm’) or
30 Ibwer. When the highly purified oxide semiconductor layer 140 in which the hydrogen

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




of this enbodi nent are shown in FIG 11. [0176] A p-channel transistor 160
illustrated in FIG 11 includes a channel formation region 116 provi ded over
a substrate 100 including a sem conductor material, a pair of 30 inpurity
regions (specifically, a pair of inpurity regions 114a and 114b and a pair
of high conggnbiiakisen inpurity regions 120a and 1200 beicepensybyéR t he
channel formation region 116 is |nter5§sed a gate insulating |layer 108a
provi ded over the channel formation region 116, a gate el:ectrode | ayer
110a provi ded over the gate insulating |ayer 108a, a source el ectrode |ayer
130a which is electrically connected to the inmpurity region 114a, and a

dr ai n el ectofibcerehiogharactcBlic gdni tehobitained| eEmréxaaipley i thervaset whiert ahet dreini npurity
region 114b. 5 | te that s sul ating l.ayer 18 are

b ovi ded oouparveL % ax +19 VanE uszele e o isan Ayreects V e iat r at e
100 incl uding g SeRkdORAYLIEP r@%;lza{m S Rggyi'ngeﬁle%lbﬁlylﬂﬂﬁﬂ&ﬁ'cfm&f hi gh
concentration inpurity regions Oa and 120 in regi ons which do not

overl ap wi tshmichedusiordaysr 140 fswhigh itheghydagaen soncegtratipnds sulfisienttt edagd is al so
10 pr OV'sde;LHXM Racd@id off burfGl Al inEQMRRIAP Yod, e%{g ﬂ?dr&%%%g@t%qtré?o ?ﬁﬂl\éer the

pair of “hi concentration inpurity regions el ement
i sol ati on ioxglel Emicogpdicdgrelagerl 048 i ewcpsunad Uy dendaryt o madss¢pecttameb0 so t hat
t he transi s¢ 160 can be interposed therebetween, and an interlayer

i nsul ati ng afg 126 and an interlayer insulating |ayer 128 are provided so
as to cover[o183 transi stor 160. The source 15 el ectrode Iayer 130a and the
drain el ectrode 'Hﬁ"er 1306, are, el é%?l’l cal | con ect to.t conpound

ClLe
regi on 124a and 3 dpsulafngmiayer é@Pf&H‘d A% E}Féﬁtﬁgﬁcf Vicie tmgc #ﬂ‘%ugh
Open: ng® f q:amd |aI:F|i- §I8ebﬁodeﬂ§ﬁi h 544 n bleawdauaw?ﬁqayﬁz ela&ﬁdl am;iei% iosac,l dnder | ayer
I NSU atlng aer source electrode |l a
el ectrical 13€ H?fl@dwa 1?@ %rﬁ@rfﬁrdgﬁ sg g tochfr Gaheddsd lpwglﬁvlrﬁgéﬁ%llls%.ZOa and
the inmpuritNoié @t o dddads NiyREak4d Rein2nilRE HithCRERRYASHE" ﬁgéromoa?&@ and the
drain electrode | ayer_ 130b i's electrically connected to the hi

concent r at istsgtrodedaer 134bvis in contagtopith tha gleetride layst 50Dy the elgrtende iambl-?'ﬁr ough the
metal compQuid ohgth %thl ﬁf&bcle&%% 3%;& As56d thi 'tlﬁ:n cle&ﬁ)dls QXfe& Slshf' ShY

n- channel transi stor descri | at er, I nsul ating l'ayer 1086
formed Wsi relpctréds lmrréb"was Equoalactf\ﬁ’itilrﬁw\#lp@tii@dﬁ heerdéﬂe insulating |ayer 108a is
formed, an &i trode | ayer 110b fornmed using the sanme material as the gate
el ectrode aye 110a, and an el ectrode | ayer 130c fornmed using the sane

mat eri al "as t he Fleusarce kkctrodsdlbydrajdfa 3@ picblannble tramsistor #60cof rtbide | ayer

130b are proyiged 0dcally 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 clectrode 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 electrode layers 130c and 110b provided in



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

el ectrode | ayer 136d provided over the interlayer insulating |ayer 128, a
gate insulating |ayer 138 provided over the gate el ectrode |ayer 136d, an
oxi de sem conductor |ayer 140 provided over the gate insulating |ayer 138,
and a sour C¥O@N&Bi%¥de | ayer 142a and g drain el ect r od®POTAYEMOAZAMG whi ch
are provided over the oxide sem conductor |ayer 140 and electrically
connected to the oxide senm conductor |ayer 140. [0180] 5Here, the gate

el ectrode | ayer 136d is provided so as to be enbedded in an insulating

| ayer 132 formed over the interlayer insulatjn ayer . 128. |ln a manner
e ar e o i avgpEion oDnsorareE favsisdar the sbaip desrbubleciogt Ty s g an
el ectrode lfgmRd d4s38pprofat) vitebl AEP GhicY lldtrode G438t a92a W e hikBameur ce

el ectrode | ayer 130a and the drain el ectrode | ayer 130b included in the

p- channel teB#EPs165can bo clerwically sapaectadiio the gatriFleitpde layer Hilacthe sRmicq ayer
136¢ in corfefbdeiaid? 1BOE of tiRCdrkifl eclrddtSlyet386b Bﬁtht:%zéﬁ%ﬂ'lel kQdsRddr 160. Over

the transistor 164, a protective insulating |ayer 4 is provided to be

partly Pn <dthongh natjilysiratad inRiGH &1, shgato plactrade layerlahd or i drainlogiiodent er | ayer
I nsul ati ng |.S Ld r 0 ! | £ N er 144.
Her e, openil%gq?%%grﬁitﬂﬁgnﬁgggﬂ leﬁglgﬁﬁgelﬁgr‘g%ﬁeo%lg&n%lgréoﬁ%‘%a{r?d&t)} hgtydr ain

el ectrode lelegwodelladrs amaiuded o i thie g-channeh Gragsistareili theough < | edectmnde fager 144
and the inter). [ .1 nsul at . | ayer 146. An el ectrode | ayer 150d and an

el ectrode Pﬁy&?*ﬁ%ﬁ%“%ﬁ%?é%ﬁﬁed, whi ch are respectively in contact with the
source el ef0r86fie | ayer 142a and the drain el ectrode |ayer 142b through the
openings. In a ner sim. ar. tg the electro | ayer, 150d_and t he, el ectrode
| ayer %§Oe, 20 gﬁﬂ'&' é‘c‘fﬁ?rg]dlé ‘?fa@/"g#amlédﬁa,nmétﬁrsef@c?ﬁﬁgm\“ﬁae?a"fgﬁﬁ fﬁ5‘nd an

el ectrode |deyceibed 5d0e ategrévadelipthe 1oiit Cifcudtrdesdribed Briny\WE [Eynbodineantlawte Wit h t he
el ectrode | ayer 136; .t | ectrode | ayer.  136p, .and. the el ectrode | ayer 136¢C
t hr ough op@ﬁ‘%/h@%m i Bkgﬁ%?aﬁ‘]ﬁ Hﬁ‘qﬂa‘ﬁ%ﬁ@m%f@ﬁ@cq?d&%‘f the dogic GIREUt At ect i ve

i nsul at i ng pbey@Essddly, to a&ad:@bsam%aa&agaa oxReWemidon@uctary®it thetB-chddddB2] 25The
oxi de sem conductor layer 140 is highly purified by sufficiently renoving

an i npur i t WSS 464 1coR havsediffersnt, Krugtures depending on gharactegistics Jegpited for

concentjkat iggdh tRinsiBE Bok Sean i e ANALERMAEL thaa¥isior Wheh hedS¥ol8bkRutd AliggrB/ cnB) or
| ower. Note that the preferable hydrogen concentration of the oxide

sem conducspred] ajransistorformedaising peubsitaimisrludisg agemicongictor saterisheambec h
preferabl e G&Bﬂﬁg&!ti’nﬁt 45O%h nSehaditP frindi RO Wil ) reiction in leakage current is
needed, a transistor formed using an oxide semiconductor can be employed.
[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-channé! 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. 14A to 14D.
[0188]

First, the substrate 100 including a semiconductor material is prcpafed (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
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30 | ower. When the highly purified oxide sem conductor |ayer 140 in which
t he hydrogen concentration is sufficiently reduced is used, the transistor
164 having an excellent WD 2011/052383PCT/JP2010/067996 36 of f-current
characteristic can be obtained. For exanple, in the case where the drain

vol tage Vd ﬂ%zﬁ%m&s@f +10 V and the gate voltage Vg |s#cq,ﬁ%§%6@@ge of -5V
to -20 V. the off current is [x10-13 [3 or lower. Applying t

hi ghl y-purified oxi de sem conductor |ayer 140 in which the hydrogen
concentration is sufficiently, reduced 5 allows reduction in off current in
the transistor 164. The hydrogen concentration in the oxi de sem conduct or

| ayer 140 issmitaaductardndipriat de desdibed. | n gemes, hipeatn BT supst(atd"Mbdans [40183]

Further, an insu atln | ayer 15 rovi ded over the_interlayer insulating
| ayer 10 146MICHR Céﬁ’i bsteate r‘Bd‘%h‘g’hﬁe*r‘l cfﬁﬁﬁmlca'i‘f?“éﬁ"é&i‘ﬁ%éfepff’w YBAY an

el ectrode |iad@dting 3ffacedNth ik §eEibibatdE anl AU Nikd, I lerdl SOOI ABiAARY 3 as to be
enbedded in the Insulating |layer 152. Note that the electrode |ayer 154a is

in contact fludes anienipQdstef RIbSEAlR in Yhirh a sempicendustor byer forped vsingR i s in
contact swi thd i ok hbh GHicod @Wwdké%bm mﬁsuﬂtﬁg ShrRRe it BYSltegbRAC Thet | N

contact with the electrode | ayer 150c and the €l ectrode layer  150d, and the
15 el ectrods 4 ssmicontiBetor lagersi includadt incthe iFOh selistsate] iscuot dieited 49 ar siti@ge [ 0184]

The source el eCt&u% I!@%FerFu}t%Qr tﬁc " d&fsu%g%n@‘n %iu %%ﬁ'i.lc%r%rmk?% ﬁ)f this

enbodi ment & QIEE Iy conhect e ayers 8a 1504,
and 154a prsemicdﬁﬂlctdn ldyleis fgymed oves gn ixmlaﬂii‘gmbstmtemﬂulcas a/gadsaytstrstcfvmh t he

above- descri hed | ectrode | rs are formed as appropriate, whereby the
source el ec:’t“r"ﬂ?&@%f'% é?rlﬁtﬁﬁ’ﬁsqdﬁﬁegﬁé *®hannel transistor 160 can be

el ectrimal I[p18pnnected to any of electrode |ayers included in the n-channel

transi stor 164 provided. in the upper re I on The drain el ectyode, Iayer 130b
in the p-channel Of"i’réﬂ subsizpte 1@3@&%"%‘}‘%’8 ayer 1 2REEvINg:2514 Pk IPOER¥PR: 0 any of

el ectrode |@%arefenicnf istlash indulbie Rydafankd (dea RGSIXN). 184 thy suleeidd i n the
upper 25 region, Although not illustrated in FIG 11, the gate el ectrode

layer 110a layer 40 fox enqmiplee pn insulatingslaysr fomeedusingisilicen oxide; %léﬁoﬂwl'&éﬁnect ed to
any of el caliafigiuiay 5 I Halfedel R4 1IARAL LRSS Bis 466 auhr ough an

el ectrode | ayer provi ded In the upper region. [0 30Simlarly, the
sour ce ¥l edmpurity elemgntimpantiag priypelrondpcinigrerap lmptaﬁs r: ment imparting ptypes

gpgg%ggnlt rgoﬁdu%{lﬁg} Db e dded AAEGIHSEe P00 Rrdk RFSonRTFint A¥&HSIa Yaf4peand 110D

of a semiconductor device. In the case where the semiconductor is silicon, the
impurity impatting 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 eiched 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 selected as appropriate depending on a material of
layers to be etched.
[0191]
Next, an insulating Iayer is formed to cover the semiconductor region 104, and
the insulating layer in a region overlapping with the semiconductor region 104 is
30 sclectively remt-)ved, so that the element isolation insulating layers 106 are formed (sce
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



the | ower region. Thus, conductive |layers for the above-described el ectrode
| ayers are formed as appropriate, whereby the source el ectrode | ayer 142a
in the n-channel transistor 164 can be electrically connected to the gate
el ectrode | ayer 110a, the source el ectrode |ayer 130a, or the drain

el ect rode Iwges114288 of the p-channel :jgransi stor 160. PcAlIPIOgI9wOt
illustrated in FIG 11, the gate el ectrode | ayer 136d or the drain el ectrode
| ayer 1426 in the n-channel transistor 164 can be electrically connected to
any of electrode layers included in the p-channel transistor 160 through an
el ectrode | ayer provided in the |ower region. [0186] 10Wen a plurality of
p- channet ttrea'rmng ushas ehrmigal anagbasvicah palishing {GMFY eehing Bentmeni cor 1g‘éhk‘above are

provided, thg pkQ@leh, fld dmyids (HEsHOVE Aesime ARY bOfisBMRMiTRAN fdife Can be
provi ded. Not t%c al |l n?channel t ransiest o?%/ 16% I ncl uedegil t|ﬁeﬁant0hcg ?eogi o
circuit ar dayesilOhisoemerend afipr fagmpiion efsthe semigpnstugtar fegivinri@4 2m ferniation of

sem conduct . - gtg-g si stors 164 can have different
structures tgge%gﬂ%ﬁhsrgﬂgﬂylgﬁgra qé“ﬁ% I'cs required for 15 each transistor.
For exapl 40194 an n-channel transistor which needs to operate at high

speed, a transis{or, for .using.a.subgtrate includi a semi.conduct or

mat eri al can be ﬁ’br %@?gﬁgg}%csila egl%ﬁorﬂ@@%ﬂr{gff sel”?‘ﬁ%%f“%?‘b?ﬁ"ﬁ%’i % educt i on
i n | eakage layer inehtlinga comdudiet matetial dnformédoover the imalatisg lageran oxi de
seniconductﬁg;ian be enployed. [0187] 20 <Exanple of manufacturing steps>
Next , exanﬂ Bl of manuf act uri ng net hods of -the p-channel transistor 160 and
the n-channel tr#Rsinsilingliader3efesl i ds bEghte hbﬁleﬂ'iﬂgafa?&I andBislfeimtdast uri ng
nmet hod of th‘? p-chgnnel transi st or 6% i s described first. with reference to
FI GS. #9a (V1 mpthod asputtermg methady r the ke toybs 3 sigleaver 9f 2 sitigonoxidefilpte |

transi st or alécoh Sithes 6£itid Gfin ¥ $illcdrPhitiR MM, h RafRfunt bide fild ol AudimAnd Fl GS.
14A to 14D. [0188] First, the substrate 100 incl uding a sem conduct or
material i 9XPedpmy adantadwp oxidg filmapr theplikesorastacked laygninclydingpny of he

sem conduct,gsveMis! | AlteriitehSthd sorefd of e s¥micBhdue R r AUt ObxidRLS at e
formed using silicon, silicon carbide, or the like; 7a 30 polycrystalline
sem conducmgrided hishighrdensity plasmp dgaitnenicorn themaliexidation itegtment, evifersbrthe usi ng

o a0 TRRUHELRE Al dofcd, CITHEHa AL e et WperBAL 0 (e

substr at e 16i0g, fordxaniplega mixed gas of a rare gas such as He, Ax, Kr, or Xe and a gas such as

oxygen, nitrogen oxide, ammonia, nitrogen, or hydrogen. There is no particular

limitation on the thickness of the insulating layer, but the insulating layer can Be formed

to have a thickness in the range of larger than or equal to 1 nm and smaller 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
includiﬁg a conductive material may be formed using a semicondector 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
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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 conductyg 201@kssf ormed using a 5 material ot her thagrardoiwsioks s

provi ded over an insulating surface iflits cat egory. That is, a

sem conductor |ayer included in the "SO substrate” is not limted to a
silicon sem conductor layer. Further, the "SO substrate"” includes a
structure in which a senmiconductor layer is forned over an insulating
substrat e sskhivaly aclgdassthetithstgatt iesulating layer i1A8hmk tha galepjetrodatagemposed

t her ebet wee 10.[01 Over the substrate 100, a protective |ayer
102 servi ngﬂg"éargf‘{ﬂ?ﬁ%’%ﬂqy%ti on of an elenent isolation insulating

| ayer is fqommg (see FIG 12A). As the protective |layer 102, for exanple, an
insul ating layer_formed ysing silicon axide, silicon nitride, silicon
nitride oxide oNethEn imswaingdaves 417 covsring e gaferplactipdy By 1883 i PERSd, i s
step, any 13sdeNPlit i £2C)€! THEH) thoréP #BY, | dleinfudny R),CONBHLC ke i Mdded &N thempuri ty
el ement inparti n&:; E;étype conductivity may be added to the substrate 100 in
order to coAmcORducios réZions ool thab theppir offimpudiyegignylidedpd déth wah a n (he
case where gheSRTiANNGHREG (s& B 129N, NolkahitRkGighboiofRA klubfidlm st Y Pe
conductivity can be phosphorus, arseni'c, or the like. The inpurity

i nparti ng pddgdhere fonderoation ef2 p-ghanpel tesigar imfbe epseurhionung ausrchagmel he | ke.
20 [ 0190] . : i I eg| ] i's not
covered w ttﬁnflﬁtgl[’\lgét(lﬂl%@ﬁ %leeﬁ{eg(;geﬁr%h %Bﬁ&(s g%gsséﬂ% g% flg%)(g%slg ttc‘:whéédgae\)i th use
of the ¥r otMume ithae by fprmmativd Df e paimef impBity régiensetidhiand 114 the ghasneld

sem conductQr _region 1 i [ ee F ) e i dry
etching is ‘%‘F‘é ig'(r’:]ar ?/n gg?flgrf%r%lcftaﬁglu@émsg?“é’?g#(ﬁgmﬁ {)d(:ai %egéwﬂ}pé‘ t.c 25 An -
et chi ng gasnsuiming bayet t08ar(feedAG. 12C)s eHer the canceatpivopof tht eddbdgepdiityy on a

material of |gyers to be etched., [0191 xt, an_i.nsyl ati I r.is fornmed
to cover tf?@“%rﬁ%@ﬁ&ﬁ%‘f’%’fm?’e otrtfL f@ﬂ‘?el"é#fimf e Pﬁegeﬁ%; isﬁtg%?%%/g}rlg%i W a region
oxerl aﬁpi nlgacdhirﬂdic& hmlu ﬁigﬁilﬁiﬁiatﬁhiﬁzlttmh of Sghnicohdiéidr dlanam;.s?u«hoaggm paif éfnoved, so
that the elenent isolation jnsulatjn ers 106 a ol see,.El G 12B).
The i ot arimRED s, 1045 v, LiH0, 81 foged PHeE ool e Bt fOEE e
silicon ni thered heCimbfdRing Qhyek 182 niafe Hfmadl sRFavalatioebhaed wir dfigpusgul ati ng
| ayer, polishin treat ment such as chem cal nechanical polishing (CW),
et chi-ng trcegiomsddayd Ffl | j ke can be given, and any of the above treatnent
may be use_o[m te that the protective layer 102 is renoved after formation

of the semconductor region 104 or formation of the el enent isolation
i nsul ati ng | ayer Nextpghe sigoualbjnsulating layers 118 are formed (see FIG 12D). An

20  insulating layer is formed so as to cover the insulating layer 112, and highly anisotropi_c

etching treatment is performed on the insulating layer, so that the sidewall insulating
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 110a 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 phoéphorus (P) or arsenic (As) may be added. After that, the

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



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
singl e | ayavooedi1/652383 i con oxide film silicon nitridecydezes/daryan a
silicon nitride film a hafniumoxide Tilm 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 by high-density plasma treatnment or therpal oxidation
treat ment, 1a¥sedtdsy therridenallitpslgting ilaygrs| U ethe paly of dighororerntrationeiniugity. densi ty
pl asm treg GBI 15 126%%9612198r§rﬁf{fi€%1&é5ds&gﬂd GLESX R BetaPlajir B8 GaSpOf a rare
gas such as , Kr, or Xe and a gas such as oxygen, nitrogen oxide,
anmoni a, mfomwgémavarletmyﬂﬁblg&mamnen@hﬁdg avehpsaﬂmm&wnomw methed, on t he

t hi ckness i I Qi‘ﬁ: th f ormed
to have a t &e ggeﬁl}brdla‘% e%;%%é{agﬁg Fj gefr% %gr%trlé @ghg’? i nlfni)gzn

smal | er 5t hae fmmedqumg aZﬁ)etalcndté}ﬁhl lhatrreaéts)m%)aampil@ndlimgﬂqtcnal includédin | ayer

i ncl udi ng conduct Ve I’T;_B.t.%l’l an be l];mal Pghaw rr? erl aI such
as al um nu 58'658? “c‘tcft EL i t (h LBy v ter NSt T ver t he

| ayer i ncl Ekamglesof amdumttulv:ﬁataﬁﬁlseﬁicmﬂe Kieaytiuing t:imalundtungsmg nii:kslenhannduct or
material such ]? 25 polycrystalline silicon including a conductive
material . PAGPRIMEM.o 'S no particular linitation on the method for forning
the | ayer ifpmeydi ng a conductive material, and a variety of filmformation

nmet hods, such as_an eva oratlon t ho a CVvD net hod, sputterjng method,
or a spPn coati nie¥teherh e?f’é‘ﬁ“b‘épg%?ﬂ"ég-eﬁ? NO‘E% WE?“‘YP%@?%‘E%S Hf‘l‘f"g‘?rri ng the
l'ayer incl Yehi8ndhctoP Ritgial. v By HisShechfiredtfiediOthe paR o imdiB cBmpalnd Bgidfscr i bed
in 30 this enbodi nent. [0195] selectively etched, so_that the gate

i nsul at i ng 1P48&d 124bin eaniact weh gierrairerf bigh copeentrating impyxity regiensti2Paand (see FI G
12C) . [ 019GboiNe fornieH E(’gee %waqtzwg th me%selvh?er&@gmﬁahﬁmmo? aRike iy ode

| ayer 110a 1s formed see FIG 12C). Then  on , alum num (Al'), or

the like i gsqhbeﬂletg@tetqh@trgé@ﬂawrﬂuwmoﬁm@fdhe a@mde@@dp tayer 11e yaeh  of -
'”pu“t ‘?%%Bﬁm%%ﬁou éﬂ'ﬁgcrvﬁﬁ sG b Qﬂielak'gﬁ%‘hﬂﬁd?é of Orned.(see FIG

12C). at alt 5or 6h of ~alum num i s - ad ere-for formation of a
p-channel {02003 st or, in the case of form ng an n-channel transistor,

P, St R 85 RERBRNE iahih, Sinct SRRl GiAl 4

channel f orAtsbughnit fsetgedms idlﬁy |t19at fotinge dedt resthmentseethadmalyibd wsed raagéthod 104

bel ow t he at sulat FIG 1 . Here, the

concentrat i°9 r‘l‘gl“ ef"r‘uté %F‘P@y(égfﬁt B‘Q?’%’{g"a%':h%ﬁ‘i Ed’r“’rfgt?'él? usth t he
concentoat ii® aﬁieatoelxﬁyxeéeahabbmra@bxhtpomemi@h rdattioaCia Fomation ofitie imbiap h

m niaturization of sem conduct or el emsnts Althou%fkbthe {)alr of 15 impurity
regi ons 11£9mBefRdq 1Mptefhat the,metal compaund fegiopyts; fgmmed by, 15action of fthe mE! | ayer

112 here, tkiferialid (B¢ seRficdndu@br é&:@nﬂ&ymaelsfa%geﬂhﬁfﬁgp{ufﬁ@éﬂwm@&sw the
pair of inpurity regions 114a and
conducfivity. The formation of thc meta! 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
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[0197] Next, the sidewall insulating layers 118 are forned (see FI G 12D).
An 20 insulating layer is forned so as to cover the insulating |layer 112,
and highly anisotropic etching treatnent is performed on the insulating

| ayer, so that the sidewall insulating |ayers 118 can be forned in a

sel f-alignnagtoimeies. At this tinme, the insul ating | aygfyibiedondogeart!y
etched, so that a top surface of the g‘gte el ectrode | ayer 110a and top

surfaces of the inpurity, regions 114a and 114b may be exposed. 25 [0198]

Next, an insulating layer is formed to cover the gate el ectrode | ayer 110a,
the pair of inpurity regions 114a and 114b, the sidewall insulating |ayers
118, and t hiasdlatiog. laykindwre o raostruCBye, inaludimg rtwm 14ykks) of the intbadayer ksulaingadded t o

part of the i nmpuyit regions 1l4a and, 114 sQ that, the it_of high
oncent rat; BT s.ed o B FeRatii bt dge BeatBbple L 0B Il e
Here, in thasula&ig iokr aonlimigdaheréto C hafierdbrniation st the titerlager insiatiag lagere! ement
such as phosphorus (P) aqr arsenic be added. After that, the

houl ati o Thyemiract i brdially bt REEMP Heaannt 65w ferrehiety Bo ikbuer ¢ he
gate el eg;tr[tgg@z] | ayer 110a, the sidewall insulating |ayers 118, the pair of

hi gh concentration inpurity regiqgns 120a, and 120b, and the like (see FIG
12E). The netal Adligefhat, opepings Kaching the paisyofmetal, qogppurst regionsn124p angk  on

met hods, -Sugipb 3% RrH@CHYRR REARRT MshRfin y&e,%d%éﬁuka%rehmerrg,tehqﬂea or a
spin coating nethod. It is preterable that the netal |ayer 122 5 be forned

using a retand thedein glectrodst layes 30k ayg fasmed dw thecepsaings dsee FilBel3M) dncl uded
in the sem ' t GRRRQU '
&Ex&g!rég% %é(e{) i? Qb%ﬁ% E?D%etﬁocf,rg (‘;‘\l'D g &dthg fi¥e fia l‘%é%rﬁ al um

resi st ance. suc materrals 1nclude titanium

t ungst e} nindidihg thologéningsapud padt ofnthe cqnda@dE lapxeis t rembeesdt by redchingent i s
per f or nmed, t C ] ) d or

mat eri al . Ié?/cgpéﬁmg Oﬁteéa@) '?% é‘gt{eﬂ{é%%‘?ﬁ?ﬁggéﬁr& %%Ctyﬁ%i%g#eggr%%%%%eg%ns 124a
and. 124b i reletmdalayerddthcantbe fgymied. of hi gh concentration inpurity, regions
120a and 12@2@% formed (see FIG 12F). In the case where polycrystalline
silicon or like is used for the gate el ectrode |ayer 110a, a portion of
the gate el ectr otlds prefeeiblelthiiahedoueh elkbirdds liyer t3datand the drdilelédredeiyal | ayer

122 al S i)S bel%ggngg foarmggttoa{lav%% a%lé!p.gu agcqi %i‘ cLa?anqg]aftcr a thin film of a titanium
film or a titanium nitride film is formed in a region including the openings, a tungsten
film is formed to fill the openings. . In that case, unnecessary tungsten and unnecessary
titanium or titanium nitride is removed by CMP treatment, and planarity of the surface
can be improved. In such a manner, the surface including the source electrode layer

20 130a and the drain electrode layer 130b is planarized, whereby an electrode, a wiring,
an insulating layer, a semiconductor layer, or the like can be preferably formed in 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
iltustrated; 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, tumgsten,
aluminum, copper, neodymium, or scandium can be used.

[0205]



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

Al though it is needless to say that another heat treatnent nethod may be
used, a nmethod by which heat treatnment for an extrenely short tine can be
achieved is preferably used 20 in order to inprove the controllability of
chem cal resotonsisss f ormati on of the petal conpound. Natmrthets7hdse net al
conpound region is formed by reaction the metal material and the

sem conductor nmaterial, which is a region having sufficiently increased
conductivity. The formation of the metal conpound regions can properly
reduce el ectric resistance and i nprove el enent characteristics. Note that

the metal |ayer Thmugstheabpyagicnsd thefn-ehanngd drapsister H10 with dhe substmtai b0 r egi ons
124a and 1 : . [ r ' l.ati ayer 126
and the | neapEhEs baRERQucil albhalle tmptif ' MM ndulfho L3 sRtieDbdelY
conponent s afvwiringcniipsulating liyerver the Bhsmixbefufthe (02@d, Wienithetweiring hasra

| nsul ati ng difats dafeaBthchi® SRt b€ { ARG HHA: SMLSE A elEding S0
an inorganic Insulatimg material, such™as silicon oxide,=silicon’nitride
oxi de, $i | iimsnlating layedmd alvafidictive layérgehighllydntegrated bogickdrcuid cart beyravided. oxi de.

Alternativ organi c. insylating nmateri suych _as polyim de or acrylic
can be usegz{“xﬁr’?ﬁﬁ)ﬁa P Sialar g Q‘Flaﬁv’ ?“"%%%‘g‘!ﬁ“ﬂﬂ tfaﬁ?étPPWéti{éhel‘%‘ SRt ruct ur e
i ncl uFIi ng t1ao iﬂoal yiegSa Sﬁniédﬁﬂudtﬁttlﬁitblﬁaean bé Sosinad. nlf:hai iﬁyl&y us‘iﬁgﬁmﬁm&bl utifie | _
interlayer jnsulatin ayer 128, the structure of the interl| ayer insulating
| ayer 2 neloment S ohiiphors (i arcatsent (AS] PO < JRPEHG Slertast PAdRo Mool ar | ng
| ayer 128, semibhidudof rdgfonlth Ble@baR syepPirtul ok dnaéldrabdistéNRn bk esin@@Nt , et ching
treatnment, or the like. 5 [0202] After that, openings reaching the
pair oflorret[%%lorrpound regions 124a and 124b are forned in the interlayer

i nsul ating | ayerjex a'ﬁdmhﬁlﬁa&ﬁ’iﬁécﬁr&ks@c&fr ade nlcaytbl 1dfdsianded el 1

el ectrode | ayer 130b are forned in the openings (see FIG 12H). A conductive
| ayer is fdnpiayenipsulatngdayest R8ds dgscabes witheferenes ta FEGS. 124 tonl3§ andgi on 10
 ncl udi ng s ORRNINGD. 3 BAI FICH. 18R GRGAGUIGS. AN 14D HigHRE0 DY
etching treatnment or CMP treatnent, so that the source electrode | ayer 130a
and the dr aapuiatiutng process af eariougcloctendn layerst the mechanded 2@®jstdril64,sangd thef er abl e

t hat t S ] . L1 e . 15 130b
b 1 or e K¢ RLcrahE BhiRIG mfifilng 1542 198 ec Winlly” o sPLUBRN RGOV R o7

tit ani um f ahdithe tike providedbelow thetn-clolend] itramsister 1i6d mresniited.a r egi on i ncl udi ng

t he openin 7f1 tungsten filmis forned to fill the openings. In that case,
unnecessar mu gsten and unnecessary titaniumor titaniumnitride is
removed by CMVP tFissgttheintulatingdayet 8300 forhed bvérhie interlhpe énstRingRydrpgoved. |In

such a manner, the surface includi the s ce electrode | ayer 20 130a and
the drain eé(?f‘%&lé"ﬁ“ﬁ{‘?g?yeﬂg@?’ |Lﬁ§" %ﬁ%ﬁ@%ﬁb‘é@d ahe ety byer  a
Wi i ng20an13ms@barFi®asARy eThe igslRiR; A UsL @in bé¥étmed by 4 POD iBod;an be

preferably fornmed in the | ater step.. . ]
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, aluminum oxide, or tantalum oxide.
[0208]

25 Next, openings reaching the source clectrode 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



[ 0204] Note that here, only the source electrode |ayer 130a and the drain
el ectrode 25 | ayer 130b which are in contact with the netal conpound
regions 124a and 1246 are illustrated; however, an el ectrode |ayer serving
as awiring (e.g., the electrode layer 130c in FIG 11) or the like can be
formed tog } is step. There is no particul ar | ipFrhpdohdsrep a

mat eri al fgfvbgglrﬂr(]}‘l&r?{ggﬁt he source el ectdde | ayer 130a and the drain

el ectrode | ayer 130b, and a variety of conductive materials can be used.
For exanple, 30 a conductive material such as nol ybdenum titanium

chrom um tantalum tungsten, alum num copper, neodym um or scandi um can
be used. [ OR0bfilm formation metAdiraiudivD hethathovE@VPBtmgod, bhibe pike hafmeterialr ansi st or
160 with the gbstrat.e 1 9@: ncl.u in%]al a ﬁ{n cqonduct ar materti all i%&g:onpl et ed.
After the aiyedEordpmpstion of the condychiye fayar In4 ¢a9Pe 4 KON P SIS or the
li ke may bemblybdeh, Graniimdchrdiinm, tdneluh, thitehpduninii, boppay acodyhiiinig
structure which is a stacked structure including aln i nterl}a‘yer Sliai”nsul ating
| ayer and aOTEeAndyEY pyallaythereof, 2 compaypd sychas gitddedgclpdips the abeve materialy, e
provi deds - Ryiidyie, by a step simlar to the above steps, an n-channel
transistor with the substrate 100 including a sem conductor nmaterial can be
formed. Thal0208, by using an inpurity el enent such as phosphorus (P) or
arsenic (As) as Igpm y &gﬁb’ o) I, gion in

t he above step, yﬁﬁcha%ﬂ?ﬁﬁ%ﬁ?%’t‘ gg@,? rcl)y%leés?%r m_s'cl.ﬁ’1ici)5q}fl_§cﬂ;‘%18E?]thfiﬂ

Next, a nanfilimaeftikmiung islooneshy 2P VDimethoddnarragipn inchdingdheoppenimgs; dvthin t he

i nterlayer jins t.i e i I .\ . 13A to
150 o Bt At ARl S RUCL oaRaing SOPRbATAS thd R plruEh BBER Lfinid 65, 100
illustrite fill taopémagsur Hog, the dicagsn fifm famed by adVd2 methgd hasiy fmetion toe

n- channel tyransistor .16 nd .the 15 || ke over ' [ ating -

| ayer 128; if&%ﬁ?&f‘%&’f@? fﬂ(“hgt %—lgtﬁ‘gﬁcﬁé? % *r%arﬁglf sf?)étpcié%f%gaﬁéé ?ﬁgiqeilﬁkg&]pr ovi ded -
bel ow t he relghadiiabert (IRRS itst Dorck @lecaode laydr t18@x] the &did Flectrode laydri 136b,, t he
insul ating |ayer 132 is_for ver the interl red nNsul af i | ayer 128,
the source Bf éﬁq"éﬁlg’ FradP0F “;gghaﬁ?mie e ﬂ’r“‘?ﬂtﬂmﬂ? 8@‘%’0@8‘ °89%Jraf%gﬂ‘6?x"a?nd t he

el ectrode | ppgfier’findtidhkio (sepgreds! dFfdsioh) of d R6ndubtvd Ahietigl. | Byreher, ladér drn be
formed by a PVD nethod, .a D . nethod, or, the Jike. .The ins Q;Eatin | ayer 132

can be }or riegrics flm Pt Litapim titafium putpideoF the like 15 fpaned; & cPRRSE AR M4 Yat er i al
such as silfoaa W4ipifing detdogon nitride oxide, silicon nitride, hafnium

oxi de, alum num Oxi de, “or tantal um oxide. [0208] 25Next, openings reaching
t he source [BP¥dtrode | ayer 130a, the drain el ectrode | ayer 130b, and the

el ectrode layer AROCH@IGnd@hiveHydinskieedrRsdl! ki d?dnd EohBlictivBTayefind Ri s i me,
an opening is forned also 1n a ¥eg| on vgner e the gate el ectrode | ayer 136d
i's 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
electrode layer 136¢, and the gate electrode layer 136d are formed (sce 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 surfaces
25 of the insulating layer 132, the electrode layer 136a, the electrode layer 136b, the
electrode layer 136c, and the gate clectrode 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 clectrode 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



fornmed later. A conductive layer 134 is forned so as to fill the openings
(FI G 13B). The openi ngs can be forned by a nethod such as etching wth use
of a mask or the like. 30 The mask can be forned by a nethod such as
exposure with use of a photomask or the like. Either wet etching or dry

et chi ng carwbeomssdssas the etching; i 5vi ew of m cr of alrdTaRta1@es799dr y
etching is preferable. The conductive Tayer 134 can be formed by a film
formati on nethod of a PVD nethod, a CVD nethod, or the like. A materi al
used for formation of the conductive |ayer 134 can be a conductive materi al
such as nol ybdenum_ titanium chromum tantalum tungsten, alum num
Copper ,  neddyREHocH SPyReREiRAodAr e by (REheoRe o SBRISEUHBYETIR s
nitride i ngudbhg hiddBoHaudPLiREPbxide Midol Ritkibk SilidoR W Phitride, silicdfT €
specificall'y, a nethod can be ‘enpl oyed 'as an exanple, in ich: athin film
of titani umitride poideradinpgum oRide, batainmcoxiide, tantadum onide.rr|thellikey Note tpeni ngs; a

thin film iLr 11 tani [ D I ©.a sten
filmis fo?{lreegét%dhs%gan&# Il?%{r Elreéh o'%a ni%%l&gggg %rlcgl,a%{hsetgf ".%ﬁf dm %lk?ﬂ#%gned by a
PVD net Bod shedum. f Borcéxample; thedgabe iigbulating hayex 138 chn e fatmenusing sitiface so as
to reduce cgnt.act .resjstan | t he_ | ower., el rode | ayers.(here, the
source el e °P§ﬁ?‘%§?"¥mﬁ‘8&‘8ﬁ5 at H’héﬁ\ﬁgséweo& N rge’l’ﬁs,m&ﬂ&méel ect rode
| ayer 130c,usaings 4 bsurée &) . THére id hé padtictlunliinitatibm o then thickweesl opflie ggatet hat has
a barrier fungtiopn to, suppr.ess diffusjon of.a conductive material. Further,
after the THURPE Pysr 138 Wit cam be mfﬁﬂtotﬁ Bickpesn ey thagepr 0892511%&8 e is
forned, a eAPRMENdrithid GRYQRE 16 GO0, Byr exapiphd. | g tHLERO@F af Aacked-layer ~ After
t he cogguctlve | ayer 134 i s forned, gart of the conductive layer 134 is

r enovedOby sErcEn} Prefesahisatictureinsindes 3 firet gate Psulating laysrovithys thigkpess; e

i nsul at i Ng 14rgrQhan’dt chidal th S0SHP ARFEMalRE Bfah Gr REhaY to bOEnR! 286 la' eelfdl gaeer 1362,
the el ectrode | ayer 1366, - the el ectrode |ayer 136c, and the gate el ectrode
| ayer 136d msplBtipglayeraviths thigkness largen)thamgstegual {e 6 nihand smallercthaser egal | ayer
136a, the @} §&fdRlGrebdter 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[‘ﬁ'@} erable that a planar surface be fornmed. By planarizing the

alectrade hayer AskyPe i SR Siod dod. LpReREhl ifxe Ul rkiifhr o

| ayer 136djimpwities €x higblyepurificdviorida gemixnnducton) it axtrgmelyysensitivee tocintedfaceduct or -
| ayer, or t l.ike can.be preferably-forped in t | ater step. [0211]
S0Next, 1 heega e B sl SR L S TP AR iirecs PEERCEY tadifat | ng

| ayer 132, semiconductor layer and a gate insulating layer is an important factor in the case where

such an oxide semiconductor is used for the oxide semiconductor layer. In other words,
20 the gate insulating layer 138 which is in contact with the highly-purified oxide
semiconductor layer needs to be of high quality.
[0213)
For example, high-density plasma CVD using n waves (245 GHz) is
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



the el ectrode | ayer 136a, the electrode |ayer 136b, the el ectrode | ayer
136; and the gate electrode |layer 136d (see FIG 13D). The gate insulating

| ayer 138 can be forned by a CVD nethod, a sputtering nethod, or the |ike.
Further, the gate insulating layer 138 is preferably fornmed to include
silicon oxig@e,,aShki.c0N nitride, silicon oxynitride, sily |+ Lide oxi de,
al um num ox?gez?ﬁ{?gjfaﬁfum oxi de, tantal Ut oxide, or the Ilﬁcﬁgﬁz I{'G?thhat t he
gate insulating |ayer 138 may have a single-layer structure or a
stacked-layer 5 structure. For exanple, the gate insulating |ayer. 138 can
be formed using silicon oxynitirde by a plasma CVvD method in which silane
(Si H4), oX\emihtioR ifhy be einplbed! &n UFEehsahAgAOMEARIGAsyer 1BSHAY efpld9 a
particular limtation on_the thickness of the gate 1insulating |ayer 138,
but it can iier phesedtimqyality it preferpbleand aterEace statg ety Of amintarfgce with fieand

smal | er t hagiQlseRfibitucioP1a980s Rlhcefi ¥ fofhaRRk@tlerd: thtbpRe Case of a

st acked-layer 10 structuré, a preferable structure includes a first gate

i nsul ating [P3%ér with a thickness larger than or equal to 50 nm and small er
t han or .equal tog2 . ' At} R e ' t hi ckness
| ar ger tSﬁan or eg'ﬂrg’gr’tq%ﬂ egqgemg%%?%g’r%%flﬁ%&&tt L%f\kégt a{eg%a %%{rgi%g%‘}r%r@ P her eover .
[0212] 15Arpxil6% Wpsn Q8 petidraiearini tht Icysc whitpeanoutide safithbeinoet dicdideaci eved by
renoval of inmpurities (a highly-purified oxide sem conductor) is, extrenely
sensi tive tiEP¥Heff 3R _E?%% e SPRYPLS r anfin e PACe COPRATGH. Og_ﬁﬁ? &Fdee, an
interface RehefdhcRAR iP¥tAS; a SRHLOPGEE FieK (B k) aitfa diglempbRfnd @i ng | ayer
is an inportant factor in the case where such an _oxide sem conductor is
used for tHemRsxaters). sadiacssherated dangling bond jinduggsioshifidn dhe thigheld volagee

i nsul atlgng ({;g;;er 138 which is in contact with the highly-purified oxide

seni conduct’or ‘| ayer needs to be of high quality.
[0216]

On the other hand, when an impurity in an oxide semiconductor, especiaily
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 layer, 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-0O-based metal oxide target. The addition of silicon to an



[ 0213] For exanpl e, high-density plasma CVD using p. waves (2.45 GHz)
Is preferable in that it produces a dense and high-quality gate insulating
| ayer 138 with 25 high withstand voltage. This is because a cl ose contact
bet ween a highly-purified oxi de sem conductor |ayer and a high-quality gate
I nsul ati ng way@an/osegsuces i nterface st density and prRedUeHg0/e8e%r abl e

I nterface characteristics. [0214] Needl'ess to say, even when a

hi ghl y-purified oxi de sem conductor |ayer is used, 30 another method such
as a sputtering nethod or a plasma CVD nethod is applicable if a

hi gh-quality insulating |ayer can be used as a gate insulating |ayer. An

i nsul at i ng 2PeEhpusgxidssemiqopsdusinglayey supprestithe exyslalizetionof ghedpyesitthereore, npdi i ed

by heat treatment | ' ! e, the
gat o1 nsul Sy S8k seicoRfugi e i GBI B BB SICCT WA R
pr ef er abl e 19n%i indlediveace state density of an interface with the oxide

sem conduct or Hayer is reduced to forman excellent interface. [0215]
5Furt her, the bias tenperature test (BT test) at 85 C for 12 hours

Wi th 2x306 V/ cm js§a Beget fr Mithing the BGAE SaiconaaEs: 1ayer 0¥ adputksiiy RMGG OF
i ncludes an inpurity, a bond between the |npurity and the, main conponent of
the oxi de el @ide trsges Fontainiagzing pxide a5 2 B3l compeRent canchegysed, dog-exppple) and a

hitt e paeeu s hERDBIR M R B A ana.
ge 10 (vth).” [0216] On the ot her hand,
when an i nminest Bails: mOox 1L dd -Selmctauratin]t IrGa:&n pdel: @b I[gtomjcrrtigld fan Meat er, or
e )L ST R e oRBE ROt k0. 2B T GAEE AL 4 e e
st abl e 100 tbmpdsitidiTrafieof Ic@anZhe Dibileatoarc ratidPds73 target having a composition
ratio of In:Ga:Zn = 1:1:2 [atomic ratio] can also be used. The filling factor of the
metal oxide target is from 90 % to 100 % inclusive, and preferably 95 % or higher (e.g.,
99.9 %). With use of a metal oxide target with high filling factor, an oxide
semiconductor layer which is a dense film can be formed.
15 [0220] '
A preferable atmosphere for formation of the oxide semiconductor layer is a
rare gas (typicaily argon) atmosphere, an oxygen atmosphere, or a mixed atmosphere of
a rare gas (typically argon) and oxygen. Specifically, a high-purity gas is preferably
used, in which an impurity such as hydrogen, water, hydroxyl, or hydride is ‘reduced to
20  approximately several parts per million (ppm) (preferably approximately several 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.




Next, an oxi de sem conductor l|layer is formed over the gate insulating |ayer
138 and processed by a nethod such as etching using a nask, whereby the

i sl and- shaped oxi de sem conductor |ayer 140 is fornmed (see FIG 13E). 20
[0218] As the oxide sem conductor layer, an In-Ga-Zn-0O based oxide

sem conduct®p 2bAXSisgs an | n- Sn-Zn- O based oxi de sen conGigq)psorbayls. an
| n- Al - Zn- O based oxi de seniconductor |#yer, a Sn-Ga-Zn-0-based oxi de

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

sem conductor |ayer, a Sn-Zn-O based oxi de sem conductor |ayer, an

Al- Zn- 0- basEst eamhple, asenybmmrp;llaﬁtimf pungp/ @F a tidhiwn snib]m&t:bﬁ@ﬁdp @xpreferably

sem conduct or e ase oxi de sem con | ayer, or _
Z0r 0 based Biacecyr BB, Chb s 2 & uits MEmOTHAp D RGP atn Dor phous
oxi de sem Ciedathiét @hantty ShichSis PVRLREBRIR usd Bf ihBlcﬁyo@ﬂi’ﬁﬁcﬂ FRRSgen AfbrR OT phous
oxi de 30 sem conductor. |layer js forned as the oxjide sem conduct or | ayer by

a sputteri rPPEMh Qonfivine li‘sEY‘B‘charf“‘Pfﬁ sush 25 Y Ehl) (Ruther prefcabl 4 get . The

addi ti ors of cogipbinfdPébntathifla cABBH Qbﬂysanaxmﬁce&ﬁm&ﬁﬂe&%meby@w& g%m}pr ess the
crystallization of the layer; thereéfore, the oxi de sem conduct "ayer

be formed uSneRFtrationgp gl@toxect;rﬂcraiqqnwosﬂmr formed iftthe wreptment ghaypbienednbsi ve.
[0219] 5As @gqlagoet for form ng the oxide sem conductor |ayer by a
sputtering nmethod, a netal oxide target containing zinc oxide as a nain
conponent d&8%22je used, for exanple. Alternatively, a netal oxide target

contarnina I, She Ml s FRARL LB 02 bl e A RO, -
met al ol dend ghregengetds HACmm, thy pressurGis,0.@P) thendireat duerentDO powvergupply is

0.5 kW, and an atmosphere of deposition is an oxygen (the proportion of oxygen flow ié

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 S nm to 30 mm
inclusive. ~ Note that an appropriate thickness differs depending on an oxide
semiconductor material, and the thickness may be set as appropriate depending on the
material. | | |
[0223]

20 Note that before the oxide semiconductor 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, ions 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 [0224]

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.



10 conposition ratio of In:Ga:Zn = 1:1:1 [atomc ratio] or a target having
a conposition ratio of In:Ga:Zn = 1:1:2 [atomic ratio] can al so be used.
The filling factor of the netal oxide target is from90 %to 100 %

i nclusive, and preferably 95 % or higher (e.g., 99.9 %9. Wth use of a

met al oxi devoanges23’d th high filling fgctor, an oxi de FEOHEIMGHUTEWSr | ayer
which is a dense filmcan be fornmed. 15 [0220] A preferable

at nrosphere for formation of the oxide sem conductor |ayer is a rare gas
(typically argon) atnosphere, an oxygen atnosphere, or a m xed at nosphere
of arare gas.(typically argon)_ and oxygen. Specifically, a high-purity gas
is prefer agartiﬁ‘% ditjos (FyFk gs &I?hw&p@ﬁ%t 1ang G&ﬁ‘“&s‘“ﬁ%ﬁ"&g‘éﬁ?ﬂf@&&{% [are
hydroxyl, Qpploy@ditld Adjusted BiiteRdarce vl tRPRARXAINE Mhithé 8Yi8E MmibsHdh&oPer
mllion (pprrg preferably approximtely several parts per billion (ppb)).
[0221] | n flaseneanhgprosessedintorthe desigd fhapnduct or | ayer, the substrate is set
in a chanb 622%5 reduced pressure and the substrate tenperature is set at
100- C to 600 i nclusive, 25 preferably 200C to 400 C inclusive. Depositing
whi | e héating t hEorsaxbmplea? gasceomtairaniyicidorinieda chlotinnbased igamsugh as pldorint y in t he
oxi de sem : LAl . addi 4. on, TR0 Ros S | .be
reduced. Tﬁgﬁﬂu@r@%ﬁb@é% r{gbg%(sg roiﬁ%% \;}hf c%q%yﬁlgg%n&;%ﬁ%?‘g{agﬁlgn%r e
renoved i s (COLp)oein bedmphtyed than ttckiag gentsed iamtbe dryf etchingyvhi Adtvrmagimeldy,ra ng

noi sture is_being.reppved, d_.an oxide sem conductor.|ayer is deposited 30
over the sﬁB%fqﬂé?q‘gn%AﬁFWs@%ﬁ’P C'H@P%Igaso ?lg‘gs %gl 3 {eﬁ?f(}:}‘é’flﬁe K#‘grsﬂ Tto
renove r esifhigfde (8B hitthgen fludiide (WF-H,adrneifdiorahéethdre ((CHEY));chydrogpaBiinideacuum
punp is.preferably used. For exanple, a cryopunp, . an ion , _or a -

P ot A S GHEDRBrse (B apy b stepam b R Satre 2ot eb el B Bradonmy be a
turbo punp (AfQyidéed oMtellike ceDbsuskd.ap. I n the treatnment chanber which is
evacuated with use of the cryopunp, a hydrogen atom a conpound contai ni ng

a hyd-_ro_gen!%zg}n such as water (HAlI) (further preferably, a 5 conpound
containing a car 89 heatrp Blching Hkilkdde a lphisBelGRe RETPEEGIve WHEEERY:) ih@hddTPUr i LY
concentration in the oxide senm conductor |ayer fornmed in_the treatnent
chanber cafr B I¢R (industively gouplqd plasma) etching method can be used. In order to etch

15 the layer 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 ternperature of the electrode on the substrate side, or the like) is
adjusted as appropriate. '
[0227]
20 As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic
acid, and nitric acid, or the like can be used. Altematively, 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
25 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
30 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



As an exanple of a deposition condition, the distance between the substrate
10 and the target is 100 mm the pressure is 0.6 Pa, the direct current
(DC) power supply is 0.5 kW and an at nosphere of deposition is an oxygen
(the proportion of oxygen flowis 100 % atnosphere. Note that a pul sed

di rect currgpbofifgshspower supply is preferably used begaympoRRyEet
substances (also referred to as particiles or dust) generated in film
deposition can be reduced and the filmthickness can be uniform The

t hi ckness of the 15 oxide sem conductor layer is 2 tun to 200 tint
inclusive, preferably 5 nmto 30 nminclusive. Note that an appropriate

t hi ckness diot Egiosedde piz neipragenoentgrof euatetlor Indrigennduct or material, and the

t hi ckness %%%lﬁe set as appropriate depending on the material. [0223]
20Not e t hat ore the oxide semni conductor layer is forned by a sputtering

net hod, dust on NoflthitadRaOfeatriait Gptafatisis bbtainmitd th ay elctdicd firfiade] &fder abl y
rennved by reverse sputterlng in which an argon _gas is i ntroduced and
f

plasma is gBHEhEATAEPaHEWRich Bralvanqhinet torfemgoceesed dthhgat corfuChRROr heatwhi ch

i nst ead sof r&ﬁlﬁﬁd’h@gl f‘l%r&ﬁlehiuﬂﬁsdcﬁ a8 aHRhtEd gﬁd SOt ﬁkﬂethr@xﬂﬂﬂ@r@} gpur ting,
ions are made to collide to a surface to Be treated 25 so that tRe sur face

i s nodi fi edhermahamealing G¥TAYeAPPAGIuE Ghieh abi| gagaapid thermal prnealingo(BRIA) eat ed
i ncl udes 2 i A€ol 1o dtﬂeﬂﬁmaﬁ% a?bé{ﬁlﬂﬁuétﬁnﬁp%ched‘%ﬂ e surface

in an argon tm)spheread plasma 1's the vicinity of the
substrat e. anparatus fsan apparatos togépatmg D Shiaetrte be prasessed by ratiatiopofdisht (aan oxygen

at nospher e, %Eroﬁ]Q eldé{%v ﬁleadla p%&&%@ a?:fal @é‘n ﬁﬁxg"z{n‘?&&{e@gﬁ?% op; . 30

[0224] Et c suc as e g-tine, and
t enper aklur a)xeaomamrlpnmpmawoalayc kadipus highi pmssuacsuﬂmtarlnnp wor iathighhpressateer i al , so

that the oxide s con géﬂ: er can_be rocesse g'ﬁﬁ“ Ero t he desired shape
[ 0225] 5Forma%E 9‘g éoﬁ]fa?mﬁ'fsnbs éﬁlagg?rﬁgs g B2 das such
as (l;hl ori nmnglﬁlkﬁ)maﬂuwgm CAS$ theigde a(:EﬁrBQas vglﬁcﬂfdms hotae:ﬂ:t oziithcamoﬁjec(tgl fC:14) .
carbon tetrachl ori ed as an etchin sed for t e
Gy et ch nd PRepispe By Rttt dulssiFoseh e 8 pfctas eitor AIBrd ne- based gas
such as car[bgml]tetrafl uori de (CEQ suI fur fluoride (SF6) nitrogen fluoride

(NF3), ar triflugronethane CHFS) hydr ogen_brom de 10 HBr) ongen (02);
any, of1% hese gaE¥examPlgnascthe first hat trgatment, GRTAmabe prrformed agfollgwson (Ar)

is added; OfhelsPRiirhick€pRa iRAn YnPCzas WhEAHas been hcat%g té Q%gﬂr&l ritdied et hod,
a parall eI pl ate ME greactl ve ion etching) nethod or an (i nductively

coupl ed pl é§ﬂa§3 te (760 ﬁght}@miffgﬁsweml pénutesecand transforretband tak@mh fll@ thee | ayer
0. des! 1 Gl G ARA%es N A Gy SIBLLGR fehl BN Y Pl 81§ POVET
[ aped elec

applied toa co e anoun ecr C power applied to
an el ect r odimeocancbesathievedit Fushae GRTA6S theammaaﬁant diorod shidiepeiodadfrtbae on t he

substr aztoe %I!nereefbre {tcatn 5 elnllp oyed evcnaunldgrsa tgrglpgrgtm%pc%ng Eo Biech ls[hq ZeZ].han a
strain point of the substrate.
[0231]
Note that the first heat treatment is preferably performed in an atmosphere

which contains nitrogen 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 less than or equal to 0.1 ppm).
30 [0232]

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



20As an etchant used for wet etching, a m xed solution of phosphoric acid,
acetic acid, and nitric acid, or the like can be used. Alternatively, an
etchant such as I TO 07N (produced by | CANTO CHEM CAL CO., INC.) may be

used. [0228] Next, first heat treatnment is preferably perforned on the

oxi de sem opodaehsesss25 | ayer. By the fg‘ rst heat treat mpararidieedwsde

sem conduct or | ayer can be dehydrated dr dehydr ogenat ed. The tenperature of
the first heat treatnment is higher than or equal to 300 C and | ower than or -
equal to 750 C, preferably higher than or equal to 400C and | ower than a
strain point of the substrate. For exanple, the substrate is introduced
into an el semicondufior dayes thei pyide semddosdwets elaperaisi ngfsf@lli@qcbramdcm bhea |i ke,

and e oxiule 30 aL SANAS bl alfhe HR 5 S set o LanSRbndgal ot 2t

450 C for oneé n-a ni Spheér e. ring rea ment, the
oxi de sem cemidomduotor lagyrs malAdystalize\WD b Gibde/ ﬁ&ﬁﬂﬁﬁﬁﬂiﬂeﬁﬁ&bﬁdwgﬁrsﬁo not

exposed to.,air to, prevent en dro Not e
that a heaf@YiPg %‘B ﬁiﬁlﬁélqﬂs %%ﬁ %g o¢! eE’P c Xprthhr nace,
and may sbe dagndipamahs Soddidhl of R firsh Red? bﬂeﬁzﬁiemt ﬂ:dbﬂae RAAGRS SF theVdxide heat
conduction or_heat 5 radiation given by a nmedium such as a heated gas or

the |ike. FoRicRRdiRer dayen the gxifer sravepmrducionmtayen heromes An appsahass &ideuch as a

gas rapid tsaﬁirca.?duc@m 6@ coiinfrigRb Ay sﬁiﬂﬂﬁrcﬁﬁxﬂ&éﬂfm%tﬂé‘md api d t her mal
anneal i ng (LRTA) apparatus can be used An LRTA apparatus i s an apparat us

for heati nd023] obj ect to be processed by radiation of light (an

el et { OMmgNet | ¢ 4R RldeVidofuckdr et B BecH hn it LA BB HJRr i? 1 2

10  which a microcrystalline portion (with a grain diameter greater than or equal to 1 nm
and less than or equal to 20 nm, typically greater than or equal to 2 nm and less. than or
equal to 4 nm) exits in an amorphous oxide semiconductor (for example, a surface of
the oxide semiconductor layer). - |
[0234]

15 Further, when microcrystal is aligned in amorphous, electric characteristics of
the oxide semiconductor layer can be changed. For example, in the case where the
oxide semiconductor layer is formed using an In-Ga-Zn-O-based metal oxide target, a
microcrystalline portion where crystal grains of In;Ga;ZnO; having electrical
anisotropy are aligned is formed, whereby the electric characteristics of the oxide

20 semiconductor layer can be changed.

[0235]

More specifically, by aligning crystal grains of IﬁzGagznO-; 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 lIayer by GRTA. The use of a sputtering target that contains more In or



10 a xenon arc lanmp, a carbon arc lanp, a high pressure sodiumlanp, or a
hi gh pressure nercury |anp. A GRTA apparatus is an apparatus for heat
treatment using a high-tenperature gas. As the gas, an inert gas which does
not react with an object to be processed by heat treatnment, such as
nitrogen or s such as argon is used. [0230] 1 AR as the
first heat ‘%Vraggﬁhn%ﬁ%a GRTA may be perf¥rmed as foll O\A/s%}ﬁ(g substgsate IS
placed in an inert gas which has been heated to a high tenperature of 650 C
to 700 C, heated for several mnutes, and transferred and taken out from
the heated inert gas. Wth GRTA, high-tenperature heat treatnent for a
short peri oga fhbn i BRbEAE riRh prehirdieekiddemiddaductdsBilybr fodelferaded! r eat ment for a
short perlod of tinme; 20 therefore, it can be enployed even under a

t enper at ur d985Hdi ti on which is higher than a strain point of the substrate.
[ 0231] Not ¢nd hifk hbdlQrehinfenf mB@BE phif@alcARAlthd Siﬂﬁé eéxﬁwdawtopﬁ&&pr med in
an at nosphere which contains nitrogen or a rar hel i u neon, or
argon) as iwkichhasrnop beeropsoesssask intonthe ddengd- ﬁ’iw':dd@‘#?%ﬁeﬁ“%agﬂm Inyeald8en, or
the 1Tkes NP hfer the Grol e 'eatdlent)ihd QBSRESs Bdndhl 10AP 13 Helkirs hel i um
neon, or argon intfoduced into a treat nent apparatus 1s greater than
or equal tmpﬁmmuﬂsﬁlm@@lﬂbographﬁﬂ@!abb@rgwéater than or equal to 7 N

(99. 99999 ¢ hat is, the concentration of the inpurity is less than or
equal to 1 pm pr ef erably | ess than or equal to 0.1 ppnm). 30 [0232]

sem conduct or | aj¥ete, thithbe dixst dieat Seatmeoncincdlor bd cajled delsydmtips t@atereer and to

be a m croc alline fi ol. talljpe, filmi one cases. For
el e 1 ek eraseds Heatstiat ecBysE Py EfFeeRh St dePipne B s EEEn R B

m cr ocr ¥t alxidesemizendueton thyei 0. Inysqmssllﬂavo peaform dedr debydvdtionntieatent orzat i on of
90 % or r r 80.%or nore, Furth ependi ng on the_conditions. of
the first Hgai'd??g"'@%ﬂwt‘%‘ﬁ‘& aftef formipg, meﬁx“gfspe?’ﬁ@n@%odgay% AREHEr | ayer,
the oxide s@iHceand dedip elecBY® 1aPas QRESthe roxai¥DseRlinBuctoti ldger SEI0] 6PRHEICT OF

| ayer containing no crystalline conmponent in other cases [ 0233], The oxi de

sem conductiBmingj eroteaiyh insyatingjaves H"‘H)H’%I%’“E‘??tﬁ“ﬁ SFiRelegtode é&YE"F‘ i A0 which a

M Crocryst gehy ﬁmﬂ%rc&thﬁﬁt ér\lehflirdheldifdh TreStRABh S beddoRicRi idigthaRbn@gual to 1
nmand | ess than or equal to 20 nm typically greater than or equal to 2 nm

and |'es® t HE®B%r equal to 4 nm -exits in an anorphous oxi de seni conduct or

(for exanple, a Mtf ﬁm%esoglfce teﬂ:@tr&fé' 19&,; Sigﬂ GRNEY G eie@tY(ﬁfe)laj{eﬂ' qa%ch

15Furt her, when mcfocrysta I's ali1gned 1 n anorphous, electric
char act er i soinwdl sofas tthbe dnx cattact with dhnoide semi¢amgectorclayer 140 édeardGdl3Fror

exa”p' e | ”%gs‘ga&ﬁéfag‘lé‘ﬂ rfoeralt o Mok 3850 s%ﬂa”&'d&&c?& 14y%¥ ﬁfo dnﬁ tﬁeﬂ 'JR\;\ﬁg using an

I n- Ga- Zn- O T get, a mcrocrystal
crystal gr aitehed,ad manﬂxeamﬂ-a&cdmﬂt hgerélMéa: turd thaﬂramlmda)qayeranéb edni l@ned IS
for ned,zomhet{)r%@é_ the electric characteristics of the oxide

[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 fungsten; 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



20 sem conductor |ayer can be changed. [0235J More specifically, by
aligning crystal grains of 1n2G2Zn0O7 whose c-axis is in the direction
perpendi cular to a surface of the oxide sem conductor |ayer, conductivity
in the direction parallel to the surface of the oxide sem conductor | ayer
can be i ncrwas@d/os5238 and an insul ati n%_,’property I n t he rdiTvjemi¢/am7996
perpendi cul ar to the surface of the oxi"de sem conductor |ayer can be

i ncreased. Further, such a mcrocrystalline portion has a function of
preventing an inpurity such as water or hydrogen fromentering the oxide
sem conductor |ayer. [0236] 30Note that the oxide sem conductor |ayer

i ncl udi ng tsAskesheves a8 clepinpwfile, @r brseylayer siragiere 3o vrhichna ditasiuge filsas 2l ned by

heating a S&l‘ﬁ[ﬁﬁﬁlﬁﬂ%& énﬁ%t%xﬂﬁfﬁﬁ%e%%ﬂé&h%sbﬁ#ﬁnﬂﬁe c%B Eﬁ; ehiS€ of a

sputtering target at contains nore In or Ga than Zn en ‘much

pr ef er abl e [6%41de sem conductor |ayer to be forrred. [ 0237] The first
heat treat nent Iy d . [ I ch has
not been proc'esrsrg%I ltu%]tokﬂz{;g’l a;lﬁ(gFtl{%grpg OXI ernsrg%g%gﬁg ctléo’?%feéayr 140. 5

I n t hat Scasmsed fof txposiresefof making meetthibg matkoent, t he substrate is taken out
fromthe he[ﬁ%‘j‘ﬁg apparatus and a photolithography step is perforned. [0238]
Note that t Irst heat treatnent can al so be call ed dehydration treatnent
or dehydrogenat i Uhe &hafmdl Nangth (tlgoauﬁerahiistbsiseliefeﬁﬁmbd/byﬂﬁMydbawwg or

dehydr ogena the 10 o i de sem condyct or 140, It le to
per T of m sudhe BRI PaPE o i sbirE e o gt ot ZBTHBR 1 483 o

form ng theirsixeRerdRMyePMIBCT B tht 3348 whedf the Ehahél Gk gt @wh@acxan& ZFain

el ectrode | ayers over the_ oxide sem conductar | ayer 14 or after, formng a

pr ot ectilye TWihSXPAfure Epr making 3 Pwsk it perfarmed é"“é‘n‘éFco?faﬁxﬁe’@P SHavialt Withyer s.

Such dehydreﬁ&e,ﬁa{tshs@tmeicngﬁs JERYEEAGRNGIEER fof &AILAE Rins B YnaliSm&eRdUCt ed
nore than once Next, the source el ectrode | ayer 142a and

the drain dixpequrowd |ea§r@1ae vhipgiolgt yiclds, highy resglusion @ad gegreat depthtafdocusi t h t he
oxi de sen cRARGL Qhe LIANR 1%%9% (g %?a'fﬂa&w}&ﬂvmcﬁ 1§fei?.ﬂl:ti3fate¥9ca£ 8Y &bmi fo f Or ned

to cover the oxi de sem co | ayer 140 and then part’l y etched, so that
t he sour ce ngi od0Pdom ikclysive, M&umﬁmodratﬁﬁbmmmmy@ﬂsemm can be

20 for q%d [0243]

The materials for the conductive layer and the oxide semiconductor Iayer 140
.- and etching conditions are adjusted as appropriate so that the oxide semiconductor layer
is not removed in etching of the comductive layer. In this step, the oxide
semiconductor layer 140 is partly etched to be an oxide semiconductor layer having a
20  groove (a depressed portion) depending on the materials and the etching conditions.
[0244]
An oxide conductive layer may be formed befween 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



[ 0240] The conductive | ayer can be fornmed by a CVD nethod such as a pl asna
CVD nethod or a PVD nethod including sputtering. Exanples of the materi al
for the conductive | ayer include an el enent selected from al um num

chrom um copper, 25 tantalum titanium nolybdenum and tungsten; and an
al l oy incl %b@%l%%sff these el ements as a conmponent. AlLabndbdieky, one or
more of material's S€l ected from mangardse, nmagnesi um zifconi um beryllium
and thoriumnmay be alternatively used. Further alternatively, alum num
conbined with one or nore of elenents selected fromtitanium tantalum
tungsten, nolybdenum chrom um neodym um and scandi um may 30 be used as
the materi ayhichl NightC &N kit {o2)Re apfurliaty eofeintdiities? 2ol N@dheng aM@rbest ructure
or a staked-layer_ structure of, two or_nore | ayers. For, exanple, a

si ngl e- | aycteremedovith useq theyesist paskunbineg plesisipaskfprmpdising agpultizone,g | ayer
Structure | iaibifdipRialilyl GHlibEcdstd @ch ke WapeYkhd cAPRIBARI B RAKGRT 996 53
stacked over an alumnumfilm a three-layer structure in which a titanium
film an altynpeforming|ashingriée gesist mask g#n be Loadaine Rlumbiticef ¢tehingpispotoder, and

the like Cﬁﬂg\‘hﬁé (?Efgl%ﬂl‘ ;EIEth%SA'._l]Theref €, argﬁistlﬂ‘garsfcorgésk&ﬁmg% G 1eds®¥ kiflds<" F | aser
beam or am Ar aser beamis preferably 5 used Tor €xposures for making an
et chi ng nagi diffddé@u Phttemns can be formed by using a multi-tone mask. Thus, the number of
light-exposure masks can be reduced and the number of corresponding
photolithography steps can also be reduced, whereby simplification of steps can be
realized.
10 [0246]
Note that plasma treatment using a gas such as N>O, Na, or Ar is preferably

| conducted after the above process. The plasma treatment removes water or the like

R - -3 Rt BEL L

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 imsulating 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 oxypen.
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



The channel length (L) of the transistor is determ ned by the distance

bet ween the bottom portion of the source el ectrode | ayer 142a and the
bottom portion of the drain electrode | ayer 142b. In the case where the
channel length (L) is shorter than 25 10 nm exposure for making a mask is
perfornmed Wohotwes3gsf extrene ul travi og t wth extrenelpCTaRmneosreéel engt hs
of several nanoneters to several tens Of nanoneters. Exposure with extrene
ultraviolet yields high resolution and a great depth of focus. Therefore,
the channel length (L) of a transistor, which is forned later, can be from
10 nmto 1000 nminclusive, and thus the operation rate of the circuit can
be i ncr easdgmicenductps Jaypr 140 by thehydrageris Gauseds thereby gakiggdhe resislansegier and
the oxide SEMbsREEHALINIAd 8Y Bl ol SRflcEMERbN BySOTHY IohORS thit @ﬂg&i&é ed as

- appropriate so that the oxide sem conductor layer is not renoved in etching
of the condbennel may bpdermedn Therefors, dpis impertany ithie addm fometiont methpdjrer 140 i s
partly etc i 1 # i ( (a
depressed g@ﬁ‘f’f'@’ﬁ'&%&@%e‘%‘%g bgggpﬁ’gwn%%%ré‘% go\ﬁglr%hdg@ ﬁig&g%e%%%’%ﬁ ggzﬁ itions.
[0244] 5 144 pentajring es itin dydrogenas passite.nay be fornmed bet ween t he oxi de

sem conductﬂi5 hjayer 140 and the source el ectrode | ayer 142a or between the
oxi de sem (!on ctor layer 140 and the drain electrode |ayer 142b. It is
possi bl e t o succRSs ipveférgble ao rfoin ¢heo puiotbetiab insalatihgc laysrel44awhile agmbvangret al

| ayer which i.s to be .the source el ectrode | ayer 142 r th rain el ectrode
| aver 1a2b pafiedetivhe Guie Srimet S 15 et oo T dy SR  unct | on
as a sour Cendif@re FonDbeivy etéred i@ e VRide SeltoaduchX laer TAhdahé poideawer | eads
to the redyctjon jn t resi stance of the source region or a drain region,
and t hd@ nhigjylal {Qél“ ration of the transistor is achieved. 30 [0245]
which i ghgog'ﬁ]transm' tted to have a plurality of intensities, and etching
may be perfornmed with use of the resist mask. Since a resist mask forned
usi ng a nul ti -t otRePrisrde remevegesidual mojstuse & the treatmentdamber ap gutraprisnis hape)

and can be &b Shim: ' PRV, a0l NG hi t i.Sst mask
can be used.gi n a%‘?’ﬁ?i?’?ﬁa‘%‘g %tg%hleli\(g ?sxtgglgfsla’ to glﬁﬁiaggogiéhﬁ?gtas
patterns. T sptdimagion gymptis preferably useds pdihd iemepuatipnaenit aay tbetayrtioi nds  of
di fferqqt . d j [ t he -
urber 07 PEER B 3 ol QR e WehBinnbr HE efiified M e {1
cor r espondiofi ¢hepiryopuinp; & dydrapdnyateme p Sompound| cootaining a biydregkn atdre rsedlyas

sinplificaty f oSt |l ze 246] . Not.e that plasma
t r eat ment &#ﬁéﬁéogéggiﬂgﬁﬂgg? ENE%?WR'; ‘glé?r %r {hlgslm lé%ye?oé’ﬁ? Ii/“%%?‘ld'b@feed after
t he above proatdssinsalitmgihyes idd forraat inahd treatment ebamtt ean berredueed.| | ke t hat
adheres to @%ﬁxposed surface of the oxide sem conductor layer. In the

pl asma tree[l t, a mxed gas of oxygen and argon nay be used. 15 [0247]
Next, ©De pr ot ecApateiing gsabséd@r theeposiibh oftticphotedive hstlatig@layeridy s part of
t he oxi de sem (ind ctor layer 140 is fornmed, w thoyt being exgosed to air
(see FIG 18 f:rg‘{m "PRRY 5 &t wRiCh Whe qopespfrationpf ap dmeyrity sUch 23 Aydraeenor ned
using as a%fe?,ﬂfyﬂl%k?, 8 Wfariae isheshced WrdppaokifatSll WbvePdl iphids I{s@tn_hmén (ﬂﬁn)vm' ch an
impurity such as water_ or hydrogen is prevented fromentering the

prot ect i ve (Prefsiablyrappigximalely SGF&W?PWC{ irAeEbd)- of the protective insulating
| ayer 144 i[@z5g |l east 1 nmor larger. Exanples of the material for the

protective insulating |ayer 144 include silicon oxide, silicon nitride,
si | i coBSoxyni t r i Mext, saeamddieatitreatment ispireferably ipddormed dn anjine igas atmesphercei t her a

singl e-1 ayer C - | AVE ure.. The ate
t enper at ur gr ?%%%5%‘2%@%@&5%6%?&#g'grﬁr%pegt“?%(Sedki%n%’ § u%\'??’r?gg' ?%@i‘# {0144 IS
pref er abl y 350 eb@ichistve)) ®or eunille, the $06HY KeaNREtBEn i€psiodmbd e nitlogdh Or equal

to 300 C. The atnosphere for the deposition is preferably a rare gas
(typi cal | yaunasehere 3280 sk ferope hawr. oFhestegond heaktrstment capyreduicgivagations ifospher e

of a rare gRgitbiRiddlstids FudidodNd Oxygen.
30 [0254]
Further, heat treatment may be performed at 100 °C to 200 °C inclusive for




1

30 [0249] WD 2011/ 052383PCT/ 3P2010/ 067996 55 sem conductor |ayer 140 by
the hydrogen is caused, thereby naking the resistance on the backchannel
side of the oxide sem conductor |ayer 140 |l ow, so that a parasitic channel
may be formed. Therefore, it is inportant that a filmformation nethod in
whi ch hydr ' used be enployed in order to for tive
insulatingqﬁ§3gﬁ%§%§£ containing as |i¥1e hydrogen asqgggg?ﬁﬁgﬁﬁfOZSO]

It is preferable to formthe protective insulating |ayer 144 while renoving
noi sture remaining in the treatnment chanber, in order to prevent hydrogen
hydroxyl, or noisture frombeing entered into the oxide sem conductor | ayer
140 and t hefrgim ohe Gbirvte 300houRSidl aid | MHis| IRytekealndcht nfa Helferformed atlanfivgdder to

renpve residual noisture in the treat t ,chanmber, an_enirapnent vacuum
b i s pr AR pPERREE. Pl 8° OB NS, e PO fPEcy

titani um suhly sREIRACEd PRrdl Sinkds ERARAYY thd IREking TBApSNRFURih@Estd frbmMBY be a
turbo 15 punp provided with a cold trap. In the treatnment chanber which is
evacuat ed wiPem temperagire tha tegpprapuerpl 109 %Mﬁr@@éﬁ inglusiye apd Bepdeaersedtnt ai ni ng
a hydrogen S . | i - reby the
i mpur i tﬁf’e c o‘ﬁ%’:‘g R@%ﬁqtgﬁ- iﬁm{hﬁ‘é “{’psrl%%g%:‘?‘?‘@‘g'qi'{’\%ﬁ’f“ te?‘ﬁa""‘{d}y%?%g?%%id in the
treat nent chapintactica instletingekiyerachde] @d&@{ MGsurs.p inder rqlgceglapresserd thieor t he
deposition ,of .t he protective insulating.| r 44 |
high-puritngg§nFﬂ§ﬁﬂh?ﬁﬂ?ﬁ%“%o%@gﬁ%?a ?3%¥§Fmg%m?ﬁ%a¥ﬁ#§%§%clhég%hydrogen,
wat er, hydroixhelsecontl hbatdichtdent & pedehiee Hefore ap pftenthaset@idyhestawamsdnt.part s per
mllion (m@ﬁ&preferabl y approxi mately several parts per billion (ppb)).

[ 0253] 25 ~dsecond heat treatnent is preferably perfornmed in an inert
gas at ngsphere ONe@X\He ntgAsyeAtiAMHRERydrP145 69 dbriniedabvek I then giofectivet 0 400 C

i nclusive, e.g.. 250 C tao 350 C .inclusive). For exanple he second heat
treatment iBSURtRg AveelGeed1G 14 ﬁ’%ﬁ“ﬁﬂ%ﬁé’ﬁé‘a‘ﬁg@%l@ Faybedfmedour . The

second heatpyts B FRMHodCACVDAHMAR], ¥Athk Fki.OMFheliftedyRE ki ifting 1afetAEEdnSt | CS Of
transi stors.
be formed using a material including an inorganic insulating material, such as silicon

oxide, silicon nitride oxide, silicon nitride, hafnium oxide, aluminum oxide, or tantalum
15 oxide. After formation of the interlayer insulating layer 146, it is preferable that a
-surface be planarized by CMP, etching, or the like.
[0256]
Next, openings reaching the electrode layer 136a, the clectrode layer 136b, the
electrode layer 136c, the source electrode layer 142a, and the drain electrode layer 142b
20  are formed in the interlayer insulating layer 146, the protective insulating layer 144, and
the gate insulating layer 138. Then, a conductive layer 148 is formed so as to fill the
openings (see FIG. 14B). The openings can be formed by etching using a mask. The
mask can be made by exposures with use of a photomask, for example. Either wet
etching or dry etching 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., ritride) 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



30 [0254] WD 2011/ 05238356PCT/ JP2010/ 067996 from one hour to 30 hours in
air. This heat treatnent nmay be perforned at a fixed heating tenperature.
Alternatively, the followi ng change in the heating tenperature nay be
conducted plural tinmes repeatedly: the heating tenperature is increased
fromroom t wopenas2se to a terrperature57of 100 C to 200 ¥Ci/arediwsé7es and t hen
decreased to 5 roomtenperature. Further, this heat treatnent may be
performed before formation of the protective insulating |ayer under reduced
pressure. Under reduced pressure, the heating time can be shortened. Note
that this heat treatnment may be perfornmed instead of the second heat

treat nent ofitride titaniuge is ﬂggvfas{ by & methpd;t39d astuagstea fHmgis formedtordifithe [ 0255)
10Next, theyd I WA TN bvkfPVD PHERL ective

i nsul ati ng ?ﬂa"g‘{é‘E{‘ 12%?{’9% Fll@%fl_)ﬁﬂﬁebyi]ant er E{/@d@ﬁgfgﬁ{ ?ntn%ﬁ? ayer 146 can
be fornmed bataa iRebcrse Ao th reduc@\Oniact sagistance withHbe laves eleTinedei lageay (hexeer

I nsul ating e,fo | C el I.n l.hor gani c
i nsul ating thg¥§§tf0;d#§ay§ﬁ2% atsh"'se;i | g%ehﬁgégﬁagbr{g% ?lf'éctgor‘lie rl#l;‘%lrlij%ec’g'gsger?c silicon
ni tride,5 hadlentrode ayerdBi2aaindniha umin xledwodedayer A42) uThd Htaniond eitridsf filer

formation of t | nt.er| ay .nsul at i | ayer 146, it is preferabl.e that a
surface be %ﬂ%ﬂcﬁb’a{ hﬁf‘ ,efeﬁjﬁ oﬁgfgs‘ﬂ’rp}/etsﬁggff‘ﬁsi?&otff’(ﬁg‘gfgve maletifpxt |,
oIoeni ngiI r eaeihl b@m&h&tﬁh&@ﬁlmdﬁtiﬂaﬁ?&&tﬁtﬁ@dmnliﬁiﬂe,tﬂlﬁﬁdﬂtreQﬁthaﬂhEB%pbsﬁb, t he
el ectrode er 136¢, the squrce el ectrode | ayer 142a, and the drain

el ectrode | a@ﬂ“ﬁﬁ‘%ﬁeﬁ?‘ﬁ'ﬂ%“% the interlayer insulating |ayer 146,
the protectfoysg)ji nsul ating layer 144, and the gate insulating |ayer 138.

Then, a conductive layer 148 is forned so as to fill the_openi nag.(see FI G
1413). Hhe openi Adfsr tiscopductivy byer WP isdemedgparseiige gondycive layrz 1A8d% can be

nmade by ex %W&%Mt&lhugdmfor%@ ed, QE Sko ini&[ay&’ﬁﬁéﬁiﬂtﬁg_lﬁie} hgs isRbs €t ching
or dry etching can be used as the etching; in view of m crofabrication, dry

25 et chi ng 9xpossthetherchy| fprmiag dhe Flrstreden taver 1502, | thy electrady tayer b0t dhared by a
deposi tion a&&b@énag&?oasm@em@squﬁ aﬁda@w@&h@%ﬁﬁm%&w{ the
nduct’l ve materi a

material for the c _ ayer 148 1nclude a conductive such as
mol ybdenum14Q).t aNote that wherothi glectraderayer {%ha, therelpctrede. layer 159 e elestrprer |,

neodym | _ n e o L of any
ot hosts iR, 3PE" Wl sy B0, Bod 4o i SRERGUNRyeo1Sbe oef birhel(ly 1, POV,
and a. t unggtmovifig lpant iof theocorgdetive laydrl 148his is peefenabls .thatier plandrisarfacet Beni um fi |l m
formed by PV t hod deoxi di zes oxi.de film.at an | rface so as to
Feduce cont@EE By PR IS Rrgivs Of tRteie et R ies s 146 e @udd:, o

el ectrode |1mgeed50a3tha eldctiedeciaynd 150t ¢hd clyctrodd Riglr, 150bahetlectiode deyet B0d) 136%
the source 5.electro | a 142a nd the drain electrode layer 142b). The
L1 an um nid BUEER Ipyst a0, &1 Pty e 23 TAHAROE A9na SPRFORHCE, ppy s

di ffusizgn Qhyed of thedilte tanise préfeRblyTbrmedus theddter sidpt er the barrier film of
titanium titaniumnitride, or the like is formed, a copper filmmay be

formed by d9%%ting nethod. [0258]
Further, the insulating layer 152 is formed, and openings reaching the electrode
layer 150a, the electrode layer 150b, the electrode layer 150c, the electrode layer 1504,

and the electrode layer 150c 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 154a, an electrode layer 154b, an electrode
layer 154c, 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




10After the conductive layer 148 is formed, part of the conductive |ayer

148 is renoved by etching, CMP, or the like, and the interlayer insulating

| ayer 146 is thus exposed, thereby form ng the el ectrode | ayer 150; the

el ectrode | ayer 150b, the el ectrode | ayer 150c, the el ectrode |ayer 150d,

and the el ectrode | ayer 150e (see FI G _14C3. Note that when the el ectrode

| ayer 150a, the el ectrode | ayer 150Db, $he el ectrode 15 | ayer 150c, the

el ectrode | ayer 1504 and the el ectrode | ayer 150e are forned by reaning

part of the conductive layer 148, it is preferable that a planar surface be

formed. By planarizing the surface of the interlayer insulating |ayer 146,

t he el ect r oubecdnsrgtion of §E;oxidesemiconducndrytraoris A0 (atbie/cal)es lowedand ayer 150%
150d, nd the el ectrode | ayer ,,150e, an el ectrode, a

t he el ectro‘g % er
Wi ring, 8t el‘ﬂ’&"l“é&f ¢ n-ghangel; transistar Lo is 3y 1072yl of lpwerhSuch ge can be
preferabl y 4 afard ﬂaﬂsﬁt&eldﬁaﬁvfngs&ﬁalen{ Ql?a?a(ﬂenstlcs is ubdd’ fnh(ﬁé 1o, agé/ éluggm ating

| ayer 152 is fornmed, and openings reaching the el ectrode |

el ectrode |d§§¢éﬂ)e<150@andneenéq ’e@t , Sdhereby geduction(a standhy peWeltand@dm)resaynér 150d
and the sl ‘%ﬁilﬁﬂgtﬁm'o@i’térlog}\? I;coarcﬂﬁged n the insulating |ayer 152. Then,
a 25 conductive layer i orne so as to fill the openings. After that,
part of thd0@@ddductive |ayer is renoved by etching, CWP, or the like, and
t he insul at t hus exposed, thereby form ng an el ectrode

| ayer 154; .%ﬁﬂgﬁgﬁgég%ﬁﬁ?géer 154b, an el ectrode | ayer 154c, and an

- el ectrode | ayer FBXdS(E&S. E«ﬁ@aﬁdlmﬁB HIGSs 1pA @od 43B, sndHIGH] B8A kit 188 process

doscr i pt 1 ort1ohy e hAfinBHER bityles eSS R pabins ik 18, dBF
sem contfuctsomcthm € the trfisister 160 EQat¢bindI6/ ISOBIGHO 16A avdk16B, AIGE. 1raand f - st at e
current of e | tr tor IS 0.13 [A] or lower. Such an
n- channel tlﬁghsﬁsﬁgsq%gf"héggﬁ %%Féa'lals@ﬁ c‘ﬁg‘r cteristics is used in the
logi ¢ circypks described in Embodinents 1 to 6, whereby reduction in

st andby power afiﬂ} SYRRIsfrates é?lfex;ngg of‘fh@%tdhgtﬂlepﬁang%r h@%a@m ﬁ'h'étﬁre(f@n be
achi eved. [0261] < Mdification GS. 16A and 16B,

FI GS. | TA #high ipgategiegirgdedayer 1394 lsmlaceﬂ@slom thwwleaae@wﬁwamor tayern 198 apdcanpl es

of struGt upespdfiont BE tR-HHAL eﬁ&r&de qa%éa» mran&% drﬁﬂ%hbc&&eaafequ Se@f the
transi or 160 illustrated in GS. 16A and 168, GS. 17A and 17B,
and FI GS. &mcaw@lthswlﬂ%seﬂvr@né%wélaagr 1t4ﬁat in FIG 11. [0262]

[0263]

A big difference between the structure in FIG. 11 and the structure in FIG. 15 is
the position at which the oxide semiconductor layer 140 is connected to the source and
20 drain electrode layers 142a and 142b. That is, a top 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 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 1364, the source and drain

electrode layers 142a and 142b provided over the gate insulating layer 138, and the



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 the oxide
sem conductor |ayer 140 and 15 end portions of the source el ectrode |ayer
142a and the drain electrode | ayer 142b are in contact with the oxide

sem conductwo 2b1apensxl40. [ 0263] bi g di f f er ence HaaERRROVOCTIE
structure in FIG 11 and the structure i'’n FIG 15 is the position at which

t he oxi de sem conductor |layer 140 is connected to the source and 20 drain
el ectrode | ayers 142a and 142b. That is, a top surface of the oxide

sem conductor layer 140 is in contact with the source and drain el ectrode

| ayers 142xideosenucopdyciort Iaver Sdp ja togntact; witlFfap surfaceshed e sowmse apddrabim sur f ace

of the oxi ] AQ 4.5 ] > | and
drain el ec%?%cgggg gggelglsﬁ?%%%& gﬁ%{ Jggdtlhﬁm%’ hq’é’g‘g?‘%ag%hur“méé‘ﬁn&%%&'s %!J, reover,
t he dif f er gmotective inshbtieplhyercid4 poprovidehs4 to eeelr the dxidessentidohdicem fayer
arrangenent, ,af other electrodes, an insulating |layer, and the |ike. The

details of ‘'each conponent are the sane as those of FIG 11. [0264]
Speci fi Gal I{9265Fhe n-channel transistor 164 illustrated in FIG 15 includes

the gate electro r | rovjded over the.interla . nsu I ng | ayer
128, the gate 30%#53@&“&3166%%88 1’1\§§mt&ag\ﬂ-ggang\}gp81§tﬂg¥§£pbw ch?'ﬁ“‘r ode

| ayer ;I].SGd,gafchﬂcﬁlﬁfH [a@exartzlisdcts @}d@ggkleﬁha méemidaysemgcoﬁdlamramﬁé 14@b mlcpvi ded 0
over the gate jnsulatin er 1 and the oxide sem copducior |ayer 14
in cont act %\ﬁﬁt‘h“i“@ﬁs%F’?@H’Z%@ﬁ“?ﬁ@“s’&d?l&g‘ﬁ‘ﬁ&mﬂﬁw B ESBRE I¥er s 142a
and 1426. |1@2286H 142BMe BV &ntdch Rith -2CHA0RSurfhéRHSHhs oRide LodlicohdiRiop1aEECt | Ve

i nsul ating |ayer 144 is provided so as to cover the oxide sem caonduct or

| ayer 80. 180 oBIE5]I6B illustrates progxamplp of ystustyre it Which) e spurre agth diitchannel
transistor ejflode 1adbisClushNgndI i aleCHl ofifet! @ik a loFPurkke RSOMdpdaeLver the

oxi de sem conductor |ayer 140. FIG 16A illustrates an exanple of a
structure ispmigandugtor lagersldlr ce and drain el ectrode | ayers 142a and 142b are
i n contact [?\Mﬁ{l] a bottom surface of the oxide sem conductor |ayer 10 140.
FI G 1613 il'Tustrates an exanple of a structure in which the source and
drain el ectrode Adjgdiffettn@ooftheistatipesan FIGS 16drnd d6Bviranh these iyFISUlIf ace of

(1 22 S B e PR LS 008 ol
layer 140. Furthermore, a big difference between the structure in FIG. 16A and the
structure in FIG 16B 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 a different arrangement of other

20 electrodes, 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
Zinsulating layer 138 in a region overlapping with the oxide semiconductor layer 140.
[0268]

30 The n-channel fransistor 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




B L I R

15 and FIG 15 is that the gate electrode |ayer 136d is placed over the

oxi de sem conductor |ayer 140. Furthernore, a big difference between the
structure in FIG 16A and the structure in FIG 1613 is that the source and
drain electrode |ayers 142a and 142b are in contact with either the bottom
surface or {f8otipbsgur face of the oxide sem conductor Ilpg¥gpaoidésresbor eover,
these differences result in a differef@ arrangement of other 20 el ectrodes,
an insulating layer, and the like. The details of each conponent are the
same as those of FIG 11, and the |ike. [0267] Specifically, the
n-channel transistor 164 illustrated in FIG 16A includes the source and
drai n el ectthedridk ayaicenduéda lavacl 1401 2he pate inshbding Ugyer 1108 provided| avgethe

insul ating 25 layer 128, the oxi sem conduct or | r 1l in coptact with
oo o § oS eusrehrandigisr beol Shd e Rodr o din ectt Svpsddoa fhd 9be ' | 1t

gate insul ainlilke §A¢ Qectbds ldyepwaagﬂo@&@rovrehﬂm%xiedﬁsumimg e4y86188 id ihayer 140,
and the gate electrode |a 136d over the gate insulating |ayer 138 in a

er
regi on overFgiphPyigappingWithte 9xidg sernieopdpelaiarardf01 ayer 140. [0268] 30The
n-channgl t[b@@‘ii stor 164 illustrated in FIG 1613 includes the oxide

sem conductor Fayer 140 provided over the interlayer insulating |ayer 128,

t he source and dNatentha Wmcthe stractprgy dn FIGH B0 gad Mﬁba FeEpPReal (-8, B¢ in
contact wit 0 C Loe | §OnNIG t he gate
i nsul ati ng 1§9‘é‘§° %ggpg(%v?rdg{c? 81%%1?@??2&2)(1'%3565‘ gsem co%%ﬁc({ng?{&{ 5‘%}9“111‘_’40 and

t he sour ce samcdugtriniFIG.dll @c thedike. | In/hiscase 2 secondiry 4f¢st sunhdis sheplifigationel ect r ode

| ayer 136d provided r th [ atq, r r I .agi on
over |l appin vz\lliTﬁ'“?%te"%\égP‘é?gcsgec(r%lgtggr?h@@#g'r l;lérg’gllgére a%%ot?%g’?gggg]nbmn{ﬁNOt e t hat
in the KX r womposat tan be bfiBted it theatrocti6Siswinddbddnedthe(like.g. , t he el ectrode

| ayer 150a ﬂﬁat‘he el ectrode | ayer 154a) is sonetinmes omtted fromthe
structure i[ G 11 or the like. In this case, a secondary effect such as
sinplification oFIGS. MIAudCIAB tavl iflisharsthe @evhaiie] Ghiisistorethd intthé saseeed| ess
to say that a ngnessentjal. 10 conponent. can omtted in.the uct ures
al'so I Fi Gt SRR e Hement o Apively Iaiee apgiihe S clEipdt JSE 430 1 | st r at e

the n-channgiced helR& & UxideOdniitondi@oCRFE MDST & IS cBez@ deimahidoetienent is
relatively large and the gate el ectrode |ayer 136d is pl aced bel ow t he

oxi de s Jéaankyod R suefdre and thg coygrage;is Eela\fié{%'@,m“ge’&@nﬁh@atﬁb}s TOHRECESSA| anari ty

of a surfaqg @ Jithe CRVRABE, ard iR RE /& HnBRERNA LS ansﬁraﬁﬁg;la}erj R4S not
necessary to forma wring, an electrode, and the like to be enbedded in an

\ g K .
i nsul at i ng dxample. thegate gleatgriedayer H36¢) andethe like carobrefammed by paaing aftethe | i ke
can be for rfﬁﬂna%XnBPMo‘ﬁﬁﬁUﬁQQla%E er formation of a conductive |ayer. [0271]
[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 iltustrated 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.



20A big difference between the structure in FIG 17A and the structure in
FIG 178 is that the source and drain electrode |ayers 142a and 142b are in
contact with either the bottom surface or the top surface of the oxide

sem conductor |ayer 140. Moreover, these differences result in other

el ect r odes,wanpolif3as3at i ng | ayer, and téle | i ke bei ng ar reaTgeed1d/pp7e6di f f er ent
manner. The details of each conponent are the sane as 25 those of FIG 11,
and the like. [0272] Specifically, the n-channel transistor 164
illustrated in FIG 17A includes the gate el ectrode | ayer 136d provi ded over
the interlayer insulating |ayer 128, the gate insulating |ayer 138 provided
over the ga[ 3%l ectrode | ayer 136d, the source and drain 30 el ectrode
layers 142a and gddfr, REON cHG O iisiod 864 AluBirdtdt il PIG. 198 iR &fes 18gateand t he
oxi de sem conductor layer 140 in contact with top surfaces of the source
and drai n elestedeolpyey ded provided ayes the Jpterlayepsipgyiating layer 2%t thergate he

n- channel t LSt 1 i i ! e h | ectrode
| ayer 136dt1%?%\§;0 %e@y%vgégt Ile)Hia%l({ Zévlggytgg é%lfu at ?Jrllég;q%%:se?séf?gt}lgt xgdegat e

i nsul at iSng stmigendut®8 layeoi4iprovided pveriibe gate dnsulating layde138seas 03AFdlap he oxi de

5 sem cond ok | [ r . ] [ I 38 so as
to overl ap%&i&'[‘ﬁe Fﬂé%&cg%oé&é%&i?%ﬁ%n@éh&s@%%g%? &%nddaéﬁllgg Igii)a&rgrgeﬁgﬁéndér ain
- el ectrode |14¥epwvildP® bendcdrfd with @ vopmdtateoofitie oxidecsomicaoductarildyenl40op surf ace
of the oxi ?ﬁ%ﬁim conductor |ayer 140. [0274] Note that also in the
structures | GS. 17A and 17B, a conponent is 10 sonetinmes omtted from
the structure i nNbteGhdtlales ih lthe Istrs@ured\is FIGS. IMAsandats?B, @ cempaidnisy ef f ect
such as_sinplification %}‘ a  manuf actur'hﬁg rocess can,be obt ai ned. [0275]

i : tret

FI cs. 18a abrgetimes emittpd fjom, the, structurg, in nfefPeIXens AP BEL%% & he case

where the skcadHy effbtfswhiBifiplifisationlofh méflficthiddpggRoc8slcane obfaingd.el ect r ode
| ayer 136d _is 15 placed over the oxide sem conductor |ayer. 140. Also in

this case, [¥%8kmand for the planarity of a surface and the coverage is

relatively nodergigs, 188 dnB2f8H bachSillidate 6 @Sdahne] tRANSQ6M Gt W thk REse an
el ectrode, and the like to be enbedded in an insulating |ayer. For exanple,

the gate elvdererBesizegfdhe dgpeptdnaelatively lgs aad the,gate slepwerenlyyes dBedini ng
after e MtdahoRt e SARCMHLRCEY Ber 79, | AisbGh this case, & dBlndndfol Wikl eNCe

bet ween th structure in FI G 18A and the_ structure in I‘:_IQ 18B I's that thé
sour ce and ptimariity o h gerfaco dad the\rovesagede relativaly myieRtes se thiahit dsonot aeqessait h ei t her

the bott Omtcﬁiéb;n‘iexaa&?ipﬁéram?e&%e 2hd Ih@.(iﬁe ?({ lFer érlﬁbeeﬁé% : 3@2@9}1&9% léﬁ&r?r ppAYer 140.

Mor eover, t ences res ino an®insul ati ng
| ayer, and ekdmplé,ithe git clectrody layer 436k and the dikelichrd be &ormedry pattemifip @fteket ai | s of
each corrporggnr}ltaﬁglggfatc%%dusc%ggla%r_ those of FIG 11, and the like. [0277]
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 like,
[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



Specifically, the n-channel transistor 164 illustrated in FI G 18A incl udes
the source and drain electrode |ayers 142a and 142b provi ded over the
interlayer insulating 30 |layer 128, the oxide sem conductor |ayer 140 in
contact with top surfaces of the source and drain electrode | ayers 142a and

142b, the Ogh8¢i/asMsati Ng | ayer 138 provided over the $pufpRi@Reedr ai n
el ectrode | ayers 142a and 142b and thed2oxi de” seni conductor |ayer WO

2011/ 052383PCTOP2010/ 067996 62 140, and the gate el ectrode | ayer 136d
provi ded over the gate insulating |layer 138 so as to overlap with the oxide
sem conductor layer 140. [0278] The n-channel transistor 164 illustrated in
FI G 18B i ncl40¢saf thdigatodedRdb laeim 36d peivided oviralie patd #idulptimpviagte d3®vess t he

i nterlayer insu|at i,ng{ Ia\y%r 128, .t he sougclcote and drain el ectrode | ayers 1l42a
and 1426 pr'B@veiien With heoXide sepondyctariaygr op surface of the oxide '
sem conductppzgjayer 140, the gate insulating |ayer 138 provided over the
source and drain_electrode |layers 142a and 142b _and t he oxi de sem conduct or

layer 140, and t ABe Juthannsl deanpisige 164y Wpstrtedqin FIG 48K iachedestthe rdee

i nsul ating demyBhautas Jayr 240 bR BPerQle fdtaﬁr[;e; sutdtind 15928 19 1R source _
sem conductor layer 140. [0279] Note fhat alsoO i'n the structures in
FI GS. 18A cand didBelecirodolayernddia and 143nprovidedtodigiin catact withattepesusfageefi ure in
FIG 11 or t j ' ' . - BUC

i i 11 cat 15Kl Semfbificloh HyBl 146 AR ga@ GERREALKT 138 Bl Rl

| n this eniouiceramt drainlelecoderimicess 143a wid 142btahd the ozida sereiconductaslagerdd0,164 i s
formed over

L2r e OveTmh U AR T35 % b2 YRRk BRI ML < 10

n- chanrmdl toverkgpiphigevithtbeloxddesenddontsatorti®er 149. t he above. For exanple, the

g;;rga_nlnel t[[)g_{gfi:c stor and the n-channel 20 transistor can_ be formed over the
pl anar ace. Further, a structure in which the p-channel transistor

160 and the n-chpmpRethad aiBH Sh Sthe istrildidre® e IHIGH. 18A handal8B, i banpoieyt e

enpl oyed. sometimes omiited from the structure in FIG 11 or the like. Also in this case, a

secondary effect such as simplification of a manufacturing process can be obtained.

15 -[0280]

In this embodiment, the example in which the n-channel transistor 164 is
formed over the p-channel transistor 160 to have a stacked structure is described;
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-channel 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 thereof can be combined

freely with the contents of other embodiments or part thereof or the content of Example

or part thereof.



[0281] The above-descri bed n-channel transistor 164 is applied to the
n-channel 25 transistor included in the logic circuits described in

Enbodi nrents 1 to 6, whereby | eakage of electric charges through the

transi stor can be suppressed. As a result, reduction in standby power and
suppr essi onwohommsBesnct i on of the logig circuit can be muiPsaack79960282]
30Note that the contents of this enbodinent or part thereof can be conbi ned
freely with the contents of other enbodi ments or part thereof or the
content of Exanple or part thereof. [0283] ‘(Enbodi nent 8) In this
enbodi nent, an _exanple of a.transistor included in any of the |logic
circuits dd8%¥3lbed in Enbodinents 1 to 6 will be descri bed. Speci fically,
an exanpl e @nbditeht¥)n filmtransistor in which a channel formation region
is formed using an oxi de sem conductor will be described. [0284]

One enbodi ment oln this ¢mbediténty 2 exagiple of a gavsistominpludedcinumyryf the dggia her eof

inthis e - L& P i f.er 0 9 9B and

FI GS. 20A”%2’gli’g§e %‘é@ef@@ﬁgd‘%&s\ﬁ% EP@."%@%&’S’%@I 1@@%@"’3“&?} : Ev%eltp#

i || ustrat e of aghiarfilm tsansistot inrehialnd chanmebfosmatiomt reginmlis Srmed-esimgraroéxiden exanpl e
of athin fil in filmtransistor 460 illustrated in FIGS.

L m}“élaosi aggr eSA.tB
19A and 198°REendEciop Wil b desaiibelict ure. 15 [ 0286] FIG 19A is a plan
vi ew of thqozsap-gate thin filmtransistor 460, and FIG 19B is a

cross-sectional gng \évmgclyd?rggntloif réllelhljl? 111[1)12 tra%fsistlélr zci;m} z? %nakgégtﬂmg step thereof in
this embodiment are described with reference to FIGS. 19A and 19B and FIGS. 20A to
10 20E.
[0285]
FIGS. 19A and 19B respectively illustrate a planar structure and a
cross-sectional structure of an example of a thin film transistor. A thin film transistor
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 electrode layer 465b is ﬂso electrically connected to a2 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.
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Thin filmtransi stor 460 includes, over a substrate 450 having an

i nsul ati ng 20 surface, an insulating |ayer 457, a source or drain el ectrode
| ayer 465a (465al and 465a2), an oxi de sem conductor |ayer 462, a source or
drain el ectrode |ayer 465b, a wiring |ayer 468, a gate insulating |ayer
452, and a @aheRkAed rode | ayer 461 (461la and 461b). Therapswise7eE drain
electrode | ayer 465a (465al and 465a2)@ﬁs electrically connected to a
wiring layer 464 through the wiring |l ayer 468. Although not illustrated, 25
the source or drain electrode |ayer 465b is also electrically connected to
a wring layer in an opening provided in the gate insulating |ayer 452.

[ 0288] [0290) process of manufacturing the thin filmtransistor 460 over

t he substrate 45 ls rlbed Iowwptlh reffew%%eto Fl GS. ZA%to 20E. 30
[0289] [ 0290] ‘-“‘? P oxI0e Javgr 15 tp Ysrylicnng methodas o neq by
a sputteringe mRulaML Eﬁeruﬁe I”Il’ieUduBétta&gflﬂﬂai}!@ﬂ’ans‘fé‘_ﬂed ilide 9dabhdot JhAnBQ 1 S
transferred into a treatnment chanher, a sputtering gas containing

hi gh- puri t ySPBMGFEnEas rFORRmine AlghPugEnoxean pivdligl hydipgensand-mgishye ate

i ntroduced Lhgvdl BlifroddBd Meidid, CRA 4 Skt mgget BHabdre (ORIESHAY APhtderynt hetic
quartz) is used, so that the si I'i con oxi de l"ayer ‘i s d(ﬁ)osmed as the

i nsul at i ng quay@ris usd, sorhat the siligen pxide @Y@B@demﬂqd%?é thengulating fpyerdnd Oﬂoxygen or
a mxed ga a loa

11 con ok AEpRAOR. =00 e SRR kRO lBEFor L B s W e A

foll owi ng cenbéwsedn: the purity of a sputtering gas is 6N, quartz
(preferably nthetic quartz) is used; the substrate tenperature is 108 C,
t he di stan(,lg %itween the substrate and the target (the T-S distance) is 60
mm  t hel(pr essur eForsex@mglePasilicdnexidedéyef isdqmexddy ap Rikspuitging. nisthod/underd t he

at nosphere js atrms ere conta n 15 an the f.low ratio
of oxygen tth 5‘?‘8’%”5 '10"( éﬁ%ﬁ"?‘yoﬂfgaﬁpgx‘%?gzgﬁslée%\g '%“fhé’{} l?:q(ness of
the sili corsymnetdﬁquaﬁz)haesdamheI‘d@ﬁs&a&hahpdmﬁ:teeammfc mlsﬁndcweﬁsfeeﬁ abl y,
synthetic quartz), a silicon targgt can be used as a target used, when the

silicon oxisbstiaigasd the targst (be T-5 gnge) 3090 mppe preswre isHE? PAstlP dighng | ayer

457 is pr eff?éilﬁéﬂcy PBQEfTEdI SR: Gnd SECMInBEpHER! 1§TaHraﬁn6s$ﬁ€ié Barigininp otxbéént reat ment
chanber. This 1s for prevent| ng hydrogen, hydroxyl, noi sture” Trom bei ng

cont ai néd i and argen (e Elow: ratig)of exyeen WsTeon i 1lHsachy mzéﬁéﬁmér Thsich is
evacuat ed p at CHERAY t

hydr ogen a}t%éltﬁqﬂlsegscﬁfg% %Aig@gr&?éggowgﬁd ? ?tk@ ar e{)lfj %{\%e@k&%/\,ﬁﬂ%( by the
25 concent rsethetic quiartz)) aisitisom itarget ican béesedras 1l tatgethped awhen theSsilidonraxild i n t he

tr eat nent clhanbei can be reduced.
aycr 15 10THIC

[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 (H,0), 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-burity 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]



[ 0293] A sputtering gas used for the deposition of the insulating

| ayer 457 is preferably a high-purity gas in which the concentration of an
i mpurity such as hydrogen, water, 30 hydroxyl, or hydride is reduced to
approximately several parts per mllion (ppn) or several parts per billion
(ppb) . [ 0294 20105236311/ 052383 PCTOP2010/,067996 65 pCuPL@o679% he

I nsul ating | ayer 457 nmay have a stack structure in which for exanple, a
nitride-insulating |ayer such as a silicon nitride layer, a silicon nitride
oxi de layer, an alumnumnitride layer, or an alum numnitride oxide |ayer
and an oxide insulating |layer are stacked in this order fromthe substrate
450 side. 5 [029Bjrther, the inspigting jexpmp e may hipva & stackey symstuss i which gr

hi gh-purit | N; f-mr‘&- ' g [ I €. S

[ ntroduced)éf‘()ée}%1 lg’ﬁﬁ. d§'13| |ﬂ£€%a§%x%ﬁé‘g5§)g§i§r angmtgf% g&%élt&%’gtnfetﬁgg;%g a silicon
target is Used,anwilemglon pitidel lagononre mhokenimyntride oxiderlayed . and| apooxide t hi s
case, in a.mapner.simlar, to.formation t | hdcon oxide layer, it is 10
pr ef er abl e"tl%gf‘ m%ﬁt ersﬁr?fq%c(l)(ﬁ&)'rﬁ lrsf)f]&eerf}g?}ceg{r’e%lggt ger‘l‘ osu{\)%hi | e renmovi ng residual
noi stur & i j0295¢ treat ment chanber. [0296] Next, a conductive filmis

formed over the insulating |ayer 457. By.performance of a fjirst ..
phot ol i t hogr aphy* %t B3™P; ’gegﬁ“é?m#a%% ant: Iﬂ?ﬁr&tﬁﬁlfﬂ}'é‘fy piesens gE%dYﬂ!‘Elﬁ ve film
and sel ect ihy@rogérCatidngoistarcRet tdhicved is Merofltad beth@ers tidIs@RoR loxidE ddvar &ldect r ode

| ayer 465al and 465a2 is fornmed. Then, the resist mask is renmpved (see FIG
20A). It s&nEOsRIG e dlicon Breehis yspd. wherehy g slicon mifpdg layer s demisde | ayer

465al and 2Ggadk this sy, Mo mahMMaYRIlar toBrR4ieh G2 tRE silican OxiAk @syer, GHlg | ayer

465al and 465a2 is a continuous film Note that the source el’ectrode |ayer
and t hdOdr Rreferable that teesilicgy @itride layer bepfoymedawyhilergmoxing residushpgistire i end
portions begAHSEnmPMALAgE W th the gate insulating |ayer stacked thereover
can be inproved. [0297] As the material of the source or drain el ectrode

| ayer 465al0296l 465a2, there are an el enent selected fromA, Cr, Cu, Ta,

Ti, M, and W aﬁeﬁ,l laO%ddR&IVAIERY €M6rfidd 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 465al and 465a2 is

divided; however, the source or drain electrode layer 465a1 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 46521 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 thoriuin 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 thereover; 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



25 the above elenents; an alloy filmcontaining a conbination of any of

these elenents; and the like. Further, one or nore of materials selected
from manganese, magnesi um zirconium beryllium and thorium nay be used.
The conductive | ayer nmay have a single-layer structure or a stacked-I|ayer

structure ofob¥QehsOre |ayers. For exanple, a singlepcaypioiddshdsst ure of
an al um num Payer containing silicon; 8 two-1ayer structure of 30 an

al umi num |l ayer and a titanium | ayer stacked thereover; a three-|ayer
structure in which a Ti layer, an aluminum|ayer, and a Ti |ayer are
stacked in this order; and the |ike can be given. Alternatively, a |ayer,
an al | oy | ap@hinuf(AB and bhd Gkea plaratity offtlientaaleat:d fomatitantim (TH), (tAltjlumnd one or

a plurality_of elenents. sel ed fromtitanium (Ti), tantal (Ta),,
tungsten (W rfﬂ*%?lt?&em mg*;,eneﬁlr 6%%‘(‘@"}“,‘“ r@@dy‘?ﬁ‘%’/ﬂ"ﬂ‘ﬂd?ﬂh n‘H)dscandi um
(Sc) may bescmﬁgl%g”cpg, be ke this enbodinent, a titaniumlayer is fornmed to

a thickness of 150 nmby a sputtering nethod for the source or drain
el ectrode |83 465al and 465a2. [0299] Next, an oxide

sem conduct or | ayeh; Mini3dinenf) aGliAEHA 18fr % Bidkd 18 a2RfekEs b PdoUsh Bp aOVer the
i nsul ating | ayer 457 and the source or drain el ectrode | ayer 465al and 10

465a2. [ 03CPhttering metiigd for the seurce o dreinsdqetredsrlayes #67211289 465325 processed into
an i sl and- gp@;d oxi de sem conductor |ayer 462 in a second photolithography
step (see 0OB). In this enbodi nent, the oxide sem conductor |ayer is
formed by a sput Nexti ag axilehssaicondictarsleyerSwith aathickeesGaf Znnd- 9a2nmet al
oxide tar gel;[léluJi\%?’OQl%l] the insulating layer 457 and the source or drain electrode layer 465al and
10 465a2.

[0300]

Next, the oxide semiconductor layer is processed into an island-shaped oxide
semiconductor layer 462 in a second photolithography step (see FIG. 20B). In this
embodiment, the oxide semiconductor layer is formed by a sputtering method with use

15  of an In-Ga-Zn-O-based metal oxide target.
[0301]

‘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 crtyopump, for example, a compound containing a hydrogen atom such as water
(H,0) (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,



The substrate is held in a treatnent chanber kept under reduced pressure, a
sputtering gas from which hydrogen and noi sture are renoved is introduced
into the treatnent chanber while renoving residual noisture in the

treat ment chanber, whereby 20 the oxide sem conductor |ayer is deposited
over the subetean®3ss50 with the use of tal oxide as a@argrget/ioc7ésa order to
renmove residual noisture in the treatnent chanber, an entrapnent vacuum
punp is preferably used. For exanple, a cryopunp, an ion punp, or a
titanium sublimation punp is preferably. used. The evacuation unit nmay be a
turbo punp provided with a cold trap. In the treatnment chanber which is
evacuat ed wrates, hygeoxzh ophydride iciedussd tpapprawimaigkyspyesal parte parpwillion (BB ai ni ng a
hydr ogen a 1420) (further preferably, a conpound

cont ai ni ngtogggcvg}réﬁgan[é}f%@@ﬁéw't he |i ke are renoved, whereby the

concent r at i[8¥3bf an inpurity in the oxide sem conductor |ayer fornmed in the
treat ment chanber_can he dyced.. Th S be ted en the

oxi de sem conducf%r“ax apéeé?{'lﬁcsH?P(;%rglr!rlgltlj&@@dgéﬁoﬁoﬁkﬁubﬂ%%%? r? “or hydri.de
i s redu6ed it moapimprriatid, ehey disaner betwiearths syiatratariahd itlentagepis) 60omns ¢heer al

parts per billion b) 0303] A anple of .th osition condition is
as fol | ows PFEHEe ?Lfi)'gP ?’d{‘%élf%ﬂﬁlﬁcgpqsé oL YRR estrj]%&’r%ﬂddi’%?mto “Hi st ance
3_et ween t hgs ﬁuhﬁbD%ﬂxEtE &ﬁdhﬁﬂg&)ﬁygérgﬂfdodr%o%m“a tafie op beFRH ﬂcﬁaﬂg&n @1 Pa, the
irect current power supply is 0.5, an at nos re is,an

at mospher es‘é‘?i‘ﬁ?éisﬁgnﬁg B’RS‘/’g‘E’H ‘51’%‘ 3, Plsh dIrEH SIFER tﬂobvcbﬁel%?i%@e}’?ef"o ar gon
i's 15 sccmpdRdsGabstanciQhlo kdidtted W 8 paRtidlell o Quél) feRefated s £l Hegobiidn BAVET
supply .is use powder substances Sjal so referred to as particles_or dust)

d
gener atl@d e reducsd and Jhe film Hrickagss 3 tjkeli to bejupifasma n dbe fickness af the onidess i s

likely to Renidbhdulofaydi phdthahi) SSiin @ 36 if AWsiGe. S NOE HAFNE bphogrfAlker 1S
preferably 5 nmto 30°nminclusive. Note that an appropriate thickness
di ffers deptsknessglifiers depepding en ap pride serpicensuctepmateriall andthel thickaessimaykness may

b t i . i he .material. [0304] 15In thi
e set as %thﬁgg’%é!’?&&%a%?ﬁ?&m ik higniet eri a [ ] n is

enbodi nment , ent conductor [ayer is processed into the
i sl and- shap@®4bxi de sem conductor |ayer 462 by a wet etching nethod with a

m xed | ution o e aci d j ' itr] Cj an

ot chant [0305] “Re B SRRt Tyl Selfcollcite AU §bbubscdlnh B 5",
first heat idandshagedtoxid2Gemivendenpdayer 462 byfa whicetEhing method twithr 2 atixadnt i s

hi gher than o5 e || t0.400, C and lower .t.han,or equal to 750 C, preferably
hi gher tha_ﬁOIH&O%%gPsﬁ'BH%W’ ec"i‘ﬁ&"‘f’o%'@r"“{’ﬁéﬂdf’%@ eg{:hag‘ n point of the
substrate. [0305} hi s enbodi ment, the substrate is put in an electric furnace

which is a kind Qf heat freatpent apparatuys.and, heat treatnent is perforned
on the oxide senﬁ%n 6 OKie SF’&W—E’P&WCFW aWﬂg%Q’eﬂ"%&tcﬁaéﬂﬁ’é?t eal HBENE f or one

hour, apd trge te%ﬁ:eﬁ?ﬁir&'%f e Tirf MRSt UraMient AYEhct hal OF eQUAPRS4UD CPardi1bwa0 t hat
wat er or hydrogen is prevented fromentering the oxi de sem conductor |ayer.

By the fir thtanwegqual teZih¥pprefedablydighde thon or equadi (e &) °C andlowssthan the be
dehydrat ed sggin% Q\Y %% ﬂ%esrﬁggt% €. [Ir(l) %ﬁ?lcmbodiment, the substrate is put in an electric

furnace which is a kind of heat treatment apparatus and heat treatment is 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



Note that the heat treatnent apparatus is not |limted 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 froma heating

el ement such as a resistance heating elenent. For exanple, a rapid thernal
anneal i ng ( atus such as a gas rapid thermal a&q?ﬁ, A)
apparatus or a ][arr%gé apid thermal anne®ing (LRTA) appara ugdlcagggbgzrus d.
For exanple, as the first heat treatnment, GRTA by which the substrate is
transferred into an inert gas heated to a high tenperature as high as 650 C
5to 700 C, heated for several mnutes, and taken out fromthe inert gas

heated to té&leméitg hFdreasmﬂpla,tanapmrmetmmemﬂeﬂﬁ;gr(nm) apphiaths Gith/ss a gas rapid
hi gh- terrperature heat tr atment for a shqrt period of time can_be achieved.

[0307] Not etherial anpealing ( PRHAIE (B ad JunR repid therms] appsaling LLREA} wat er
hydr ogen, a&]ﬂ»ar%ﬁxstchﬁbé bdea, b?oﬂ%nﬁﬁ”&ﬂh@%t'h@attd%%m%mlﬁ@ﬂ?@ﬁ)ﬁwﬁfchﬁhé rogen or
a rare gas such as helium neon, argon. It is preferable that the purity

of ni t r ogensubstratthis txaasf@rrqjagtowcmﬂasas heated i a higlbtvmpsmtlw gs)lwglv\m & G

N e

concentr at i kigh tefapérafudéingy bé paifimed)r SN ith GRIN, Kigh- tdama&aarre hentv&éz)mﬂiﬁm{ 0308]
Dependi ng on_condi,t do s of E)he first heat treatnment and the material of the
oxi de seni coEHPER otiimacanbpachicvedie seni conduct or | ayer may crystallize to
be m crocry; d@gm }line or polycrystalline. [0309] 20The first heat treatnent
of the oxi de sem conduct or may be perfornmed before grocessi ng the

oxi de seni conduct¥sfe thakiathe H’E%h?aéF@W%‘h&ﬂ%ﬂ“"&ﬂb&eﬂ'ﬁ'eﬁ‘tﬁfo ¥iregsdr a¥hyers. In
t hat Cafe, thb kS BLRbS a)hemﬂea 1B AWeCHmB elfcrdm&&g@n REAlhiR L@ PRA'AldfuAf ter the
first heat treatnent, and then a glhoto i thography step is perfornmed. [0310]
25The heat RePBa@marEen.f & isorrefgenblet thainthe rpugishegionigganaer e e geh sudide

seni conduct s: after
the. oxi do. seuunoeh, FRe oy BEN | JhRRcalint Yhal el b6 L DTS 2
drai n el ectGdd(f9.9982 %)mrmgﬁempmferamﬁmxpﬁ%%@r%)uﬂdﬂglmt (thatlis yler imparity after a
gatelnsulatln i S fo rredo ttael sour ¢ eeiectrode and the drain

el ect r ode. %g (¥11s1ppm or owcr pr erably ppm or lower).

15 {0308]

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] o

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



sem conductor |ayer 462. By performance of a third photolithography step, a
resist mask is forned over the conductive |ayer and selective etching is
performed, so that the source or drain electrode | ayer 465b and the wiring
| ayer 468 are formed. Then, the resist nmask is renoved (see FI G 20C). The
source or dv@bei1edest rode | ayer 4656 aqu 5 the wiring Irayard@Gé&rvay be
formed using a material and steps simar to those of the source or drain
el ectrode | ayer 465al and 465a2. [0312] In this enbodi nent, a
titaniumfilmis formed to a thickness of 150 nmby a sputtering method for
the source or drain electrode |ayer 4656 and the wiring |layer 468. 10 In

t hi s enbodisemiconducioe layouféh diy phrfdrmanse aftar bifd pheplithog@phy steihh WEBta2 is
fornmed fro ode

| ayer 465br;9|la§p?sor ne%ruvglg%%r n{jt v%fﬂq)gﬂhﬁﬂtci ne;é?%ﬂé ?’Fr\f%tigkp%iﬁgﬁe;our ce or
drai n el ectsowdeot aymrelébﬁﬁad_laaerdﬁiﬁﬁﬁaa thaswiring laganﬂﬁ&srecfpnmsibsﬂhm itel |y t he

that_.of th trode | der, t
oreven: { naiB R R A, S TR P e B belBibanl? RS D

. etched ghemhd hﬁmngce668)ma9hbalfmlieshgadﬁatbrmtand %ﬁd)snnﬂmemah@d ,oftﬂh:e W ring

| ayer 468 is rov ded. ove he source or drain el ectrode |ayer
465a2, whi éﬂ“f dl‘}ﬁ'é‘?‘{?da’ﬂﬁf)?# ‘géa“ e sem conductor layer 462. In the
case of usijoma2fli fferent materials which provide high selectivity ratio of

the source or drain electrode | ayer- 465b to the SOFI‘CE or_drain el ectrode
| ayer 465a1 and Wethisembedimeat o tipnipy flmd formed toa thigknespof Ladapm k@ whi ch

protects t kg, RAHE fRtel f&rtﬁé PuRkp afagﬁaedu%n@raymz ahd‘ﬂn%tvﬁﬁhg\ﬁyér%ﬁ ot
necessari | \1/ provi ded. [0313] hat nmaterials and etching
B

condi t i18ns Tmihis emhodimeng t'éﬂs'*o&{?ﬁpbﬁﬁﬂl“aql@“@@e Flﬁt‘*@ﬂe@&@é@ is formed framact or
layer 462 iy ﬂﬁhmheﬁﬂﬂ_?ﬂm‘(mﬂb}} iR SARdUL! 4 bR LibdeBat Syt %99 is M@SMI

In this enbodi nent l ayer 1s used as the conduct’ive |ayer,
| n- Ga- Zn- Oatresdinglpxthel stcbiagi scloptiNitt ofr the souree ar denin plectmde dayes éﬁﬁat,lomuct or

| ayer 462, iR e AR Hs r UNALRG8 :B@@;ﬂgfé POl ht BhrdPor B detufle anTONI 2,
wat er , and a rogen peroxi de sol‘uti I's used as an etchant. [ 0315]
Not e t hat llayet h@bt hilr drdpiiet prevenh tgrsapiey os tisjn elestioge Jayer 465altand 465d2de

sem conduct.aor a er 2.45s etched, ere OXI m or_ | ayer
havi ngqg Sﬁpgb{)/e e lggstgdsoﬁlécfctqr ﬁg&ﬁ‘?&q %Y?os?%g etéf’%@qﬁ%m S¥ mask
used. for fMymmitsbﬂ)vmadbmaqmnﬂma)fmheedoaf&roﬁdﬂm dwmdéﬁﬁh 4‘:&5&12 twhdéchwi i ng

| ayer 468 na be fo W th an ink- et net natlo t.phe reS|st
mask: by. an§ chyer?f{swﬁgglemssew&o Q&?h P '(‘,scufﬁ fe®¥ost can
be reducedmaferialdWfidh provide m%ﬁexélecuangahe of ﬂﬁlsbﬁbcb ﬁgkbjﬂ)él%&r&ﬁaayes 465@{ med over
the insulating | ayer 457, e oxi de sem conductor |ayer 462, the_source or

drain el ect® BE&ongy of draipselectiode) layge46dal ap r‘Eéh‘b?thF%F‘ﬁP dhewtingde | ayer

465b, and ther ¥6$ Whith! @oteés ﬁﬁSsouE&?&HmAQTé&ﬁowtaﬁeﬂ 454D 3 eRfink 3y 86t 452 can
be a single’layer or a stacked |ayer forned
necessarily provided.

[0313]
Note that materials and eiching 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-0-based oxide semiconductor is used as the oxide semiconductor layer 462,
and an ammonia hydrogen peroxide solution (2 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



using any of a silicon oxide layer, a silicon nitride layer, a silicon
oxynitride layer, a silicon nitride oxide |ayer, and an al um num oxi de

| ayer, which is formed by a plasma CVD nethod, a sputtering nmethod, or the
like. In order to prevent the gate insulating |ayer 452 fromcontaining a
| ar ge anou gen, the gate insulating | ayer 4534 erably
formed by g&ggﬁ?ﬁéggﬁg met hod. I n the ®ase where a silﬁggﬁP%ﬁwﬂﬁﬁ%ayer S
formed by a sputtering nethod, a silicon target or a quartz target is used
as a target, and oxygen or a m xed gas of oxygen and argon is used as a
sputtering gas. [0318] The gate insulating |ayer 452 may have a structure

where a silgesve (@ dkplesstByéifiorGnighichedfofihéd. C The Rdstst indsk hsBY E6r fAfmingttrcked from
the side of the source or drain eIectrode_Jaxer 465al1 and 465a2 and the
i

source or diO#ich obfirin fledwde layer 469b3d the wiringilayep AR BRIOMId A Fon oxi de
layer is TopiRy hondu.t hF&%ﬁ&ﬁ&? o@fméqgsigmﬂayk4 BF iigett hRfoRInd¥as hied under

the follow ng condition: the pressure is_O. a; thé high frequency power
is 1.5 kW rhatmapks thusmagwhashusng sosh panchefpdiisebr e cont ai ni ng oxygen and ar gon
(the flgﬁ/rﬁﬁ{) 25 of oxygen to argon is 1:1 (each flowrate is 25 sccm.

[ 0319] t, 63 performance of a fourth photolithography step, a resist
mask is formed aledxtselgatetinsplating ddyendpZ is fpmredmveethe ixsulaing layené’ thef t he

gate insul ati t el | ng it .0 ng | ayer
365 1 o T or Rt e Bt s Ry M8t SRR Aeketrr L AR Sho BBt 1, 2
openi ng 423Zpueéofrainiclgtrodedayer AgHbt drel thowiring layer 468ai n el ectrode | ayer 465b
may be forriﬁglg_ In this enbodi nent, the opening reaching the source or drain
el ectrode | J 465b is formed after an interl ayer insulating layer is
furtherigst acked, Thngata inshikatinglaker 50 cho be alstple lagetlor aamakeal Jagsr fosnddor med i n
t he opening.,[OSZOg - Ih?n, after a,cqn uctivg_layer,i or med over
the gate i rfsieaRY QF 2 silirop oxigs lagqq a slicoR MitHe [AYRY 2 4Pi0n PRYNItHde Jayen a.¢ ¢ ode
llayer 461 (ARdA nitfhdk iddlayaNshdtan@hiihm Sxide YBier, Whikhdis Edrihell BF MGflasia a fifth
photol i t hography step. Note that a resjst mask may be formed, by an inlcjet

met hod. For&¥P msthods a sptteringsmethodys thefdike 4 nln ordsrde Preyent dhe satsciaeulpfine
phot omask; 552 FBRUbAGINHE 4G Affouft?dt HY8rop&ifl WieSshte inQBAhk layer 452 is

15  preferably formed by a sputtering method. 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 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 fayer
465al and 46542 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



Further, the gate el ectrode |ayer 461 (46la and 46113) and the wiring |ayer
464 10 can be forned with a single-layer structure or a stacked-I| ayer
structure using any of netal materials such as nol ybdenum titanium
chromium tantalum tungsten, alum num copper, neodym um and scandi um
and an al | oyoneies2gl i ncl udi ng any of.,t hese nateri al s FI/IR201EIGI9GONPONENt .
[0322] 15In this enbodinent, a titani Jr}'nlayer Is fornmed to a thickness of
150 nm by a sputtering nethod for the gate el ectrode | ayer 461 (46la and
461b) and the wiring layer 464. [0323] Next, second heat treatnent
(preferably at 200 C to 400 C inclusive, for 20 example, from250 C to 350
C i ncl usi vdyrthes stagked.ndqa giging lawrlfw#mkcoapmwéﬂ@l@rm&woas’eyg&n gas

at nospher e.pjgpyt hi s enbodi ment, the second heat treatnent is perfornmed in a
ni trogen at rmsg)here at 250 C for one hour. The second heat treatnent may be
performed after %hqos aftesarconductivesiayestis fgmedigear thoy gate Jbwlatingi layer #@handisul at i ng

| ayer is f t heat
t r eat ment ?rﬁaﬁﬁdo@gmﬁé f %?ﬁ%%@d t%]elfgtdﬁklz{ﬁp%%kﬁﬁl nc‘?ﬁﬁsll%i aj“?%r%ﬂlr o%agne hour to
30 hour$ i r46a|arre fdlihned ihaafifth rphamh&ngrapl@ystbp riﬁanédharmjreaist aabk xey Beeat i ng
mmy be. condUBEETar P potheds " FamBeioB i I e Wk bY ap Madl i e
i ncreased fnb(pﬂstﬁaﬂ(@ﬂm,trmm&bahugeos’tcanaaetredmed.ature of 100 Cto 200 C

i ncl usi ve 1ﬁ)hen decreased to roomtenperature. Further, this heat
t r eat ment e perfornmed under reduced pressure before formation of the

oxi de i nsul at i ngFkrige the gdit@éctiobelay a1 46 1arma A1), ank IR Wigiag 1dyecseganent time
can be shortened [ 0325]
10 can be formed with a single-layer structure or a stacked-layer structure using any of
metal materials such as molybdenum, titanium, chromium, tantalum, tungsten,
aluminum, copper, neodymium, and scandium, and an alloy material including any of
these materials as a main component.

. f0322]
15 In this embodiment, a titanium layer is formed to a thickness of 150 nm by a
spuﬁering method for the gate electrode layer 461 (461a and 461b) and the wiring layer
464.
[0323]
Next, second heat treatment (preferably at 200 °C to 400 °C inclusive, for
20 example, from 250 °C to 350 °C inclusive) is performed in an inert gas atmosphere or
an oxygen gas atmosphere. In this embodiment, the second heat treatment is
performed 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




Through the above-described process, the thin filmtransistor 460 including
the 5 oxide sem conductor |ayer 462 in which the concentration of hydrogen,
noi sture, hydride, or hydroxide is reduced can be forned (see FI G 20E).

[ 0326] A protective insulating |layer or a planarization insulating
| ayer for paRgfijeaki on may be provided over the thin fadpfpididtSeegt or 460.
Al t hough not illustrated, an opening I reaching the source or drain

el ectrode | ayer 465b nmay be formed in the gate insulating |ayer 452 and the
protective insulating |ayer or the planarization insulating |ayer, and a
wiring layer for electrical connection to the source or drain el ectrode

| ayer 465b pressérerbafee faimbdivh efxta bkide ifsOlRAN lay&VbUatidirtBe fedaded pirédgure,n a
reaction at goﬁ$here i S ,rem)vgd as descri bed above in form ng the oxide

senmi conduct 87 hyahireatment time a0 be shortensde ent rati on of hydrogen and hydride in

t he oxi de gegisgonductor |ayer can be reduced. Therefore, the oxide

sem conductor [ayer can be stabilized. [0328] 20The above-descri bed thin

filmtransi stor iaroaghibe abpverslesasibed prapess.dheothin il tiansigtor A6Q meludiggihe circuits
described idyide"OmfléomBmics thyd0ad2 inWRichPie | BREARRIAY o hifdibdchC mfoRIEES
through the transistor can”be suppressed. As a result, reduction in
consuned pdweride, gt bydamxideisedpged saribesioppeddses -G AE)nal f unction of the logic
circuit cag(}% achi eved. [0329] 25Note that the contents of this enbodi ment
or part th reof] can be conbined freely with the contents of other

enbodi nents or pamprotediive gsalating layre ocoplasanizatih ifsedatipk éayer fopplanarizétiome of .

109501, (S P W By UROoRaL . BRoSoR et SRRRES 0,
be descll beaehchifigald fourcalok raimeleatroderfiyer 465b andylierfofmddnim ttheogats mbudatingn whi ch a
channel f Orlzrar‘fetr Itl-gi]ax{detﬂ!c 81%teicavg glgqutgngqasyéep gr ¢ pPa)x(lllrgz%tion insulating layer, and a
wiring layer for electrical connection to the source or drain electrode layer 465b 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 .
hydride 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 pan‘thcfeof.

[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 ie which a channel formation region is formed uvsing an oxide



WD 2011105238373PCTOP2010/ 067996 sem conductor wi Il be described. [0331]
One enbodinment of a thin filmtransistor of this enbodi nent and a

manuf act uri ng nmet hod thereof are described with reference to FIGS. 21A to
21E. 5 [0332] FIGS. 21A to 21E illustrate cross-sectional structures
of a thin fwommimnsass stor. Athin fil r93t ransi stor 390 idduetaiebeshsi n Fl G
21E has a bottomgate structure and isreferred to as an inverted staggered
thin filmtransistor. [0333] 10The thin filmtransistor 390 is described
using a single-gate thin filmtransistor; however, a nulti-gate thin film
transistor including a plurality of channel formation regions can be forned
when neededemjcondnetor will be describedHer ej naft er, a process of manufacturing the
thin film tppgi stor 390 over a 15 substrate 394 is described with
reference to FIGS. 21A to 21E. [0335] First, a conductive |ayer is
formed over the Oobsamhedineg9sofhavihing fim itvassistent iof gthisuembodimenindnd hen, a

gate el ect rﬁ&ﬁﬁ%ﬁéﬁ%ﬁﬂw{i &eﬁe%f%?igr a‘g?@b{uﬁ%@&%@ té)%l(_%. EP&?& 21

phot ol i t hograp 'S pre an end portion (])Ef_ t he forned
gate el &ct {@282] 20 | ayer 391 have a tapered shape because coverage with a

gate insulating a t hereover i.s i nproved. te.fhat a resist
mask may be for nt@%‘g?“;a" ?ﬁjﬂgtsgﬁtgtcwgweégﬂ%cgq{cso f 3 fié’é fa}g’fS'%Sk by an

i nlcjet metdddn fitedansistopBEl dhwsred HBPIG 21BHaf achattoagate sisdctianndés r educed.
[ 0336] 25Al though there i‘%tno aéﬁ{lﬁ%r imtation on a substrate which
can be used®§EeHiRES &7 PEETeLSEREEYR ! S{0fisul ating surface, the
substrate nex3d$ to have heat resistance high enough to wthstand at |east
heat treatment to be perforned |later. A glass substrate fqorned using barium

bor osi *Pcat e gl abke thiny i trapistep3T i descEbell using a sihgle-gate thin il Hapsistorysed. 30

[ 0337] however, a multi-gate thin film transistor including 2 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 no 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



e e e .

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 . ,..de (B203). Therefore, a 5 glass su ai ni ng
nor e BaOth‘gﬁz@g'B%}S%sg preferably used.74 0338] No?gtr{ é’?(mgﬁgﬂ%he 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 ternativejsp, @ R prtdrablyl OussalbsiAsak eglags sitRthieka GRS hfatétaEudE as
appropriate. [0339] An insulating |ayer serving as a base film may be

provi ded belumiaesilidate glaspalumineboswilicats glash 61 barivan kresiliqatsplasp fpused. dor1. The
base film f [ ' i | f [ | Lenent
From t he soRsppie; oNGE R xfhe BREKETLOAT I feplRandh catbe bRl Whof i€

struct ure oontins & daggee dmountipf barium dxide (RAO) thap herop oxide (B2Ch). | ribersdred ed from

asilic ni,tride _layer.. . || | . r’E? ;1 icon nitride oxide
| ayer, and %asgfq’lstéacgﬁx%l%}!ﬁ? ﬁoﬁﬁeﬁﬁqg?gé(bg?ﬂg%fer 1e %git e electrode | ayer 391
can be forrnesB8Mth a single |ayer or a stacked 20 | ayer using a netal

terial h | yvhd titani hr ond t ant t ten,
o un nam copper Mol Mibors a8 aRuafiy Sl iRy S AT b MBS,
contai ns ary DiceraM@s eubBite) b ajuartASulbstra®] Br GO BIpphiss subsiraXd 4y erusedanpl e, as

a two-layer structure of the gate electrqde |ay 91, a 25 two-| ayer
structure i4MSRRKEl:SET WGH%HII ike may “é?ﬁe %@%F“ﬂﬂa‘gﬂ){nﬂ'&?ﬂ ayer, a

two- | ayRy ShibdéaleWr theitike 0l Bdusad ipplegamem | ayer is stacked over a copper
| ayer, a two-layer structure in which a titaniumnitride layer or a

tantal um nilf%3%e 1 ayer is stacked over a copper layer, a two-|ayer
structure in whi &R @sftdcdnd eyt Rividg 3¢ al BEEFIANMaR 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 ritride oxide layer,
and a silicon oxynitride layer.
[0340]
The gate electrode 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 a 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 2 titanium nitride layer or a tantalum nitride layer is
stacked over a copper layer, a two-layer structure in which a titanium nitride 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



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

al um num t iw@nhy/sa4d oy | ayer, and a t7i taniumnitride |@viepr@biodrodsl t ani um

| ayer are stacked is preferably used. MNot e that the gate el ectrode | ayer
can be forned using a light-transmtting conductive |ayer.As an exanpl e of
the light-transmtting conductive layer, a light-transmtting conductive
oxide or the like can be given. [0342] 5Then, the gate insulating |ayer 397
is formed otasked herefanblyeisett MNutke thabithe rga@Sdectp@8 la3tr can be foiimel wpirigen

i nsul ating r 397 can he forped with a single-layer structure.or a
tacked ot PRl fmemilnd copffio " 56 "2 B G oY Ble MebLERGRE O,
nitride | ayenductivsialdroolighdxgismitting eondayitve, oxidesir tliedike cin ba gickh. oxi de | ayer,
and an al ugbﬂii] oxi de layer by a 10 plasma CVD nethod, a sputtering nethod,
or the I|ike: order to prevent the gate insulating |layer 397 from

cont ai nisng a | ar gRend iR ghle iMulabii g I9&B97 i foemaPdver the bt dlckidticllfpees91397 i s
preferably fornmed by a sputtering nethod. For exanple, in the case where a
silicon oxi[9%43ﬂayer Is fornmed by a sputtering nethod, a silicon target or a
quartz target isSThSSMe ARuldtilgHagt397204 b@YorARA with @sa%m}eg@ﬁcmewgen and -
argon is used as a 15 sputtering gas. [0344] e Jate_insulating

| ayer 397 &tskedaymciyresusingceng of more\gfjachligongxideclayer,m sitiperenitridedayesd a
silicon oxi e : mlgg“ | de. For
exanpl e, asg%?%%%gtﬁla%tﬁy%glgﬂggg‘rﬁl%%g&é%h%gﬁgg@ of 1 gxﬁﬁly@fazrned in

such a 180 miasmerCYR anetbods a|spelisingimathade of Hpelike( STNprdey to-preyent Heviatey a

t hi ckness r bRC] Usl ' | met hod
as a first q%sgﬁgng ?1@5{ g%fﬁg“ﬂ %@ter hgﬂfr%egﬁ!hguit?’?i -grﬁgo“i?“aﬁzg#%ﬁy*‘gﬁla 0 (x >
0)) havi ng layet BTk pefgatdy {Gmedby o s@O©ringmethod.u slfor exdmpls timtheeaseahese second
gate insul ating | aver over the firs at e i.nsul at.i ng. | ayer. 345
J5rartor , A Hegp gRRE 'S Rordpl ishlusrRh FackiOpy B oddoredhf = e

sem conducti®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 am is formed in such a

20  manner that a silicon nitride layer (SiNy (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 (SiO, (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 thercover 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



| ayer 393 to contain hydrogen, hydroxyl, or noisture as little as possible,
it is preferable that the substrate 394 over which the gate insulating

| ayer 391 is formed or the substrate 394 in a state after the gate
insulating |ayer 397 is fornmed thereover be preheated in a preheating

chanber of ﬁfﬁ?ﬂ}ogﬁﬁi ng apparatus as pretreatnent for fﬂéﬁ{@i{w&on SO
i to

that 30 inp i'es such as hydrogen or76noi st ure adsor be e Substrate
394 are elimnated, and then evacuation is perforned. Note that the

tenperature of the preheating is higher than or equal to 100 C and | ower
than or equal to 400 C- preferably higher than or equal to 150 C and | ower

than or equfhhel thasBPequal t6906°C BXFIoWaL thalorédbil (PAGD/ (Y Betfdrably higBerRh@heat | ng

chanmber, a cryopunp is preferably used. Note that this preheating treat ment
can be oni taredual FulS0H&randdoeér thamahequal (300 €at Msran eMacpating ypétpieyi wWth 5
respect to the substrate 394 in tate o] e.el ectrode.| ayer 395a
and a drai nf%reﬁlggfer 8%}%" I%%Eer?@ggg%@né’ 'rsc?rre%rgﬁlgé"s%d?e gertrl%gtttlﬁ%r?r%\‘%énﬁ oxi de

i nsul ati ng theayaeent Shtbei omistedrarfuethers such Ipaghedtngttieatnsenomey bg paddined with

Then, t oxi de sem conductor. | ayer 393 is forped a [ ckness of from 2
A 10 ¢ 0 206 h S D P ALt wPrRg Sy eleseode lafte SHad A 030
Note that hadcabd hf 3936 6@ foRMBdbRRE! forMktidnodfan oXR3 ihsulatiog Mper 396 ia a
sputtering method, dust on a surface of the gate insulating |ayer 397 is
pref er abl y PeRAmilaso thegBde sputtering in which an argon gas is

I nt roduced [ggpgl;%pl asma i s generated. The 15 reverse sputtering refers to a
met hod in which, wthout application of a voltage to a tEaP[fget side, an RF

power source is Wesgthegxidgspmicendurignlagsr 383 foformgldo pshigknssrsiiog 18 de in an
ar gon JTOSHAG fnloGe RS THFRr 199 AT BIAY LY Of the substrate to

nodi fy a surface. te That 1nste an argon’ at nosphere, a nitrogen
at nospher e,[037hel i um at nosphere, an oxygen atnosphere, or the |like may be

used. 20 [0348] {BE af'dfors Y RRRALEIBAAUCRY Hyer SH fé%omﬁggg.n@xumputteri ng

met hod. The oxi de sem conduc ayer ornmed usin

| n- Ga- Zn- O-nelek] dustioen sipface ofi thecgater insulatinignla@in-39-i9 pizfarahly comaled by

sem CondUCtrgJetscaslr;utle%héliﬁ %rﬁicga?laﬁgo% g%)s< P& troduced and plasma is generated. The

15 reverse sputtering refers to a 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-0-based oxide semiconductor, an In-Al-Zn-O-based oxide
semiconductor, a Sn-Ga-Zn-0-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 scmiconductor, an Al-Zn-O-based oxide
semiconductor, an In-O-based oxide semiconductor, a Sn-O-based oxide semiconductor,
or a Zn-0O-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



sem conduct or, a Sn-Ga-Zn- O based oxi de sem conductor, an Al- G- Zn-0-based
oxi de 25 sem conductor, a Sn-Al -Zn-0O based oxi de seni conductor, an

| n- Zn- 0- based oxi de sem conductor, a Sn-Zn-O based oxi de sem conductor, an
Al- Zn- 0- based oxi de sem conductor, an 1n-0-based oxi de sem conductor, a
Sn- O based wgi20ia/08889 conductor, or a Zn- O based oxi de sgy@eneugtdar. I n

thi s enmbodi ment, the oxide seni conduct®r | ayer 393 is forned by a
sputtering nmethod using an I n-QGa-2Zn-0-based netal oxide 30 target. Further,
t he oxi de sem conductor |ayer 393 can be fornmed by a sputtering nethod in a
rare gas (typically argon) atnosphere, an oxygen atnosphere, or an

at nospher e agthospheraof agas gas \(fyipically yrgan)gam) oxygeh. o)y diencasé of ehploymgen of

| oyi ' hod, d Pt b for Wi g, f
o101 S Sk, LA AERSEH D TR RS SR U 0L

for form nevttdre 10wWtgeinsREiveonduct or | ayer 393 by a sputtering nethod, a
nmetal oxide_ target including zinc oxide as a main conponent can be used. As
anot her exa[ﬂ%ﬂgé of the netal oxide target, a netal oxide target including
In, Ga, sand Zn (AQuPARHkL f? Yofrihs Me b0 IehRSNR P Ryer é'gslbgfa[ﬁmhaﬁn atio],.
In:Ga:Zn = 1:1:0.5 [atom c ratio]) can be used. As'the nefal oxide target

i ncl udi ng Miethadgs a matal oxide targatoinglndipe eing Dxids s @ MeRFOBIPERCHH CObY usedf
In: Ga: Zn = 4.1 ' t r ' it ileQn tio of
In:Ga: Zn = Pgls: a%?%el{%t&% ef:bf E_]%tdlug%l oggaﬁ%%r g’ogﬁlgtaﬂ?é%&g#‘eﬁgmé nﬁg‘j C dgr of the
met al oxi dent @omeositian B0 Yd1,0::6840D:%nChel rdilv pyolamaatip), dhaclil y BE0%H t o 99. 9
% i ncl usi ve,, By usi the metal, oxide target. with hi.gh fillin actor, a
dense oxi diatg’@rﬁ @ﬁ?ﬁgﬂ EF upell) o AS; 10C faﬁré’égi%fgrgftolgglﬁfﬂﬁ‘}% éﬁrb@gr &is held
i nsi de 19 t K@it evihg & ItiontratRMofi 1: GaeAH = il 11:19{afoRfltI faEid) &Y LEHMI RVt €, and
the substrate is heated to a tenperature_ higher than or equal to room

t enper at ur €oEpRfitionRato ohdwGadm © 1:hdatomic mbol ¢any sy by ased r dhe Wilingh

-hydrogen g of the metal oxide target is 90 % to 100 % inclusive, and preferably 95 % to

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 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 2 turbo pump provided with a
25 cold trap. In the treatment chamber which is evacnated with use of the cryopump, a
compound containing a hydrogen atom such as water (HzO) (preferably a compound
containing a carbon atom), and the like are removed, whereby the impurity
concentration in the oxide semiconductor layer formed in the treatment 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



L R R el

nmoi sture are renoved is introduced into the treatnent chanber from which
remai ni ng 20 noi sture in the treatnment chanber is being renoved, and the
oxi de sem conductor |ayer 393 is forned over the substrate 394 with use of
a netal oxide as a target. In order to renobve remaining noisture in the

treatment qPagiNGhs3&n entrapnent vacuum punp is prefer 3pipidddfaookor
exanpl e, a cryopunp, an ion punp, or &8titanium sublimtion punp is

preferably used. The evacuation unit may be a turbo punp provided with a 25
cold trap. In the treatnment chanber which is evacuated with use of the
cryopunp, a conpound containing a hydrogen atom such as water (1120)

(preferabl %e@nG20RAHN hwePHartd ®Y a carbon atom), and the |ike are renoved,
whereby the i hpurity concentration in the oxi de sem conductor |ayer fornmed

in the tred0¥dt chanmber can be reduced. By filmformation using a

sput teri ng et hod, whl Loy BN bpBBic it he %R0 vei2ch igaliale chanber

with a cryopunp, trate tenperature at t tine of formng the oxide
seni conductapd tHeayrget i 9% wamthe pressuyhis 0.6 Paa theatireetepuaentt(BC) power suppipisr at ur e

and |l o t 40 : 351] . As_.one.ex | . [ ql.on
condi tion, 'ﬁgﬁd?“ tﬂ%n% egﬂ%F ']\ﬁéseaﬁl PREABL prh gﬂegﬁgﬁﬁpﬁl{%}' p g‘P gg'tw%%}s‘hf 0 nun,

t hg pL essurig mcfl %). ONOI8 that Rdedlh pelsE dizest ﬁﬁlfd:nt gm pia@nsiippbuanisyd,ippwler0. 5 kW
and the atnosphere is ap oxygen atnos r t he proportjon. of the oxygen
flow is 106ubgancegalsorr F“«'AX%?F B"“IB‘E]%S& &Sﬁe&ﬂlﬂe‘&@rﬂé m(dﬁﬁs"i%’\/\félf‘%?uppl yis
used, powdgd3kPatdieofim BlickResk 8 Bk&1EGo be vafomAr tTihe ltRiskiREs Bdk)ox@RNer at ed
in filmdeposition can be reduced and the filmthickness is likely to be

uni f orm  THemicandueins dayenis RepferablyiSoem d@ AP asniadesivs.  Nojethat 20 gPEIRER%H y 5 mn
to 30 iy i Nl lREY GefeNAEFentifi on 3R oR4AR SAREHRuEtor material, and the thickness may

be set as appropriate depending on the material.
[0352]

Examples of a sputtering method include an RF sputtering method in which a
high-frequency power source is used for a sputtering power supply, a DC sputtering

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 in the same chamber.

25 [0354]

Alternatively, a sputtering apparatus provided with a2 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



10 thickness differs depending on an oxide sem conductor material, and the
t hi ckness may be set as appropriate depending on the nmaterial. [0352]
Exanpl es of a sputtering nmethod include an RF sputtering nethod in which a
hi gh-frequency power source is used for a sputtering power supply, a DC
sputtering Wb 20mkask and a pul sed DCprutteri ng met hoceagyewhinedross bias is
applied in a pul sed manner. An RF sputt®ring nmethod is nainly used in the
case where an insulating layer is formed, and a DC sputtering nmethod is
mainly used in the case where a netal layer is formed. [0353] 20In
addition, there is also a nmulti-source sputtering apparatus in which a
plurality ohethasl pewbichfa tdigef sybstancenandez ispittsrivgigadh eompnent\ire [therhigally

mul ti-sour Lerl . J. r f_dif n I al.s _can be
Formed to DR EkRDuRpRALEL WhosiB & forla i {ilha B M ordl "o
materi al s &das fetbrdngradthboy ial whichix vditaehzr gso applicdetos ansbitiatee duting he sane
chanmber. 25 {)0354] Alternatively, a sputtering apparatus provided
with a magigposiipecanbs wed-qe t he chanber and used for a magnetron sputtering
met hod, 50r [@3sgputtering apparatus used for an ECR sputtering nmethod in

whi ch plasma generated with the use of m crowaves i s used w thout  using
gl ow di scharge cAaPFapebY,Reeformagnce o@éeﬂ SN %PUE%WC?TBPZB‘&M’B@N% 79

net hod i n YhhieBnduclor 1381 is Prideised o ah shladShaeh kide GedREndiRHR MYEN39%RT €
chemcally reacted with each other duri n% deposition to forma thin
i

conpound f i(femiGeH B  Nee thet piresist saek veed iorforration @f the ifand-shapedepideage i s
al so appl i gonicBndhcdt Bk B mAHd RO %Pm‘él%ﬁd.beFdi'ﬁ%n o”ftwr;egi@d

Then, by performance o0f a second photolithography step, the oxi
sem cord8ucmpsk |byyay inkiet pneshed aesis n phefpmpsks Ak, spaplactunng @estsani keonduct or
| ayer 399 (rgcglgedflG 21B). Note that a resist mask used for formation of the
I sl and- shaped oxi de sem conductor |ayer 399 may be forned by an inkjet

met hod. Fol®%7] on of the resist 10 mask by an inkjet method needs no

photomask;  thus, 5 TR0 Bk ¥rindth £ Oiltact A1eRF theSHHC FuakedIRyer 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 (chlorine-ﬁased
20 gas such as chlorine (Cl;), boron chloride (BCls), silicon chloride (SiCls), or carbon
" tetrachloride (CCL)) is preferably used.
[0360]
) Alternatively, a gas containing fluorine (fluorine-based gas such as carbon
tetrafluoride (CF,), sulfur fluoride (SFg), nittogen fluoride (NF3), or trifluoromethane
25 (CHF3)); hydrogen bromide (HBr); oxygen (O;); any of these gases {o 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
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In the case of formng a contact hole in the gate insulating |ayer 397, its
step can be perforned at the tine of formation of the oxide

sem conductor |ayer 399. 15 [0358] For the etching of the oxide

sem conduct or |ayer 393, wet etching, dry etching, or both of them nay be
enpl oyed. As the etching gas for dry et

cont ai ni ng cé?%]rl{oﬁzesss(chl ori ne-based 2®Ugas such as chl Oﬁ)ﬁrﬁgzo(l%o 2), boron
chloride (Bab), silicon chloride (Slat), or carbon tetrachloride (Cat)) is
preferably used. [0360] Al ternatively, a gas containing fluorine
(fluorine-based gas such as carbon tetrafluoride (CEO, sulfur fluoride
(SF6), nitraageerdbs sppedpaiate( NF3), or trifluoronmethane 25 (CHF3)); hydrogen
brom de (HBr& oxygen (02); any of these gases to which a rare gas such as
hel i um ( He)l0 ]argon (Ar) is added; or the like can be used. [0361] As the

dry etching nethadan aichRad adedgbr @é@&cﬁmgl :Bmﬂeﬁ@&hix&ﬁoﬂﬁhﬂs;ﬂ&bﬁ@hd%ﬂ)ac&ﬁt hod or
an | CP (inductively coupled plasma) et chi ng_net hod can be used. I n order to

et ch 30 t hecidaysad §lt¥1ﬁta§1dd8’éﬂ}ee’é#€s??élp'é°suse@heh’e?®r‘#%g TEQHAY (prgsiuced ¥ anount
of el ects i G RRYE'CLRM (?[ﬁglcbolﬁ?g ?, gggpggd_el ectrode, the anmount of

el ectric power applied to an el éctfode on a substrate side, the tenperature
of the el ed03&3dle on the substrate side, or the like) is adjusted as
appropriate. [03 m xed

sol uti on of phosp o?tc%anfa cfr%ﬁ?agﬁgg@&gﬁ%ﬁ%%ﬁg@g?ﬁétaﬁhﬂgﬁerﬁF ke can
be used. | rbyatkedhing.onThel Wa8@ANvidindddiagthe leichint KkNRODGHEM Dtied Gmaylt€C. ) may

also be usepquicd 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 layer 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 elements 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 struéturc of
two or more layers. Folr 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 aluminum layer, and a

Ti layer are stacked in this order, and the like can be given. Alternatively, a layer, an



[ 0363] The etchant after the wet etching is renoved together with the
etched materials by cleaning. The waste |liquid including the etchant and
the material etched off may be purified and the nmaterial may be reused.
When a material such as indiumincluded in 10 the oxi de sem conductor |ayer

I's col | ect gglpbs19/32883¢ waste liquid after the etching anpdriiewssesokhe
resources can be efficiently used and %he cost can be reduced. [ 0364]

The etching conditions (such as an etchant, etching tine, and tenperature)
are appropriately adjusted depending on the material so that the material
can be etched into 15 a desired shape. [0365] Not e that reverse

sput t eri ng alley payef er alpitsidplayérowhield civadios duhdumalAlp andbneaorcoplddity afe filmin

a subsequent step,. so,that.a.resist. resid ttach to f ac f the
ot o can® Mok Rieteaifa bR uBubl TED: ahSRir ), MREP T RalbicdETMG  Lie e
20 [0366] Naromiub (CONudynmivm (Nd), and scandiomi(Be) nmydie usdte gate insul ating |ayer

397 and thi 'hjde sem conduct or | ayer 399. The conductive |ayer nmay be
formed by 0@% ttering nethod or a vacuum evaporation nethod. As a nateri al

of the gonducti VBy ba¥snan@bf@l thil® photsthegiy stepOaredlst mbsk is Eobmed@verli , M,
and W an alloy containing any of these 25 elenents as a conponent; an

al | oy | ayerthecontugtive lyeraid the fesislomaskds selsetivy pigheds Shihata sayree elestiodene | ke

can be gi vVefyer RYSd BT a dRif RLudR Ry& 39%Bt BE itamiedS CTRG, et fsRMABNganese, |
magnesi um Zi r coni u;}(ﬁgwl | ium and thorium may be used. The netal
-a

conduct i ve réragued (3¢ single-layer structure or a stacked-Iayer
structure E{’ ggyo or nore layers. For exanple, a single-layer structure of
an al um nu 3}aye)r 30 including silicon, a two-1layer structure of an

al um ndfh | ayer aFet eapqsmeafmmq?dmym resist mask, ultraviolet rays, a KrF laser beam, or

an ArF laser beam is preferably used. The channel length (L) of a thin film transistor

to be formed later is determined by the distance between the bottom portior of the

source electrode layer 3952 and the bottom portion of the drain electrode layer 395b

which are adjacent to each other over the oxide semiconductor layer 399. In the case
15  where the channel leagth (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 op.eratidn 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]



stacked thereover, a three-layer structure in which a Ti layer, an alum num
llayer, and a Ti l|layer are stacked in this order, and the |ike can be given.
Alternatively, a layer, an alloy layer, or a nitride |ayer which contains
al umi num (Al') and one or a plurality of elenents selected fromtitanium
(rr), tant tungsten (W, nolybdenum (M), chrm
neodyniun1?kﬁ?@ﬁéﬁgs%candiun1(Sc) may &e used. [0367] gﬁghggkﬁg%%gnce of a
third photolithography step, a resist mask is formed over the conductive

| ayer, and the resist mask is selectively etched, so that a source

el ectrode | ayer 395a and a drain el ectrode | ayer 395b are forned. Then, the

resi st mask is reméasind §mﬁolhﬁ,g2:;&il%s;eb,0&ﬁ,81)arwme ORI REMICBJUCRF 14¥BKi Ng t he
a

resi st mask, ultraviolet rays, F | aser beam or an ArF | aser beamis
pref erabl y $fPemay bpetchpd offewhershyan qride smieondyetor layqr Raping s popvs (& 0 be

fornmed | at e&ep}e%seq?bﬁfoﬁj Ao rh e @Uo%étﬁﬂ%%eé?ﬁ&ﬁ’ﬂ@@ﬁhchh&f@ﬂiﬁ%ﬁk B&rtd on of
the source electrode Ia'lyer 395a and the bottom portion of the drain
a

el ectrode | elgatiodg bypr cind dheo drgtly electtode fayer 32y wanbe fomsd byrae iskiede

sem condyct y t GAsE L) is
shorter d#haﬁérﬂé‘ﬁi %’ﬁ%@g@g&cﬁﬁ%r mkﬁ%‘é\‘%&& n&s‘?&ﬂa?ﬁl{é?ﬁg‘a?ﬁ){? g,qg& %ug’

phot ol i t hogmapifiactising post sanpteereducedd Wit h use of extrenme ultraviolet with
extrenely sﬁg&% wavel engt hs of several nanoneters to several tens of
nanonet ers. osure with extrene ultraviolet yields high resolution and a
great depth of f @&coer ibhreduet diccnunttize of pleotoredskd eged tifn a (phytobithograghyt stepnsi st or,

which is fornmed,later, can be from 10 nmto 1000.20 run inclusive,, and t hus
e oper at | B TFAHEE 5t inetier of PRofp EREIPH oo FoHRE SR B e R e of

cur rent 1/ al with use 60d malBlbpe HA¥H Which K15 lightaposupoinask hesagh Whichdlighe &1 be

achi eved. [0369 rials of the layers and_ etchin congitions are

Mat er . L
adj ust ed ast‘a&ﬁ'ﬁg‘@ﬁrt?é’?‘éc 2 plureity pf intepsitiesy ;| restnmasnioreb Vit 80999 s not

renoved in ghGRbAOmak Hab @ phRAIfy of iN@nbR¥Cind flf%f @in be changddlintshige by
enbodi ment, a Ti layer is used as the conductive film an |n-CGa-Zn-0O based

oxi de semi caehigs theretpss. suehp wsist maskosan e wedrin: 3 RHIRtY Of [elehde S99 for30 and an
ammoni a hyg@e&%gosﬁ AiedRnt Pitidtds O NTARefBleX b Wosht a{as@ea[s%%%dim% lea@Nd 2

hydr ogen peroxide solution) is used as an etchant.
15 - two kinds or more of different patterns can be formed by one muiti-tone mask. Thus,

the number of light-exposure masks can be reduced and the number of corresponding
photolithography steps can be also reduced, whereby simplification of a process can be
realized.

[0373] ,

20 Plasma treatment using a gas such as N>O, N;, 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
mntac;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



In the third photolithography step, only part of the oxide sem conduct or

| ayer 399 may be etched off, whereby an oxi de sem conductor |ayer having a
groove (a depressed portion) nmay be formed. Note that a resist mask used
for formng the source el ectrode |ayer 395a and the drain el ectrode | ayer
395b may beydesiimstsdy an inkjet 5 . nmethod. Formation glerhBféeIet mask by
an i nkjet nmethod needs no phot onask; t%us, manufacturi ng cost can be
reduced. [0372] In order to reduce the number of photomasks used in
a photolithography step and reduce the nunber of photolithography steps, an
etching step may be perfornmed 10 with use of a nulti-tone nmask which is a

| i ght - expogsiarel-siagdd dxtidecseglicontiotdr thyeg 399,ithe souaesaléctrbdallayer 3I9an.cand thd ural ity

f intensitjes. i st k d,wit f |1 -4 h
ol ural oy GPRRHeRERBE 0 [PRRER nthhd i BB b lalaR BTl g
theref ore, r6¢if Rerdpcifire Shd NG thaN100e°C) 284 aisPutterinl $afboritainiaf h@.cﬂl?iﬁqg st eps

for processing into different patterns. Therefore, a resist nmask
cor r espondi9¥§Egin ahicis Bydrogen and nqistug<are remRyied b ftgycedy ©nthaton sligdhs can be

formed By QREeTMet inch@ilg STt is IhiRed dsife QAP RbuIRng 1h@PBIGWRRSY & sTBSks can

be reduced and t'he nunbéer of correspondi ng photolithography steps can be
al so reducetlicontasgebby sinplification of a process can be realized. [0373]
20Pl asma trgj;\%ﬂmnt using a gas such as N20, 142, or Ar nay be perforned to
renove wat ér of the like adsorbed on a surface of the oxide sem conductor
| ayer which is eKgesenpleRi sikicon oxide dayerisformuy bpe pplsed DEsputtaniop mythedni xt ur e

gas of oxygen.and argon 74], 2 t he se. of petfor.m

Proatment TR E n L it e b BoimgEand Fobisd a BE BT BPR Bhe. oxi e
sem con@uci@kistivaiye 0.01 Ndnsy BRked)Vtlic@isthnde Mefee IROGAGL bl At lsuliskee (FISG 21D) .
In this enbodi nent, the oxide insulating layer 396 is forned in contact

with the o¥isRIcddndL BAY thetsessyrajidl4 By dhe direst uggntd RO RRYY SEpRLY i kW,

sem conduct,gf aha¥RbspRere ib ﬁn%?génaa%gpﬁ&et tlwgmgbﬁfontdmé Qufgeh Mg rode
| ayer 395a nor 30 the drain electrode |ayer 395b. [0375] 1Sl and-shaped
oxi de sem d68dikt okhe| thicknesgghereathis Y¥Wunme distead rafdtae |silicen @98 quarted t he
drain el ectrode.layer 5 e f i e : ef. re.hj gher
t han or eq&%rF e{agiyrg’g%h%%r@lera?t%apg&ggk "|”§m“%ré%%%gﬁ&%8‘8*“@r@n§ﬁ%&'s‘%‘d ering

gas corisai ayeg Asghe sputtering gax \ogegen on awhikalgak pfloxggemamintgonds stedr e . ar e
removed is @30}7 oduced, so that a silicon 5 oxide |ayer including a defect
i s formed zi t'he oxide insulating layer 396 with use of a silicon target.

In this case, it is preferable that the oxide insulating layer 396 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

20 layer 399 and the oxide insulating layer 396. A
[0378]

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

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 cartbon atom), and the like are removed, whei'eby 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




L e

[ 0376] For exanple, a silicon oxide layer is formed by a pul sed DC
sputtering nethod, in which a silicon target doped with boron and having a
purity of 6N (99.9999 % 10 (resistivity: 0.01 Ocn) is used, the distance
between the target and the substrate (T-S distance) is 89 nm the pressure

IS 0'4'Pa’éﬁﬁg?ﬂk§§%} current (DC) power supply is 6 k@QTﬁpﬂu@@%%%nDsphere

IS an oxyg nosphere (the proporti &4 of the oxygen flow s % . The
t hi ckness thereof is 300 nm Instead of the silicon target, quartz
(preferably, synthetic quartz) can be used as the target for form ng the
silicon oxide 15 layer. As the sputtering gas, oxygen or a m xed gas of

oxygen and jafegQn a]:uﬁlixtlﬁ@dxynﬁtﬂaglz%er, or the liletah B fisedas the dxlde ikuRtifd Ryabl e t hat
the oxide insulating |ayer 396 be fornmed while renoving residual noisture

in the treafent chanber. This is because hydrogen, hydroxyl, or noisture
i's prevent ggzggjom being included in the oxide sem conductor 20 layer 399

and the oxide insulating |ayer 396. [0378] In order to renove

resi dual noi st ur Burthermdre, hepblacatment nedyheipsrfomand arat temperatnte ofald00 tounp i s

preferahly For exanpl e,..a u an i on _punp,,.or i tanj um
e A BT e R e S A
punp provi deicohdubton 1436t 99 aRPin dobtabth@ith st sther! SiadThRroxidel méulatmgevacuat ed

with the cryop . conmpound. cont ai.ni n hydrogen atom such .as wat er
(H20) (pr eflwaﬁf?@,mcgld%mﬂefce&m ‘%Pﬂgoﬁ'“ﬁ‘&rﬁ‘b%“%li%f‘}maﬂﬁd‘yﬂ%%i ke are

renoved, Whggiahy, hiBosAN6LRddle REAsd & the BiidE t¥middndfeRr AYed BggNRUI at i ng
| ayer 396 fornmed inh the treatnent chanber can be reduced. 30 [0379]

| ayer, an diiffuspdinia B gxie peeatingdaver 39¢by haabtreatpent csythal he jmpuritydn thee oxi de

I nsul atggng Jxm%smi%&@uabpﬁg&bg&em&%mr?edu&%at treatnment may be performed
at a tenperature of 100 to 5 400 C under such a condition that the oxide

i nsul ating [P3l¢r 396 and the oxide sem conductor |ayer 399 are in contact

wi th each ot her. 39 XAt ti ng.- I j . y defects
" thi o embod: manrohy ok Aol B HER S i BE ltion 30 HEESEARY, €
hydri de i nokxiddesmiconductor dayede392emi whichithe @pndentyation 3gOhydsogdn.f ioisbde,i nt o t he

oxi de insulating | L, 396 b ea re that the inpurity in the
70 oxi de- sdutenrkaVgiee raReqd8ihe ol CBG. A 10 [ 03 1)
Thr ough5t hg0382pve- descri bed steps, the thin filmtransistor 390 including

an oxi de sem conguctor, | ayer. 392 in which the concentratjon, of, hydrogen,
o1 St ure, hyclr oxhen Gdhghoigire a P ifaien AmpRBG® foRsGeq SobS P oo D)
- 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 layer 398, a silicon nitride layer, a silicon
Mtﬂde 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-purity 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



15 [0382] Wien residual noisture in the reaction atnosphere is renoved at
the tinme of the above-described formation of the oxi de sem conduct or

| ayer, the concentration of hydrogen and hydride in the oxi de sem conduct or
| ayer can be reduced. Accordingly, the oxide sem conductor |ayer can be

st abi | i zed.w@01l1/0538:3] A protectiye insul ating | ayer/measodoger ovi ded
over the oxide insulating layer. In t BPs enbodi nent, a protective
insulating |ayer 398 is formed over the oxide insulating | ayer 396. As the
protective insulating |ayer 398, a silicon nitride layer, a silicon nitride
oxide layer, an alumnumnitride layer, an alum numnitride oxide |ayer, or
t he 25l i ke fomnatiomdf the pR®eA}iverinsylatingayer 308 in/amannen simtilantp thatyof thea@dde a
silicon nitri ks formed by heating the substrate 394 after the

oxi de insu%%#ﬁﬁﬁéﬁiég?BBQG is formed, to a tenperature of 100 Cto 400 C,

I nt roduci ng0385§put tering gas containing high-purity nitrogen from 30 which

hydr ogen and noi sture are_renoved nd using.a Sili t ar,get . .this case
also, it is pref %‘rt %F%sctoﬁg ‘%‘ﬁ‘d&%ﬂ%‘%ﬁ? g'f@?‘é“%%ﬁ’é%%ﬁ@%ﬁ%?h@’ﬁ r eat ment
chanber 5i n htdi@d tof Dechilptiatife 6f 100 @r4ODECE dt R A6 bf firhitibnl GFURY prdRBtiven a
manner sim/lar to that of the oxide insulating |ayer 396.,[0%85] In the

case of foifsplagng nlayesr F08cwheesby nbudragsm pr mpisturgoicluded iy 3k Qkide 394 is 5
heated t0 FehRORRERE Wysr Qh bk Udnfsed Bud B dxidRlindullRink 14¥Rr, Ofin hi§ BRE R Of the
protective insulating | ayer 398, whereby hydrogen or noisture included in

t he oxi de $eatinenlisnetngeessasioperfoanediites farmatienof the exidejasulatingdayend at i ng

| ayer. In mygg case, heat treatnent is not necessarily performed after
formation t]ne oxi de insulating |layer 396. [0386] 10ln the case where the
si | i cod0oxi de | alpdhe case where thei stliwon oxide dayenay thegride Bodatingdaysr 396 and a

silicon nitride Iayer as the protective insulating layer 398 are stacked, the silicon oxide

layer and the silicon nitride layer can be formed in the same treatment chamber using a
common silicon target. First, a sputtering gas containing oxygen is introduced and a
silicon oxide layer is formed using a 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 can be prevented from being adsorbed on a
surface of the silicon oxide layer. In this case, after the silicon oxide layer 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 'or 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



U SOR-

silicon nitride layer as the protective insulating | ayer 398 are stacked,
the silicon oxide layer and the silicon nitride |layer can be fornmed in the
sanme treatnent chanber using a common silicon target. First, a sputtering
gas contai ning oxygen is introduced and a silicon oxide |ayer is forned
using a silygofesdsget Pl aced inside the treatnent chankgipnlfeaig then the
sputtering gas is swtched to a sputtdiing gas containing nitrogen and a
silicon nitride layer is formed using the sanme silicon target. Since the
silicon oxide |layer and the silicon nitride |ayer can be formed in

successi on w thout exposure to air, an inpurity such as hydrogen or

i Zt ulr e C&ﬁsulllﬁ‘in@?]@menmdcrfthéf)ﬁﬂlhﬁﬂ PSS tielirok tatnfenstiné asrcbeashotdned.si | i con
oxide layer, In.this case, after_ t siLicon oxide |ayer 3s e oxide 20

i nsul ati ng Wity this hegiireatpent. ahogpal} 'C%ﬁthfﬂ I tgmsistor gan b&éyéfat‘f’é:ﬁp'r igleé‘éfg ve

i nsul ati ng ,Elq%ﬁ_{t mgﬁlﬁc&HQa&QQyica@ﬁgbetiﬁ@ﬁivg@nt (at a tenperature of 100 C
to 400 C) for d|¥fu5| ng hydrogen or. noisture included in the oxide

sem conduct[@?ssﬂayer into the oxide insulating | ayer may, be perforned.
[0387] 2BAfter tQmehUsiahil ABiskfe inNfe RO Citinb§hbR 34 kédidvBd al A¥Hme steat
treatment may be further perfornmed at 100 Cto 200 Cinclusive in air for 1
hour to 30 thefmationftks exdde semicondustor laves an which aehynngbfogpatiogegion it a fi xed
heating te i | , i i atin
fomper at ur &0 BeUrHE, ox8 (hERE RSB D ind Qi fI13805:A B afalaat | N

t enper at ur ghé exidaremémedwttdrlayar capbrrddoogiler at ure to a tenperature 30 of 100 C
to 200 C i H’éﬁﬁive and then decreased to roomtenperature. Further, this
heat treat may be perforned under reduced pressure before formation of
the oxikle i nsul &hd steyvé stgps canbadeed fohmanwfdatare abf pligsidcrystal displap patel,t r eat ment
time can be shortened. Wth this heat treatnent ormal ly-of f thin film
transi stor a@afﬁccggluﬁ’b’feé‘feﬂﬁedqlspﬁ\’@”é‘f’graﬂ? arbéfa’lfpé%el(? f@’sg?tetoﬁgr g’&’ﬁi’ 8othlﬂuct or

devi ce can fh trafistorie dormle@)dTR)] displfyatavice ssinkelbctivhicdhkir Thie abdveastapeaet i on
atnosphere is renoved at the tine of the formation of the oxide

seni conductisHomedent 404, "Gt foveerc therrfie, fhisr ARRVE ofieRsetimoRe i2BPYYS b 2f or ned,
over the g%zﬁmfagﬁkﬁg?‘ﬁo@&s kiP¥Rith o b GBGRRMay s aQRickesd WO RBES sRfandyy dr i de in
t he oxi de sem conductor |ayer can be reduced. [0389] 10The above steps can
be usedl5f orandhanifigacside thatgs loagdrithpgi lom ds ysed.a| Allithe gbewg sigamesr be performed

at 400 °C or lower; thus, a large amount of encrgy is not needed for manufacturing a

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 suppressionnof 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 cxzimple

of a thin film transistor in which a channel formation region is formed using an oxide



an el ectrol um nescence di splay panel, and a backplane (a substrate over
which a thin filmtransistor is fornmed) of a display device using

el ectronic ink. The above steps are performed at 400 C or |ower; therefore,
t he above steps can be applied to a manufacturing process in which a gl ass

substrate Rpyb#igodsdshi ckness of 1 nmmor smaller 15 and ggwphigodssssde t hat
is longer than 1 mis used. Al the abffve steps can be perforned at 400 C

or lower; thus, a large anount of energy is not needed for manufacturing a
di spl ay panel. [0390] The above-described thin filmtransistor is applied
to the transistor included in 20 the logic circuits described in-

Enbodi ment seshichsdugtor whilkbedegcritedkage of el ectric charges through the

transi stor be suppressed. As a result, reduction in consunmed power

(st andby pgﬁgﬁi and suppression of malfunction of the logic circuit can be

achi eved. [0391] An embodimbt 6f tahahint fém CeasRWrSoPfthishbmbairedi sRNta or part
t hereof can be_conbined 25 freely with_the_contents of other enbodi nents or
part t her edtangfactuppe pgthod theregt witlbassaribsd with refesepcete 51GS. 23449 ¥20.Enbodi nent
10) In &hi gomapodi nent, an exanple of a transistor included in any of the
logic 30 circuits described in Enbodinents 1 to 6 will be descri bed.
Specifical ly, anFiSasphdo 3D illustigte an pxample afw cressosectionalushreofahthinel

formati on rgqi is.fo ' {ee: ] t k| scri bed..
thal Qhsisfor.| OANREh gi?’na . toP deBCilluSERILC SN FHE. %D%SJ ;%0@?

[ 0393] An enbodi nent in fiTmtransistor of thi: ment and
a manuf act beiteng-gatetstracturercalledn charninkl-pretediévectypd Eciansiel-stop a¥pe) emtis alsy FI GS.

22A to 22D:cal?ed[39§1§lr l}}g‘% ?}a egﬁl‘@{ihﬂgﬁsﬁﬁ%EZD illustrate an exanple of a

cross-sectional r mtransistor. Athin filmtransistor
360 illi0stf@d%y in FIG 22D is a kind of bottomgate structure called a

channel - pr otect | 11 Mptﬁm(tgag?igtgre .Jiﬁ_Uslts(agsc}'lMgie L}sinagrltdsiring?e—g:ltes fhin film transistor;
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, 2 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 structure using a metal material such as molybdenum, titanium, chromiuvm,
tantalum, tungsten, aluminum, copper, nreodymium, 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.
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lcalled an inverted staggered thin filmtransistor. 110[ 0395] The
thin filmtransistor 360 is described using a single-gate thin film

transi stor; however, a nulti-gate thin filmtransistor including a
plurality of channel formation regions can be forned when needed. [0396]
15Her ei nafte a _process of manufacturing the thin fil | 360 over
a substrat e""éﬁ'{}“\?\#ﬁ? reference to FI G838 22A to 22D. [0%%‘%%&5@% rst, a
conductive layer is forned over the substrate 320 having an insul ating
surface, and then; by performance of a first photolithography step, a gate
el ectrode layer 20 361 is formed. Note that a resist mask may be fornmed by
an i nkj et rrgg;dijs)d. Formati on of the resist nask by an inkjet nethod needs no
phot omask; "t hus, manufacturing cost can be reduced. [0398] The gate

el ectrode | ayer Héw, apaxidsecmisopdigtor lyprds formed pyeg the getgynsulagpg hager 322

stacked- | aygep str Hﬁ&k{é& S SHdMY 288 3bo TR lrcjiingé‘lgro%l:’sggh o %'iﬁmﬁgﬁm and

titanium chromum tantalum tungsten, a um copper, neo
scandi um exidasemicoaipctonlaperibgla sedond iphotolithograghyatep. oln thisembodimert thal s as its

oat o o et ot sratuagh sless Rpffhid i o' inddoxdd i Bd Over (he

sem conductsputteriny method. f or mred over the gate insulating |ayer 322 to have a
t hi ckness @ from2 nmto 200 nmand is processed into an island-shaped
oxi de sem 8 ‘W&Lct or layer by a second photolithography step. In this
enbodi ment, the in this case, it is preferable that the oxide semiconductor layer be formed while

removing residual moisture in a treatment chamber. This is because hydrogen,
10  hydroxyl, or moisture is prevented from being included in the oxide semiconductor

fayer.

[0403]

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

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 (H20), 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 hydride is reduced to approximately sevefal 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 equai 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 onc of heat treatment

apparatuses, heat treatment is performed with respect to the oxide semiconductor layer



5 oxide sem conductor l|ayer is fornmed using an |In-Ga-Zn-0O based netal oxide
target by a sputtering nethod. [0402] In this case, it is preferable

that the oxide sem conductor |ayer be forned while renoving residual

noi sture in a treatnment chanber. This is because hydrogen, 10 hydroxyl, or

noi sture i Syghfiypitad frombeing included in the oxi de p3qifpsAbislusdsor | ayer.
[ 0403] in order to remove residu noisture in the F?ea‘tnrrent chanber,

an entrapnment vacuum punp is preferably used. For exanple, a cryopunp, an
ion punp, or a 15 titanium sublimation punp is preferably used. The
evacuation unit may be a turbo punp provided with a cold trap. In the

treat ment Ghardigsgenhitfibsphére QY 4501 aCEHr Bhd houtSehdoherd, iBe 6%iil© BetiBendactgompound
cont ai ni ng .a hydrogen atom sych as water (1120), and the |ike are renoved,

4 J ) . .
wher eby t hd2yehpiairio yPXBese a1 4t dhati entivhel dtafcn cind chiydeogsm itoothel ids f or med
i the {1 eabiRBhakRATRE KopbreRR! AAMCAbidOschRdflcror tayer 382 3P0iREI NY 02

used for the deposition of the oxide sem conductor layer is preferably a

hi gh- puri t {s%d8GiZAi ch the concentration of an inmpurity such as hydrogen,
wat er, @ydrg,)@(sg, or hydride is reduced to approximately several parts per
mllion (pp!n) r approxi mately several parts per billion (ppb). 25 [0405]
Next, dehydrati oNexty pldsshg/ticapmenias porforméd tdieg o gascuck estNs@ ot Ar. |Byers is
per formed. r ' . e t or
Genydr ogendlis S PERENARH fstihed ath iRt ke ALY b BpolEMBREISIR 00 1 6
750 C, pr efozidelskmicondyictor ldybaare o¢cm@gdal PlaonalGéatera mahyl tevperfotrainesinges st rain
poi nt of the_ sub the 30 substrate is introduced into an

 SpbStrate thre,
el ectric fJPRY PRYgeR A0 HOnHF WEllat treat nent apparat uses, heat treat ment
i s perfior mgo4om t h respect to the oxi de semi conductor |ayer in a nitrogen

at nosphere at 450 C for .one hour, and then, the oxide sem con tor |ayer
i s not exposed t °’§i‘fn%‘?&t‘ﬁﬂ’ﬁm’éﬁg"rﬁ”@ffowgé?’“ Hgﬂﬁﬂ‘ﬁﬂwlf‘wg%i’fé{ oxi de

sem conductiy dxaiekehioifubioe e, 330US AfRR Bii, dBy SRMofRaHdLICoHOn gier 332 is
obt ai ned (see FI G 22A). . . L. . .
photolithography step, a resist mask is formed, and the oxide insulating layer is
selectively etched to form an oxide insulating layer 366. Then, the resist mask is
15 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 2 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 oxygeh 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]



5 [0406] Next, plasma treatnent is performed using a gas such as
1420, N2, or Ar. By this plasnma treatnent, adsorbed water and the |ike
attached to an exposed surface of the oxide sem conductor |ayer are
renoved. Plasma treatnment may be perforned using a m xed gas of oxygen and
argon as i 407] Next, an oxide insulati los fornmed
over the \é\g\klé‘z?ﬁ@fésgﬁi ng | ayer 322 and®®X he oxi de senicon ﬂt@%@ﬁl’l%éer 332.
After that, by performance of a third photolithography step, a resist mask
is formed, and the oxide insulating |layer is selectively etched to form an
oxi de insulating |layer 366. Then, the resist mask is 15 renoved. [0408]

In this enbodi NeRy ord@sSiolBBoResiBudl Afoiuat iMthe tRYIenB&fambar, 26 entfiichd Ck
silicon oxide |ayer is deposited by a sputtering nethod., The substrate

t enper at ur evacHir Ep; i mpferphly wedhi BHe?XamRlEn 207 YRRIERR 0P JYMP Offer at ur e
and | over tt@gtﬂ}ngrsuﬁﬁmﬁlont A girsﬁ‘ge&‘bl?’lﬂed. N 1hliSa @G LAYE Rlay e thid C. The

silicon oxi ayer can by“a sputtering nmethod in an_at nosphere
of a rare gasngprovidetwitlya cid tjam) In the tsainsatchamberopitel is evaspated yith i

at nosphere gontajnin Qdicp Nnd AR @
target, '65:31 s‘%ﬁlﬂ%%%&pc‘)%% u%“i“g?"g“é‘?@‘%‘r‘é‘gxgil‘ ﬁ?%%%mtagarngg{&ﬁgx E’eﬁzs 'd. For

exanpl e, t higkesird feemined) whdeby theempusity corcehpationdn the axidegnsulasing fayenddhod usi ng
a silicon target. i,n .an 25 atnmsphete xygen and nitrogen. [0409]

In this cas@f‘g"{miﬂ?tfﬁﬂﬁe F%‘Sﬁger{)ﬁ%ﬁg’efeﬁéwgki de insulating | ayer 366 be
formed whi lp41gnovi ng residual noisture in the treatnment chanber. This is

because hydrogen,, hydroxyl, or isture ..s vent ed from bei ng.included in
t he oxide seni coﬁdi?&tﬂ?“gaﬁslué%g?éézg?ﬂﬁh?%gf@%"&é eilﬁ%"liﬂlélgiq?’yﬁr ?%éi/lesr 366.
[0410] 10 preferably’s KpKlBurity Gasif WNh theSondentdatiorDofzinUmpurity stdheas hydrageupnt
chanber, an entrapnment vacuum punp isgﬁ%eterafl uaed. For .ﬁxa:@lmj, a
cryopunp, awetplphydserb or Jydrides redpged 4 RPSPIMAELY SHYY AT ReT SUED PX/ used.
The evacuatd',rqB foRintatelPieverdFpatts potbafioRPppp). Provi ded with a cold trap. In the
t r eat ment chan%er which is evacuated wth use 5 of the cryopunp, a conpound

cont ai ni ng @4Kldr ogen at om such as water (1170), and the |ike are renoved,
wher eby the i npus £ £ Abh QR nial bb BEfRMbAIE: dniseH siabfospRer€sr 366 f or med
in the treatnent Ng%%?%gllrm:can %e redli‘?:ed.B [0411] A sputteri nb gas used for

t he depifsi t oxygemgasaimospherelépréfeblyat i tagpperairae highe 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 (a 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 2 nitrogen atmosphere for one hour.

[0414]



10 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 (ppm or approximately several parts per billion
(ppb). [0412] Next, second heat treatnment nmay be performed in an inert gas
at nospher e ¢ 2@/0s3830Xxygen gas at nosphere (preferably glorapi@imesdgt ure

hi gher than or equal to 200 C and | owe? than or equal to 400 C, for exanple
a tenperature higher than or equal to 250 C and | ower than or equal to 350
C). For exanple, the second heat treatnent is perfornmed in a nitrogen

at nosphere at 250 C for one hour. \Wen the second heat treatnent is

per formed, heat Withdipheat treaimdntr fos thehvxidecsomitiondwatortlnger 3p2ptovaked twith oxi de 20
sem conductor Jl.ayer .(,a chan formation region),is in contact with the
oxt o1 n i PHE FlyaRe i 6 i §pTRees RfoS N0 ine Rindtoth B praie e
sem conductregion afjtiey oxiAendidoaducte 1pepI32ie eedubddh Thes, ax oxide senficdndbdterg | ayer
336 and i s, par . exposed.is furiher subjecte 0 heat 25 treatnent in a
ni t rogen aﬁ%’ﬁ%%ﬁ%?g‘“@?g 5T 8‘?#‘ ‘B&%"“&fﬁb@%&‘%‘fa“’gﬁa éﬁﬁ?@dﬁ?ﬁéﬁ“ PWessure.
By the beatwlﬁtee%ﬁdmemm'cnzm)rigm%n at nosphere or an inert gas atnosphere
or under reduced pressure, the exposed region of the oxi de sem conduct or
| ayer 332, [%HSER i s not covered with the oxide insul ati ng layer 336 is in

an oxygen-defi ci R&k, adoRdRRO thyBas firRdd 664 tﬁeg%‘tegﬁﬁﬂﬁﬁ?g 1428832, $he dxiien- t ype
oxi de sem conductor |ayer is provided. For exanpl €, "heat treatnent is

per f or ned &¢miggsluctoy daygr n362% odnthet apidp Haswatingr layere 3Adur Affepghaf] by

Wth the h t t OX| hC t 2 ided with
t he oxi de ?ﬁrtg%%ﬁéngplga?te’ﬁﬁ jgg%;;ﬁ%gﬁﬁ?f?ggb%n%%iﬁtng%%ﬂe?%?éﬁé ?rg{sﬁl\sét ance of
t he expBsedondugivsdayst istselectivel vieichedtd daymorigonese elestrode 1382 368a anglcaudraid. Thus,

an oxi de sepm I L | I i di fferent

resi st anceggkﬁfﬁlg?%g{%b{;ba?cgéné%gg%éﬁg%iﬁgga%%@g@gﬁ%5¢)égi ons in FIG 22B)

i s fornmed. [(44]5] Next, a conductive layer is forned over the gate
insul ating |ayer,332, . 1t. ide sem conduct or. J ayer, 362 n he oxi de
el ati ng | ayerASEEmesfol s R GLaRA Hbians BHg foe iy ol By

phot ol i t ho363tp hiy eleineyt selacted fofit AlYER kCu, Fa,f Tif M@gandoWel aii Altoyldonninigplalyi ve | ayer
is selegti vgbéetch'ed to forma soua@fgy ﬁllﬁectrode | ayer, 365a_and a drain

el ect r dtle PHUESE clements 45,2 ompgpent; au; g coptal cof thescslomaatsin )

[0416] comHifiation{ TR tealikeO tad BE phRH! CEhe® hRfal IcOflbuctivy/ w&ﬁﬁ.?y 1 at he drain
el ectrode | ayer 365b, an el enent selected fromAl, a, Ti, M, and

Cr, :
W an al | ofinBlsHayss sifustyreon staskestlayerstructune of by & mere lavenponent ; an al | oy
| ayer contgaagng any of these el ements in combination; and the like can be
given. The netal conductive |ayer may have a single-layer structure.or a
st acked- | ayer st¥hmeughthe ghove §isps whepthe pxigepemiconductor 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]
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[ 0417] Through the above steps, when the oxide sem conductor |ayer is
subjected to 20 heat treatnent for dehydration or dehydrogenation after
filmformation, resistance of the oxide sem conductor |ayer is reduced,

that is, the oxide sem conductor |ayer becones of an n-type. After that, an

oxi de insul‘gbi}gﬁgﬁgser is forned in contact with the ?gcﬁgp%?mﬁg%ﬁuct or

| ayer, wher of the oxide sem c¥nductor |ayer éina
oxygen-excess state selectively. As a result, a channel formation region
363 which 25 overlaps with the gate el ectrode | ayer 361 becones an i-type
region. At that tine, a high-resistance region 364a which has hi gher
carrier density I i o overl aps
with the source e @%I’?%aieﬁ%%%ﬁ I&g‘g?g?agﬁ%mgq’%iﬁgﬁ @eﬁsogttgazggeéﬁggia%% 364b

whi ch has hiogfrem opahpurgp 3@ dneistiyair.hdn ths embadiment heatcteatment is porfemnédon regi on

363 and overl agps,w.th the drgin el ectrode |ayer 365b are fornmed j.n a 30
sel f-ali gnnaéﬁBn%éﬂo W%uglltflst gteg[g%wgﬁdgggﬁ? BE segﬁg,a %}eg%[eﬁ{lmrg film
transi stor tgfBerhtares O MMeRhSFebly, [tRt4fblbwing change inFhy héWting tdigmiatire addynent may be
performed at Trom 100 C to 200 C inclusive for fromne hour to 30 hours in

Cair. | n % hicondyatrdiplyeh times ggpeatedlys thee hgating tomperatyrra}) ngreases fpme ggom o oy s

This heat t ﬁﬂér?ﬁg,tt? gﬁ%’mﬁﬁatﬂ%roff Q60788 173002 ihi Gy 1R thdAM LR ARE G ISR

Al ternatively, ow ng change in the heating tenperature may be 5
conduct ed pewmperhture. mBurthenthist hedl Yreatmend mayabe peyformed spder geduceds piefi¥Fceased

(1o 1 00m {GRREALES, LPuB ATIRAMAE el | 1ol %R0 Sl ySiigg, and ther

decreased tO room tenperature. eatf treat
perforned unsienent ¢idwomd torshegened. bWitbrsech beatrtreatomnto hydrhgenoigiinkeodupss| at i ng

| ayer. der the reduced pressure. _the heat. t ment, f |

shorten]gg. éﬁ'?ﬁ SR ??53‘50%9?‘2% R {0 yoé?(%diésﬁl allgé {F %’5%?&38%ll$§)gm t he

oxi de sem chindilfit teansikiay €in He@btainved 0 X Tibeefora sngliatiility @f thesemicondua®y device

normal ly-off thin filmtransistor can be obtained. Therefore, reliability
of the sem @BRAIMIBYYevi ce can be inproved. [0419] Note that by formation
of the hi ghjoaggi stance drain region 364b (and the 15 hi gh-resistance source

region 364a) in the part of the oxide sem conductor |ayer erl apping with
the drain el ectr 8@t I S/é?f’_f%%“’(‘d?{o‘g? H’ég’éﬁﬁﬂf"é‘é"e_e‘iré’et'icé%é %Ggéeémgé@"a) ,
reliabi{q t Vuigf-résfi@ndeNsdurdel tedion’ 9645) 4 Ahe PR d¥Ethb MRV QehiconaRcbl 158l | v,
formati on of "the high-resistance drain region 364b enabl es such a structure

that conducevesianpjnegwihiths|drain pleeirasds Ipyen Ap3bhnd i seuesr sleetrasledayeagiali o t he
channel o7 GRIRY of Bt i P udsfec: n BE AipreVed CSpSIMANE fnion o Uheon 364D,

Thus, in the case where operation is perfornmed wth the drain el ectrode

| ayer 365b liginesistzect drainacgipm B ¢nobles syshla/strugtuee thatgeengesiivity gradpally
potential VDD | Qh-r 8s] r.al iqgﬁ . f and

t hus 1 ocal V@Sﬁ%%ﬁ’sr@% ?@lﬁl %%"g’%@g’&%ct r@c%@ﬁg aarﬁgtf };e%g’(l:l ?@??lﬁ%#@ t he

hi gh el Hct roesisthnce ldehin seginpB6ied Thas,viede dafecwhrat opedtivotis paforined/ with381 and t he

drain el ectyade, |l r. 36 whi ch l.eads t.0 25an increase,in t ielectric
wi t hst and \f&?‘f‘a?é"é’?% © ?HQ%BWQWW% PoXD8% = suppﬂ}ggpa} %ﬁ%@?ﬁ&gs‘}?ﬂg"m ating
| ayer 323 igotdnGAlNWDD)BE higharesiatice alrsih acgiowdavisayen 1Mo, ant hbudiaah
el ectrode | ayer 365b, and the j de insulating,l r 366. . thi
enbodi ment , CORFRATAHAR ¢ e el %E&ﬁg’%%‘i‘“ég@c sg?if%‘i‘%oﬁ‘iﬁisﬁap@’%i licon
nitride | ayRiwden e datdldotiole 1296 3694284 Ihe 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



WO 2011/ 05238393PCT/ JP2010/ 067996 el ectrode | ayer 365; the drain el ectrode
| ayer 365b, and the oxide insulating |ayer 366, and the protective
insulating | ayer 323 may be further stacked over the oxide insulating

| ayer. [0422] 5The above-described thin filmtransistor is applied to the
transi stor in the logic circuits described in gdefiyp 1to 6,
wher eby Iezﬁ({gg{g&@%‘;ﬂeﬂ ectric charges tHBugh the transistor %’éﬂ&gge”%
suppressed. As a result, reduction in standby power and suppressi on of

mal function of the logic circuit can be achieved. [0423] 10Note that the
contents of this enbodi ment or part thereof can be conbined freely with the
contents ofel&trbﬁlawbﬁsﬁ, Imerdran@rcc@@ictiaieheﬁﬁnﬁnd)metohﬂe mmaemg lagér IB6ANPI e or
part thereof 0424] . ) 1’3@%6@% od| exag‘gl es of
sem conduct®3f RFRIPIE "P o "é‘a cﬂYFft 88%’6??’&5 M3 any of
the above amedi nents w II be descrl bed with reference to FIGS. 23A to 23F
Note that the logic circuit relating to the above enbodi nents are

i ntegrated [0#32h an external circuit for operation of the logic circuit and

the |ike and m)U@B@&Bo@éld@scﬁbéd(‘mintﬁlﬁﬂ%{ngnsto} Beapbﬁéﬂ t% tﬁé frﬁjﬂ! r it hdde@ kd1ded in
sem conductor 20 devi ces. [0425] ustrates a | aptop

conput er i kg lgicieiyeuitsdesaribed, in Embpdimendy)] to @Mf@tﬂbﬂ leaxm (gwlqcﬁ@ohgrggs a main

body 2201, tﬁg@%‘ﬁ\é%%%e%ﬁés@% POl 812AARerioR ik SRR Fhwer Ry and the

suppression of malfunction of the logic circuit can be achieved.
[0423]
10 Note that the contents of this embodiment or part thercof can be combined

7.

freely with the contents of other embodiments or part thereof or the content of Example
or part thereof. |

[0424]

(Embodiment 11)

15 In this embodiment, examples of semiconductor devices each including the
logic circuit described in any of the above embodiments. will 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, é 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



FIG 23B illustrates a portable information term nal device (PDA) including
any of the above logic circuit, which includes a nmain 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 housi ngs, a housing 2221 and a h I . The
housi ngs 2 W92 é’ﬂ@szféﬁ are bound wi thdgach other by an%ﬁf@g’b@fﬁﬁgﬁgn 2237,

al ong which the e-book reader 2220 can be opened and closed. 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 22%1%|u§1§g§ D hGsh rﬁﬁ?ﬁld Jhotl.lgiﬁ EM' Mle Bkihgs 32 ﬂH%@iﬂe B&\Iai on 2225

and the di porti on 2227 may one |nage or different inmages. In

t he struct with ¢deb other hp adlasplmsﬁl(’po?%?cﬁrl@lgdw@sh the efpgokaeader 2230¢padef r om each
ot her, for e r ion 2225
in F G 23C) ca%?glg%%y ?@%tsqll%% Lﬂ':gﬁ'p‘% ﬁ?été?tg:! sp%g?f(igggﬁﬂ on ?t%as&»gf) ésrpl ay

portion 222doksa FI G 23C) can display images. [0429] Furt her, in FIG
23C, th tha&Eg 2221 is provided with an operation portion and the i ke.
For exaﬁp e housing 2221 is provided with a power supply 2231, an 15

operation kéy 22 33displays paréitee 2225 BSincarpokatet €in [thdk h_ousiﬁgt 22211h endpalisplayon key

ko by aIOBRBAaT 6 Pavaomi oh et B ST THE B PRGN e

di spl ay pordidphsy poitidh Qnﬂﬁdy displaly ftﬁlrermfage oamxf&xérmﬁmagescomneletstmmer m nal
(an earphone termnpal, a USB term nal ter naI fl can be Eo nected to

various cabvhste tedisplay P&H“'Atd%iﬂlabtdgfa% éf“%tgeﬁl Qthep dorgxample. fhey o) o
recordifg gl aisiswﬁ&ﬁéd @ Ay paﬂmnemd.s whed 23(9 cﬁﬁ)ﬂ:sﬁﬁy RixOaiddRsliean t he

back surface or the side surface o housi ng.” Furt t he e-book reader
2220 may halisplay podisadthe displpy pertian %%QWB ﬁl‘é 2%?1:@!' disalay i lmfmeso] The
e- book react 220 may be configured to transmt and receive data 25

wirel essly. T2h ough wirel ess comuni cati on, desired book data or_ the |ike
can be pur chasedFutidr, do kb G36e thethopsing 32 E@F@Wdﬂlﬂbwoﬁéﬁmérpm{oe%l]

e P

fields as Iong as they ectro paper can be
used fors, |apsnaaadkagrf2235), aedpeaker 22FScarsictb& likan \Bnlb&c Iopcremrdm)/ 228 pagess,

advert | Serett wbYER S Gl CyBRohigh Pl AL 0 M) Y he”r 0
provided on the surface of the housing, on which the display portion is provided.
Furthermore, an external connection terminal (an earphone terminal, a USB terminal, a
terminal that can be connected to various cables such as an AC adapter and a USB cable,

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 an 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]



FIG 23D illustrates a nobile phone including any of the above |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 |lens 2247, an external
connect i on weremitgs2248, and the IikeSl 5 The housi ng Z&AdrelEo/p7eé ded with
a solar cell 2249 charging of the nobi e phone, an external nenory sl ot
2250, and the like. An antenna is incorporated in the housing 2241. [0433]
The display panel 2242 has a touch panel function. A plurality of operation
10 keys 2245 which is displayed as images is illustrated by dashed lines in
FI G 23D. Not e t hEXG 23R iHwsiaics agnehils nhans ingluding agy of the aboye dagiq cirgit,

i ncreasi Ng vhiMPhbR@s 188 hBkKings! mash@ $2b ahd Eﬁbdsn?g%%ﬂ OTHRe Noqklhg§§41needed

for each circuit. Further, In addition to the above structure,

cont act | esds prvided pitha display panelndd4y, alspeakes 22473, atthisrdphiae 298¢, baomtmg
| ncor por at %Qvlcelézicsoﬁ%ﬂma lens 22?}%9&:@%@@%{3#@&% Arnfill ?iztst D& ﬂ{eﬁﬂé ay panel

2242 changes as apbroprla e I n accor he applrcation mod

Furt her 5 t [ide hansbnga2248ris p@Rited mgthpr solar aeldl 2@49 thaegigpofeths mobéic phavs, :inhe

di spl ay pane 42 it as a.video The speaker
2243 and thelc%aﬁfn(g%ﬂgnseo%’ g Bglk&se P‘m\?l laé%cﬁ%’ﬁ%gjgg'l 'ﬁg ¥&%or di ng,

20 and pl ayayg sound, etc. as well as voice calls. Mreover, the housi ngs
2240 and 236%5 'in a state where they are developed as illustrated in FIG 23D
can be sli 3Jthat one is | apped over the other; therefore, the size of

the portable |nf’ﬂﬁdﬁﬁpl%npzﬁﬁl'm&&lasﬁaﬁudhq:ahamﬁn WA ghkralifg k2 SpérionP Or t abl e
i nformitnl on te{zam nal. sui tabl e for. bei n arrl ed. %?s ﬁiiii 25The ext ernal

connectiPon Ke¥ £33 awhich xsgd 'é%]ﬁyﬂeasc’é'ﬁ‘ﬁ%ﬁ: “ft‘@‘eQrPYA heth ey ingflGa 23R j ety of
cabl es suciNoastt HSR¢HAR | phondMcRie£A 8BRS cirbdf mrriﬂcr@;smtgmevmge bétphone and
data communi cati on between the nobile phone or the_like. Mreover, a |arger

amount of d&@mthe selansell SEAie adioliagrnpededifyr “raﬁgéllﬁf“i“ngF'amfeéd’é)F%ﬂlﬁ'@ tedliei um t o
t he ext er naboygediitireS laOdonfaéRlss ICUEHIRISS smhll nRAfy id¥icd, Br (S 1RO duncti ons,

an infrared 30 conmuni cation function, a television receptl on fanction, or
the like nwoﬂ@rﬁmdow ded. [0436] whi ch i ncludes a mai n body 2261, a

di spl ay4 por(? (A) 2267, an eyepiece 2263, an operation switch 2264, a

di spl ay por[ (B) 2265, a battery 2266, and the |ike. [0437] FIG 23F
illustrates a te’I’lqulisplqnodeitatibﬂm therdispldy rpgned 3242 fchariges abeppoprigs i 5

oS o R 5B oo B! i T b RRERAPH B 00,09,
IS support ed da;neauﬁicﬁrad tB2diSplay patidB242, and thus it can be used as a video phone.
The speaker 2243 and the microphone 2224 can be used for videophone calls, recording,

20 and playing sound, etc. 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 so 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 ora
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,




The tel evision set 2270 can be operated by an operation switch of the
housing 10 2271 or a separate renote controller 2280. Channels and vol une
can be controlled with an operation key 2279 of the renote controller 2280
so that an inage displayed on the display portion 2273 can be control |l ed.

Mor eover, t\bgzﬁﬁ)@g@s controller 2280 may have a di spl aypchR@ploi®@dk9¢27 i N
whi ch the information outgoing fromtI# renote controller 2280 is

di spl ayed. 15 [0439] Note that the television set 2270 is preferably
provided with a receiver, a nodem and the like. Wth the receiver, a
general television broadcast can be received. Furthernore, when the

t el evi si on width Hheitdes S mai byt 22d1,t Ddidplay poitioh CA) 2267, areyepidce 2P63ianed or

Wi rel ess connection vi he. npdem . one- (,from ra ltter to a
recei ver) Xpe@HoR %!Mﬁ{’ﬁé‘f%éﬁ"%‘“{‘ @?gﬁg’t”tl@m‘é{ﬁg‘s a?‘g'i’g}h%%r, bet ween
receivers, jg43fjhe |ike) data communication can be perforned. [Exanple 1]
[ 0440] In this exanpl neasured_val ues of off current using a

e

test el ement grobl* (%Fég?%tcﬁé‘f'é‘e?’"é@“;%t g870inpluding, qny| ofjbe qbeter I0BKEd bel ow.

0441] ) G BNl ikl A5G B6ARE 2273 ol i ik grorRnone! o
LIW= 3 pn 10000 h 200 t

virtually wt / = g ( Jm in whic hin filmtransi stors each
wi th LI W = dispiay/Betiqena 2P cae displey timagesn Here.alhe dpusing 2253 iyisupported 8héwn in FIG

25A and a pakht y enlarged top 30 view thereof is showin FIG 258. The
regi on enclosegf y a dotted line in FIG258 is a thin filmtransistor of
one stage M4I]LIW= 3 pm 50 pmand Lov = 1.5 pm In order WO

5 pm | o
20111052383 7PCT13E2040106799579 cof . HESSHI B, L ekt SORUAHURL hlls® Of L1

thin filmtransi stors, anglnge aract’er| e current between
sour ce Hnd 227hion a (shymrae nanfdte comsller 2280. t Chamela add aplumewan datcootrolled) wer e

oom t enperaLSPBHET b PI BF pE P PR R BelFeRe e ReRR, % 1
drai n vol t apedisplayMsbrtion 2273 can be controlled. Moreover, 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 a TEG) will be described below.
[0441]

FIG. 24 shows initial characteristics of a thin film transistor virtually with L/W
= 3 um/10000 pum in which 200 thin film transistors each with L/W = 3 nm/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 pum/50 pm and Lov = 1.5 pum. In order



5 was set to 10 V, and the voltage between source and gate (hereinafter, a
gate voltage or Vg) was changed from-20 Vto +20 V. In other words, Vg-Id
characteristics were neasured. Note that FIG 24 shows Vg in the range of
from-20 Vto +5 V. [0442] As shown in FIG 24, the thin filmtransistor
havi ng a chgonediewdzgi h Wof 10 10000 rim and Vd of 1 V pyriabthivedras an of f
current of 1 x 10-13 [A] or | ower, whith is less than or equal to the
resolution (100 fA) of a nmeasurenent device (a sem conductor paramneter
anal yzer, Agilent 4156C manufactured by Agilent Technologies Inc.). [0443]
A nmethod for manufacturing the thin filmtransistor used for the

measur enmentto higasige bhitial chaveterisfi @Mzﬂ}e thin film tﬁnsism;s the shdngingrehaiadteiishies | ayer

11 con oyt HRbepkee S ot o s AR bt o i B AT

tungst en | ayee m:édo Onided t}ascoadgahewbéremﬁer siﬂa:dtea;eﬁipcmuﬁ wiad get 30 komon
oxynitride Iag f utterin rret({] d, @ere, the eeIect e | ayer
was forned ') ?@PECF‘F\?’@ JECC EEHICA GOV 3% ﬁ'@g’t Frefafier a d ﬁ@}ag" or V Then, a
Si | i con 50X ywdstset td€10IVauAd thaasitade betwicah ﬁdﬁﬂ&ﬁﬁldcgate](ﬂ&eiﬁﬁﬂéiﬂﬁgit@frﬂ&@e @6 a gate
I nsul ating | ayer over the gate el ectrode | ayer a CVD net'hod. 25 [0446]
Then, an oxY&levascihrrgsd dinm o0 Vatpet20n%yi Iﬁg)ﬂé?ft"}‘ﬂféﬂ( Vsl darasristies weege f or med

over the g eeasdr ﬁ%é%tf@fd%ﬁ%ﬁ&gﬁ{? ﬁ[g ?:Qpﬁﬁt-%%iés' sRg.an

I n- Ga- Zn- O- ase e sem con mol ar ratio of
| n203: 0a20304&2p = 1:1:2). Here, an isl and shaped oxi de sem conductor | ayer

Mot °f ot “heat AF shaal FRSE DR, bl e RSB R Ll b [oger
in a nitor 0ge00RLMRAEE VI 1i Vi oR1E Vaas ad ¥ dudént 65@ xQ0FB [AP&EloWwer iwhich G 48]

less than or equal to the resolution (100 fA) of a measﬁrement device (2 semiconductor

parameter analyzer Agilent 4156C manufactured by Agilent Technologies Inc.).

[0443]

A method for manuwfacturing the thin film transistor used for the measurement
15  is described.

[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 semiconductor 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 In03:Ga;03:ZnO = 1:1:2). Here, an
island-shaped oxide semiconductor layer was formed by selectively etching the oxide-

30 semiconductor layer.
[0447]



Next, a titaniumlayer (having a thickness of 150 nm was forned as a
source 5 electrode |ayer and a drain el ectrode | ayer over the oxide

sem conductor |ayer by a sputtering nethod. Here, the source el ectrode

| ayer and the drain electrode |ayer were forned by sel ective etching, so

t hat L'VV=‘§03§%%QQ 0 pmof the thin filmtransistor “@%TME%PM&%EX achi eved
t

by connecti ng infilmtransistor®, in parallel, each of which has a
channel length L of 3 pmand a channel width Wof 50 pin. 10 [0449]

Next, a silicon oxide |layer having a thickness of 300 nmwas fornmed as a
protecti.ve insulating |ayer by a sputtering nethod so as to be in contact
Wi th the oxide s&hin GintlHedt Geatnait6ras piHiemd loh el oxidel sdmidoadilor $8evinng as a
protective | ayer was etched sel ectively, whereby openings were formed over
the gate elHE9senanasplirss ingrfleap Quenstd 3@ &€ f05086BPUAr ai n el ect rode | ayers.
After that,p ond heat treatnent was performed at 250 C for one hour in a
ni trogen atnosphere. [0450] Then, heat treatnent was perfornmed at 150
C for 10 hours bd¥kys @ titaninmrlaser (havimgn thigkngsg of d5@ hm) was forined pca SOUPE [ 0451 ]

Through 4 h eegggﬁ%eilg%ro%ﬁsas drafh plgél.&ﬂg‘]%%% %%’l%{r}%lg ]pﬁdlﬁ: e hfcBRcRE Pye'By a

manuf act'ur ed. e reason mtransi stor "has”an of f.
current of sppyeringimetitod! yHérexth2 SoukG d&-tjodd lager apth therdrain elebi@deayes weteat t he

concentration aof hydrogen .i.n th i.de .sem uct | aver., coul d be
SOrTrci ent |GPHedyRRFeRYE Retiiys S itk S BP0 G s B bng St
concent r at ivpdd vixtuall Schievedl By SQiNt @B Q0O HHM fiMefakisins] th fardIRNRAHTE Whith | over
preferably 5x1018 (atons/cnB) or [ower, further preferably 5x1037

( at ons/ cnB)happ chagp@d dengh: of 3 warnd pehanpel idih iV e tration in the oxide
sem congyct d]ayer was 30 neasured by secondary ion nass spectronetry
(SIMS). [OJ% Al t hough the exanpl e of using an |In-Ga-Zn-0O based
oxi de sem conducNext, asilites @xidodayer thaeing x| Wiskeassrof 360 nox wes formpdtas a

a4 b RSy D RS TSNS e S0ch
sem conductsemicomducity 1a3ar. ZThOsihieseakidlagke scrving 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 p}ocess, a bottom-gate thin film transistor was
manufactured.
[0452]
The reason why the thin film transistor has an off current of approximately 1 x
25 107 [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 5%10" (atoms/cm®) or
lower, preferably 5x10' (atoms/cms) or lower, further preferably 5x10"7 (atoms/cm®) or
lower. Note that the hydrogen concentration in the oxide semiconductor layer was
30  measured by secondary ion mass spectrometry (SIMS).
[0453]



5 sem conductor, a Sn-Al -Zn-0O based oxi de sem conductor, an |n-Zn-0O based
oxi de sem conductor, an |In-Sn-0O based oxi de sem conductor, a Sn-Zn-0O based
oxi de seni conductor, an Al -Zn-O based oxi de seni conductor, an |n-0-based
oxi de sem conductor, a Sn-O based oxi de sem conductor, or a Zn-O based

oxi de sem owaduamssss can al so be used.9 urt hernore, as MEIT/IX010/867996

sem conductor material, an 10 |In-Al-Zn-0-based oxi de seni conductor m xed
with A10,, of 2.5 wt%to 10 wt% or an | n-Zn-O based oxi de sem conduct or
mxed with SiO of 2.5 wt%to 10 wt % can be used. [0454] The carrier

density of the oxide sem conductor |ayer which is neasured by a 15 carrier
measur ement devi édthpughshe exapiply efysing an wep-ZnP-bassd Aidg semiopndi@ior it nB or

| ower, rmcmep&ﬁg&q@emxydc?lesg%@;w&%@;ﬁqtgglﬁ{j:‘ﬁ@ﬁg%l#ﬂh&eéga X 1010/ cnB which is

the intrinsic carrier er words, the carrier
density of Adothenxioxide sssmicanddctor omatesgler suchn aheamabeSmgn-€)-based t gxider o as

possi bl e. 455 aabhethin fi transi stor can al o have .a channel
Pength L oFosSAatloy S5 710 Rt vide TphisBRitt 3o A0 2o Sl Gt
oper at i én spamidnduad 4 [Bn-AFZn-Odbasediloxids sexticondmdtor, andhlZn-Ofbasd exiddl es a

further reduction jn power_cansunption. [0456] 25In additipn, .in.circuit
desi gn, thée%ﬁﬂ@@éﬂ%@%%f&&c {‘F"B%" ‘étalérﬁeg“%g'%ﬁasicﬁs?ﬁ‘ or when
the thin fiskichbfiduator,Sta@r AlZn 0O-basedofdxidet ablicohdidtor]| 2Af TRIO-bdRad , odidke

t enperature char cteristica of off current 8f the thin_filmtransistor

manuf act ur SERICANUGIOE & S Pdaied «P%ide IR # LAROPrIFhcPRYS stics 30

are i nport aBhichiduen Thil Bkd BOudelS PikiciAGEER ad bxide Séntianiubior MadcRiISAANCE Of
performance, or the like of an end product in which the thin film

transi d0or I\l Zaelrbased oxige spmisendupior agzad Wil 3404 el FOP1B1t0/106mIoer B0

In-Zn-O-based oxide semiconductor mixed with SiOy of 2.5 wt% to 10 wt% can be
used. '
[0454]
The carrier density of the oxide semiconductor fayer 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 or equivalent to 1.45 x 10'%cm® which is the intrinsic
carrier density of silicon. In other words, the camrier density of the oxide

semiconductor layer can be made as close to zero as possible.

20 [0455]

The thin film fransistor can also have a channel length L of 10 nm to 1000 nm,
which enables an increase in 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] o
_ After that, the temperature characteristics of off current of the thin film
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 teansistor is used. It is to be



P

understood that a smaller ampbunt of change is nuch preferable, which

i ncreases the degree of freedom for product designing. [0458] For the
tenperature characteristics, the Vg-1d characteristics were obtained 5

usi ng a constant-tenperature chanber under the -conditions where substrates

provi ded wi {3 5 %;ﬂ!m@zsf;:& I mtransistors were kept at respe%Tyﬁz(ﬁgﬁk%@nt
tenperatures o C, 0C, 25 C, 40 Q0060 C, 80 C, 100 C, and 120 C, the

drain voltage was set to 6 V. and the gate voltage was changed from-20 V
to +20V. [0459] 10FI G 26A shows Vg-1d characteristics neasured at the above
tenperatures and superinposed on one another, and FIG 26B shows an enl arged

view of a ran@atdRl thitfa ahdllef Bho@it Of RE&Ge By nalcﬁlcptafasblélmcn ihcldaesARA. The
ri ghtmost curve indicated by an arrow in the graph is a curve obtained at

-30 C, the flegreepd &ecdom {oEProdud) designig: obt ai ned at 120 C; and curves obt ai ned
at the othefpgtgnperatures are |ocated therebetween. 15 The tenperature
dependence of on-state currents can hardly be observed. On the other hand,
as clearly shown Far 8t femperstire shaspoipristis, éhe Ye-ldicpmageistich werst pbiaiged ent s

except | [&SF’?Q/%N& i ¥te91 erFultd ﬂﬁm\’a&l ﬁrféﬂ?th%fcoﬁ t:Mﬁa\{lﬁ'ertl, QAﬁﬁﬁatEJ‘lt?rG vided eq“a' to

1 x 10-1 ear the resolution o e measur enent devi ce,
al | t enper awith ddy fibm daﬂsismm worp depttatl r@pmteyfecuﬂsmmecmlmatmt of 30, Odﬁs er ved.

I n ot her A f 1 t he off rent is
kept | ower éfga(ﬁ ‘@r %28@ Fa}%d;J(qub g‘g? al[tzﬁ\] °C, 'g’ﬁd‘ v‘il}‘i‘g‘f Wa settl‘l%ﬁé'h wi dt h
Wis 10000 ﬁlg%atc%lta%g@apa,agg@rh&paﬁo vng+g]‘\f curr ent is significantl y smal | .

[ 0460] | mtransistor including a highly-purified oxide

sem conduct ¥5%hows al nost no dependence of of f current on tenperature.

This al g9 resul t gydram b6 ggga cﬁ:ﬁ?&%ﬁhcs agﬁhé GBoe QbIGires BaP an

energy gap of 3 eV or nore es very eW|ntr|n5| carriers. In
addi tion, tmcrimpnsgbon eug awthendnd FEG.(RA6HI shows gn enlargedview of adewrﬁrtﬁf ed

state, whi C.? 08%03?{ ?%{?r La T in B4 “ﬂactr)?ﬁ’ﬂﬁﬁés?%@ﬁg iR RORANG &S

Oper ati on o“'lieﬁ ansi'stor Ts ‘malnl y carri s vvh| ch
are inj ect eghrdw marthé prapkizgeneseaibethed QUEIE°C;l lefimba cidve inxbdee sleginebnduct or,
and the above characteristics 303? ndependence of off current on

t enper at ur 3t An G eand qyrvss obigingd ellsmperalyres aag 1qcated dhsrehetyeean _
tenper ajgir ®fhe e thfdfGathre de endcaeb%ﬁo@sthe%ﬁ?rﬁg Ednlatdly Be SREANEE B e Bnthi 0 Fil m

transi stor vi ng such n extrenely s off current, reduction I n standby
power or sdppdmﬁe@ﬂywowmlm@m@mwﬁvumoﬂﬁg %ﬁﬁ;lthmﬁmﬁ eyecphihi eved..

Thbs, 3281, U SRR o RO LB BB, o
cont ents ofneahihe Resalu€ioh 6f @bmemm@oaaﬁ@dam téﬁf)ﬁﬁtﬁftﬁ eand tHeOerperature
dependence thereof is not observed. In other words, ever at a high tcmpefature of
20 120 °C, the off current is kept lower than or equal to 1 x 1072 [A], and given that the
channel width W is 10000 pm, 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 cumrent on temperature) can be explained by independence of

carrier density on temperature.



10: logic circuit 11: input termnal, 12: input termnal, 13: output
termnal, 14: main logic circuit portion, 15: transistor, 100: substrate,
102: protective layer, 104: sem conductor region, 106: elenent isolation
insulating |layer, 108a: gate insulating |ayer, 108b: insulating |ayer,
110a: gat e wbeetinsdss | ayer, 110b: el ecibLode layer, 112:pgmepdiebarong | ayer,
114a: inmpurity region, 114b: inpurity gion, 116: channel formation
region, 118: sidewall insulating |ayer, 120a: high concentration inpurity
region, 12013: high concentration inpurity region, 122: netal layer, 124a:
met al compound region, 124b: netal conpound region, 126: interlayer

i nsul ating [P483dr, 128: interlayer insulating |layer, 130a: source el ectrode

| ayer, 130b: drai Ky X 30c: .elec . . - i nsul ating
| ayer, 134: conduct veiﬁtggy%fw talégfgme% ‘gié?rao i Fggggnb%ég?}avﬁgmpr%de | ayer,
136¢c: el ectextremely amell off kBfient, g:aueloelmstamﬂ:d@om;/er supp¥8siorgeft malfunstidmat i ng

| ayer, 140: Rl i,de sen& ﬁ ayer, 142a: source el ectrode |ayer, 142b:
drain elecfﬁ éq?ﬁfgwlciﬁ em:Fﬁf ctive insulating |layer, 146: interlayer

i nsul atisng | ayer, 148: conductive |ayer, 150a: el ectrode |layer, 15013:

el ectrode | ayer, 150c: el ectrode |ayer, 150d: electrode |ayer, 150e:

el ectrode layer, 152: insulating |layer, 154a: el ectrode |ayer, 154b:

el ectrode I'Tyesppliddids is Bised b 9 ésamfem Apflitati®l el A6le2009280415 Hidx
transistor, 164: transistor, gic circuit, 201: AND gate, 202:

f1ip-flop, Witlapan Batent Qffice °‘2@2‘°b?fr39n§q(§°t Hie entjrp-ponients,of whichyare beropy

trans!storqm%gimédﬁﬁ@ﬁgﬂﬁ 216: transistor, 221: transistor, 222:
transi stor, 223: transistor, 224: transistor, 225: 103 transi stor, 231:

NAND gate, 232: NAND gate, 233: NAND gate, 234: NAND gate, 241: transistor,
242: transistor, 243: transistor, 244: transistor, 251: transistor, 252:
transi stor, 253: transistor, 320: substrate, 322: gate insulating |ayer,
323: protectlve i nsul ati ng Iayer 332: oxide sem conductor |ayer, 360: thin
filmtransistor, 361: gate el ectrode |ayer, 362: oxide seni conductor |ayer,
363: channel formation r.egi on, 364a: source region, 364b: drain region,
365a: source electrode |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 electrode |ayer, 395b: drain el ectrode |ayer, 396:
oxide insulating |layer, 397: gate insulating |layer, 398: protective
insulating layer, 399: oxide sem conductor |ayer, 423: opening, 450:
substrate, 452: gate insulating |ayer, 457: insulating |layer, 460: thin
filmtransistor, 461: gate el ectrode | ayer, 46la: gate el ectrode | ayer,
461b: gate el ectrode |ayer, 462: oxide sem conductor |ayer, 464: wring

| ayer, 465a: source el ectrode |ayer or drain electrode |ayer, 465al: source
el ectrode | ayer or drain electrode |ayer, 465a2: source el ectrode |ayer or
drain electrode | ayer, 465b: source electrode |layer or drain el ectrode

| ayer, 468: wiring layer, 500: logic circuit, 501: NOR gate, 502:
flip-flop, 511: transistor, 512: transistor, 513: transistor, 514:

transi stor, 521: transistor, 522: transistor, 523: transistor, 600: |ogic
circuit, 601: latch, 602: flip-flop, 611: transistor, 612: inverter, 613:
inverter, 104 621: transistor, 622: transistor, 631: transistor, 632:
transistor, 800: logic circuit, 801l: 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: flip-flop, 905:
flip-flop, 906: flip-flop, 907: flip-flop group, 2201: main body, 2202:
housi ng, 2203: display portion, 2204: keyboard, 2211: main body, 2212:
stylus, 2213: display portion, 2214: operation button, 2215: external
interface, 2220: e-book reader, 2221: housing, 2223: housing, 2225: display
portion, 2227: display portion, 2231: power supply, 2233: operation key,
2235: speaker, 2237: axis portion, 2240: housing, 2241: housing, 2242:

di spl ay panel, 2243: speaker, 2244: m crophone, 2245: operation key, 2246:
poi nting device, 2247: canera |ens, 2248: external connection term nal,
2249: solar cell, 2250: external nenory slot 2261: main body, 2263:

eyepi ece, 2264: operation switch, 2265: display portion (B), 2266: battery,
2267: display portion (A), 2270: television set 2271: housing, 2273:

di splay portion, 2275: stand, 2277: display portion, 2279: operation key,

2280: renote controller 105 CLAI M 1. Alogic circuit including a
first period during which a clock signal is input and a second period
during which the clock signal is not input, conprising: a transistor

which is in an off state where a potential difference exists betweena



an AND gate, wherein a first input termnal of the AND gate is electrically

connected to an enable signal line, and a second input term nal of the AND
gate is electrically connected to a clock signal line; and a
flip-flop, wherein a first input termnal of the flip-flop is electrically
connected to a data signal line, and HWZecond input term nal of the

flip-flop is electrically connected to an output term nal of the AND gate,
wherein the flip-flop includes a transistor which is in an off state where
a potential difference exists between a source termnal and a drain

term nal over the second period, wherein a channel formation region
of the transistor is formed using an oxide sem conductor in which a

hydr ogen d8nlegin eiseuibnt §: Snputxtermrinalal ZrisputBerminal] 33eoytpat derminal, 14neiei n
t he oxi de sem conductor conprises a crystal, a c-axis of which is in a

direction, perpendicul ar to.a surface of.the i de sem conduct.or. 6.
The' T ogi 1o BRI BoBlion.ndS: BHeERr.S 100, Substkatee 2 FroiRe i laver, 104
conpri ses: a first p-channel transistor, wherein: a gate termnal of
the first semidindigtor fedibi, 108! elem&tSisblation ihxulsangwe%d 108a! e GAANLANg
signal line;, and a first termnal of the first p-cRannel transistor Is
electrically connected to a high power supply potential |ine; a
first n-clagenelO8x immilating layeheclflan gate gleicdrdder lavan! 116b: elsstfddeslayar, chi@anel
transistor is electrically connected to the enable signal line and the gate
termnal of the first_p-channel transi r;. and a first, termnal of the
first n-clgH I"gt’?)é‘?fsﬂgﬁir"r\pé‘"g ECR'Plc f‘ﬂ& ImBHABE fegion. d 19: shavng] foupation|

of the first p-channel transistor; a second n-channel transistor,

wher ei n: ,aeg%{’qu_ef-,ig%ﬁalsl ii’g;%\uéﬁwﬂfgl %g;ﬁﬂa'“%d%f ﬁﬁﬁ%ceﬁ%@%&%ﬁﬁ@n&%gﬁ%@ﬂﬁfb@l ly

connected to the ¢ Irst termnal

n-channel transistor is electrically connected to a second term nal of the
first n- chighreincentratioatiopurin degionet2Zidnetl layer| 124a:trhetd eonpbundaegivee!
transistor is electrically connected to a | ow power supply potential I|ine;
a second P-‘&gann |, transistor, .wherein:, a gate t er{;i_nal of tge second

p- channel 14485 n® locompound  regien Iigscdﬂ gn psulakibeclayer d28nanterlayer and
the gate term nal of the second n-channel transistor; a first term nal of
the Seconfsiufhanagtr, 'FavasssuPle 'cfe@rEad by, 18060 BPEA' AdatrBdlT1Gy g, H30ROVE"
supply potentia Ine; and a second termnal’ of the Second p-cha¥mé|
transistor is electrically connected to the second term nal of the first

p- channel electrode dayer, 488: insaldtingskayeer @4 aondlctive ldyears i 36a:célastiole layer,
transi stor; a third p-channel transistor, wherein: a gate term nal
of the thj p-chanpel trangjstqr is electrigally connected to the second

t er mi nal {ﬁrﬁq’t elegtro Lﬁ'—%h!lﬁ#@l c‘??‘é’ﬁéﬁé@ﬁ?’} It%ﬁ@ gateselectioderfavernl 38hgate r st

n-channel transistor,. and the second term nal of the second p-channel
transi st Qfa 13tk t d*&i al 5 &, ' S, .

el ectri cgf‘f?'a‘é'é%!\ ctr'eﬁdqpo t eeg‘%{lﬂg ?'gg\g/\{egrrqgﬂ%'fbﬁ?Q%o%OenF?%?é%%%% 'aiﬁﬁ 1§2b'
second termnal of the third p-channel transistor is electrically connected

to the sairaimdelectrotdetsyeri h44: mbtédtivd insplatingllayan d46: interlayer indulstiny lapannel

transi stor, wherein: a gate termnal of the third n-channel transistor is
el ectrical I8y cognecte the second term nal of the first p-channel
€

t
transi st ok48: crBdRtig atv&? Ma: elgctrede javies: 150h; iplentepde lavesi £90n: elqatrode

second term nal of the second p-channel transistor, and the gate term nal

Cr anst st Qpvet RO GG DHE B 1506 blechiodel IUERT 150, i<\l dver, 15730

flip-flop and the second termnal of the third p-channel transistor; and a

second t eflédtnede RyernE54B1idléctroddddyer! 154an6lbétrate ilayer 5441 slabirydée Mywect ed
to the | ow power supply potential line. 7.The logic circuit according to

~claim5, wherein the AND gate conpri ses: a first n-channel

t r ansi st di60: taasister, d 64atransister, 290: logic gircuits20t:ANDrgate o202: Hlipflops 211:
n-channel transistor are electrically connected to a high power supply

potenti altr:;r;s?sﬁ;or, 212: transistor, 213: transistor, 214: transistor, 215: transistor, 216:

transistor, 221: transistor, 222: transistor, 223: transistor, 224: transistor, 225:




107 a second n-channel transistor, wherein a gate termnal of the
second n-channel transistor is electrically connected to the enabl e signal
line, and a first term nal of the second n-channel transistor is

el ectrically connected to a second termnal of the first re-channel

transistor; a third n-channel ttGthsistor, wherein: a gate term nal of
the third n-channel transistor is electrically connected to the cl ock
signal line; a first termnal of the third n-channel transistor is

el ectrically connected to a second term nal of the second re-channel
transistor; and a second termnal of the third n-channel transistor is
electrically connected to a | ow power supply potential I|ine; a fourth
n- channel yhapgiaeors 201 NANEY gite; 232:00ARDX @4te] 233: NANDagdte] 334:INANDRIte 4 1: he
fourth n-channel transistor are electrically connected to the high power
supply potential line; and a second term nal of the fourth n-channel

transi st otransistore 242: d&ﬂ'ﬂ%}stﬂb’nﬁé@t dtansistone 244 sramsistput 28 br triansistert 29

flip-flop; and a fifth n-channel tran3|stor wherein: a gate term nal

o e neRis) 35 a bR, ol he B A o PTRA ok PrgBRE

second n-channel transistor; a first term naI of the fifth n-channel

transi st Ofnshﬁttﬁh%{/ér‘ %bl ¥xiEEIuRRTEERAGtok My 67860 0Him Blth tarisiston) 36T: ddbe
flip-flop and the second termnal of the fourth n-channel transistor; and a
second term nal of the fifth n-channel transistor is electrically connect ed
to the | oeleptrode kyppl §6Pooddei semiconductor layeg. 3G3echanyial formetion region,
according to claim5, wherein the flip-flop is a delay-type flip-flop.

9. A sem duct or devi ce r|S|n t he |c circuit, agcqrdin | ai m
5. and- anSk diipe SPEiet SONR BrRn SOEGH PORRetP 5o qHRPYPES dnue agpb: Srdin
circuit. 10. The logic circuit according to claimb5, wherein the
crystal  edegtrddeniager, aﬂ% Pheide msum.rfgemy%enc&got @hin film trandidtor] 31} %‘t&
~circuit according to claimb5, wherein a grain di ameter of the crystal
greater than or equal to 1 nmand Iess than or equal to 20 nm 12 A
l'ogi ¢ ci relectrodedayel, 3P dxide semiconstiatar |Iax@rmﬁ83hoai|dee$mnicendugmlIaVsr. at
a low.level and a second perl od during which the enable signal is at a high

I I f t t, t f..th
NOR gat o S8 etbetiare 95 Sopie-fleubodediyan Aapk LPhalecfids 1SuTy 386 Sidha”
input termnal of the NOR gate is electrically connected to an inverted

clock si qpa?hlahh@ﬁyé?f‘??? 186 insulatinglal/bt, 398! BRotevhios i‘déﬂxléhﬁgt fa§tr, '399“&xlde

t erm nal t he opis electricall'y connected to a data signal |ine,
and a second i nput term nal of the flip-flop is electrically connected to
an out putsémicondattorflayére 423Rogetimg, 450: substhatresidd2t gatd inquldtingolayanlllﬁﬂes a
transistor which is in an off state where a potentlal di fference exists

bet ween a saour.ce erm n drain.term er .t ond pgel,i od,
et o 1 AneWEHAE) layeh B0 H b ST BB InSRts (lerEods Taver. [iTay date
oxi de sem conductor in which a hydrogen concentration is 5x 1019

(at oms/ c i ofbdb MEEr, ANND: gate olodPEHE iy drA69x bARIe EAHRRRABISY IagBFTHAA ©S

a crystal, a c-axis of whr Is1n direction perpendicular to a surface
of the oxide sem conductor.
wiring layer, 465a: source electrode layer or drain electrode layer, 465al: source

electrode layer or drain electrode layer, 465a2: source electrode layer or drain
elpcti'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: transistr.';r, 514: transistor, 521; transistor, 522: transistor, 523: transistor, 600:

logic circuit, 601: latch, 602: flip—flop, 611: transistor, 612: inverter, 613: inverter,



13. The logic circuit according to claim 12, wherein the NOR gate

conpri ses: a first p-channel transistor, wherein a gate term nal of
the first p-channel transistor is electrically connected to the enable
signal line, and a first termnal of the first p-channel transistor is
electrically connected to a high powetO&upply potential |ine; a

second p-channel transistor, wherein: a gate termnal of the second

p- channel transistor is electrically connected to the inverted cl ock signal
line; a first termnal of the second p-channel transistor is electrically
connected to a second term nal of the first p-channel transistor; and a
second term nal of the second p-channel transistor is electrically

connect edg3 P trhRsiSRNOBE2! Tiankist&Y, BI1traHsidtop, 682:PtrbhSiBtor, 800: loghc fdu‘c%?t
n-channel transistor, wherein: a gate termnal of the first n-channel
transistor is eIectrlcaIIy connected to the inverted clock signal line; a
first ter80haANDfgatec802:rflip~fheor; 8030 Flip-tflopn 804t Gip—fepe88&:tflipchop wrowm radfk ed
to the second input termnal of the flip-flop and the second term nal of

- hannel OB REREcr1: et B02AND Sl #onbol ResiiphAQH tkpiim, 905:

potential |ine; and a second n-channel tranS|stor wherein: a gate
term nal He-log: "GO Fip-l oup?"” 2'0 ol ahsz%ti&%
t he enabl eBygﬁa ‘ine and the gpted?:{‘%:m nazl e fi ?st channe'%d&)

transistor; a first termnal of the second n- channel tran5|stor S
el ectri cadibplaymmﬁoﬂ.eﬂﬂ&%ké?boadc&tﬂ: inmgin tbodgy 22 Halstyliis t 28 I Idigpldy p@tionhe
second term nal of the second p- channel transi stor, and the first term nal

of the first, n-chapnel tra tor; of t econd
 channel 3414 Apsitn busten 1B exteryaly Gpfrrbas 202bs ﬂetngmdwﬁm
potential line. 14. The logic circuit according- to cIa|n112 mhereln the
NOR gat e : I S gﬁéy

gate term nal H&?ﬁ%ﬁg %élérgs?td 5 layrﬁorgt&l ?Eﬁ%’d‘%ﬂl Hlé ?r?%gl 6{%{4?}] tar are

el ectrically connected to a high power supply potentlal line, and a second
t ermi nal afertitionkieys2236: epeake| 228 Zrmisportiors 2240chousing, (2244 ohowsihg 2242: t he
second input termnal of the flip- rop a second n-channel

t ransi stor,, wherei gate ter of the s d n-channel nsistor is
el ectri cHisRl ay oianeh 2243¢ spaakeer M taigrephane. §§§§ea¢pqmﬁen v 2248 Raintpma)
of the second n channel transistor-is electrically connected to the second
i nput ter h 0 d f
n- channeldgt ransts % @arme SpéJAssé?(?ﬁ tere(?m ngf"%ﬂegﬁéms%?@h Inhgﬁg %I?F cell,
transistor is eIectrlcaIIy connected to a | ow power supply potential Iine;
and 2250: tdriteehab-mbaiorg| slot, 9226 kit wwin \bloeyei2263n egepiecep226dalopetatidie
third n-channel transistor is electrlcally connected to the enabl e signal
line; a first termnal of the thj nneI E sistor is eIecéﬁhcally
connect edWiteh: 226 display partion 335 £ é}l f digplay prrtionc

termnal of the first n-channel tranS|stor, and the first terntnal of the
second n a t o e mnnel
transi st o%ié%rsmg%'eéc :k?gﬁra{dgoﬁ%gc?z-@et @ﬁg F%omg7%8§6 th ent’l IW
i ne. 15. The logic circuit according to claim 12, mhereln t he )
f1ip-floportion, 2&1%6peyition kep-428% remote contrlie” sem conductor devi ce
conprising the logic circuit according to claim12, and an external circuit
which is configured to operate the logic circuit. 17. The logic
circuit according to claim12, wherein the crystal exists in an anorphous
oxi de sem conduct or. 18. The logic circuit according to claim 12,
wherein a grain dianmeter of the crystal is greater than or equal to 1 nm
and | ess than or equal to 20 nm 19. Alogic circuit including a
first period during which an enable signal is at a high |level and a second
period during which the enable signal is at a | ow | evel, conprising:

a latch, wherein a first input terminal of the latch is electrically
connected to an enable signal line, and a second input term nal of the

| atch is electrically connected to an inverted clock signal |ine; and




a flip-flop, wherein a first input termnal of the flip-flop is

electrically connected to a data signal |ine, and a second input term nal
of the flip-flop is electrically connggéed to an output term nal of the
| at ch, wherein the flip-flop includes a transistor which is in an off

state where a potential difference @ﬂ%% bet ween a source termnal and a
drain termnal, 110 wher ei n el formation region of the
transistor is fornmed using an oxide sem conductor in which a hydrogen
concentration iIs R léég%gc&%&qﬁégﬁrst%erlh&)w ‘aﬂgh clock stA"iS i u{?'ﬁlé)x' de
sem conductor conprises a crystaf, a c-axis of Feh TSR a aireet on

per pendsesofidperipdduing which dlee cdcksignal gsaioti mpeteermpoinidgct or . 20. The | ogic
circuit accogdi Lk L9 oGS - Gy [ ;

Fransi stor forop ks o 8BSt Mokt MARIRL 2SR bepsen  Burce

el ect r i tahinyl apdadaittehinaboventheserabd perividgnal |ine, and a first terminal of
Lhe transi St gheri SShBRE! oo 1R Hehnlifiol DOy flibfth GhRURRLANR: | | ne:
a first inverter, erein an input, termnal of the Tirst Inverter Is

el ect r | wavlish ahydrogen eocantratipnge 56194 (atemsfemAbor lofvert, e t r ansi stor for | atch,
and an out put, b af Hhd akia benlifihafidebrSLontpRVRT 4 BYsthiS 2 &LAEL &f opggslisd to
the second i npljt terﬁ‘n’!una%E= 5?‘%&& f‘%erdﬁ) ﬁ%op?&%nﬂa% s &a&@(@%%@n@ f?ﬁ%‘%&?ﬂr
wher ei npaapenilieplat to pevrficn af the pxidéwemiceadusthri nverter is el ectrically connected
to the second input termnal of the flip-flop and the output term nal of
the first inverter, and an output termnal of the second inverter is

el ect ri cal | y2.connécemttondycioh dedecomprisiog mlienlagic gircuihaccondingdo slaim 1f end kmt ch
and the_j - 1 er n fi i .. 21. The logic circuit

accor di %ﬂé&?%gg‘}ugti&rg@g% co\(/h\/}‘;lgé%?tr? dpﬁé&fdlmpégal’glﬁ{}uetiter conpri ses: a first
p- channel transistor, wherein: a gate termnal of the first p-channel

transistor ig el jcal by . th LA in9f
transi stor 1or | afnPld ERRRRERTR chin 17 RpBBAIRE e BT 1t hlliphoy

Irst terfmna irst annel transietor is
el ect r i exdd spmizondvetor.ed to a hi gh power supply potential line; and a second
termnal of the first p-thannel transistor is electrically connected to the
second input termnal of the flip-flop; and a first n-channel
transi stor, 4her eThe logicgareit aesordingato ddimt heviferais e gnin diameter of thenaystids i s
el ectri i nal of the transistor for |atch
and thegg%%réh#%?%gﬁgqon%p&f"ﬁg&??lggtgp%}l%:lﬁégangﬁ' transistor; a first term nal
of the first n-channel transistor is electrically connected to the second
i nput term nal of P f ] 1 nad . L
p- channel tr%nsi s%té ;ccg}r? gcglgg%ﬁgg SttE%dﬁogﬁg%?hlfgﬁé&@@gtsgﬁaeﬁ%ﬁgfrll-'&ff”ﬁejﬁé"d
t r ansi sadre seené papddindeg Whickelba peblesignelds ¥ allowlepehwempsisipgl y pot ential |ine,
and wherein ng, | rd er. I.S1 Qs ' p-
transi stor, %@F@fg%{% ghég@%{% tirgtrlﬂ%lg?f htele élgncjo 5 [S)-%%ﬁtglﬁ%lglco rgi%@?ds or is
el ect r i enablk yigndrimecindd stend lieput tsoninal af iU NDegatei ip alecto€ally lventfektiegh tof 4 dpgk t he
second %ig{apﬁ[@a&dof the first p-channel transistor, and the first term nal
of the rst te-channel transistor; a first termnal of the second
p- channel t raflipHinpowhérsingl fst inpwgerimjnat of the dtipflop & didetrically borpemst tosudsgd y

potenti ﬁénai fil{é,eéndaansgctﬁldﬁxﬁ)%‘t)&qninai of the flip-flop is electrically connected to an output terminal
of the AND gate,
wherein the flip-flop includes a transistor which is in an off state where a potential difference
exists between a source terminal and a drain terminal over the second period,
wherein a channel formation region of the transistor is formed using an oxide semiconductor
in which a hydrogen concentration is 5x10" (atoms/cms) or lower, and
wherein the oxide semiconductor comprises a crystal, a c-axis of which is in a direction

perpendicular to a surface of the oxide semiconductor.

6. The logic circuit according to claim 5,



111 term nal of the second p-channel transistor is electrically connected
to the second termnal of the transistor for latch, the gate term nal of
the first p-channel transistor, and thgsgate termnal of the first

n- channel transistor; and a second n-channel transistor, wherein: a
gate term na eaﬁﬁ - nnel transistor is electri cal | y connected
to the seconh’ ig}%p% ter g?lﬂprfsgs?he flip-flop, the second term nal of the
first p-chanadirstt p-ehaghdd ttansistoh evhicieins ta gate rigrmérlal of theh&rst iprobnnal thesistre|is
transi Sélgémca‘i’ip@m#n*é& PR b @s@ﬁ%]l IRE; afnti% fﬁ&%&ﬂnﬂlapo%@ﬂ{l?é cﬁa[nﬁél aﬁélé?ér is
first term na he secon annel transistor is electri ca y connect ed
to the sledtradly cenmpdtertto abightpawen supply petersial fingt | at ch, the gate terminal of
the first p-ghaaneluhddtRhShe! wioh qagga%%tt&ﬁmap%k ﬂ%f a5 cibdnf Rfipnge
transi st or, e second tefm na e second annel transistor; and
a secondeqtewﬂiv merinegied totthe enablersignal-lisk andthe gate dermingt @ﬁth¢ §rsep-ebannélgmhdistor;
connect 16 N ) | | f

cccor di e 4 PP ROARL SRR R d et Banceoa 0P o Emfibl Gt
n- channifst p-elenadl seesistorher ei n:  a gate ternmnal and a first termnal of the
first n-chan 1T STS r

supply poten??éal (f?ne R nsggt‘gregjgﬁgﬁl Agﬁjalt%ﬁlg?&etﬁé ge??lﬁdgr% a]r?nh grr%ﬁsg

t r ansi selentri¢adly spungeted @aﬂhe yloglo pigread tliaet @ Brst isemiselcailep m«p@tn-ﬂ@nmnl frahsistdr i$ he
flip-fl Qi S t : .

ter i nal ey comested @ SEGHtafnl BORE Nt EIRIMG Ghuin ) BAF) ool BB o7

t he secthagecord mrihmanel bhnsiskns isalesirisaliy emndotnd 1 atowpowsr fupplgpotentialdineal of t he
second n-cha ansi ri put
term nal of ?%‘%‘ﬁ%‘%ﬁtﬁ‘%&sﬁ%&f ﬁiei.&gﬁelb%%%g {%I}lfrhngnal S %g rLdO Wﬁ%"?%ﬁg%ﬁ%ﬁe|

t r ansi stlentricalin dormestescio the ofask wignal lline ind the gateteunidal of theaenoad nchaangitgnsistori s

el ectri i |4

the sechnit FnEAMVETHERe oralit BaiRlor sy HRLCIaIPLERLA o chdon Ber I 2,
a gat e patentinhlile; and@ secohd tesminpleaf thersgéond - qhhrewttmnsi@tonis electricadly connertsd ttthe ar e
el ectri g i Hﬁ ' A

second tgéAﬁ"l%?]%?&g?ﬁglﬁgm%‘ﬁfr rlll'} gﬁ%ﬁﬁei t?gﬁg{l&é‘%{igéﬂ%?gl@gk%l&cﬁnggl agﬁ%%rhnect ed
to the second thisk pckeahel gfansibter, twheredi: st gate flesminab v the thindl ptchennghtransister s nal
of the a@&%m E&mgg@cn'a%llle gel:,(ﬁi'a%rﬁ'ﬁrm f fﬁ?‘ﬁrst c anﬁeiftﬁaﬂglgtg&' flie ?@G{}&Enal of tP .
transi stor, erein: a gate term nal Bt ourt channel 'transistor is
el ect ri st m—yhaoml resistat, and théreecermiclomundl ob the secondrprehannelf trankistorf; laifjstfidrmmal t he
second ] nal
o the SREHRRD bl ¥in bt B AR U ineb kAT TN ponPShgb N pplehded nd i

n- channsskondrtenmdnat pithe third gtcbatne] ansistpr setemicallydonmectetl &0 the sewomll input igrmidal of

t he tra{;ﬁilesﬁig_rﬂ E'O:{r]ndl atch, the gate term nal of the second n-channel
transis , nd the second terminal of the third n-channel transi stor; and
a second t erarithiwl n-ofanndl gransjstor, wheregh angadé tarmamaks pE therthird neheauek tramlistoy is
connect ﬁgcnfnc?a& dﬁmLc% B%esrecam&mrﬁmf e hlrs?‘k -chdnB§)-transthér the fist ten%‘hlai & the o

sem conduct or Ice conprisi Ircurt accof

and an #strechaanel Uﬁurscst.qr,tthq/\m@id tﬁrmnwdmffthgs,ﬁcetﬂ H—@ampétratsstor,hed fheghle temnmm t_
25. The #ﬁﬁg'tﬁlrﬂ; fidtinb1 ARSRLH! ngirstt Qerfilic %}”%rZe th‘.ﬁi@%{ lafodl Mandid Sk aélecﬁf&@} S In
an anor phous oxtde sem conauc o IC CITCuUi t accor ng to
cl ai m 1&nnegtedrte the secogd &ipnt tdrmn@péﬁledlﬁp—ﬂtb[eandrtlrssemndltsngraéafthc thiind prchamnek qual

to1ln n?rzﬁ@lgtol'; e ats&:gﬁ'd RmiEA4? Ithettﬁir(? 9—094&131 transistor is electrically connected to the low

power supply potential line.

7. The logic circuit according to claim 5,
wherein the AND gate comprises:
a first n-channel transistor, wherein a gate terminal and a first terminal of the first n-channel

transistor are electrically connected to a high power supply potential line;
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a second n-channel transistor, wherein a gate terminal of the second n-channel transistor is
electrically connected to the enable signal line, and a first terminal of the second n-channel transistor
is electrically connected to a second terminal of the first re-channel transistor;

a third n-channel transistor, wherein: a gate terminal of the third n-channel transistor is
electrically connected to the clock signal line; a first terminal of the third n-channel transistor is
electrically connected to a second terminal of the second re-channel transistor; and a second terminal
of the third n-channel transistor is electrically connected to a low power supply potential line;

a fourth n-channel transistor, wherein: a gate terminal and a first terminal of the fourth n-
channel transistor are electrically connected to the high power supply potential line; and a second
terminal of the fourth n-channel transistor is electrically connected to the second input terminal of the
flip-flop; and

a fifth n-channel transistor, wherein: a gate terminal .of the fifth n-channe! transistor is
clectrically connected to the second terminal of the first n-channel transistor and the first terminal of
the second n-channel transistor; a first terminal of the fifth n-channel transistor is electrically
connected to the second input terminal of the flip-fiop and the second terminal of the fourth n-channel
transistor; and a second terminal of the fifth n-channel transistor is electrically connected to the low

power supply potential line.
8. The logic circuit according to claim 5, wherein the flip-flop is a delay-type flip-flop.

9. A semiconductor device comprising the logic circuit according to claim 5, and an

external circuit which is configured to operate the logic circuit.

10. The logic circuit according to claim 5, wherein the crystal exists in an amorphous

oxide semiconductor.

I1. The logic circuit according to claim 5, wherein a grain diameter of the crystal is

greater than or equal to 1 nm and less than or equal to 20 nm.

12. A logic circuit including a first period during which an enable signal is at a low level
and a second period during which the enable signal is at a high level, comprising:

a NOR gate, wherein a first input terminal of the NOR gate is electrically connected to an
enable signal line, and a second input terminal of the NOR gate is electrically connected to an

inverted clock signal line; and
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a flip-flop, wherein a first input terminal of the flip-flop is electrically connected to a data
signal line, and a second input terminal of the flip-flop is electrically connected to an output terminal
of the NOR gate,

wherein the flip-flop includes a transistor which is in an off state where a potential difference
exists between a source terminal and a drain terminal over the second period,

wherein a channel formation region of the transistor is formed using an oxide semiconductor
in which a hydrogen concentration is 5%10'° (atoms/cm’) or lower, and

wherein the oxide semiconductor comprises a crystal, a c-axis of which is in a direction

perpendicular to a surface of the oxide semiconductor.

13. The logic circuit according to claim 12,

wherein the NOR gate comprises:

a first p-channel transistor, wherein a gate terminal of the first p-channel transistor is
electrically connected to the enable signal line, and a first terminal of the first p-channel transistor is
electrically connected to a high power supply potential line;

a second p-channel transistor, wherein: a gate terminal of the second p-channel transistor is
electrically connected to the inverted clock signal line; a first terminal of the second p-channel
transistor is electrically connected to a second terminal of the first p-channel transistor; and a second
terminal of the second p-channel transistor is electrically connected to the second input terminal of the
flip-flop;

a first n-channel transistor, wherein: a gate terminal of the first n-channel transistor is
electrically connected to the inverted clock signal line; a first terminal of the first n-channel transistor
is electrically connected to the second input terminal of the flip-flop and the second terminal of the
second p-channel transistor; and a second terminal of the first n-channel transistor is electrically
connected to a low power supply potential line; and

a second n-channel transistor, wherein: a gate terminal of the second n-channel transistor is
electrically connected to the enable signal line and the gate terminal of the first p-channel transistor; a
first terminal of the second n-channel transistor is electrically connected to the second input terminal
of the flip-flop, the second terminal of the second p-channel transistor, and the first terminal of the
first n-channel transistor; and a second terminal of the second n-channel transistor is electrically

connected to the low power supply potential line.

14. The logic circuit according to claim 12,

wherein the NOR gate comprises:
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a first n-channel transistor, wherein a gate terminal and a first terminal of the first n-channel
transistor are electrically connected to a high power supply potential line, and a second terminal of the
first n-channel transistor is electrically connected to the second input terminal of the flip-flop;

a second n-channel transistor, wherein: a gate terminal of the second n-channel transistor is
electrically connected to the inverted clock signal line; a first terminal of the second n-channel
transistor is electrically connected to the second input terminal of the flip-flop and the second terminal
of the first n-channel transistor; and a second terminal of the second n-channel transistor is electrically
connected to a low power supply potential line; and

a third n-channel transistor, wherein: a gate terminal of the third n-channel transistor is
electrically connected to the enable signal line; a first terminal of the third n-channel transistor is
electrically connected to the second input terminal of the flip-flop, the second terminal of the first n-
channel transistor, and the first terminal of the second n-channel transistor; and a second terminal of

the third n-channel transistor is electrically connected to the low power supply potential line.
15. The logic circuit according to claim 12, wherein the flip-flop is a delay-type flip-flop.

16. A semiconductor device comprising the logic circuit according to claim 12, and an

external circuit which is configured to operate the logic circuit.

17. The logic circuit according to claim 12, wherein the crystal exists in an amorphous

oxide semiconductor.

i8. The logic circuit according to claim 12, wherein a grain diameter of the crystal is

greater than or equal to 1 nm and less than or equal to 20 nm.

19. A logic circuit including a first period during which an enable signal is at a high level
and a second period during which the enable signal is at a low level, comprising:

a latch, wherein a first input terminal of the latch is electrically connected to an enable signal
line, and a second input terminal of the latch is electrically connected to an inverted clock signal line;
and

a flip-flop, wherein a first input terminal of the flip-flop is electrically connected to a data
signal line, and a second input terminal of the flip-flop is electrically connected to an output terminal
of the latch,

wherein the flip-flop includes a transistor which is in an off state where a potential difference

exists between a source terminal and a drain terminal,
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wherein a channel formation region of the transistor is formed using an oxide semiconductor
in which a hydrogen concentration is 5x10" (atoms/cm®) or lower, and
wherein the oxide semiconductor comprises a crystal, a c-axis of which is in a direction

perpendicular to a surface of the oxide semiconductor.

20. The logic circuit according to claim 19,

wherein the latch comprises:

a transistor for latch, wherein a gate terminal of the transistor is electrically connected to the
enable signal line, and a first terminal of the transistor is electrically connected to the inverted clock
signal line;

a first inverter, wherein an input terminal of the first inverter is electrically connected to a
second terminal of the transistor for latch, and an output terminal of the first inverter is electrically
connected to the second input terminal of the flip-flop; and

a second inverter, wherein an input terminal of the second inverter is electrically connected to
the second input terminal of the flip-flop and the output terminal of the first inverter, and an output
terminal of the second inverter is electrically connected to the second terminal of the transistor for

latch and the input terminal of the first inverter.

21 The logic circuit according to claim 20,

wherein thé first inverter comprises:

a first p-channel transistor, wherein: a gate terminal of the first p-channel transistor is
electrically connected to the second terminal of the transistor for latch: a first terminal of the first p-
channel transistor is electrically connected to a high power supply potential line; and a second
terminal of the first p-channel transistor is electrically connected to the second input terminal of the
flip-flop; and

a first n-channel transistor, wherein: a gate terminal of the first n-channel transistor is
electrically connected to the second terminal of the transistor for latch and the gate terminal of the
first p-channel transistor; a first terminal of the first n-channel transistor is electrically connected to
the second input terminal of the flip-flop and the second terminal of the first p-channel transistor; and
a second terminal of the first re-channel transistor is electrically connected to a low power supply
potential line, and

wherein the second inverter comprising:

a second p-channel transistor, wherein: a gate terminal of the second p-channel transistor is
electrically connected to the second input terminal of the flip-flop, the second terminal of the first p-
channel transisior, and the first terminal of the first re-channel transistor; a first terminal of the second

p-channel transistor is electrically connected to the high power supply potential line; and a second
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terminal of the second p-channel transistor is electrically connected to the second terminal of the
transistor for latch, the gate terminal of the first p-channel transistor, and the gate terminal of the first
n-channel transistor; and

é second n-channel transistor, wherein: a gate terminal of the second n-channel transistor is
electrically connected to the second input terminal of the flip-flop, the second terminal of the first p-
channel transistor, the first terminal of the first n-channel transistor, and the gate terminal of the
second p-channel transistor; a first terminal of the second n-channel transistor is electrically connected
to the second terminal of the transistor for latch, the gate terminal of the first p-channel transistor, the
gate terminal of the first n-channel transistor, and the second terminal of the second p-channel
transistor; and a second terminal of the second n-channel transistor is electrically connected to the low

power supply potential line.

22, The logic circuit according to claim 20,

wherein the first inverter comprises:

a first n-channel transistor, wherein: a gate terminal and a first ferminal of the first n-channel
transistor are electrically connected to a high power supply potential line; and a second terminal of the
first n-channel transistor is electrically connected to the second input terminal of the flip-flop; and

a second n-channel transistor, wherein: a gate terminal of the second n-channel transistor is
electrically connected to the second terminal of the transistor for latch; a first terminal of the second
n-channel transistor is electrically connected to the second input terminal of the flip-flop and the
second terminal of the first n-channel transistor; and a second terminal of the second n-channel
transistor is electrically connected to a low power supply potential line, and

wherein the second inverter comprising:

a third n-channel transistor, wherein: a gate terminal and a first terminal of the third n-channel
transistor are electrically connected to the high power supply potential line; and a second terminal of
the third n-channel transistor is electrically connected to the second terminal of the transistor for latch,
and the gate terminal of the second re-channel transistor; and

a fourth n-channel transistor, wherein: a gate terminal of the fourth n-channel transistor is
electrically connected to the second input terminal of the flip-flop, the second terminal of the first n-
channel transistor, and the first terminal of the second re-channel transistor; a first terminal of the
fourth n-channel transistor is electrically connected to the second terminal of the transistor for latch,
the gate terminal of the second n-channel transistor, and the second terminal of the third n-channel
transistor; and a second terminal of the fourth n-channel transistor is electrically connected to the low

power supply potential line.

23. The logic circuit according to claim 19, wherein the flip-flop is a delay-type flip-flop.
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24, A semiconductor device comprising the logic circuit according to claim 19, and an

external circuit which is configured to operate the logic circuit.

25. The logic circuit according to claim 19, wherein the crystal exists in an amorphous

oxide semiconductor.

26. The logic circuit according to claim 19, wherein a grain diameter of the crystal is

greater than or equal to 1 nm and less than or equal to 20 nm.



