WO 2011/ 052351PCT/ JP2010/ 067496 1 DESCRI PTI ON SEM CONDUCTOR DEVI CE 5
TECHNI CAL FI ELD [ 0001] The disclosed invention relates to a sem conduct or

devi ce usypodycesgiconductor el ement, and a nethod for pepubafbHEARNO t he
seni conduct or device. 10 BACKGROUND ART [ 0002] Storage el enents

usi ng sem conductor elenents are broadly classified into two categories: a
vol atile el enment that | oses stored data when power supply stops, and a
non-vol atile elenment that retains stored data even when power is not

suppl i ed. 15[ 0003] A typi of a volatile storage el enent
is a DRAM (dynam c random accesscﬁntﬁﬁrﬁiﬁbg DRAM stores data in such a

manner that a transistor included in a storage elenent is selected and

el ectric charge is stored in _a capacitor. [0004] 20Wen data is read froma
DRAM electric charge in a SENMGONPUGTOBREYKCEhe above- descri bed

principle; thus, another witing operation is necessary every tinme data is
read out. I\/breover, a transistor included in a storage elenent has a

| eakage AEHCKNICADGIELBCtric charge flows into or out of a capacitor even
when the transistor is not selected, so that the data holding tine is
short. FdP94Hat reason, another writi ng 25 operation (refresh operation)

i's necessary atrgQr %%Io%édn RREndidH efeVdsS ’toa'&d defnidohd@ithf | §lide TR

sufficiently reduce power consunption. Furthernore, since storedngdata is
| ost wherseponeducoapiiénen; ags mamodﬁmmarmmadtumtglhag@neer dggiceg a
magnetic material or an optical material is needed in order to hold the
data for a long tine. [0005] 30Anot her exanple of a volatile storage

el engpt IBPAGRGROAMNDART I ¢ random
[0002]
Storage elements using semiconductor elements are broadly classified into two
categories: a volatile element that loses stored data when power supply stops, and a
non-volatile element that retains stored data even when power is not supplied.

15  [0003]

A typical example of a volatile storage element is a DRAM (dynamic random
access memory). A DRAM stores data in such a manner that a transistor included in a
storage element is selected and electric charge is stored in a capacitor.
[0004]

20 When data is read from a DRAM, electric charge in a capacitor is lost on the
above-described principle; thus, another writing operation is necessary every time data
is read out. Moreover, a transistor included in a storage element has a leakage current
and electric charge flows into or out of a capacitor even when the transistor is not
selected, so that the data holding time is short. For that reason, another writing

25  operation (refresh operation) is necessary at predetermined intervals, and it is difficult to
sufficiently reduce power consumption. Furthermore, since stored data is lost when
power supply stops, an additional storage element using a magnetic material or an
optical material is needed in order to hold the data for a long time.

[0005]

30 Another example of a volatile storage element is an SRAM (static random

access memory). An SRAM retains stored data by using a circuit such as a flip-flop

and thus does not need refresh operation. This means that an SRAM has an advantage



access nmenory). An SRAMretains stored data by using a circuit such as a
flip-flop and thus does not need refresh operation. This neans that an SRAM

has an adyahags23syO 2011/ 052351PCT/ JP2010/ 067496 2 ovepca/ PR bsAiever ,
cost per storage capacity is increased2because a circuit such as a

flip-flop is used. Mdreover, as in a DRAM stored data in an SRAMis | ost
when power supply stops. [0006] 5A typical exanple of a non-volatile
storage elenment is a flash nenory. A flash nenory includes a floating gate

bet ween %&?%;ﬁ/)lﬁépgt rl%l#ﬁv%m:oé’t ék'i’% gé%&?ﬁ%@xﬁréa‘%@& BLabill ﬁcﬁﬁlﬁ{; jcfit or and

stores data ing eledtric char oatl ng gate. refore, a
fl ash menasrayflipaoppidvwaed. agderconer; hsain 4 DRAM] stofed|ddtanig ani SRRAMSis dost mdieml vy | ong
(al nost permanent) and refresh operation which is necessary in a volatile
storage IRATESEPRIY SOPhot needed (e.g., see Patent Document 1). [0007]
However, @oogte insulating |layer included in a storage el enent deteriorates
by tunneling current generated in witing, so that the storage el enent

st ops 5i t s f unctA oypiedl texamplepok d atoarvulatidel stonageeclementwsi 4 iflash operay.i oAs. I n

der t d ffects 15.0f thi bl hod, of i zi
O . BB RAE S AR 518 st Sl O B TEAIE i
exanpl e. VifiTa trinsHMAdCabRY dagr by Relaly Slkéteibichaigss mq@eﬂomﬁr@@é.i ze

this method. Mreover, enploying such a nethod does not solve the
f undanent Biergfpesh [acfhash fmemenyt haseadvantagashiar thajothd sdatag heldinghtime id extrémelyiot

suitable f i cations, i i.Gh i e t I. W | n. .20 0008]
'n addi ¢iohe Gl @ea‘ﬂeﬁed@ o }rgg‘lc?ghs‘s’g‘a?‘éﬁ?‘{orah%‘|‘g:fl‘g‘&g]“ée"?f%é‘% Aivolay %?‘S%Li n t he
f | oationg elérhéntds ndtaedade.gl, Ree PatentDécunehar)yges. Further, it takes a

rel ativeI%pbﬁng time to hold or renove electric charges, and it is not easy

to perfor iting and erasing at higher speed. 25[Reference] [0009]
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tunneling current generated in writing, so that the storage element stops its function
after a predetermined number of writing operations. In order to reduce adverse effects

15  of this problem, a method of equalizing the number of writing operations for storage
elements is employed, for example. However, a complicated peripheral circuit is
needed to realize this method. Moreover, employing such a method does not solve the
fundamental problem of lifetime. In other words, a flash memory is not suitable for
applications in which data is frequently rewritten.

20  [0008]

In addition, high voltage is necessary for holding electric charges in the
floating gate or removing the electric charges. Further, it takes a relatively long time
to hold or remove electric charges, and it is not easy to perform writing and erasing at
higher speed.

25  [Reference]
[0009]
[Patent Document 1] Japanese Published Patent Application No.S57 -105889

DISCLOSURE OF INVENTION
30 [0010]
In the case where an input signal needs to be held in a logic circuit or the like,

the aforementioned memory element is added to the logic circuit or the like.



30[0010] WD 2011/052351PCT/JP2010/067496 3 [0011] However, data is
held for a short period of time in the aforenmentioned volatile nenory

el ement, wedoiese1i S a problemin that the vol atile neperypali§980s i S not
swtable for holding an input signal fér a long period of tinme. Further, in

the case 5 where power supply to a sem conductor device is stopped and then
restarted to continue the operation, a signal needs to be input again to
the logic circuit or the like. [0012] A non-vol atil e nenory el ement
is suitabﬂn hol ding a signal for a long period of tine, but has a

probl em i p}gratlon speed and elenent life if it is used for a

10sem conduct orHelesvet,edasdisthelsfoa al shgit pefiod ofitiine innhavafoesmeimioaed solhrilequent |y

rewitten. [001;9 In view of the above, an object of one. enbodi nent
of the diBeMgvealemshlefpf dhchsls RoPTgPlsh abﬂalt dicnelaHe BEBPTETERt i B a now

structur %d,@?%p fﬁoﬂﬁng Qﬁ"{ﬁ \ 624 1 E@dl&d oi%ﬂx%oj-%rthcr in the \%:Figch a

enbodi nent o e present. ention is m conduct or devi ¢e in

t r ansisst owhdrepower umpbgtoaansemcdtelueterrdmmj'm (stappedi and theh restegtedtto codtarueed
using a material. other he oxi de sem uct.or . ar t.acked. The

e SonduDE GPEraRYT aa EhniEaD 1 B EPHABBP G BEALH e DGR exanpl 6

20[ 0015] [0012 One enbodi ment of the present invention is a sem conductor
device including: a transistor having an oxi de sem conductor |ayer; and a
logic circuit f@md%nlﬂgnqn@emlcmauu@tmtabdat for ihglding hemgnaiaﬁm anlongi de

d l qde and. a foth
T ansi ot ororod ot o Ph By BloBTenE b Gt R b EEn R P Serob g

circuld, s’tﬂﬂc@idubt@ﬁ&éw@mi‘lch aphlogt gifdlit, iSwhiehldafds fraqidndylrégiigerci r cui t
t hrough the transistor. [0016]
[0013]

In view of the above, an object of one embodiment of the disclosed invention is
to provide a semiconductor device with a new structure in which an input signal can be
held.

15 [0014]

One embodiment of the present invention is a semiconductor device in which a
transistor formed using an oxide semiconductor and a transistor formed using a material
other than the oxide semiconductor are stacked. The semiconductor device can have
the following structures, for example.

20 [0015]

One embodiment of the present invention is a semiconductor device including:
a transistor having an oxide semiconductor layer; and a logic circuit formed using a
semiconductor material other than an oxide semiconductor. One of a source electrode
and a drain electrode of the transistor is electrically connected to at least one input of the

25  logic circuit, and at least one input signal is applied to the logic circuit through the
transistor.
[0016]
The off-current of the transistor is preferably 1 x 10" A or less.
[0017]
30 Another embodiment of the present invention is a semiconductor device
including: a first transistor having a first gate electrode, a first source electrode, and a

first drain electrode; a second transistor having a second gate electrode, a second source



The off-current of the transistor is preferably 1 x 10-13 A or less. [0017]
30Anot her enbodi nent of the present invention is a sem conductor device

i ncl udi ngwoaofiigssisit ransi stor having a first gate el ect podgp2@odhémsd source
el ectrode, and a first drain electrode4 a second transistor having a second
gate el ectrode, a second source WD 2011/052351PCT/JP2010/067496 4

el ectrode, and a second drain electrode; and a third transistor having a
third gate electrode, a third source electrode, and a third drain

el ectr odejectfie! hﬁ&ta §erc6f?§'cﬁ&xﬁrel@&%dkhﬁné%cﬁﬂﬂi Erﬁ@é?ﬁbxsh%n r tfiftf g&@ using

a substrate including a sem conductor’ material other than n oxi d
seni conduddtarode; hthitdrdonctetaleatroils tand ai thirll widais ckotrodd. d e dimsicloadistdrands| ayer ;

the first _d | ectrode and th d, d | ect rode lectricall
connect odht OB HIF e, RITEHdiTE L SUGUPls o BTGt PGt SRR ¢

el ect r odegth@NHaPRfoRile sERicbRdEbrs Mertkied BhRGitbPMe1uAB ar H8dé BhlofdRtd?
electrode are electrically connected to each ot her. [0018] In the above

st r uctbur dayes; thedisti drain ¢lsctmdefaedalm ycpn@dtadedectood@eare elsctricaldy cognected

of the. t Hora LR ahd ik il Sefifided i nelol SRR PoRuR i g’ c; O

pr ef er abl @utdealiectibae hid the thitd@insdledtrode are dle@tedy&onhécidibtothti ofbe t he
second transistor be an n-channel transistor. [0019] Anot her enbodi nent of

the presd®18lhvention is a seniconductor device 15 including: a first

transistor havifgpa hh{Skahk, & Sph&iticis fe&z[ pP SRS 1of bE Hdd %@'ﬁ%uga”d a
gate e

first drain elect rocffg a second tr§n5| stor aV| n}; a second trode,
a seciind caneaal & gt flmdgateaelebtmde etheméc«shchgﬂe &Ilmbdadmd aredofathHehthird

transi stor havin th gat.e el ectrode, h| r source el ectrod and a
third dr 2l @efﬁf@a d[nc‘ik? E}P‘Fdsfimt‘? aﬁlfé’?rgf‘%r %pgféeram @e Z‘t‘%r are
for med Ust'rd?ﬁlst”br%h' Qﬁiélﬁhﬁel't%kfé{ék Bed ﬁae%@éﬂn‘aQ%b'ﬁfo? be Hﬁlhﬁ:ﬁhﬁ’ﬂel tr%@sléi&her t han
an oxi de sem conductor; the third transi stor i ncludes an oxi

sem condu®p?] | ayer; the first drain el ectrode and t he second dr al n

el ectrode are %%rlcal)%/{ cog clsled to ach : the.fi rstt SO

el ectrode and t Ty EPPYRME L ?OQ{gSCg M 18Pr15cﬁlﬁe9“%°61|‘m%8f V’t°8 each
ot hergs angdclubigs g ERfdrmefsfor dating 086t and citeodd, 4 hitt bdlired cleoddes afd gct r ode
and the third drain electrode are electrically connected to each other. 25

[0020]  first drain| gleqtipdeabengend; tmm&twl@vm x3nsand g el°§tr9¢0eﬁéﬁ<al§lﬂ;ﬁop¥¢9w ded
to be el eg é&}o‘&g 1¥d GOLAGSd %?*HB e%&i‘% ﬂﬁ‘ r% zs%lf ﬁgﬁ g’}drh‘?fhe t he

third source e rode and ’dral referabl e
t hat the dlédt®idetd mivdi soufee chtrade, I’!md hahieldrdin are‘étrsd@r TRdirkthearsBesingd

transi stor be an n-channel transistor.

the second transistor are formed using a substrate including a semiconductor material

20  other than an oxide semiconductor; the third transistor includes an oxide semiconductor
layer; the first drain electrode and the second drain electrode are electrically connected
to each other; the .first source electrode and the first gate electrode are electrically
connected to each other; and the second gate electrode and one of the third source
electrode and the third drain electrode are electrically connected to each other.

25  [0020]

In the above structure, a capacitor is preferably provided to be electrically
connected to the second gate electrode and one of the third source electrode and the
third drain electrode. It is also preferable that the first transistor be an n-channel
transistor and the second transistor be an n-channel transistor.

30 [0021]
Also in the above structure, it is preferable that the other of the third source

electrode and the third drain electrode be electrically connected to a signal input wiring,



30[0021] WO 2011/052351PCT/JP2010/067496 5 the first drain el ectrode and
the second drain electrode be electrically connected to a signal output

Wi ring, tReabivdgssksgate el ectrode be el ectrically connechped pyigogade Si gnal
input wiring, the first source electrodle be electrically connected to a

wiring for applying a first potential, and the second source el ectrode be
electrically connected to a wiring 5for applying a second potential. [0022]
The first transistor preferably includes: a first channel formation region

formed inyl *IﬁsgsdJrQﬁit {l@t%tf'odie NHHUHE ReoRd B CARTGE e défﬁétﬁéahlg' C(ﬁxtnp&%d fnﬂ@” an

oxi de sem conductor; first inmpurity regions provided to sandw ch the first
channel feigmahbuipat wixgnghe thifdi gasd elkOtrodet e elastukcaly copneetgdito avate sipmalf i r st
channel formation éeglj on; a ff r st g@té eI_eqﬁBr ode ov(gr the,fgid{ost qate

i nsul at | igPYAPENE. thadirst spyice plespdecke dectbieallyronasriediiorg WEnefonpRPIMINE t r ode
whi ch are, ﬁis@@%fehﬁﬁ' Ld RNRBEAELhUES LlB&rdder cleEREANly YornB&e@RS a Jﬂ?ﬁgs econd
transi stor preferably includes: a second channel formation region formed in

t he sébstfonapplyinglasdiong petentipd. conduct or materi al ot her than an oxide
sem condu@)z@; second inpurity 15 regions provided to sandw ch the second
channel f tion region; a second gate insulating |ayer over the second

channel format i firSCtkARistor pPEFERABE ideluBeseh bt Bdfned ¥&rmatioR I?&Q Rsin@at e
insulating |ayer; and a second source electrode and a second drain

el ect r odenwhg substnte ingluding asamicpndesipematesial ethemhan ap oAitle) sepigandyctprgi ons.
The third. ' . i : ' | : h
e b ] BN S BbSPBLARI Yo RMER i Brd Wbl PR S SR, 6™ 1o

sen aondugteinsulatibg)iayer gairahd fisstchdringD fdraon eapion; lahtirst ate dlegabde eveect r ode;
t he oxi de, sem conductor. | ayer over the third gtate insul ating |ayer; and a
third soubgdirel| gats msyketing dayers Md o fuptaionres deetrasigeandng disstgraineslegtiadecal | y

connecte %ﬁltellll tgﬂ% ?lgétlrﬁlﬁl)s @&Iﬁ:?ﬁg Y5 4R ifﬂrrﬁﬁﬁpuri s}? g%(%]rns.z Sirfle tsgtg)rng? # Sistor

structure, -current of the t an IS pre 1 x 10-13
A or | esqrefe0dPy]includes: a Isacande chdimek femationuregion Hermedodn r the esubsritadi ng a

S Ol TR0, 8507 gL SRR FAEr LR ESHTLY
pr ef aablggibRs Pesviddd k& Qmddch NBe I66TnAOAAHALIOTorBiSH irédioRt Bekecddiapat@n oxi de
sem conductor. [0025]
insulating layer over the second channel formation region; a second gate electrode over
the second gate insulating layer; and a second source electrode and a second drain
electrode which are electrically connected to the second impurity regions. The third
transistor preferably includes: a third gate electrode over the substrate including a
20  semiconductor material other than an oxide semiconductor; a third gate insulating layer
over the third gate electrode; the oxide semiconductor layer over the third gate
insulating layer; and a third source electrode and a third drain electrode which are
electrically connected to the oxide semiconductor layer.
[0023]
25 In the above structure, the off-current of the third transistor is preferably 1 x
10" A or less.
[0024]
In the above structure, the substrate including a semiconductor material other
than an oxide semiconductor is preferably a single crystal semiconductor substrate or an
30  SOI substrate. It is also preferable to use silicon as the semiconductor material other
than an oxide semiconductor. '

[0025]



WO 2011/ 052351PCT/ JP2010/ 067496 6 In the above structure, the oxide
sem conduct or | ayer preferably contains an I n-G-Zn-0O based oxi de

sem condugboh1 bl al . In addition, the oxide sem condpetrgpadid¥&hos
preferably includes an I n2G7zZn0O7 cryséal. [0026] 5In the above structure,

the concentration of hydrogen in the oxide sem conductor |ayer is
preferably 5 x 1019 atons /cnB or |ess. [0027] In the above
structure, the third transistor can be provided in a region overl appi ng

with the first transistor o second. t.ransi [,..10[00 . Not e
that in this spbaRt AbaHe Snlart P dSitisrRRRERE e At apmaing pn. b Gy
does not IneGLZaaV-bhiedmeanidé haemRofdugisinematerial. pl aded additioact lthe obxider
"directly under" another conponent. For exanple, the expression "a first
gat e el ecemigpadugtar lagerprefsrablpingludessan WeGadnOagistal.does not excl ude t he
case mhqu sgiconponent is placed between 15 the gate insulating |ayer and
the gate e?e trode. Moreover, the terns such as "over" and "bel ow' are only
used for converherize abbvelestarchpt, ahe aocheeatnationclofddydfoge aie thbeobeidethe

rel ation of conponents is reversed, uynless otherw se specified. [0029] In
addi t i on,semicondpeorlguer if preferalll Sand0't ROMS /KB OF k&St er m such as "el ect r ode”
or 20" '6£ﬂg" does not limt a function of a conponent. For exanple, the
term such as el ectrode” or "wiring" can be replaced with each other.
Furthernore, arn"thkestavedatuchse,s theethirde sransistdr aanpbe tprofided "imd 4 iragion and

Vi ce versa. 0030],gunc,ions of a "source” and a "drain" are sonetines

r epl aced WFHRPRIBG Witgthfctirsbtangitor of the seqandiirafSIT: opposite polarity is used
or whgn qbQXQirection of current flowing is changed in circuit operation
for exanple. Therefore, the terns "source"” and "drain" can be replaced with
each ot her in tNts thpacihis specificatior agBthE like, the term such as "over" or "below"

does not necessarily mean that a component is placed "directly on" or "directly under"”
another component. For example, the expression "a first gate electrode over a first
gate insulating layer" does not exclude the case where a component is placed between
15 the gate insulating layer and the gate electrode. Moreover, the terms such as "over”
and "below" are only used for convenience of description and can include the case
where the relation of components is reversed, unless otherwise specified.
[0029]
In addition, in this specification and the like, the term such as "electrode" or
20  "wiring" does not limit a function of a component. For example, the term such as
"electrode” or "wiring" can be replaced with each other. Furthermore, an "electrode” is
sometimes used as part of a "wiring", and vice versa. |
[0030]
Functions of a "source" and a "drain" are sometimes replaced with each other
25  when a transistor of opposite polarity is used or when the direction of current flowing is
changed in circuit operation, for exaniple. Therefore, the terms "source" and "drain"
can be replaced with each other in this specification.
[0031]
Note that in this specification and the like, the term "electrically connected"
30 includes the case where components are connected through an object having any electric
function. There is no particular limitation on an object having any electric function as

long as electric signals can be transmitted and received between components that are



Note that in this specification and the like, the term"electrically
connected” 30 includes the case where conponents are connected through an
obj ect hawongiiasyssel ectric function. There is no parti celcanpriiwbérasd on on
an object having any electric function’as long as electric signals can be
transmtted and recei ved between conponents that are WO

2011/ 052351PCT/ JP2010/ 067496 7 connected through the object. [0032]
Exanpl es of an object having any electric function are a switching el enent

such as acdnhafisd BiQleh the bjeést or, an inductor, a capacitor, and an el ement
with a variety of ngunctions as well as an electrode and a wiring. [0033]

I n gener dl003%he term "SA substrate" neans a substrate where a silicon

sen conductor layer .is provided, on an insul ating.surface. .In this

speci 1 cat i on AATS 91 #b ODRFEhTapg Aot BIFST Al siyitching fiduent

S!beSt rat _esu\éﬁ% a8 tRAnSiQGt, %C}Bﬂ%f, Q@h ihdﬁé@dr, :J-@a;fa@irt(ﬁf?ﬁin@&_l algn@nmh%wa}ieﬁtd?er t han
silicon is provided over an insulating surface in its category. That is, a

sem céndulvneionsay aelliag en gl¢edodaandaewir®@ substrate" is not linted to a
silicon S@B'%é;]onduct or layer. A substrate in the "SO substrate” is not
limted t sem conductor substrate such as a silicon wafer and can be a

non- semn conductiar g&idks! tiad @erfll C8OASs1ds@Ata's SmEdnSA 'sabsirat@ Whkae tZ sflidoat r at e,
a sapphire substrate, or a netal 15 substrate. In_other words, the "SO
subst r at esenifapgduetae layercis provdderion an insulatipg surdacs. h iy thiyspesificaden and the
surface of.ap,d psyl '%‘(?I”&b&!ﬂﬁé't 6RH SnBLE%! z?‘é‘&bs\é)‘ felwhere® SEmicOhdRED Ay
sem conductor material Th its cat egory. n a gl tron, In tlhl S SpeCI¥I cation
and tloe |fokeed tifing hanaterid enherahahisiioon supetidad evemmaimsulathg eurfacedn stasbst r at e

formed using only a sem conductor material hbut al all supstrat.es
i ncl udi ng"FEeBk )cl%‘ﬂﬂlﬁc% é?mWﬁ{‘ﬂi‘H‘%fl layos dngluged;ia the ?‘Sh?‘@sgﬁéglsf’}%iiﬂ‘@ﬂ and

the li ke, othGlicondemiconabédt Biyer, S A5iRirhRGh WHEEOMNubiate 0GP Iihikl 16 he
"sem conduct or substrate". [3034] One enbodi ment of the present

i nvent i orsepricanddeter sulsstratec suehues or silison ceafen andhicah be tar agshegnisondustirudi ng a
T2 SR g SRS, SSREHE D B MR B TR "
15 substrate. In other words, the "SOI substrate” also includes a conductive substrate

having an insulating surface or an insulating substrate provided with a layer formed of a
semiconductor material in its category. In addition, in this specification and the like,
the term "semiconductor substrate" means not only a substrate formed using only a
semiconductor material but also all substrates including a semiconductor material.
20  That is, in this specification and the like, the "SOI substrate" is also included in the
category of the "semiconductor substrate".
[0034]
One embodiment of the present invention provides a semiconductor device in
which a transistor including a material other than an oxide semiconductor is placed in a
25  lower portion and a transistor including an oxide semiconductor is placed in an upper
portion.
[0035]
Since the off-current of a transistor including an oxide semiconductor is
extremely low, stored data can be retained for an extremely long period of time by using
30 the transistor. By utilizing this property, it is possible to provide a semiconductor
device with a new structure in which an input signal can be held.

[0036]



portion. [0035] Since the off-current of a transistor including an
oxi de sem conductor is extrenely low, stored data can be retained for an
ext r emel ywbaeng/essiod of tinme by using 30the transistor pcBypatiobéasang this
property, it is possible to provide a &eniconductor device with a new
structure in which an input signal can be held. [0036] WO

2011/ 052351PCT/ JP2010/ 067496 8 Note that according to one

enbodi mrent of the disclosed invention, an input signal is held by providing

one transistor,nyikh REGURRY D &%b&&meeﬁ?ﬁ@_ ?ﬁlig&gﬁ&\fﬂ hyGRIdh GhhAddion as

conpared to an equivalent circuit using a f 0037] SFurther, as

conpar ed signah i€ ihekluby posiidigg sonedtratsistar, sthashapevelte womiplicpmneof @ aiuitpt i on
can be adeﬂgateLX reduced pecause. refresh_operatjion beconmes unnecessary or
the freqU@HESUBHOR 3% FRRARHIO AR SaBH A h it ﬂgea,@qpyﬂqrbw_ Mor eover, stored

data can jpg3z7jet ai ned even when power is not supplied (that is, power is

of f). [0(!38] 10lIt is al so possible to solve the problem of deterioration of
a nondvol ati | e Birtheaps ednepased fo taheirpribisbing ofvolatide atorage sloment, dwaver o
witing or _erasing

nd the |ike. 039 ln this manner, a
S conaderam et ten Mgkt b S LRt elmhperugh PR E R ng bot h
the trangrih®frequialy of fgresh GpdratidritanBehireiRBlodN MbrdeverSitbre@agidcher and
15t he transistor including an oxide sem conductor. BRI EF DESCRI PTI ON OF
DRAW NGS be retained even when power is not supplied (that is, power is off).
[0038]
10 It is also possible to solve the problem of deterioration of a non-volatile storage
element, the problem of operation speed due to writing or erasing, and the like.
[0039]
In this manner, a semiconductor device with a novel feature can be realized by
including both the transistor including a material other than an oxide semiconductor and

15  the transistor including an oxide semiconductor.

BRIEF DESCRIPTION OF DRAWINGS
[0040]
In the accompanying drawings:
20 FIGS. 1A and 1B are circuit diagrams each illustrating a semiconductor device;
FIGS. 2A to 2D are circuit diagrams each illustrating a semiconductor device;
FIGS. 3A and 3B are respectively a cross-sectional view and a top view
illustrating a semiconductor device;
FIGS. 4A to 4H are cross-sectional views illustrating a manufacturing process
25  of a semiconductor device;
FIGS. 5A to 5G are cross-sectional views illustrating a manufacturing process
of a semiconductor device;
FIGS. 6A to 6D are cross-sectional views illustrating a manufacturing process
of a semiconductor device;
30 FIG. 7 is a cross-sectional view illustrating a semiconductor device;
FIGS. 8A and 8B are cross-sectional views each illustrating a semiconductor

device;



[0040] In the acconpanying draw ngs:
each illustrating a sem conductor device;
WoGh1idshisgt rati ng a sem conduct or devi ce; Fl GSpcgApangocoar e

di agr anms

respectively a cross-sectional view anl a top viewillustrating a

sem conduct or devi ce; FIGS. 4A to 4H are cross-secti onal

Illustrating a manufacturing process 250f a sem conductor device;

FI GS. 5A

process of a sqqh&pggp

i3
cross-sectional Vi éews %1 ustra

to 5G are cross-sectional views illustrating a nmanufacturing

urin

9B q\?ev %:l%gé-sectional viev'g% @ch ﬁﬁsttrﬁingga @érﬁiconductor
I'ng-a manurac g process or a

20FI GS. 1A and 1B are circuit diagrans
FIGS. 2A to 2D are circuit

Vi ews

sem conduddvide; devi ce; 30FIG 7 is a cross-sectional viewillustrating a
senm conductor device: FIGS, 8A and 8B are cross-sectional views each

il lustrating a HES LM

FI GS. 9A
devi ce;

sem canduct or ddGScd]lASfel GF aicl Aiema dabh dlustratingwan ekctionik | desiceatsingg aan

el ectron

10

15

20

25

30

ane BB apegrossssectiqual yipws ash ipsprating psemispuliEiss 9

9B are cross-sectional views each illustrating a sem conductor
F . 10A and 10B are cross-sectional views each illustrating a

i ¢ device ugin a
semiconductor device;

FIG. 12 is a longitudinal sectional view of an inverted staggered transistor
using an oxide semiconductor;

FIGS. 13A and 13B are energy band diagrams (schematic views) along an A-A'
cross section of FIG. 12;

FIG. 14A shows a state in which a positive potential (VG > 0) is applied to a
gate (GE1), and FIG. 14B shows a state in which a negative potential (VG < 0) is
applied to the gate (GE1); and

FIG. 15 is a diagram showing the relationship between vacuum level, work

function (qum) of a metal, and electron affinity () of an oxide semiconductor.

BEST MODE FOR CARRYING OUT THE INVENTION
[0041]

Embodiments of the present invention will be described below with reference
to the drawings. Note that the present invention is not limited to the following
description, and it is apparent to those skilled in the art that modes and details can be
modified in various ways without departing from the spirit and scope of the present
invention. Therefore, the present invention is not construed as being limited to the
description of the embodiments given below.

[0042]

Note that the position, size, range, or the like of each structure illustrated in

drawings and the like is not accurately represented in some cases for easy understanding,.

Therefore, the disclosed invention is not necessarily limited to such a position, size,
range, or the like disclosed in the drawings and the like.
[0043]

It is to be noted that in this specification and the like, ordinal numbers such as



sem conduct or devi ce; FIG 12 is a longitudinal sectional view of
an inverted staggered transi stor using an oxi de sem conduct or;

FI GS. 13AyanthilodBssar e energy band di agrans (schematic VipeWgb2@bho§@oan A- A
10cross section of FIG 12; FIIG 14A shows a state in which a

positive potential (VG > 0) is applied to a gate (CE1l), and FIG 14B shows
a state in which a negative potential (VG < 0) is applied to the gate
(GEl); and FIG 15 is a diagram showing the relationship
bet ween v, t.al , and el ectron

cywm_ | evel,, rk.15functjon (.c of . a
ottty o oreiteante Wik a Mo PEp bl i BoThedh e REPBUATT
| NVENTI ONinldQRéekm&ab a6l miesi IsmAdtion T the RSABr Jft¥Mpbheais. Wi | | be described
below with reference 20 to the drawings. Note that the present invention is

not |im tl@844Jo the foll owing description, and it is apparent to those
skilled i xﬁb%?irﬁ‘éntt 15 hat nodes and details can be nodified in various ways
w t hout parting fromthe spirit and scope of the present invention.

Ther efsor e, t he Ipnkis efbotliventa Qfuctuse BRI maaBBLIag pasceledgsdnitbiddioro t he
description_ of the enmbodi nents gi ven bel ow, 25]0042] . . Note that the
posi t i on,deyjceof opggmbodigient pfcthe aléelowd isxeniog willche descrihed yeith sferengedo

dr aw ngs i } I egla | o} e r easy
nder st arbiay AFRE S TGS OLPHS KIS S S OSSP 3965, 96
limted tamdskl€iS. &Apts 6Di 0MNotes thae one @nthediment tdfehé idiseloded ddveataon ican bhe

dr awi ngs ang %he | ike.., 30 004%] . WD 2011/ 052351PCT/ JP2010/ 06%4136 éo
"first", 3PRUEGHYANY sERcoRdyciog device Iy Sduch 3n MPYE ISRy negds i koheldsi BRcanong

conmpopentembaafedt bt the a8 REntiGiABar B@Bﬁﬁiéd%, & etxﬂn%pf!:l,J Hh@gic%rcuit
conponents. [0044] (Enbodinent 1) 5In this enbodi nent, a strucCture and

manuf act wuch gs pNﬁE@sisa@tf, ap ORecairauitn ain) ANID circuit, or a NOR circuit, so that an input
signal can be held.

[0045]
<Schematic structure of the semiconductor device>
15 [0046]
First, a schematic structure of the semiconductor device will be described with
reference to FIGS. 1A and 1B.
[0047]
FIG. 1A illustrates a semiconductor device in which a transistor 180 using an
20  oxide semiconductor is electrically connected to an input of a logic circuit 190. In this
semiconductor device, an input signal is applied to the logic circuit 190 through the
transistor 180.
[0048]
Since the transistor 180 using an oxide semiconductor has a low off-current,
25  data can be held by turning off the transistor 180. Here, one of a source electrode and
a drain electrode of the transistor 180 is electrically connected to the input of the logic
circuit; thus, an input signal of the logic circuit can be held by turning off the transistor
180. Note that the logic circuit 190 has one input.
[0049]
30 FIG. 1B illustrates a semiconductor device in which a transistor 182 using an
oxide semiconductor is electrically connected to an input of a logic circuit 192.

Necessary data can be held when the transistor using an oxide semiconductor is



devi ce of one enbodi ment of the disclosed invention will be described with
reference to FIGS. 1A and 1B, FIGS. 2A to 2D, FIGS. 3A and 3B, FIGS. 4A to
4H, Fl GS.wbAotws28531 and FIGS. 6A to 6D. Note that one erboderrobemds t he

di scl osed invention can be applied to ldny sem conductor device in which an
I nput signal needs to be held. One 10 enbodi nent of the disclosed

I nvention can be applied to, for exanple, a logic circuit such as a NOT
circuit, an ORcircuit, an AND circuit, or a NOR circuit, so that an input

si gnal Caé?eé?ﬁcﬂl}?' Eonre&24 b el pARULmiRdlr HE WHich Af sighA A& CRNEL Al

devi ce> 15[ 0046 First, a schematic structure of the sem conduct or
devi ce wiAlthdughdds dogibedronitt 1% bhe temaeputs iFIRES. 1BA oaacnit®din@d4of] thel G 1A
illustrates a sem canductor..devjce in ich.a transi.stor 180 using,an 20
oxi de. SerfEUREATOPE Fh i IEh i o dhacifing b BATF R URY OF EEHGaNE
circuit I18@nedtél folash Hpit 6OME USHiOtirélay b?@traﬁ‘:ﬂstbﬁﬂ'd% bé e call$ camRbic8d to
the logic circuit 190 through the transistor 180. [0048] Since the

t r ansidst de ongor mormigpuls obiicdegiseiceibnduct or has a | ow off-current, 25 data
can be hglogs(gy turning off the transistor 180. Here, one of a source
el ectrod nd a drain electrode of the transistor 180 is electrically

connect e&@i@ﬁﬂ@nfi%ﬂ‘dﬁo@ﬁfﬂlb@eﬂlﬂﬁh@u&dﬁdéuicb'> thus, an input signal of the
logic circuit can be held by turning off the transistor 180. Note that the

logi ¢ circuit JGShas oD iikstrate sReoiiy| exapples of B Firpuit epnfigusatipn of the
sem CO“dtk%rn%n@lﬁ&bpﬂe&i@e.mmé" s@micbRlittoit 8videS iRl % ?i?stto%g?stﬁmﬂ“du“ or

Is electrically connected to an 1nput of a logic circul cessary
dat a 10an sseortdetrahsistozreatthef whiwhaised @ mategiah gthanthax iad @xidedeadomhdattor, and WO
2011/ 0523a5t}1§ t!a%ls:;gt?)rl gélgg Zr? %)E(Sid% ]éemiconductor. Note that in the semiconductor device
described below, an inverter circuit is used as an example of a circuit in which an input
signal is held; however, as described above, one embodiment of the disclosed invention
can be applied to any circuit in which an input signal needs to be held.
15 [0051]
FIG. 2A illustrates a first example of a circuit configuration of the
semiconductor device. The semiconductor device of FIG. 2A includes a first transistor
160 and a second transistor 162 each of which uses a material other than an oxide
semiconductor, and a third transistor 164 using an oxide semiconductor. |
20 [0052]
A drain electrode of the first transistor 160 is electrically connected to a drain
electrode of the second transistor 162. Further, a gate electrode of the first transistor
160 and a gate electrode of the second transistor 162 are electrically connected to one of
a source electrode and a drain electrode of the third transistor 164. Note that one of the
25  first transistor 160 and the second transistor 162 is preferably a p-channel transistor, and
the other is preferably an n-channel transistor. Here, the first transistor 160 is a
p-channel transistor and the second transistor 162 is an n-channel transistor.
[0053] |
The electrodes of the transistors may be electrically connected to various
30 wirings. For example, it is preferable that the other of the source electrode and the
drain electrode of the third transistor 164 be electrically connected to a signal input

wiring, and the drain electrode of the first transistor 160 and the drain electrode of the



el ectrically connected to the input termnal in which a signal needs to be
hel d. Although the logic circuit 192 has two inputs in FIG 1B, one

enbodi mrenwoabhivdaessadi scl osed i nvention is not |inited topchiie0i1bme7asditi on

a transistor may be electrically connd@ted to each input of the logic
circuit, or a transistor may be electrically connected 5to one or nore
inputs of the logic circuit. [0050] <Circuit configuration of the

sem conduct or devi ce> FIGS. 2A to 2D illustrate specific exanples
of a circ, trgbi he uct or
devi ce |5%F%d£§ﬂ§k H??‘??ﬁ%@?%? r ang&%ﬂ?% lgﬁmngggggtgﬁﬁg%ﬁﬁﬂgf whi ch
uses a meit érpreferabidhnt 4 stamceaglearoded of ﬁmrﬁrsnmimstmrmoa)nc&leatﬂdally donrreatedl stor

usi ng an oxi de, se con uctor. Note t in the sem conducto

oscr i bedOHb MR o PRULIE £t AOLGHIE! (s L& EEvES SIS RAREYA YOI, af Buit in
whi ch an donmeta@dt&aelofltﬁe bebda tﬂ%ﬁé’i@&i?ﬁﬁz 8 eflRBdall) LEnARME0 PREiFYTRRAI Ment
of the disclosed invention can be applied to any CTircuit in which an i nput

si gnalb neappiyinga b@ohélpdtenmsl[@@sll] ground potentfal:GER). | Itusals@preferablé ithat
exanple of .a cir ur at sem conduct s de i ce. .The

cor bond RAEREHiHEal i DRl dod he o el EBRRRL o ORY BBhal P second
transistowuﬁ@z each of which uses a naterial other than an oxide

sem conductor, and a third transistor 164 using an oxi de sem conductor.
20[0052][005ﬂ A drain el ectrode of the first transistor 160 is

el ectrical ly copaasl el RofdbibnSbas ME Berdly TRNIIARGRL 0T 162

Further, a gate €lectro ransirst a ga e €l ectrode
of the quOﬁﬂ transistor 162 are electrically connected to one of a source
el ectrode and a_drain electrode of the third transistor 164. Note that one

of the 25first thefist Botential d% applied;tadhe suseki clertior < the f‘IﬁZ‘“l“§IS}5’Fé169rabl y a
p- channel ;i g0s¢Sh@ hotefisl it QE%l@édht%rthé §onﬁ£@£l€f@&i%f%e Qec%ﬂmgﬁélﬁgf pgsi stor.

Her e, the first transistor s a annel transi stor e second
t ransi st dn th83tate aannput(si@ahslapphahm the other p0 dEJouieeletredt nwtiths dodint he

transi stors e tricall onnected .t.o vario 30. W rings.. For

exanpl o, gt g Beciitensiar 16580 marEnyt Bl e ey bEeER 0 ¢ ne
drai nsel efpliedieo tfe he elé&trbde bf S ihtdOkanbfforbRs4e hafekdbyCiik la¥oreMBRdHe8d t0 a
signal input wring, and e drain electrode of the first transistor 160

and the dnputrsignabistapplied éﬁ th:er@te shertogie 0052 851 PETFigPR anbihe gatradedmdsecond
transistor. 162 he el ect.rically caonpnected. t & si gnal _out n

Fur t ner notfee; weop SEEUEPED oY BRRRE i thed bl Piknal dpHiHe 4 el e
transi st afleckle o€ t1e4 ffst hhﬁﬁ&tbt/aﬂdﬂh@ﬁgéte?éie&tﬁ)@ O thé Recon@tranbiloy, tRE fiestf 1 1 st
potential (e.g., a power sup potential: VDD), and a source el ectrode of

the secorRPtentiaheytie é«?comépox@eP @luéevtpwcfmmyhecwg@rtd@etor ge¥Cai ri ng for
20  [0056]

While -the signal is input to the other of the source electrode and the drain
electrode of the third transistor 164, the third transistor 164 is turned off. Then, the
gate electrode of the first transistor 160 and the gate electrode of the second transistor
162 are kept to a potential of the last input signal. In other words, while the third

25  transistor 164 is in an off state, an output signal does not change even when an input
signal changes. |
[0057]

Such operation is realized by using an oxide semiconductor for the third

transistor 164. That is, the use of an oxide semiconductor makes it possible to
30 sufficiently reduce the off-current of the third transistor 164, so that the potentials of the
gate electrode of the first transistor 160 and the gate electrode of the second transistor

162 can be held for a long period of time. In this manner, according to one



5 applying a second potential (e.g., a ground potential: GND). It is also
preferable that a gate electrode of the third transistor 164 be

el ectri cajbyotiapggted to a gate signal input wiring. [ @e24b20l0867496
af orenmenti oned sem conductor device opérates in the follow ng manner.

10[ 0055] The first potential is applied to the source el ectrode of
the first transistor 160 and the second potential is applied to the source
el ectrode of the second transistor 162. In this state, an input signal is

lied h f . el . i I f th
BP0 R o 06, BOUEREHL LRI IS, P CLRSHURAE 01,1

15 appl i etkchi®) KdvengaafuBcideof Hoddifig ah ifpuesighaliodn be prisidddor 164, whereby the
af orenent i oned input signal is applied to the gate el ectrode of the first
transi st dP0%d the gate el ectrode of the second transistor. In accordance

with the i nput ;360nH ifRBlalceda ! SbRE SaBIClPCd " Gfifit Obortilrdtigh® b LhanSi st or
and the gate electrode of the second transistor, the Tir potential or the
second pactmidondictorsdevidep utThe semidohdud@ndeyorechfdHIGr 2B dras a stru@feOidS6hich

While the signal .is.input tqQ the other of the r el ectrode and .t he
drai 1 el SCEPRART 3PS FANER 19 BePRiendpt desies Q00 s aThY SHOFLYIB0BA | s
turned Ofeiectrmﬁgil con*f&téJl%Qh@éﬁE ele@H6dObf thB Girdt] tfankistor 36, AE %ﬁteje@&n%ﬁg the
gate el ectrode of the second transistor 162 are kept to a potential of the

| ast i npwf thd spoand trhnsigion ko2, wod dag ofittiel soutdeeslectriodel and theadrginstleatrode4fi s i n

an off state. .an ou signal does not. chan ven when [ t signal
Changes. fogusiirandislo? 16a 3, B TuscpGrio g HRSTo IR 1) Holerig st e dls

sem qondugdcabdé of theh@rst trhnisiktédr PoTS AL G ghftdeledtfille dfthe ké®ndIRANSIEIoAN6DXI de
sem conductor nakes it possible to 30 sufficiently reduce the off-current

of the tIsanleheldinergeasilyi64, so that the potentials of the gate el ectrode
of the fi()éff]gtransi stor 160 and the gate el ectrode of the second transistor
162 can de gld for a long period of time. In this manner, according to one
WO 2011/ 052351 P0T/ De2GN0sttHesd A6 tHisd esxaaghleveoft aotirtidie cbnfighnsied ohwaati on, a
sem conduct or device (here, an inverter circuit) having a function of

hol di ng &RMIGPHYCtes éﬂe-clel?eB@“WB&Y%&CV[“G@@EF?@@BZ‘iSFrPﬁ%‘fer’ét‘@%‘dé second

exanyke of 4id&bbrdtied GRS 1BB!iObréNiddd Fastead of the first transistor 160 in the
semiconductor device of FIG. 2A. That is, a source electrode and a gate electrode of
the transistor 168 are electrically connected to each other. Note that in this case, the
transistor 168 and the second transistor 162 are both n-channel transistors.
Alternatively, the transistor 168 and the second transistor 162 may both be p-channel
20  transistors. |
[0060]

FIG 2D illustrates a fourth example of a circuit configuration of the
semiconductor device. The semiconductor device of FIG. 2D has a structure in which
the diode-connected transistor 168 is provided instead of the first transistor 160 in the

25  semiconductor device of FIG. 2B. That is, the source electrode and the gate electrode
of the transistor 168 are electrically connected to each other. In that case also, both the
transistor 168 and the second transistor 162 are n-channel transistors or p-channel
transistors.

[0061]

30 As described above, when a transistor formed using an oxide éemiconductor is

added to an electrode to which an input signal is applied, the input signal can be held.

Accordingly, it is possible to realize a semiconductor device (such as various logic



5 sem conductor device. The sem conductor device of FIG 2B has a structure
I n which a capacitor 166 is added to the sem conductor device of FIG 2A
The capaowbaeoniilBdéssis el ectrically connected to the gateprelrgetnodesad the
first transistor 160, the gate el ectrdde of the second transistor 162, and
one of the source electrode and the drain electrode of the third transistor
164. By thus providing the capacitor 166, the potentials of the gate

10el ectrode of the first transistor 160 and the gate el ectrode of the

second trana}i§eln éﬁgw Eﬁ‘ﬁ'ctpfé 19%\}11@01{@{1‘?1 §E34aY car BORA. FI G 2C

illustrates a‘third exanple of a C|rcuPt configuration of the sem conductor
devi ce. ﬂﬂ@63bn1conductor device of FIG 2C has a structure in which 15 a

di od d t tor 168 t the first t i st
160" 1 Mol POTEUHOATEL P Seuhens! S efo R Ao devisst ce ol ect r ode and

a gate el ectrodgcsf 3ahsmd BBniﬂbﬁIra% ahCRampR 6f 8Gtfub@dd by tkOSiRicbRthci each
other. Note that in this case, the transistor 168 and the second transi stor

162 abe Wisvicerillesieatndein KIGaddi s FiG.3A Alqsmtnm icuash yectioneofitha prsnisersuctos8 and
t he secong_trans b h.be nnel nsi st 060]
FIG 2Dl usctei‘ aly eﬁr(ggpour%tﬂ? 20 Vv o the mlconfiugé ? evice cHere F[Igl ?.%e

exanpl e a crrcul guration o

sem conduwi@Epdiay it6 & cr’b'bsasamhcamigmh@rAnMI &Rl Dhe IE1C132 4P H16s 3B. stThyct ure
i n which the di ode-connected transistor 168 is provided instead of the

first trasanengpctopdeyiee fiystrated sléﬂ%n%@%@d@ﬂueé% d!* aﬁpv&er pEtiomnthe s,
the sour Qﬁnﬁis&ﬁ%egﬂd gﬁqratngl@tog 368 u§hES 1%Ehefr '&Em Og{] q[]rﬁgctaf,e

el ectrically connecte eac her In that case
t r andi0st cand liaGnawyspet ppertoac dmdtransa;mrl Hidousidg 2n amiersenhamdettot r avigte shadr s or

p- channel .trapsistQrs 0 descr.i bed . above, when a transjst.or
formed usiffgt ?1 “652’?‘%{8‘55‘{,52\ %‘érﬂécﬁ%fﬁ 3 %méxlaﬂg‘tf“‘t Hrughirg the tragsistop ggb\,ﬁ‘f ﬁh an
I nput S|gﬁghmhg”ﬁgahkﬁqwkk$e i nput signal can be held. Accordingly, it is
possible to realize a sem conductor device (such as various logic WO

2011/ 0523806&3T/ JP2010/ 067496 14 circuits) with a new structure in which an

| nputsi gnal Cal%ebt?an@i:"stcgr ltg(P mcﬂdes a channel formation region 116 provided in a

15  substrate 100 including a semiconductor material, impurity regions 114 and
high-concentration impurity regions 120 (these regions can be collectively referred to
simply as impurity regions) provided so as to sandwich the channel formation region
116, a gate insulating layer 108a provided over the channel formation region 116, a gate
electrode 110a provided over the gate insulating layer 108a, and a source or drain

20  electrode 130a and a source or drain electrode 130b electrically connected to the
impurity regions 114.

[0064] _
A sidewall insulating layer 118 is provided on a side surface of the gate
electrode 110a. The high-concentration impurity region 120 is placed in a region of

25  the substrate 100 that does not overlap with the sidewall insulating layer 118 when seen
in the top view. A metal compound region 124 is placed over the high-concentration
impurity region 120. An element isolation insulating layer 106 is provided over the
substrate 100 so as to surround the transistor 160. An interlayer insulating layer 126
and an interlayer insulating layer 128 are provided to cover the transistor 160. Each of

30 the source or drain electrode 130a and the source or drain electrode 130b is electrically
connected to the metal compound region 124 through an opening formed in the

interlayer insulating layers 126 and 128. That is, each of the source or drain electrodes



<Top structure and cross-sectional structure of a sem conductor device>

FIGS. 3A and 3B illustrate an exanple of a structure of the sem conductor
5 devi ce wblysitgsadsgd in FIG 2A. FIG 3Aillustrates a cpeggpaachéasy of the
sem conductor device, and FIG 3B illudbrates a top view of the

sem conductor device. Here, FIG 3A corresponds to a cross section al ong
line AL1-A2 and line B1-B2 in FIG 3B. The sem conductor device illustrated
in FIGS. 3A and 3B includes, in a lower portion, the transistor 160 and the
transi st 19010 and
n"an appaCagd ts0ns PRl B B8 AR5 SETHARAT R 12010, o0
t hat si ncadtthe mpmﬁtyl &gmnslmercmgd thﬁlednava)mp(mnmrbgbn hadi c Asteletiadee, the
transistor. 160 will be mainly described bel ow. [0063] The transistaor 160

i ncl udes en%md@ﬁowﬂrfaﬁ Bannes sigitarite ghag f \the seurcs ok drajm elegisadesgh30a 100
i ncl udi ng;xq 1GHICAALHENR colREEE @' the %ﬁPH{eh&é(derﬁ@bons 114 and

hi gh-concentration inpurity regions hese regi ons can be collectively
r ef er bed [0065]i rrpl y as impurity regions) provided so as to sandwi ch the
channel formati J on

te i 08 d
the channel for tf lsfpég}%%HHQE%e aaageaéélg C'é‘i"ieecf%d@%‘i‘f@ Oﬁg ?gl\éthﬂﬁe)xféfvte;e
gate i nsyhahitig lh?é&elQSlQ%ﬁte lﬂmatﬁlg%qu@sqﬁoaa@d BveQRt gs&re%ﬁoéé@%@nd a

source or drain electrodé 130b el ectricall'y connected fo the inpurity
regi ons Jap4oxifl@eguniconductor layersidfepvayided oyen thei gate insykating 1@yerr 438y and ded on a

side surface of the gate el.ectrode 110a. Theh tion i rity
Feqt on 12901¢8 a5 diB ARNOIE 1334 ARE 5 s0uch op giftn oGP IS DHF i ol A o
over l1@p vvieh thé exsdedavmidondutdod ddyend4Day®l eleb&ioMl9ncspedted ot R bRidevi ew. A
metal conmpound regl on 124 is placed over the high-concentration inpurity
regi on 12emiceaductardayer k49| ati on i nsul ating | ayer 106 is provided over the
substratﬂ é?éj so as to surround the transistor 160. An interl ayer

i nsul ati ng yer 126 and an interlayer insulating |ayer 128 are provided to
cover the trandies¢,ahe §86 cleEacde t¥6d i8Pravidedzobe «:mbeddcdlrlaian imdudatingdaler 130a

and the squrce dra n. el ctrode 130 ect. |caII nne to the

met al raﬁ*&man? tha snfer %’FbH’éH‘aHﬂggﬂ ﬁ% ki gdle € etrPﬁfﬁ ﬁ?ﬁda%r

ins U'l%t | NGecBYE r1§6a1 2R cRidttod B36bT BAd anh §lect‘?@cfeh13% atdformey 'ir?é‘orﬁéct %ﬁH the

el ectrodes WO 2011/ 052351PCT/ JP2010/ 067496 15 130a and 13

el ectri ceabohice quriaint derttode t130a,hthg sousn v rdraiat dletrodep3ob t a}ndr Ehgmicctmﬁe and

t he irrpuri g §g on 114 t hrough the netal conpound region 124. An el ectrode
130c that Y'n a manner sinmilar to that of the source or drain

el ectrodgg()@i:]Oa and 130b is electrically connected to the gate el ectrode

110a. 5[ 0065] The transistor 164 includes a gate el ectrode 136d
provi ded over tAprofastive insylating layar 344 isproviged ovierahe uangister §6dss9l astto hg | ayer

135 B0t A R Brch o S Al TR g™ 140
el ect r oddaye#246 amplroaldsdmenethelprcdmive lﬁummgcb@er 142b Obatm@rtﬁam@cm tded
source or drain electrode 142a and the source or drain electrode 142b are formed in the
protective insulating layer 144 and the interlayer insulating layer 146. An electrode
150d and an electrode 150e are formed in contact with the source or drain electrode
25 142a and the source or drain electrode 142b, respectively, through the respective
openings. Like the electrodes 150d and 150e, an electrode 150a, an electrode 150b,
and an electrode 150c are formed in contact with the electrode 136a, the electrode 136b,
and the electrode 136¢, respectively, through openings provided in the gate insulating
layer 138, the protective insulating layer 144, and the interlayer insulating layer 146.
30 [0068]
Here, the oxide semiconductor layer 140 is preferably a highly purified oxide

semiconductor layer from which impurities such as hydrogen are sufficiently removed.



10 over the oxide sem conductor |ayer 140 and electrically connected to the
oxi de sem conductor |ayer 140. [0066] Here, the gate el ectrode 136d
i S provi deo 20n/M3e3senbedded in an |nsulat|ng | ayer 132 f ecrad20vesrsddhe
interlayer insulating layer 128. Like }¥he gate el ectrode 136d, an 15

el ectrode 136a, an el ectrode 136b, and an el ectrode 136¢c are forned in
contact with the source or drain electrode 130a, the source or drain

el ectrode 130D, and the el ectrode 130c, respectively. [0067] A protective

i nsul at i fi t 20 in
st 3t ek Sy Wcdrp RN B LIRS0, BRI D

i nsul at i ng' ,&ytél’atoh‘iﬁoﬂ ks pasfedsly Hu a0 hempreol ot tesy and msoit prdfagblyas/er 144.
Openi ngs that reach the source or drain electrode 142a and the source or
drain el & r a@esicaphoraless.f ohheel@ansistarnkodpwish cexceleat jofisereent ﬁbarlﬂ§91é$tlci44 and

the inter r I ode
150e are g%ﬁeéhgﬁgtgﬁ?gg%haggﬁ'#ﬁe12§%9§38§%£ @%?%ﬁgﬂ% §Q‘§é9§@ a and
t he saur qairified dyad suféicieat reddetichdidbhydregemesincstatayiont thughnt;ﬂe wiesiphet | ve

openings. Like the electrodes 150d and 150e, an el ectrode 150a, an
el ect r odelraigowltageid i+ bV s B Yeandsbe sateeoftegan¥e is i thomnae of v MfOrﬁ@

el ectrod 6a.. t he el.ectraodas136b, and | ectyode r ver,
t hrough ?ﬁéﬁlﬁ%&mﬁFggﬂ%g ?ﬁ t%% ‘?3 |%éu a ?ﬁﬁ' é§nnagggd0{%a pro ective

i nsul at i Whlbl@)’s?lil%ﬂlg‘lburﬂiéd 33 mesufﬂ&@ﬁtl RUEHionNiaUHyatdged coAdediradidibis #el@e68] WO
2011/ 052351PCT/ J 0/ 067496 16 Specifically, the concentration of hydrogen
in the oxhaldheeficupraieftbe tiapsister 1abisiredced, a permicprdugtosdsmise oyith aBew

pr ef er,abl a o] | ess.
The t¥anatupite fiy ¥ [@RZea SIWoRDS, MECOHaRHioh b Rbfo@hP T TR

obt ai ned seiiidontiictoriageradf409si mieasuntedby sbeosduty dmndastspéctionytry (SAUS).hat i s

hi ghl y ﬁﬁﬁéﬁified by a sufficient reduction in hydrogen concentration. For
exanpl e, the drain voltage vd is +1 V or +10 V and the gate voltage Vg
e inthe rangedinsufitife i8er 382\s phéadf by&UhE Shierih thsr st figliyé Ps, ess.
When t he oxide senlcond%ctor laye Iy pur| ﬁ

suf fi ci erin ekeduadd b5a, ranm)cbtmgeriSébnmentacabdez)m54cs andeeuh docttddatlﬂdeare

of f-current tr nsi stor, 164 .i.s r.educ [o]0) tar.device with a
o et oo o SRR i e etngsing 18RI ISP o The ERETRT T o1 A ogen i &
t he oxi daeyigfMeC ABE 015022y The kfltrbde MBS W @fl cOMa&ONRNIRE ¥letRHddTRECH.

spectronetry (SI MS) . [006 ] An insulating |ayer 152 is prOV|ded over

t he i nt erThgyadectiode d64¢ isnig qoasaet withahe glacte¢dectiOscad 1B electzedec] Hidt r ddle 154D,

an el ectrod 5 and a t 15 provided to be enbedded in
t he |nsulaa%ﬁé ?gﬁi lﬁ%?I &”F E?%ﬂfdgg%a is in contact with the

el ect r odqgod-fQa. The el ectrode 154b is in contact with the el ectrode 150b.
The el ectrode 154c_is in contact with the electrode 150c and the el ectrode
150d20The el ectla, Fsihe segicandugat devicavltustrated v Fes + dand 5d% thq g8v0]

electrode 110a of the transistor 160 (and the transistor 162) and the source or drain

electrode 142a of the transistor 164 are electrically connected through the electrodes
130c, 136¢, 150c, 154c, and 150d.
[0071]
25  <Method for manufacturing semiconductor device>
Next, an example of a method for manufacturing the aforementioned
semiconductor device will be described. First, a method for manufacturing the
transistor 160 in the lower portion will be described below with reference to FIGS. 4A
to 4H, and then a method for manufacturing the transistor 164 in the upper portion will
30  be described with reference to FIGS. 5A to 5G and FIGS. 6A to 6D.
[0072]



20That is, in the sem conductor device illustrated in FIGS. 3A and 3B, the
gate electrode 110a of the transistor 160 (and the transistor 162) and the
source orw@haitselsgctrode 142a of the transistor 164 ar ecelipsdib&add Y
connected through the el ectrodes 130c¢,17136¢, 150c, 154c, and 150d. [0071]
25 <Method for manufacturing sem conductor device> Next, an exanple
of a nethod for manufacturing the aforenenti oned sem conductor device w |
be described. First, a method for manufacturing the transistor 160 in the
| ower por . erence to FIGS. 4A to 4H, and
then a rreitlﬂg@ oémr]r%ﬁlu% ?r[ﬁtpa%glspﬁn?w i’grt O%L 164 in the upper portion
will 30 be destirsthe@d subdtiate HT(BllhelildﬁlgtaJseﬁhéﬁaduaAr tmatedial Brdeparédse6RG.0 6D.
[0072] WD 2011/ 052351PCT/JP2010/ 067496 17 <Method for, manufacturi nq
transi st dtAk n Abvvis spbitateoA00 includingra, sgmicongucionyapteriple 2 o8I IMfilng a
sem conduchBlonBLEF bikurhie B £RALERRARE Ehfdhlctof Sydsific AR bALificd 0

i ncludi ng a sem conduct or a single cryst sem conduct or

subst Bat esiliconacgbidgc oy shallikene sempaoddseioondsiatos t substeateradadeodf silidcoson, 5

silicon carbide, or t conpoun m conduct.or substrate nmade of

St icon germamptmarbe P an S SRy oty BRF b Wear R kb RaipB et used.
Here, an l%li%@ Eﬁgﬁzf cryé‘thlnﬁh&nsédibgdrﬁe @5 YRE Shbsirhte! mrinél‘dﬁﬁﬁgra%&m%&&u%)r ,
substrate 1 i nCluding a sem conductor material is desCribed. Note that in

gener al , materialds desc80pd.s Mbete that ént gensaaisthe temrb SI@bsubstrmte’t meanSSa $ub@t1.sate
sem conduct or layer is F) ogic?ed on_ an_ins surf
REMUGYe

epeci 11 catheah anticrhsep taggr & otepdea it A7 PRVAARE suteflel TR ghig”

substipat epetiticfiod &RINhe AkEY tHeOterrh ABON substims! Alsd REhalebTt wibbiddte GHeed at han
silicon is provided over an insulating surface in_its category. That is, a

sem conduémigonduster 13yse forimed psing pemateripl athps thagt dlicansispprovidefliqvegy apo a
silicon %g{ﬂruigr{gudéﬁ?fa% il \Aﬁ’ga[%egg'}gfeﬂkfa‘? is as@ﬁm% uGHPR gé%ﬁluﬁ iPhedstyostrate

havi ng a re in em conduct or | ayer prow over an

15i nsul atsluhgraml'hsmbaﬁmitsauma giticon gémenchmhﬁtlayﬁe Mmdohenamd Sﬁhim&mg | ayer

i nterposed here et ween. 0 pr.otective | ayer 2.serving as a
mask for qaeﬁ?maﬁg %{W‘%'P%’h%% str%%lrraﬂ? Wr‘iﬂqhﬁsﬁﬂnawmctpa Fr m‘e FEAVBIBr t he

substyat §ndifireS Sbshihle dfth adS %ﬂ% REGMARL | With Iaayﬁ{sulaaﬂ 4@%or ﬁ&rg&%al ating

| ayer fornmed using silicon oxid l1tcon nitride, sil |con nitride oxide,

or the |ithegcbawetre used, for exanple. Note that before or after this step,
an inpurib 7:ﬁlement inparting n-type conductivity or an inpurity el enent
inpartin % ype conductivity may be added to the substrate 100 in order to

control the t hr&@b&édw\é%yagﬁ)zogerm? &L RAROSE fBFm B VAnC Blem¥he Rolafidn
sem conductor material included in
insulating layer is formed over the substrate 100 (see FIG. 4A). As the protective layer
20 102, an insulating layer formed using silicon oxide, silicon nitride, silicon nitride oxide,
or the like can be used, for example. Note that before or after this step, an impurity
element imparting n-type conductivity or an impurity element imparting p-type
conductivity may be added to the substrate 100 in order to control the threshold voltage
of the semiconductor device. When the semiconductor material included in the
25  substrate 100 is silicon, phosphorus, arsenic, or the like can be used as the impurity
imparting n-type conductivity. Boron, aluminum, gallium, or the like can be used as
the impurity imparting p-type conductivity.
[0074]
Next, part of the substrate 100 in a region that is not covered with the
30 protective layer 102 (i.e., in an exposed region) is removed by etching, using the

protective layer 102 as a mask. Thus, an isolated semiconductor region 104 is formed

(see FIG. 4B). As the etching, dry etching is preferably performed, but wet etching



25 substrate 100 is silicon, phosphorus, arsenic, or the |Iike can be used
as the inpurity inparting n-type conductivity. Boron, alumnum gallium or

the |ike wanobasissed as the inpurity inparting p-type copgusijpédee [ 0074]
Next, part of the substrate 100 in a rl8gion that is not covered with the

30 protective layer 102 (i.e., in an exposed region) is renoved by etching,
using the protective layer 102 as a mask. Thus, an isolated sem conduct or
region 104 is formed (see FIG 4B). As the etching, dry etching is

pr ef er abl rf bu . i 1 6 18
oy be- per bR oRAeby oo i B AR 86 GUH Qe SRR bl ot
appr opr i adepestiipeonh igitarinl af atdyer fode eadhed. | ayer to be etched. [0075] Then,

an insulﬁbiqﬁ | ayer is formed to cover the sem conductor region 104, and 5
the i nsull@P7 g layer in a region overlapping with the sem conductor region

104 is sel ecti VﬁJﬁl}{, Jnefﬂ?ﬁ’lﬁt?_nrgeﬁ?ertig?%mf‘eldqmémeritﬁ?ée?#iwﬁhdgﬂﬁH'é%ﬂ gﬁ,!aﬂaers 106

are forned (see G 4B). nsul ati1 ng | ayer orned usl i con
oxi dep sithe dosulatingr lagler, insial tegmm ovdrlappiagowithlehe cemtidvadiictie region d0deishod f or

renoving the.insulating |ayer, any of. etching treat t d i shj ng
[ r o8t noniscEGETEIRoreysdcsn THCF B SyBeriornr L ey ot 04 eredp e R Sr S Elf Sy o1
102 is refﬁ)\./eQ“hefiﬁs%raﬁtha)feerimfnea uSing 1R of DO Be6h Altril& SiIRdn Hdiger af ter

the formati'on of the elenent isolation insulating |ayers 106. [0076]

Next, an gxidailcatthadikeayds 4 sethndnfod remeringhtbe sigsilatingd layenrany eefi efohing4, and

a layer including a conductive nmaterial ASoforned over the.ins ting

Cayer | 151G " pSRACARAT SE B rap! P BTG e oA 4P

i nsuliat i Ngoleathes lay@t@R, is kdifovedsdficatic@rhayay ofthe kemhibhiudiciSregioni10gloe- | ayer

structure or a |ayered structure using a filmcontaining silicon oxide,

si |icon rifer thedommatisa of $hq ¢lementisalationansylating laysreA0ete, al umi num oxi de,

tantalunwgéhﬁe, or the like fornmed by a CVD nethod, a sputtering nethod, or
e.

the 20 i Alternatively, the insulating |ayer may be forned in such a
manner that a Noxtameinedlatifpgelayeniscfonded dwer the gemitodduktorsregiondiOdeanda

nitrided by high-densit | asma treatnent or thernal qxidation treatnent.
The highjﬁéﬁémg ‘Eﬁé&ﬂ%ﬁFﬁé%Fﬁﬁﬁ@{ﬁ W“ﬁg‘B@FﬂBHWEW“W§ﬁﬁﬁ? for exanple, a
nixeq5gaqogyga rare gas such as He, Ar, Kr, or Xe and a gas such as oxygen,

nitrogen oxi de, ammoni a, nitrogen, or hydrogen. There is no 25particul ar
limtation on tBeeauski thenasslatihg tlageri segyuésatas ny datey ensulating laysullates, nhe | ayer

can have ifsu amncg Q)leesr %re(%faral])'lyqlrg‘s taosinlg?glar)]/gg stltu%[urg OF zrlrpaly%fed[s?rthﬂe using a film

containing silicon oxide, silicon nitride oxide, silicon nitride, hafnium oxide, aluminum

oxide, tantalum oxide, or the like formed by a CVD method, a sputtering method, or the

20 like. Alternatively, the insulating layer may be formed in such a manner that a surface

of the semiconductor region 104 is oxidized or nitrided by high-density plasma

treatment or thermal oxidation treatment. The high-density plasma treatment can be

performed using, for example, a mixed gas of a rare gas such as He, Ar, Kr, or Xe and a

gas such as oxygen, nitrogen oxide, ammonia, nitrogen, or hydrogen. There is no

25  particular limitation on the thickness of the insulating layer; the insulating layer can
have a thickness of 1 nm to 100 nm, for example.

[0078]

The layer including a conductive material can be formed using a metal material

such as aluminum, copper, titanium, tantalum, or tungsten. The layer including a

30 conductive material may be formed using a semiconductor material such as

polycrystalline silicon containing a conductive material. There is no particular

limitation on the method for forming the layer containing a conductive material, and a



The | ayer including a conductive material can be forned using a netal
mat eri al such as al um num copper, titanium tantalum or tungsten. The

|l ayer inoygdh\@hsdss$0 conductive material may be formed wgirNg2@0/067496
sem conductor material such as polycry8talline silicon containing a

conductive material. There is no particular limtation on the nmethod for
formng the |ayer containing a conductive material, and a WO

2011/ 052351PCT/ JP2010/ 067496 19 vari ety of filmformation methods such as
an evapor @5&:\4‘1) p ks ljnycoating
met hodloca‘f\LE {T*c])?e tee ?’Hiag *‘Z‘ c?hl&%ﬁl? nﬁ%&%%%??xgme g of the
case V\/ners@uttdsrmg mmrodccmt ai srplmgpoatmg)nﬂethbd Veanbd empbyeds frsbastaenlausmsg a
nmetal material. 5[ After that, the insulating |ayer and the

9]
layer i ncmRodigent Séewa@et ¢XpEPe OF thea Fass where | the 13ygR containiged CORYIGHNG: t he

gat e i nsulatiixg9s fqed ugjggq e Iﬁggmgate el ectrode 110a are fornmed (see FIG
4C). [0080] 10Next, an i1nsulating layer 112 that covers the gate el ectrode

110a ibs f[0OTHd (see FIG 4C). Then, the inpurity regions 114 with a shall ow
junction depth or. the like

o b Sent o e shat B Shshihya ai(ygganqg&hela.‘/%&fnd%gg PoRutits Baal 43F o

is added faREGvdIy efél‘x@dﬂrso'ftﬁ)atftﬁlar P%ﬁt@uﬂuﬁhﬁ@ NRler 108R1dShE Gate RRWEBEE 11 ark NP UT | ty
el enent such as” phosphorus or arseni ¢ (As) may be 15 added in the case

of form rfgrlmdﬁﬁeﬁzﬁﬁhﬁgb tranS|stor (e.g., in the case of formng the
tran5|stctg f#a Wth the formation of the inpurity regions 114, the
channel 9 ti on region 116 is fornmed in the sem conductor region 104

bel owot he gat e Nexs indhdulglingay g 110 Bieat Co0as HeGated€lkctrdderiana isortedeat rati on
of the | Ul‘lti/ added can be set as appropriate; .the concentration is
e

pr ef er ablK} aen, thpdmpunity regions b4 with ashallowinnctipn denth arstiormed; byf ]
|
S b o h R R, MR Rl B R D ke R o Tor

after the mat1 o at1ng ayer
al t er nat iA@| ythehehat nisarbatornglulmdien g 1added yhele ih omrdadtoaffcbmr at pechhmieiat i on

of the i rity regions 114. 81] Next, the side i nsul atin ayers
118 are P%Pﬁlé@r VER @ "zm}ﬂ@ s RGP FROSPY |059{§F"1F§ F)or.n%éh

coveryst heggod i a;el &ge bay&m&%’t%n %U&ahﬁaﬁraﬁidﬁl&% ¢d ih Qhé‘ b&lalaf foRth tthepl c
etching, the sidewall insulating [ayers 118 can be formed in a sélf-aligned

manner . Atanpisios 162)ma Wnth thesf0pnzafoarcﬁbh@lmpmrpmmglqnselléhthteh:banm:i; toratatiog | ayer
,g' ﬁg fﬁpbrr}?élgg rlé,‘g 4n é f t heg%ﬁn&?orerlagig}x rl%g%e}o]\';\(l)?heagna% 1nsBla§1lr11£r, flz(;sl et of
108a (see FIG. 4C). Here, the concentration of the impurity added can be set as
appropriate; the concentration is preferably increased when the size of a semiconductor
20 eclement is extremely decreased. The step in which the impurity regions 114 are
formed after the formation of the insulating layer 112 is employed here; alternatively,
the insulating layer 112 may be formed after the formation of the impurity regions 114.
[0081]
Next, the sidewall insulating layers 118 are formed (see FIG. 4D). When an
25  insulating layer is formed to cover the insulating layer 112 and then subjected to highly
anisotropic etching, the sidewall insulating layers 118 can be formed in a self-aligned
manner. At this time, it is preferable to partly etch the insulating layer 112 so that a
top surface of the gate electrode 110a and top surfaces of the impurity regions 114 are
exposed. '
30 [0082]
Then, an insulating layer is formed to cover the gate electrode 110a, the

impurity regions 114, the sidewall insulating layers 118, and the like. Next, boron (B),



30[ 0082] WO 2011/052351PCT/ JP2010/ 067496 20 al um num (Al), or the like is
added to regions in contact with the inpurity regions 114, so that the

hi gh- conogptoaldsesy1i mpurity regions 120 are fornmed (seepbhGr2dbde749¢0 t he
case of forming an n-channel transistd0, an inpurity el enent such as
phosphorus (P) or arsenic (As) may be added as descri bed above. After that,
the insulating layer is 5 renpved, and a netal layer 122 is formed to
cover the gate electrode 110a, the sidewall insulating |layers 118, the

hi gh- conc ' [ Ly r.eaLens . N . F 4 A
vari ety oRplrill POy-dIRHE ik i REL RS s 1R bt O inBBfrelond Fla
sputteri ng tiet the dighocorrestpitipndapuringregiing d20cae firtmednpdecoF S 4E)r othei ng t he
nmetal |ayer 122. The mtcail' Ila\éer 122 is preferably faormed using a netal

mat eri al FaPT formingsam Brchpnng! Hansisiore ah dnRYHY clamet sugh 3sRhosparts )ide

sem Cond%ée%cngﬁ | 8y H44RAPK BedcAbEd GBAvE a%r%&@'th&%{m&tﬁﬂg-laﬁ?ﬁ@' es of
such a netal teriral are titanium tantalum tungsten, nickeP, ctobalt, and
pl at i BumremoO8BJandaxtetalNepdr 122 asiformet! to soyee thicogate dlestwodehHiDas the sidetvall | ayer

122 reacts with the senj conductor material. Thus,..the netal co und
ool ome” iDsating laykrs 11, 0 HERCON A O Em R ST aIR0r 3t BF TR (GG
regi ons 3439 aE«\eszr&W%@ fﬁﬁei%rrﬁbtﬁlml ﬂ]%)hod,k\'?&&l B@ﬁtva%ﬁﬂleﬁrg@orﬂ%xﬁnﬁhﬁﬂ rode

110a is formed using polycrystalline silicon or the , a metal conpound
regi on i sspattering methed, pnaaspmegiabing ghethod cgmibe empdeyedofve farmdiagithe owtalact

wi th the netal,,l ayer 122. 20 084 the he trea t,

i ac 1BRer a2 1R B R e B bierabh fospred sty BERhmelF AN tsag 1 ¢ i s
needl1®Ss with SaYerhidaihdiRbst Materile iclide@ainmeet séfichbidhciryreBRnUse4l to Sbemet hod by
whi ch heat treatnent for an extrenely short tine can be achieved is

pr ef er abllgworsEistanee gretpdrcompounpgy obxareples @briuela msialimstetal awetapm,
reaction thﬁlalfuﬂ{ g{ﬁ{grsgg %ékquco{ljagﬁ, ﬂgéﬂﬁn%mrpound. Not e that the netal

conpound regi on e fornmed by reaction of the netal material and the
sem condyo083] mat eri al and have sufficiently high conductivity. The

formati on of the nmetal conpound regions can properly reduce the electric
resi stance and %rl&?b“@i‘tgﬁﬁhts Mﬁ@&@é?itgﬁt!tgg. %tléyetrﬂglt)i TeRds N‘ﬁﬁ‘a € ayer
122 i3 r eRpy&AdadbE matdial. TeTils, ARMRRINdo Bh&{‘?e#]&ﬂ PP ARt citdd085]
WD 2011/ 052351PCT/ JP2010/ 067496 21 interlayer insulating |ayers 126 and 128

can be f oritkethedsgingormenirataomgianpucity regionatli20rerforercddbeesii€h 4B  IWote ¢lom oxi de,

silicon nitride oxide iljcon _nitride, hafni oxide, al ym num oxi de, or
C ant af am YRR effveRe | s e pavalnn g G BF IR B 58 can
be for medoriolsd #picH BadlE formed iRk irBgondE @id gdte SleehodsS110al ividohfdet Vith
acrylic. 5 Note that a two-layer structure of the interlayer insulating

| ayer 126hemgtal lyet lM%r | ayer insulating |ayer 128 is enpl oyed here;
hOV\B\é%I’, ?p%l]struct ure of an interlayer insulating layer is not limted to
this StI‘L[ re. After the formation of the interlayer insulating |ayer 128,

a surface of theg indt Béat ayatménts itkAlidtiog waked fladtd lahp parfier adploypd,afvar i zed
with CWP, etching, or the I|ike.
example. ‘Although it is needless to say that another heat treatment method may be
used, a method by which heat treatment for an extremely short time can be achieved is
preferably used in order to improve the controllability of chemical reaction in formation
25  of the metal compound. Note that the metal compound regions are formed by reaction
of the metal material and the semiconductor material and have sufficiently high
conductivity. The formation of the metal compound regions can properly reduce the
electric resistance and improve element characteristics. Note that the metal layer 122
is removed after the metal compound regions 124 are formed.
30 [0085]

Then, the interlayer insulating layer 126 and the interlayer insulating layer 128

are formed to cover the components formed in the above steps (see FIG. 4G). The



10[ 0086] Then, openings that reach the netal conmpound regions 124
are formed in the interlayer insulating |ayers, and the source or drain

el ect r odeyd30a @psk1t he source or drain el ectrode 130b aperfjpsdiBes7sss t he
openi ngs (see FIG 4H). The source or @&dain el ectrodes 130a and 130b can be
formed in such a manner, for exanple, that a 15 conductive layer is fornmed
in a region including the openings by a PVD nethod, a CVD nethod, or the

| i ke and then part of the conductive |ayer is renoved by etching, CWVP, or
the |ike.; I; At al ctrodes
1308 and 1500 2 St e, PRt g’ 1S B B Keimic F RS il g™ [ e
process imatpridf exchldsysipenrf oxidedsiticon mittide laxidey isilmoasnitride, phhfoman i axdde, For
exanpl e, enathin titaniumfjlmor a thin titaniumnitrjde filmis
formed i ﬁ\A@nﬁn@@ Sride: 9 _F%ﬁq‘ﬂa - pﬁ’g?{F?l‘fﬁ’t A @Sf%ﬂ@%laéﬁ{Sflﬁﬁﬁpﬁs _
formed tooReagriediaed ufinghe QRAHIE FASlatRY GRREN{ILIGR b6 Bolyini AMLBryild. t ani um
nitride, or the like is renoved and the planarity of the surface ctan be

i npr oved Note 2t sutboelguartruCivie oftherintenleya unfamg lagdruidionandt the istedayee or

drain el ectrqodes 13 and Ob,is anarized in.such a.nanner, an..

ol oelr oo d ey 138 3 Pmares has hadien A€ st o ab i) BoBtng ¢ e
| i ke can lﬁ)ﬁrfiﬁh@f BRitd ft® KB dtrbQtuteat @Ifte‘i&ﬁ@fom{aﬂgﬁ%} tﬁ@hﬁcrlzﬁ@i ifdQla¥ing he
source or drain electrodes 130a and 130b in contact with the 30 nefal

conpound laxegildRsa sfiacgraf thehingrlayer msulatinglaver 124 iscprefergtdyl lanprzed; with n
contact wiy ctrode 110a (e.g., the electrode 130c in FIG 3A)
and the ﬁ%g’ %:t%ﬁn%%’gglegltkaﬁforned inthis step. There is no particul ar

| i m tigti q0086] a material used for the WO 2011/052351PCT/JP2010/ 067496 22

source or drain_electrodes 130a_and 13Qb, and a variety of conductive
material s can H&ehspenings thalreach the metal compepnd eegienselidaare fopmedyia the

nol ybden qﬁ@erlﬁ}eg ?f(%}fgzl{nlﬂ%clgg&@ B the ?3‘1 Sb%pgcirEfﬂnﬁéét%e 3ok %E Ut s6HLOGL -

neodym um or n be use 5Through the above steps, the
t ransi st alraifi Glectradel 180k ater fomped o thelgRningsi(sap Flte 44)bsThatseurt®0r idrdh udi ng a

Sem CONUGL TP\ S5) Shy AhOLITE: AB1 AR, ShEGLl oH et G20
Wien 15he cphdidtige 143y R farnied fnia fe@RindhdiHg tHE SeRing@bl WV theBtiddus CVTS
including an interlayer insulating |ayer and a conductive |ayer, a highly
i nt egr at eectbedyior thedikstand thed pacthvafdke eanduptivedayrriisiresnoved b9 @jching, CMP, or
the like.
[0087]
Note that in the case where the source or drain electrodes 1303 and 130b are
20 formed by removing part of the conductive layer, the process is preferably performed so
that the surfaces are planarized. For example, when a thin titanium film or a thin
titanium nitride film is formed in a region including the openings and then a tungsten
film is formed to be embedded in the openings, excess tungsten, titanium, titanium
nitride, or the like is removed and the planarity of the surface can be improved by
25  subsequent CMP. When the surface including the source or drain electrodes 130a and
130b is planarized in such a manner, an electrode, a wiring, an insulating layer, a
semiconductor layer, and the like can be favorably formed in later steps.
[0088]
Note that only the source or drain electrodes 130a and 130b in contact with the
30 metal compound regions 124 are shown here; however, an electrode that is in contact
with the gate electrode 110a (e.g., the electrode 130c in FIG. 3A) and the like can also

be formed in this step. There is no particular limitation on a material used for the



<Met hod for manufacturing transistor in upper portion> Next, steps
for manufacturing the transistor 164 over the interlayer insulating | ayer

128 will Re 08966isked with reference to FIGS. 5A to 5G aag/iPbdesosads t 0 6D.
15 Note that FIGS. 5A to 5G and FIGS. 2A to 6D illustrate steps for

manuf acturing el ectrodes, the transistor 164, and the |ike over the
interlayer insulating |ayer 128; therefore, the transistor 160 and the |ike
pl aced bel ow the transistor 164 are omtted. [0091] First, the insulating

| ayer 132 i s..fQor ' r{ayer. 4 ' . source
or drai nzsé):ugcgtogodg%g eg%ggdésggidf%lg,mg%’di ntdhd;§%teg>ﬁ) ?g(gle&?l[g%ec&%%ggﬁ%ag%%& .
The i nsulwedngFéraexampled 2 aoadudiivef miteral sagh as MdDydehmd titaaiudy/Rhnehivadg, or
the like. The insulating layer 132 can be forned using an inorganic

i nsul at i nigntANy tEngster RIHMIN,; Qoppeneodypam.Qrscandium caR PgEsedxi de, silicon:
nitride, ll[@@ggni um oxi de, al um num oxi de, or tantal um oxide. 25[0092] Next,
openi ngs that” reach the source or drain electrodes 130a and 130b and the
el ect vode 130c Ereughothemboverstepe thersrahsdtomyo0 éandrthd B@nsigtor 162)susingehe an
opening is, al so tned.in a regi on where .t he gate el ectrode 6d s to be
ormed 1 aubfran |0l inchiding a GenEnoyaanna ' St ot HaLar FGRAS2 1 1 he
openi ngs iR\, Eﬁ%sum% 1A{&, 3P uRPaRd S furlRr fromiROafdt de MBHNOGepsICh as

etching using a mask. The mask can be fornmed by a nethod such as |ight
exposur e Woemghe winogoohask 2 muithlayenestruaterchdving layered \structurd ingludiyg b used

h ching: d [ ' f bl | ) 10)
5011/ 05238 RHeer BBl B RS ahd g B ey e ey Rl B e Foneigrer 134
can b® fadevkd dai bapfdvidedf or mati on nmet hod such as a PVD nethod or a CVD

met hod. The conductive |ayer 134 can be formed using a conductive nmateri al
such as r9PY¥denum titanium chronium tantalum tungsten, al uninum

cover RN BB U o BB Bl cOTPOUNY L0, o T )
possi bl e to enmNey, sepsefohathnufaoturimgahplransistor W64 oheratht limterlayer dosulatingi | m i s
N T B A T T
i's folsMedN$®@ that FIGS. 5A to 5G and FIGS. 6A to 6D illustrate steps for manufacturing
electrodes, the transistor 164, and the like over the interlayer insulating layer 128;
therefore, the transistor 160 and the like placed below the transistor 164 are omitted.
[0091]
First, the insulating layer 132 is formed over the interlayer insulating layer 128,
20  the source or drain electrodes 130a and 130b, and the electrode 130c (see FIG. 5A).
The insulating layer 132 can be formed by a PVD method, a CVD method, or the like.
The insulating layer 132 can be formed using an inorganic insulating material such as
silicon oxide, silicon nitride oxide, silicon nitride, hafnium oxide, aluminum oxide, or
tantalum oxide.
25  [0092]
Next, openings that reach the source or drain electrodes 130a and 130b and the
electrode 130c are formed in the insulating layer 132. At this time, an opening is also
formed in a region where the gate electrode 136d is to be formed later. Then, a
conductive layer 134 is formed to be embedded in the openings (see FIG. 5B). The
30 openings can be formed by a method such as etching using a mask. The mask can be
formed by a method such as light exposure using a photomask. Either wet etching or

dry etching may be used as the etching; dry etching is preferably used in terms of



10 be enbedded in the openings. Here, the titaniumfilmfornmed by a PVD
met hod has a function of reducing an oxide filmat the interface wwth the

i nsul ati ngolaVifrs23532 t 0 decrease the contact resistance pgiriybd100&496
el ectrodes (here, the source or drain 23l ectrodes 130a and 130b, the

el ectrode 130c, and the like). The titaniumnitride filmformed after the
formation of the titaniumfilmhas a barrier function of preventing 15
di ffusion of the conductive material. A copper filmmy be fornmed by a

lati " g ; . L e
Pl tant om aiepddtaih. | M bdTBNRuch 1ok dn BE TRl oy o WP orkidf bl
134 is fouckads apRVD maéthbder acDdDcheted. aVkee cdidiciiee fagen VB clybe farhiedg, CMP,

or the like, so that the insylating |ayer, 132 -is exposed and the 20
el ect r ode¥ME36acOnEHVE ARafery 6wich it Y‘ij’&f‘\é‘“el‘lé%‘%‘\“&déimmartémﬁﬁ%ed (see

FI'G SC) . tm%s‘?eﬁ, RRimiIRBED cofRr, eSS hiAHE Br }&ﬁaiufnitéﬁ& a@%o%g&nﬁ(ﬂg@(@%,gat €

el ectrode 136d are forned by rerioving part of the c uctive er 134, the
process isnipids) of ay of thesefmatemals,Sor ¢xhaatple.he surfaces are pl anarized. \Wen

t he Surfzﬁ)ﬁﬁ of the insulating |ayer 132, the el ectrodes 136a, 136b, and
136¢, an £y gate el ectrode 136d are 25planarized in such a manner, an

el ectrode, a WgpeB@icaldy) it RSpUsSbleD érﬁM@%ua el fRNKUMPR! ih ech a e the
|l i ke can be favorably Tornmed in later steps. [0095] Next, the gate

i nsul at i riganizygefilm ggormed by arregiononelyding thdrepdningsitytd RYDI methpd agd a thine

el ectrodes. 1l36a.. 1 136¢, th at | ectrod 6d. (see [FlI G 5D).
The 30 garetiRairE iy P10uedte CI beRedrildFup S MR

Sput tier i rg ¢rkbddded irdthe tdpenihjzk €. Hekbiathg ditamivinh Silih bin@ byy VI ddthod has af er abl y
formed using_ silicon oxide, silicon nitride, silicon oxynitride, silicon
nitride o¥pefion af trduping B pyde fHar Al the iplarigec withpthe insulating layer 132 to

20111 05234RCH F2U1NA61A98uR LARL RAMR! O (1Res Tk Snd bfreslBf it Lhe

gate insulating layer may have a sing er sttucture or a layere
struct ur eeledmdesex3(adnd, 130bethgatextrods 1B@, iand thealjlar). 1¥Be mat@m hitside fiton

oxynitride cap pe forped by a_ pl agsma. CVD net hod usjng silane (Sitio),

oxygen, - dREe ahggte BEnatdn, of B R RUR b RETISA A PHICEE on on
the tifyi ckfif@sion Df the tddRdEARR mARHAAL 'A‘Qo{)ﬂeﬁlﬂ%y B@'%Hﬁécﬁb}r%%la@ﬁ?ng
| ayer 138 can have a thickness of 10 nmto 500 nm” for exanple. In The case

of enpl oyethod aftenthe Enmation of the darrien filra oh tigingym t titenigent iétridesed the likg | ayer
138 is pr[ﬁé&aabl y a stack of a first gate insulating |ayer wwth a thickness
of 50 nm 00 nm and a second gate insulating |ayer with a thickness of

S nmto 300 nmAfi&| 8 2Whductive layer o4 g fd?ﬂx‘é_d,aﬂar%f tR eRduanRAdGdror34t Rat
beconmes intrinsic or substantially intrinsic by renoval of inpurities (a

hi ghly puempyedibypsichiagseMFP: onthe dkersp that thinseabinglagen 1331 ig exppsedhand theer f ace
evelaga i 4561 58, SHBIRC W PBESIY ecE-BYSIL s AETERTOVCt
Note that when the electrodes 136a, 136b, and 136¢ and the gate electrode 136d are
formed by removing part of the conductive layer 134, the process is preferably
performed so that the surfaces are planarized. When the surfaces of the insulating
layer 132, the electrodes 136a, 136b, and 136c, and the gate electrode 136d are
25  planarized in such a manner, an electrode, a wiring, an insulating layer, a semiconductor
layer, and the like can be favorably formed in later steps.
[0095]
Next, the gate insulating layer 138 is formed to cover the insulating layer 132,
the electrodes 136a, 136b, and 136¢, and the gate electrode 136d (see FIG. 5D). The
30  gate insulating layer 138 can be formed by a CVD method, a sputtering method, or the

like. The gate insulating layer 138 is preferably formed using silicon oxide, silicon

nitride, silicon oxynitride, silicon nitride oxide, aluminum oxide, hafnium oxide,



15insul ating layer is inportant. In other words, the gate insulating |ayer
138 that is to be in contact wwth a highly purified oxide sem conduct or

| ayer neegld 2bp/i3se high quality. [0097] ~For exap®lip201b/b648At €
insulating layer 138 is preferably for2ded by a high-density plasnma CVD

met hod using a mcrowave (2.45 GHz) because the gate 20 insulating |ayer
138 can be dense and have high withstand voltage and high quality. Wen a
hi ghly purified oxide sem conductor |ayer and a high-quality gate

i nsul at i | r e | l.qase it ef. .t inte ce level
can be rggrﬁtgg)é‘fjé)r’fgfef a(.)\l;glhg.t} e i ?1\{%2‘% aaéet\ﬁﬁgt%rtcggf%}a?%?ilggercgﬁg bnggyo {l‘% %ed.
[ 0098] 2Hiigle-tayeestelongs of @ I8@yedidhatiureV eforwkample, the gale)infilitidg lagerasgde
sem conductor |ayer is used, another method such as a sputteri nzgmat hod or

a pl asma s ofesilicen axynittide @nhedprnedly p plagmad VD megbadysing silane kiladt i ng

| ayer ca L psul atl I . . Lt d @i ible to
uae an | nROEgb R Bflren B AB0GcL BN ARy nB Rk P NRANEDn o Ind BRSSP,

i mpr oved ofithhgéte irisutatiegtiapeni3§ahd gatoisbubitinglayeh @38 oamistviearthicROessfof tihe

insulating |a . Ip any case n insulating |ayer that has favorable film
qual ity 2n tsOame i FEUGE, nlp 113 pere ol SBRIATG & T R Pt SRO R Gyl
density whtBa@NMn&fatHe lﬁféﬂlf?,@ri@??éf%bl'yaa&’ﬁﬁcl(t@f iﬁfs‘??%tefiﬂé/lﬂhﬂ? Rydr\LRK hace is
formed as the gate insulating Fayer "W 2011/ 052351PCT/ JP2 10?067496 25

138. [ 009bickness of 50 nimn ta2@hnm, bidhs stcond @atet insuating leyer with o tliiBknaseof § at 85

Cwith 2 x EI)C%OV/cmfor 12 hours, if an inpurity is added to an oxide

seni condJt? Oamend between the 5 inpurity and a mai n conponent of the

oxi dejposenfoogslduct or i s broken by a high electric field (B: bias) and high
tenperature (T: tenperature), and a dangling bond generated causes a drift
of the thresholNptgdhatage qxuidssemjqondugton that obacpmes ntgsie prpsubstantiallyof an

m i mum Aty o femaPldf EhEitel (BRI Pl B RlconBidoABEURRE 12 0

m ni mum an ace char errstics e semc and
t he gat e sussiptibleito the iajcefacaleeclmdahé anafablchargs; tHesfore,beltbnadnol an oride
transist Osremtlpo?ltduci:tcs)r ?st %)eldefotr ernocl)quge tsggiclgld&c?osrt laggr? thbeeinct)g%aacie nv?i?li t}Leoéz?tjé]

15  insulating layer is important. In other words, the gate insulating layer 138 that is to be
in contact with a highly purified oxide semiconductor layer needs to have high quality.
[0097]

For example, the gate insulating layer 138 is preferably formed by a
high-density plasma CVD method using a microwave (2.45 GHz) because the gate

20  insulating layer 138 can be dense and have high withstand voltage and high quality.
When a highly purified oxide semiconductor layer and a high-quality gate insulating
layer are in close contact with each other, the interface level can be reduced and
favorable interface characteristics can be obtained.

[0098]

25 It is needless to say that, even when a highly purified oxide semiconductor
layer is used, another method such as a sputtering method or a plasma CVD method can
be employed as long as a high-quality insulating layer can be formed as a gate
insulating layer. Moreover, it is possible to use an insulating layer whose quality and
interface characteristics are improved with heat treatment performed after the formation

30 of the insulating layer. In any case, an insulating layer that has favorable film quality
as the gate insulating layer 138 and can reduce interface level density with an oxide

semiconductor layer to form a favorable interface is formed as the gate insulating layer



Next, an oxi de sem conductor |layer is formed over the gate insulating |ayer
138 15 and processed by a nethod such as etching using a nask, so that the
i sl and- shwpediwsezde sem conductor |ayer 140 is fornmed (eeeJPti®/o&de [ 0102]
As the oxide seniconductor layer, it i28 preferable to use an

I n- Ga- Zn- O- based oxi de sem conductor |ayer, an |n-Sn-2Zn-0O based oxide

sem conduct or |ayer, an 20 In-Al-2Zn-0-based oxi de sem conductor |ayer, a
Sn- Ga- Zn- O based oxi de sem conductor |ayer, an Al -G-Zn-0-based oxi de

sem condugfgor - | ayer, a Sn-Al-Zn-0-based oxi de sem conductor |ayer, an

I n-Zn- O based oxi de sem conductor |ayer, a Sn-Zn-0O based oxi de

seni condJb99] | ayer, an Al -Zn-0-based oxi de sem conductor |ayer, an

I n- 0- based oxi de sem conductor |ayer, a Sn-O based axide 25 j copnduct or
layer, or a Zn-®RLeASIRREYUIE LERulE éﬂr 165\3@? gg‘\/\ﬁl"&'ﬁh P b‘?é‘%@a y
anmor phousy o Ro R i SHlipurityNist fded §5RACLLRB senfiSonti&oR*d BEnd BRIVRRAHUEL OF

| ayer, an anorphous oxide’sem conductor layer 1s fornmed by a sputtering
met hod usmpgrity drelr gmainf @mppepwftthagride sémicGaductor @ barken bpaihdgh electric

sem cond r te t since cr allization of an apor phoys oxid

s conddid(B; haratden deBaaihd thFempeatithand ocfimalBh et Bt phous
oxi de serﬂag&gq%;fp(;ft},@mgshom(q%'ggw& m conductor | ayer may be fornmed, for
exanple, using a target containing Si02 of 2 w%to 10 % so as to WO

2011/ 0529491¢83T/ JP2010/ 067496 26 contain SiOx (X > 0) that inhibits
crystallization, [0103] . .. AS target used.for form n ,o0xi de

St conductor NgRATET when imangiieh of wh BRAE sehiREflalcttr, pRILARy AR . i g
zi nc 10xi d@adovatthard rddacelstd 4 snifiibhifin GadTiMEAte ClaRactéishies be®aden ftliy ogidanpl e.
Mor eover, a target for depositi ng an oxi de sem conductor caontaining In, G,
and zZn (Scwéapgductes apd thetgate Bulpfing layersgreomade fayoyrable) as described phayeap

ratio]) ] , gﬁ%m . .aS the target for depositing -
an oxi dquagrsnlgg)(r)ﬁgiﬁgt%{bq%gﬁt n#ﬁgﬁﬁttcg?ggﬁtgl ﬁ a target having a

conposi ti[6t0klatio of In703 : G203 : ZznO=1: 1 : 2 (nmolar ratio) or a
target having conposifion.ratio of 111703 : 10 Ga203 : ZnO = 1: . 4
(mol ar rati o) Nt %l%eseﬂg@aﬂu‘#ﬂbfam i Forged aver W ZaennATEBIT ddfos ¢ 1 ng
an 0xisde H@BrEQRMICHP methdl sueh 3s FRAing uftheaShalk, xo%ﬁa&,erisltamg'hr@w equal

to 95 % (e.g., 99.9 %9. A dense oxide senm conductor |ayer is forned by

usi ng a taxidgsterfigmddetpokiyen 1§ isformed dseeddGi Bohductor with a high filling
rate. [0&844 15The atnosphere in which the oxi de sem conductor |ayer is
formed i b%ferably a rare gas (typically argon) atnosphere, an oxygen

at mosphere, or A thk %RHeeicndfcer Y & ifipidebleabisgaf 1IGAPZE@-bisedr JON)
and oxygen. Specifically, it is B{Jg erable to use a high-purity gas, for

exanpl e, oxidgmsemicondugion deeri ay rrZasOtbpsndo pxidde \semioonductory daysky Bn gr oup,
Sfo b;‘}éﬂ” 45 AiSzd ORAEH Qi CRREEMGRLLP" 19fer? HEWSRRID-LRIGHELAD! Yxiad 20 few
semiconductor layer, an Al-Ga-Zn-O-based oxide semiconductor layer, a
Sn-Al-Zn-O-based oxide 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 In-O-based oxide semiconductor layer, a Sn-O-based oxide
25  semiconductor layer, or a Zn-O-based oxide semiconductor layer, which is preferably
amorphous in particular. In this embodiment, as the oxide semiconducfor layer, an
amorphous oxide semiconductor layer is formed by a sputtering method using a target
for depositing an In-Ga-Zn-O-based oxide semiconductor. Note that since
crystallization of an amorphous oxide semiconductor layer can be suppressed by adding
30 silicon to the amorphous oxide semiconductor layer, an oxide semiconductor layer may

be formed, for example, using a target containing SiO, of 2 wt% to 10 wt% so as to



[ 0105] In form ng the oxide sem conductor |ayer, the substrate is
held in a treatnent chanber that is naintained at reduced pressure and the
subst r at eybeipaisaisyre is set to 100 C to 600 C, preferably28Q0b6iés 400 C.
The oxi de sem conductor layer is 25 f&6rmed while the substrate is heated,
so that the inpurity concentration of the oxide sem conductor |ayer can be
reduced. Moreover, danage due to sputtering is reduced. Then, a sputtering
gas from whi ch hydrogen and water are renoved is introduced into the

t r eat ment i j sture r jping in the treatnent chanber is

bei ng rerr%)\%lgag]?gbri‘c‘%]?é)e%l%lgg}bgté%rycsgarll tﬁ@ or | ayer is fornmed using netal

oxi de as [@103get. , 30 An entrapnent vacuum punp is preferably used in
order to renpve noisture remaining in the treatment chanber. For exanple, a
cryopunp, an i ohs puniset gsedafori fopmingnan wode Gemiepndudoptayey by oa opwWETRgE 27
sublimati . eV j: Lt: .

provi ded "R SR AR coftRaRERHEMR0GH B PRy e b iR AR . v 1
t he cryophempseda foy dkagple. aMuteover,Conprgen dorc degositiignan axided seagieondiicyn such
as water (1120) gand preferably al so a conpound containing a carbon atom,
and the |GoREIRPE It Gpgad ZnsasemppsitiomeatiofiuniQsy GaeReef®at | oh ildmola oxi de
sem condugi: r r J he j {1 r .re .. [0106]
The oxi deaalh B AR e o7 Gyuftelel” FERASIoke 38, BB (oF Ap B 888y, | o
for exanmemicdndectdi sdndininglif) G eandt e ataget Kavig Aoenpdsitidraragietof ils,0LQ0 M
the pressure is 10 0.6 Pa; the direct-current. (DC) power suppl¥ is 0.5 kW
and the &#bspHaQ=ils: bxydamwlyrrto) pontargat hayingiacampasitipgdatio 61 ImBs9y . Not e

that it i eferabl.e 10 ,use, a pulse direct current.(DC) power supply

becaulsoe p‘(ﬁ)?/ﬁér' ZE‘ §tlanfcégldr(13}a§5§?°§f°3? raies_a%teousgs‘ p'_gt?et fléllngsrétprovf\%t}g )ei_og’éner at ed
i ndeposidepegitifghn BLids Sehesrdwrest it be %4 b m;sﬁrefgr%l{r igPdatdr @Ranl 6t egBalfter M The
t hi ckness of the oxide sem conductor layer is 2 nmto 200 nm preferably 5
nmto 15 B0%r(mg.,9619%).haA demseappdecgemicrindudthr kakerds fordiefifbarusingeytergit foy on an

oxi de segﬂ conductor Jmaterjal, and the thickness is set as appropriate

) [
dependi ndcBRASIIRBanR¥ids seppicprgugtor yuthy high e Rt e t hat before the oxi de
sem condt{gtl@[] | ayer is fornmed by a sputtering 20 nethod, dust on a surface
of the gate i'nsulating |ayer 138 is preferably renoved by reverse
sput tléri ng i n Whieatmespharego whgehsthie oxidetsemikpndactanidyer is formeidgs preferatly ed.

Here, th ttering.i t hod by which i Ilide with
Sur f ace thPEbE CUAAL ATERD HEPSHIRE: &1 PF4EE ABOSRIGTS Pba I ATHEPASE o
nor mal S%hia%ﬁh%'ﬁ ré¥ fgab'(tejbichwﬁr_g@ﬁj Ariddexyskh.h Qpe‘éﬂib'fagg,rii ROpreRBES to 138

or

exanpl e of a nethod making ions coll'ide with a surface to be
processed highzpusity igas] fon cupmpls, from grhichr ay d@pesityysichaagehydsoganpwatet, 8o t he

Substr ot VAT oA, BL ARG TRABLLR o PR BEatch ST FRF B QRAE B e 11 ke
may 2@ usfed ppbit ead of an argon at nbsphere. [0108]
[0105]
In forming the oxide semiconductor layer, the substrate is held in a treatment
chamber that is maintained at reduced pressure and the substrate temperature is set to
100 °C to 600 °C, preferably 200 °C to 400 °C. The oxide semiconductor layer is
25  formed while the substrate is heated, so that the impurity concentration of the oxide
semiconductor layer can be reduced. Moreover, damage due to sputtering is reduced.
Then, a sputtering gas from which hydrogen and water are removed is introduced into
the treatment chamber while moisture remaining in the treatment chamber is being
removed, and the oxide semiconductor layer is formed using metal oxide as a target.
. 30  An entrapment vacuum pump is preferably used in order to remove moisture remaining

in the treatment chamber. For example, a cryopump, an ion pump, or a titanium



30As an etching nethod for the oxi de sem conductor |ayer, either dry
etching or wet etching may be enployed. It is needless to say that dry

et chi ng aR@ MALoseisghi ng can be used in conbination. Thepeighbdigocasndi tions
(e.g., an etching gas or an etching 0 2011/052351PCT/JP2010/067496 28

solution, etching tine, and tenperature) are set as appropriate depending
on the material so that the oxide sem conductor |ayer can be etched into a
desired shape. [0109] An exanple of an etching gas used for dry etching is

a gas co Ml rl a ghl grine- S | oring (C 2),
bor on chr%?}lﬁgﬂ%&?@,éag i gsc?%\l' C O@{aé%ﬁo%?@?ﬁyﬂ?iore %gé}ggﬁ)uﬁﬂ)t ﬁlg)g%g'ri de

(CC14)). with aodd trap. ghstheadepasitiom ghdrhberthateis(evabdatal witk-thase@dpgmp, such as
carbon tetrafluoride (CF4), gul fur fluoride (SF6), nitrogen fluoride (NF3),

or trifl UBIIERASPIAAR. AFOPNd (BB 2 dErRase tiBrsuch gRyWuAT (B2Y), (aady of
these gasgsrel wrr*aa%/ssga Q‘:ofr@g'ﬁncgﬁént%%ﬁ?& 3calid, Hn{)l ahd Ahe k@O (nbyed added,

or the | e us [ 0110 ry etching nethod, a
par al 15el whatly RieEn{pueay tconeentratioreticc thengkidesemicbndnctan ldy€P f¢nmeduint theel y
coupled p asrra% etckg ng thqd can be used. In order to etch the oxide
sem cond{ePEHItiPn chamben tan Be feducedey shape, etching conditions (e.g., the
anount 1941 el ectric power applied to a coiled el ectrode, the anmount of
el ectric power applied to an el ectrode on the substrate side, and the

el ectrode t enpdihataxide spmicorglusiobdayencan bé duinedrundethe follewing sonditivas, [ 0111]

As an etchant used, fqr, wet. etchipag, 1 Xe ol ution hosphori c .acid,
roeti e odOnRtapIE e fisaFEe e Y sl Fa R larkds 80 AL BB 8 e
as | IoO7N).4 %QQGWCMMN(EC%W%B@Q&OS RV; )antiBie adnf@phkie iS6tgeh 0112]
Then, first heat treatnent is preferably perfornmed on the oxide

seni conduéhediow mfe ratioffeooxygerdis 198190k oi¥Rie that it ig peafergble th ascie pylde diredd or

dehydrogenated Wi h the 25 first heat treatnen The t erature of the
(rrat hosbreRCaftLRyYsiouppd hechip ek SLFR Gisgoahaedih e Badfads o
equal to diff) denerafe@fifidepbsiti@ eail Ry retticdd Aid the Whikkieds 43Giutionds Lgigsmi. han the
strain point of the substrate. For exanple, the substrate is introduced

into an elhecthickpess of Abroexide sgpicepdugtardayestinAcun e300 Ag. ercéerably Sonmttae | i ke
't ?egtsl%‘gn taf«ﬂg t;&ﬂg Oofébt?g rt}?ag g‘gﬁf ﬁ%ﬂ?&érﬁaﬁ% | @Ykhesh? Qifteks SHRIHEMET oh© af € BLide
semiconductor material, and the thickness is set as appropriate depending on the
material to be used.
[0107]
Note that before the oxide semiconductor layer is formed by a sputtering
20  method, dust on a surface of the gate insulating layer 138 is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. Here,
the reverse sputtering is a method by which ions collide with a surface to be processed
so that the surface is modified, in contrast to normal sputtering by which ions collide
with a sputtering target. An example of a method for making ions collide with a
25  surface to be processed is a method in which a high-frequency voltage is applied to the
surface in an argon atmosphere so that plasma is generated near a substrate. Note that
an atmosphere of nitrogen, helium, oxygen, or the like may be used instead of an argon
atmosphere.
[0108]
30 As an etching method for the oxide semiconductor layer, either dry etching or
wet etching may be employed. It is needless to say that dry etching and wet etching

can be used in combination. The etching conditions (e.g., an etching gas or an etching



30ni trogen at nosphere. The oxi de sem conductor |ayer 140 is not exposed to
the air during the heat treatnent so that entry of water and hydrogen can
be prevemnwvedo11/08£352011/ 052351PCT/ JP2010/ 067496 29 [ 0113pCT/IP2010/0674% heat
treatnent apparatus is not limted to28he electric furnace and can be an
apparatus for heating an object by thermal conduction or thermal radiation
froma medium such as a heated gas. For exanple, a rapid thermal annealing
(RTA) apparatus 5 such as a gas rapid thernmal annealing (GRTA) apparatus or

a lanp rapjd.th ann ' r : ;
ppar At e R e e e S i prif e bR (€T
radi at i orsoghatithgdntid¢ semiebmbicton leygnedrn e atched)intor desizetd $hapen a | anp such as a
hal ogen Igg&g a netal halide lanp, a xenon arc |lanp, a carbon arc lanp, a
hi gh pres[ d sodi um | anp, or a high pressure nercury |anp. A 10 GRTA

apparatus is amppRAipé Bbad SchiAgch® tSed¥ar B%aétcﬁiﬁ%@st é‘fgiktcdixfﬁdiﬂiﬂg%hlorine_
hi gh-tenperature gas. As the gas,” an inert ‘gas that does not react with an
obj ect by(armhdarinerbeaedrgas sudhoas ebdaripé €Clo)i haroyshlogide { BCGlr)e sidigen shlohidas ar gon

i d. I fi h v
oo SR Rl DL Mo, b i TR

has been fiRginebated gashiu@h dseupgmicwialudidd EOF.§; $ufuf Fiokide NBAE)eitfogensever al
m nutes, and taken out of the inert gas. The GRTA process enabl es

hi gh- t end&toaida (WFpeer triflugepmathane ( 6HFa) shiskrogenbremidgd HES); Ox y 8em(©2RmA
process ¢ I V, i poi nt
o the B PEeRB o KRN ER, RNl ARG o ARG Rl CaPHETE, Do
Not e Whatmayhee fisedst heat treatment is preferably perfornmed in an atnosphere
that contains nitrogen or a rare gas (e.g., helium neon, or argon) as its
mai n conﬂ tEHt and does not contain water, hydrogen, or the like. For

exanpl e, the puld th¥ &?f efthidp0d6Mo@" LREIDIRERIE five [l dibithg)@efhod OF
argon introducg%é l|thﬁt O;Ig%e t fargg)’ta nrtﬁggppar at u;{&%ag 25 gretat e%ﬂ'?lhag or

equal to @ aN ICP(ishredvely coppled plasinh) etghingtregthodhean oy usedualln pode? tanetcB9. 99999

b ef er abi )¢ PEdE P Ear 1D b e o reseg conaitoe e, BacabBif ) on
t he qgndidficisriOpowdtaapplit$to Nedited éle@idiNhe AmdubiCoN@L&Fit Ppowef applRdIHOXI de
sem conductor |ayer, the oxide sem conductor |ayer is sonetines

cryst al | ianedleqtpdp @nrihe sehstratet idd, jand thy clsgrgdertymperaturgen thgppubsizateside) t he
oxide sem conNGhRbpliAYe"
[0111]
As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic
20  acid, and nitric acid, or the like can be used. An etchant such as ITOO7N (produced by
KANTO CHEMICAL CO., INC.) may also be used.
[0112]
Then, first heat treatment is preferably performed on the oxide semiconductor
layer. The oxide semiconductor layer can be dehydrated or dehydrogenated with the
25  first heat treatment. The temperature of the first heat treatment is greater than or equal
to 300 °C and less than or equal to 750 °C, preferably greater than or equal to 400 °C
and less than the strain point of the substrate. For example, the substrate is introduced
into an electric furnace in which a resistance heating element or the like is used and the
oxide semiconductor layer 140 is subjected to heat treatment at 450 °C for one hour in a
30 nitrogen atmosphere. The oxide semiconductor layer 140 is not exposed to the air

during the heat treatment so that entry of water and hydrogen can be prevented.



WD 2011/ 052351PCT/ JP2010/ 067496 30 soneti nes becones a microcrystalline
oxi de sem conductor | ayer having a degree of crystallization of 90 % or

nore, or \§0 ¥ 1@s23%ere. Further, depending on the condit ipeggpafiohéyaed i r St
heat treatnment or the material of the 29xi de sem conductor |ayer, the oxide

sem conductor |ayer may be an anor phous oxi de sem conductor | ayer

5contai ning no crystalline conponent. [0117] Furt hernore, the oxide

sem conductor | ayer sonetinmes becones a layer in which a mcrocrystal (with
' %]of 1 nmto 20 nm typically 2 nmto 4 nm is mxed in an

a grain s
anor phous[I oxi‘de sem conductor (e.g., a surface of the oxide sem conduct or

10l ayer). [ 0118fhe heat treatrhbugt appsratusiicadt livhitsdatottke elsétric Suhce 4nd canibdan
sem conductor | ayer can be changgg by aligning mcrocrystals_.in_an

anor phousaPRasusofol Jicatng apRbiest dhp thetmal edndugion, pr dBeraidhirediatiRic f1om Rrayer is
fornmed usj Ofhi -G : '

sem cond?g?(g}n?l #E‘égﬁ lé%:a?ﬁ g"gr ?h‘;‘lﬁ’g’%%ﬂé‘?ia?? 1§2f)e§ﬁ3§‘ e S&ll}%%ﬂs%g‘?g%rﬁt Uct or

| ayer 5carsubk ashangedapiy themmatanoealofg E€GRTA) apparstus|dri adampprrapidnthemnalhi ch
crystal grains o Ga2zn0O7 with el ectrijcal i sotropy. are aligned. [0119]
Vor o opeATFARIE (LRTPr SRERER B RGO heAL yXiih FPRRAIRLS 3 ARRIINGEN so
that the hedfing-aaXbtie@fto! P FRGENE by rREARENEF Gightl(ad RlRroMaiRER Whvd)he

oxi de sem conductor layer, the conductivity inthe directionh parallél to

t he surf caseitted frolea danpl sucheasi clhalogent lomp) aywetal dahidé dampyr xened aemldmpnaul at i ng

properties  jin the direction perpendicylar to the surface of the oxide
e cond s Hyanbs MdareRRIOTRAR by o Ao PESHRE Tefiurt JEPOLAT 1 i ne
portion hGRTA appi&tub ¥ ano4ppatipi fos péﬂﬁihrﬂﬁ\% heat @featiibnt OFIHE hthiglskatpeasuréat er or

hydrogen 25into the oxi de sem conductor Tayer. [012%} Note that the
oxi de serBa8ondadheogas, ay drert gas| theti 4nss mRkresrcv sk apabigct by degidreatmentcdi be

6 TEd, DXl Mcbof 488 by Wb e conductor Tayer, by a A
preferred0BDifanner by using a sputtering target in which the amount of Zn
's smaller t hariTOtr ggztlm;?l];, altsnthgrfirsct;%eat[ t?él'a%r%ant, a GRTA process may be performed as
15 follows. The substrate is put in an inert gas that has been heated to a high temperature
of 650 °C to 700 °C, heated for several minutes, and taken out of the inert gas. The
GRTA process enables high-temperature heat treatment for a short time. Moreover, the
GRTA process can be employed even when the temperature exceeds the strain point of
the substrate because it is heat treatment for a short time.
20 [0115]
Note that the first heat treatment is preferably performed in an atmosphere that
contains nitrogen or a rare gas (e.g., helium, neon, or argon) as its main 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
25  greater than or equal to 6 N (99.9999 %), preferably greater than or equal to 7 N
(99.99999 %) (i.e., the impurity concentration is less than or equal to 1 ppm, preferably
less than or equal to 0.1 ppm).
[0116]
Depending on the conditions of the first heat treatment or the material of the
30  oxide semiconductor layer, the oxide semiconductor layer is sometimes crystallized to

be microcrystalline or polycrystalline. For example, the oxide semiconductor layer



WO 2011/ 052351PCT/ JP2010/ 067496 31 The first heat treatnent for the
oxi de sem conduct or | ayer 140 can be performed on the oxide sem conduct or

| ayer thawohasi/o;sedsiyet been processed |nto t he i sl and- sirapad20xbeiass

sem conductor |ayer 140. In that case30after the first heat treatment, the
substrate is taken out of the heating apparatus and a photollthography step
5is perforned. [0122] Note that the above-described first heat
treatment can be referred to as dehydration treatnment, dehydrogenation

treat menteonfinfel Heboties ek A sAillide! Sxifl E@lﬁfcoﬂtflu&@rhlﬁgéraﬂdv% f'degree of
dehydr ogenation on the oxide sem conductor |ayer 1407 Such 710 d%rhydr ation

t r eat mentcrystaltiedtionr ofj&Gaté em mpeatoredd %aor heorper Fortherd depandirgx anplhe, af t er

t he oxide sem condglcg&or Ea yer is fornmed, after a source qr dral n_el ectrode
i s st acke@ndiieps ph isH e%é???%‘?i’él&&f‘lfr‘“?‘&?é‘rol% OXHC Sefmpreqn 5°‘|9F AYEBt i ve

i nsul atinge | A& skdidoRaR®sk %r ogigﬁ be OM Gt h&ifsabﬂdﬂs‘%ﬁﬁéd}‘aﬁctoﬁ%@: once or

dehydration treatnent or de ation tr tment may be perforne

pl ur al5 t isoeminiigp0 tBBialline compondigxt , t he source or drain el ectrode 142a and
t he sourfI@ g_/r drain electrode 142b are fornmed in contact with the oxide
sem conddPtbd | ayer 140 (see FIG 5F). The source or drain el ectrodes 142a

and 142b can bekheaRste] theSékile dcMRdn@lictd flycA sERBEHES bY¥QmaY£Nayes ihor med
to cover the oxide sem conductor |ayer 140 and then is 20sel ectivel

et ched. [whighp microcrystal Kwathco grdirc sivey f ﬂay@rto aamnbetymallvea nipy ta4 D iSet hod
such as a s tterin t hod t hod.

aeCh oo Pt & ARfeTBA Gue FimBodfB0TTE £08 stER Hindofu S mdialt ol

chronmioumlagg@pper, tantalum 25 titanium nolybdenum and tungsten; an all oy
cont ai ni n% any of these elenments as a conponent; or the |like can be used.
Mor eover, or nore materials selected from nmanganese, magnesi um

b
21 Ui num coni 148 SR CAAAEATS PECPUE hicolqlchratf e8P BF cPafelin, ¢

t ant al umbyt aligydtige micivotygtatke imuan actorphiuy Remicmdycron mFoarectampben ovhem thBO The
conducti ve er, can have a single-layer structure or. a_l cture
o ol hed SRR icRMEY 5wt 48 o p dare h B pagiing Je e B OBkl ey a
si nglyg- | DiEde s%h{xétﬁ{d%t%r Qhe BRcHCATChAR D SFARL Bkiak @Qmﬁfohan?&& lafer tUR- | ayer

structure in which a W0 2011/ 052351PCT/ JP2010/ 067496 32 titaniumfilmis
st acked deerhangedi|bynformatibn |ofy a omcmcnrstaélend aodions i widlr eryistal \gnaio$ of

E)lr'é:pl- um f |éan'kn8 watlh Egcmcrgi ams(mopy 1d. ghgneaanl umfilmare stacked in this
[0119]
More specifically, for example, when the crystal grains are arranged so that the
20  c-axis of In,Ga>ZnO7 is perpendicular to a surface of the oxide semiconductor layer, the
conductivity in the direction parallel to the surface of the oxide semiconductor layer can
be improved and insulating properties in the direction perpendicular to the surface of the
oxide semiconductor layer can be improved. Furthermore, such a microcrystalline
portion has a function of suppressing entry of an impurity such as water or hydrogen
25  into the oxide semiconductor layer.
[0120]

Note that the oxide semiconductor layer including the microcrystalline portion
can be formed by heating the surface of the oxide semiconductor layer by a GRTA
process. Further, the oxide semiconductor layer can be formed in a more preferred

30 manner by using a sputtering target in which the amount of Zn is smaller than that of In
or Ga.
[0121]



[ 0125] Here, ultraviolet light, KrF laser light, or ArF | aser
light is preferably used for 5light exposure in formng a mask used for

et chi ng. \wB8L3alos23s1 The channel length (L) of the tr aagiipiaboéE96
determ ned by a di stance between a | owdr edge portion of the source or

drain el ectrode 142a and a | ower edge portion of the source or drain
el ectrode 142b. Note that in the case where the channel length (L) is 10
| ess than 25 nm |ight exposure for formng a nmask is perforned with

extreme ul travigl.el &ays, ‘éYPe%g;ﬁeﬁ’i’ai’o‘?' ﬂ@%?id%%é?ﬁﬁh&%%l& E?QJ 448" cq%e%gra'
nanoneters to severa undr eds of nanoneters. e resol utron of T1ght
exposur e peirfohmek bh ahe oxide rsamiic@ndictonlayei thahhghnatngkt theen geguiebsedfinfoothes i s

| arge. Far, these reasons, the channel length (L) of the transistor to be
formed | dtland-shaped coxide isgmiGondugiondayey M t o1 dlind Gass. afer thee fsicheatuit can

oper at e i : - i y | ow,
Wb oh pr ayallb@lhe ShRRd RRIERUR ol SRk spaats il 4 Blocolifhofrbl T}
mat er ibal Ss perfloretedhi ng condi ti ons of the conductive | ayer and the oxide
sem condﬂ,@i& | ayer 140 are adjusted as appropriate so that the oxide

sem cond 1 20 | ayer 140 is not renoved in etching of the conductive

| ayer. Note thafors "heOMR GBGRSdestiMRedOXirdeh e THGRACHCER bbaeimelidth 128 Part!ly

etched in the etching step and thus has a groove portion (a recessed
portion) d¢bpdmtiomtreaimentalehydrogénation dredtmend, et thhiltkg keoawlict ofoits eff¢a DES] 25An

oxi de conguctive | ayer be .f or ned, bet ween _t he gxi de ,sem ductor | ayer
V30 and_ i, o5 SenBecagio o n UEE Dol ihnniinl, 1BRE 337G Sueh
senm qonduleh@dralicy eleathftdt aP dehdogaidfiés tRatriln®ioan HeepdricafiRd,l fothexafkipte, 0Xi de
conductive layer and a netal l|ayer for form ng the source or drain
el ect r odeadten 4bg; oxidg seaviepndyptopdayer de derneds| aftef ¢r pace PRaryR dectrogdadsict i ve

| ayer can, fynehi 8Mn@Sxde SAHIBRAESH r ke 4Rk A%, & goerent

i r
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15 [0123]

Next, the source or drain electrode 142a and the source or drain electrode 142b
are formed in contact with the oxide semiconductor layer 140 (see FIG. 5F). The
source or drain electrodes 142a and 142b can be formed in such a manner that a
conductive layer is formed to cover the oxide semiconductor layer 140 and then is

20 selectively etched.
[0124]

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

25  titanium, molybdenum, and tungsten; an alloy containing any of these elements as a
component; or the like can be used. Moreover, one or more materials selected from
manganese, magnesium, zirconium, beryllium, and thorium may be used. It is also
possible to use aluminum combined with one or more of ele.ments selected from
titanium, tantalum, tungsten, molybdenum, chromium, neodymium, and scandium.

30  The conductive layer can have a single-layer structure or a layered structure including
two or more layers. For example, the conductive layer can have a single-layer

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



In order to reduce the nunber of masks to be used and reduce the nunber of
steps, an etching step nay be perfornmed with the use of a resist mask
formed usypRof/g¥dsii -tone mask which is a |ight-exposurecHgpkoibbéqsgh which
light is transmtted to 5 have a plurd2ity of intensities. A resist nask
formed wth the use of a multi-tone mask has a plurality of thicknesses
(has a stair-like shape) and further can be changed i n shape by ashing;
therefore, the resist mask can be used in a plurality of etching steps for
processi ry Oc: (] f: r 5 r ding to
B T oast TauUhrt 5 Pah R of Napindhthinh or ulfElstt, SRThETh AAERY

mul ti - t onéamiaskilml Ao aluniihem ¥m) ande titadfunh figh hreestgpksd irethisssder. can be reduced
and the nunber of correspondi ng photolithography steps can al so be reduced,

wher eby Oﬂﬁﬂcess can be sinplified. [0130] Not e that plasma
treatnment is pr rlﬁmﬂy REEAT ] 'ltn ﬁth e | N2, or
Ar after the ab}g{/rg step10 ] [ ﬁgsar% t%ea’?rment agérrg%/ %}Kb %S%\ﬁgﬂla i ke

att achhed light axpasuposé«ztnsug ﬁmaskof»edtﬂoeetohmge sem conduct or I ayer. Pl asna
treat msnto % be perforned using a m xed gas of oxygen and argon. [0131]
Next , hd g? tective insulating layer 144 is fornmed in contact with part of

the oxide sem cgRARGARI 1E@NE(L)ItAn¥ hiGdtbr ﬁﬂéfé’%‘rﬁ&dt@ 4 BRtaakE bét%@n E' G 50) .
20[ 0132] The protective insulating |ayer 144 c¢an be forned

met hod suUewemedgs p@ptmnt ofrthergpunest ¢rotramb>}eormde h42aqndra lowess edgecportien ofatrher and
hydr ogen are R eyent e fro t0 t he protective |nsu ad\ng | ayer
ha O3e BlEsl R RO TAC Mot dn vk S3E o R i B R o2 o
at | g@st 1dssNthan THS rvi,Oligiat bmsmswrafdrﬂ@ng ayflasil s Iptffoeded beit @kirede USi ng

silicon oxide, silicon nitride, silicon oxynitride, silicon nitride oxide,
or the |iW@Eaviglskrays grhase wehengthrlatemgnrwépﬁﬁ@e&%rﬂl prIpECiers thgvsral ay er
structur | &V u r ﬁrrg%?]a i ng the
protecti \E/]ﬂelmlﬁrr??lsjIogtl;f-\arlirlgﬁll t%‘/Srer Gl%gi%ls%lﬂg(ﬁhe g?%% ?/I‘ﬁ?%‘ er h%)}r#{eglre gl(tq%g Oﬂ%to room
t enper at uayps &ridgh mmbthetdepth aff foenpuis| larige. 3BEr tBeseTieasoas,nths ghammel rengthf(du) m ng

the protectjve insulatjn 144 js. 3 prefer ara gas |caIIy,
argon) atdid lé‘bffé?sésmraw @gﬁ@ﬁﬁ% fé“r thg rangeg Lﬁ;“ﬁ’t% ﬁr ning a

rare 1gas GicuRicarlo gé!pateait%%) r%gged)xm&@ovéroén%%ff -sthi® current is extremely low,
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which prevents an increase in power consumption.
[0127]
The materials and etching conditions of the conductive layer and the oxide
semiconductor layer 140 are adjusted as appropriate so that the oxide semiconductor
20 layer 140 is not removed in etching of the conductive layer. Note that in some cases,
the oxide semiconductor layer 140 is partly etched in the etching step and thus has a
groove portion (a recessed portion) depending on the materials and the etching
conditions.
[0128]
25 An oxide conductive layer may be formed between the oxide semiconductor
layer 140 and the source or drain electrode 142a and between the oxide semiconductor
layer 140 and the source or drain electrode 142b. The oxide conductive layer and a
metal layer for forming the source or drain electrodes 142a and 142b can be
successively formed. The oxide conductive layer can function as a source region or a
30 drain region. The placement of such an oxide conductive layer can reduce the
resistance of the source region or the drain region, so that the transistor can operate at

high speed.



I f hydrogen is contained in the protective insulating | ayer 144, the
hydr ogen nay enter the oxide sem conductor |ayer or extract oxygen in the

oxi de senypopfiusbsi | ayer, whereby the resistance of thec@xesRone7496
sem conductor | ayer on the backchannel33si de ni ght be decreased and a

parasitic channel m ght be fornmed. Therefore, it is inportant 5not to use
hydrogen in formng the protective insulating |ayer 144 so that the oxide
i nsulating | ayer 144 contains hydrogen as little as possible. [0134]

Nor eover, o} protective insulating |ayer 144 is preferably forned while

water left 1'm the treatnment chanber is renoved, in order that hydrogen, a
hydr oxyl group,ln@rdet@omediicatike hembet ofcaadkaitoidd used amrmmelmmmrwuct or

| ayer 140 and the protective insul atjng Iﬁyer 144. 0135%6 An
ent raprrer?ee%eruatﬁhwar%&m may, berReFaPNSA Withdhe Hsoplierests maskdounstbysingide

remai ni ngpli-hhe n{agf Q\tlﬁ@pfs £ osiff® a%ié Efﬁ%lugh V\ﬁ'ﬂ&f HARYUERranfitle@Mo PUNP,

or a 15 titanium sublimation punp Is preferably used. An evacuation unit
may bé a haue belyraliqy gf intensites. WiA fesiat ma$l<clfo1rma<|l)w1t[hrth¢ hee afepmsliti-tona nedsknber

cont i i o & RyERish R tebRsccs R AeeZpBY Shagkaynd PEhcias, b A o

t hus, th%hh;?]ﬂf’w hsh¥ngC QRe&EDEd, BHel rO8isti Madkt@n BE Q&L avlﬁufallw&pét&mg ht@f{@foxl44
formed int dep03|t|on chanber can be reduced. 20[

sput t er i rRFO¢Fasing setd dif@relitmamewg t Whatpgg,on eesist mesk ﬂ@msaommgg lcaytelpaslmo i t i s
pr ef er abl uri fr whi ch urity,su
km& nds, 8P %effer%nq Ogatt)%*lpr' any bg%nnecﬁ WH usig a J Pftl- fie, Jngs, sk. CI%

hydr ogen, roup 6" a Co gﬁtratlon

of a 1ew rupiBet pifeligﬂabb()sureﬁnfa@lm &b be r%ﬁ{x&lﬁgdd the numbeN\BK corréspoadidg heat
treatment is preferably perforned in an _inert gas atnnsphere or an oxygen

gas at rrosl’é‘ﬁ&"éhqga‘iphZGEPP@C%alﬁr@be redugesl, whigrchylagrogess cancbesimplifih ). For
o 11 0gen B MSphere. The Second heal tfeatnent can reduce variation in
el ectric 30chamatt eirat plasma tehtdme it pefigatdy perfofmd3@jth tMuse of a gas such
2011/ 05235]}\?%-”1&2?%9 /a %thlhge(sal?o?/e step. This plasma treatment removes water or the
15  like attached to an exposed surface of the oxide semiconductor layer. Plasma
treatment may be performed using a mixed gas of oxygen and argon.
[0131]

Next, the protective insulating layer 144 is formed in contact with part of the

oxide semiconductor layer 140 without exposure to the air (see FIG. 5G).
20 [0132]

The protective insulating layer 144 can be formed by a method such as a
sputtering method, by which impurities such as water and hydrogen are prevented from
being mixed to the protective insulating layer 144, as appropriate. The protective
insulating layer 144 has a thickness of at least 1 nm. The protective insulating layer

25 144 can be formed using silicon oxide, silicon nitride, silicon oxynitride, silicon nitride
oxide, or the like. The protective insulating layer 144 can have a single-layer structure
or a layered structure. The substrate temperature in forming 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 forming the protective insulating layer 144 is

30 preferably a rare gas (typically, argon) atmosphere, an oxygen atmosphere, or a mixed

atmosphere containing a rare gas (typically, argon) and oxygen.

[0133]



Furthernore, heat treatnent may be performed at 100 C to 200 C for one hour
to 30 hours in the air. This heat treatment may be performed at a fixed
heat i ng twoRe{@lstdsg; al ternatively, the foll ow ng changecifpidigodasa i ng
tenperature may be repeatedly conduct &d plural tinmes: the heating
tenperature is increased fromroomb5 tenperature to a tenperature of 100 C
to 200 C and then decreased to roomtenperature. This heat treatnent may be
performed under a reduced pressure before the protective insulating | ayer
is formed. The i d
pressure. This ‘E@g{‘“’?&ﬁ% gré{r?l%mér#ag? f:)h% ? tc])?gr]rggh?‘ﬁgg %ggf" 4’t Q’g ‘@g%ﬁ heat

t r eat mentmay emeythbe)xmrs‘emmﬂubtef tiyer ﬁtl’e)afat::EDX)tg&ﬁ is geosxddd sahicondetarent , 10
for exanpl e. Next, the interlayer insulating |ayer 146 is
formed ovarer weers%fl@crﬁ?%n@r&fdhapme seigiropdydior @xg@wae%schafmé side

interlay a ,

nmet hod, %lgthﬂgy{j%(%dggd%??R?%éﬁ%glzdrhn?ﬁg gtﬁ? go%gye?yg?ﬁgﬁ:gﬂgi%%@mf or med

usi ng 5an natdgo glamhgdmgsmIlmtfomug'ngmhep'raaéctwaohsd;m@ layeroi4oze deat thd bikiden

nitride oxide, si Iiﬁ%g ni tl’lg . haf ni um oxi de, .al um num oxi de, or tantal um

oxi de. Aff atmggla% £PpAinshydiogen as kit Fﬁ@?ssﬂtﬂgul ating layer 146, a

surface qblgi]e interlayer insulating layer 146 is preferably planarized
with CW, etching, or the |ike. [0140] 20Next, openings that reach the

eI ect rodes 136avViore@wi, thepdotegbs laﬁdatmgelas‘vulr‘léels orefenablyrfoahetwhielaater42a and

142b are f Nt rI ayer u at 146 rotective

i nsul at i n n@% gr?ﬂfel% %’3 ﬁr 1sgr§{ngv7cf1§ﬁ|o g*@aﬁ%? hy(il}ﬂ AR SAduct i ve

I ayer1014&nb1§tuf'd)lisﬂﬁdt E@ltbﬁe@ﬁbaﬁdeﬁldens&ﬂ%ﬂm@fﬂr Ngger( BEL afd GheﬁﬁbotecTihe

openi ngs can be formed by a method such as etching using a mask. The mask

can be f dpsildlinglayerdd4pt hod such as |ight exposure using a photomask.

Ei t her we[ ?gchl ng or dry etching nay be used as the etching; dry etching

is preferatl) y] used in terns of mcrofabrication. The conductive |ayer 148

can be forned An enttdpnmont eacmin pumpas Ipmfemblkyhusad ia ORI toethodt moistur€VD

met hod. The COI’ldUCtI ve | ayer aeﬁ}ﬁ be fornmed usi n‘%ﬂa conductive materi al
such as r5MyBHEnfhe; realmeptnch CxaER @l UMY OPYREs TR O™ BHAPUM Aum

coppeys, r\ﬁ%iﬂﬁ' éﬂﬂlmﬁhoﬁ%&ﬂi %”bﬁferim?/ Alst@Y Rh &a&RHBRYRG ﬁﬁ Be a qurBhtri de)
of any of these materials, for exa WO 2011/ 052351PCT/JP2010/ 067496 36

[0141]  pump Spoeiled ivat 4 yoldlttapl s Ilpdsts;lelpbstlom Ckmplbayyhai isrevdeoated woth thganpl e,
in Wnichathintihalum (iformedln ﬂgonhi(ﬁcludln theoenings
by a PVD TREIIW: dndY YO ﬁ"f‘} |u?ﬂ‘ﬂ?°:“r“f‘a‘é’“f‘1"|" is" P%“é‘datﬂs‘ a"“&'?/ B° et hod,

and then,waet YAYSY, ezﬂefiehmv'e& s eRnple; ke tREDRGHAL, icBndcnBaGRENh NGE. Here,
the titani umfllm ormed by a PVD method has a function of reducing an

oxi de fi |pfoigetivenasulatingrlpgerd ddifermeadya thadapepitipe chambasican begpduegder 146 to
decr%se Blﬂ% contact resistance with |ower el ectrodes (here, the el ectrodes
136a, 136[ a]nd 136¢c and the source or drain electrodes 142a and 142b). The

titaniumnitride 4 spuntekiag ngad uséd fur fohgingahérptdtenivefindulatinigl lapeti 14 fitiikm has a
barrier function of 10 preventing diffusion_of the conductive material. A
copper fiRTECTARIE 9elsecy lmsh Pyityagas| fHem w@*lﬁ%@hwm&y@w@ ae hydrogen: ivaterof t he

barrier ny'dex?l gIdub?B} H%rlcfe' 30RO d bfoenfhtidn 6t 4 k6P ppm (preferably, a
few ppb).
25  [0137]
Next, second heat treatment is preferably performed in an inert gas atmosphere
or an oxygen gas atmosphere (at 200 °C to 400 °C, for example, at 250 °C to 350 °C).
For example, the second heat treatment is performed at 250 °C for one hour in a
nitrogen atmosphere. The second heat treatment can reduce variation in electric

30 characteristics of the transistor.

[0138]



[0142] After the conductive |ayer 148 is fornmed, part of the conductive
| ayer 148 is 15 renoved by etching, CVP, or the |like, so that the

i nterl ayeyoi2opusadsing | ayer 146 is exposed and the el ecippregdpso1dedass 150b,
150c, 150d, and 150e are formed (see BPG 6C). Note that when the el ectrodes

150a, 150b, 150c, 150d, and 150e are forned by renoving part of the
conductive |layer 148, the process is preferably perforned so that the
surfaces are planarized. Wien the surfaces of the interlayer insulating

| ayer 146 20 a%(r:thhgnoefle eﬁ;ea[ ?r(gg&ne FQ:?:{)' l}e5g£)rfor¥i15egcat IJOB% tc?'iﬂo J’éof%r ¥n

planarized in su er, an e ng,” an insul ating gayer a

sem conduupro Baweliss lﬁnﬁ'e hine Thik hestaticddfedtadsy BOpyrfb@iddes d fixdd@h&kingt eps.
[0143] Then, the insulating |ayer 152 is formed, and openi ngs that reach

the el ectifBEestups aﬂmtlvglsobhe ojtseving shangea i thes beatigg dempersiie jmay he

i nsul ati t ed in
t he openir}%%és@ég)ér gn%*ct éﬁga(%ra]t ugs{]ﬁ\&/lg eXt?e% %errgétrﬁr{)ved g""’% c?. ngq&%{gp
t he | bke.terhperaturd he 4 nebpahtufeg of apoer °¢5t2> 260 expasédhendictieasedl fetrodples

154a, 154b, 154c, and 154d are forned (see FIG6D). This step is simlar to
the step 'MPeratss. nngvﬁéeaé|t€@tmmenq>5b%pmntqde\mdrke redused pressare befase

detai g ORESELAR b, AL hmbO14Al nID ARMOTRASIECT 1F2020) 067496

37 the hydrogen concentr e oxl sem con

1019 at onelemntheoredhesis presdhré. heTki§ fheatu tregtnienDnalyhise pedomiesit Dfsteﬂtﬁlbfl thel X
10-13 A or less. The transistor 162 with excellent characteristics can be
obt ai ned SBSPRAnReak PERtMeat Pomay e nestogmed betoss P aftebe spcandyiisat Faymept: s
hi ghlyy pqg;,;ggﬂpy a sufficient reduction in hydrogen 5 concentration as
described a Moreover, it is possible to manufacture a sem conduct or
devi ce tlft3%as excellent characteristics and includes the transistor 160

formed usi . other t d duct the |
por (1 on and 1 hAVEbatle 4t EHaYES PRI 1B n At o PES ST LRV 1 he

upper porihdu®ing[18ye4 4 YEOkIE: BAJL Tﬁeemf@mg&.aﬁﬁsmahﬁg@&ﬁm@éaﬂ beformed

sem conductor device illustrated in is described here. The
“sen condbytaol VBan¢thed, 4 CVDsmethpdprithe HkGS, T@Bnteﬂ@yeranwlamgclmrdl%@ame

TR S O BB A e B S ST B o1, g
I S gi ven oxsded sBik6h GitfidelChaFhiufipbgide 2dluminum ox1de, or tantalum oxide. After the
formation of the interlayer insulating layer 146, a surface of the interlayer insulating
layer 146 is preferably planarized with CMP, etching, or the like.
[0140]

20 Next, openings that reach the electrodes 136a, 136b, and 136¢ and the source
or drain electrodes 142a and 142b 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 to be embedded in the openings (see FIG. 6B). The openings can
be formed by a method such as etching using a mask. The mask can be formed by a

25 method such as light exposure using a photomask. Either wet etching or dry etching
may be used as the etching; dry etching is preferably used in terms of microfabrication.
The conductive layer 148 can be formed by a film formation method such as a PVD
method or a CVD method. The conductive layer 148 can be formed using a
conductive material such as molybdenum, titanium, chromium, tantalum, tungsten,

30  aluminum, copper, neodymium, or scandium or an alloy or a compound (e.g., a nitride)

of any of these materials, for example.



whi ch can be conpared with an oxi de sem conductor. An oxi de sem conduct or
and 4H Si C have sone things in comon. The carrier density is one of them

I n accor dgpeg1wsbdz1Ferm -Dirac distribution, the carriepcgdgpsiibiec@ds an
oxi de sem conductor is estimted to b&6approxi mately 10-7/cnB. This val ue

of the carrier density is 20 extrenely small simlarly to that in 4H Si C
6.7 x 10-11/cnB. Wien the carrier density of an oxide sem conductor is
conpared with the intrinsic carrier density of silicon (approximately 1.4 x
1010 /cnBhyqaiit can be understood well that the carrier density of an oxide
sem conduct or] is significantly low [0147] 25Further, the energy band gap
of an oxi de serfpecifidalty, ot isi fossibl ®\eriploB .aSmetHodnfdr teremplee irgwhivhng tigap of
4H SiC is.3.26 eV.. Thus,,K an oxjde sem conductor and silicon carbide are
similar itHatingfliphisforped B weimndeclydipe dhenoreattes &yor BV D athef and a thin - o
the ot herB@eh nifliR 't i fGinftRIbTa VDI HERDE Snd Thetl S rfBiRHAES Retflepqgduct or

30and silicon carbide, that is, process tenpera I nce silicon
car bi de dermmtzidisd metbdoperinge dHevg, bt Btintum Figmtfotmelatiyne RV Datnethb@®aat o 2000

C, it isdifficult to forma 2011/.052351PCT/ JP2010/ 067496 38 st ack of
i1 con dipgiocotaiticing 87 OB Ict o TEiiBiRdARe WO iR "ugli(‘)wgr g_lsggméwct or
mat eri al 10f6hBdetlRag the Lobmadt Bastahcewitl dwerl cfecRBEAUGRIA IREALARIASH IR,
substrate, the sem conductor elenent, or the |like Is damaged at such high

t enper at Uk36b. angbdAohiand theysowrct du dreim eloefthsss did2a sandpobA2bgr nEkE Vitanfumheat
treat ment_.at 0 tQ,5 (the ..5 ss..pransikiaon tepperature or .| ower,
up to abonli?ld?gg"b&mg ﬂea?tg (gi%eeigorfntm?ns%%)ghsesfl{?flg% 5111 gffa%aaﬁgflﬁ{ %ugnfg Ié(ﬁ’fci rcuit
W t h 1bhe piseentihg difieionconthiéCdontudiiieanatatialpt Recoppbafil@maX bélgoraredi tgoaduct or
and then to forma_ sem conductor elenent including an oxide sem conductor.
[0149] 10#ingdasthpdafterithe fsmation of the barrier iy of sitamuyra, titapiugaitiide, or the

sem condygt.or i s advantageous because a | ow heat-resistant substrate such
as a gl ass substrate can be used. Mreover, an oxide semiconductor does not
need to HB142]bj ected to heat treatnent at high tenperature, so that energy

cost can be reduced, suffjcientl coppared to silicon carhide, ichis
anot her advant fg&r tﬁ%f@@éjwe laydr §8 R 1orpaghpat P’i{hecﬂonaﬁ‘gﬁfﬁﬁéﬁéé%ﬂs

propgst i §8meles B %h@%&%g?,cepwrﬂ, DURD 8% ﬁ%?faiy&yin@maﬁﬁ?tlfyeé 9%)is have

been conduct ed, ¥hey include the idea of suUfficientlTy reducing the

DCS i t selekpostd cod dhaneectodas 150 d 80eldOc,of5S0d handdl el aps amied (sea thIGnOCla hi ghl y
puri T ed 105k Afa $ibs I LiERodbs 1564, "PsbbP150EMYOH antf 1 She U RHIIEY NI €N
removing part of the conductive layer 148, the process is preferably performed so that
the surfaces are planarized. When the surfaces of the interlayer insulating layer 146
.20  and the electrodes 150a, 150b, 150c, 150d, and 150e are planarized in such a manner, an
electrode, a wiring, an insulating layer, a semiconductor layer, and the like can be
favorably formed in later steps.
[0143]
Then, the insulating layer 152 is formed, and openings that reach the electrodes
25  150a, 150b, 150c, 150d, and 150e are formed in the insulating layer 152. After a
conductive layer is formed to be embedded in the openings, part of the conductive layer
is removed by etching, CMP, or the like. Thus, the insulating layer 152 is exposed and
the electrodes 154a, 154b, 154c, and 154d are formed (see FIG. 6D). This step is
similar to the step of forming the electrode 150a and the like; therefore, the detailed
30  description is omitted.
[0144]

In the case where the transistor 164 is formed by the above-described method,



20 m ght affect the DOS. This is based on the idea that the DOS itself is
sufficiently reduced. Such a highly purified oxide sem conductor enabl es

fabri catiwp0f1/0488sy excel l ent industrial products. [O015bkrhesdibBerqod t 1S
al so possible to forma nore highly pdfified (i-type) oxide 25

sem conductor by supplying oxygen to a dangling bond of netal which is
gener ated by oxygen vacancy and reducing the DOS due to the oxygen vacancy.
For exanple, an oxide film containing excessive oxygen is forned in close

t act toth
channol 1t udofaARREd RO LSRRI B P HIORTS L PRBLERTL O L 02
vacancy Gilesd@ndaRe! ﬁﬁcburr%ﬁi Qﬂ-ﬁ@]tran\i@o?- Q54/i19223 90 PCA HH2Q1 016 14R6isdP under

t he conduction band due to excessive hydrogen, a deep |evel due to shortage
of oxygeriﬁzo‘fvlttl rfewtlllqoé chm@ieaagqs ¢@rrbﬂ’/albt@ned19§lrtbg@ﬁpb¢mlogu¢ﬁ thei exide suppl y

Cechnat ogemkorfisufyAF P sy Fefn SRS R B Shfictfurrt AlligEn byprapen

consi ger Qﬂnﬁﬁltraﬁofﬂ ztsyﬂescmaai CAHUIYCt OVDIddORB VIR is @@Qﬂﬂdl o0 rhahugdeeurenbodi ment
of the disclosed invention, an i-type sem conductor is realized by renoving

i mpuriti é§mlq@aﬂvqteru¢eézr1¢eythwab@re@ﬁ'&fﬁrﬁya?ragtéﬁsthsr?nfiﬁn%lU¢<«§st,b@étanSIFtpr 384 be
sai d that, &S&a&’f}%ﬁgmﬁl 8ﬂ‘he} gﬁ? gh ot a%ss HhidohY6ab? f?ﬂhé R IRRich AHMEE

t echni cal ause 1t erent rom an I -type sem conductor such as
silicon lfhnaldtdedi@\/fdrim:drusmg}aubxtdp.sexﬁﬁbbﬁda}ctmﬁhehd uppeaportionduct i on mechani sm
of transi i i ncl udi ng oxi de sem conduct or > An el ectri cal

conducti ({ﬁ ‘ﬁséchani smof a transistor including an oxide sem conductor w ||

be dggcribed wiNdie {Haf ﬁle%ﬁfarcalrF?%epJ&,theFée%corﬂd%&oaeelwéc?ﬁusﬂts@m gigl4A and
14B, and FIG 15. Note that the 'ow ng description is ju

consi der @A srdesgribed dese. ndihe gemycontectoraddvaiies \illestratedan iFIGEN2BO2C, nd1d3)]

can also be manufactured in a manner similar to that of the semiconductor device
illustrated in FIG. 2A.
[0146]

15 Note that silicon carbide (e.g., 4H-SiC) is given as a semiconductor material
which can be compared with an oxide semiconductor. An oxide semiconductor and
4H-SiC have some things in common. The carrier density is one of them. In
accordance with Fermi-Dirac distribution, the carrier density of an oxide semiconductor
is estimated to be approximately 107’/cm®. This value of the carrier density is

20  extremely small similarly to that in 4H-SiC, 6.7 x 10™*"/cm®. When the carrier density
of an oxide semiconductor is compared with the intrinsic carrier density of silicon
(approximately 1.4 x 10" /em® ), it can be understood well that the carrier density of an
oxide semiconductor is significantly low.

[0147]

25 Further, the energy band gap of an oxide semiconductor is 3.0 eV to 3.5 eV and
the energy band gap of 4H-SiC is 3.26 eV. Thus, an oxide semiconductor and silicon
carbide are similar in that they are both wide-gap semiconductors.

[0148]
On the other hand, there is a major difference between an oxide semiconductor

30 and silicon carbide, that is, the process temperature. Since silicon carbide generally

needs to be subjected to heat treatment at 1500 °C to 2000 °C, it is difficult to form a



FIG 12 is a cross-sectional view of an inverted staggered transistor (thin
filmtransistor) including an oxi de sem conductor. An oxi de sem conduct or

| ayer (COSyoi2e112823n0vi ded over a gate el ectrode (GEl) wrCh/Je20geb€496
insulating layer (@) interposed thereletween, and a source el ectrode (S)
and a drain electrode (D) are provided over the oxide sem conductor |ayer.
Further, a back gate (GE2) is provided over the source el ectrode and the
drain electrode with an insulating |ayer interposed therebetween. [0156]

25F1 G5, 1gfasdsikdR, 8drBideNGldoy sgﬁﬁgnﬂic@ré%eﬁtsﬁ%g@hgﬁéq 8GhROBduckfr t he
cross section A-A" I1n FIG 12. FIG13A illustrates the case where the

pot ent i al matefidleotberc thabesiligan carhiles oThises dredaushea demicondustaresubsifatbethsour ce

d the drai. th tenti,al D, = [ FIG 13B i trat th
hse wherEmisTuORUPLHEMSRE OF MRS gy 3 usluhied (P Sor MeEvEltr ce. (VD
> 0). 30[f154ike SMQCBQAMMW%QE%%%&@%%@MQ aEBBO *CtoF3d8 °A¢theF! G 14A

illustrates a state where a positive voltage (VG > 0) 1s applied to the

gat e (5GElglasstthamkition, temaperaturs bal@vashep ¢ abarr700eTC) descforepit)isflossiblelrot ween a
source and a drain. FIG 14B jllustrates a state where a negative voltage
(VG < 0) fosmgpintegratedciioyit with theusepf a spmigonductorymatsrial atherthan gpexidey
mnority %ﬁ{iédgﬂﬁctgpezﬁldn?ﬁenf 18 WMorm® 20 3R ]conductor e%élzllleﬁt .:LélciuldyﬁStaEaBﬁ et he

rel ati onshi p between the vacuum level, the work function of “metal (cpm,
and t he edeed¢andnctaf.fi nity of an oxi de sem conductor (x). [0159] Metal
degener at@z@nd the Ferm |evel exists in the conduction band. 10Meanwhil e,
a convent | oxide sem conductor is n-type, and the Ferm level (Ef) is

distapt fromthg hddiibRSie &bttt heValicdnEkhrbide,t B 688 Sfenfibordigrobad gap
and is located near the conduction band. It is known that hydrogen in an
oxi de seridvartagaous bepause |aylowe beatwesisiand ubstraie duels ap acgless substratagae det o

produce an _m-typbe oxide sem conductor. [0160] ,15] opt rast n, oxi gde
sem conduct ((i)'r i(g{ig)(r:c(:)orv ik nag‘;n tO(’)(EHé:nseemr’rlﬁ%n 1 tOrrlté)ooe1s %%ene&ﬂ s@’l g esggleﬁt\?gn'ﬂ gﬁaqi S an
oxi de senirgaanéts CAtOhigh h@inpegatiradeo tthatbendrg) rdoststan be- fedi@t SQuffitiendde agl ose to
intrinsic in the follow ng manner: hydrogen, which is the cause to produce
an n-typecosparrd tg siicen sarbideowhichds anaibgradvantege. t he oxi de semi conductor for
hi gh Rurifhgation, so that the oxide sem conductor includes an el ement
(irrpurit)}e ment ) '

Although a lot of researches on properties of an oxide semiconductor such as

density of state (DOS) have been conducted, they do not include the idea of sufficiently
reducing the DOS itself. According to an embodiment of the disclosed invention, a
highly purified oxide semiconductor is forméd by removing water or hydrogen which
20  might affect the DOS. This is based on the idea that the DOS itself is sufficiently
reduced. Such a highly purified oxide semiconductor enables fabrication of very
excellent industrial products.
[0151]
Further, it is also possible to form a more highly purified (i-type) oxide
25  semiconductor by supplying oxygen to a dangling bond of metal which is generated by
oxygen vacancy and reducing the DOS due to the oxygen vacancy. For example, an
oxide film containing excessive oxygen is formed in close contact with a channel
formation region and then oxygen is supplied to the channel formation region from the
oxide film, so that the DOS due to oxygen vacancy can be reduced.
30 [0152]

A defect of an oxide semiconductor is said to be attributed to a shallow level



20 other than the main conponent of the oxide sem conductor as little as
possible. That is, a feature of an enbodi nent of the present invention is

t hat an oxbadgiigemsgonductor is made to be or be close t@cggpr@hberspurified
i-type (intrinsic) sem conductor not B9 addition of an inmpurity el enment but
by elimnation of inpurities such as hydrogen and water. Thus, the Ferm

| evel (Ef) can be conparable with the intrinsic Ferm |evel (El). 25[0161]
In the case where the band gap (Eg) of an oxide sem conductor is 3.15 eV,

t he el ect fF1 0Lty f. 1S sal fypction
of ti tani‘Ln%@f ?’F)é‘)@g‘tr‘ﬁ{%’.g’)r%a& i'bﬁé gggéﬁeﬁ%lg@gg%%g?lg%e&gﬁ lg%érd;n;?ﬁo \gﬁ((;aljlc%tg?t%e i's
subst ant i @édylgyn,astuthe like. t Tieorehg@r teimvabbf hdroyen 2d efffisienosuppty stoxypenduct or .
In this case, a S,chotth barrier against an 30electron is not forned at the
i nt er f acfopelimpaHonat sich 3 defeshwayldde rightatp trgheelagicalthaught-  wo

2011/ 0523['?} / JP2010/ 067496 41 That is to say, in the case where
the work Tunction of nmetal (g)m is equal to the electron affinity of an
oxi de 5sem condukr oxidespmicondictanisegeacgily kansidetedgs am r-yph esemtiiconddétaggr am) i n
FIG 13A.is shown when the netal L and the oxi de,.sen conductor are, in contact
Wi th eacHiOMEHER . sespripe) 0 one embodiments ofy 4g diSalfSegc MIGEIQN.) 37 %St s an
el ectron.sefli&ndd&Br is!rbalizkd 81 eemdbiifg ﬁﬂﬁuﬁ-‘rit‘f@@?ﬁﬁtié\nﬁgﬁ%{e&‘ﬁnd H&&r@%@n.(\ﬂ? > 0)
is applied to a drain and a"voltage is not applied to a gate (VG = 0)
(shown bythigarsspsdt, lif eanshe said that @ne embodiment of tho disciosed inyentigreinciydes-a0) i s

l'i ed dr.ai d J | (VG > Q) i | i ed h
(Shown by oubhBelTit Mt bec bR Sl I8 bR Bt el op) Pou”

to the gaiddedWéthan@@putilyve potential is applied to the drain, the el ectron
crosses over a barrier (h) to be injected into the oxide sem conductor, and
flows to [Ph4ldrain. The height of the barrier (h) depends on a gate voltage
and a draj it . > I: ied to the
gate andaéaﬂlf)éggﬁl?\g/gdug}@gﬁﬁle\%ﬁ%gf #g“sgsgéb’f‘?ggf&gﬁé‘%%%‘?’“gﬁ‘%ﬁe barrier (h)
is |lower than Aib did¢veridedi ginductiont meechaismenf i an than€isthd Ainchidirgg anvokidage i s
not applied, that is, Balf t.he band ga Eg). .| he_case vol t age
i's not ap*m@&ng ! gefescri 4 R TBer n@rgé@h%#, FGs o P @V@iéﬁfw-t he

OXi d§ 55 eMAAORAUELR and I 6. 15.0TNGE 11t ¥ FS/iRE LAt isFultl HbrRfRibRRbA !
barrier, so that a current does not flow, which ans an off state. On the
ot her haramid debenotalepp ietvialidity of thagmvensomppl i ed to the gate, a potenti al
barrier i81§ duced 20 and thus a current flows, which neans an on state.

[ 0164] _[ At that tine, as illustrated in FIG 14A the electron
travel s in the MGCIDNid ¥ cRbs-bddBohdl vaéw ¥ An BBV MRAN LA gBRH Qranbidiér AhiM firh ay er
and the highly purified oxide sem conductor (the bottom portion where the
oxi de serffanoipnkinsluding an ghide semicopdumionf Amexigy semixohdud®] layer (OS) is As
illustrated ..n, FlL G 14B Y/ otent.iak .is su Led. to the gate
ol ectPoad Peky VG dofte Wiehpd: RERT] Witk ROLRL ihBlarled BYEP1GH nleingsdd

subst ant ithdrelyetwdényand b Reuree EleetiédeVS)) Hfd h Arinl bistaddd (@)laye ploviRdoPerlthe [ 0166]

oxide semiconductor layer. Further, a back gate (GE2) is provided over the source
electrode and the drain electrode with an insulating layer interposed therebetween.
[0156]

25 FIGS. 13A and 13B are energy band diagrams (schematic diagrams) of the
cross section A-A' in FIG 12. FIG 13A illustrates the case where the potential
difference between the source and the drain is zero (the source and the drain have the
same potential, Vp = 0 V). FIG. 13B illustrates the case where the potential of the
drain is higher than that of the source (Vp > 0).

30 [0157]

FIGS. 14A and 14B are energy band diagrams (schematic diagrams) along



30l n such a manner, the oxide sem conductor |ayer becones intrinsic (an

i -type sem conductor) or substantially intrinsic by being highly purified
so as to wonvaios2an WO 2011/ 052351PCT/ JP2010/ 067496 42 pelrgranb/oouser t han
its main element (i.e., an inpurity el®ment) as little as possible. Thus,
characteristics of the interface between the oxide sem conductor and the
gate insulating | ayer becone obvious. For that reason, the gate insulating
| ayer needs to forma favorable interface with the oxi de sem conductor.

Speci fi CB‘{; |Q’,,n|ﬁ1d §apr Pf(frlall?’l Qlustt ttcg) a %ﬁet\pgcr%%:joor)rs\é\@ti Vbllﬁh?é (ych igyer.

for exanple: an insulating |ayer f'5r e densi ty
pl asma gespplied axtheighte (GHIphat 1s,Lqmm1ystiteeql¢m@yarhlr (eltﬁ!:trbﬁhﬂewﬂf)etwf&al ¥HF band
to the mcrowave band, or _an insulating |layer formed by a sputtering

net hod. [S@tm]anﬂmw t AdGi HRB ilustratep @t skt Whefrea @ﬁgwes\@tta%ﬁ\ﬂuét riSand t he
t t
Py PP bEYaR (GBS 8 BERLE WLL 1 RS SRR ARG |0

hi ghly pu rans annel”"w'dt h W of
1 x 164 [[ons&nd a channel Iength L of 3[tm for exanple, it is p055| ble to
realize an of f-current of 'g or. less and a subthreshold swi n

val ue) of 0.1 Viteb IUQIW%‘FP eioetl?mmpmeé\ke@ab%vm@m Evtlnﬁlqwmnc%@s[mes]
Lhotof e AR @RI AL Mo Solih A ah BiEd Lnfithaiicflppgy | Pod above 5O s Lo

contain an S ‘mai n n inmpurity el enent)
as littl g0as9]possi ble, the th| n fil mtranS| st or can operate in a favorable
manner. [0169] 20 <Nbdification Exa 8A and 8B,

FIGS. 9A and 9ietal,dleggnegtes; madathe %Bnt IIF‘(fét?’%ﬁté %ahff.@a yeioneRanth| es of

st rughur e AfwHilRea ﬁm&%ﬂa Qle d&Yic uchméntt?gér afd tﬂpﬁhﬁﬁ C@télo( By&¥anpl es,

t he semi conduct or vice including t transis 164 wWith a struc ture
di f f er entdiftasrfrarhdhe dmsnsnct Eexﬂmalbmle(Ev)i ih|thd eerdersafr thb ddnd ghpwand Thhucated, t he

25structure .160 and the transistor, 162.is the sa as the
Zbove. . [ deppfhe conduckiofand, Y i opiinat MR anan exile SSrisehebSRuSRGr

devi ce i nfebidledDdrdR ahd Aie D Me bdes'td prdiuedat HeyEAS:EdSLRstsRIB0E36d S

pl aced bel ow t he oxi de sem conductor |ayer 140 and the source or drain

el ect r odd916¥2a and 142b are in contact with a bottom surface of 30t he

g)s( id 955€ m cond 15L& contra Y&h (jséi e semlgondugtor a@gorhpn% % THCERb 8GR %‘? t?lQ anged

disclosed invention is an oxide semiconductor that is made to be intrinsic (i-type) or to
be close to intrinsic in the following manner: hydrogen, which is the cause to produce
an n-type oxide semiconductor, is removed from the oxide semiconductor for high
purification, so that the oxide semiconductor includes an element (impurity element)
20  other than the main component of the oxide semiconductor as little as possible. That is,
a feature of an embodiment of the present invention is that an oxide semiconductor is
made to be or be close to a highly purified i-type (intrinsic) semiconductor not by
addition of an impurity element but by elimination of impurities such as hydrogen and
water. Thus, the Fermi level (Es) can be comparable with the intrinsic Fermi level (E;).
25 [0161]

In the case where the band gap (Eg) of an oxide semiconductor is 3.15 eV, the
electron affinity () thereof is said to be 4.3 eV. The work function of titanium (Ti)
contained in a source electrode or a drain electrode is substantially equal to the electron
affinity () of an oxide semiconductor. In this case, a Schottky barrier against an

30 electron is not formed at the interface between metal and an oxide semiconductor.

[0162]



appropriate to correspond to the cross section; therefore, only the cross
section is shown WO 2011/052351PCT/JP2010/ 067496 43 here. [0171] A

bi g diffeyengadeeisieen the structure in FIG 7 and the sheygbiigodiaod! G 3A
is the position at which the oxide serilconductor |ayer 140 is connected to

the source or 5 drain electrodes 142a and 142b. That is, a top surface of
t he oxi de sem conductor layer 140 is in contact with the source or drain
el ectrodes 142a and 142b in the structure in FIG 3A vvhereas the bott om

surface of the ﬁlx qq(}j’%ml g%%%zﬁﬁerﬁ%%{ wor}cf'tgmct on &rﬁ&”{:@ )157e fo t% source

or drain el ectrodes ructure 1n reover t he

di fferencgediiant ARinGIONbAGKH BRRIe! sdichRfeldr S(H)N sﬁcl‘xj'zfnf %h@r% BAdda SRR of
10ot her el ectrodes, an insulating layer, and the |ike e detai I s of each

corrponent(deeelatlh dlagm) iaF1Gh b¥A issthomnGEhenghe aretal 38d te0axidq semiconductor

Speci ficall ﬁ’ E &n%gctor device illustrated in FIG 7 includes the
gate el edY§ B@" E}ﬁ% & over the interl ayer insulating |ayer 128, the
gat e isnsybasiing 15I ayer 138 provided over the gate el ectrode 136d, the
source or drain el ectrodes 142a and 142b provi ded over the gate |nsulat|ng
| ayer 138, and InHdGo%3Bea @é&d(cdﬂﬁc(ﬂ):udﬂcaka;@r eleagori. n FdGnﬂéEtlllwttatﬁSttbp

surfaces of tge source or dra Ctrof}ﬁ‘i éa and, 142 0173%0@% t he
gate el eCBTOHBCEIRPSIY eﬁ'PB%ed rain, apd,a vpliage is ppt, di ayer
132 for I

el ect rogggl%?( %eoberghgwg%'edaﬂwme% iélﬂg hlé?%‘ﬁgggr?:gét#h %ﬁﬁ%aéel %ectrode
136¢ ar e (f) oy appliied o e nrlrn ndva pbsitihevelaige ¢V 610)ds applied i@ tHergata(sAadOmby t he
source or drain electrode 130b, and the el ectrode 130c, respectively.

[0174P 25VHé lipevt edYhoper positiNeapatenyial (e r 0048 supplisd do ithrogate ord atpesitive

transi st Ci)l’oten%%l

pSl?edttg the drain, the electron crosses over a barrier (h) to be injected into
the oxide semiconductor, and flows to the drain. The height of the barrier (h) depends
on a gate voltage and a drain voltage. When a positive voltage (Vg > 0) is supplied to
the gate and a positive drain voltage is applied, the height of the barrier (h) is lower than
15  the height of the barrier in FIG. 13A where a voltage is not applied, that is, half the band
gap (Ey). In the case where a voltage is not applied to the gate, a carrier (electron) is
not injected to the oxide semiconductor side from an electrode because of a high
potential barrier, so that a current does not flow, which means an off state. On the
other hand, when a positive voltage is applied to the gate, a potential barrier is reduced
20  and thus a current flows, which means an on state.
[0164]
At that time, as illustrated in FIG. 14A, the electron travels in the vicinity of the
interface between a gate insulating layer and the highly purified oxide semiconductor
(the bottom portion where the oxide semiconductor is stable in terms of energy).
25 [0165]
As illustrated in FIG. 14B, when a negative potential is supplied to the gate
electrode (GE1), a hole which is a minority carrier does not exist substantially. Thus,
the current value is substantially close to 0.
[0166]
30 In such a manner, the oxide semiconductor layer becomes intrinsic (an i-type

semiconductor) or substantially intrinsic by being highly purified so as to contain an



be in contact with part of the oxide sem conductor |ayer 140. The
interlayer insulating |ayer 146 is provided over the protective insulating
| ayer 144w0Qpemispgys t hat reach the source or drain el eccodediddersgnd t he
source or drain el ectrode 142b are forfed in the protective insulating

| ayer 144 and the interlayer insulating |ayer 146. The el ectrode 30 150d
and the el ectrode 150e are forned in contact with the source or drain

el ectrode 142a and the source or drain el ectrode 142b, respectively,
through tdign&fRSREG! i iQRAMhdemekt! (‘f.@.,ta*BQn‘%Ju? %%?e%g_lrioﬁttﬁ“& %&%’le.the

el ectrodes 150a, 150b, and 150c are WO 2011/ 052351PCT/JP2010/ 067496 44

f or med i nllwsnthearactenisties wfigheligetfacdestwedcthe 08i@b, semiapnd@dor and thpegatevel vy,

t hrough apeni.ngs, provided iin.the gate |nsul atin ayer. 138, the praqtective
sl ar i B aS5bechig Qo EPF ol FubE e Reicr e bkt Sedi Ty S e
i nsul at i Ngrrh AYf@YordBid ihrfREOWitHeRe OMBE séhRohdicedr! agpécifichdly Atid pefdraer 146.
The el ectrodes 154a, 154b, 154c, and 154d are provided to be enbedded in

t he i Asultatusethelfallewingdpsularing layesclor expnplean insulptinglaperdormed bya (heD

el ectrode ...Ihe . r.od abh s | tact wih th | I 150b.
The el ectrflég(géf&lgeﬁ"gh‘?%ﬁsétgn 3% aﬁe?%a{eae‘gg?éicﬁ é%%feg%b'c?rgﬁlé&t%&ége &ctrode
150d. Theaaggecot tHRAVHISE4hd & the mvhdwsle bdnd) ot Ghh@sdhtdiy fagee forbi2d. by A176]
FIGS. 8A and 8B each illustrate an exanple of a structure of the

seni cond@peFinggvstiedi n which the gate el ectrode 136d is placed over the
oxi de seg’b?@ﬂduct or layer 140. FIG 8A illustrates an exanple of a
structure in"which the source or drain 15 el ectrodes 142a and 142b are in
contdét with aVehirt tm interfaec betofeen ke oxidd esesycundactouandthel gyyeinshilifing F1 G 8B

illustrates an exanpl e qof .Structure in ich the. spurce.or .drain

el ect 1 oddeel 4o Jadh dvorahle avhile (e Oilecemicriocr i By PUrEiech i (o8 de
sem condughaé ieayBhisiol Hls alhinkl il Widt 10k iberEnaR P@ﬁéﬁ‘ﬁ@ﬂleﬁ%&ﬁ ISbf yct ures
in FIGS. 8A and 8B and those in FIG 3A and FIG 7 is that the gate el ectrode

136d is plmced ewapld,hie i9xosdblsei maliziah aff-cayan df400Fur bhdessoamd, aa bi g
di fference between the structure in F 8A and the structure in FIG 8B is

G,
t hat t he subthresholdiswimg(Svalyed of Pdd\é@e&l with PO higk gate ansulpting dayeq)  h

ei t hgrg tgm@ttom surface or the top surface of the oxide sem conductor
| ayer 140. Moreover, these differences result in a different
arrangenent of Vghdrethealxidd semtiesnduator iisbighht purifiddasedescabed dHoee Isolas.to The
details of each ci)egf)one t %{e the Sage as éhose of FIGS 3A.and.3B, and the
i ke, [ oPoapinsp Elepieat other Hancis ai BRmaR: (- deviruhy Flsgind Bdifle el . sA
i ncl udes Jgol@ble, the thin film transistor can operate in a favorable manner.
[0169]
20 <Modification Example>
FIG. 7, FIGS. 8A and 8B, FIGS. 9A and 9B, and FIGS. 10A and 10B illustrate
modification examples of structures of the semiconductor device. Note that as
modification examples, the semiconductor device including the transistor 164 with a
structure different from that described above will be described below. That is, the
25  structure of the transistor 160 and the transistor 162 is the same as the above.
[0170]
FIG. 7 illustrates an example of a semiconductor device including the transistor
164 in which the gate electrode 136d is placed below the oxide semiconductor layer 140
and the source or drain electrodes 142a and 142b are in contact with a bottom surface of
30 the oxide semiconductor layer 140. Note that the top structure can be changed as

appropriate to correspond to the cross section; therefore, only the cross section is shown



30 source or drain electrodes 142a and 142b provi ded over the interlayer

i nsul ating layer 128, the oxide sem conductor |ayer 140 in contact with top
surfaces wd 20hessmur ce or drain el ectrodes 142a and 142lpcTiihm1gesme

insul ating |ayer 138 provided over the3oxide WO

2011/ 052351PCT/ JP2010/ 067496 45 sem conductor |ayer 140, and the gate

el ectrode 136d over the gate insulating layer 138 in a region overl apping
wi th the oxide sem conductor |ayer 140. [0179] The sem conductor device in
FI G 8B i ngludes the oxide sem conductor |ayer 5 140 provi ded over the
interlayer insulating |layer 128, the source or drain el ectrodes 142a and
142b provi0ded to be in contact with a top surface of the oxide

sem conductor | ayer,.140, t ate insul ati yer 13 ovid ver the
oxi de semi conddgi{‘&d‘ sirare Q%Ug%.‘hﬁwtsﬂgdé'%ﬁnglg[do? aﬂ?’él?%gﬂﬂ%’é‘f f'bggé%ﬁlﬁa and
142b, andn [fpssig_aﬁ 8t #heht the @RidkIemhicnBhctbNBiyeRl £) isNsoahadted B 1RYBurct 3B in a
regi on overlapping with the oxide sem conductor |ayer 10140. [0180]

Not e thatdrpin eleirosles JdZuend 142b.F| Bsit igla sopl seBiceofchapwidmsengiconductarhe
el ectrodeg_15 Qr. t ectrode 154a), i.S i om d fromthe
St ruct o dojet 1o B Gl Gib Rl o] RRBNL T H 1A 0 hElcMre o o

such as sinnEIG BIAG avhedgashe dotramUiatict 'df e LxideOse@siSordiattobday@btiapniedn It is
needl ess to say that a nonessenti al corTonent can be omtted in_the
st ruct ur efonfagt pittghe spurgn @r siig rdectiedey 4z afdi42h in the struciuresm F¥A Bnd 9B

each ill > -Of, r j t IS

ol at vel Jo{eRvE, W BHRRRCE if the R Yoot RaliSn ] Bftchint oBEnErBlH M 1% 50
sem dondusthareléctrpdes, b Gnsullatinghagerc askthedikde nflhe details bhieaqh aomapdnenpt ot a
surface apld the c verafqﬁ IS relﬁﬁévely noderate, so that it is not
necessar yI¢ MO RIHIGS: 34an€PBet rode, and the like to be embedded in an
i nsul at i r[glJyzsjyer. For exanple, the gate electrode 136d and the |ike can be
formed by patterning after formation of a conductive |ayer. Note that

al t hough not i ISpesifically dhéesmicondustarrdengiesiilostratgD im A thincluden dhesgate 162

be 25, f ' Bl .. [0182] .. bj.g diff
et ween. (Eon Jabf o Tk o Riro RE ARG n B8 Phine, baver 428 R oty SRURIGE, e
Sour ag Orlaghrang pedveddd SW@e thelghdeledifbdé 438d, ahe souicCodraintelattioeei4ahdt he

bottom surface or the top surface of the oxide sem conductor |ayer 140.
Mor eover ,142Ripsovided over the gate insulating layer 138, and the oxide semiconductor layer

140 in contact with top surfaces of the source or drain electrodes 142a and 142b.
[0173]
Here, the gate electrode 136d is provided to be embedded in the insulating

20 layer 132 formed over the interlayer insulating layer 128. Like the gate electrode 136d,
the electrode 136a, the electrode 136b, and the electrode 136¢ are formed in contact
with the source or drain electrode 130a, the source or drain electrode 130b, and the
electrode 130c, respectively.

[0174]

25 The protective insulating layer 144 is provided over the transistor 162 so as to
be in contact with part of the oxide semiconductor layer 140. The interlayer insulating
layer 146 is provided over the protective insulating layer 144. Openings that reach the
source or drain electrode 142a and the source or drain electrode 142b are formed in the
protective insulating layer 144 and the interlayer insulating layer 146. The electrode

30  150d and the electrode 150e are formed in contact with the source or drain electrode
142a and the source or drain electrode 142b, respectively, through the respective

openings. Like the electrodes 150d and 150e, the electrodes 150a, 150b, and 150c are



30 difference results in other electrodes, an insulating |ayer, and the

| i ke being arranged in a different manner. The details of each conponent
are the swomomstizose of FIGS. 3A and 3B, and the |ike. pPCWOP2010/067496

2011/ 052351PCT/ JP2010/ 067496 46 [0183]44 Specifically, the

sem conductor device in FIG 9A includes the gate el ectrode 136d provi ded
over the interlayer insulating |ayer 128, the gate insulating |ayer 138
provi ded over the gate el ectrode 136d, the source or drain el ectrodes 142a

and 142b @phayiidednA¥e Wwithhfhe9AE&rddas Ui3gh M9t ax8" 13638 reeetidel Brdugh _
sem conductor layer 140 in contact wwth top surfaces of the source or drain

el ect r odespenings pevidetldinishe pate §ndulating layerTi38, erprotentdvecinnlatieg layer 144,FI G 9B
i ncl udes tge %a e electrqge1136q§ rovi ded over the interlayer insulating

| ayer 12dnddh "é;%ﬂaé(eﬁ‘r%‘ﬂ?éﬂa Al ger 138 provi ded over the 10 gate

el ectrodgoi®fd, the oxide sem conductor |ayer 140 provided over the gate
insulating layer 138 to overlap with the gate el ectrode 136d, and the
sourcé or drai nhsl i@@:‘tlat@tkblqulz& snprovided oyeothedateriaperpasylatingolayeicl4ti t h a
top surfage he oxide i duct.o r 14 [0185] . 1 . al so
in the sflir;h uec? %F%%&%%Gsl.%ggﬁg%d aé’lg E%A(gé%pgg\bé’n?edl go ?grr% ?‘%&a&gd}rﬁ ed from

the strudhsuiginglafdr332. 3SAharlecEBdON540& ini doatact Withhths eetedeal 503, The
secondary effect such as sinplification of a nmanufacturi n% process can be

obt ai ned.clgarede]l># isgn copachwih thelegteadei 150hst The eleaiiodscbafsi & bForiad case
uhere 1 v ik é?ésct}gps 1560afd GERMcbde 508! MR eI SANE HBnBR! Kiih

el ectrode aced over the oxide sem conductor |ayer so in

t hi s 1©asehe aledieodenktbObor t he planarity of a surface and the coverage is

rel ativeIY) gﬁderate, so that it is not necessary to forma wring, an

el ectrode[, I'8d the like to be enbedded in an insul ati ng | ayer. For exanple,

the gate el ectrgs. $8%Hd 8BLath BlusiriiE afi RRarkifle 0P hFRECthN dTahd Sencaitivaiol er
formation of a conductive 25l ayer. Note that although not illustrated here,

t he tranglexicgrin vochtht gate clectapds E36uk is pdaced anxven thef exide semigordustarilayer

MANNET- " 140. FIG. 8A illustrates an example of a structure in which the source or drain

15 electrodes 142a and 142b are in contact with a bottom surface of the oxide
semiconductor layer 140. FIG. 8B illustrates an example of a structure in which the
source or drain electrodes 142a and 142b are in contact with a top surface of the oxide
semiconductor layer 140.

[0177]

20 A big difference between the structures in FIGS. 8A and 8B and those in FIG.
3A and FIG. 7 is that the gate electrode 136d is placed over the oxide semiconductor
layer 140. Furthermore, a big difference between the structure in FIG. 8A and the
structure in FIG. 8B is that the source or drain electrodes 142a and 142b are in contact
with either the bottom surface or the top surface of the oxide semiconductor layer 140.

25  Moreover, these differences result in a different arrangement of other electrodes, an
insulating layer, and the like. The details of each component are the same as those of
FIGS. 3A and 3B, and the like.

[0178]
Specifically, the semiconductor device illustrated in FIG. 8A includes the

30 source or drain electrodes 142a and 142b provided over the interlayer insulating layer

128, the oxide semiconductor layer 140 in contact with top surfaces of the source or

drain electrodes 142a and 142b, the gate insulating layer 138 provided over the oxide



[0187] A big difference between the structure in FIG 10A and the
structure in FIG 10B is that the source or drain electrodes 142a and 142b
are in combaeti/oseish either the 30 bottom surface or thecrgpzawnérase of the
oxi de semi conductor |ayer 140. Moreoved, this difference results in other
el ectrodes, an insulating layer, and the |ike being arranged in a different
manner. The details of each conponent are the sane as those of WD

2011/ 052351PCT/ JP2010/ 067496 47 FIGS. 3A and 3B, and the like. [0188]

Speci fi Caéewconhnaoﬁﬁgwmmﬁa e élE& e 1BbFovdOfe gafellﬂgﬁamtghgyéq%ce or

drain el ectrodes 142 142b provid over the interlayer I"'nsul ating

| ayer 128ip atrhgionxveitapphgsweith ﬁmmxmnwmw@ylwtoﬂlﬁ@en HOcontact with top
surfaces H he source or drain el ectrodes 142a and 142b, the gate
insulatlﬂ@ Y%b 138 provided over the source or drain electrodes 142a and

142b and the oxméeseﬁﬁéanagadyaé\qee hAFRS. SBHhclies! the\6xif@s&nRbR%icER 8y ek36d
provided over the gate insulating layer 138 in a region overl appi ng wth

the 0¥%i del4epriovidndwyenthe myertayerisulibng 1881 128, the sowecesemilwimdigetradesdevi ce

in FI G 108, ncl seni cond ct 0] ided o t he
|t er | ay o2 AGHTAEE Rl Ractab U5 28 SOPAGTLHER 2o sfEE o the PR beIBERRMR A0
142b pr oViagadi 409 tHeegdte lmmtmgtlawrtmsaprb@ﬂe@ Wvtage @flda BénieyhdiRtor layer

sem conductor |ayer 140, the gate insulating |ayer 138 provided over the

source orl4@randrih@seuseq @fokrain f?!@théllQ%l%oﬁnﬂzll bagig thp gaigelestrode ddebonRict or
layer 14Q;. 25&9 1ﬁslilﬁatﬁigtl§v?ll §id 99% Jn%?%rlgé@{% %tﬂé’ Bkidk Q%Q@B@dc{ﬁ!&e@t | ng

| ayer 138 I'fi a reglio appl n sem conduct 140.
[0190f0 Not4d.that also in the structures in FIGS. 10A and 10B, a conponent
is 20sonetipes omtted fromthe structure in FIGS. 3A and 3B or the |ike.
In this c@%&ﬁal so, a secondary effect such as sinplification of a

menuf act Uri ng. INAE 5% P8 s8Rt 3 PRSS. dA0HREB, o compofieni{escitdacRReve. 2

sen conductor device with a new structure can be realized accordi ng to one
enbodi nent50afor theeeletitrodé d84a) is snmattmqsromlttnd frioimsthe styoctinesn F1GS 23A ak3Bxanpl es

of the semtg 3ﬁlu rt device in e transis pggr t1649\1;35 sta&ked over the
transi st o BeHKEn R HE @55 5o ry_nge Suclyas M Rliligaton, 6k BnuiagWngg . (ot ur e
of the SestbeRs@hs belobtyddce If & mtRtlckd 9 §450thhOa thbhé&ssértiall ebmpEnenMRhe BYET

this enbodi mrent shows the exanples in which the channel |ength direction of

t he transimitted inha siructpees e KM% JAsandi 3B anbhe diket he transistors 160 and 162;
however , [btfgl]pom tional relation

FIGS. 9A and 9B each illustrate an example of the case where the size of the

element is relatively large and the gate electrode 136d is placed below the oxide
20  semiconductor layer 140. In this case, a demand for the planarity of a surface and the

coverage is relatively moderate, so that it is not necessary to form a wiring, an electrode,

and the like to be embedded in an insulating layer. For example, the gate electrode

136d and the like can be formed by patterning after formation of a conductive layer.

Note that although not illustrated here, the transistor 160 and the transistor 162 can be
25  formed in a similar manner.

[0182]

A big difference between the structure in FIG. 9A and the structure in FIG. 9B
is that the source or drain electrodes 142a and 142b are in contact with either the bottom
surface or the top surface of the oxide semiconductor layer 140. Moreover, this

30 difference results in other electrodes, an insulating layer, and the like being arranged in
a different manner. The details of each component are the same as those of FIGS. 3A

and 3B, and the like.



30 between the transistors 160, 162, and 164 is not limted to this
exanple. In addition, the transistor 160 and the transistor 162 nay be
provi ded wo 20v@sbap with the transistor 164. WO PCT/JP2010/067496

2011/ 052351PCT/ JP2010/ 067496 48 [ 0192]46 In this enbodi nent, the
sem conductor device with a mninum storage unit is described for
sinplification; however, the structure of the sem conductor device is not
limted thereto. A nore advanced seni conductor device can be forned by
connect i qglgg,a plurality of sem conductor devices as appropriate. The

W ring conflguratlon isnot [imted to that in FIGS. 1 and 1B and FIGS. 2A
to 2D, and can Specmlqal&ogéhle S@nlammrlﬁvm l{IG}IGS?AllnCltld'ﬂS the igatcoricuirodor

devi ce acgqrdi ng.,t o thi d| nment npu i can b for a
o pot CRIGORarE ol hecmheaueTinsafls 1ot 13 8 Yo e bing Fasaf s
Accor di nqier;ded 206 ﬁl@%’t&&@étr&ﬂvl% (e W& oA rail) PlebtrSded NAa Qﬁm 1beb hel d
(e.g., an inverter circuit) can be provided. [0194]

st r uctur emovided mrﬁbelgat@e@@rlmmdlam 138, ane thsoeide mmﬁand%@rd@mlmedn as

emod nortoa <t b B il PGS R R OO SR Tl e of

an el ect r[omsq devi ce equi pped with the sem conduct or deV| ce obt ained in the
above enbodi nent will be described with 20 reference to 11A to 11F.

In the sem condd¥semicpagueter %ﬂ%lﬁ&ﬁu%tnﬁ@da%@&@a@r%%féﬁ%%ﬁd previledan be
hel d d,y .| d
does ot A B2 ARG il g S LAD I 0B ERBEH i v co

n- 1 nput” si gnal
Fur t hiér nogats eldeerode ni36dn dhxe toarkded semicendypeorataysr diOhpgvidedeecer theugatewi t h

the use of the semc uct or, devjc an electro device with a new

et or Ongltng B DRSO siaRvit fie. gt Rlectife Datih dhtuRe sovEE or dibr di ng
to the a@@é@ro@é’@@@d@ﬁﬁ 1&% ;pEHv@Mdaferle P cbﬁa&WﬁB %dto9nsu?faéé bf 4hd ofrard or
the like, and then buil o each el ectronic device. [0196] FI G

11A i | | usemigaadueiot 'apjcrob‘()per sonal conputer including the semni conduct or
devi ce ac[g%ﬂi ng to the above enbodi nent. The | aptop personal conputer
i ncl udes

15 Note that also in the structures in FIGS. 9A and 9B, a component is sometimes
omitted from the structure in FIGS. 3A and 3B or the like. In this case also, a
secondary effect such as simplification of a manufacturing process can be obtained.
[0186]

FIGS. 10A and 10B each illustrate an example of the case where the size of the

20 element is relatively large and the gate electrode 136d is placed over the oxide
semiconductor layer 140. Also in this case, a demand for the planarity of a surface and
the coverage is relatively moderate, so that it is not necessary to form a wiring, an
electrode, and the like to be embedded in an insulating layer. For example, the gate
electrode 136d and the like can be formed by patterning after formation of a conductive

25 layer. Note that although not illustrated here, the transistor 160 and the transistor 162
can be formed in a similar manner.

[0187]
A big difference between the structure in FIG. 10A and the structure in FIG.
10B is that the source or drain electrodes 142a and 142b are in contact with either the

30  bottom surface or the top surface of the oxide semiconductor layer 140. Moreover,
this difference results in other electrodes, an insulating layer, and the like being

arranged in a different manner. The details of each component are the same as those of



30mai n body 301, a housing 302, a display portion 303, a keyboard 304, and
the like. [0197] WO 2011/052351PCT/JP2010/ 067496 49 sem conductor device
accor di ngwvoaotins2above enbodi nent. A main body 311 i ncl mdegpidiepday
portion 313, an external interface 31%7 operation keys 314, and the |ike.
Further, a stylus 312 is provided as an accessory for operation. [0198]
S5FIG 11C illustrates an el ectronic book 320 as an exanple of electronic
paper including the sem conductor device according to the above enbodi nent.

The eIecﬁq@@[§AQ99§B3%Qjmgq@gﬂes two housings: a housing 321 and a housi ng
323. The housing 321’ i's conbined with the housing 323 by a hinge 337, so

t hat the [OL&8]Jt roni c book 320 can be opened and closed with the hinge 337

ied 52 papor DusRLE) S OSSR R EA SRR W 055 7 2y ©°
portion 33&troafd14RCaduoupibngiodiidd ighe! Hidafitefla lirSiRb @XMyt S 3K oliae
il

di splay portion 325 and the display portion 327 can splay a conti nuous
i mage dor sdimfidomductor layeigb4) inTeamtact matht top suffacesdif ghe¢ sguiregyorlidfafie leptrodesages 15

all ows t to b i splayed .on.the right .di splay.portion (the displ.ay

or t1on 392 e esh, e R R, T8l s Py ik B P BV, BF P oy
portion (ddirodesSPi2alangaulh afd the oxide sehimohdfidtor [a920040, bhdtht Iatd dikddpde at es an
exanmpl e of the case where the housing 321 includes an 20 operating portion
and t he 113gé prasddedoquenihecgate Hsulating jaygr b381in hieginmcaycHapring With the eRidg31
control er 335, and the like. The control keys 333 all ow
pages toKﬁé&¥%§%g .a%%ﬁgbthat a keyboard, a pointing device, or the like
may abso [be8qdr ovi ded on the surface of the housing, on which the display
portion is provided.  Furthernpore, an external connection termnal (an

ear phone t er mi ride Semiqoagugter davicq ‘PG}:&Gt é(ﬁ]?h"?fi?deﬁ g oxide semicgduciilatered to

various cap| ;gr,%vﬁlb'& oS tHRNinfHa PSRN BatiRD taydr YO8, fiRNoirceO6r dfdfh blekiFddes @

recording medium insertion portion, and the iike may be provided on the
back surfld2a and 142z pmivitted 401bE aw comthcttwich hbepssurfpce Dhéheedade seamicenduotok 320

oo 2 R D SRR, ) Pk P AP Lod
15 142a and 142b and the oxide semiconductor layer 140, and the gate electrode 136d
provided over the gate insulating layer 138 in a region overlapping with the oxide
semiconductor layer 140.
[0190]
Note that also in the structures in FIGS. 10A and 10B, a component is
20 sometimes omitted from the structure in FIGS. 3A and 3B or the like. In this case also,
a secondary effect such as simplification of a manufacturing process can be obtained.
[0191]
As described above, a semiconductor device with a new structure can be
realized according to one embodiment of the disclosed invention. In this embodiment,
25  the examples of the semiconductor device in which the transistor 164 is stacked over the
transistor 160 and the transistor 162 are described; however, the structure of the
semiconductor device is not limited to this structure. Moreover, this embodiment
shows the examples in which the channel length direction of the transistor 164 is
perpendicular to that of the transistors 160 and 162; however, the positional relation
30  between the transistors 160, 162, and 164 is not limited to this example. In addition,
the transistor 160 and the transistor 162 may be provided to overlap with the transistor

164.



transmtting and receiving data wirel essly. Through w rel ess conmuni cati on,
desired book data or the |Iike can be purchased and downl oaded from an

el ect roniwobeplosssiver. WO 2011/ 052351PCT/ JP2010/ 06749¢chQ3prbRaféhos

Note that el ectronic paper can be used8in any field as long as data is

di spl ayed. For exanple, electronic paper can be applied to posters,
advertisenent in vehicles such as trains, and a variety of cards such as
credit cards as well as electronic books. 5[0203] FI G 11D
iI'lustratg ceIIuIar phone including the sem conductor device according
to the a ove enbodlnent The cel | ul ar. phone includes two housings: a

housi ng 340 andn shihembodignedd the ?dmlchm:lmdﬁgle&@& withca tdeisuan diosipk amitaanel

342, a speaker 343, a_microphone 34 poi ntjng device 346, a canera |ens
347, an Slepcbid for Hmplificatian JAvewt aﬂtwstsge ofthg SRECONAREOr de¥dces Dt ng 340

i ncl udes It @Erefe! 1A 51%96 L RanEhPdaiBshdu BBy ﬁg\ll&y{xﬁf bPRPREd ngoﬁﬁgcﬁflgal

menory sl ot 350, and t l1ke. An antenna iIs bui I'n the housing 341.
[ 0204P Thepldrashpy af/ sq:mneildumﬁ denideside appropoateh Whmmnngxcmﬂglmmmylsofot control

keys 345 ar.e | aye an | €, are own. b as nes in
FIG 11D. “gh{‘h at ‘He‘g@;o ﬁ@&g 'ﬁ&ﬂg FIGRY o aﬁgom gin g%e

i ncreasi n@ppYialet age output fromthe solar cell 349 to a vol tage needed for
each ci rcwt In addition to the above structure, a noncontact I1C chip, a

smal | red@l%ﬂng device, or the like may be built in the cellular phone.

20[ 0209] spl.a orlentatlo 0 | ay panel 342 changes as
appropriate in ag osreala%(’[’)’dugm{ ﬁe‘”ﬁ C§8r N {%&" n"ﬁ%?@me'ﬁu&f W@f’“ SIgRL G ey o

| ens 1847 beshdld oot Getbn@npdrivd 68 fineS Uédaas‘ee thas trahistoi 994 Has dowebff2AdentS0O t hat
the cel lul ar phone can %e used as a_video phone. The speaker 343 and the

ni cr ophorfsccgulinglyna semicopducteyy deyigreBoibick aminpyt signal eancBe deldg(e-ganan pl ayi ng

sound, et: aIIs Mor eover, the housings 340 and 341
whi ch ar enq\7 r%\?\nﬁépﬁln?o?@ BfoQ/ G 11D can over| ap with each other by sl i di ng.

Thus, thd0t®]l ul ar phone can be in a suitable size for portable use. [0206]

The external cqpnnection termn 348 | s connect bIe to an, AC adaptor and a
30 variety of CHfSHECHEERndm ﬁftﬁgsieé%{mee in fis emo Bﬂ'é‘lﬂ"égafbh%%‘?’ﬂ’g 365 he

cel I yhar phRpaaRNHHA} aﬁonHéTBHthlﬁ@é AR metBECR B beddin tRY S1REr HYERheRl. data
can be saved and noved by inserting a recording nediumto the external

menory sl[@19350. In addition to the
(Embodiment 2)
In this embodiment, ckamples of an electronic device equipped with the
semiconductor device obtained in the above embodiment will be described with
20 reference to FIGS. 11A to 11F. In the semiconductor device obtained in the above
embodiment, data can be held even when power is not supplied. In addition, the
semiconductor device does not deteriorate with writing or erasing of an input signal.
Furthermore, the semiconductor device operates at high speed. Thus, with the use of
the semiconductor device, an electronic device with a new structure can be provided.
25  Note that the semiconductor device according to the above embodiment is integrated to .
be mounted on a circuit board or the like, and then built into each electronic device.
[0196]
FIG. 11A illustrates a laptop personal computer including the semiconductor
device according to the above embodiment. The laptop personal computer includes a
30  main body 301, a housing 302, a display portion 303, a keyboard 304, and the like.
[0197]
FIG. 11B illustrates a portable digital assistant (PDA) including the



WO 2011/ 052351PCT/ JP2010/ 067496 51 above functions, an infrared
communi cation function, a television reception function, or the |ike may be

provi ded.wbO8Pfds23sh G 11E illustrates a digital canera ipaglipshingsde
sem conductor device 5 according to tH® above enbodi ment. The digital

canera includes a main body 361, a display portion A 367, an eyepi ece
portion 363, an operation switch 364, a display portion B 365, a battery
366, and the like. [0208] FIG 11F illustrates a television set including

t he sem c I reli (o) . ve e ' 1 evi si on
set 370 |S(r%§1q t@tgggtgpﬁ%‘}dgﬁe%%gﬁg %rtgélg %‘%}f %ﬁtﬁlﬁhgg'gi s&%ﬁguggyi@g% 1@&.}@(@5' mages
can be di=s[isplagdpartion 8d 3(lias pdxéernglointerface 313, opleation tkiegs Bods amd thk7 liké.s
support ed 'gﬁ] a stand_375. 0309] The tel evision set 370 can be operated by
an oper at Fethesgistdps 31 padadgdasapaceassory Qs ORI or by a renote

controll e[:m?@]O separately provided. Channels and volunme can be controlled
by a control 'key 379 included in the renote controller 380, and i mges

di spl @yed on t HAGdil B lidnstiates tan embecBdBiccznokt 3A0sasben camplobf ekictrdnic papar, t he

renote contrqller 380 can.b rovided wth a displ portiqn 377 for

i Spl ayi nECHANE BiR SRRSO AV Ehoteeoknk ol 1hEr Sa8, SIPRRs The  note
that the qigh@hicShstk 520 j&?&e@&@&%o%@ih?s:'d"ﬁb% 391 2RE Q! Nfksing®230dgMRe and
the like. Wth the receiver, a general television broadcast can be

r ecei ved. haquging 2 nis rcembivted withh ghet bousings32nby ethiagk033% sodhatetbe elbctronig

comruni cat i on twork b i re r wr.eless,con tion via the dem
ooy oA R R dhfped S8 Bspdolift, T n58 T AR o PRocnig s
transpi t t@fucticlalfowsihie elefronib BoWIEBT0 fotseqisk@ hSpapef bbdlg. | i ke) data

comuni cati on can be performed. [0211] The structures and net hods

descri bed01®k hi s enbodi ment can be combined as appropriate with any of the

structures and ﬁEtHZSﬂSEﬁg 49% GidhRRd aidﬁbpu}%o%&?ﬁf Ihe ﬁ{e%ﬂgiﬁg 339 includes a
display portion 327. The display portion 325 and the display portion 327 can display a

continuous image or different images. The structure for displaying different images
15  allows text to be displayed on the right display portion (the display portion 325 in FIG.
11C) and images to be displayed on the left display portion (the display portion 327 in
FIG. 11C).
[0200]
~ FIG. 11C illustrates an example of the case where the housing 321 includes an
20  operating portion and the like. For example, the housing 321 includes a power button
331, control keys 333, a speaker 335, and the like. The control keys 333 allow pages
to be turned. Note that a keyboard, a pointing device, or the like may also be provided
on the surface of the housing, on which the display portion is provided. Furthermore,
an external connection terminal (an earphone terminal, a USB terminal, a terminal that
25  can be connected to various cables such as an AC adapter and a USB cable, or the like),
a recording medium insertion portion, and the like may be provided on the back surface
or the side surface of the housing. The electronic book 320 can also serve as an
electronic dictionary.
[0201]
30 In addition, the electronic book 320 may have a structure capable of
transmitting and receiving data wirelessly. Through wireless communication, desired

book data or the like can be purchased and downloaded from an electronic book server.



WO 2011/ 052351PCT/ JP2010/ 067496 52 which are hereby incorporated by
reference. WD 2011/ 052351PCT/ JP2010/ 067496 53 CLAI M5 1. A

sem condugbabhi@iRyisge conprising: a transistor includingpei 918667496
sem conductor |ayer; and adlogic circuit fornmed using a

sem conductor material other than an oxi de 5sem conduct or, wher ei n

one of a source electrode and a drain electrode of the transistor S
electrically connected to at | east one input of the logic circuit,

wher ei n
the tran
circuit.
an off-c

sem condJ®f 6¥amRY; PECRNGPARER 2R
as rafRCarid RicPPOt CRdeh 88 crledi @hirds Sas el abQIRuBhRBooks& B or | ess.

hydr ogen

%ast one input signal is applied to the logic circuit through
| st and 10wherein the transistor is provided above the | ogic
Not@ thaT blectsenit paped wen be uskelincay dictbasdiong a$ data Iiadisplmyedz\/ner ein

rent of the transistor 10- 13A or |l ess. 153.
Be éPéfeﬁ] t9 Pojifis %(ivﬁ“éSCE‘SHE‘é‘n‘ﬁhé‘il‘?so%‘d&f

A semi conduct or device conpri sing:
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10

15

20

25

30

[0203] »

FIG. 11D illustrates a cellular phone including the semiconductor device
according to the above embodiment. The cellular phone includes two housings: a
housing 340 and a housing 341. The housing 341 includes a display panel 342, a
speaker 343, a microphone 344, a pointing device 346, a camera lens 347, an external
connection terminal 348, and the like. The housing 340 includes a solar cell 349 for
charging the cellular phone, an external memory slot 350, and the like. An antenna is
built in the housing 341.

[0204]

The display panel 342 includes a touch panel. A plurality of control keys 345
which are displayed as an image are shown by dashed lines in FIG. 11D. Note that the
cellular phone includes a booster circuit for increasing a voltage output from the solar
cell 349 to a voltage needed for each circuit. In addition to the above structure, a
noncontact IC chip, a small recording device, or the like may be built in the cellular
phone.

[0205]

The display orientation of the display panel 342 changes as appropriate in
accordance with the application mode. Further, the camera lens 347 is provided on the
same surface as the display panel 342, so that the cellular phone can be used as a video
phone. The speaker 343 and the microphone 344 can be used for videophone calls,
recording, and playing sound, etc. as well as voice calls. Moreover, the housings 340
and 341 which are shown unfolded in FIG. 11D can overlap with each other by sliding.
Thus, the cellular phone can be in a suitable size for portable use.

[0206]

The external connection terminal 348 is connectable to an AC adaptor and a
variety of cables such as a USB cable, which enables charging of the cellular phone and
data communicatioh. Moreover, a larger amount of data can be saved and moved by

inserting a recording medium to the external memory slot 350. In addition to the



a first transistor including a first gate electrode, a first source

el ectrode, and a 20first drain el ectrode; a second transistor
i ncl udi nowa 298GBRsE19at e el ectrode, a second source el ecippedPr01806h465 second
drain el ectrode; and a third tdansistor including a third gate

el ectrode, a third source electrode, and a third drain el ectrode, 25wherein
the first transistor and the second transistor are fornmed using a substrate
i ncluding a sem conductor naterial other than an oxide seniconductor;

wherein t Wy ' ' d ' ;
wnor oi n i flreflob 2 HeEa cd BRSPS T R EAPLRY rliBHBH o
el ectri caht Yike anapdetpeslided. each ot her; and 30wherein the first gate

el ectrode, the second gate el ectrode, and one of the third source el ectrode

and the tQ 29 drain el ectrode are el ectrically connected to each other. WO

2011/ 052351PCT/F3182%E/ QﬁZﬁhﬁ@s %4d igital camers Jé‘l?dlﬁgrlhg%ﬂﬂé‘dn%cﬂfvdeg

according to claim4, further r|S|ng a capacrttor ectrica connect ed
to thé fiacetrdgastte the ebcweoainbodurhents edbadigiat eam¢rednclodts,a math iy 3ﬁﬂeaof t he

third soup.ce electro nd the third dr el ectrode. 5
o Songdifiley” g ion oA 60 frcEPiEE: BPfoR: 365 GRS Aop R, 364k dRBE or i s

a p- chanr‘lﬁ,lm(;rfgrjgggsatsyﬁe%n%g RRd aRAKd transistor is an n-channel
transi st or he Semi conductor device according to claim 4,

10wher ei {0208 ot her of the third source electrode and the third drain
el ectrode, 15, e 1Bl SEETHESR, " B0 R il e
el ectioi calcbyrdm@niteteeshove emibsodgmant. OW Ridvidbi ised370 includes a housing 371
provided with a display portion 373. Images can be displayed on the display portion
373. Here, the housing 371 is supported by a stand 375.
[0209]
The television set 370 can be operated by an operation switch included in the
15  housing 371 or by a remote controller 380 separately provided. Channels and volume
can be controlled by a control key 379 included in the remote controller 380, and
images displayed on the display portion 373 can thus be controlled. Further, the
remote controller 380 can be provided with a display portion 377 for displaying data
output from the remote controller 380.
20 [0210]

Note that the television set 370 preferably includes a receiver, a modem, and
the like.  With the. receiver, a general television broadcast can be received.
Furthermore, when the television set 370 is connected to a communication network by
wired or wireless connection via the modem, one-way (from a transmitter to a receiver)

25  or two-way (between a transmitter and a receiver, between receivers, or the like) data
communication can be performed.
[0211]

The structures and methods described in this embodiment can be combined as

appropriate with any of the structures and methods described in the other embodiments.
30 |

This application is based on Japanese Patent Application serial No.

2009-249328 filed with Japan Patent Office on October 29, 2009, the entire contents of



wherein the third gate electrode is electrically connected to a gate signal
i nput 15w ring; wherein the first source electrode is electrically
connect edybofy0skssing for applying a first potential; apgrpoi006749€rein

t he second source electrode is electribgally connected to a wiring for
applying a second potential. 20 8. The sem conductor device:-
according to claim4, wherein the first transistor includes: a
first channel formation region forned in the substrate including a
Se”?CondQﬂhaﬁ8@3&?&5ﬁ£a§&?§%d%ﬂ?&?ﬁﬂc.Xide sem conduct or; first'inpurity
regi ons provide o°san ch the 1Tirst channel formation region; a first 25
gate insulating |ayer over the first channel formation region; the first
gate el ectrode over the first gate insulating layer; and the first source
el ectrode and the first drain electrode which are electrically connected to
the first inmpurity regions; and wherein the second transistor includes: a
second channel formation region forned in the substrate including a

sem conductor material other than an oxide 30 sem conductor; second
inmpurity regions provided to sandwi ch the second channel formation region;
a second gate insulating | ayer over the second channel formation region;
the second gate el ectrode over the second gate insulating |ayer; and the
second WD 2011/052351PCT/JP2010/ 067496 55 source el ectrode and the second
drain el ectrode which are electrically connected to the second inpurity
regi ons. 9. The sem conductor device according to claim4, 5wherein
the third transistor includes: the third gate el ectrode over the substrate



i ncluding a sem conductor material other than an oxi de sem conductor; a
third gate insulating | ayer over the third gate el ectrode; the oxide
sem conduwwbanil/@ysn over the third gate insul ating |ayercTanzhidbersdchird
source electrode and the third drain éBectrode which are electrically

connected to the oxi de sem conductor |ayer. 10 10. The
sem conduct or device according to claim4, wherein an off-current of the
third transistor is 1 x 10-13 A or |ess. 11. The sem conduct or

device according to claim4, wherei @Ltm%ssubst rate 15including a
sem conductor material other than an oxide sem conductor is a single
crystal sem corldAckeorcandbstor davicecromgmistig subst rat e. 12. The

sem conduct or device according to. ,.claim4, wherein the sem conduct or
e oS Por AR Tiid s s atud T ngn” 56 13. The

sem conduct or qae}GgRecﬁ‘&ﬁP'T&jnféﬂ HGn e laddeMifondiBRF GhitefidlCotR HfinSHTbgRRAUCT OF
| ayer includes an’ln-Ga-Zn- 0O based oxi de sem conductor material.

14. Tie swmicanddetot,or devi ce according to claim4, wherein the oxide

25sem conduct or_ | ayver includes an,|n2Ga2zn07, cryst al . 15. The

seni conduct or d’é‘%ﬁ%g oélgc(?cjfj_r%lisﬂ‘brc? le&ﬂﬁ&%’ﬂ?i’vﬂg eflﬁgtéodc?o?fcgﬁttfaaﬁsls&{ Bt

hydr ogen dléctiith@ly@shatciatiab Ras wat Miput 8F Bk logic 2irdui, 019 atoms /cn8 or |ess.
WD 2011/ 052351PCT/ JP2010/ 067496 56 first drain el ectrode; a second
transi stor inclwhereig a least onel iputesignabds applicd @ declogi dewitcdraughcthe ode,
and a se .fArajn el ectrode; and a third transistor including a
third gaﬁg&g1sg)é’tai}n§de, a third source electrode, and a 5third drain

el ectioode, whervdiefeih lile thansitortis priosidet abovartle 1dpic diemdtnd transi stor are

formed using a substrate including a sem conductor material other than an
oxi de sem conductor; wherein the third transistor includes an oxide

sem conduct or | 2¥&k;semiconductor device according to claim 1, wherein an off-current of

the transistor is 1 x 10> A or less.

15 3. The semiconductor device according to claim 1, wherein a concentration of

hydrogen in the oxide semiconductor layer is 5 x 10'° atoms /cm” or less.

4. A semiconductor device comprising:
a first transistor including a first gate electrode, a first source electrode, and a
20 first drain electrode;
a second transistor including a second gate electrode, a second source electrode,
and a second drain electrode; and |
a third transistor including a third gate electrode, a third source electrode, and a
third drain electrode,
25 wherein the first transistor and the second transistor are formed using a
substrate including a semiconductor material other than an oxide semiconductor;
wherein the third transistor includes an oxide semiconductor layer;
wherein the first drain electrode and the second drain electrode are electrically
connected to each other; and
30 wherein the first gate electrode, the second gate electrode, and one of the third

source electrode and the third drain electrode are electrically connected to each other.



wherein the first drain electrode and the second drain el ectrode are
electrically 10connected to each other; wherein the first source

el ect r odeygnehitdigsshii rst gate el ectrode are el ectricallype@npanbeehsé each
ot her; and wherein the secondb5gate el ectrode and one of the third

source electrode and the third drain electrode are electrically connected
to each other. 15 17. The sem conduct or device according to claim
16, further conprising a capacitor electrically connected to the second
gate el ectrode and the one of the third source electrode and the third
drain el ectrode. 2018. The sem conductor device according to claim 16,
wherein the firstThe aamicohductors devicd-ackading! to ichivai 1 durtten dednipeisigcand

transistor is an n- chﬁnnel transistor. 19. The sem conductor device
accor di ngaPrier sleqtrically connected to the firgypatecslectiods, e Aeqond gatepdectgde.gndour ce

el ect rodenagge e tifikd &u%eaél&tx%héﬁﬁc{ fi’n@‘?hlh?dn%ﬁ%l@&}dd'eca' ly connected to a

signal input wring; wherei n Irst drain el ectrode and the
second drain el ectrode are electrlcally connected to a signal output

W ring; mherel e thjrd e electrode is electrjcall onnected to a
gate gi gnal &JH}S\IF‘?’PWQ“ VigP ACOREINg tq claind &,y %‘e‘é‘lté"cf ifsh tansigtor is

el ectrical} ¥h£ﬁ@ﬂ€ﬁisi%€brtaﬂd@hé’!e&bﬂlﬂtdx@fst&ﬁ@hx}/m&ﬂanﬁxeﬁ irasistpot ential ;. and the
second source electrode is electrically connected to a wiring for applying

a WO 2011/ 052351PCT/ JP2010/ 067496 57

7. The semiconductor device according to claim 4,
10 wherein the other of the third source electrode and the third drain electrode is
electrically connected to a signal input wiring;
wherein the first drain electrode and the second drain electrode are electrically
connected to a signal output wiring;
wherein the third gate electrode is electrically connected to a gate signal input
15 - wiring;
wherein the first source electrode is electrically connected to a wiring for
applying a first potential; and
wherein the second source electrode is electrically connected to a wiring for
applying a second potential.
20
8. The semiconductor device according to claim 4,
wherein the first transistor includes: a first channel formation region formed in
the substrate including a semiconductor material other than an oxide semiconductor;
first impurity regions provided to sandwich the first channel formation region; a first
25  gate insulating layer over the first channel formation region; the first gate electrode over
the first gate insulating layer; and the first source electrode and the first drain electrode
which are electrically connected to the first impurity regions; and
wherein the second transistor includes: a second channel formation region
formed in the substrate including a semiconductor material other than an oxide
30  semiconductor; second impurity regions provided to sandwich the second channel
formation region; a second gate insulating layer over the second channel formation

region; the second gate electrode over the second gate insulating layer; and the second



second potential. 20. The sem conductor device according to claim 16,
wherein the first transistor includes: a first channel formation region

formed i nyo2eiig2gwbstrate i ncluding a sem conduct or maperlpho1@bfases t han an
oxi de semi conductor; first inpurity rég§ions provided to sandwi ch the first

channel formation region; a first gate insulating |ayer over the first
channel formation region; the first gate el ectrode over the first gate
insulating layer; and the first source electrode and the first drain

el ectr Od"soﬂ@e%ﬂﬁﬁbﬂe Qﬁ@g&rs‘e%lcﬂ drafnOdP& gvl’th hRGiddiich lghégﬁ%‘{té‘%/ tdf 38! ONS;

and 10wherein the second transistor |nc secon ormation
regi on f ceomd inputiheregiobs.t rat e i ncl uding a sem conductor material other
t han an oxi de sem conductor; second inpurity regions provided to sandw ch
t he second channel formation region; a second gate insulating | ayer over

the second chamnghe §GhiEBIdRIbr UEHLORcotdifiy BPQRAA4 At el ectrode over the
second gate insulating layer; and the second 15source el ectrode and the

second drain elvdereinde Wi dhansisier dlohutesi thalthiyd gaepkectredt oer thresubscaad
inpurity .regions seni condy devi ce. .accordi to cla 6,

whor ei n” dASRR s P aaiEics R, HBEC e FrieR SGicondiubt SUBDBEF ¢ ne
substr at QDSlﬁiglﬂgnﬁ%'éid(b\&g the BRI £061etBde; TBE BkidR! seRidtRduétbAhydn oeyl e

sem conduct or hird gate insulating layer over the third gate el ectrode,

the oxi dehiségrieonenlating layesy and &ﬁeﬁhlrﬂrﬁ@utqmql@trgd@ and #ho third; dyain| edgatiode and t he
third Sot}’ﬂlfgh ?Jﬁ e?ec‘r %ﬁy%&gnec@ﬁ E}H)o(rjxwgie;%é{r]?gﬁg% Pﬂg‘ﬁé\m' ch are electrically

connect e ) SEMEShd sem conduct or devi ce
acconding to cIa|m16 vvhereln an off-current of the third transistor is 1
x 10-13 A or |less . The seni conductor device according to

clai m 16, wher éPnTPﬁée'E‘ﬁB%‘i‘#Cé{’tfé’ei"’r?EIaﬁ‘éﬁrﬁﬁ‘gam%ﬂ“c‘bﬁm%%lﬂramﬁf gyrreqt obt her
than an L ngl e crystal 30sem conductor substrate
an Sd%ésgﬁ f‘d’ﬁ#ﬁf&?% 38 ‘%BE&%glPCT/JPZOlO/ 067496 58 sem conduct or
rrat erial other than an oxi de sem conductor is silicon.
11. The semiconductor device according to claim 4, wherein the substrate
15  including a semiconductor material other than an oxide semiconductor is a single crystal

semiconductor substrate or an SOI substrate.

12. The semiconductor device according to claim 4, wherein the semiconductor
material other than an oxide semiconductor is silicon.
20
13. The semiconductor device according to claim 4, wherein the oxide

semiconductor layer includes an In-Ga-Zn-O-based oxide semiconductor material.

14. The semiconductor device according to claim 4, wherein the oxide

25  semiconductor layer includes an In,Ga,ZnO; crystal.

15. The semiconductor device according to claim 4, wherein a concentration of

hydrogen in the oxide semiconductor layer is 5 x 10" atoms /cm® or less.

30 16. A semiconductor device comprising:

a first transistor including a first gate electrode, a first source electrode, and a



25. The sem conductor device according to claim 16, wherein the oxide

sem conduct or | ayer includes an | n-Ga-Zn-0-based oxi de sem conduct or

mat eri al .wb 2011/052351 26. The sem conduct or devi ce accor dipagps16b&husp 16,
wherein the oxide seni conductor |ayer 5ncludes an I n9Ga2Zn0O7 crystal .

27. The sem conductor device according to claim 16, wherein a concentration
10of hydrogen in the oxide sem conductor layer is 5 x 1019 atons /cnB or

| ess.

first drain electrode;

a second transistor including a second gate electrode, a second source electrode,
and a second drain electrode; and

a third transistor including a third gate electrode, a third source electrode, and a

5  third drain electrode,

wherein the first transistor and the second transistor are formed using a
substrate including a semiconductor material other than an oxide semiconductor;

wherein the third transistor includes an oxide semiconductor layer;

wherein the first drain electrode and the second drain electrode are electrically

10  connected to each other;

wherein the first source electrode and the first gate electrode are electrically
connected to each other; and

wherein the second gate electrode and one of the third source electrode and the

third drain electrode are electrically connected to each other.

15
17. The semiconductor device according to claim 16, further comprising a
capacitor electrically connected to the second gate electrode and the one of the third
source electrode and the third drain electrode.
20 18. The semiconductor device according to claim 16, wherein the first

transistor is an n-channel transistor and the second transistor is an n-channel transistor.

19. The semiconductor device according to claim 16,
wherein the other of the third source electrode and the third drain electrode is
25  electrically connected to a signal input wiring;
wherein the first drain electrode and the second drain electrode are electrically
connected to a signal output wiring;
wherein the third gate electrode is electrically connected to a gate signal input
wiring;
30 wherein the first source electrode is electrically connected to a wiring for
applying a first potential; and

the second source electrode is electrically connected to a wiring for applying a
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second potential.

20. The semiconductor device according to claim 16,

wherein the first transistor includes: a first channel formation region formed in
the substrate including a semiconductor material other than an oxide semiconductor;
first impurity regions provided to sandwich the first channel formation region; a first
gate insulating layer over the first channel formation region; the first gate electrode over
the first gate insulating layer; and the first source electrode and the first drain electrode
which are electrically connected to the first impurity regions; and

wherein the second transistor includes: a second channel formation region
formed in the substrate including a semiconductor material other than an oxide
semiconductor; second impurity regions provided to sandwich the second channel
formation region; a second gate insulating layer over the second channel formation
region; the second gate electrode over the second gate insulating layer; and the second
source electrode and the second drain electrode which are electrically connected to the

second impurity regions.

21. The semiconductor device according to claim 16,

wherein the third transistor includes: the third gate electrode over the substrate
including a semiconductor material other than an oxide semiconductor; a third gate
insulating layer over the third gate electrode; the oxide semiconductor layer over the
third gate insulating layer; and the third source electrode and the third drain electrode

which are electrically connected to the oxide semiconductor layer.

22. The semiconductor device according to claim 16, wherein an off-current of

the third transistor is 1 x 10> A or less.

23. The semiconductor device according to claim 16, wherein the substrate

including a semiconductor material other than an oxide semiconductor is a single crystal

semiconductor substrate or an SOI substrate.

24. The semiconductor device according to claim 16, wherein the
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semiconductor material other than an oxide semiconductor is silicon.

25. The semiconductor device according to claim 16, wherein the oxide

semiconductor layer includes an In-Ga-Zn-O-based oxide semiconductor material.

26. The semiconductor device according to claim 16, wherein the oxide

semiconductor layer includes an In,Ga;ZnO; crystal.

27. The semiconductor device according to claim 16, wherein a concentration

of hydrogen in the oxide semiconductor layer is 5 x 10'° atoms /cm” or less.



