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TECHNI CAL FI ELD [0001] The invention disclosed herein relates to a

sem conduwwOan1ds2isée usi ng a sem conduct or el ement and &CEEPEO0/048003
manuf act uri ng the sem conductor device. 10 BACKGROUND ART [ 0002]

Menory devi ces using sem conductor elenents are broadly classified into two
categories: a volatile device that | oses stored data when power supply
stops, and a non-vol atile device that retains stored data even when power
is not supplied. 15[0003] DES¢RIFEIONexanpl e of a volatile nenory
device is a DRAM (dynam ¢ random access nenory). A DRAM stores data in such
a manner that a transistor included in a nenory elenent is selected and

charge is stored in a Capa“§é®ﬂ€éﬁ@ﬁﬂ%r %&gﬁ ata is read froma DRAM
e above-desc

charge in a capacitor is lost on't ribed principle; thus,
another witing operation is necessary whenever data is read out. Moreover,

a tra S|%§&§# Bﬁ%ﬂgﬁgébn a nenory el enent has a | eakage current and charge
| ows~i nt N capacitor even when the transistor is not selected,
so that tgpdata holding tinme is short. For that reason, another witing

operation (refresh 25 operation) is necessary at predeterm ned intervals,
and it is diffTbuhnvwmmsud$dok@nhmynred&c@t@GMEﬂnmom@umptﬁ@nu=E@mghernnre,

si nce stared dat ower St itional menor
devi ce ushtpontidoedem T snd AFoRLIS mBBete R el fufioet IR T o der
to hold the data for a long tine. [0005] 30Another exanple of a volatile
nennag device is an SRAM (static random

BACKGROUND ART
[0002]

Memory devices using semiconductor elements are broadly classified into two
categories: a volatile device that loses stored data when power supply stops, and a
non-volatile device that retains stored data even when power is not supplied.

15  [0003]

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

20 When data is read from a DRAM, charge in a capacitor is lost on the
above-described principle; thus, another writing operation is necessary whenever data is
read out. Moreover, a transistor included in a memory element has a leakage current
and 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 operation (refresh

25  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 memory device 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 memory device 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 adwarnags239\0 2011/ 052396PCT/ JP2010/ 068103 2 overCa/JPRAMGSHBAEVET
cost per storage capacity is increased because 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 nenory
device is a flash nmenory. A flash nenory includes a floating gate between a
gate el eovéradDRAM. aHolh@neretost penabiage cipgit@is inbreasddr Rsise tadirocdtdush Or es
data by hol dj.n %ﬁchar ge in the floatin &ﬁgate Therefore, a flash nenory has

advant ag8%2 tipfIeRs p¥rd. d Morensr s iy P RaM, stassd datadn §n SBAM @slosbwhen
pernanenk),wglnsq, ﬁ'f h operation which is necessary in a volatile nenory
device i S not eeded (e.g., see Patent Docunent 1). [0007] ‘However,

a gate i (306hti ng Iayer included in a nenory el ement deteriorates by

tunneling current chflo in wi so that. the ry el enent stops
to Tincti on it WP AR HinbUPbR temorn eyt ine GHE MeROBr déb ¢ o

avoi d t higastPmeRbfMncRidiPa ﬂﬁﬁtk}%jgdt@bé’ﬂi"e&ha Lhe JerBat ard a‘éﬁdrﬁ‘nh%nﬂ@@é@t i ons

for nmenory elenents is egual i zed is enpl oyed, for exanple. However,
conpl i cat%@lsmpﬂpﬂrmmram @tqrmﬂﬂtasb)ah@ldmgcnhmgmaItlllfyfIMQg@atet o Theedforze t hi s

or obi em ST Fieptord T lsPeR AL BE AR ARRRAEE  PUrtRely Bop LABRET T or

appl i cat pérﬂﬁmbxlil) whd eéire@abpemﬁoﬁ waRHEg hbdess@Yin & eMRtile2HehB8G&vice is not | N
addi t| on h volta ge is necessary for injecting charge to the floating

gate 1y P@tﬁ’ﬁg(fh& 3 Dgsumentlher, it takes a relatively long tine to
i nj ector qgve charge and it is not easy to performwiting and erasing
at hi ghe [ Reference] 25 [0009] Patent Docunent 1: Japanese

Publ i shed Pat eHowAyp] a gatt iisolatiog 1857 inklixked 9n BIntéch S dREn &t dbidbdTdsBY

tunneling current which flows in writing, so that the memory element stops its function
after a numerous number of writing operations. In order to avoid this problem, a

15 method in which the number of writing operations for memory elements is equalized is
employed, for example. However, complicated supplemental circuits are additionally
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 injecting charge to the floating gate or
removing the charg}e. Further, it takes a relatively long time to injector remove charge,
and it is not easy to perform writing and erasing at higher speed.

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

DISCLOSURE OF INVENTION
[0010]

30 In view of the foregoing problems, an object of one embodiment of the
invention disclosed herein is to provide a semiconductor device with a novel structure

where stored data can be held even when power is not supplied and where there is no



[ 0010] 30In view of the foregoing problens, an object of one enbodi nent of
the invention disclosed hereinis to provide a sem conductor device with a
novel st rwotorigsadver e st ored data can be hel d even whenPpoez010/868mast
supplied and where there is no WD 2011/ 052396PCT/ JP2010/ 068103 3
limtation on the nunber of times of witing. [0011] One enbodi nment
of the present invention is a sem conductor device having a | ayered
structure of a transistor formed using an oxi de sem conductor and a

t ransi st dimifdtionadheifumberaf miades lof alritimgher t han t he oxi de semi conductor. The
foll ow nﬁ gtructur es can be enployed, for exanple. [0012] An

enbodi menfVH t he present invention is a sem conductor device including a

first line (so i ; i At Li : i L (flrst
i gnal 1ine)s G Ehentrafe Bel Reerih i p'sPhleonfucy idhicd find s ¥,
havi ng a liyerst stgehee of adramsiteyr farfiéd sting onpsalecdeadtonddetor andl aaradnsiser dr ai n

el ectrode; and a second. transi,stoy having a second t | ectrode, a second
Sour @ ellEieouing s atesiak aihgr ihag dhs pxide sctpicgadictorne The falfowips sevctinss | <
provi ded cgy 8 eﬁpﬁﬁg&tf{)ﬁéﬁlﬂgﬁg| udi ng a sem conductor material. The second

e

transi stor includés an oxi sem conductor |ayer. The first gate el ectrode

and one d00k2Je second 15 source el ectrode and the second drain el ectrode

are electrically connected tp each. other.. The first. |jne (source.line) and
the first sour b SRERARHbR. SRR PNRlion §Cosmibdiusiop GetiBe inchifing # ne
second | ifii l{nBi(§ourdetime)ansbcbi®lihd (Hit lindl);ai thirglliae tﬁ@dﬁgﬁﬂain@%ﬁ%ﬁhs &ht y
connected to each other. The third line (first signal line) and the other
of tA@ sétesard sigmrk dne) ot frfoangiston haviag coREst dgai elestiede.r a dirsiaseurce

el ectri Cgleltcﬁo&é) NRac Tﬂstt&}ag)]agllgct% €land 20scEBfd ftﬂiﬂgiHar lﬂaoﬁlﬁé 2 Sg&g}'ﬁ? Ogg'tgna'

line) an e decond gate ectrodé are electrically con each
ot her. [ GRt8dde, a second sonrdetedectriode,eandtar secondr draint dlectfadest The &ins inahsistor ncl udes

a channel. formati on regi on provi.ded over the substrate including.the
El?q?lf (E terial. %’h

sen conddtRTGYRALETT TUPSTHE ng 8 §5Birgnductor ma ¢ second transistor

includes an oxide semiconductor layer. The first gate electrode and one of the second
15  source electrode and the second drain electrode are electrically connected to each other.
The first line (source line) and the first source electrode are electrically conn.ected to
each other. The second line (bit line) and the first drain electrode are electrically
connected to each other. The third line (first signal line) and the other of the second
source electrode and the second drain electrode are electrically connected to each other.
20  The fourth line (second signal line) and the second gate electrode are electrically
connected to each other.
[0013]
In the above structure, the first transistor includes a channel formation region
provided over the substrate including the semiconductor material; impurity regions
25 provided so as to sandwich the channel formation region; a first gate insulating layer
over the channel formation region; the first gate electrode over the first gate insulating
layer; and the first source electrode and the first drain electrode electrically connected to
the impurity regions.
[0014]
30 In the above structure, the second transistor includes the second gate electrode
over the substrate including the semiconductor material; a second gate insulating layer

over the second gate electrode; an oxide semiconductor layer over the second gate



25 provided so as to sandwi ch the channel formation region; a first gate

I nsul ating | ayer over the channel formation region; the first gate

el ect r odewowver1/tsk@ef i rst gate insulatggg | ayer; and t hePCirIg20168/06816¢%

el ectrode and the first drain electro el ectrically connected to the

i mpurity regions. [0014] 30ln the above structure, the second transistor

i ncl udes the second gate el ectrode over the substrate including the

sem conductor nmaterial; a second gate insulating |ayer over the second gate

el ectr odensuaanin?xiagler; sl eRnektohdrsoupyetletiyede hh@® tE€GREshdiatsn trode
2011/ 052396PCT/ JP2010/ 068103 4 insul ating | ayer; and the second source
el ect r od&lesHisally gomnsstsd do Hhexideserteqndyetorlayet ri cal |y connected to the
oxi de sezb&ggductor | ayer. [0015] In the above structure, the
substrate 1 ncluding the sem conductor material is Spreferably a single
crystal sem coiwtist asoveustsictuad, ehe substra&Oinchudingg thet emitondpetot ingattddl,ist he
sem conduct_or gg;erial I S pretergbly silicon. n the above

n. [0016] In t
st r uc? ur refERBIYA Figlecaytal pricongpctpr sibstr ‘Fé’f‘é‘r“a%%&sqbﬁ'é?t&deg‘ pgticular,

| n- Ga- Zn+¢ Raneshdaiof fafteill KPPAEGRbRS sifi@meri al . In particul ar, the oxide 10
sem conductor |ayer preferabl'y incl'udes a crystal of 1n7Ga2zZn07. Furt her,

t he hydr d@@6]concentrati on of the oxi de sem conductor layer is preferably 5
x 1019 atorn;/ciﬁs r | ess, rrent of the con(ij transi stor is

preferably 1 x Iigl?el%bol(eosltmgtglges %‘l;rB% © FRPEPGBEYr laSyEr pEIIEPIK 1prludesan [ 0017)
151 n' t he IRIGAVEN-BLbated Ulokidel h@nfi@m@ietot I alksérsllOr gan fastidulAYi gRd bfd@ regi on
over I1((')i ppisgmgic\(l)m;lctlur::t(;rh(laay];ir r[igfegarbzli)p SiirlglElc?és' a[ g?y%tsa]l of In,Ga;ZnO;. Further, the
hydrogen concentration of the oxide semiconductor layer is preferably 5 x 10"
atoms/cm’ or less. The off current of the second transistor is preferably 1 x 107 A or
less, more preferably 1 x 1072° A or less.
[0017]
15 In the above structure, the second transistor can be provided in a region
overlapping with the first transistor.
[0018]
Note that in this specification, the term such as "over" or "below" does not
necessarily mean that a component is placed "directly on" or "directly under" another
20 component. For example, the expression "a first gate electrode over a gate insulating
layer" does not exclude the case where a component is placed between 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
positional relation of components is reversed, unless otherwise specified.
25  [0019]

In addition, in this specification, the term such as "electrode" or "line" does not
limit a function of a component. For example, an "electrode" is sometimes used as
part of a "line", and vice versa. Furthermore, the term "electrode" or "line" can include
the case where a plurality of "electrodes" or "lines" are formed in an integrated manner.

30 [0020]

Functions of a "source" and a "drain" are sometimes replaced with each other



Note that in this specification, the termsuch as "over" or "bel ow' does
not necessarily nean that a conponent is placed "directly on" or "directly
under” amneOhlerv/@®9sonponent. For exanple, the expressi oRCTAPLG10/8¢81¢Mt €

el ectrode over a gate insulating |ayer® does not exclude the case where a
conponent is placed between the gate insulating |layer and the gate

el ectrode. Mreover, the terns such as "over" and "bel ow' are only used for
conveni ence of description and can include the case where the positional
rel ati on vliencomysiséortaf opposite\peiaiy is usad es shet Her difestios pEairfdne lowaig 9019]

In addition, in this specification, the termsuch as "electrode! or "line"
does not C;ﬁ?’?‘ﬁeld 3 CF’L?HEt‘ﬁ’BWt‘BP’ r@éﬁ‘BBt‘?en .erﬁgire’etiﬁm, %awcefaﬁ%tdra@e" is
Sonet | MeSal € FeiiccB@ith Qich dthek iis speBficMidnandqhShke, FUr t hernore, the term
"el ectrode” or "line" can include the case where a plurality of

"el ectrod@@?1l]or "lines" are formed in an integrated manner. 30 [0020] WD

2011/ @52396PCT,JP2010/.068.103 5.when transi stor of opposite polarity is
used g_r when t eOt%li%Pagd{l ?glﬁ SBFCIQ%]rOéInﬁwf B & C‘rkca@%a‘fﬂg'ge&?qdn lﬂa}“&‘ﬁi ‘;he

oper at i orasd Whee*@iPodentd ey Edriebied thOukle BAbjcEOHAGRE aﬁ? dlec@cAuRicti@n be
replaced with each other in this specification and the 1ike. [0021] 5Note

that in tlheEe ispea particwlar dimitatipe opcannebieqt ayinigcanyl gleettin furgtion asi long wsles t he
case wher ' ' Lectric
Funct | on “eFar Ser ekl B RuRORRECARE LIl ahEitnath ChERal A, BihRs

el ectri c throngh therobjest.l ong as el ectric signals can be transmtted and

recei yed @cgzﬁ,een conponents that are connected through the object. 10[0022]
Exar‘rﬁ es | n object having any electric function are a switching el enent

such as a tr anﬁxﬁﬁlpres Gt Jneéﬁjéétq{awli@ﬂaﬂwelle&hgrfun@mﬁﬁmcai E»thﬂiﬁ%%?%élg' ement

with a variety of [ as an el ectrode and a 3] 15In

unctions "as we
gener al , su¢leas 2iransiB a gesigton an stdunton rascapadtosindaaneclerhent evith & variatp nf

sem condlfct 8.r | ayer is?ﬂprlovi (%Fd gn an insulating surface. In this

speci fi catTH9ns #hiell &s g clegode e AME 31'so i ncludes a substrate where a
sem condtpmz:_!;p | ayer fornmed using a material other than silicon is provided
over an insulating surface in its category. That is, a sem conductor |ayer

i ncl dded in t hin "ggopral ythst teame"SOL substrate " nimeans tap substratej giharep@ silicon

sem cond r u int strrate’ is not.limted to a
sem condg%%?n&s%%%t lrazéeﬁsﬁ@kfdgé %él %ll #&glc%l %asfl g?peandgégﬁ %ECIS&UOH’ ¢

non- sem ¢oand(SODsulstbe! rade irlieles assubsgitassheel RStansiteéndudtol Uayedr Zoshlst r at e,

a sapphire substrate, oréhag1 gﬁt al. substrate. In other words, .the "SQO

subst r at 4518 RJBAPHR QkRE SRAIE Proyadedh ayst aminsulaging serfags in dis ertgepmg
surface qha@i, 4 Bmcaldulbr THRP LIRS Me 40 sibhihd i A¥ClimI IELsifba? 25

sem conductor material 1n1'ts category. I on, thi's specitication,
t he 2@r ns¢memdmtmuddyer. sdbsubsttatd inethes "SO1 subktyate" sisbsdtr ditstetiotored usi ng

only a sem cog(ﬂéfg or rngtiteri a _bug_ afiso_ al | substrates including . a
sem condd#PSP i pubstrateysich; a5 "a; silicopy %’atﬁbe%’i FELOF oh ROPREMICSBfudehst r at e
is al so kivstrd@esich As tahdadkadudgedty, PiudrbiSsubsedit, CP SePpalre 'substatd bfhEmetal
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
25 semiconductor material in its category. In addition, in this specification, the term
"semiconductor substrate” means not only a substrate formed using only a
semiconductor material but also all substrates including a semiconductor maferial.
That is, in this specification, the "SOI substrate" is also included in the category of the
"semiconductor substrate".
30 [0024]
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



30 [0024] lower portion and a transistor including an oxi de sem conduct or
is placed in an upper portion. [0025] Since the off current of a
transi st owoizncl/oseliong an oxi de sem condgctor i s extrenel pCrargoigvesned dat a
can be retained for an extrenely long Tinme by using the transistor. In

ot her words, power consunption can be consi derably reduced because refresh
operati on becones unnecessary or the frequency of refresh operation can be
extrenely | ow. Mdreover, stored data can be retained for a long time even
when powdewesportibn sng al trandistot Gid0@i6g an oxide semitdreiuctoniigplaved fragre upgernot
needed to wite data, and deterioration of the element is negligible.
Furthermﬂpgl,;ondata is witten by switching between the on state and the off
state of [pEs|transi stor, whereby high-speed operation can be easily
realized. In-addition, since data can be rewitten by controlling a
potential inputSineg theeofframeentiofra tragsipler dn¢luding ane odidef sempieoruicton i or

er asi ag i I t her rit.. 027 ince a transistor

i ncl ugi n%QQ%ng eir0 ;&QISloz%‘ﬁgfgtat(f"lgn&gﬁe“g%%gorsaerlme’((:t(r)%%X'? ore ?31? %%')élflzgtgeﬁlgt

hi gher spraasistohannaothéransids} powérneingaihp@oraBarOk¢ densdiall P Hedice@ becalser €d
data can be read out at high speed by using the transistor. 20 [0028]

A seni congfieshoRpestipnchecamed uANGRSSRIY LB dec) frequcasy K6 rebrash opatatign pacbeidi ng
bot h the S [ j.n rd.aly0 n i de ' duct or
and the. €T aoael el e R G R e hebihed i W e e BB oy o
OF DRAW Ige®ef BG9}upphied.he acconpanying drawings: FIG 1 is a circuit

di agégm i{) sem conduct or devi ce; FIGS. 2A and 2B are a
Cross-se 0al view and a plan view for illustrating a 30 sem conduct or
devi ce; FulthS; hih L6ltade RN fotChRSt 36 Ghrit®Nfka, Vin@VerridrHid JF1thY St eps

for manufacturing a sem conductor device;
element is negligible. Furthermore, data is written by switching between the on state

and the off state of the transistor, whereby high-speed operation can be easily realized.

In addition, since data can be rewritten by controlling a potential input to the transistor,
15  there is no need of operation for erasing data, which is another merit.

[0027]

Since a transistor including a material other than an oxide semiconductor can
operate at higher speed than a transistor including an oxide semiconductor, stored data
can be read out at high speed by using the transistor.

20  [0028]

A semiconductor device with a novel feature can be realized by including both

the transistor including a material other than an oxide semiconductor and the transistor

including an oxide semiconductor.

25  BRIEF DESCRIPTION OF DRAWINGS
[0029]
In the accompanying drawings:
FIG. 1 is a circuit diagram of a semiconductor device;
FIGS. 2A and 2B are a cross-sectional view and a plan view for illustrating a
30 semiconductor device;
FIGS. 3A to 3H are cross-sectional views illustrating steps for manufacturing a

semiconductor device;



WO 2011/ 052396PCT/ JP2010/ 068103 7 FIGS. 4A to 4G are cross-sectional
views illustrating steps for nmanuf act uring a sem conductor device;

FI GS. 5A wo 26D/@&e36cr oss- sect i onal illustrating sPEepgPLn/068103

manuf acturi ng a sem conduct or devi ce FIG 6 is a cross-sectional view of
a sem conductor device; FIGS. 7A and 7B are cross-sectional views each
illustrating a sem conductor 10 device; device; device; FIGS. 8A and 8B are
cross-sectional views each illustrating a sem conductor FIGS. 9A and 9B are
cross-secti onaIFIGSeMﬁt@aGhm tiosssectibhal yiewsitlubtea ingLstdps for mbkifactdfidg ho 10F
each illustrat | ectroni c device; FIG 11 is a cross-sectional

vi ew of SRMGRPENG od%é’tcz‘iggered transi stor including an oxi de seni conduct or;

15FI GS. 12A an rgv?ps
Cross section %—IéAg&?'ﬁ[(%ﬁ%é %Sp%@ioggl%%g@ulg%u? Z%qu%g{fgét@ﬁ?éi whi ch a

posi ti ve spwicenductdrdevie) is applied to a gate (GEl), and FIG 13B

1 ushrates 2 SHale Ul oS IS RISl ANO) | applied Lo the

function ( pn) ?iGS. &1l 7B are cross-sectional views each illustrating a semiconductor
device; |

FIGS. 8A and 8B are cross-sectional views each illustrating a semiconductor
device;

10 FIGS. 9A and 9B are cross-sectional views each illustrating a semiconductor
device;

FIGS. 10A to 10F each illustrate an electronic device;

FIG. 11 is a cross-sectional view of an inverted staggered transistor including
an oxide semiconductor;

15 FIGS. 12A and 12B are energy band diagrams (schematic diagrams) of a cross
section A-A' in FIG. 11;

FIG. 13A illustrates a state in which a positive potential (+Vg) is applied to a
gate (GE1), and FIG. 13B illustrates a state in which a negative potential (-Vg) is
applied to the gate (GE1); and '

20 FIG. 14 illustrates a relation of vacuum level, work function (¢y) of a metal,
and electron affinity (%) of an oxide semiconductor;

FIGS. 15A and 15B are circuit diagrams of semiconductor devices;

FIG. 16 is a circuit diagram of a semiconductor device;

FIGS. 17A and 17B are circuit diagrams of semiconductor devices;

25 FIGS. 18A to 18C are circuit diagrams of a semiconductor device;

FIG. 19 is a circuit diagram of a semiconductor device;

FIG. 20 is a timing chart for illustrating the relation of potentials;

FIG. 21 is a circuit diagram of a semiconductor device; '

FIGS. 22A and 22B are a cross-sectional view and a plan view for illustrating a

30 semiconductor device;

FIGS. 23A to 23D are cross-sectional views illustrating the semiconductor



and electron affinity (x) of an oxide sem conductor; FIGS. 15A and 15B are
circuit diagrans of sem conductor devices; FIG 16 is a circuit diagram of
a sem consiocbarosesei ce; FIGS. 17A and 17B are cir eairtypailegesaos of
sem conduct or devices; 25FIGS. 18A to "18C are circuit diagrans of a

sem conductor device; FIG19 is a circuit diagramof a sem conductor
device; FIG20 is a timng chart for illustrating the relation of
potentials; FIG21 is a circuit diagram of a sem conductor device;

FI GS. 22AMewuinet 22B are a cross-sectional view and a plan view for
illustrating a se con tor device, FIGS. 23A to, 23D are

Cross-secti gnall:ﬁg?;'eg&itpl %@f ALt CRR§S SeRtionanyIew diliustgating e semiconductor

2011/ 0523Q6RGT/ JP2010/ 068103 8 device; FIGS. 24A to 24C are cross-sectional
views illustrating the sem conductor device; FIG 25 is a graph
showi ng char acF¥.i 3% iscs graphsshowangs Charanteristics ofiantganaistaxindedbg smnexidaduct or ;
FIG 26 is a circuit diagramfor evaluating characteristics of a transistor
i ncl udi néelgﬁog%cg%’ sem conduct or; FIG 27 is atimng chart for

eval uating chareGt 26 iistd efc@f dBadrimNfor Sévaluating! AR ErBAcOWE A€ transistor
sem conductor; 10FIG 28 is a graph show ng characteristics of a transistor

i ncl udi nénchuding amexide pAnaisPRANEt Y ;
FIG. 27 is a timing chart for evaluating characteristics of a transistor including
an oxide semiconductor;
10 FIG. 28 is a graph showing characteristics of a transistor including an oxide
semiconductor; |
FIG. 29 is a graph showing characteristics of a transistor including an oxide
semiconductor; and V
FIG. 30 is a graph showing characteristics of a transistor including an oxide
15  semiconductor.

FIG. 31 is a graph showing evaluation results of a memory window width.

BEST MODE FOR CARRYING OUT THE INVENTION
[0030]

20 Examples of embodiments of the present invention will be described below
with reference to the accompanying drawings. Note that the present invention is not
limited to the following description, and it is easily understood by those skilled in the
art that modes and details disclosed herein can be modified in various ways without
departing from the spirit and the scope of the present invention. Therefore, the present

25 invention is not to be construed as being limited to the content of the embodiments
included herein.

[0031]
‘Note that the position, the size, the range, or the like of each structure
illustrated in drawings is not accurately represented in some cases for easy

30  understanding. Therefore, embodiments of the present invention are not necessarily
limited to such a position, size, range, or the like disclosed in the drawings.

[0032]



FIG 29 is a graph show ng characteristics of a transistor including an

oxi de sem conduct or; and FIG 30 is a graph show ng

char act erwetotgsefoéa transi stor incl Udét ng an oxi de 15 seriropmdwedsess Fl G
31 is a graph showi ng eval uation results of a nenory w ndow wi dth. BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0030] 20Exanpl es of enbodi nents of the
present invention will be described below wth reference to the
acconpanyi ng drawi ngs. Note that the present invention is not limted to
the foll owi ng dedds specifivatiomruddinkl memisas shich asndizstst'8eebndy, dndosigrdkdrk| ed in
the art tﬁg{,nnd s and d&tails,disclosed herein can be nodified in various
ways wit st 1 @ﬁ‘g‘?‘t ongvaid SepfusionsymeRg  COMPORGILS, sty thegtermp, <oy pets gean

i nvent i Ofk.: 5 invention is not to be construed as
rl‘lmnTagE%ﬁ of e%urﬁﬂ%?opéﬁlg@ﬁ{eﬂt%.

being limted to the content e enbodi nents included herein. [0031]

Not e t ha{f0@33¢ position, the size, the range, or the like of each structure
iIIus%raﬁﬁd i@ drayngs is not accurately represented in sone cases for
easy 30 e Ab g. Therefore, enbodi ments of the present invention are

not necessaril yn | il t @AbdFmERCha astP@Sire! QRd S ZRanufRNFhe GhethB® bf kg
di scl osed in the draw ngs. [0632] WO 2011/052396PCT/JP§blO/068103 9

In this Spaisprdustor daviceorcgprding touenseesbedimiantaef thejinwention dissdasad heresmd

erm do TP RERHIPY HifdereicheB)o Hia HRIGS Ap R B HERA e Bl mgs A "

( Enbodi mentGIPIGS. 5A to 5D,IFIGh6,SFIGSh A aidiB, FIGS! 8MGhd 188, andl FEGSEBIMIbRSCt ur i ng
nmet hod of _a sem conductor device according to one enbodi nent of the
i nveh?i ofBdi scl osed herein will be described with reference to FIG 1, FIGS.
2A and ZIEDO EHGS 3Ato 3H, FIGS. 4Ato 4G FIGS. 5Ato 5D, FIG6, FIGS 7TA
and 7B, |8s. 8A and 8B, and FIGS. 9A and : '

<Circuit Configuration of Semiconductor Device>

FIG. 1 illustrates an example of a circuit configuration of a semiconductor
device. The semiconductor device includes a transistor 160 formed using a material
15  other than an oxide semiconductor (e.g., silicon), and a transistor 162 formed using an
oxide semiconductor. Note that the semiconductor device illustrated in FIG. 1 is called
a memory cell in some cases in the following description.
[0035]
Here, a gate electrode of the transistor 160 is electrically connected to one of a
20  source electrode and a drain electrode of the transistor 162. A first line (also referred
to as a source line SL) is electrically connected to a source electrode of the transistor
160. A second line (also referred to as a bit line BL) is electrically connected to a
drain electrode of the transistor 160. A third line-(also referred to as a first signal line)
is electrically connected to the other of the source electrode and the drain electrode of
25  the transistor 162. A fourth line (also referred to as a second signal line) is electrically
connected to a gate electrode of the transistor 162.
[0036]
Since the transistor 160 including a material other than an oxide semiconductor
can operate at higher speed than a transistor including an oxide semiconductor, stored
30 data can be read out at high speed by using the transistor 160. Moreover, the transistor
162 including an oxide semiconductor has extremely low off current. For those

reasons, a potential of the gate electrode of the transistor 160 can be held for an



10 9B. [0034] <Circuit Configuration of Sem conductor Device> FIG 1
illustrates an exanple of a circuit configuration of a sem conduct or

devi ce. TWe 2amseaduct or devi ce inclydes a transistor PED/JPZMVEES1EI Ng a
material 15 other than an oxi de sem conductor (e.g., silicon), and a

transi stor 162 formed using an oxi de sem conductor. Note that the

sem conductor device illustrated in FIG 1 is called a nenory cell in sone
cases in the follow ng description. [0035] Here, a gate el ectrode of the
transi st @Ktr&irﬁeiyilenglinactbyitcmlirig/ofé therteansistbrtl62onkn afditior2 n theuransis®r 62 r ode

and a drai ectrod of the.transi 62. A first line (also referred to
as a sour“?:(ri ‘f%é“‘s‘l’j‘ s?e'é‘fcé’gfl?‘ft% é’g{)ﬁﬁ Lgftees does apt Qecul sbichds of t he
transi st @hoth6Omer. Second line (also referred to as a bit line BL) is
electrically connected to a drain electrode of the transistor 160. Athird
line (al i@%&ferred to as a first signal line) is electrically connected to
the other of t eletro t he drai ctro

tran3|§stor 162w?l mgour(?ﬁg’la a’il%gp(?aé P e{% 3 tggg(glhoylggwperh ne) is
el ect ri cakiny thoaivasthgethaptha p@fﬁnﬁalﬁdfeﬁé gﬂdeleetfrodehﬁn%an@ﬁi.stor 162. [0036]
Since the transistor 160 including a material other than an oxide

seni condl®38 can operate at higher speed than a transistor including an

oKL e o SO0, wiRh@Bd R%AEL AR hallDe RAGR! Phronh BBIARASH By 151 N9

the transistor over transi st or an oxl
sem cond fatrtr lirkeais setxo raepmselnyaa] awlotH thedraneintor 16D is thhed ®ny aaisuhasnanastpﬂt enti al

g el ectrode of the transjistor. 160 can b extrerrely
I ongtﬂ(ﬁ mg%g turned; 9y ’tafﬁpt?’}th"‘ﬂg @paﬁlrﬁge 1S ${'PR gﬂﬁ”t F\ga‘Fr? "cCFFB d¢ phnsi st or
162 incl wg ﬂgns@d%oplidi(ﬂ‘%wﬁﬁﬂg)comttﬁﬁt t V\?Bféhﬁalcmﬂﬂefouﬁﬁfl‘ﬁ%t isdQ@So NPt
occur, which is another nerit. I ting, di ng, and readi ng of

dat a canppenilrat ohiehthertransistor dl6l2c;wmrgedraﬁnend th9§ramglsmln d63dy ampedyefft hat t he
potenti akthIesz e &)%nqlaﬂ)fet%g 2A%1GABaP of f eltrdanSLLstop %&J is held (holding).

[0039]

15 : Since the off current of the transistor 162 is extremely low, the potential of the
gate electrode of the transistor 160 is held for a long time. For example, when the
potential of the gate electrode of the transistor 160 is a potential at which the transistor
160 is turned on, the on state of the transistor 160 is kept for a long time. Moreover,
when the potential of the gate electrode of the transistor 160 is a potential at which the

20  transistor 160 is turned off, the off state of the transistor 160 is kept for a long time.
[0040]

Secondly, reading of data will be described. When a predetermined potential
(a low potential) is supplied to the first line in a state where the on state or the off state
of the transistor 160 is kept as described above, a potential of the second line varies

25  depending on the on state or the off state of the transistor 160. For example, when the
transistor 160 is on, the potential of the second line becomes lower under the influence
of the potential of the first line. In contrast, when the transistor 160 is off, the potential

. of the second line is not changed.
[0041]

30 In such a manner, the potential of the second line and a predetermined potential

are compared with each other in a state where data is held, whereby the data can be read

out.



Firstly, witing and holding of data will be described. First, a potenti al
of the fourth line is set to a potential at which the transistor 162 is
turned orwoand/tskaet r ansi stor 10162 ii turned on. Thus, rPaTpB2EMD63A03 Of t he
third line is supplied to the gate el Ltrode of the transistor 160
(witing). After that, the potential of the fourth line is set to a
potential at which the transistor 162 is turned off, and the transistor 162
is turned off, whereby the potential of the gate el ectrode of the

transi st 0420 i s held (holding). [0039] 15Since the off current of the
transistor 162 _js extrepely low, the potential of the gate el ectrode of the
transi st or 160Tillgdlr¥eTeélvrftB‘|g(ng‘@ﬁ’t’g‘h{bedgscw' eRawpitiag Oﬁa@ﬁ 1§ ptqrBredini al  of
the gate i - - t i &l I

trans: st ot aag Paneio hdCofthe brhk ahd RORiaRIARE! Al & 0B poBUBOARE 0t for
a | ong t iforath lipr s ceteto,a potentiat dtewlpch thettiaabiswir 16A és tyated onl and thedmnsibtotr he

transgst 16Q is,a potential at .whi the 20transistar. 160 is turned off,
the of f Sbads tuned et s € poftnigloot tha e Bad % Pofabek foreney bt
Second! y sugpdi t8aheTgatatidetdde! ofte demGisidpeb0, VER: hA! AREpREAIaNA (ROt ent i al
(a low potential) is supplied to the first line in a state where the on

state or fquith lisfefis setp @ potentinlattvhiehsths tiansiston 16 iskumed aff, anbtbeitiasistabove, a
pot ent i aI16Q¥Stpﬁgd%ﬁcmrelbg?ﬁel%%;h{[gis%%re&l.ependl ng on the on state or the

off state © transi st or ‘exanpl e, when the transistor 160 is
on, the padspti al of the second |ine beconmes | ower under the influence of
t he E)otenti al of the first line.. In contrast, when the transistor 160 is

of f, 1®he pot enln the smicanducieedrcs norerding fythecinyension. disclensd jhesum.rdatuich a
manner, EAPLPak &Rl Bhrifln bEhdiRG Mt diuatild RsiRAShaIIN TR0 apetelsd al are

conpared wth eac I'n a state ere data Is wher eby the’data
can be r emdinguiperatid® vaitidh A8 BEBCHor WPRBhOMOGEH0Gr the 1{ke0d 2pt needed, soThi rdl vy,
erforned in a

rewritin f data. wi.ll be .described. w.iting of data is

rmnner S PAPOoRnCPGRUPR DGRt TALiY BhHUROPAGPURIAnEE DRRSVEREL. ( he

pot ent i an @het \b@td&ﬂﬂgﬁhﬂéeid%e}aﬁpﬁ 8 theQemidontdibl divicdtcakBi edhlizB€ transi stor
162 is turned on, and the transistor 5 162 is turned on. Thus, a potenti al

of the tH04]1ine (a potential for new data) is supplied to the gate
o et ode of 5k LA Aoy 3P Sl OB L BB e L1
the transdmicomdubfos, isSextremeBdsmdlf, thavpeteaiil dfhibe REW dédtde Sf Shfréfkistor
160 is held for a long time. Therefore, for example, refresh operation needed for a
conventional DRAM can be unnecessary, or the frequency of refresh operation can be
20  significantly low (e.g., about once a month or a year). Thus, the semiconductor device
according to the disclosed invention substantially has a feature of a nonvolatile memory
device.
[0045] |
Further, in the semiconductor device of the disclosed invention, data is not lost
25 when data is read unlike in a conventional DRAM; thus, rewriting of data is not
necessary in every reading operation. As described above, the frequency of data
writing can be significantly reduced as compared to a DRAM, which enables a
sufficient reduction in power consumption.
[0046] _
30 Further, as for the semiconductor device according to the disclosed invention,
data can be directly rewritten by overwriting of new data to the semiconductor device.

Therefore, erasing operation which is necessary for a flash memory or the like is not



[0043] 10In the sem conductor device according to the invention disclosed
herein, data can be directly rewitten by another witing of data as
descri bedvahoueéns2Per that reason, erag'gng oper ati on whi eaTiIR2meocesssary for
a flash nenory or the like is not nee so that a reduction in operation
speed caused by the erasing operation can be prevented. In other words,

hi gh- speed operation of the sem conductor device can be realized. 15[0044]
Since an off current of the transistor 162 for witing, which includes an
oxi de semeededdend crducticn hubpeeatizinysp&athldzhich ieeatfriifuesd foadragifig bperagad, &an

el ectrode of the tr tor 160 held for.a lopng tipe. Therefore, for
exanpl e, %Féf‘l’%rﬁfea“pe ?tﬁ‘c’)rnwﬂéé B?Cdaoﬁ%aﬁ\?(‘-irﬂf tg‘hé‘fmmc&ir@eﬁ@e can

unnecessagYrealfedt NSk SFHER CigRTvdIBES %Beseﬁgrf&laoeoﬁ@eanBﬁmZﬂoa%in npfik cant Iy
| ow (e.g., about once a nonth~or a Yyear) t he sem conduct c!ew ce
accor di ngratmstphéo divstel msiedram\ﬁhtﬂ i nnmsrbﬁleynttheﬂ, | powrascanstimption of cthe a
nonvo#at |SI e. rrgrmr%rncgv ce %g 5 F rt in the sem conductor device of
thedscl%rg}ézaii 5%, ﬁg § st 25 when data is read unlike in a
conventi go@7]DRAM thus, rewiti ng of data is not necessary in every
readi ng operation. As descrl bed above, the frw(iuency of data witing can be
significantly Fé@lﬁ%rwoa%u%rﬁ%rcé@cwdalgm digglpedd iapemsionsmay inghude @t ent
reductio & o) 4 u S sem conduct or
devi ce a%@gﬁﬁﬁﬁgﬁl& %lglz{(;geeg&%nt\?ienﬁfg%: {hegbef§r§ ijhang %OEP fgcehcfnlci/nof%wri tten
by over wcell icing batuﬁﬁmWndgtsmaMcnstdm;meaﬁ wodSRAM oflehd Kl whivhrequires, sier asi ng
operg@ on which is necessary L{ a flash penory or, the i ke is not
need frapsistars insaeh memiy el i fhodgergrd %\ﬁ?@hsq“gc%fidﬂllzi%@?é’&esc ga%ebasi ng
oper at i OByrafRQ P RichWRRERSSEd. I n other words, high-speed operation of the
sem conductor device can be realized. Mreover, a high voltage necessary
for a cof@®8lional floating gate transistor to wite and erase data is

on of .t he em conduct or, devi ce can be

ot
Fur ther reducell djcoBieonst oM R st ol Gt el AHEE 1 no

di scl osedlhuanti MbulaByg File) Geengdivritifg Dpetivd, ol tﬂﬁlt ddt@sthSdPbf ARChate M €adi-ng
transistor; therefore, the area of each menory cell can be sufficiently

smal 15 as insulating é‘é\'nt(ﬁln&ﬁl igpupting flllh)ecalnPR'ebQ/\#ﬂ dr e(ﬁ'm P@Ié!;ﬂsélllx tl!sﬂomt:manm stors

arranged a
operation of a writing transistor; therefore, the deterioration of a gate insulating film,

which has been traditionally recognized as a problem, can be neglected. This means
that there is no limit on the number of times of writing in principle and writing
20  durability is very high. For example, the current-voltage characteristics are not
degraded even after data is written 1 x 10°.or more times (one billion or more times).
[0049]
Note that the field effect mobility of the transistor 162 for writing, which
includes an oxide semiconductor, is 3 cm’/Vs to 250 cm?/Vs inclusive, preferably 5
25  cm?*/Vs to 200 cm?/Vs inclusive, more preferably 10 cm?/Vs to 150 cm*/ Vs inclusive, in
an on state. Further, the subthreshold swing (S value) of the transistor including an
oxide semiconductor is set to 0.1 V/dec. or less. With the use of such a transistor, time
needed for data writing can be short enough.
[0050]
30 The channel length L of the transistor 162 for writing, which includes an oxide

semiconductor, is preferably 10 nm to 400 nm inclusive. With such a channel size,



[ 0048] In a conventional floating gate transistor, charge travels in
a gate insulating film (tunnel insulating film during witing operation,
so that dwDepilgsaidson of the gate 15 1:3nsul ating film (Pamaero1d/nesadiat i ng
film cannot be avoided. In contrast, Tn the menory cell according to an
enbodi nent of the present invention, data is witten by sw tching operation
of a witing transistor; therefore, the deterioration of a gate insulating
film which has been traditionally recognized as a problem can be

negl ect edaridts sfieetansuchhas highespeed sopeeation(rilowopowére consubiptionf ahd niEigh of

witing i.n principle and witing 20durability is very high. For exanple,
t he curréﬁtFEVHP'L‘B @‘eéﬁéﬁ‘é‘@f%"ﬂl%"t?m%‘nﬁ‘i-e not degraded even after data is
witten 2{0@5109 or nore tines (one billion or nore tinmes). [0049]

Note that the field effect nobility of the transistor 162 for witing,
whi ch i ncl udes Naxte ¢hat detrarsistaromdludingy ¢crystsllide iltidn is prefotabtynisds] farctheisi ve,

preferably 5 25 t 0,.200 ¢nNs. i nhcl usj ve re preferably_ 10 ¢nPNs to
50 RN AEPE SRR iAol PRRSVIE, 1% 1REFS hcseatop BEstbPg EHing (s
val ue) ofoptRaBioh,” A sichhdel ithaki@k R8cladingsitle T/t QNSRS préferabBf uled. 0. 1
Videc. or less, Wth the use of such atransistor, tine needed for data
writing Sashpesinghoerystalroliesn. trgngisBw jcas by frmedaning) farengmplel buk siligen (a

transi stqQ[. . i41\ng, which includes an oxi de sem conductor, is
pr ef erabl(gé C%@gdngrhf?%oél Jb‘%})hm inclusive. Wth such a channel size, WO

2011/ 05230@#2¢T/ JP2010/ 068103 13 various effects such as hi gh-speed

operaéi on, | ow power consunption, .and high integratjon of the transistor
can B obt ai nedotq thatan nchanmet Fapsistor 1s ysed igithe abaye dgesringiory i ds aged]ese

silicon $sRrRhes @Qﬁéﬁn sis®r chilBe ﬁsedtiéﬁg@ SHRE ntREndePlradsi@st ng- I n

particular, “in terns of Increasing spee readi ng operation, an n-channel
transi st 0053hcl udi ng single crystal silicon is preferably used. Such a

LM TEIE M B e J e AT
transistor is pagSl 24 anB2BMMKEaftest ekBhpIO b 4 SrdGulReHhe S8miconductor
15 device. FIG. 2A illustrates a cross section of the semiconductor device, and FIG. 2B
illustrates a plan view of the semiconductor device. Here, FIG. 2A corresponds to a
cross section along line A1-A2 and line B1-B2 in FIG. 2B. The semiconductor device
illustrated in FIGS. 2A and 2B includes the transistor 160 including a material other
than an oxide semiconductor in a lower portion, and the transistor 162 including an
20  oxide semiconductor in an upper portion. Note that the transistors 160 and 162 are
n-channel transistors here; alternatively, a p-channel transistor may be used. In
particular, it is easy to use a p-channel transistor as the transistor 160.
[0054]
The transistor 160 includes a channel formation region 116 provided in a
25 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 108 provided over the channel formation region 116, a gate
electrode 110 provided over the gate insulating layer 108, and a source electrode or
30 drain electrode (hereinafter referred to as a source/drain electrode) 130a and a
source/drain electrode 130b electrically connected to the impurity regions 114.
[0055]



to say that a p-channel transistor can be used instead of the n-channel
transistor. [0053] <Pl anar Structure and Cross-sectional Structure of

Sem condwwoan1Dsisee> FI GS. 2A and 2B il | ustrate an exampTaPzflo/e6s3ex uct ure
of the semiconductor 15 device. FIG 2A illustrates a cross section of the
sem conductor device, and FIG 2B illustrates a plan view of the

sem conduct or device. Here, FIG 2A corresponds to a cross section al ong
line AL-A2 and line Bl1-B2 in FIG 2B. The sem conductor device illustrated
in FIGS. 2A and gidewnit|insi@atidghtaytr a8 iis tppovidéd onnglsidti Higfaee Git Bei @te Ot her
than an oxi de_ sem conductor in a |ower portion, and the transistor 162

i ncl udi n§lesHodpl1lxiThe highrrensaptaation impyritireginnek20s placeshin agsgion ofghe t he
transi st %l?sn%éomﬁ‘fﬁatl@@esar@‘? oOéﬁJ(]ﬁ&f}ﬁ'thé EiﬁE'v%hl? §RufatiRE" 1§‘yer h % %tE WA GLY. 2

p- channel transistor may be used. [n particular, 1t°is easy to use a

p- channelthd raossisstt@mabsvithe tAanstat compidind féidnt] 12Bhds t placedli sver tA60

i ncl udes,a, channel for.mati.on reqi 116 provided i.n a 25 . sybstrate 100
i ncl ugi n&‘%"?@ﬁf’gﬁlﬁ‘ﬁﬁdmfnﬁﬁegﬂgaﬁb'i %{h&FWntﬂé&aHﬁ% Hffﬁitlgg ayer 106 is
hi gh- coneeqtidat bl théRiblal 16DEONRS I AbiMERR FHRIAAISIGAN Arifididyertively

referred to sinply as inpurity regions) provided so as to sandw ch the
channel finsulating dayer 46 @nd Bndntedaygatinsulating| layérni8| ety @rovidsl gr aviodeyeover t he

h I I. Qi 16 | 11 i ded h
neul ot 0 Fayuos 088 oRechn 8 ofls S3ME By R HGet SR BRCatElgT O ©

(her ei nakleefrodect30br 18 GldctriAly ofifditddetottheinfetd| ReipoRfe reglad 24A0Fodkh an
source/drain el ectrode 130b electrically connected to the inpurity regions

114. 19 oogpyningrfyrmsd i $ho Fyeiayer ypitiog dos10320 and 128, Thatds,caghof the
1o 8o Skl LRS! OVdedanl 33 5 SYLAREN! LAl | T T 0P

110. The concentration 1nmpurity region aced 1n a region of
t he subshightentératibatimgaety region d\20rand phevithpurith eegion dd lthrougls tHeahéta | ayer

118 as shown in the cross-sectional  view., netal conpound region 124 is
ol aced obuRPRITE 8RN droonaaicrats 4304 hekis fegecn cnaE il & Gtk
i sol at i Ofhel dGHeAAiABIdcAYELs 1808 ahd 1@019@&&%&}1%@&%&%?%& géte elt@@o®O as to

surround the transistor 160. An interlayer inSulating |layer 126 and an

i nt ety ayét0.i nsul ating | ayer 128 are provided so as to cover the transistor
160. Eactqogf t he source/drain el ectrode 130a and the source/drain el ectrode
130b is élri cally connected to the nmetal conpound region 124 through an

10 openi ng f or TRetrhmbidtdre1 62ninelulday & galengetudte N196d pyidedliRr @tdindetRyerThat i s,
each of the source/drain electrodes 130a and 130b is electrically connected

to the hinghlatiostayat 14 iacgnte msulating laveyl Bhproyoledinyer the gatmelestroderidgilon 114
10Ut Wy SRR A0 Bkl s TP B SRR 0,
el ec20 i csdurye/drainnstedt@de 1424 el gsduecetdreintelatie®dd 3430 thaf @ Podvided over the
oxide semiconductor layer 140 and electrically connected to the oxide semiconductor
layer 140.
[0057]
Here, the gate electrode 136d is provided so as to be embedded in an insulating
25  layer 132 formed over the interlayer insulating layer 128. Like the gate electrode 136d,
an electrode 136a, an electrode 136b, and an electrode 136¢ are formed in contact with
the source/drain clectrode 130a, the source/drain electrode 130b, and the electrode 130c,
respectively.
[0058]
30 A protective insulating layer 144 is provided over the transistor 162 so as to be
in contact with part of the oxide semiconductor layer 140. An interlayer insulating

layer 146 is provided over the protective insulating layer 144. Openings that reach the



The transistor 162 includes a gate el ectrode 136d provided over the
interlayer insulating |ayer 128, a gate insulating |ayer 138 provided over

t he gat e wheotwsel®6136d, an oxi de sem.conductor | ayer 120TEPzMmi/desdoover the
gate insulating layer 138, and a 20 s& rce/drain el ectrode 142a and a
source/drain el ectrode 142b that are provi ded over the oxi de sem conduct or
| ayer 140 and electrically connected to the oxide sem conductor |ayer 140.
[ 0057] Here, the gate electrode 136d is provided so as to be enbedded in an
i nsul at i sgui2b/dray eslectidde fld2asmhdother sonhee/drainecleatycele 142buhit formed ayiethe 128.

Li ke the gate. el ectrode 136 an., el ectrode 136a,. an el ectrode 136b, and an
el ect rodé’g‘itg%tbvea'r‘lé“l?tb‘?grr@éfeﬁ ﬂz‘%ﬁﬂq éltﬁt“\’ﬁrfaﬁe’i H’é“'gtiﬁg Qyenrldpn Bpedesiiode 130a,
the sour ggbdlhaad An L&A US0AL BorniUint BBl Fith tRISoutE)Sraid aéaﬁﬁﬁe' 148h Y.

[ 0058] 30A protective insulating |ayer 144 is provided over the transistor
162 so asnd ghpeoireetslorin adectigde h1 43y trespctiviely, dhicsigh stheri respediios openiager 140.
An interlayer, insul atin e 6 i s provid over ihe pr ctiv

nsul 8t 1 1R e RBescpte KL 17ig, A BN IS0qH cledfoll 9565 andan

2011/ 05230%Redd IR0Q/BABIDR déntaowitelhdlehicirodt 8364, A€ clbddddeasbt, had
source/drain el ectrode 142b are formed in the protective insulating |ayer
144 and thfeclpeitadel I30er reppestively.i thipuigh ppeningsproasled e ther gate insghing dayean

el ectrod Eiflo]d | ] nal ectrode 142a
oa ¢ he. S pRE, OB LARDL S bndictot PV AR SRIIRIT BRCC) LO0 e
openi ngs [0@9] ke the el ectrodes 150d and 150e, an el ectrode 150a, an
el ecﬁ ode 150b,. and an el ectrode 150c are formed in contact with the

el ectYode 13_6a,H°f°m CPEEE STREORBLT léYF_d AQds erderblyce highbe punifisgheride vel v,
through QBRRLAGRR"19YdrdRsn Whid EnflRiiRs Sidis J’ldg(?%chgal‘fgufﬁgﬁntl%?&f%e tective

insul ating layer 1447 and the interlayer ins ayer 14 9]
10Her e, tpecifizdllyetlsaoncarrition of hydrggen ib4be bsidp semévabtigtoalaherghlOyis put i f i ed
oxi de semigonduct oy |ayer from which,dnpuriti;es such as hydrogen are
suf fi ci edPl\2OBHERar loshdesterably 3 v 14 hatoms/cre AT fess:imeredreliiadlhogenlQ n t he

oxi de serp r yeg, 340 i , eferably 5 x
1018 at o%ﬁ%&gﬁﬁgtro?l 15553 %%cﬂ]eqrﬁr%?%rlﬁ;e#a&% ggq@%aﬁg%v%ﬁéﬁolﬁésest%.a Such an
ext r ¢frel yufficivntly dovo genies conentratidn @p.) Redthah a4 52105 /cat)fdrileisanid ¥.450w
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with the use of such an oxi de sem conductor that

current characteristics can be obtained with the use of such an oxide semiconductor that

20  is highly purified by a sufficient reduction in hydroglen concentration and becomes
intrinsic (i-type) or substantially intrinsic (i-type). For example, the off current (per
unit channel width (1 um), here) of the transistor 162 at room temperature (25 °C) is 10
zA/um (1 zA (zeptoampere) is 1 x 102" A) or less, preferably 1 zA/um or less. The
off current of the transistor 162 at 85 °C is 100 zA/um (1 x 107" A/um) or less,

25  preferably 10 zA/um (1 x 107 A/um) or less. The oxide semiconductor layer 140
which is made to be intrinsic or substantially intrinsic by a sufficient reduction in
hydrogen concentration is used so that the off current of the transistor 162 is reduced,
whereby a semiconductor device with a novel structure can be realized. Note that the
concentration of hydrogen in the oxide semiconductor layer 140 is measured by

30  secondary ion mass spectrometry (SIMS).

[0060]



20 is highly purified by a sufficient reduction in hydrogen concentration
and becones intrinsic (i-type) or substantially intrinsic (i-type). For
exanpl e, wbeoofds2396rrent (per unit chggnel wi dt h (1 | nnpCcThRIE)/063[103 he
transi stor 162 at roomtenperature (2 is 10 zA/Rm (1 zA (zept oanpere)
is 1x 10-21 A) or less, preferably 1 zA/timor | ess. The off current of
the transistor 162 at 85 Cis 100 zA/Rm (1 x 10-19 A/gm or less, 25
preferably 10 zA/Rm (1 x 10-20 A/p,m or |less. The oxide sem conductor
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el ectroderné%fbdtradeemrdqyindadu&@mth@ele@u&fébl%@é.ed in the insulating layer
152. The el ectrode 154a is in contact with the el ectrode 150a. The

el ectrodd0064b is in contact V\,i th the el ectrode 5150b. The el ectrode 154c

|0, COMACt Wil ol Eie B dO0%i NG PLEFIGE A 1893p, Hicas] ol ode

154d is in contaa Sk 2% 0 the
sem condtetemﬁddjﬂﬂ @fethe Itﬂausltsﬂbaue(ci and thel sGbrce AfaiarRtbciiBde 14 ¢fathe tﬁhﬁ@tbf ode 110
0 and the source/drain electrode 142a of the transi stor

of th Si s

1016é8ar éggf‘@ ?‘i“é lyyoppsrtfekiheyep theotighiradps 1 ¥lce t36% dedc, 1586 and 350d. 150c,
154c, ancﬂogg'zirp [ 0062] <Method for Manufacturing Sem conductor Device>
Next, an exanple of a nethod for manufacturing the sem conductor device
will be dd&thaddod Maaufasturing Sestiboduttor Dewicert act uri ng the transi stor 160 in
t he | ower portNon 15 wil

be described bel ow with ref.erence 3Ato
S and then o ek AR e BEAIRHL BT g et i SeFFOFBS0T RSN per
portion bk dkschiBedle SKifst heleiol ol MARIFRAGENG thefhaSistoft 60 th thS16Wet Jokidh 5A to
>D. Eg 06?)&111 i)lé/eéeggr?bgdolgel%nvﬁﬂ? Crgfl::;éngg tI(; OP\!}I(e}% ':I;I’Aa[los IZ»IS-It ?1;1(? then a method for
manufacturing the transistor 162 in the upper portion will be described with reference to
FIGS. 4A to 4G and FIGS. 5A to 5D.
[0063]
<Method for Manufacturing Lower Transistor>
20 First, the substrate 100 including a semiconductor material is prepared (see FIG.
3A). As the substrate 100 including a semiconductor material, a single crystal
semiconductor substrate or a polycrystalline semiconductor substrate made of silicon,
silicon carbide, or the like; a compound semiconductor substrate made of silicon
germanium or the like; an SOI substrate; or the like can be used. Here, an example of
25  using a single crystal silicon substrate as the substrate 100 including a semiconductor
material is described.
[0064]
A protective layer 102 serving as a mask for forming an element isolation
insulating layer is formed over the substrate 100 (see FIG. 3A).  As the protective layer
30 102, 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



20First, the substrate 100 including a sem conductor material is prepared
(see FIG 3A). As the substrate 100 including a sem conductor nmaterial, a
si ngl e crwyetal1/sevsconduct or substratﬁ or a pol ycryst al PCmarzaoiesaosduct or
substrate made of silicon, silicon ca gide, or the like; a conpound

sem conductor substrate nmade of silicon germaniumor the |like; an SO
substrate; or the like can be used. Here, an exanple of 25using a single
crystal silicon substrate as the substrate 100 including a sem conduct or
materi al cosdubtisity in’[@(he 4dded 4] the substrafe J00oinetdérte comyalrthd htesheld/valgagas a

mask for fo an nt isolation insulating |a is formed over the
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or the like ca used, for exanple. Note that before or S step,
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i npartin WO Q52396PCT/ JP2010/ 068103 17 conductivity nmay be
addedg %PﬁﬂgﬁgB'?P%?ﬂl 6% Y order to control the threshold voltage of the

transi st gpgesyien the semi conductor material included in the substrate 100
is silicon, phosphorus, arsenic, or the like can be used as the inpurity
i mparting n- tyb@xbdmﬁwf ithe tS}letBéfr dR0 | ancgiom thghlig ingmcovered mélﬂllltk@ can be

used as y r e UGt j vi 0 Xt ,
bart of PREcARIbMY 16% BPr bl 18 SpbI® RIS o o ERhe, psipp gnd©

prot ect i peotbaenayed202 ias @ maskn anusexpﬁm)Med aegmedsk)dulcﬁ)r regio €04 Ryfoghedi ng,
usinggthe protective |layer 102 as a mask an i sol ated sem conduct or

regi 6% 16%¢i G §Bye gAY e etehing, dry %éé)lng,écspfqﬁ%ra'élmﬁrﬂ?gneféjrlgm YL fiteing s
pr ef er ably, pgs HOKBERSbd. PMn YWRhin t | By Q@et GntP&f JIBE Betlctedhs® epg;?eéq}gtgas and

an etchant ‘can be sel ected as ropriate epen ng on a

| ayer todbmndmgtmlchmp(eﬁaﬁ}fa'ﬂhmtohneichscul ating layer is forrred so as to
cover thf i}conductor region 104, 15 and the insulating layer in a region
overlappi%%g ith the sem conductor region 104 is selectively renoved, so

that el ement iBRhaid En@ulhﬂx?ﬂa?&ﬂ 19 GorhRM8H Bs IPEWRF thefsemiRAdé&6Ere io§ 1@3{ The
insul ating |ayer is for using silicon oxide, silicon nitride, silicon

nitride 8nd the, lnélrla‘tﬂkélab’?k@ a regien arearlappingovith Erepsemigonduetor negiomiDAds | ayer
o, O RN R30S0 B PR e 5 B P 0
f or mat i oBBYf Tﬁbelnsaml@nglaciscfbnmjgmﬁg ﬂlﬁéorﬂf)xﬁé Jtsliconhsitride] sitérORitAde t he
el ement IO)Su(()ileaE)rl ?hré illrges mﬁst Ianr?letlhg1 E%(r)rs re]ir(l)c?vmg the insulating layer, any of etching
treatment and polishing treatment such as CMP can be employed. Note that the
20  protective layer 102 is removed after the formation of the semiconductor region 104 or
after the formation of the element isolation insulating layers 106.
[0067]

Next, an insulating layer is formed over the semiconductor region 104, and a

layer including a conductive material is formed over the insulating layer.
25  [0068]

Because the insulating layer serves as a gate insulating layer later, the
insulating layer preferably has a single-layer structure or a layered structure 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

30 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



[ 0067] Next, an insulating layer is formed over the sem conductor
region 104, and a | ayer including a conductive material is formed over the
i nsul at i rgol2ayé523985[ 0068] Because th 8i nsul ati ng | ayer PEENIPHE0/063183 gat e
insulating |ayer later, the insulati ng | ayer preferably has a single-Ilayer
structure or a layered structure using a filmcontaining silicon oxide,
silicon nitride oxide, silicon nitride, hafniumoxide, alum num oxide,
tantal um oxide, or the like formed by a CVD nethod, a sputtering nethod, or
the 30 | ipedfornfdd wsing fovexampld, hanixed ghsodfl auard gasauchiray HbeAf, ®rpedXe anguch a
manner that a surface of .the sem conductor region 104 is oxidized or
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| ayer contalning a conductive material 1s usi ng a net erial.
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material is formed using a metal material.

15  [0070]

After that, the insulating layer and the layer including a conductive material are
selectively etched, so that the gate insulating layer 108 and the gate electrode 110 are
formed (see FIG. 3C).

[0071]

20 Next, an insulating layer 112 that covers the gate electrode 110 is formed (see
FIG. 3C). Then, the impurity regions 114 with a shallow junction depth with the
substrate 100 are formed by adding phosphorus (P), arsenic (As), or the like to the
semiconductor region 104 (see FIG. 3C). Note that phosphorus or arsenic is added
here in order to form an n-channel transistor; an impurity element such as boron (B) or

25  aluminum (Al) may be added in the case of forming a p-channel transistor. With the
formation of the impurity regions 114, the channel formation region 116 is formed in
the semiconductor region 104 below the gate insulating layer 108 (see FIG. 3C). Here,
the concentration of the impurity added can be set as appropriate; the concenfration is
preferably increased when the size of a semiconductor element is extremely decreased.

30 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.



[0071] 20Next, an insulating layer 112 that covers the gate el ectrode 110
is formed (see FIG 3C). Then, the inpurity regions 114 with a shall ow
junction wepbhi/oside t he substrate 100.are fornmed by addipag/Jptospésasus (P),
arsenic (As), or the like to the sem &gnductor region 104 (see FIG 30).
Not e that phosphorus or arsenic is added here in order to form an n-channel
transistor; an inpurity elenment such as boron (B) or 25 alum num (Al) may
be added in the case of form ng a p-channel transistor. Wth the formation
of the if@aw2)jty regi ons 114, the channel formation region 116 is forned in

t he sem conductor region 104 below the gate insulating | ayer 108 (see FIG

30). Here, tﬁel\{%hc@%!tsr‘%ﬁwagh "bsfl.lattl\l{?vé {;Wgrlkgylaﬁdg‘g&‘e@a%eﬁee{%ﬁ% (An |
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sem conduct or IS extrerrel?/ decr eased. e step In
i mpur ity highly amisotfopic etclingovhadbiafhesidepvall ihadatitg layerofl 18 ban baformadiimg | ayer

112 i s eml d here; alternatively,. the ipsul ati | ayer . 112 may be fornmed
af ter> ¥ BATERTORABIch ! Min (e J 7 EER BHEIE e artygieh the insufating fayer
2011/ 052395 REThal FPRY0LBARLQE O ghi@0dltrode 110 arklith subfiesshOainputfip ! at i ng

| ayers 118 are fornmed (see FIG 3D). An insulating layer is fornmed so as to
cover t heegionsulilderagkposgder 112 and then subjected to highly anisotropic

et chi ng, d&gﬁeby the sidewall insulating |layers 118 can be fornmed in 5 a
self-aliéne manner. At this tinme, it is preferable to partly etch the
insul ating | ay®henlhad ifsulithat lagert io Homwed & as &f coVRE tigagate eleeGdbdO O, 11 and
top surfaces of the inpurity regions 114 are exposed. [0073] Then, an
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i mpurity ' : j lihe e s ing: t i ke.
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as to cogger 1MeisTaifedirsst toQdeerlthd gafehfectiodeWad, thé E‘iawiv@ltl iRglakiay $yRrsl® 118,

the high-concentration inpurity regions 120, and the |like (see FI'G 3E). A
vari Bty 13 ttha hgh-eppeeniratiomimpveidy regions 120, andvthe liker(see 6r3)i oA vasietyod, a

sputteringe hod,. or spin coating method can be, eppl oyed.for form ng the
motal | aypi syl mAb ' lof 2 YAduEbyRlriBh el Aol e e e a

mat er i al of Hgpin cO@ieSmthdbd can BEBMPIRPE ESrdbrnimp; &lid Mktal RGEUTED iThethial

sem conductor_region 104 to be a |owresistance netal 20 conpound. Exanples
of such ByeelZ ispaeferably fosmed wping s mpkal material thet reagisguition semicorductorcobal t
and pl at ] [; . b afogke .S i at the
net al Ial;{é%]zé&%%ggt g vtmh? ﬁeﬁ%hgléﬁgﬁg?%ﬁ%t or %tﬂgr fig]l% (Vf %&%@qcf ﬁréétgr}et al
conp2undcomppunds Exdmplesidf such aimetalonataril 26 titaintum, tthretaloing hungeten aritkedt i on
impurity regions 120 are fornmed (see FIG 3F). Note that when the gate

el ect rod‘éObfgoa‘} PG using pol yerystalline silicon or the like, a metal
corrpound[doqg]' on is also forned in a region of the gate electrode 110 in

contact with the netal |ayer 122.
Next, heat treatment is performed so that the metal layer 122 reacts with the

semiconductor material. Thus, the metal compound regions 124 that are in contact
25  with the high-concentration impurity regions 120 are formed (see FIG. 3F). Note that
when the gate electrode 110 is formed using polycrystalline silicon or the like, a metal
compound region is also formed in a region of the gate electrode 110 in contact with the
metal layer 122.
[0075]
30 As the heat treatment, irradiation with a flash lamp can be employed, for
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



[0075] 30As the heat treatnent, irradiation with a flash | anp can be

enpl oyed, for exanple. Although it is needless to say that another heat

t r eat rentwoebhiad2zvay be used, a net ho y whi ch heat tr eatrmemntiohHenoian
extrenely short time can be achi eved i preferably used in order to

i nprove the controllability of chemcal reaction in formati on of the netal
conpound. Note that the netal conpound regions are fornmed by reaction of
the netal material and the sem conductor nmaterial and have sufficiently

hi gh conduwueferably ysedTiherdentoreprove thie coheolbabiliy of chgicaldrena@@indn Sot@iopr oper | y

reduce th el ectric resjstanc d i nprove el enent characteristics. Note
that ¢ he TS meLsamPaS. ; NG fiab B miTE oA RS CERPTNG PP IERoRS 124
are formef. theOMERIl material add'@Re seRfconBh&b? AAREridINStd AblQufrRyéily 1Bpand the
interlayer insulating | ayer 128 are formed so as to cover the cgrrp nent s

f or med i rrontectivifyy e The éprmagion of HcGneRdcompouitheegionsenah pyeperiynsdied thag

st : . egiomscah ayeperhnsdiat ieg
el 3t deehe 5Pl e nd kR leolRl B aCRuRb: Snletfanthe Bl 120 con

nitride, ihafndvedatsi the meMdIWopYiADILbRs 104 afeXotraédim OXi de. Moreover, the
interlayer insulating |layers 126 and 128 can be forned using an organic

i nsul at i r[@Wﬁiteri al such as a polyimde or an acrylic resin. Note that a

two-| ayer stru 3 i . i |.agd | : n he
interlayer i ns&lthg%’letggfnftglly?@r& %@fab@é’g‘f%%%{%%&ﬁ{eﬁf g};l{eﬂg%\%\%sr%,[ang‘%ga}%{ (rlaét ure of
an i nt er laay ésrniedsdol ad tongoveaylss cosporehts| formtd dn tthe bbive sépsuGELFEG. RAGY.er the

for ion.of. the interlayer insylati | ayer 128, a surface of the

i nt rerﬁbay_ ¢ RCTAYST ‘Hﬂ‘li'tﬁée\ray‘irﬁég_ﬁ §“ﬁaggéﬁﬁ&fom%‘é§‘?&édﬂwrﬁ ipglpding chi ng,
or the |ilkeinolddRit7 InsAIAHAE Tat QR NuPYSs Ldadon’ 6808 {ill€ord RitAle SUMROYIHloR €91 ONS
124 are fornmed in the interlayer insulating layers 126 and 128, and t he
sour ce/ dmaride chafpiumpdeid¢.3damimuh phide serutantalwin axidee| dMareode theGitedayer f or ned
in the oqgsn' S 1glsee EéG il%-% TPe sour.celdrain el.ectrodes 130a 1and 130b
can be 1 OTHAMESTE A2, T 1A% pan P FOted e 4 otgnis HylRBE TUEHYER ) s
formed insa pelgingite iofGnUabrylE fein. OPRIAE BES abiworlaPMOstTRINIOGf the ZRefadler MEL hOd,
or the like and then part of the conductive |ayer is renmoved by etching,

cwvp, 18y dmwlatingdayerdgoapd ten intarlayer inpulating layerel Zhisreanplonedshers; demgren n
el ectrodeg. Jilaud e at IRLnAlE é’kﬁ{i‘ﬁgg} A liseléﬂ\s'igﬂlgedaﬁrt}lis%ru%?e. C%ﬁe‘“r'%flé ve

| ayer, the process is preter rme
formation of the interlayer insulating layer 128, a surface of the interlayer insulating

layer 128 is preferably planarized with CMP, etching, or the like.
[0077]

20 Then, openings that reach the metal compound regions 124 are formed in the
interlayer insulating layers 126 and 128, and the source/drain electrode 130a and the
source/drain electrode 130b are formed in the openings (see FIG. 3H). The
source/drain electrodes 130a and 130b can be formed in such a manner, for example,
that a conductive layer is formed in a region including the openings by a PVD method, a

25  CVD method, or the like and then part of the conductive layer is removed by etching,
CMP, or the like.

[0078]
Note that in the case where the source/drain electrodes 130a and 130b are
formed by removing part of the conductive layer, the process is preferably performed so

30 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 so as to be embedded in the openings, excess tungsten, titanium, titanium



30 that the surfaces are planarized. For exanple, when a thin titaniumfilm
or athintitaniumnitride filmis fornmed in a region including the

openi ngs wodotEmoe tungsten filmis ??rmad S0 as to bePpembezidedesios t he
openi ngs, excess tungsten, titanium tanium nitride, or the like can be
renoved and the planarity of the surface can be inproved by subsequent CMP.
The surface including the source/drain el ectrodes 130a and 130b is

pl anari zed in such a manner, so that an electrode, a wiring, an insulating

| ayer, angade,cyribebkocan bqa:nnovaddndhlmplhkaeityaﬂtmmwwcabbeyirﬁpﬂonaﬁbyn | at er

steps. 5[ 0079 te hat t he sour in el rodes 130a and
Thon’ i sueatent GNP (T Shetaat inciite It Bt san p iapes HE30B: is
however, ppiafl&Ctd gl Bhaanﬂe§ L u?a@%aa&ctmdehat \K}ﬁn%ata‘ﬁ ﬁllsﬂ%ﬁgdgyellﬁ (e.g.,
t he el ectprode 130c in FIG 2A) and the |'i ke can also be forned

st ep. Theemicprdustordayer and|the like eantbeet faverably farmmulisdatat stepsed for the 10
sourc /drﬁd@ el ectrodes 130a and 130b, and a variety of conductive
mat er alé J] be used. For exanple, a conductive material such as

mol ybdenum ti Naf that oSIjT theisowfce/diuh @ledifodds UIs0a taad  138b URIoHAt GRARRE .
neodym um or scandi um_can be used. [0080] Through the above steps, the

transi st gietal @ompenpd regienssiAgsare shewn dere; hewaeRTngn slecedmihab isdinceantachat er i al
is for ”qulthl\'ﬁé g?th Q?etc Qﬁ'e £ f@f% qge eﬁ,@tra d {3 %Et_i' %@;ﬂr@tth@ﬂké @:}'nezglsO [ the

l'i ke may be ove s e Wri ave a
mul ti-| ayrfrmf:ﬂtmutlﬁsus&pl Nndhedi sgna@ ;iaaymtaedlmttaittmt oh ea odatéxinl i ﬁsberfoﬁyﬁdf
i nsui ti n y integrated, sem conductor
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Transi St 9§e?i For exafl¥! a cSidREvd Rlatdfal k\fc@acats%blggdéﬁ% ttft?rﬂﬁfnst: o, OVer
the interlayer insulating |ayer 128 will be described wt erenceé to

FI GS. 4AtantaluG tangstétl, @miswmt copper, npirtyenitimaor ea@Bumdcantbe us@l.and FIGS. 5A to
5D il us d@@f steps for manufacturing el ectrodes, the transistor 162, and
the |ike the interlayer insulating | ayer 128; 25therefore, the

transi stor 160Thfdgh i dboke sﬁalamﬁ@ltrmllm 160eusigaths isebs@atel fiD MeRdRiF 4 t ed.
[ 0082 First, the insulating |layer 132 is formed over the interlayer

i nsulat i prnicanductor pterigh is @am%/lﬁwaﬂlpﬁt an slecvrodie 8 WiS0g, @nasdm laygid t he

PVD. et gt g I T, S et £orE pRECHE s sRUEC Wit B Wit B, ) D

f or med umultgla@zefmhfetmahndh[thhglﬁlIlH}@re@lr’stnulmfgaﬁ‘mmntdilhyéIaihlsﬂl@tuigila%rl aild asuch as
silicon oxide, silico tride oxide, silicon nitride, hafnium oxide,
al umi nurrF‘HBﬁ“G‘éve lgyery %E{gglydm(:&at semiconductor device can be provided.

[0081]
20  <Method for Manufacturing Upper Transistor>

Next, steps for manufacturing the transistor 162 over the interlayer insulating
layer 128 will be described with reference to FIGS. 4A to 4G and FIGS. 5A to 5D.
Note that FIGS. 4A to 4G and FIGS. 5A to 5D illustrate steps for manufacturing
electrodes, the transistor 162, and the like over the interlayer insulating layer 128;

25  therefore, the transistor 160 and the like placed below the transistor 162 are omitted.
[0082]

First, the insulating layer 132 is formed over the interlayer insulating layer 128,
the source/drain electrodes 130a and 130b, and the electrode 130c (see FIG. 4A). The
insulating layer 132 can be formed by a PVD method, a CVD method, or the like. The

30  insulating layer 132 can be formed using a material including an inorganic insulating
material such as silicon oxide, silicon nitride oxide, silicon nitride, hafnium oxide,

aluminum oxide, or tantalum oxide.



[ 0083] Next, openings that reach the source/drain el ectrodes 130a
and 130b and the electrode 130c are fornmed in the insulating |ayer 132. At
this ti mewoaniigpsesysng is al so forned iza a regi on where rhe/Jganeoesiect r ode
136d is to be formed later. Then, a 5°Conductive layer 134 is formed so as
to be enbedded in the openings (see FIG 4B). The openings can be forned by
a nethod such as etching using a mask. The mask can be formed by a nethod
such as |ight exposure using a photonask. Either wet etching or dry etching
may be udedBHs the etching; dry etching is preferably used in terns of

m crof abricatiqn. The con ti ayer 134 .cap be.fo d film
f or mat i onI met Lg\%xi’d)@ﬂ'@ﬁs glga ééq\/s®[5ll‘ﬁé9?f88/§fﬁln QPW%E{%&HH%@"@I&HO‘B& ive
layer 134)1a0dd ¢3004aRekmid inGhRinsRRAME ldy¥e1 38t i s tiHC AndpeimbYPIRHUM

titanium chromum tantalum tungsten, "al um num copper, neodym um or
scandi umfermeshina k| iggionr where dhp @ated eleetrede, 136chiig ta de)foohedtpternf Thmsa

mat eral s or. exanpl [ 00841, 15Speci fical dt. s possiple l oy a
met hoé, 8rr“]iuec>t<1§?rpéfyerr‘:’,P 1?’?1 lé\g?%l}?hasot?ﬁ C?ei f’lgﬁf({%dflfllth? ng"fl?ﬁs & iFﬁ]&a egi on
i ncl udi nghelpempgnedidse foymed BRYPnisthduoshchas ehingiulinkial makky MThe tfdsH@ah i | M i s

formed by a CVD nethod, and then, a tungsten filmis forned so as to be
embedded D doxmgsl Bypa et such ag lightyexpopyra wsingh 2 photemaskne Bithgr wetraiehingt hod

has a fu i r i i i m f . O e | pwer

o ect r 00s U icRing B BE Gl B Aehibls dRy LR i oleirLe YHE R Ry 6

el ect r odenit@@abricatich. t Ehel dokdyctive ldec 1 @thsa bformedbpa filmdsimsdtinarethbd h t he

| owner . el ectrodei) The titani #g}lﬂitr' de fil mfﬁrmed after. the formation of
I

the t9tantdhs f Fithaethodon 3 4 orfhsrcoprusiivAtlryeg ldtreeadiedi9meed t he
conduct i i§ingB4 &dondhetive MARPAT shéd 1 "RY1yBEedu MBnn, acibAliRY (RiRd af ter
the formation of the barrier filmof ti'tanium titaniumnitride, or the

| i ke. 25h0@s8®h, Afménum,reppantkedyiniem] eryssandigas drainfaboped a qoapound (¢.e
conduct i \;laenitl I%X)e(;f 134flkhsesrrena \ﬁe% g(ry{ gtchf' ng, CWMP, or the like, so that the

i nsul ating Tayer PN eexpd%@ - AN 1Bl ect rodes 136a, 136b, and 136c¢c and
the gate[@g8agtrode 136d are forned (see FIG 4C). Note that when the

el ectrodes 136a, 136b, and 136¢c and the gate el ectrode 136d are 30 forned

by ré&toving paPpecficallyeit ds passitle @ emplas a pxthod, Har prasnde sin whigh af &imb| y
f : . : i T f the.
Prsubar: uifuh B & Sl 36680R LENMARRE igned OF o VD BBl in,

el ect r odéitahd6nl nitride film isformediby a C3I2 metldyamheien, adoagsedyfilnisfoatéd ade, a

wWiring, an i sulg\t(lﬁlng,lg%éer, a serg._conduct or, Iayerfx and the |ike can be
favor abl $3 i beegbedded in QPepiges- ere, the titanium film formed by a PVD method

has a function of reducing an oxide film formed on the surface of lower electrodes (here,

20  the source/drain electrodes 130a and 130b, the electrode 130c, and the like) to decrease
the contact resistance with the lower electrodes. The titanium nitride film formed after
the formation of the titanium film has a barrier function of preventing diffusion of the
conductive material. A copper film may be formed by a plating method after the
formation of the barrier film of titanium, titanium nitride, or the like.

25  [0085]

After the conductive layer 134 is formed, part of the conductive layer 134 is
removed by etching, CMP, or the like, so that the insulating layer 132 is exposed and the
electrodes 136a, 136b, and 136¢ and the gate electrode 136d are formed (see FIG. 4C).
Note that when the electrodes 136a, 136b, and 136¢ and the gate electrode 136d are

30 formed by removing part of the conductive layer 134, the process is preferably
performed so that the surfaces are planarized. The surfaces of the insulating layer 132,

the electrodes 136a, 136b, and 136¢, and the gate electrode 136d are planarized in such



[ 0086] Next, the gate insulating |layer 138 is fornmed so as to cover the
insulating layer 5 132, the el ectrodes 136a, 136b, and 136c, and the gate
el ectrodew026d/053®e FI G 4D). The gate Pnsu{ating | ayer P8@/Jezmobhes16or ned by
a CVD nethod, a sputtering nethod, he |like. The gate insulating |ayer
138 is preferably formed using sillcon oxide, silicon nitride, silicon
oxynitride, silicon nitride oxide, alum num oxide, hafnium oxide, tantalum
oxide, or the like. Note that the gate insulating |layer 138 nmay have a 10
si ngl e- | aymanrer,r wherebye anrelextrbde; er wiring, andhsil#tingFlayere saeplienndudter byte
insulating,layer 13 de qf .sili,con oxynitride can be fornmed by a plasma
CVD net hé d&ﬁﬁ&@f‘ﬁ’ﬁﬁ%ﬂ‘%ﬁ%"ﬂeﬂkﬂ}g&é &Sd nitrogen as a source gas. There
is no panpoggyl ar limtation on the t hi ckness of the gate insulating | ayer

138; the gaté insulating layer 138 can have a thickness of 10 nmto 500 nm
i ncl usi ve f or D@xarﬂpﬁ gate insulahing dayse 134 lsefnphc;wm@ﬁt@doayxeuhemsstaﬁugﬂayree f or

gate Th ik MESTREGE Tk ngbs i Elorctt b BICHRFSSEPEGE FIC e, " anc
a second Thatgatel lﬂgu&taig 1ager! laﬁ%n\ﬁbtfbmﬁadtﬂgl a:tcmﬁlemodSa Bpaticeing GietiyA, bpcl usi ve

over the f| rst %a@e insul ating |ayer 087] Note that an oxi de
sem cond s ¥e- t g@t@d@%@lﬂ&q‘@wrﬂ%es Bﬁefegatdxtf@zqualsmg SZ'@PanﬂXMCnSlll@OIby

remval bEPUichd GRyhfidd, 31fidor Hidik okigl! AEmSRIE SRR Al Hxfll ! ©

suscepti ble ein ace level and e |n ar ge; ere ore,
when sucltamalumxoxide,s ernitieo hillelc t Notei thatisled ghier 1naﬁlla01>(g deyes elB8c oagdueivera | ayer,

the ipnterface with the gate ingul ating layer i i pportant, |n other words,
the &3t e SngLRYer %Cﬁ“é%/g‘ Ipgered gopctprgy % Edgp g Riulating layep 38,

puri fi ed O @ si$ieHh 601k Qhan bay(erhlea%@das%lsgnmw@ Hﬂe%d% ? sit¥ne (%%{1)0088]
For exanple, the gate insulating |ayer 8 is preferably forned

hi gh- denQi’(chnparahmEOgNDSrﬁesdum gasi nghere i m mvamdal( it &ioBHom) thbduelurs:es t he

0| By g e B IR PR U St RSB go® o

hi gh- quakid t¢ W8ten indhishal forgxadprY ln ﬂxeeaserbmmlaﬁhgwmﬁr&p&ﬂcﬁﬁ@%r the
interface | evel can be reduced and i nterface characteristics can be

f avolabl éxamplogtie gajqoinsplating 3ayz0dpe s preforablyosstegk of 4 first gate ippulptingheed| ess
d,
to say t @%ﬁ g%%ﬁ% A MR &s U HY ¥mPY 3dh lﬁﬂ g&ﬁhg% i) CQ&%@%% lpgﬁgmgdf] EZ €

anot her ch as a sputtering asna

enpl oyedlasr wnhgtmskmeshogﬁnmmlaot)ylm mslusitiongr dhaym"t garrindidatin@iee as a gate
i nsul ati E‘ﬂﬁ‘l gyer. Moreover, it is possible to use an insulating | ayer whose
qual ity characteristics of an interface with the oxi de sem conduct or

layer are inprygedah tdh Befk B ftillor RRaf BETRksatdibhsil N {RsARGIRN of the

insulating layer. In any case, an insulating layer that has favorable film
qual 2@y adrintie bgatealqvals of ampngtletsagae highB8 parifiec amdeeshnueondmtmr)f Bcquiteevel
density with an des uc{,ﬁﬂf’la er to fo f avor abl |ntleace|s

f or med ag SFF% Hgﬂ?aé:te ?.'ng: F%\ uit§ ac (6‘16%9 ere ore, when such an ox1

semlconductor is used for an oxide semiconductor layer, the interface with the gate

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.
25  [0088]

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
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

30 layer are in contact with each other, the interface level can be reduced and interface

characteristics can be favorable.
[0089]



If an inmpurity is included in an oxide sem conductor, a bond between the
inpurity and a main conponent of the oxide sem conductor is cleaved by a
stress suwb208/d3239h el ectric field or Qi gh tenperature POTHRIUDD6S1B a

dangl i ng bond, which causes a shift of*the threshold vol tage (Vth).

15[ 0091] I mpurities included in the oxide sem conductor,

particul arly hydrogen and water, are reduced to a mninmum and interface
characteristics between the oxi de sem conductor and the gate insulating

| ayer are madelf 'mvmdlelsset(asa)dﬁm;révbedw}adnoarenighl\jmpnﬁhyd dxideasepiisémtucfopat i s
stabl e agai nst stres as high electric field and high 20 tenperature
can be obY&l RFCA {36 Imet Og suchgs, SP%W“B&W@%%W?X&) mgthe FiCFl% f or med

over t he pgadfploPstlagtibhg akay%%hlg&.ilg dn@iif pgﬁér R%n e MRS RA %%h

et chi ng usi ng a’ mask, soO that and-sh oxl de sem conductor | ayer
140 is f@rsmrmngslwr Fl More@@r 1t2i5 [poSaidE t«Asset twe irsulatieg $&yrer edwoseiquality lamyer it
IS pr§3fer bl & t% an. Ln- ch%bas 0Xl deds m conduct.or | ayer,

| n- Sn2 Zn“HBEER 1°8>8 G nistiace, é’?‘mlc% YCHRr AR YS aTe) IBRIQYS o‘?ﬂtl&le

seni condugitQteatayRIperPrited SRerZife QoRARRA &Xﬂhéi@nﬁ@dﬂn(gq AﬁéiCt B adP¥RE; an

Al - Ga- Zn- O based OXI de seni conductor |ayer, a 30 Zn- O based oxi de

seni condirsulating dgyer thas hay favgrable film qualisy jag shesgate @@nbémg dayer 4§8and gan
oo oo el il RO RAORYSHA ol BYAE <cRRetlidll fBPRCEAN Whogghle, g eq

sem condu ayer base e sem con

oxi de Sﬁffhﬁiﬁ&dﬂﬁirﬁﬂédha;&ergatd)hsﬂatﬁfg-l@é}a38d OXi de sem conduct or layer. It
i's p(ﬁ] Eéj(%gfa)il y preferred that these oxide sem conductor |ayers exi st in an
am)ri In this enbodi nent, as the oxide sem conductor |ayer,

anor phous_oxi dgy &?%ﬁmugtnauh@m ahso,L@é r;aglchd 1YL b6Hd DAWEE] hﬂ{bus' “9

a target for depositing”an 5 In-G-Zn-0G OXI sem conduct or
t hat si nmpmtyanélalmzlatcompomént@tﬁtlmmlfihwmcmdwwsenﬁemddm:a stressayer can be

o o ot bR T B ER g et e et SIE o Jiele Vol e gt "

cont ai ni g]gf@f(age m}esﬂomﬁv‘zﬁtgg(m It % inclusive. [0094] 10As a target used for

formn an oxi de semnm conductor 1 ayer by a sputterin
g f0091] y y p g

Impurities included in the oxide semiconductor, particularly hydrogen and
water, are reduced to a minimum and interface characteristics between the oxide
semiconductor and the gate insulating layer are made favorable as described above,
whereby a transistor that is stable against stresses such as high electric field and high

20  temperature can be obtained.
[0092]

Next, an oxide semiconductor layer is formed over the gate insulating layer 138
and processed by a method such as etching using a mask, so that the island-shaped
oxide semiconductor layer 140 is formed (see FIG. 4E).

25  [0093] |

As the oxide semiconductor layer, it is preferable to use an In-Ga-Zn-O-based
oxide semiconductor layer, an In-Sn-Zn-O-based oxide semiconductor layer, an
In-Al-Zn-O-based oxide semiconductor layer, a Sn-Ga-Zn-O-based oxide
semiconductor layer, an Al-Ga-Zn-O-based oxide semiconductor layer, a

30  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



met hod, an oxi de sem conductor deposition target containing zinc oxide as
its main conponent can be used, for exanple. Morreover, a target for

deposi ti nyoani1aseide sem conduct or contzgi ning In, Ga, an®CZIPiEo/eemyposition
rati o of 1n203: Ga203:ZnO = 1:1:1 [nol & ratio]) can be used, for exanple.
Furthernore, a target for depositing an 15 oxi de sem conduct or cont ai ni ng
In, Ga, and Zn (a conposition ratio of In203: Ga203:ZnO = 1:1:2 [nol ar
ratio] or a conposition ratio of 1n203: Ga203:ZnO = 1:1:4 [nolar ratio]) may
be used. s@meohdidtomipyemtos oZneObasageoxiflosenigpodudtomtpyen dkiisdpartieafadgnduct or
is 90%to %000/ it@i'lﬁ%i ve, . pref.er Ity greater. than or equal to 9 %I(I,e.g.,
99.9% . A" gmed. that these SxTde SmEIaFLop BEFS LSk By HeaTQRDRYS Satear 3’ét‘ Bor
deposi t i RenbBINEL,0Xd R 5Lt GeRftntiREtoMidyer arh bBrfHobs ok lle” &nficolddi@f?]

The atnmosphere in which the oxi de sem conductor layer is formed is

pref er abllayen fsarformed by ypi cputieyingr gamhodat worg har targedn forx ydppasitingospher e,
or a mXx t er ontainin are t ypi.cal |l r.g0 and oxygen.
Speci fi cgﬁ'lcfla,' fnl?'?)o ?assegr§¥1§‘r:a%ffrrélcg%&ﬁ{soé‘ 25Iq A ehinb - pury t%//'y 53%@,25}%0& %xafpl e,

f rom whi ahogghousToxidd Yemitohdidornlage0ga&n beWalppressetl B9 ngadipdsifliayh N6 the

hydr oxyl group, or_a hydride is renoved so that the concentration is
several pPpRhousPEideniemicendustar 1aysp)an ¢xideoggmiconductor lpyerfraayrbe dommpes, oxi de
sem cond r . : ' | Qo a t 30chanber that is
mai nt ai ngg P %Eélgéggﬁégt;%?{eaqgh Sl‘%eﬂgdg‘s‘?% &a@e&%rlr%{eﬁég Gre is set to 100
C to 600[@d4fpcl usive, preferably 200 C to 400 C inclusive. The oxide WO
2011/ 052396PCT/ JP2010/ 068103 26 sem conductor |ayer is forned while the
substPate i s hégtetrELuser £or dpEIng 30 9%ide seRicenducian Beroby anwpugiriing

sem Cond'ﬁfettlﬁfd, laﬂy&{id&%%n&mcfe?)psi%ﬁ %}%@{ corgm?%eziﬂé ogzni% :%Xitsd?nain

sem conductor | ayer due to sputtering Is reduced. Then, a sputtering gas

f rom whi chmhguimogen tendsedatfer ezamaple.enboetbvies d mdrgeidfor etbpositing taneotideat ment
chanber 5 fron(}vvhi ch remmi Mg noi s%ure i s bei.ng renoved, and_the oxide
sem condSTREPIYULcontaiqigg Brs?ily 'é(%PQPOBQP‘Héa%?so%h’@gﬁi&éz(?ﬁﬁﬁo =
ent r apnmenty. j edgy t I e
remai ni ng %%@ﬁ%ﬁ#g t%ﬁ?eolgsﬁgen%g?k%%@? eggﬂrrlﬁ%gﬁ% aé?%gfl??np\é,gpéz}ﬁﬁl zlri:f{ punp,
or alfi t aridamssmiddondedttonncouapinganinpeGas eand AAnevac watripositiomi tratimy obe a

turbo pu rovided with cold trap. In the deposjtion chanber that is 10
evacuat eﬁzﬂ?ﬁ?zbﬁgngr?/&bhﬁﬂ?wﬂaﬁ raliRdi % B ROBOsitey FLPae Br P2 P B8O o car bon
atom a n I, N chy: wat er
(h20), “and | RESFr FRT) my B Re T AR ot DA APl A 1% e
oxi de sese¢micontuctarris Pa%eto 100¥nmdlusive | prefeckapy gidated thanhwrdgesl 16 35%@.g.educed.

[0097] 15The oxide sem conductor |ayer can be formed under the follow ng
condi t i 0f29%)or Adleagpride serpicanductardeyesds fosmad upiag aupkeet r depasitingan t ar get

is 12@\1 n‘g%igggﬁggg?&&%rq”iiﬂ%gi&ﬁfﬁﬁﬁ Iaﬂ:e direct-current (DC) power supply is

0.5 nosphere 1S oxydgen (the flow rate of oxygen is 1009% .
Not e thaf0095]is preferable to use a pulse direct current (DC) power supply
because powder substances,(alsg referred to as particles or, 20 dust

generated in fﬁ%‘&@ﬁ%‘!ﬁr‘f irophic @%@“?%Eﬁ%@%“%@?ﬂw&r isHoemebis Q_T*?fF'@NYl) buti on
can be sggll -ga% pZPitcE'l'l)‘élg@%ﬁfatﬁios%ﬁ'&?e %l HS e Mgg&gt(ﬂra Jnﬂ)aaétﬂraéﬁﬁé?%gfém to 200

nm i ncl usi ve, erd 5 nmto 30 nmiﬁcl usi v Not e t ropriate
t hi cknes sorfaififngrasrattegasr(tipicpllyrargom) end deygeani Spedifictllyy it imprefdratile tanst t he

thi Cg] €33 hiigsh-g&\rtltyagsas,a b & agrlp?et,efr(()jnei\ pV?l'I;}gfl i i%]putrljg}? suc ! a8 h? rotggn, b\Satgr? %d'
compound having a hydroxyl group, or a hydride is removed so that the concentration is
several ppm (preferably several ppb).

[0096]
In forming the oxide semiconductor layer, the substrate is held in a treatment
30  chamber that is maintained at reduced pressure and the substrate temperature is set to

100 °C to 600 °C inclusive, preferably 200 °C to 400 °C .inclusive. The oxide



25[ 0098] Not e that before the oxide sem conductor |ayer is forned by
a sputtering nethod, dust on a surface of the gate insulating |layer 138 is
pr ef er ablwonenmsexdeby reverse sputterH'ZBg i n which an ar @om/Jg280/063103

i ntroduced and pl asnma i s generat ed. e, the reverse sputtering is a

met hod by which ions collide with a surface to be processed 30 so that the
surface is nodified, in contrast to normal sputtering by which ions collide
with a sputtering target. An exanple of a nmethod for making ions collide

Wi th a ssehoediaobaypr ¢ domed whila thretdubstrdter isihicatedhisg thitr gguimmgurityol t age
is applied to the 2011/ 052396PCT/ JP2010/ 068&03 27{@)urface in an_argon
at nos pheFREHUrakoR olihg Oxide;se PAPERY SN be 1 reQyst-camage of

ni trogen yid BRRIENGHfeonBudlsl 14487 ahaRS RPAISing®R BRNIEN in@leak € | ike
may be uéed I nst ead o(I)lfuan aér*gon at rmglgherrng. [009(%] S%Bé%ﬁaogﬁg flﬁg gr?%t hod

for the dsoindwhichniysoegtncndrwiterlyare removdieis inrgdustd tndhotreataienetlambeg may be
enpl oyed.. It is.needl ess to say that dr tcnlai d wet etchi can be
used T SERBI R TERETREmEBRF i e s ndahg onids seBeoRMEo T an

et chi ng Seiméd @¥ing 8lrEdialNGkillé A a @Ret.1 CAPRhAAPHE) VAbsur? PunPpSisftefepddly at e
depending on the material so that the oxide sem conductor |ayer can be

et ched i Hesl @ qrdeyi tp aemayrameisturg Fgngoing in the tregtmentychapiber. ofFossxamplei ag gas

used for chi i S, i k-ng..chl ari or jpne-basgd gas
cuch as SHoBuiRCR Mg FERIELLMARAEN bORb e 68 (00T ARSRAEEN TS o,
carbon t ehitaedyl terd tiebd fEAE pyovidddreitly eicoldargpas Ie et deiposifign thamobdrnkat (&

fl uorbne- based gas such as carbon tetrafluoride (CEQ .sul fur fluoride

(SF6)Y nFY3yakH Vit the [GYQRWNR, N 2siditign te 2; qompoppdSPRARENg TORrBPR atgy.t ogen

brom de t i uch as
el T um ( fioben UGS TLoRHCnd 8B afilng! DEFEARAPAS! Aokl W (BOT MBNC A" he

dry et chiikg et heynoved, péeeebly ethe pimpuatyReéndeneatian of theonxide ceimigpndoetbhod 20
or an | i pductively. coupl e Lasma), et ching nethod can be used. In order
to etchcfwéf@&?’8@1%‘3‘&1“8%‘??3‘50&%P%bsy%ﬂf)‘?eﬁfﬁucﬁgdesi red shape, etching
conditi 0[1;09(7E. g., the amount of electric power applied to a coiled

t he

el ect r ode, amount of electric power iz}ppl ied to an el ectrode on the
subsi? at e si deThapgide semigopduqterdayeresep dedouned wider e fllowingeenditians) ar e

S 2 SRR o Bk 388 v e SR BESIAL00 e s L
can be ud&dPa;Alle diredtaniret(DIC)gowef PPy (0.6 dtWeshdothe KAMTEPhetdEYokcenCO. |
NG ma%/th:;jl lﬂso(\)y tr)zﬁe %Sfeo?(ygénog-so%O%). Note that it is preferable to use a pulse direct
current (DC) power supply because powder substances (also referred to as particles or
20  dust) generated in film deposition can be reduced and the thickness distribution can be
small. The thickness of the oxide semiconductor layer is 2 nm to 200 nm inclusive,
preferably 5 nm to 30 nm inclusive. Note that an appropriate thickness differs
depending on an oxide semiconductor material, and the thickness is set as appropriate
depending on the material to be used.
25  [0098]

Note that before the oxide semiconductor layer is formed by a sputtering
method, dust on a surface of the gate insulating layer 138 is preferably removed by
reverse sputtering in which an argon gas is introduced and plasma is generated. Here,
the reverse sputtering is a method by which ions collide with a surface to be processed

30  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

surface to be processed is a method in which high-frequency voltage is applied to the



30Then, first heat treatnent is preferably performed on the oxide

sem conduct or | ayer. The oxi de sem conductor |ayer can be dehydrated or
dehydr ogeweatzed/os39h t he first heat trggt ment. The tenperaruprmiabesiose first
heat treatnment is greater than or equal WD 2011/052396PCT/JP2010/068103 28
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 exanple, the
substrate is introduced into an electric furnace in which a resistance
heati ng euracerih aarargdreatinokghers saithatplasida ishgeneratedieneae aisalsmduct Motk ghaer 140
is subjected to heat treatnment at 450 C for one hour, in a 5nitrogen

at mos phe ALITO8FE BRORACES G HENASBP £y ap oxygen almasphers gp hedfikegman ke ai r
during tRhg.diaskad sCA B at%%s%ﬁlé’i‘é. entry of water and hydrogen can be
prevented. [0104] The heat treatnment apparatus is not limted to the
el ectric[0@¥9hace and can be an apparatus for heating an object by thernal
radi ati on or thermal .condugti.o rom.a 10 .medjum such as a heated gas. For
exanp%e, a rapltla anyAching me?ﬁ}?élaﬁgfhﬁ? Aﬁengﬁ?ﬁd'uﬁttoﬁ ayfﬁ(,ﬁht?‘ﬁrsdré( Jehing Bp; ¢
thermal  arbeghinddmb B3 AnpddRar attus neédléss!ta ¥Ry kRRiddy tRRmEBIndanAeatiing (LRTA)
apparatus can be used. An LRTA apparatus is an apparatus for heating an

obj ect t 6atble pyeddBsembinglion.adka ¢telingrondiens (Ean agl esehing gasgrreami atching e)
emtted : |, hal,i de | a. xenon
e 1 amp o et SHE beReplt RIS S B RolRh lent ok e REPraiel o1

pr essur esdreiactheyoxidigemicondtdidr Ap@aataatbetdhed aio a@pdiradtshapd. or perform ng heat
treal[lé;reni ’\ﬁ)i ng a high-tenperature gas. As the gas, an inert gas that does
not act0 h an object by heat treatnent, for exanple, nitrogen or a rare

07 T, 5 gt KHOE Aoy B8 Sy i, |,

treatment, a GRTA process may be perforne
i n an i nér thigese-based gemssuchas dhdarined(Glg, dotuingthlowdp EBELYrslian &d6ride t o 700

C, heat eg.. | ni k t f the inert . The GRTA
b otess HiGhe 8t iadmn, Bpehianoe 2ehuaf' Hiostven: s st "ntaiipe Hfne Kor cover
the GRTAfp69%EB&cE ﬁ?'s Racieaplcames teiamuonasare ﬁhﬂﬂ@ﬂﬁ@ﬂiw SR CRRdged he

strain point of 25the substrate because it is heat treatnent for a short

t i mel5 [ oflaeride (NFs), or tgfleoromgthant¢CHF ) hydrogen biogriderdhiBr); exyger{@r)aimyy
e o T B BRI 3 AT BT S S0 0 B o
hydr ogenma@betubsl.| i ke. For exanple, the purity of nitrogen or a
[0101]
As the dry etching method, a parallel plate RIE (reactive ion etching) method
20  or an ICP (inductively coupled plasma) etching method can be used. In order to etch
the oxide semiconductor layer into a desired shape, etching conditions (e.g., the amount
of electric power applied to a coiled electrode, the amount of electric power applied to
an electrode on the substrate side, and the electrode temperature on the substrate side)
are set as appropriate.
25 [0102]
As an etchant used for wet etching, a mixed solution of phosphoric acid, acetic
acid, and nitric acid or the like can be used. An etchant such as ITO07N (produced by
KANTO CHEMICAL CO., INC.) may also be used.
[0103]
30 Then, first heat treatment is preferably performed on the oxide semiconductor

layer. The oxide semiconductor layer can be dehydrated or dehydrogenated with the

first heat treatment. The temperature of the first heat treatment is greater than or equal



30rare gas such as helium neon, or argon introduced into a heat treatnent
apparatus is greater than or equal to 6 N (99.9999%, preferably greater

than or eyoab1ws23d6N WO 2011/ 052396PCT/ JP2010/ 068103 29CT992000063309 (1. e. ,
the inmpurity concentration is less th or equal to 1 ppm preferably |ess
than or equal to 0.1 ppm. [0107] Depending on the conditions of the first
heat treatnment or the material of the 5 oxide sem conductor |ayer, the

oxi de sem conductor layer is sonmetimes crystallized to be mcrocrystalline

or pol ycnysbal°C 44@. ledsahare $R8GUaE to THE® °OXpdferaR Vgt URiO6r ¢qiEto SOUTELT MES
becomes a m crocrystalline oxide sem conductor |ayer having a degree of
cryst al | anddgss thagfthoseain poimp ok thegubgps. o rFarsxampley thetsabstragieisdndodugedn t he

tal " h . h ial of .th '
condi ti Ori']%t{)gdtl eﬁ%sne% {:u'{-,ﬁ%g 113)%%1&53?%%{;%& Ria tng%le LEh} fHe nl,lgce 1% gg'\eéi(r)] g(nlg&ﬁ? phous

sem conductor senr condu€etor Tayer y

oxi de semixffereidoatdudtéyiayerCla0tifbubjf@ed® Heh/Séatinkhte 460 FOIHERN e hduP HDB]
Furthernore, the oxi de sem conductor |ayer sonetinmes becones a | ayer in

whi ch5a miteggsa rajmpsphere: hd'hgreygide semisonductornlgyerol4Disnnoti exposest teethet 3ipi cal | y
2 nmto i ' i X ED.an rnhous oxide sepmi,conduct or
Ceg. = Qully B R FRANEN ob Tdl e of RafRR BT R BERAaR b BRI, 2
el ectricgbio#paracteristics of the oxide sem conductor |ayer can be changed
by aligning mcrocrystals in an anprphous region of the oxide sem conductor

| ayer. 20 For @R&RfA&rcatmpiah apiwEatys st Seviied dhthciestriq iyraceaad £t Been using a
target fnggaae%bﬁ hBfinsNa3biele %?gg@gaé %gﬂﬁ%é%mtﬁ&ﬂﬁggbﬂ ucﬁhngﬁ(gﬁyle;t rical

characteristics of the~oxide se yer can change
f or mh@® i omediuna swihcasadeyst@hs.i norpeamplena rapidihieohal anyedliml (BTA) agpavdtus

reGee gl Al o et LRI HEASE oL hCl a1
annealing (LRTA) apparatus can be used. An LRTA apparatus is an apparatus for
heating an object to be processed by radiation of light (an electromagnetic wave)
emitted from a lamp such as a halogen lamp, a metal halide lamp, a xenon arc lamp, a

15  carbon arc lamp, a high pressure sodium lamp, or a high pressure mercury lamp. A
GRTA apparatus is an apparatus for performing heat treatment using a high-temperature
gas. As the gas, an inert gas that does not react with an object by heat treatment, for
example, nitrogen or a rare gas such as argon is used.

[0105]

20 For example, as the first heat treatment, a GRTA process may be performed as
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 from 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

25  the substrate because it is heat treatment for a short time.

[0106]
Note that the first heat treatment is preferably performed in an atmosphere thaf
contains nitrogen or a rare gas (€.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
30  rare gas such as helium, neon, or argon introduced into a heat treatment apparatus is

greater than or equal to 6 N (99.9999%), preferably greater than or equal to 7 N



c-axis of In2G2zZn0O7 is perpendicular to a surface of the oxide

sem conduct or | ayer, the conductivity in the direction parallel to the
surface ovotha/m5239de sem conduct or Iaéﬁr can be i nprove®CaId2010/868i1@xX i nQ
properties in the direction perpendicadfar to the surface of the oxide

sem conductor |ayer can be inproved. Furthernore, such a mcrocrystalline
30 portion has a function of suppressing entry of an inpurity such as water
or hydrogen into the oxide sem conductor layer. [0111] Not e t hat
the oxi dg9%e99990s)ile}, Chie ingyueity borckhkdativn ik Néss Mhar Gcdoyst @l 1 ppia, ﬂ@féritﬂg can be
formed by heating the oxide sem conductor |ayer by a GRTA process. Further,
t he oxi décssEhancscaudlttdP-1RRY can be forned in a nore preferred manner by
using a ?@Wltering target in which the anobunt of Zn is smaller than that
of In or . '[0112] . The first heat treatnment for the oxide

sem conduct or Depeddidg On ek cdelitensfairthe dirsirheah geiniefeorshBi maBGAIGfake | ayer

t hat gas not yet been processed into the_ island-shaped oxide sem conductor
| ayer> 14@X1desepicanducio layes the oxide s¢micepducior layestis samptines ciyplellizgdderate is
t aken ou : ' 1S, a Ol '

perfor melcizl)f3 q%lggég¥§?ﬁﬁhé o p%l%?gjst?atrl\%fe t @r ?cler@? Iehé%% B?fraggsgﬂr%cn@hggﬁ} & T ef erred
to as delynietaneo hedomeatayedrocrysthlide egédteasanvinordueti feyer havingtadedredk of because
of its effect. . of. de%&géati on or dehydro @_g{elﬁg{% on.the qxide .

seni cond GBFBI17aL9R Of PAG orgperk YH/aPaMBH t pensting i {figr9geiians on

tr eat menjr QRNFRE PR’ QMR or tRE ¥R lof thbLiBE sEﬁlf‘coR&fﬁcﬁ’f‘r Rga g&%ﬂ&&&é or

| ayer is forned, after a source el ectrode and a draln electrode are stacked
over 1@ he sgnicdedwtori laperdmey de dnagreerphdids, omide #fnésondugiootaget comaininguhat i ng

| ayer is fO{aﬂEd over the source and drain el ectrodes. Such dehydration

t r eat menf 8P YEPIPSGEHat i on 20 treat ment may be performed once or plural
times. [ Qdubé] Next, the source/drain el ectrode 142a and the

source/drain el ectrode 142b are forned in contact with the oxide
seni conduct or Fuasfkermony the exide| ggmiggmductpr dayes usosestianesi becemes tar bylessim 42a and

1420, canil U AR 330 RSB} 20504 b7 ™0 >0
et chefl. [ithikhle) Thmixuaniduaet ivv@phausesxidasenneonductoe de. By aasul¥E oBtHeaskigdich as a
sputtert Qegmiconductor layer).
[0109]
The electrical characteristics of the oxide semiconductor layer can be changed
by aligning microcrystals in an amorphous region of the oxide semiconductor layer.

20  For example, when the oxide semiconductor layer is formed using a target for
depositing In-Ga-Zn-O-based oxide semiconductor, the electrical characteristics of the
oxide semiconductor layer can be changed by formation of a microcrystalline portion in
which crystal grains of In,Ga,ZnO; with electrical anisotropy are aligned.

[0110]

25 Specifically, for example, when the crystal grains are arranged so that the
c-axis of In,Ga»ZnO; 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

30  portion has a function of suppressing entry of an impurity such as water or hydrogen

into the oxide semiconductor layer.



met hod, or a CVD nethod such as a plasma CVD nethod. As a material for the
30 conductive | ayer, an elenent selected fromalum num chrom um copper,

t ant al umwoi20amisedys nol ybdenum or tugﬁsten; an al | oy ceotrarmilogesaesy of
these el enents as a conponent; or the i ke can be used. Moreover, one or
nore materials selected from manganese, magnesium zirconium beryllium
or thorium may be used. Al um num conbined with one or nore of elenents
selected fromtitanium tantalum tungsten, nolybdenum chronm um

neodym ufPlld] scandi um may be used. The conductive |ayer can have a

Cayar o For el Bt o seleniicioa AT et the ity gl s BRRr uct ur o
of “an al wah BETbiddByCRAOkiRE M 8kidé bdrkiefndulidr Wk BY &I GRTAPOAEE IFhriifBi ch a

titaniumfilmis stacked over an aluminumfil'm oOr a three-layer structure
i n whi ch tee pxidaseaminonduetpr lyeatambe formicillima mote prefartedninamnek iblymisingea st acked

in thts qrder. [0116] 10 e, ult jolet Light., KrF.]as light, or ArF
I asersl i éﬁ‘tﬁj‘?ﬁrglgﬁ?réf tel]f’e‘l%lfléy#ﬂl é’ (}113{ gtﬁngﬁtsm Qﬁ%@ﬁ? gha? ﬂf *‘“o ﬁzhg a mask used
for etchijop.2][ 0117] The channel length (L) of the transistor is

determ ned by a di stance between a | ower edge portion of the source/drain
el ectrode 142aTApdfiest | sk treatipent pfor t thsnoxjde ¢ yeaniqondyelr clayerr A#¢ esneber ode

142b. No j ' I th (L
s T ess ChnRy bifing bk sERBAMIdor By ol R Bebd Brasb@pBin 00, 1 (1)
extrene uslandashapédtoxidey Semivoaduatary édyengitdd. | dnsehaercabe, nafiameiceFisstt keagever al

hundr eds of nanopeters, which is tremely short. The resgolution of |ight
expod ret’i}?,l"‘"t”?‘f"“é)?{;rf“rE %‘ﬁétrﬁﬂeﬂ? '&g?rb?‘@to(%lt af"%g ARt 2nd 3RhQielithAgiaphY HeRis i s
| arge. Feypdftpmedr easons, the channel 20 length (L) of the transistor to be
formed |later can be in the range of 10 nmto 1000 nm and the circuit can
operate #9118lgher speed. Mreover, the off current is extremely |ow, which

prevents power nsummtien, fr increasing. 101 T terials and

et chi ng condi thg’ir)les Smehﬁrsﬁg%agt?f?ﬁ/e@ F%’ﬁ/gg r%l{ﬁrde%ﬁ%a%?%ygl’%‘f?nsté‘?ﬁ%’%’i'fduct or

| ayer 14QekydRoglaticl Gebabifie@PUrOfiel ke BRalideabof tie Pebdersashyapduchpr | ayer
140 is not renoved in etching of the conductive |ayer. Note that in sone

cased? t Hehxshkograauempe dheigeids semigpaductanlayer it} ¢ 1Sjichidehpdration thatment hi ng
LD, 700 RO LA oEFERTRShPOLLAL, SPGB0 (P
semiconductor layer is formed, after a source electrode and a drain electrode are stacked
over the oxide semiconductor layer 140, or after a protective insulating layer is formed
over the source and drain electrodes. Such dehydration treatment or dehydrogenation
20  treatment may be performed once or plural times.
[0114]

Next, the source/drain electrode 142a and the source/drain electrode 142b are
formed in contact with the oxide semiconductor layer 140 (see FIG. 4F). The
source/drain electrodes 142a and 142b can be formed in such a manner that a

25  conductive layer is formed so as to cover the oxide semiconductor layer 140 and then is
selectively etched.
[0115]

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
30 conductive layer, an element selected from aluminum, chromium, copper, tantalum,
titanium, molybdenum, or tungsten; an alloy containing any of these elements as a

component; or the like can be used. Moreover, one or more materials selected from



WO 2011/ 052396PCT/ JP2010/ 068103 32 | ayer 140 and the source/drain el ectrode
142b. The oxi de conductive |ayer and a netal |ayer for formng the

sour ce/ draipreoalese3osodes 142a and 142b jgan be successi velprgTiiB20t®d6810he oxi de
conductive layer can function as a source region and a drain region. The

pl acement of such an oxide conductive |ayer can reduce the resistance of
the source 5region and the drain region, so that the transistor can operate
at high speed. [0120] In order to reduce the nunmber of masks to be
used and maggavese; magnesiter ziocfonging pberyldinme tor [thorgurs treqy baysédk pAlubdnuad wit h

t he use ofgﬁ.r sisf2 mask forrre? t%sm alnglt";[-tone mask whjch is a

[ ght - exSOEHMES KR R S BRIART Elementirgelseied framoHiFpiEy tapran Hupesien,

pl ural i t yn@llbadMufi) dhtéhifm, Ardo8§iHilm,T8S KcdnaiyiR dn¥y bR k8. USRe bndudivkti -t one
mask has a plurality of thicknesses (has a stair-1like shape) and further

can be cHayegednihave mapogleylayes stmgture hepdhmred stragturceipickidingatko oamdre used
ina plurality of etching,ste for processing into,different patterns.
That bs, ered Ry SRl ard BTt g G hads Nl nistiioR vk & ont

pat t er ns abahingd filrh redtaliingl Siliegn,aa Mibtlhydr SbRICHRS kn Wittt a titB@iudd fitiniger of
| i ght - exposure masks can be reduced and the nunber of correspondi ng

phot ol i t FEgkebhaYeranciuminam Himoom treailayerstrugtuse dbyhichy Hitanien dilm, be
sinplifi gﬂlmiti;ﬁﬂﬁlhl, and a ti%anli\ﬁtl it Rad ﬁﬁ’ékgﬁ Fﬁ%&%ﬁfm is preferably

performed w e’'use of a gas such a or Ar after the above
step. Thi[8ll@asma treatment renoves water or the 20 |like attached to an

exposed surface, of the. agxide sem conductor er. Plasma treatnent may be
perfi&m&d usi ng & r‘l‘lﬁtﬁaé’d‘ﬁﬁtalég’é’fﬁg%( %‘ﬂ‘éﬁd’ra%‘%volﬁ?er l@kﬁf]pre}erﬁ’?y usgdior t he

protect i Y@hi St inhrinded mhdiduded ORI N contact with part of the oxide
sem conductor | ayer 140 w thout exposure to the air (see FIG 4G . 25[0123]

The prot é8tl}e insul ating | ayer 144 can be formed by a nethod by which

orotective | neqPacriaFlepBA S GBS P ERTRRS ol o Bares fo 1P

appropr i abveer etige portinesit thy Sourds/dtaih elRptrdbdy 422l HRwed clifd pbMREfAhe at
|l east 1 nm The protective insulating |layer 30 144 can be tormed using
si li&dn &a/drayy eleetrdedidgh, gotethatifephehy eyposurg indhe ease iwhsre Wiechannel oxi de,

o ey Wi (PRSP Bk Capr bbb Pt SR 17
pr ot ect i ¢etremes ultaviols) raydGviais M@é&ﬁ@tﬂiﬁﬁé@% @200 E A8 several hundreds of
nanometers, which is extremely short. The resolution of light exposure with extreme
ultraviolet rays is high and the depth of focus is large. For these reasons, the channel
20  length (L) of the transistor to be formed later can be in the range of 10 nm to 1000 nm,
and the circuit can operate at higher speed. Moreover, the off current is extremely low,
which prevents power consumption from increasing.
[0118]
The materials and etching conditions of the conductive layer and the oxide
25  semiconductor layer 140 are adjusted as appropriate so that the oxide semiconductor
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.
30 [0119]
An oxide conductive layer may be formed between the oxide semiconductor

layer 140 and the source/drain electrode 142a and between the oxide semiconductor



33 layer 144 is preferably higher than or equal to roomtenperature and

| ower than or equal to 300 C. The atnosphere for formng the protective

i nsul at i rgol2ayes23bd4 i s preferably a é re gas (typical | ycangunmd/oeuesospher e,
an oxygen atnosphere, or a m xed atno ghere containing a rare gas
(typically argon) and oxygen. 5[0124] | f hydrogen is contained in
the protective insulating | ayer 144, the hydrogen nay enter the oxide

sem conductor |ayer or extract oxygen in the oxide sem conductor |ayer,
wher eby tier 146 hsd thecourct/didie clexiroldz Bi2bi c Thevgidercohduetive tiyet el Daetet hannel

side mght be decreased and arasitic channel mght be forned, Therefore,
it is i gﬁ OHpiRg th et%?“ﬂ%‘“'é‘? flesgeres agmaildb Pﬁ'éb?)F‘E?F%t‘ﬁCWefoFlﬁﬁi!rl ating

| ayer 14%§%x§ciéa&ontdbfh\%xfa?@r éamh@ﬁdm ) QY¥Eke 1é1£o& qRg i d}%ﬂéﬁfs bRICHLES

little as possi bl Moreover, the protective insulating |ayer
144 is pmcelmalhII of $ushramdoxitle [condvative ldyef tcan medhive the eesistent of herbeurce s

t.hat hyd d e ter i t
Cont af nedt o PHEMS SR e SO L RSP Fan FerPiRat Bleh SBFak cti ve
i nsul ati pgidogyer 144. [0126] An entrapment vacuum punp is preferably

used in order to renove noisture remaining in the treatnment chanber. For
exanpl e, a crybpordsr taredueh theurmbesof masks ta banﬁ@m@@ﬂumﬁlcmnﬁmnpf i s

preferabl ) 0 rovided.with a
cold tr apéép,fJ an %Cﬂé%gte %{)il?le @ﬁ&(%‘}e dr@%h p“ § lgsee#;acﬁeggy aSIPtf?{n{eﬁ W& Bpunp, a
hydr ogen nailgmomentask whichas radlg}mkmgnrmglaa( hydﬁglgermoatmgm istiatbndgedvas er
(1-120), ~are rempved,  for _ exanmp urity concentration of the

th
pr ot &2+t i bave aplyrality pfjinteppities 14& rF%frtmk fﬂ“‘?%’ewgg HRssyseioba eHiBR: maskh be
reduced. p2oh gﬂgrylt of thicki@ssds (R ! aE) iunlﬂ(egﬁﬁi Ii@hek Uaff! lﬁgcl}aggffcp fptective

insul ating layer It i's prefe etou I gh-purity gas®trom which
an i mpur shqpestu@hhlag, tﬂlymf(ug,ethg: rtwasﬁ erask aarcbemmdnnl alphvrality o clohirgostegls for oup, or

oL 5 STl Rl TR 3 S G ek 00
2011/ 0523&@5’@/ &R@Q%Q/p%@ﬂa@?mﬂ‘be formed by using a multi-tone mask. Thus, the
15 number of light-exposure masks can be reduced and the number of corresponding
photolithography steps can also be reduced, wheréby a process can be simplified.
[0121]

Note that plasma‘treatment is preferably performed with the use of a gas such

as N>O, Ny, or Ar after the above step. This plasma treatment removes water or the
20  like attached to an exposed surface of the oxide semiconductor layer. Plasma

treatment may be performed using a mixed gas of oxygen and argon.

[0122]

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. 4G).

25 [0123]

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

30 144 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-layefstructure

or a layered structure. The substrate temperature in forming the protective insulating



or an oxygen gas atnosphere (at 200 Cto 400 C inclusive, for exanple, at
250 Cto 350 Cinclusive). For exanple, the second heat treatnent is

per f or redwet202%632386f or one hour in a %trogen at nospher eCTTRrav16/663008d heat
treatment can reduce variation in eleCtric characteristics of the
transistor. 5[0129] Furthernore, heat treatnent may be perfornmed at
100 Cto 200 C for one hour to 30 hours in the air. This heat treatnent may
be perforned at a fixed heating tenperature; alternatively, the follow ng
change i fayehé4girefegblychigberahan er epyl toaocraneinpiranireind lalvet thakor e@pgat edl y:
t he heatingi g&erature IS |ncreased fromroom 10 tenperature to a

t enper at (9 00 Ihet atmasphere ofoy foFmineg ther @%E‘HIVPOH‘ISB'GH% daysar d¢4iris. Thi s

or ot ect  PETFRELTEfarbef BypRARE daif Bindphhe, B L IPHEBHER BLE ey
short enedtmm;bhaetcbatarmmgm edle pas@ypicatly afpor) ahéakygeneat ment under a r educed

press 6% be perfornmed instead of the second heat treatnent or may be
perfo ma(ﬁ Hore or after the 15second heat treat ment, for exanple. [0130]

Next, the inteif fyfbg ennﬁtuoaﬁdlﬁzﬂ ﬂnaaser ré{é&mesmmsmgdl 2&6&44 hﬁe g ?9‘3' ve

i nsul ating |ayer 144 (see F 5A) . e interlayer ul ati'ng 46 can
be f or medndyyenterPOOXIEE h@dlcoadl@m lnmrhnd:xtrm:t axiyger uk&f: okinde sennmridagter

|nsulat|n | ayer can, 20 b f orned usin erial including a

i nor ganlé Chs eé?byng ﬁ%ﬁlsé?’qCSIO Lhectr ng%seé?lf?‘gddﬁtogs?y&éonél?q F%chfﬁhqﬁ“tg]r?lg‘;e oxi de,
silicon mlgnﬂuieuecfeaédal dnhaQardi@ic Glabid] MIBhBE ffine®’ THIRfBl MiPithplitanf\ t €T
the formation of the interlayer insulating |ayer 146, a surface of the

i nt etPay@pt fnysa bydragen iy tormingsthesprgiestivg Hsklatipg davsr i144 cpovshetthenxidet chi ng,
or the lﬂﬁ%ﬁgtlkg}a%l 1205&?({5‘/}1118 ﬁﬂﬁ?%e’ﬁgﬁ 1%{1@58 ?iBﬂ: t he el ectrodes 136a, 136b,

and 136c¢ e “source/drail ctrodes 1 a and 142b are formed in the
interl ay@d125hsul at i ng | ayer 146, the prot ective insulating | ayer 144, and
the gate insul C tive 148 is formed so as

R\/il er 138. The ondhuf | a
to be enbedded %eqvﬁéa%fpgﬁ%%&e (%Sé %@YSB %e%&éﬂix fymed arhilsevater ned by
a et hod |§UNthaSreSnfddt CRarkSdrg réndWaKin Jrher {8 ycﬁ%kt 39 BArd:3I gﬁﬂphg o dry

met hod such as |ight exposure using a photonask her “wet “e

et chihg m;erble ntedordginechan ethe hoxide sdmycoatledtondayies Ioi0efind abe yprowetvd n t er ns
of mcrofa t|o 4The conductive |ayer 148 can be fornmed by a film

for mati off'® H% g‘h as a PVD nethod or a CVD nethod. The conductive |ayer
148 can pgz%prrred using a conductive material such as nol ybdenum titanium
chromum tantalum tungsten, alum num copper, neodym um or scandi um or
an alloy or a é@r@g@mmerqteva@uumawmn isrpretsya u%miylndfrdemt@sr@mm@ andistues, f or

exanpl e. remaining in the treatment chamber. For example, a cryopump, an ion pump, or a

20  titanium sublimation pump is preferably used. An evacuation unit may be a turbo
pump provided with a cold trap. In the deposition chamber that is evacuated with the
cryopump, a hydrogen atom and a compound containing a hydrogen atom, such as
water (H,0), are removed, for example; thus, the impurity concentration of the
protective insulating layer 144 formed in the deposition chamber can be reduced.

25 [0127]

As a sputtering gas used for forming the protective insulating layer 144, it is
preferable to use a high-purity gas from which an impurity such as hydrogen, water, a
compound having a hydroxyl group, or a hydride is removed so that the concentration
of the impurity is reduced to several ppm (preferably several ppb).

30 [0128]

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



[0132] Specifically, it is possible to enploy a nethod, for exanple,
in which a thintitaniumfilmis formed in a region including the openings
by a PVD wethudsaisd a thin titaniun1né&ride filmis formeuJIpie08v3 et hod,
and then, a tungsten filmis forned so 10 as to be enbedded in the
openings. Here, the titaniumfilmfornmed by a PVD nethod has a function of
reduci ng an oxide filmformed on the surface of | ower electrodes (here, the
el ectrodes 136a, 136b, and 136¢c and the source/drain el ectrodes 142a and

142b) toodasbench dalatmosphat(af 260 A &880 PC tikcludive, lfon@ianl& Gt Dsgles 1o The
titaniumnitride filmformed after the formation of the titaniumfilmhas a

barri er BOBECiinelugive)pr Foepxample,lthe dedond dicatrirestmentds porfiormmedi at @50 Ceforal . A

copper filmmay. be fornmed by ,a plating nefhod after the formation of the
barFrer PPF PG in pizRpdAtmatp e e P RS it pReredesisation S * a7 o
t he condurtiriehhR¥eristidSfitke fratsigasl, part of the conductive |layer 148 is
renoved by etching, CWP, or the like, so that the interlayer insulating

| ayer3 1460529120 exposed and the el ectrodes 150a, 150b, 150c, 150d, and 150e
are formed (see E G 50),. te that en the ele des, 1 o Ob, 150c,
T50d, “and. 1500 AR PSRIE LY REROIRY oot ol 1B0ntu A0 C dPephads, e
process hsuPoefEhafs ¥n BRI fiLr MBS Béut tdaatmetnhm?%ef P&l &t BlfARaMeA688: The
surfaces of the interlayer insulating |ayer 146 and the el ectrodes 150a,

150b, 15¢empersng; alpaativdy tecfolpwing rhangeiin thadieatingriemesratugtharayble 25an

el ectrod 17 LN [ \ng | |k n.be favorably
formed i gongltc %eMF }glp %&)st.ﬂlqe[so%igétgqlké%}e ﬁ %qgfngn%& 3{21?%8 1|sal§cér(ré§?g2§ e F8Med, and
openi®gs tdnijrkatiiRanh at feenprlfaer o0ae0 1020 IHOBC dhDehenl GOHeasaddo LRfden ar e
formed in the insulating |ayer 152. After a 30 conductive layer is forned

so as t otopesawEedddaisi heat Heatgiahmayde peatormed upger & edbcrd pressureefiord s
d ng.; i & TERURA P brd s,
exposed SpRel D insiiing dhvek JE it Hlpeal EhipRt iRk G SMBepRE. B

5D). Thi sndestthp reducsd rprésanret 0 Thiseheit epatnfiert amdeng rethéced| medsudmalSa and

the like; therefore, the detailed description is not repeated. [0135] In
t he casepmstlmeﬁdr%fﬁg‘? sgcgpd &'8“2 treatmeit QF grayperpesfoped, befgrssiratiss dharet hod,

5 t hes hy U BHE Re s HRGSIUNE %i%ng;le.the oxi de sem conductor |ayer 140 is 5 x
1019 atons/cnB8 or |ess and thé off current of the transistor 162 is 100

zA 1um of0138ks. The transistor 162 with excellent characteristics can be
obt e ned o bt Bl B R RO BT B
descri beghsalR@NE 1aybP1£PKeE FIGISA)S DS ShteH1Sydr Gnsidiinbaged 186 @an be formed
by a PVD method, a CVD method, or the like. The interlayer insulating layer 146 can
20  be formed using a material including an inorganic insulating material such as silicon
oxide, silicon nitride oxide, silicon nitride, hafnium oxide, aluminum oxide, or tantalum
oxide. 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.
[0131]
25 Next, openings that reach the electrodes 136a, 136b, and 136¢c and the
source/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 so as to be embedded in the openings (see FIG. 5B).
The openings can be formed by a method such as.etching using a mask. The mask can
30 be formed by a method such as light expoéure using a photomask. Either wet etching

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



10 sem conduct or device that has excellent characteristics and includes the
transistor 160 fornmed using a material other than an oxi de sem conductor in
t he | owerwpantivsesdand t he transi stor égZ formed usi ng amCoxNP2E0/068103

sem conductor in the upper portion. [0136] Note that silicon carbide (e.g
4H Si C) is given as a sem conductor material 15 which can be conpared with
an oxi de sem conductor. An oxide sem conductor and 4H Si C have several
common features. The carrier density is one of them The density of

i ntrinsi gnicenfabregation.n Hre mnﬂd@ivsdmy'emdﬂaumt be faamed by arfital formatiar method | S

estimated to be rox his val ue of t |ntr|n5|c carrier
density 8@ f’éﬁ&? §¥?P?’$J?ff‘§r$ fl}‘?a‘fonidHCtm]SV‘?f P‘@ nybe formed ¢ g
When t he ysiipr h”é’dn@u&ﬂfecﬁfaférﬁl stlen sdst Mlogfbdexmﬂx'n%uﬁﬁ%%ﬂﬁh&ﬁt %mhl%nfiomar ed
with the intrinsic carrier density of silicon (appr oxi mat el y

101/ cnB) tungstegamlubemumd@pscroo@dmwmt prscandhigm ort an aiklywrcaatrqmlmund éc;gl,t y of
an oxkde ntmde n uct0 the echa'l C%ntllgxig | ow. [0137] Further, the
ener gy band 8 of Y an o &' Lény (8ndd 5" is 3.0 eVto 3.5 eV and 25 the
ener gy bemﬁ;z]ap of 4H Si C is 3.26 eV. Thus, an oxide sem conductor and
silicon carbide are simlar in that they are both w de-gap sem conductors.
[0138] OfPediticaltyn #ris papdblettn emplo s a nethpd rfog examplentiewhishye thin an

oxi de se aﬁﬁlﬂg I I erature.
Si nce si Irﬁiltcon ggﬁggé@%gﬁgra @Bn &ee’?fgthe Jbghmg%f’tgct ]g C(Eﬁ??e ride{rﬂ]eat nment
at 1500 @tanjurd OREdESilm tis fosmeld bf/ aCIND mahdd)amd theaf aitgstén Sl iicformedsdi de and
a senj,conduc nt fornmed usi a_.sem conduyct or

2011 52§§6‘P€%F‘3‘E?g{fr§/%§8’1‘l?§nglﬁsna gﬁﬁ the tianjum fﬂﬁhﬁ)f@fﬂg\g&&n‘%‘a%ﬂ%ﬂ Thi s

i s becauggs AfFRALE eflf&lﬁélﬁg aﬁ @Qﬁite rfﬂﬁﬁonﬁé’tﬁox?ﬁf@sﬁﬁﬂé@-’&ﬁl@&eleél &gmﬁas (et NE

| i ke is damaged at such high tenperatures. Meanwhile, an oxi

seni cond et Qipcttmilns b364, dﬁﬁlmoandn 136¢ land thet sounce/dyain tdcct@@es @Zmarﬂomm) td he

poost bl e apaeise ey RRREY Ahiaed bultWE o0 lePrfBne e bigpion Wi Bhct or

mat eri al feradedraftddate adirnﬁmbdﬁ)fstﬁmtﬁﬂﬂﬁiﬂCﬁlﬂ{ had'd Barest fudcli®l BT préRfiisgnduct or
el enment i ncl udi ng an oxjde sem conductor. [0139] In addition, in contrast

to si?i caifusignpphithe sopduetivie maseradonflueapper fidm1may hey formad dvus Iﬂé’@%se a
| ow heat {3 iSfrRP iheSURRAAL ?tﬁymdasﬂlﬁl @tﬁﬁlﬁuglup%gﬁﬁ ?m ?&C?Li S

Mor eover, an oxli de sem conduct or oes not nee e SU
treat men[O]é&B] hi gh tenperature, so that energy cost can be reduced
sufficiently ather t eaéoer'\l uétgeslg;cl:rcl%% 6}r I?‘Illgie pa}/tvh olfctlrlle Icgndelllrclzgw ?arye;’jl (ljé\llé’jl r1]st age.
removed by etching, CMP, or the like, so that the interlayer insulating layer 146 is
20  exposed and the electrodes 150a, 150b, 150c, 150d, and 150e are formed (see FIG. 50).
Note that when the electrodes 150a, 150b, 150c, 150d, and 150e are formed by
removing part of the conductive layer 148, the process is preferably performed so that
the surfaces are planarized. The surfaces of the interlayer insulating layer 146 and the
electrodes 150a, 150b, 150c, 150d, and 150e are planarized in such a manner, whereby
25  an electrode, a wiring, an insulating layer, and the like can be favorably formed in later
steps.
[0134]
Then, the insulating layer 152 is formed, and openings that reach the electrodes
150a, 150b, 150c, 150d, and 150e are formed in the insulating layer 152. After a
30  conductive layer is formed so as 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. 5D). This



[ 0140] 15Al t hough many researches on properties of an oxi de sem conduct or
have been conducted, they do not include the idea of sufficiently reducing
| ocal i zeawbewrls239bsel f in an energy ggp. Accordi ng to anTarbodieseer of the
di scl osed invention, a highly purified oxide sem conductor is forned by
renovi ng water or hydrogen that can be a cause of the formation of

| ocalized levels. This is based on the idea that the |ocalized 20l evels in
an energy gap are sufficiently reduced. Such a highly purified oxide

sem condstepos séndin tastlieas:ocp oﬁtfdmtingfther eleetrddeb 1 J0acamsktheclikte; ithetafore,i thk
productsdﬁgq %‘f urt her Is al so possible to forma nore highly
purified ‘it F?é r‘B')l?‘H’éné’éfﬁpE%tﬁ%uctor by suppl yi ng oxygen to a dangli ng
bond of Bh which is generated by 25 oxygen vacancy to reduce the

| ocalized | evel s due to the oxygen vacanc For exanple, an oxide film
cont ai ni ng excésﬂle\K@S@WQ@rthﬁ trapsistoe 63 is foonediby thei abloverdedesiboé metlydyat i on

regio nox en | Il ed, to t.he chan on gfromthe
oxXi degfl Ir}?ﬁ Bogeﬁa 3?8 Fﬁ?e‘ﬁ“q ceRraricongystop YS&;&’R gl’égﬁwﬁg Bs{FMpe
reduced. of @kd2hd 3%3%%Bt Of thRNrAXsRe 188 §60 IARLA or' 18ssS ATile tRnBStor
attributed to a shallow |l evel under the conduction ban ds due to excessive
hydr ogen 162 wige gxtdleat claracteostibsfdani b obtadded W)the appllcatlon of the oxide

2011/ 052396PCT/ JP2010/ O 3, 38 .oxygen,. qr. the or.ough_renoval of
hydr ogen SERGORIHSIT R ¥stt P@u@‘ﬂ? 5 e ‘éﬁgatfyea S 'fcfﬁnﬁé uchpen &n hydiegen on of

such a debRehtratidhl 43] dé<eABEW Cibo0s! NM@@ave%m 19flsTP§d3§Hl§tt9r nlaifadflird 9, Oxi de
Sem conduct or) SNext, the conduction mechani smof a transistor including an

oxi d&0 sep¢rpicppdnetas rdemqelthiiiehadeﬂsié(irllebééhwfttmﬂﬂ@ﬁ @anénedudes thg Ganﬂﬁpr @G 12A

and 128, (fl G§- usé‘%’% %agrl f’(ﬁheratﬂgn x1de Sem L&t hat ovs}ceoI l 10]110 d the

descri ptl on 1Is e assurrp on an 1 ea SI
si npl i fi eaidiaor 162 formed using an oxide semlconductor in the upper portion.

[0136]
Note that silicon carbide (e.g., 4H-SiC) is given as a semiconductor material
15  which can be compared with an oxide semiconductor. An oxide semiconductor and
4H-SiC have several common features. The carrier density is one of them. The
density of intrinsic carriers in an oxide semiconductor at a normal temperature is
estimated to be approximately 10~’/cm®. This value of the intrinsic carrier density is
extremely small similarly to that in 4H-SiC, 6.7 x 10"'}/cm®. When the intrinsic
20  carrier density of an oxide semiconductor is compared with the intrinsic carrier density
of silicon (approximately 1.4 x 1010/cm3), it can be understood well that the intrinsic
carrier density of an oxide semiconductor is significantly low.
[0137]
Further, the energy band gap of an oxide semiconductor is 3.0 eV to 3.5 ¢V and
25  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.
[0138]
On the other hand, there is a major difference between an oxide semiconductor
and silicon carbide, that is, the process temperature. Since silicon carbide generally
30 needs to be subjected to heat treatment at 1500 °C to 2000 °C, it is difficult to form a

stack of silicon carbide and a semiconductor element formed using a semiconductor



[0144] 10FIG 11 is a cross-sectional view of an inverted staggered

transi stor including an oxi de sem conductor. An oxi de sem conductor | ayer
(0S) is pvounded23yer a gate el ectrodg | ayer (GE1l) wi thprPaTgatomessed ati ng

| ayer (A ) therebetween, and a source &l ect r ode (S) and a drain electrode
(D) are provided over the oxide sem conductor |ayer. [0145] 15FIGS. 12A and
12B are schematic diagrans of energy band structures along A-A" in FIG 11.
FIG 12A illustrates a case where a voltage is not applied to the gate

el ect r odendtayadrotié’Ghan Bjlicoanzrbide.v dThiade becaukhia saiicondakctongabsitfatgpti ed t o
the drain el ectrode and the sgﬁérce electrode (VD = Vs =0 or. VD =VS). FIG

12B i | | usStpigeaduciqrelcment. Qibe Uke 15,damaged at suphiughetemperaturgs. | Meamphileed t o

t he drai I i i b & trode
ayer | (van e CBACRRE R A HE RO nid vl UG (BRBIhCS: 30, P00 HBOCCHEE
vol t age (gldss rraflitios temprateft dolowde Wy & dbot 00 °aYiethartors, BGS pbisitde (@l t age

+VG (VG > 0) is applied to the gate el ectrode |ayer (shown by solid |ines).
In the cie@ aménegrated girewiywiththe yse afyppemmigondiciosanajenia othes dhanoateoxidyer, a
carrier i,S4N iy d t . i de 1caonduet or _side.,fromthe
source elggljf:l?%%egg%sg%%fwtﬁg&ﬁi %hg)efﬁo'lg&bcg?t&é)gt f’%ﬁ’ taﬁrrl‘lggglfngs%nt?fgfiea
current daeiondictdr] ow, whi ch neans an off state. On the other hand, when a
positive %Irgiage is applied to the gate el ectrode | ayer, the potenti al
barrier i[él duced and thus a current flows, which neans an on state.

[ 0146] In RldERionl 3 @PskrasBBoRsRicBRCEMYidRANE xR ABRiHLAGRESRGL C
diagrans) along 30B-B' in FIG11l. FIG13A illustrates a state ere a
posi 19 ve agantagedus bgog®e>a BYw i keabigpistant dubtstratehaichatsen glass substratel eapebe ( GEL)

that is, an on,state where.a carrier (electropn) (}/\g .
2011/ 052488pCH B orBeeats S8 nBisbE ePie Rl Prat T8 e antireitd o datng the
drain el ggithrede at Migh 1@Rpdrhtubtstdoatias ehellyatait VAR K FediRBdisubRigRleRd i al - VG
(VG > 0) is supplied to the gate (GE1l), that is, an off state (where a
M nor i t y CQEPFFd o Hhieon C‘r@()ttld$,l‘%%&h is[apothe] adyantaga4 i | | ustrates the rel ation
bet ween i(ﬁ?’ )/acuum | evel , the work function of nmetal (cpm, and the
el ectron a P nity of an oxide sem conductor (x). [0148] Met al
degenh®r at es andlthtwgzhRanmg rdsearetieseni bperties dfhen exide sahiconduessihavd/Baginhi | e, a
conventi onaJ Oéi ?‘e sem conductor_is n-tfyp,e, and the Ferm level (Ef) is
conducted, they do not include the idea of sufficiently reducing localized levels itself in
an energy gap. According to an embodiment of the disclosed invention, a highly
purified oxide semiconductor is formed by removing water or hydrogen that can be a
cause of the formation of localized levels. This is based on the idea that the localized
20 levels in an energy gap are sufficiently reduced. Such a highly purified oxide
semiconductor enables fabrication of remarkably excellent industrial products.
[0141]
Further, it is also possible to form a more highly purified (i-type) oxide
semiconductor by supplying oxygen to a dangling bond of metal which is generated by
25 oxygen vacancy to reduce the localized levels due to the oxygen vacancy. For
example, an oxide film containing excessive oxygen is formed in contact with a channel
formation region and then oxygen is supplied to the channel formation region from the
oxide film, so that the localized levels due to oxygen vacancy can be reduced. |
[0142]
30 A defect of an oxide semiconductor is said to be attributed to a shallow level

under the conduction band due to excessive hydrogen, a deep level due to deficiency of



10 distant fromthe intrinsic Ferm level (El) in the center of the band
gap and is |located near the conduction band. It is known that hydrogen in
an oxi de werriasesét or partly becomas3§ donor and i s oneCofiPth@oesauses t o
produce an n-type oxide sem conductor " Further, oxygen vacancy is known as
one of the causes to produce an n-type oxi de sem conductor. 15[0149] In
contrast, an oxi de sem conductor according to an enbodi nent of the

di scl osed invention is an oxi de sem conductor that is nmade to be intrinsic

(i -type) ogygdno obehechkxse Thoroughriemeival ofnhydiegehadrdossiffigerntesnpply: ofnysdigegen,
which is the aus r.oduce .an n- 1g“.}‘/foe oxi de sem conductor, is renoved
from t he 2% Ezlt{?inoxgﬁu?h‘b ¢ purification, so that the oxide
sem condlf@pgl] |ncI udes an elenment (inpurity elenment) other than the nain
conponent of "the oxi de sem conductor as little as possible and oxygen
vacancy (@omiucnomMeeHamﬁhaf Traasxs@rﬂmndmgmideaﬁfenﬁommhicm)nt of the present
invention is t OXId sem conﬂuctor IS made to be or _be close to a

hi ghl¥y-purifie e?‘t t §qtions imscharnisme g dc dtmsistor  Birluding (apromde an
| npuri tYS@theBEdﬂIcth%ﬂlbUe aécﬁbemtﬂefwe&fe tb "R 'ﬁ 8%, $9&Mn@S 1y gregen and

wat er and oxygen vacancy as nuch as possible. Thus, the Ferm [evel (Ef)
can be cddparmblldByiand KiGe 1#nt Notesithat Rbe rfollowing| dt(sEﬁpnm{ &1 baded Tove thand gap

(59 200,05 Rs S48 Slhdte Al oo, oo conductor are 30, sald o

cont ai negpi4a]t he source el ectrode or the drain electrode is substantially

equal 10 to the FIG. 11 is a cross-sectional view of an inverted staggered transistor including
an oxide semiconductor. An oxide semiconductor layer (OS) is provided over a gate
electrode layer (GE1) with a gate insulating layer (GI) therebetween, and a source
electrode (S) and a drain electrode (D) are provided over the oxide semiconductor layer.
[0145] ’

15 FIGS. 12A and 12B are schematic diagrams of energy band structures along
A-A"in FIG. 11. FIG. 12A illustrates a case where a voltage is not applied to the gate
electrode layer (Vg = 0), and no voltage or the same voltage is applied to the drain
electrode and the source electrode (Vp = Vs = 0 or Vp = V). FIG. 12B illustrates the
case where a positive voltage (Vp > 0) is applied to the drain electrode and a voltage is

20  not applied to the gate electrode layer (Vg = 0) (shown by dashed lines) and the case

~ where a positive voltage (Vp > 0) is applied to the drain electrode and a positive voltage
+Vg (Vg > 0) is applied to the gate electrode layer (shown by solid lines). In the case
where a voltage is not applied to the gate electrode layer, a carrier (electron) is n(;t
injected to the oxide semiconductor side from the source electrode because of the high

25  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 electrode layer, the potential
barrier is reduced and thus a current flows, which means an on state.

[0146]
FIGS. 13A and 13B are energy band diagrams (schematic diagrams) along

30 B-B'in FIG. 11. FIG. 13A illustrates a state where a positive potential (Vg > 0) is

supplied to the gate electrode layer (GE1), that is, an on state where a carrier (electron)



electron affinity (x) of an oxide sem conductor. In this case, a Schottky
barrier against an electron is not fornmed at the interface between netal
and an oxwoeosles2i®enductor. [0151] In bhe case where theCmari16/0682¢3 on of
metal ((PM is equal to the electron 8 affinity of an oxi de sem conduct or
(),an energy band di agram (schematic diagram) in FIG 12A i s obtai ned when
the netal and the oxi de sem conductor are in contact wth each other.
[0152] In FIG 12B, a black dot (4) indicates an electron. Wen a positive

pot ent i alflows bkbreenphe sdficd eledthriedinditiic dhimcdl¢ondde. t ARG @BBdllignatesaasa€S over
a barrier (h) to be injected into the oxide sem conductor, and flows to the
drai n el dderoaaegative nesengial —¥6 (Mee> Bhis suppligdhyo thepzatel §GBH), dhajas. eanveff t age
(VG. W it I - is\applied to the drain el ectrode, the
hei ght o?g%%%‘ﬂ%g%ﬂn\ﬁm %)ggl?lgyﬁéét\;ﬁe%r%?ph%?i the height of the barrier in FIG
12A wher g0mNol tage is not applied, that is, half the band gap (Eg).

15[ 0153] At that tine, as illustrated in FIG 13A, the electron
travels in t he FlGdidnillpgtrates the aelptionsbetween thervaswm devshtthe wosk Functing of ayer
and the highl yv- i e i d@e 1 Jet ar . om portion where the
oxi de se%eg%r%’ﬁgg fcl)érjh}eseqcsct?% %@‘@Wﬁ@&%@f%ﬁé}rﬂgﬁf@pf 154] 20As illustrated
in FIG 13@848]n the case where a negative potential is supplied to the gate

el ectrode (GE 1), since a hole which is a mnority carrier does not exist
substantial | 'y, Mot degenerptesy and,ethe s Feranicjeysk existy ins theo sandsiction [ langs)

For exanmﬁnwg,ngzéig%\;gg%i&g@to i &%imhagms(égigg%g?%ﬂ}%&@ 181 kB§Ss or 1

zA pm 25(1 x 10- ess at roomtenp a’‘result, a
t r an0 st distamaiony the istrbitsfor Bghmo lleved (Ehdn (S ceatenef thd bandlgdy atetis loemede

SEERESMETE RN FLTEN i TR S T RN
0 ey SRSl i o1 2. B0se ), MNAIS o o
Further, oxygen vacancy is known as one of the causes to produce an n-type oxide
semiconductor.
15 [0149]

In contrast, an oxide semiconductor according to an embodiment of the
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 by high

20  purification, so that the oxide semiconductor includes an element (impurity element)
other than the main component of the oxide semiconductor as little as possible and
oxygen vacancy is eliminated. 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

25  elimination of impurities such as hydrogen and water and oxygen vacancy as much as
possible. Thus, the Fermi level (Ef) can be comparable with the intrinsic Fermi level
(E.

[0150]

The band gap (Eg) and the electron affinity () of an oxide semiconductor are

30 said to be 3.15 eV and 4.3 eV, respectively. The work function of titanium (Ti)

contained in the source electrode or the drain electrode is substantially equal to the



FIG6, FIGS. 7A and 7B, FIGS. 8A and 8B, and FIGS. 9A and 98 illustrate
nodi fi cati on exanpl es of structures of sem conductor devices. The

sem conduwOan11dsisees i n each of whi CQOt he transi stor 1@2Thamieoesuouct ure
different fromthat described 5 above w || be described bel ow as

nodi fication exanples. That is, the structure of the transistor 160 is the
sane as the above. [0158] FIG6 illustrates an exanple of a

sem conductor device including the transistor 162 in which the gate

el ect r odelet86d affimityl (xy eflarbexidevsé¢hieondictte. sbnthisorase)at Suhotthy barrikAlgaifst and

t he source/drain. el e%tro es 142a5$nd 142b are_ in contact with a bottom
surface AP c{9GHOBIS Y %‘B}ﬁg@éﬂﬁdm" cq bgrween mgtal Apgd an ide sqmpgondusios;
structurz()pﬁﬂ be changed as appropriate to correspond to the cross section;
therefore, only the cross section is shown here. [0159] 15A | arge

di fference bet reelre tise whereiahe verk rfukdtiBnbofametal ij@wm} iy eqialinte the ellcfforA i s
the position at which the oxide sem conductor |ayer 140 is connected to the
sour ce/ drREIHty9fean oxde semigondusioy (Zharhenergy bandsdiagrapp(schamaticcdiagram) e oxi de

and 1420 10 (AR Pahfwln e FRR AR M 0ot WEpBSHIRRITLE i BB AE TS 1457

oxi de sewracosterct or | ayer 20 140 is in contact with the source/drain
el ectrodzéquZiZa and 142b in the structure in FIG 6. Mreover, the
differen the contact position results in a different arrangenent of

ot her el ectrod RN HOT e i ' .af. _each
conponent are ?ﬁglcggzn%’ igﬂata%]gg[g %)?Mgagéaﬂgktcgﬁ% 2B. efé?’%ﬁ%%@é%ﬁ%@f‘? cally,
t he $@n coppliedttotheddryinadectiotdeighe aleewon trobdeSober abdrtide@) thbe gHeedingst r ode
136d provi ded,over. the interl aye

i nsul ating | 128, the gate insulati
| ayer 138159345 SroticnsuFtopRad : ért%}@%?gﬁé%%gégyefw%'Oégt’eggégq{l (Hfu o
el ect r od@gpehdddn aNshicl ¢dRigP (VY. dOWREY 8 hotifiGe BRGEY Wli%@%dlte){ﬁé ?‘Ja%?"ﬁ’e and

b
t he oxi de sem conductor [ayer 140 in contact Wlt?l top surfaces o
sour ce/ dekctiods, gt height of theZharrgrdh)l kAbweibpo the Height bé thertadeer i8 GUG. 127

el ectrode ,136a he. el ectr.ode..136b d.the el rode 136¢c are forned in
cont act \X‘Alhfﬁe1Yﬂﬁa%bsrlbOZlaﬂ?lg’%nthgfgchlgglg bi%%ﬁ?p @iﬁe source/drain el ectrode
130bjsangotts3g el ectrode 130c, respectively. [0162] S5The protective

insulating layer 144 is provided over the transistor 162 so as to be in

contact with pétthaptimenas ifusteptedsiarilcohthdheeleptsgreiraveloin thiheiciniyaxf |ty er

i | atie i .OV] . I i | ati. | 144.
cpeni ngs R Yokt 4 BaBBKIAAE G ard}e R POhHE RERY I BMIBRNANET )
el ect r odéthd Batorapertionrwitde the oxide semidoadudtueisistabld iattémg dfa)ie@?;)lM and the -

interl ayfé i nsul ating | ayer 146. The el ectrode 10 150d and the el ectrode
150e arelfofhed in contact with the source/drain el ectrode 142a and the

sour g@/ dr ai N cheqhisitey 4R 1R LSl Yholo i RUGRJ BRCHEIREGpNE: gPENi NOS.

Li ke the el ectrodes 150d a 150e, the electro Oc are
f or med i thecgatt aadectraide (GR1¢, sihectar boleswhigbais 4l 3Ghoritynchrd&6doesr astpexitt vel vy,

thr ough. SRSILDGR, BoNhdst i SIS RAL & 6 BSphahlno aver 138, the protective
[0155]
For example, the off current is 10 zA/pum (1 x 107 A/pum) or less or 1 zZA/um
25 (1x107% A/um) or less at room temperature (25 °C).  As a result, a transistor having a
subthreshold swing (S value) of 0.1 V/dec. can be obtained.
[0156]
In this manner, an oxide semiconductor is highly purified so as to include an
impurity other than the main component of the oxide semiconductor as little as possible,

30 whereby operation of a transistor can be favorable.

[0157]



15interl ayer insulating |ayer 146. [0163] The insulating |ayer 152 is
provi ded over the interlayer insulating | ayer 146. The el ectrodes 154a,
154b, 154w0 20ndh52H¥4d are provi ded so 33 to be enbedded iPaTURZ10/HESIOZAL i Ng

| ayer 152. The el ectrode 154a is in contact with the el ectrode 150a. The 20
el ectrode 154b is in contact with the electrode 150b. The el ectrode 154c is
in contact wwth the el ectrode 150c and the el ectrode 150d. The el ectrode
154d is in contact with the el ectrode 150e. [0164] FIGS. 7A and 7B each

i |1 ustratMedifieatomIampie>a structure of a sem conductor 25 device in which

the gate el ect e i I d r, the i de 1, condu r.layer 140.
G AT 1 st Py 65 MG TR PRAE A o B! it RPN ol OBt Eieie ai

el ect r odesodifierioansk 8f Strhdhure® ¥ aghidndlicdr Reticen sthef @cGctfdutioe oxi de
sem conductor |ayer 140. FIG 7B illustrates an exanple of a structure in

whi ch- t halesises inegagh of whighetbe traasiston 465 hasraistiurniye glifferent foon that desdribkda t op
f he..pxi oni conduct or .kayer 140. .30[Q165] . WO
5011/ Bs29balsc b, BesTBRb OIS Ry Phe Apinih o AAETS, oo Srupye ofi b er ence

bet ween tihasistbf U 14rtRe samnddsGhd dbded t he structure in FIG 7B is that the

source/drain_el ectrodes 142a and 142b are in contact with either the bottom
surface ¢9138%he top surface of the oxide sem conductor |ayer 140. Moreover,

these differeneg ¢ fibhid i) Sulold SF PmiBsi@RATEOL, BluRblhHloLpdes, an

es
5insul ating |ayer, an S eac ent are the same
as those 162 ifFwitish tRAgata dle2BodealBbdtib plabédieeloy G ide semicondupeeildyecd4dy, the
sem ¢conduct or devi j |1 ustrat in F 7A i.ncl udes the source/drain
el ecgaodégftl %mué‘f?zﬁﬂlﬁe‘ﬁ?"g% g‘g%f %Rflei‘gtbhaée i’?lf%‘?tf‘%{y&th hotirm susiges afer 128,
10 the ond A4S SEhioRdedranydraver N ihat ARMNIAH: sWubdird &R &Jéﬂaﬁgé‘& 29f the
source/drain el ectrodes 142a and 142b, the gate insulating |ayer 138
pr ovi ded apprepriath o exrespordi the arpgs sestiondhenciordmnlythe crdse seetion ie kv ode
136d oveli,leltehe gate insulating layer 138 in a region overlapping with the

oxi de sem conductor |ayer 140. [0167] 15The sem conductor device in FIG 7B
i ncl udes [0159] oxi de semi conductor | ayer

15 A large difference between the structure in FIG. 6 and the structure in FIG. 2A
is the position at which the oxide semiconductor layer 140 is connected to the
source/drain electrodes 142a and 142b. That is, a top surface of the oxide
semiconductor layer 140 is in contact with the source/drain electrodes 142a and 142b in
the structure in FIG. 2A, whereas the bottom surface of the oxide semiconductor layer

20 140 is in contact with the source/drain electrodes 142a and 142b in the structure in FIG.
6. Moreover, the difference in the contact position results in a different arrangement of
other electrodes, an insulating layer, and the like. The details of each component are
the same as those of FIGS. 2A and 2B.

[0160]

25 Specifically, the semiconductor device illustrated in FIG. 6 includes the gate
electrode 136d provided over the interlayer insulating layer 128, the gate insulating
layer 138 provided over the gate electrode 136d, the source/drain electrodes 142a and
142b provided over the gate insulating layer 138, and the oxide semiconductor layer
140 in contact with top surfaces of the source/drain electrodes 142a and 142b.

30  [0161] |

Here, the gate electrode 136d is provided so as to be embedded in the

insulating layer 132 formed over the interlayer insulating layer 128. Like the gate



140 provided over the interlayer insulating |ayer 128, the source/drain

el ectrodes 142a and 142b provided to be in contact wwth a top surface of

t he oxi deweenilosesdact or | ayer 140, thgzgate i nsul ati ng PayaP201@86speovi ded
over the oxide sem conductor |ayer 140"and the source/drain el ectrodes 142a
and 142b, and the gate el ectrode 136d over the gate 20insul ating | ayer 138
In a region overlapping with the oxi de sem conductor |ayer 140. [0168]

Note that in the structures in FIGS. 7A and 7B, a conponent (e.g., the

el ect r odeletGode d86d,hthe alenttodedi36a5 te) electrodeel 3bi, tand cthé redevtode 1S6curé ure in

FI GS. 2A.and 2B or, the. |ljke in sone cases. uch cases, secondary
ef fect sEOMeddn SPHALY V’!”itll:g't‘ei SQHT CS%I n f@ﬁ’éﬂ‘?ﬁ gc({;uﬁ’le ﬁ@“rﬁchﬁlﬁaég §P°E'a{ﬂ§%£3%t ai ned.
It is neapd arsldcoday3dd)adspectieniessential conponent can be omtted in the

structures in FIGS. 2A and 2B and the like. [0169] FIGS. 8A and 8B each
i |l ustral@62h exanpl e of the case where the size of the elenent is

relatively | ar and the.qgate. el.ectrqode 136d i,s pl aced bel] o he oxi de 30
sem c%nduct or ?gglgrroqicﬁfff? "?Sﬁﬁa?ﬁligsla%eéslgg 1%‘pr(§>g}g§ﬂd>vgroﬁneﬁﬁg$ﬁ{05ﬁ/g# P& a
surface bdath édiact NI fgteof the bridakémRbiduBRsIaARr @ 40.S OThd Biterldyel Mmsiafin
necessary to forma wiring, an electrode, and the |like to be enbedded in an
i nsul at i i/?gel kfeis providedquanpheprofactive iselating et Omsingatkptrershithke can
be 1 Of Megode/Mald loBirif 3L and UERbLRY P 21FREL Tk Curk Ffhed HOUR, ¢ N2
al t hough not '1llustrated here, the transistor can be fornmed in a
sim | ar perevtive ifsdlafiDg 1ayer| lddgmdaht fieedanee ilxaianagriaydnd 461 r The eleetrode FI G 8A
and e cture in FILG I s that the source/drain ectrodes 142a and
120187 o IO TS cletipa e 415 ORI 1B SOMBH i PiécR Bie g degiose face. of
the oxi dgneRd comEsaaH elel%}f@{ie 114|Qb, Mep&avely, tﬁrtaf@ﬁ éli@bféésgl%&%eépern It in

| |

ot her el ectrodes, an insulatin ayer, and'the g arranged In a

di f f er enlikeethmelectraiins 18 aind sl 56, thaclectiodqsotidas 1¥Ibe andhd S8aae fasnehise of
FI GS. 2AC(;]hQ§‘,rildW1%§ ' thE néiecttrh)%ei Iliﬁga, EQ(‘;le 1z]nd 136¢, respectively, through openings

provided in the gate insulating layer 138, the protective insulating layer 144, and the

15  interlayer insulating layer 146.
[0163]
The insulating layer 152 is provided over the interlayer insulating layer 146.
The electrodes 154a, 154b, 154c, and 154d are provided so as to be embedded in the
insulating layer 152. The electrode 154a is in contact with the electrode 150a. The
20  electrode 154b is in contact with the electrode 150b. The electrode 154c is in contact
with the electrode 150c and the electrode 150d. The electrode 154d is in contact with
the electrode 150e. |
[0164]
- FIGS. 7A and 7B each illustrate an example of a structure of a semiconductor
25  device in which the gate electrode 136d is placed over the oxide semiconductor layer
140. FIG. 7A illustrates an example of a structure in which the source/drain electrodes
142a and 142b are in contact with a bottom surface of the oxide semiconductor layer
140. FIG. 7B illustrates an example of a structure in which the source/drain electrodes
142a and 142b are in contact with a top surface of the oxide semiconductor layer 140.
30 [0165]
A large difference between the structures in FIGS. 7A and 7B and those in FIG.
2A and FIG. 6 is that the gate electrode 136d is placed over the oxide semiconductor



Specifically, the sem conductor device in FIG 8A includes the gate

el ectrode 136d provided over the interlayer insulating |ayer 128, the gate
i nsul at i nyol2ayers2388 pr ovi ded over thﬁ gate el ectrode 136a/JP20Me/068103
source/drain el ectrodes 142a and 142b iSpr ovi ded over the gate insulating
| ayer 138, and the oxide sem conductor |ayer 140 in contact with top
surfaces of the source/drain electrodes 142a and 142b. [0172] The
sem conductor device in FIG 8B includes the gate el ectrode 136d provi ded
over t heldynt @40.ayEurthennoteaii lagel differende? Betwiebre tlgwstmc'tme uh FGNPAlangdeahe 138

i ded t.h t .13d t.h duct | 140
bt ovi dod sGUHre i S1G A6 SheTaucy rapetcctzsnes K2 and g e rcuia oRaE: Wit o t
the gat e cihed Cthe Qsftom Skfacanet maeto?%meé & ahd oRIRCIMEGRIuLBE Ao tn Oy 4b4 2D

provided to be in contact with op surface of the oxide semconductor
| ayer 14Morf:w7, 3fhests fidfezenchamresultsio 4 diffement sarrangemerd sofi othédl dectr@lesamd 8B, a

conmpogent ¢ omtt om ucture in F 2B .or the |ike
o oo s Bng TBE ol e i wBSoetls e s Frenentie Bt S 8 tose b
sinplifi Fmsmmdmmauﬁ@ﬁkwl ng process can be obtained. [0174] 30FIGS.
9A and 9B each illustrate an exanpl e of the case where the size of the

el ement (®6pE| ati vel y | arge and the gate el ectrode 136d is pl aced over the
oxi de sem cond y i

planarity of agg ﬁ?ca 12 %e }éﬁ 8%%80& g%{e‘ml glhfseﬁéfi (Y Fw‘gelrn g ughs Gﬁée
i's not nsmeeegdmam ¢lectfadesnwz@mrrd| rgb paasmeémstelrﬂfbamealﬁylertxhﬁxl;itldgelay& 128,
enbeﬂ?e in |nsul atin l?zs{g For exarrpltﬁl ther%ate el ectrode 136d and

t he kethéa?f“ © SPGB “‘58‘ dFiin gorfack Withotopesurisresopt thes spmer/diae | ayer .
Not e t hagjeatddeoupirangid 'lhtlysfhreaézﬁg 1H§flﬁmgt et M3BSHLRED 18R GO (ﬁﬁdef or med
ina 5simlar manner. [0175] ge difference between

structur &emxnormu@c@/hasandw,mdshq gde Q]reetrodt F36@ 0\@Bthegatd1msul'ah@ bger 38 dr ai n

el ectrodleﬁsa 14120(%1106‘1,nr 14gb hzh n)fﬁrlon act &NI{ Eﬁf t he bottom surface or
the top SUHFECE VF AR Y Qe "SR C oY 3?%5%78‘5 20. Moreover, the 10
differ engﬁﬁvpsul ts in other electrodes, an insulating layer, and the like
bei n? arranged in a different manner. The details of each conponent are the
sanelas t hose Bhe sgnaigondustos slgvieg in ;lf,l,@ B dnqlydes the oxide semiconductor layer

140 provided over the interlayer insulating layer 128, the source/drain electrodes 142a

that it

and 142b provided to be in contact with a top surface of the oxide semiconductor layer
140, the gate insulating layer 138 provided over the oxide semiconductor layer 140 and
the source/drain electrodes 142a and 142b, and the gate electrode 136d over the gate
20  insulating layer 138 in a region overlapping with the oxide semiconductor layer 140.
[0168]
- Note that in the structures in FIGS. 7A and 7B, a component (e.g., the electrode
150a or the electrode 154a) can be omitted from the structure in FIGS. 2A and 2B or the
like in some cases. In such cases, a secondary effect such as simplification of a
25 manufacturing process can be obtained. It is needless to say that a nonessential
component can be omitted in the structures in FIGS. 2A and 2B and the like.
[0169]
FIGS. 8A and 8B 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
30 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



[0176] Specifically, the sem conductor device in FIG 9A includes the
source/drain 15 el ectrodes 142a and 142b provi ded over the interl ayer

i nsul ati nyol2ayers23ba8, t he oxi de senlcggductor | ayer 140PCh/Jezno/eestodM th top
surfaces of the source/drain electrodes 142a and 142b, the gate insulating
| ayer 138 provided over the source/drain el ectrodes 142a and 142b and the
oxi de sem conductor | ayer 140, and the gate el ectrode 136d provi ded over
the gate insulating layer 138 in a region overlapping with the oxide

seni condudbdrand0halike cdmtbe fHidedrby patterningheftes éoﬂnmimdw:fta)t:ordmzimaalaiyer FI G 9B

i ncl udes .t he OXI m co, ducto | ay 140. pr ovi ded ov e inter]| ayer
i nsul at | APLF AL tﬁ?‘ég% ol é‘?)tfﬁt%([ap ﬁﬁ té‘f‘l?b‘? 0311412% gl‘ﬂ?oS‘HPB\rn ded to
be in copgagbrWth a top surface of the oxide sem conductor |ayer 25 140,

the gate insulating |ayer 138 provided over the source/drain el ectrodes
142a and [@YW) and the oxide senlconductor | ayer 140, and the gate el ectrode

136d provided quer t i nsul t|n ye |on .0 pi ng
wi th The. oxi de SaHe dhﬁ%fu‘& e C“T’%“g?e‘ it .t“ 6‘15/%‘]1‘3%% ‘E‘“‘aﬂ‘&ﬁéﬁ

st ruct ur @sthanthkel s&&ceﬂwalamc&Bdesmmrmanmb ag@h &ﬁnwmv&lﬂﬁemef B bdidm
structure in FIGS. 2A and 2B or the like in sone cases. Al so in such cases,

a second&¥Efacst prethe Wpcirkase of #pe joideasanpigonshuctpr n‘ﬂYﬂ!f BAO: UNWQOWOE:I@S% can be
VO 2011/ QpeldRRCH A %Y iljg/e PERIO e arpﬂgﬁh{?glatyglo 1{& he like b 1 eg;% 8 I bed

above, a sem conduct or vice w racture can b Z&4

accor di ng dlﬁerememmml Tiendetaifs dfreach nymponenn adi the kaseds esebNFIGH 2Ais 5
n@éne | es in each of which the sem conductor device is

for 9“@? c?} é e transistor 160 and the transistor 162 are descri bed;

hovever, [¢istructure of the sem conductor device is not limted to this

structure N%reover, t hi s enbodi ment shows the exanples in each of which

t he channel | eﬁgftdilfi@illmethﬁisgmi@ﬂlduﬁer tevdesins Py 8¥6ihclslep drepgatelieleutrade t 0 t hat

0Sitio

o o 3B S NP ey SRR PP L P S e
provided over the gate electrode 136d, the source/drain electrodes 142a and 142b

15  provided over the gate insulating layer 138, and the oxide semiconductor layer 140 in
contact with top surfaces of the source/drain electrodes 142a and 142b.

[0172]
The semiconductor device in FIG. 8B includes the gate electrode 136d provided
over the interlayer insulating layer 128, the gate insulating layer 138 provided over the

20  gate electrode 136d, the oxide semiconductor layer 140 provided over the gate
insulating layer 138 in a region overlapping with the gate electrode 136d, and the
source/drain electrodes 142a and 142b provided to be in contact with a top surface of
the oxide semiconductor layer 140.

[0173]

25 Note that also in the structures in FIGS. 8A and 8B, a component can be
omitted from the structure in FIGS. 2A and 2B or the like in some cases. Also in such
cases, a secondary effect such as simplification of a manufacturing process can be
obtained.

[0174]

30 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 over the oxide

semiconductor layer 140. Also in this case, a demand for the planarity of a surface and



the transistor 160 and the transistor 162 nmay be provided to overlap with
each other. [0180] In this enbodi nent, the sem conductor device with
a m ni nurwetoragessani t (one bit) is degcribed for sinpl PCiroatiiengsiéonever,
the structure of the semi conductor 15 device is not limited thereto. A nore
advanced seni conductor device can be forned by connecting a plurality of
sem conduct or devices as appropriate. For exanple, a NAND-type or NOR-type
sem conduct or device can be fornmed by using a plurality of the

above- dedhe ichestagre s wimivelyt modetate, seghatTihds wot neqgssaon ftdo gomatai wirings anot

[imted t hat | I G, 1 and can ke, changed. as ropriate. 20[0181

The sem fg%hﬁg?’o@ﬁatgei%&g ‘33’80?‘@1"#564 ok ?%?f?“@ﬁﬂ%gg)ﬁént Qfa%agtpﬁ%&hfdgf for an
ext r emel \ldcaode 1 B6PakPGB ke chi'Be fdraRa b ipAterhfiry RS fbANHtRh of GWoh&ithive That

is, refresh operation which is necessary in a Mand the Iike is not

needed, deverhalofsothet althomehimet ilbistrated hsee, Sho ransister] 16Qsar dedormechén a

sem cgnd ice according to this 25 enbodi nent can be used as a

subst gnt llggfﬁ{/r 'ﬁ%ﬁl-egol atil e semi conductor device. [0182] Si nce
witing ¢go179)e like of data is performed with sw tching operation of the
transi stor 162, hi gh,voltaq%t?ﬁti S not necess,arF?f and deterioration of the

el enent can be Anegcetitfergncehatverdy the seucturgtip FIG 4 pard b sunefuesriaddd WRpendi ng

on the ong anpduRf sfouf"cteﬁ'réﬁre’%%tr.ogés iéml%ndlng bSkO%n LS Eﬁklﬂ:@'tﬁ@?&%m

operation can be eas eal i zed. dition, It 1s al'so advantageous in
t hat t hemserface po theeap chrfagephithowxidor seeniasndugtod sl perb #4tausModmi ar, ahe) be

directly tewitten by cantrol]i a potential to input .to the

tr ang{’st (Siff,?erWﬁecrﬁs‘ihé i eéﬁ%i;‘?f%gs‘% PH%%_YSV’ %@%&%m&%g} ®n a
flash mepufifferdfCmhiter] | K8 ddthilsSst each componenPhfdCifie darthé @88 803t Of FiG§!1di ng a
mat eri al other than an oxi de sem conductor can operate at higher speed than

a transi 0¢eBi and thailikg an oxi de semi conductor, stored data 5can be read out
at high 3@‘%? by using the transistor. [0184] The structures and
met hods described in this enbodi ment can be conbined as appropriate with

any of the str8pédifieslyanst saiibeatitciesikricoad FIG. eimldies therbostcdranis .
[018%1 10, ( Enbodj nent 21) . In this enbodinment, a structure and a
manufact Glechgdssetdda dudr14gb feonideshavmtthe infedavee insplatigedryrg 128, theorwide

Ef'be‘éfj' rlrg/g&g% ncgdézggrq{,%eggg? e RYE WithQBp sitdces BEMISS G B WebdodS g5 £NCe Lo

and 142b, the gate insulating layer 138 provided over the source/drain electrodes 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
20 layer 140.
[0177]
The semiconductor device in FIG. 9B includes the oxide semiconductor layer
140 provided over the interlayer insulating layer 128, the source/drain electrodes 142a
and 142b provided to be in contact with a top surface of the oxide semiconductor layer
25 140, the gate insulating layer 138 provided over the source/drain electrodes 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.
[0178]
30 Note that also in the structures in FIGS. 9A and 9B, a component can be
omitted from the structure in FIGS. 2A and 2B or the like in some cases. Also in such

cases, a secondary effect such as simplification of a manufacturing process can be



15FIG 15A illustrates an exanple of a circuit configuration of a

sem conduct or device. FIG 15A is different fromFIG 1 in that a capacitor
164 is prwoizdads23pbhat is, in FIG 15A,46one of a source eCegprrioecsasd a
drain electrode of the transistor 162, one of electrodes of the capacitor
164, and a gate electrode of the transi-stor 160 are electrically connected
to one another. Afirst line (also referred to as a source line BL) and a
20 source electrode of the transistor 160 are electrically connected to
each ot hebtaimdd a second |ine (also referred to as a bit line BL) and a
drain eI 6#[93% of the transistor 160 are electrically connected to each

ot her. dline (also referred to as a first signal line Si) and the

ot her of the smr&%cx%e%csr;&éeaaéaﬁu&d}ﬁu&baldevf@ée&ﬁﬁ gdﬁm sti& &r@a[}lsbétor 162
are electrically connected to each other, and a fourth |ine a so referred
to as a 2&liged @nebrdingntsl oh¢ rwll@ﬂ)m*artdofatlgatweeﬂmctdlsutmetbfhetdm t Inattgs st or

162 are el ectrical conngect.ed t0 ea oher..Af'f h J]ine Isor ferred
(o7 aaS s SrPRtinert hy XRRABRE i <ath of S¥crl e emitbiduiior dsvief it TomSkdl e o 164
are el eckfackiag lthe GaRMe6t B8O Al aamnabtbeusz Rt @estABdd; IHAwRA&H t&fstﬁb@% 15A
and 15B, "OS" is witten beside a transistor in ordéer to indicate that the

transi st 6f thacramieandustosx dendces di eendigitedr to IbjsosBYqtuinD  Moreover, - this

2011/ 052 t i.ani k4 cant | mal | of f
current . CHordr SO BTl 17 RLPGE GhIB'hE cBanets RedL BhERBh o 7™ e
gat e el eatngider 060 tih eipeadisulat @ thdhbfche thasiser d 62p hodewef yhel pmmlddarfe

PI’OVI ion of the caﬁggl tor, 164 facil |6élat es hal di nq ,of charge given to the

gat el@| e&flatincPetyeqnihe transistors; 1P and 62 ot Liguter do Bris exagmple JHradditigng 188

Not e thathettmgﬁtdr :isaslgncparettfaskﬁ'sa; 162 FHa%r%E 'pﬁfh@é?j e ltlgp?_gﬁh S othG0- I n terns
of increasing the speed of reading da 'S pre?er to use, for

exanpl e, [@80tansi stor with high sw tchi ng rate such as a transistor formed
using single c i Cco 0 sem cO duct.or dev ce in FIG 15A
it res e chaPhBVSPrBpSERRl hhSERPRAr IR, MBS Tyt SoBesctiibae of
the trangdnetisit) i GRs&RdBr BRhplifichien; v edES, tth@@trué’tﬁ&%f”ﬂe semicongadbng data
as follows. [0190] Witing and storing of data wi |l be described. First,

the bdt edevigq isgrot dimitedoberctp- 153 mare adwanged semaicandystasisdevige can barfpuned he
transi St c%gxgefﬁ:'tlﬁ%ta?élﬂfaqltf 5 s%ﬁéoﬁl?ﬁct&% \FlEC%nfs gépgé%r%aqz Il{S t%xrﬁrgneg 9n-

Accor di ng TiRe s Piat%e
el ect r oddAND#tjy® o MOR-pe I’selilﬁﬁndimﬁ)rtdwwé&pﬁ(hetmfmé(ﬁﬁy udiigta plerality of
predeterm ned charge is given to the gate el ectrode of the transistor 160

(writingihe qhev%desaﬁaedoﬁeneﬁa}dglé@r flgyiceupdihy varing genfiguratigndp poplimeed foal s
(her ei naf.efn FIs. Pﬁﬁ‘é%l%eoéhaﬁ AsyapgﬁopalaLOW potential is 20 referred to as a

charge Q. and a charge igh potential is referred to as a
char2® Qf918ilF given to the gate eI ectrode of the transistor 160 Not e t hat

char ge i ving.t hree or d'ffere ent be app to i nprove
S o age o el Getice afioiie IO HEY BDORmERL A SPRA S 4% ot 1o

a pot ent patenflly WHgClimk MRchusefd ShNistdO263 Rad 10w e @frfent.SOTHAH, réﬂesh

transistor 162 is turned off. Thus, the charge given to the gate
25el ect r epRsatign whishtis awg¢8§@rdrln116@R&Mh@1ddth(eslnl@r Isnept. ne[eoch Bp that power

consumption can be suppressed. Moreover, the semiconductor device according to this
25 embodiment can be used as a substantially non-volatile semiconductor device.
[0182]

Since writing or the like of data is performed with switching operation of the
transistor 162, high voltage is not necessary and deterioration of the element can be
neglected. Furthermore, data is written and erased depending on the on and off states

30  of the transistor, whereby high-speed operation can be easily realized. In addition, it is
also advantageous in that there is no need of operation for erasing data because data can

be directly rewritten by controlling a potential to be input to the transistor, which is



Since the off current of the transistor 162 is significantly small, the
charge of the gate electrode of the transistor 160 is held for a long tine.
[0192] 30Mexbil/mpscati on of data readillzg wi |l be descri lpet/JrByo/sesped yi ng an
appropriate potential (reading potentral) to the fifth line while a
predeterm ned potential (constant potential) is supplied to the first line,
the potential of the second line varies WD 2011/ 052396PCT/JP2010/ 068103 49
dependi ng on the anmobunt of charge held in the gate el ectrode of the

t ransi st aeces&ddy i hflash meloneaandahé Hkgeneral , when the transistor 160 is an
n- channel transistor, an apparent threshold voltage Vtih_H in the case where
CHis gi &%330 the gate electrode of the transistor 160 is | ower than an
apparent thres V, : 4o al ! i o the
gate el ectr odebg!‘cgtahtgér{sggﬁéi}@?%l?g fGIg?&@rgﬁégtgwg%%gﬁ gr?t étnﬂzr:@gﬁgtl\l)g%%l t age
ref ers toptae gidigher spdedahart hérahsistbhirciudéng avhoxide issmivesdietion stotadr daton t he
transistor 60.dThus, .t.he Eg&ent.i al, of the fifth line is set to a potenti al
Vo i nt er fEHPGEead gut st Sperd By usine thedransisiifer eby charge given to the gate
el ectrodgo@)the transistor 160 can be determ ned. For exanple, in the case
where QHis given in witing, when the potential 10 of the fifth line is
set to Vo (> Vihe structures and mettiogds described i thisiembediment ¢an beneombised where QU
is given_j 1.Ling, ev en the notentjal of the fifth line.is set to Vo
(S Vor L pbtoHide Wiftanf 8 e AE0 R IR Nes tiocl B ' St cpirfracine
stored dpom®s5¢an be read by the potential of the second |ine. [0193] 15Note
that _in the case where nenory cells are arrayed to be used, only data of
desi Hd ﬁ%‘ﬁB‘P‘Vm@Eﬁ)s is needed to be read. Thus, in the case where data of
pr edet er m ned IS r d f pe=Tre l]s is
not read, a poﬁ%%l%ogdc érg’l I%\?ﬁgntéﬂgetrggﬁs?stn{c??ﬁffg%%?g be t(&d}’n%ig Joff

r egar dl essmigbnductiraleeicafactdrdingad anethercémbiimenthfithe disclaseddtemition) wilbwer
than VtlLH may. b lied to fift in f the 20 menory cells whose data
i s not the B@C?;B%%Wﬁﬁgﬁfgﬁﬁﬁgﬂo\}%@; T%‘X‘ﬁﬁ‘ﬁ#% al which allows the transistor
160 to bFnt]ned on regardless of a state of the gate electrode, that is, a
potential higher than Vfiki, may be applied to the fifth lines. [0194]

Next 15 r ew i t i nBlGefl5daillustiites arhexample of Bedircuibaoafigeration phy semiqoadiaemed 25
simlarl .0t itin r or i f data. That jis,. the.pqgtential of the
Fourth | 15 o QA et oh 8, Fin o8 F sumdOirt PishiFafd) *Thao he

turned ofn FMN@5&Pynd dfer doupiRelcttiode 4fPa Ufid tleEtestc T thePGHRISIMG2Y ond be
potential of the third lLine (potential related to new data) is supplied to

the gat eclértErdes ghithesmpaciier Lohmad aesie clemtroda of thedransisis L0 preidertriggliyer t hat
o Ot WhE dGE Ak, i, K 8 e L,
of f . 20Ac csnuleengllegtrodehali the tramkiatoed 6Dcare electrically connected to each other, and a
second line (also referred to as a bit line BL) and a drain electrode of the transistor 160
are electrically connected to each other. A third line (also referred to as a first signal
line S1) and the other of the source electrode and the drain electrode of the transistor
162 are electrically connected to each other, and a fourth line (also referred to as a
25 second signal line S2) and a gate electrode of the transistor 162 are electrically
connected to each other. A fifth line (also referred to as a word line WL) and the other
of the electrodes of the transistor 164 are electrically connected to each other. Note
fhat in each of FIGS. 15A and 15B, "OS" is written beside a transistor in order to
indicate that the transistor includes an oxide semiconductor.
30 [0187]
Here, a transistor including an oxide semiconductor, which is described above,

is used as the transistor 162. A transistor including an oxide semiconductor has a



new data is given to the gate electrode of the transistor 160. WO

2011/ 052396PCT/ JP2010/ 068103 50 [0195] Thus, in the sem conductor
devi ce acwondimg239e t he di scl osed inv3§t| on, data can becCaiJpEadhes1eewr itten
by overwiting of new data. Therefore,“extracting of charge froma floating
gate with the use of a high voltage needed in a flash nenory or the like 5
is not necessary and thus, reduction in operation speed, which is
attributed to erasing operation, can be suppressed. That is, high-speed
oper at i orharhctthisticsefm sigiifivattiyrsnehdivofe eureemn.  bEhaefoire wetdn t[x@&&fs]std\dqtea ithat the
source el ectrode or the drain electrode of the transjstor 162 is

el ect ri c&Qft (heRtsrid! abitheosateelegizgde of the fraptiston16Q fn be heldifex %)Vefi’dengt her eby
havi ng ansef f ?’%v1§1bﬂ‘dfatﬁe tcg?atcha; 164 f&lflﬂa%tﬂwng%%ﬁg a%ténoeé et e
transi stor used for a nonvolatile nenory el enen Fe offvion in

t he dr awiclegtrodeeofahe¢ trensssor b aidgcadinglef svored ldetadr ai n el ect r ode of t he

t ranspst iélg%gz is electrically connected to the gate el ectrode of the
transts Ois called a floating gate portion FGin sone cases. \Wen the
15 transi st or NbR2thab tiRkd is hd ParticPRt iRGtatleh SnPAE haAisthE160N heefRgaf ded as
bei ng enbedded in an insulator and thus charge is held in the floating gate
porti on BEreaving thersperd of regflingcdata, dhis preferabde to assifor oxam@e, a tohsistong an

oxi de se equ I Lo one d t housandt h of
he. amuniighenry Rk Ry Sisn e o ARaBL cER ko8 sl LRI Tissh

sem cond{@189;; thus, lost of the charge accurrul at ed in the floating gate

portion FG due_20 to a_ |eakage current of the transistor 162 is
negl t9i bl e. Thabe pemicgpductondeviceisFIG Jo A sblizes 3 ehArarieristic g wiich the

sem cond [ [ r hout
bei ng sugg&%&l O?Mtlgp&gg\%\géﬁé:%nmgp%% % lg% é[a{g bghl]eﬁlﬁicli)}lre§é ‘%ﬁ@ %\ﬂge >the off
current ofd tehdingdansisdolbowsd 62 i s 10 zA (1 zA 25 (zept oarrpere) is 1 x 10-21
A) or fos]?gil roomtenperature (25 C) and the capacitance value of the
capaci to is approximately 10 IF, data can be stored for 104 seconds or
longer. It is neRMeRA stRingdf dhtaabmtﬂzaj@érmeagemsme Boffle F&@IS! St or
characteristics an§ t he capacitance value. [0198] 30Further, in that case,
t he p¥ obliBerisset @at pat¢rdiahat \@hibehearagansf@r 163 i tatnied @nf $d that(the Hﬁeﬂlstombﬁﬂ ating

]:Jlloe? no\tmseﬁllhs o Rﬁl If& &grd Eyéaﬂe Rre Vlenerﬂl(’)%?léltré gﬁ‘%yrsnﬂlpgg‘f‘g :{E eit(r)ut:j film

due to i BleeteddeTt the tran51stor 160 and the capacitor 164. That is, predetermined charge is

given to the gate electrode of the transistor 160 (writing). Here, one of charges for
supply of two different potentials (hereinafter, a charge for supply of a low potential is
20  referred to as a charge Qr and a charge for supply of a high potential is referred to as a
charge Q) is given to the gate electrode of the transistor 160. Note that charges
giving three or more different potentials may be applied to improve a storage capacitor.
After that, the potential of the fourth line is set to a potential at which the transistor 162
is turned off, so that the transistor 162 is turned off. Thus, the charge given to the gate
25  electrode of the transistor 160 is held (storing).
[0191]
Since the off current of the transistor 162 is significantly small, the charge of
the gate electrode of the transistor 160 is held for a long time.
[0192]
30 Next, operation of data reading will be described. By supplying an
appropriate potential (reading potential) to the fifth line while a predetermined potential

(constant potential) is supplied to the first line, the potential of the second line varies



WD 2011/ 052396PCT/ JP2010/ 068103 51 of an electron into a floating gate,

whi ch has been traditionally regarded as a problem can be neglected. This
nmeans t hawot2hewes23ss no limt on the ng er of tines of WCITPHY0/N68103
principle. Furthernore, a high voltagé”’needed for witing or erasing in a
conventional floating gate transistor is not necessary. 5[0199] The
conponents such as transistors in the sem conductor device in FIG 15A can
be regarded as bei ng conposed of a resistor and a capacitor as shown in

FI G 15Bdepentiigt on she amottGfl8Brgd heldtinathsigateoeledtibiticadithichgarsRpsacigmr 164
are each egarged as.includjng a resistqQr and a capacitor. Rl and O denote
the resi Stnie et IMEane R Yhen: Hisatirpsitiete 109 16 enop-charned dpmeistasr an 64,
respecti i ce. .V O, t i val ue
whi ch depipaent RS\ S ARy LG Bhe TR o e AAEMALBIEE ' 20

C2 denot ehd thehsisai 150 aoevey tad@naippareMEthf3RAE IVORAEEVY 3lik €heddast Rihetd @PSi St Or
160, respectively. The resistance value R2 corresponds to the resistance

val ued whicgivereiodhel sate glestrgdg ef the dransiston §6Q- ayidgre.c.an apparent theeshpldrvaltage

t i st ' ISIPY ) it . ds.
capact t anee o hE PR b (ERRL DGR i Bl O R PR RISIP ot ween

t he gat e Tal§ahé¢ poentdl chftthe fisthUineeis sbewl 4 polen@dl VY mtdmaintechbantényg, and
capaci tance formed between the gate el ectrode and the channel fornation

regi on) . apd2GQ]. wherabe change @ivénolad theggate relestrodelof ghe dfasisiod 160 cem be dat a

storing Rperiod). is.determned,minly b n off current of the transjstor
162 undef P ndidhenePiendl "5 aee Vad s Givep it s Por e poshial

suf fi@i edt ing rFMlide 906t thNal(RY, 8), RSraRk1dR2 60 iR 6. Sahitgd R whther e the
resi stance value (also referred to as effective resistance) between the

sour ce eleads gvde imwiitingeeven aihen dhecpatersiid of thetfifth liresie sewtond (>Hé, 1), alnsi st or

162 is off i.s 2 . .[ 0201 t he ot her hand, when the, conditions
are not If@?s,’St?rt f’éozre&‘}al"*si ‘Buﬂ“]toqﬁtagbf 191;}'5{6 Nt yt é&%?‘ggf‘tﬁéaﬂ edF?fbgbélF‘i od even
i f the obbtehtidl 08Me sebondNfet ransi stor 162 is small enough. This is because a
| eakage current other than the off current of the transistor 162 (e.g., a
30 | eakalfd9lrrent generated between the source el ectrode and the gate

o eoj5o0e), |, Ay Thess 0l o B B SRS H B R S
2011/ 052386RE€TeM3B1 ReNH 84 GikeBeld [tO28lread. Thus, in the case where data of
predetermined memory cells is read and data of the other memory cells is not read, a
potential which allows the transistor 160 to be turned off regardless of a state of the gate
electrode, that is, a potential lower than Vy, g may be applied to fifth lines of the
20  memory cells whose data is not to be read. Alternatively, a potential which allows the
transistor 160 to be turned on regardless of a state of the gate electrode, that is, a
potential higher than Vy, 1 may be applied to the fifth lines.
[0194]
Next, rewriting of data will be described. Data rewriting is performed
25  similarly to the writing or storing of data. That is, the potential of the fourth line is set
to a potential which allows the transistor 162 to be turned on, whereby the transistor 162
is turned on.  Accordingly, the potential of the third line (potential related to new data)
is supplied to the gate electrode of the transistor 160 and the capacitor 164.  After that,
the potential of the fourth line is set to a potential which allows the transistor 162 to be
30 turned off, whereby the transistor 162 is turned off. Accordingly, charge related to

new data is given to the gate electrode of the transistor 160.



It is desirable that O a C2 be satisfied. If O is large, variation in
potential of the fifth line can be suppressed when the potential of the

fl oati ng wetze1pseidson FG is controll eg by the fifth |inectarigoeuox he tine
of reading). 5[0203] When t he gbove relation is satisfied, a nore
pref erabl e sem conductor device can be realized. Note that RL and R2 are
controlled by the gate insulating |ayer of the transistor 160 and the
insulating | ayer of the capacitor 164. The sane relation is applied to d
and C2. ToKEx¢fore, the material, the thickness, and the |like of the gate

10i nsul ating | gyer .are desjrably set. as appropriate to satisfy the above
rel ati on. [0204fus, M the seql‘r‘fo'["ﬁ'lg‘g Vl,cﬁrﬂfﬁgjpldb‘?gp H’e&?é@s‘:’g‘?ﬁar‘i"ﬁé‘ opndaty s

embodi meRhn bt el PRI MENIR S POFilih®Bf KGRt arrRidigie! eﬁ}mm@ bf tRarfe
floating gate of a floating gate transistor of a flash nenory or the |ike,

but the filoona flogtingagate pathttho nseFa aoliigh volagenirsdedriona flashsmemémyairthelikd whi ch
is esgentially differe fromthat. of the floafi at f the flash nmenory
or the | 150 Reseisay ik oo bR dn SpeiaSPy, pEfh el Soflirhyr B e« o a
control @pémtibs &indbe suppressedCERA akY high-4pREP opetioR It Wb SHeAfcmdaabyeen
cells in order to prevent the potential fromaffecting a floating gate of

t he adj adeYi¢e ea be achjvedi s one of inhibiting factors for high integration
of the sgﬁgﬁ?nductor device. The factor is attributed to a basic 20
principle of“a flash nenory, in which a tunneling current flows in applying

a high el ectri Nate fhaeklt. sque0&8Ectrode or the driiurdl&fode fahel srangiftot he2 apove

pri nmpl e, of . ?ﬂé;l ash mem)r%, dete{i orgti?n of an insulating film proceeds
and thus clRGicAlLy cprrsstednioothe; gate elegirpde AT thes transisier 169, therehy hayingsaewr i ti ng
(appr oxi BRt&lsinitd 4o bt SO floh O6E ¥ EiSatidd @b ransi ' ctor
devi ce accordsi nlg t% the di scﬂlﬁgg:geaotl inven?tilogggaigs rg?)sésrt%rtlgga-g(? azﬁvéﬂtvgﬁd?ﬁ% of a

t ransi st oreniony leledieny abhessforke aspomiiom imd thet dlawangiwtiere sher souros elettiede or

above-descr | bed,principl,e.of cha .injection b unpel i ng, current. That
1oV e it O dsg ipff oBine PlapOr A7 i Abata i hodedsd 10RG st echtotSRl unl e
a flash mRMksistCTO0 4§ REildd al flodtigh@dte TREHSS FY it QomeNGkEer Whed id uence
of a high electrical field froma control gate on an adjacent cell, which

faci 17 t atrarsifipighp2 isoffy thet flasting gte pRotiony HG 230 bs pegprdrdoes beingsautzdded jn0207]
B e T L
wor ds, t berae ot dendamsistor WRVindediag aaraXidegsenticériac@ $CdrodRd thaavéniquain has
hi gher d?or (?ntzai tlljnh%/ed%ﬂgusgﬁcﬁ{l io?thielain}o%n't[ (f)lfa (?ff gurfrénet‘%? a rtrggg)igtgr. including a silicon
semiconductor; thus, lost of the charge accumulated in the floating gate portion FG due
20  to a leakage current of the transistor 162 is negligible. That is, with the transistor 162
including an oxide semiconductor, a nonvolatile memory device which can store data
without being supplied with power can be realized.
[0197]
For example, when the off current of the transistor 162 is 10 zA (1 zA
25  (zeptoampere) is 1 x 107! A) or less at room temperature (25 °C) and the capacitance
- value of the capacitor 164 is approximately 10 fF, data can be stored for 10* seconds or
longer. It is needless to say that the storage time depends on transistor characteristics
and the capacitance value.
[0198]
30 Further, in that case, the problem of deterioration of a gate insulating film

(tunnel insulating film), which is pointed out in a conventional floating gate transistor,

does not exist. That is to say, the deterioration of a gate insulating film due to injection



[ 0208] In addition, it is also advantageous that a high electrical
field is unnecessary and a | arge supplenental circuit (such as a booster
circuit) weammse®ssary as conpared tQ@,a flash nenory. POTORDAY/068103 In
the case where the dielectric constant "En | of the insulating |ayer
included in O is different fromthe dielectric constant Er2 of the
insulating layer included in C2, it is easy to satisfy C a C while 2.S2 a
Si (desirably, S2 a Si) is satisfied where Si is the area of O and S2 is
t he ar ea offan€kctiSpeantofa fiedting, gate) whiotahgs! teeen araflitioma Ry repaddedfasa groblengh- k
materi al such as hafnium oxi de or a stack.of a filmforned of hi gh- k

mat eri al “8% ﬁ“ﬁ@eﬁﬁﬁ'niﬁ#&ﬁaﬂﬁt%&‘%‘? Fi ‘P%“F’Hr‘ﬁ‘e‘&eé‘f’m&ﬁrﬁfnﬂésg Wrd8aduct or
i s used fipr i t cgn 0 r o]y A5, or
nor e, andesli)rlgilC(l:%ﬁ' ogiii)1 ggggﬁlsdr&sgdh%gr sgaéseon%%aetg fE(?FZ)R’Jg:a{lrrllgbgI géerf%ﬁ%% 1% to 4.
Conbi nat iconvantiogaldloating gaft transistenisbiobsedessghy. i nt egr ati on of the

sem c nd;f&]:dr?r] devi ce according to the disclosed invention. 20[0210]

Not e T ha t he above description, an n-channel transistor is used.

However, it isTheeghshertd sschyast haisisordi MRNGRhicéiduoRr Hedice GRIFIGE1318€d
i nstead of the n-channel transistor. [0211] 25As descri bed above, a

senm condgal Be regatded as hewg campgsedofavesipon ande Aapasiton sshawadn FE@d SBvent i on
has a no ti. y tncl uh i stor re a

| eakage ?Elrgir gshtlJl ?:3{3?%r trhgn %nsLseﬂfr \/\1/él§eb|n£¥gfi @gxdgtg&g(%d{%ﬁg%a‘?aﬁﬁirg asrﬁ%cff’si n an
of f st at éncleding adiesigtot adai cipaditok.or REdndfCladaming dencbsBtante Falueranalthe
different fromthat, of the witing ansi staqr, and_a capacitor. 30[0212]
Vo 2011/ 632s5amET) B0 020 Mofp 1B IR {f{é‘ef@ﬁ%}lwlxe ke fesistange 2erlyg Bt | ess

at room LeHRPHAIoThd fesBtancevalf Evgf%r&ppﬁcﬁfcﬁlrﬁtihyuléti@agfér iﬁclgt&)efdziéit@ or

| ess at roomtenperature (e.g., ). In the case of a genera con
sem condgapagitor 164. | R2arfdf C2 denote theaesistencs alwnand tho tiapacitanceraleofdescr i bed

above. wever, LA a transi st obt.ai ned ocessing, ap gxi de.

seni conggr(?{’sdgtot &h@r re&%ec%é{%lﬁr oﬁ’? e{fsé&?bcﬁdYa?%(eo%,rz ﬁoréer?ﬁ?‘?dsog’f 8L‘zurrers‘éﬁlfwec an be
achi evedvailib /edtOdepends d 2psk Sistlatinp ¢dyee hivfle fitheOxhdHeths @ahGQOA VST Rloni S
preferabIa% used as the witing transistor. [0213] In addition, a-

t r and? st die | GPpUERER valieokr deorEsprnds n@utheorapasitange syalvd of st ¢nlled gaked swi ng
(S val uelyp3Raddd 3 apalifancted G MR ek &GS 3te RbecRBAL hd BN R EYED: | T

the drain electrode and capacitance formed between the gate electrode and the channel
formation region).
[0200]

20 An electron holding period (also referred to as a data storing period) is
determined mainly by an off current of the transistor 162 under the conditions that gate
leakage of the transistor 162 is sufficiently small and that R1 = ROS and R2 = ROS are
satisfied, where the resistance value (also referred to as effective resistance) between the
source electrode and the drain electrode in the case where the transistor 162 is off is

25 ROS.

[0201]

On the other hand, when the conditions are not met, it is difficult to sufficiently
secure the holding period even if the off current of the transistor 162 is small enough.
This is because a leakage current other than the off current of the transistor 162 (e.g., a

30 leakage current generated between the source electrode and the gate electrode) is large.
Thus, it can be said that the semiconductor device disclosed in this embodiment

desirably satisfies the above relation.



10 nmobility is conparatively low. Therefore, by using the transistor as the
witing transistor, rising of a witing pulse given to the floating gate
porti on RgOcanv/dsesssery sharp. Further,.,an of f current i ®C3IRRA10/068d0X hus,

t he amount of charge hel'd in the floalsgng gate portion FG can be reduced.
That is, by using a transistor including an oxide sem conductor, rewiting
of data can be perforned at high speed. 15[0214] As for the reading
transistor, it is desirable to use a transistor which operates at high
speed in[62a¥r to increase the reading rate. For exanple, a transistor with
a swtching rate of 1 nano second or lower is preferably used as the

readi ng transi Sti§rdesifable that 44 hessatipfiqd: eﬂfpg ip leeyeidHAYoE B potpRtial yr nj ng
on the wrjcty ANSi t i ! i to thefl.0ating
gat e por ¢t e tsh IREEAT bE burtfest OF e B EREAAN of o ARG Slhe RAIEFOIES of

t he wri t icogtréliedrts the €ifth lima€e.gf aethe tinrecxfesadifig)t he capacitor, and a gate

el ect%odi f()f the reading transistor are electrically connected, and then
turni ng 0203 he witing transistor so that the predeterm ned anount of

charge is hel dwgknl i€ abbRAtINDNYR sEiFRPE HhdrE PréttiablediethicddicRf e Gidg r ent  of
the witing transistor is very small; thus, the charge supplied to the

f 1 oat i ng cambe rqadized. orN@Sthat Riednd RDarezcontyolied bynthe gafecinsulating layenofrtbat i s,
for exanple, su anti al |. .refresh eration ded for a conventional
DRAM 6 an TBESIRhd B0 o0l: B iyt FOgE 8ndbe srbacBPs dBR ot Stme reBRAR B
si gni fi capplied toa@ ahdC2eX THPHefore, 0O Wat 1 Eha thiBKidds, hdahd BRE bf tHCERE di ngl y,
power consunption of 30a sem conductor device can be reduced sufficiently.
[02189  insulating layey arerslspirabliy s ag apprperiate i satiskrthelpbavetrelation. overwri ting of
new dat ap%bdrﬁ he menory cell. Therefore, erasing operation which is

0

necessar a flash nenory or the like is not needed, and reduction in
operation speeth thehseaficorsivator rdiebict eldsdribed ringhis genatpdiméntpthe fiddingegate

suppressed. . | her rds, .high-speed operation of the 5 sem conductor
devi ce caﬂn’rﬁ’éq:ééflﬁ P2 .CCK/B‘I“EE‘&_E‘P ?Sﬂgaﬂ?ggaate8??5@@1%%@&2198&050%@)ﬂ@@hti onal
floating iRty lof BSHRY, Gt 1R kb AR AHIES RIS dhid anwmemﬁ@;%%a{uws,

power consunption of the sem conductor device can be further uced. The
hi ghtst whlidhaigeessepphlile diffesent Heonmthmb of theefldatmggatadointe tfash mesnapivodharent

t he di ff.erence, bet ween t he highest potential gnd the |Io t t.ent.i al

gppl i e:j El Cr g@ﬁg%f?s\‘ié)?tagiﬁﬁﬁbe:“go%?suf‘%ea Wlﬁ? ?p@lfgéglalcoﬁ'lrgfs eg ’t"l nme) can
be 5 V Ofs h@pdgharyoto B&;e? £ prdpeiBistanbe BaftcARENN ¥ 6R1ct td PrévBM MaReMngl € data
of two stages (one bit) 1s witten. [02171 The menory cell. provided

in the sé&eicyfastiog arflagting gateof sl eiliaggnt eclk halbds isaing 9 dnhibiting facters fery

i ncl ude I e 1 1i.0g: 1. SEQJ. . and,t h adi ng.transi st or.:

15t her ef g%gg, ﬁ’?%até)%aﬂﬁﬂé? S?’ﬁggg%z&o?&é%eé hdrrpé:’rrgarc &’?c% a}'}gg)g%e%b Y §u€?sfcci ently
snal 20 as principler &fda flasitmchiRAl] ishivhithr £ quineEsg Suderitr 86wed & apslying £aggh nmenory
cell. In other, words, nenory cells can be arranged in a sem conduct or

devi ce aflefifighl ilddhsity. [0218] In a conventional floating gate transistor,
char ge t[@og] s in a gate insulating

Further, because of the above principle of a flash memory, deterioration of an

insulating film proceeds and thus another problem of the limit on the number of times of
25  rewriting (approximately 10* to 10° times) occurs.
[0206]

The semiconductor device according to the disclosed invention is operated by
switching of a transistor including an oxide semiconductor and does not use the
above-described principle of charge injection by a tunneling current. That is, a high

30 electrical field for charge injection is not necessary unlike a flash memory.
Accordingly, it is not necessary to consider an influence of a high electrical field from a

control gate on an adjacent cell, which facilitates high integration.



20 film (tunnel insulating film during witing operation, so that
deterioration of the gate insulating film (tunnel insulating filn) cannot
be avoi dewlOo 2bn/ose36r ast, in the mam)r§3cell accordi ng t @Cagravosiiosent of
the present invention, data is witten by switching operation of a witing
transistor; therefore, there is no deterioration of a gate insulating film
This neans that there is no limt on the nunber of tines of witing in
principle 25and rewiting durability is very high. For exanple, in the
menory c¢0207ccordi ng to one enbodi nent of the present invention, the

current-vol tage characteristic is not degraded even after data is witten 1
x 109 or nore ? Pﬁg"sr a]EfH%e BUF§Hog0Y% A tH’b‘}egggicr’fé@ﬁ“. is g3 ulized, which meags ¢ her |

in the cagf MEreURl RY Auddsafb Et@iorhtisil WEI NeMbrXéele JRNGHONINEdL s 30t he
witing transistor of the nenory cell, the curréent-voltage characteristic

of the msemiopndusitér deyigeoaccdeting die theedisplosad, infventiaex haphigheradimabyitityt enger at ur e
of 150 C_Rhe ) an. oxi de sem conduct or generally has a w de energy gap
(e. g.,9 3.r%13t%§H?§ﬁ1§nea&lqsﬁ MG ase of an I n-Ga-Zn- O based oxi de

sem condyg208]) and extrenely few thermally excited carriers. [0220] 5By
using such a transistor having excellent characteristics as the witing
transi stor of {haddiem iy icalse adyaniagepesothatiathigh glsgirical fieldiingnneasesasy

feature i [ 1] The. uct ures
descri begﬂ(?ﬁq%}ﬁlpégﬁé}r%g%?t%%%%ééﬁu%’eascaotﬁ%sﬁgglrg@)ﬁgggg%gsra?%{me (\’/I\nn?%edany of
t he met hoas flashdmsdotyct ur es descri bed in the other enbodi nents. [0222]

(Enbg@i rrw f) In this enbodi nent, application exanples of a
seni EBndlf%8! " devi ce accor di ng to anot her enbodi nent of the disclosed

FlGs 108 to 18R KRR HRTIUAT FnERfcerd Br i s fffe ke 175

i || ust r atCass difsedret fRim cheodiclectsie oasinetie? of tidausulaingcla pérdhelgdddointdR, St
enbodi ment. [0224] 20FI G 16 is an exanple of a circuit diagramof a
seni condifctasy tejeapsBeCl mcChavhilg 2-S2 = S1 (desirably, S2 = S1) is satisfied where S1 is

the area of C1 and S2 is the area of C2. Specifically, for example, a film formed of a

15  high-k material such as hafnium oxide or a stack of a film formed of a high-k material
such as hafnium oxide and a film formed of an oxide semiconductor is used for C1 so
that erl can be set to 10 or more, preferably 15 or more, and silicon oxide is used for C2
so that er2 can be set to 3 to 4. Combination of such structures enables high
integration of the semiconductor device according to the disclosed invention.

20 [0210]

Note that in the above description, an n-channel transistor is used. However,
it is needless to say that a p-channel transistor can be used instead of the n-channel
transistor.

[0211]

25 As described above, a semiconductor device according to an embodiment of
the disclosed invention has a nonvolatile memory cell including a writing transistor
where a leakage current (off current) between a source and a drain is small in an off
state, a reading transistor formed of a semiconductor material different from that of the
writing transistor, and a capacitor.

30 [0212]

The off current of the writing transistor is 100 zA (1 x 107" A) or less,



a plurality of sem conductor devices (hereinafter also referred to as
menory cells 1200) illustrated in FIG1 or FIG 15A [0225] The

sem conduwwoOantds2isée in FI G 16 includsg a menory cell arcaygrrhenesithe 25
plurality of nmenory cells 1200 are arranged in matrix, a first driver
circuit 1211, a second driver circuit 1212, a third driver circuit 1213, a
fourth driver circuit 1214, a plurality of lines Li electrically connected
to the first driver circuit 1211, a plurality of lines L2 electrically
connect egréferablyel (2% Ond 107 g or ks attobmkerhBeratrd{els. 823 10), lord pra&gablp

el ectrically connegted to the third driver circuit 1213, and a plurality of
lines | Als@%(]eétltoi caV)l or lessiseemdemperatuee (eogir 2h °d).i Viarthe caseuifta gederal [ 0226]

WO 2011/ Q52396PCT/ JP2010/ 068103 tg.each of. .t menory .cells 1200. Thus,
oper at 1 o PN GETH OB e S BT fp pEhiSBSH sBah SETERE oY PETORL RS he
first driHtevever, raud tirahgidtbr dbbenddeBP FlocbisbivgranC bxiaki demicbbductbN@nbify hel dri ver
circuit 1213, and the fourth driver circuit 1214. The nenory cells 1200 are

ar r anged 2PPropgte| sonditign; gesmalhoff eyrrent zan by achigyed A Zhereforeova dmasistera | ow

ai i on . . . . . ' i
oper at i o dufihe 2 6048 B BuA R Welefobigute B Sipe YAGHSE 0 e
performed0213}jeach row or each colum of the nenory cells 1200. [0227] Note

that one line fromeach of the first driver circuit 1211 to the fourth
driver 10 circdf (2d4Bipa. ja teangistor j laglufdipg. am neifle Sepricandacige sy a cepall 1200 i n

FI'G 16; boseNSkold %Qﬁlgddss\gl egh V@B swABhihg ritelcan bEshRTichA E%hseveﬁli ral

lines fromany one or some of the driver cfrcuits nay be efectrically
conné@t ednobality his eremparativelyl [low.20@herdforer bytisugy) the Grasdistor tasirtbe rvasitife

enpl oyed in.which.a @ ne qf aqﬁ one o ihe driver circuits. or |ines of sone
of the diPUEOLTISHE ¢l WIURBP Y B1EPL G Mectioatine st Refion BG cambeois®y or some
of the 1BhAipBNOFyitie! 4B off28rent G2 2Mhil and thus,! the taAuHE BF CRRGY Al ifleNd Ce in
FIG 16, the first driver circuit 1211, the second driver circuit 1212, the

third drfloaiinggate wortionoHG cagrhe tedecedoudhat iy by aisingia tansistaringluding an
separ at el y: jpr.ovi - 1o I [NV I is not limted to
this. A %ng%¥5§ﬁgf?gh¥$xﬁ%$f%g%ggéﬁgggaggng@ﬁgﬂg*%gﬁ%ffunctions may
al tethat {024y be used. Note that the driver circuit is desirably forned

using a single crystal sem conductor material in order to secure an
adequat e oper aff St pEadingHgnsisioaip Isslesirhlk tapse isrnssiprshielhppaates al i con
waf er) I fidhr §fed 3R!ofddtSedinctdé? He reading rate. For example, a transistor with a
switching rate of 1 nano second or lower is preferably used as the reading transistor.
[0215]
20 Data is written to the memory cell by turning on the writing transistor so that a
potential is supplied to the floating gate portion FG where one of a source electrode and
a drain electrode of the writing transistor, one of electrodes of the capacitor, and a gate
electrode of the reading transistor are electrically connected, and then turning off the
writing transistor so that the predetermined amount of charge is held in the floating gate
25 portion FG. Here, the off current of the writing transistor is very small; thus, the
charge supplied to the floating gate portion FG is held for a long time. When an off
current is, for example, substantially O, refresh operation needed for a conventional
DRAM can be unnecessary or the frequency of refresh operation can be significantly
low (for example, about once a month or a year). Accordingly, power consumption of
30  asemiconductor device can be reduced sufficiently.

[0216]



25Next, nore concrete configuration exanples will be described. [0230]

FIGS. 17A and 17B are exanples of circuit diagrans of sem conductor devices
each i nclwoizng/s23bural ity of sem congsctor devi ces ( hereiraataien6sadso
referred to as nmenory cells 400) illustrated in FIG 15A. FIG17A is a
circuit diagramof a so-called 30 NAND sem conduct or device in which the
menory cells 400 are connected in series, and FIG 17Bis a circuit diagram
of a so-called NOR sem conductor device in which the nmenory cells 400 are
connect ed i n p&ueghérpldata E@L D] rewritten direbHg e wvewriingt of newvdate tonthel G 17A

i ncludes a sourcg Ill_ge Fﬂli a bit line BL,.a first si&gal ine Si, a

pl ural i t yGPORY&EBnd TEFIGHAP: §17HRE ORZFation Whighasinegessiry it a flash Ziemiry ond t he
plural it ¥hofikéRMRstheeddd, and Quctifn il Sperdtidh sfRBE, WRih GE attlibiReSlo &aGingNe bit
5 1line BL are provided in the sem conductor device; however, an enbddi ment

of the diopetatigmd camybat suppréssedaot Ini ptheedworsdst hhigh-speedl wperiatioy of thour ce
lines<SL and a,plurality of pit lines may_ be provided. [0232] .I n each of
t he msarrorsgmkcé)f]?lga%og?wggg% e Bl'&t Zregde%g?ref’%%’ tarﬁ é’?ﬁ?gelgﬁe,d% n®of a 10

sour ce elcatontdeal dlidting @a@itrhnSkRL td Geite Aid éig ddtaRSirmtSdssak§2thudfdwrne of

el ectrodes of the capacitor 164 are electrically connected to one another.
The fi r stcoByugipsion|of tie ssmigopluctos deyige Farghe fusthes rdpead. o Thgthighgst valtage he
drain el g ﬁ%d@, r ansj r i to each

ot her, angﬁt e stgté 51&143]?95' g‘%gl AC?%H(r%n%g)ztgﬁstgﬁ%%@%Heﬁ@éc? l?f%eg%%gﬁ) %{‘ﬁ%nt@%nsi stor
162 are diighestriotantialy arcbthi dow estl ppentidcipphi¢dhier respilotveveidinalsnef tME mzathry he

ot her, .150f .t he el ectrodes qf e capacit 164 are electrically connected
to ealn &EWaL ﬁle[se%ﬂme Ganbe 3 ﬂlﬂft R¥FT ok R/ Qol9rEs e pacdy PR YAElk Mhe

transi st Qasekffbrt Bsth 8eRFD stAgdsNBndBHPE Wrfikh! 400 is electrically connected to
the drain electrode of the transistor 160 in the adjacent nenory cell 400.

The drai H0&7¢ctrode of the transistor 160 included in the menory 20 cell

400 is electrigglly conn ed t. he .source el,ectrode. of the.transjstor 160
in the adj acen?ﬁ?ré}r{r%rflééryc gﬁ %ﬂae‘ﬁﬁ? etﬁ? hsgltm‘fqr?gu%}%i%%vﬁ eacff?rgﬁ}ag g‘? tt“'ﬁe
transi st disclb6éd inkettichaday cldie anRaAB (e Geiting 4QAsitbr AhtPthp Iréddadd drahs@torenory

cells_connected in series, which iscﬁrovi ded at one of ends, is
el ect? i c&hersforee fpl sxampleo thenarep; of gachempmoryrigell ian r bee swffisiently danadlf as he

A" 9 IO I ISR, Sy kMLl by et
el ect ri calords, oeney tdld dao bt hﬁaﬁgndrinezhmitxan&ihctor[d}%%]at hightd&ﬁsigf:an‘i conduct or
device i ?Oflls? 17A, witing operation and reading
In a conventional floating gate transistor, charge travels in a gate insulating
20  film (tunnel insulating film) during writing operation, so that deterioration of the gate
insulating film (tunnel insulating film) cannot be avoided. In contrast, in the memory
cell according to an embodiment of the present invention, data is written by switching
operation of a writing transistor; therefore, there is no deterioration of a gate insulating
film. This means that there is no limit on the number of times of writing in principle
25  and rewriting durability is very high. For example, in the memory cell according to
one embodiment of the present invention, the current-voltage characteristic is not
degraded even after data is written 1 x 10° or more times (one billion or more times).
[0219]
Further, in the case of using a transistor including an oxide semiconductor as

30 the writing transistor of the memory cell, the current-voltage characteristic of the

memory cell is not degraded even at, for example, a high temperature of 150 °C because



operation are performed in each row The witing operation is performed as
follows. 30 A potential at which the transistor 162 is turned on is

suppl i ed wo 20hw5g®6ond signal |ine S2 5§f a row wher e wr iPCIrIg2a18/068003dbe
perfornmed, so that the transistor 16270f the row.where witing is to be
performed is turned on. Accordingly, a potential of the first signal |ine
WD 2011/ 052396PCT/ JP2010/ 068103 59 Si is supplied to the gate el ectrode of
the transistor 160 of the specified row, so that predeterm ned charge is

gi ven t o anhxidgademieindoctongeneraltyusms adwida coengylpep \(e.gt 8éntot305 eMennkocasy cel |

of the specifjedr 0235]. 5Further, the readi ng,operation_ js perforned
as follo .anFI"r'gf",Zon\gbﬂ%'fﬁP%‘gF Sﬁf’“‘fmflﬁﬂo{])h@dt ?’ﬁff'é‘?@( g?wlt%ﬁm?a%fyt ?f?ﬁ‘?@@l on
regar dl egamrfeks.charge given to the gate el ectrode thereof is supplied to the
word lines W. of the rows other than the row where reading is to be
perfornmed022) that the transistors 160 of the rows other than the row where

readipg is to erformed are .turned. on. Then, .a tential (readi.n

poten?i al) at \ﬁ'i Eﬂn nsunﬁ granssl§t3f g’ a&‘rngaﬁxc(?p?ﬂsf%ﬁrgc(?%rfsnf%east 5n§'f‘§?gr 160

i s det er njafisistofl ©p e ineehod celllad genicondutbordiiveceaaly HABvEl fehfage tA4RBSI St Or
160 is supplied to the word |line W. of the row where reading is to be

per f or ned™VAdeder that, a constant potential is supplied to the source line
SL so thag ]readi ng circuit (not illustrated) connected to the bit Iine BL
is operated. "Here, the plurality of transistors 160 between the source |ine
SL and the bit The neetiRidsaneé stonctifes desaribpd it lids embodinehoca BHCombintdas r ow
where.reading.is t.Q be perfor . therefore, cqnduyctance between the source
Iine?%L ARRfOPHYeC Y1 ar“iyr?g t@LmF'ggg%‘fré{]Wﬁ@ﬂews%f‘ R theothersmbodypentyyy an of f
state) ofjpidhg transistors 160 of the row where reading is to be performed.
The conduct ance of the transistors 160 on which reading is perforned
depends ¢Bmbedimgat 3 the gate el ectrodes thereof. Thus, a potential of the

bit |ine BL 20yani.es acgordi naly...By readi ng the .potenti al .of the,.bit |ine

BL with the r elellnd{hﬁsgmélor i q; alg)é%%u%% e Se‘%di ¥ 'Igﬂnfjﬂéoﬁg%?eyacfﬁqnég of the

speci f i eto aher] @RBdiment of the didtBs6€ Mveanch &l be ARYEMR I With k&erbAl: k1€l udes

a plural Etﬁé of source lines SL, a plurality of bit lines BL, a plurality of
I

firstSsi §HaI16 FHey 1A and 1By FIpS 1 13A0P 1866 5Ha 195 EKaR0omd Flgedl.s2, a

pl uralitgoﬁ;,]v\ord lines W.,, and a plurality of the nenory cells 400. A gate
el ectrode of "the transistor 160, one of a source electrode and a drain

el ectrode of tREG.tIGilBissites al®Aematie obneseafica@idacior @deive GiccdrdgCrpid t or 164
are electr| CSU | y connected to one another. The source line SL and a source
el ect r od&MBPIYBL r ansi stor 160 are el ectrically connected to each ot her.
The bit fgnq)BL and a drain el ectrode of the 30 transistor 160 are

el ectrically connected to each other. The first signal line Si and the

ot he?0 of t he sBl{xdé ishrectample ofimdirctitdidgmimofsl senticodlectof deviee inchrgigst or 162

B e oh Bl o SRS RvRACHhePRHor oRBTelefiEa TFRORERBHARH, 120 52 2N
illustrated in FIG. 1 or FIG. 15A.
[0225]
The semiconductor device in FIG. 16 includes a memory cell array where the
25  plurality of memory cells 1200 are arranged in matrix, a first driver circuit 1211, a
second driver circuit 1212, a third driver circuit 1213, a fourth driver circuit 1214, a
plurality of lines L1 electrically connected to the first driver circuit 1211, a plurality of
lines L2 electrically connected to the second driver circuit 1212, a plurality of lines L3
electrically connected to the third driver circuit 1213, and a plurality of lines 14
30 electrically connected to the fourth driver circuit 1214.
- [0226]
As illustrated in FIG. 16, the lines L1, L2, L3, and L4 are electrically connected



transistor 162 are electrically connected to each other. The word line W
and the other of the electrodes of the capacitor 164 are electrically
connect edwbaosask39et her. [ 0237] In th$7sem' conduct or dePCTaP2M0/BIsB3 178,
writing operation and reading 5 operation are perforned in each row. The
witing operation is performed in a manner simlar to that of the

sem conduct or device in FIG 17A. The reading operation is perforned as
follows. First, a potential at which the transistor 160 is turned off

r egar dl ess eath afhthe geenypry enllt $20the Tas copekativnrafcach bé[lma‘hel'nSryS(LeﬂlpHiZGd to the
word |ines e rows _other, than the row where ading is.to b

t

per f or ne&a“glcf’ﬁté?l edppsing the drst qspver gigcuty kel l, the second, duvegiqigpit 1842, tf‘ﬁe r ow
wher e reagddrile dirul€1A8! bR IRKosHE dHVENSIUR 12147 aMe Re &Isyed%hg qbg(gr eadi ng
potential) at which an on state or an off state of the transistor Ois
det er m nett dependimmatix aitathgdines Li hi2, dai,@néllétmc puwidddenedtbwi direstippl i ed to
t he rd line W ere readin erf d. After that, a
const ant hBCamTLAeckof g Eridaehns RETEBEpplng SRSy adreiae orerfimi ng
circuit (©ERGhe kéhitshdidi®tdevi®e mapmResdrRfimed ih fh@clblrbwl omehBlolirin @RaRat ed.
Here, conductance between the source lines SL and the bit lines BL is
det er mi n&Empry et B0O. (an on state or an off state) of the transistors 160
of the riWere reading is to be perfornmed. That is, a potential of the
bit line depends on charge in the gate el ectrodes of the transistors
160 of the rowNefethet dilfbalﬁiierlﬂjorilseaéloobﬁe[iﬁitfdifvmédi.rmBVlZl&&dithkgfo&rtﬂQirﬁ/@fi al of
the? I|nes$ t1 é‘gfzo reading circuit, data can be read fromthe

{} caIput 5¢14 weelegtpicallyicapnsctsg topthomemory cell 130G Hofileh 16nkovesrstidhe of dat a
whi ch caRiRssd mv%ﬁmsm,see&hnﬁﬁeé &ﬁﬂﬂewmramhéssfréﬂpa Sofl8 R Qbrhe Iop thdre above
description, the structure of the nenory device of ment 1s not
linmted doverdisnitTinay dewlactricaily denrectedite ithe memquadll IZOOeaMteofatwd:ig, 25
nmenory c

e oo Sl B spBlouPe it FRED ind hERRY Aol i A 80T Rgs BRREDpEY T

t he casesyheioe the@rividRbitdfs/ROnBNEleatisallyochifhestd@Rd afifl oh® ot REmO R She
el ectrode of the transistor 160 is four, data of two bits can be stored in

eachldf mesmoneaelisyl208) | s. [0239] 30Next, exanples of reading circuits which
can be ug@ﬁ jor t he sem conductor devices in FIGS. 17A and 17B, or the like

wll be Cribed with reference to FIGS. 18A to 18C. [0240] FI G
18A i | | ustr at el the Sehondictorafevidadn madliéng.ecﬂnscdrinter chlﬁt 1 2Ed tHeGe€brd Ui t
includes a transjstor and a sense anplifier circuit. [0241] 5At the tinme of

readi ng GHYH, Ciut2d2 nthe third drives fiutt dd13cand the dourthdrivgr qiguiiizdh age menor y
cel | f roeaggg . g A)d@JIaed SoWRvAE tHeeRbk1bstd GNUIEOh & nof & %o 11 ha i Rgpet enti al

Vbias is to a'gate el ectrode of a transistor so a potential of
t he 2@r ntimalit Haviimg amnomeodt soine of the functions may alternatively be used Note that

the driver circuit is desirably formed using a single crystal semiconductor material in
order to secure an adequate operation speed. For example, bulk silicon (a so-called
silicon wafer) is preferably used.
[0229]

25 Next, more concrete configuration examples will be described.
[0230]

FIGS. 17A and 17B are examples of circuit diagrams of semiconductor devices
each including a plurality of semiconductor devices (hereinafter also referred to as
memory cells 400) illustrated in FIG. 15A. FIG. 17A is a circuit diagram of a so-called

30 NAND semiconductor device in which the memory cells 400 are connected in series,
and FIG. 17B is a circuit diagram of a so-called NOR semiconductor device in which

the memory cells 400 are connected in parallel.



[ 0242] 10The resistance of the nenory cell 400 varies depending on stored
data. Specifically, when the transistor 160 of the selected nenory cell 400
is on, thwormenmsy3seel | 400 has a | ow r.gsi st ance, wher ea®CRIRIN10/h68103

transi stor 160 of the selected nenory cell 400 is off, the nenory cell 400
has a high resistance. [0243] 15When the nenory cell has a high resistance,
a potential of the termnal Ais higher than a reference potential Vref and
the sense anplifier circuit outputs a potential corresponding to the

pot ent i al[02F1]t he ternminal A On the other hand, when the nenory cell has a
| ow resistance, the potential of .t termnal. Ais |ower_ihan the reference
potential Vref T&ﬁ&ﬂ{‘% n@%%r eé(’r?ﬁl'ﬁ‘?‘f%rl @i‘tnﬁﬁfi?s BERYeR Un S'f:m"c E‘ﬁﬁlP%.lBL’
COUGSPO'&ChrE'IQSCiiérQl 1ihe S20Pptuedlity 8f sbnd Bigni1ai 82! a ura{l%ﬂ)ﬂword lines WHYS, by
using the reading circuit, data can be read fromthe nory cel?. NGt e t hat
t he readiang thd plotality of memary ealiod00renin FIE. 374, ofic ecurnpliss SL ansk drer biti r cui t

e D8 U A PRIl UG bAFISR BRSRIREShS
connect edisclséivemivies agplimite€fo @i C A plurdl®g 653ourdFidRBL AddusplupdiRy a
differential sense amplifier which is an exanple of sense anplifier
ci rcui t s of ihdings BE&payrheipipvidethse anplifier has an input termnals Vin (+)
and 30 Vighipy) and an output term nal Vout and anplifies the potenti al
di fferenée bl}tween Vin (+4) and Vin (-). If the potential of Vin (+) is
hi gher than t hin gehefthcahembr\Gelis @0), a Moe tlectvifdeZFXA¢ @MRIIGPBD, dM26314 068103
62 10 source electrode and a drain electrode of the transistor 162, and one of electrodes of the
capacitor 164 are electrically connected to one another. The first signal line S1 and the
other of the source electrode and the drain electrode of the transistor 162 are electrically
connected to each other, and the second signal line S2 and a gate electrode of the
transistor 162 are electrically connected to each other. The word line WL and the other
15  of the electrodes of the capacitor 164 are electrically connected to each other.
[0233]
Further, the source electrode of the transistor 160 included in the memory cell
400 is electrically connected to the drain electrode of the transistor 160 in the adjacent
memory cell 400. The drain electrode of the transistor 160 included in the memory
20  cell 400 is electrically connected to the source electrode of the transistor 160 in the
adjacent memory cell 400. Note that the drain electrode of the transistor 160 included
in the memory cell 400 of the plurality of memory cells connected in series, which is
provided at one of ends,. is electrically connected to the bit line BL. The source
electrode of the transistor 160 included in the memory cell 400 of the plurality of
25 memory cells connected in series, which is provided at the other end, is electrically
connected to the source line SL.
[0234]
In the semiconductor device in FIG. 17A, writing operation and reading
operation are performed in each row. The writing operation is performed as follows.
30  Apotential at which the transistor 162 is turned on is supplied to the second signal line

S2 of a row where writing is to be performed, so that the transistor 162 of the row where

writing is to be performed is turned on. Accordingly, a potential of the first signal line



out puts a signal Hi gh, whereas if the potential of Vin (+) is |ower than
the potential of Vin (-),Vout outputs a signal Low. In the case where the
di f f er entweal2osemsg®eéanpl ifier is used fgr t he readi ng ci pPcuiJP2010ne81a¥ Vi n
(+) and Vin (-) is connected to the té mnal A, and the reference potenti al
Vref is supplied to the other of Vin (+) and Vin (-). 5[0246] FI G
18C illustrates a | atch sense anplifier which is an exanpl e of sense
anplifier circuits. The latch sense anplifier has input/output termnals V1
and V2 arsd isrspppliddetontha gate eléctrdatafahe siangistbs 16D ofiniet Specificdrdiv, sé atcont r ol
signals Sp and Sn are set to a sjgnal Hi gh_ and a signal Low, respectively,
and a pO\Rg‘?d%Eﬂﬁ‘Bmeg bareeris igé‘fen(t%h‘i g4ty %C%Pﬂ?er—pﬂ’ﬁt @%? cambh ,Wrﬂ‘&‘pgcttthe
potenti a'n?exﬁﬂr&r%eﬂ‘@?'th\é%g&iﬁ%ro%?”pari son are supplied to V1 and V2,
respectively. "After that, the control signals Sp and Sn are set to a signal
Low and #0Z35nal Hi gh, respectively, and a power supply potential (Vvdd) is

suppl Led. If in, > V2in is satisfied f th tentials for co rison
VTh Bnd vain, PG 5 RadPe iperten T8 pethrast ol Soi Eirsod BUCTIA i v2 | s
a signal vhah thehemeRErabooy tidakd ba r{:éaﬁme%lof ShatgS gBRA o RN AR R¥roQLIT PUL
fromV2 is a signal Hghif Min < inis satisfred. By u§|I|Z|ng such a

rel at i on therend igisupplied trrdepearddiaes WL of theyepweothercthen the reyvpilier¢ eadingris t he
case whe tah s L aral S f e reading circuit, one
o V1" andt b PREOrRise AR BHibisdo0iol s ey IR ShE R MPeBaFRHHE { nr ough
a swi t chjs @i pdiformed arcneedumt eMhea) a potehtidl Sreading| postinl) at Rdidt fi£6n of V1
and ¥§ 20 [0247] FIG 19 is_an. exanple of a circuit diagramof a

sem BndSRico?r Wt stats ofcthe drapgystar o isdcteripingd dapendingPB Gherge i thedgalé ces i n
FI G 15A he faakY o I i m X n
bits. [Oglﬁfgt?&ize;%ﬂlegsem %%ﬁ%?udgl?\é{rlﬁgg\g?%? ﬁ%&@ll@%ﬁ\g’ I nc eyur gg&g&ﬁgé%&r?ﬁ cel |
array whéste he peofodmed.neAftel thatya senstard pstegtiall is Isuppdied $2 thensonirde liner8issdBL, n

source lines SL.. n fir. i.gnal ., l.ines 51, a plurality of ry cells
1200 ar o 1Y Aafping eieE il iR eise) Petnerren e Bilinddh edaeiiefomert. o

(col umms)he( plaradity6f traiiétals O ewedhe (sBuRRBing SY Gnd Helbilind BIDEfSIn and
perlgheral circuits of a first driver circuit 1111, a second driver circuit

301112, sxqept the transistersc16Q af tthel 10v8 whasel readirgis ko deipesformed;ciletefdre1 4.

(o g, t FadiBlanl bk EODuR6HcL PRE S1 Jp Ak B bl BRI 0ER b HEBY T ° 15
i's appli efl state tdneanTeffOstyte} of Ithd 1QAAsistbR246) of the rowTWhérei &adia@Gh t6fbd he

menory cells 1100 _i ncludes the first transistor 160, the second transistor
162, andPerfemedpadhe sondusdancy of the temsisiorpde0 om Whishireading ts apepERest 160, 5

one of aagRMlus ngbgga rn?ggesgaggelgﬁ%&k Mhéb&ict *@gs aoéot&nﬁl oFaf tgihé‘@;i{est or

162, and one tro e capacitor 4 are connecte 0 on

anot Ber . vares ascardingly. i By 1Shdiag theapaauiat ef thie ditt liredBL ofithtthe rdadingtcitcuansi st or
160 are gonnect ed é? each ot her-ﬁ@ef Bit I%gn BL and a drain el ectrode of
the fir st FahRs LRBroTEEe AUy S d0° RFCUEAIOBt her. The first signal line
Si and t[g3ejher of the source electrode and the drain electrode of the

second
The semiconductor device in FIG. 17B includes a plurality of source lines SL, a

plurality of bit lines BL, a plurality of first signal lines S1, a plurality of second signal
25  lines S2, a plurality of word lines WL, and a plurality of the memory cells 400. A gate
electrode of the transistor 160, one of a source electrode and a drain electrode of ‘the
transistor 162, and one of electrodes of the capacitor 164 are electrically connected to
one another. The source line SL and a source electrode of the transistor 160 are
electrically connected to each other. The bit line BL and a drain electrode of the
30 transistor 160 are electrically connected to each other. The first signal line S1 and the
other of the source electrode and the drain electrode of the transistor 162 are electrically

connected to each other, and the second signal line S2 and a gate electrode of the



10transi stor 162 are connected to each other. The second signal line S2 and
a gate el ectrode of the second transistor 162 are connected to each other.
The wor d worre1vis2ad t he ot her of the gl ectrodes of thePcapauilb/o0681d64 are
connected to each other. [0250] Further, the nenory cells 1100 are
connected in parallel between the source 15 line SL and the bit |ine BL.
For exanple, the nenory cell 1100 of an i-th row and a j-colum (i,j) (i is
an integer which is larger than or equal to 1 and snaller than or equal to
m and | tiagsistor 162 egeleonicatly cosndctadge eacthatheror Taeuaird lioe Wiaant thewitheer t han
or equal n) i s ,connected to the source lines SL(j), the bit lines BL(j),
the fi rstotngeg%%‘itrqu%%fgtggcif(ﬁC}t?r {Qear%fféﬂmlcf‘%gm\ﬂfftf’é{tg %ﬁ?&] AR second signal
l'ines S2(9237)20[ 0251] The source lines SL and the bit lines BL are
connected to'the first driver circuit 1111. The first signal lines Si are
connected to tHe thecsmicandicter dsviceuint FIG 127B,Theitingcoprtatsongand readieg S2 are

connegt e% Er% i;tnpgret heirfd dri.ver ,circ nes W. are connect ed
tothefogrth ari § ‘

ormed in gach.t UIE% 1]i313' (;I'he 1Wr)1rid Irif ed. in

Toed 7 Fach oy 8¢ FriiTigORgIation it performjed in 4 manner 5
circuit 3idilar fohasef eiedsedicymiuctr rdevice i 1UG 17Ae kel @ading \6perativh G t
1113, and the fourth driver circuit 1114 are separately provi ded; however,

t he di sclPedeangdhoedeilows.i Firsbt a |pofantialy at avhieh she mapdstord PO Havitmgdaef§ one or
sonme of [ | . t 41 ng
oper ati ofv rRa shithe BRn 3 i AR bRl Herl0 uprdie g S gl "0, |
be descr iobéde nomistothicftharethe aowovleert rediding is abé performed, 20 thak G253 nsisWe:

2011/ 052 PCT/ JP2010/ 068103. 64 .t hou operatign of sem conductor
devi &_@s 3p6 tq%(lq SRS giher gwa 86 "R mKhaR? rradig _tfetgg?q BatPTsA At typed oat i on,
the di schaggd pAMANI (1@8dihg Pﬂ@htiil) R WEidh &R ohftate of APotlsiakd §F thé Yahsistgr Chart

Il lustrating operation of t(he sem conductor device in FIG 19. 5 1n FIG
20, Si1(1)6@nsdgemanechdepepdingran ellasgeoin thigatei qlertrode geatofl is sapigied t82hd) and

S2(2) o SARpATLS B, HUFBERORRL 05 g B SR A ShReE Corc
line W; padtifiLic shppiisll fol(he)soar® ks eSTL k@lthatQf rdalimgSartu@e(nbt Mbusthted)
15 connected to the bit lines BL is operated. Here, conductance between the source lines
SL and the bit lines BL is determined by a state (an on state or an off state) of the
transistors 160 of the row where reading is to be performed. That is, a potential of the
bit lines BL depends on charge in the gate electrodes of the transistors 160 of the row
where reading is to be performed. By reading a potential of the bit lines BL with the
20  reading circuit, data can be read from the memory cells of the specified row.
[0238]
Although the amount of data which can be stored in each of the memory cells
400 is one bit in the above description, the structure of the memory device of this
embodiment is not limited to this. The amount of data which is stored in each of the
25  memory cells 400 may be increased by preparing three or more potentials to be supplied
to the gate electrode of the transistor 160. For example, in the case where the number
of potentials to be supplied to the gate electrode of the transistor 160 is four, data of two
bits can be stored in each of the memory cells.
[0239]
30 Next, examples of reading circuits which can be used for the semiconductor
devices in FIGS. 17A and 17B, or the like will be described with reference to FIGS.
18Ato 18C.



[ 0255] 10First, witing data to the nenory cell (1,1) and the nenory cel
(1,2) which are in the first row and reading data fromthe nenory cel

(1,1) andwohelwsesssy cell (1, 2) mhichqgre in the first ProwJRr2d1D/063803
described. Note that in the foll ow ng description, it is assuned that data
to be witten to the nenory cell (1,1) is "1" and data to be witten to the
menory cell (1,2) is "0". 15[0256] First, the witing will be
described. In a witing period of the first row, a potential VH is supplied
to the sd0Hy signal line S2(1) of the first row so that the second

transistors 162, Aqf e.first row are tyrned on. Further, a potential of 0 V
i s supplied po%llﬁ‘elé‘gdgmra Shif emaﬁg %2‘8?)“%1?“3 FiEcW c ot ﬁcg&ngcf“tcﬂét t he
second t riRd1§dcstaQahsKidr hid a Qénst RAphiGicPBiELYiOW are turned of f. [0257]

Next, the gotentlal V2 and a potential O V are applied to the first signal

line S1(19249] the first colum and the first signal line S1(2) of the

second colum, ctively. 25[0258] . . As sult,.t otential V2
and agpot enti aIAtgﬁfg/ﬁrélF eo\fé%%j '}ge((?laL%’(?StﬁJ"Fl%la‘ét\ il%ﬁonﬂgagé Eoo? ht 8’36 % g’fwﬁ’ﬁé menory
cel I (1, b)mamdryacdll oot Wlichadata ROfol bedfealiGs @bnideedTe FafterC & ias( fotential
respectively. Here, the potential V2 is_ higher than the threshold voltage
of the fiVhigs isappligdstoqygate goctrodgad a trangisionse Hhat apotsntialpd thetesminab Agaal 1i ne
S2(1) of bheolidqarst row 30is set to 0 V so that the second transistors 162
of the first row are turned off. Thus, the witing is conpleted. [0259]
Not e t hat{0242¢ word |ines W.(1) and W.(2) are at a potential of 0 V.

Further, before the potential of the first sigpal . line S1(1) of the first
romlgg changedﬁhFHﬁﬁggP@hPféLed?mPW@ ggLékﬂ Wi aflependie O Blorest dake fir st
row i s sehedificllyVwhih ene (iRERR160 bR HALR AU RelBRREM 40D 88BN Ihd MeWdrgh data
has been witten is WO in the case of data "0" and W 5 in the case of

data "1" cclad480 han g lowaesistancer wherghs whem dhet teahsistort 196 ofshalsdléated Nemiosy a

control |l ectrode, the s0 e elegtrode of the first transistor 160 is
a sour ce%glﬁ ggﬁsoo b e mEmOpyCce rﬁoﬁlaéfié’ L I§H32BC t he second transistor 162 is

a drain ¢oegirode, in the nenory el enent. Here, the threshold voltage of

the nenory cell neans a voltage of the termnal connected to.the word |ine
W, Whi ch chand¥en thg imgmgy ceh diagadhzh esistancsup peteatialcefy hederatigalt Ads dr ai n

el ectr Odg.igﬁ%bg%g]afljefe%ncg E)@Qﬁii?lt@rref 40Pt NOLE am}fiey\égcuﬁt gutﬁutw poitésntial

satisfie
corresponding to the potential of the terminal A.  On the other hand, when the memory

cell has a low resistance, the potential of the terminal A is lower than the reference
potential Vref and the sense amplifier circuit outputs a potential corresponding to the
20  potential of the terminal A.
[0244]
Thus, by using the reading circuit, data can be read from the memory cell.
Note that the reading circuit of this embodiment is one of examples. Another circuit
may be used. The reading circuit may further include a precharge circuit. Instead of
25  the reference potential Vref, a reference bit line BL may be connected to the sense
amplifier circuit.
[0245]
FIG. 18B illustrates a differential sense amplifier which is an example of sense
amplifier circuits. The differential sense amplifier has an input terminals Vin (+) and
30  Vin (-) and an output terminal Vout and amplifies the potential difference between Vin

(+) and Vin (). If the potential of Vin (+) is higher than the potential of Vin (=), Vout



Then, the reading will be described. In a reading period of the first row,
a potential 0 V and the potential VL are supplied to the word line W, (1) of
the firstwoomilB2and t he word |ine VL&é) of the second POWJPIEEPESEOI vely.
The potential VL is |lower than the thréshold voltage W . Wen W/(1) is at
a potential of OV, inthe first row, the first transistor 160 of the
menory cell (1,2) in which data "0" is stored is off, and the first

transi stor 160 of the nmenory cell (1,1) in which data "1" is stored is on.
When W.( utpuss abighhieHight @hticad if\the potentidlfSva (aylis'lower tHag thé pstentidldfsi stors
160 of the menmory 20cells (2,1) and (2,2) in which either data "0" or data
"1" is st\Gréd) Yantentputsasigndl Low. In thgesase whereothe diffes¢ntial sanss/amplifierpipl i ed t o

th ' SL f t fi . t.h | i SL f th
second coptiie? ipoadpegaRimoonedCin ) AER M G ¥ Faniceade hSGTBIL R memor y
cell (1, ]a}ldl?r?etl’éfe%hctelf&ﬁtelﬂii&l ViePR su@gﬁe@atﬁd thBESAR($Parld ViR (SE(1) s turned

on, thereby having a'l ow resistan the first ‘transistor 160 of the
menor§ c40246)1, 2) between the bit line BL(2) and the source line SL(2) is

turned off, th b aving.a high resistange. A reading circuit_connected
to the bit lin i L¥%§ ‘ﬁﬁﬁg’ffﬁeaﬂ h | sepse E’_E(’égjcrcﬁ'ﬁ“iie&dmhéf‘aamB]ﬁs%fds‘B‘ﬁea
di ff er enggplifiePOr @St St BRE RitdhIHRE I Rer '@.Eé iﬂtp'rl]lﬂgt?tput[ @akmhis Wilind V2 and

ur

2011/ 052396PCT/ JP2010/ 068103 66 rther, a potential of 0 V and the
pot ent i alinput terménals phrondrdl signalseSpsasbbel  sFiggtathe |conolSiiga)ls Spdnd Se second

signal |i S2(. 2 .aspectively so that all the second.transj.st 162 are
turned of %ﬁofhségr%})# éﬁl %’ﬂca E)lfgn?tﬂhlé)v\{’lrg%ﬁe?tﬁ‘ée%ﬂlg s Lo o 3}51)1&}31)8&11{.1%6@[ ﬂﬁ? st row
i s 01¥ ofis Mrriptds, Thbs, lesieetivd pdtemtialy WeinSARIOVIdinSof B@hpdrisos af{ubplité set to
0 V, 5 whereby all the second transistors 162 of the first row can be

turned of® V1@Rd\Mie rpeivelyandiftar fatpihe epmtrelisiganls Spoand Sypare sef tg4tsiensbrt i on
FG of th HSoH I I [ ly after
at o wri L NG e ofeg e, BB 08 ahiTR JRRE Tb Rl Ak BF (Vadias Syt

Ther ef or & Vit Ve i satibffeds fo¢ alelpbteativds siraombadséd Winb&idy2iny amedtpan, t he

potential of the second signal line S2(2) is set to lowsimlarly to the
pot ent i afrogt Vilnig a19gRA! dligh sad\ap(putfrem Vs a sigeakbewnyhereanan sippt 162
can t of f. . : igh.in e.case

whergg a g‘f"?ﬁﬂ’ilt‘fsians‘b?%q@fv 2ad a0 ot s%“"r’é?ci?#%gté‘ﬁ‘gg‘f‘%ﬁp It ?Illmb<e\} A4 i ped.

Si nce t heatisgisd.st By atilibiagWwaeh atrbRtibh ! tht idiferBhdelbet@Bsh Vi SRUVOE ¢dne SL( 1)
is low, a low potential is supplied to a clocked inverter and an 15 out put
D(1) is aMplifechl Injths cass; whete throlafchsseasepraplifier: isased fasdhereadingrgiregit 2) and

the sourgge bERA S 3h iis%:()ggl&l?ed & (HeABaRARPA AR thb DuBtRRbRfal' Rrchlgft ! Ocked

inverter and an out put I's a sign
switch, and the reference potential Vref is supplied to the other of V1 and V2.
20 [0247]

FIG. 19 is an example of a circuit diagram of a semiconductor device including
a plurality of the semiconductor devices in FIG. 15A. The semiconductor device in
FIG 19 has memory capacity of m x n bits.
[0248]
25 The semiconductor device in FIG. 19 includes a memory cell array where m
word lines WL, m second signal lines S2, n bit lines BL, n source lines SL, n first signal
lines S1, and a plurality of memory cells 1100 are arranged in matrix of m (rows) (in a
vertical direction) x n (columns) (in a horizontal direction) (m and n are natural
" numbers) and peripheral circuits of a first driver circuit 1111, a second driver circuit
30 1112, a third driver circuit 1113, and a fourth driver circuit 1114. Here, the

configuration described in any of the foregoing embodiments (e.g., the configuration in



[ 0265] As for the operating voltage, it can be assuned that
for exanple, VDD =2V, 20 V2 =1.5V, VH=2V, and VL = -2 V are

sati sf i edwO[202662396 As described_in this enbodi mrenPCTbhY20p0/0681eH ng a
plurality of nmenory cells, nenory capgéi ty of a sem conductor device can be
i ncreased. Note that the nunber and arrangenent of nenory cells, the nunber
and arrangenent of |ines, the nunber and 25arrangenent of driver circuits,
and the |like can be designed as appropriate; therefore, they are not
limted FOGtIA)abepdiedito thetmemary deD2600. The met hods and
structurmz‘%iscri bed in this enbodi nent can be conbined as appropriate with
any of t thods and structures described in the other enbodi nents. 30

[0268] (Embodi maat is4kachVét &Q%érﬁé@&fif‘qﬁ/oép%&&@éso&%% f4nsistor 160, e t i s

enbodi ment, a structure and a manufacturing nethod a sem conduct or
devi ce a@wdltﬁgsmtor 46 tand theegppadiiord fd. oA gatﬁeelchtmdb@ﬁdtt finst/eamsistor16@vhi ch

aredfferen fromt of E odi ts d AN cri bed th
r ef er%ncgn? 8t Eregee 5{} &%%edanflzaB Tap %&r%,&)f(ﬁg %B“%ﬁ?ﬁlg—?rcgﬁf 3990Pg 05 4.
Not e t hatlebRoddsalShestpacitfhQ 64 ard connsdted @Y obahotiRAd PheCspRA® 1ierSI2H¢H ywhi ch

are to be described in this enbodi nent can be used respectively as the
transi st spuregelectrogde afithyH1ss trapsisterl 6041 C@W@C@épgéilqhd?thqrm ThabiHingBL i n t he

circuit ]..sCr ct

S 1ot ur EGHER RlarblE of RSt AhsFRACRHORE BanecliiBleadhiRe AR AEDS |

22B i | | usigndtlnes81 axdahpbthendf the swrmaélﬂcteodzfanﬂhﬂe drin dectebdetodthedeoee. FI G
device, and FIG 22B

22A [l lustrates Cross sect.i on conduct or

illu rafré’ém%{obllg% ap5 SPRsctednio %‘"’éﬁh %tgﬁrdu rsea%ﬂﬂ gignal fing, S2pand a gafe

cor respoeréétré& G (BE 95Hnd ¢ahéi96r PRQ dohﬂ@ctéalfo@ac%qlek' nendholfdlidd Wil G 22B.
In the plan view of FIG 22B, sone of conponents, such as the source/drain

el ect r odendths otreg of He dléctred 5 thaeapaditor I6iard emncgeditoéagh othepl exity. The
sem condg&sgg device illustrated in FIGS. 22A and 22B incl udes the
transi st 0 including a sem conductor material other than an oxide

seni conduct or Fﬁmaerlme/aﬁexﬂmtdeu@ 1160drd Béhnlettad 5h PaillcP Betwicds kedidigeean oxi de
sem conductor in an up pOI’tI on. A transistor ornmed usin a

seni Eondliee SE andtthe Pmlmétlﬂer Ko gxampleo ticqaeneryi ¢cinb@0tad raﬂdég ropeandtae at
high s pef-golﬁﬁlﬁ' Ii,}ﬁ'(l qu 1Ht%ger which is larger than or equal to 1 and smaller than or equal

to m, and j is an integer which is larger than or equal to 1 and smaller than or equal to n)
is connected to the source lines SL(j), the bit lines BL(j), the first signal lines S1(j), the
word lines WL(1), and the second signal lines S2(i).

20 [0251]

The source lines SL and the bit lines BL are connected to the first driver circuit

1111. The first signal lines S1 are connected to the second driver circuit 1112. The
second signal lines S2 are connected to the third driver circuit 1113. The word lines
WL are connected to the fourth driver circuit 1114. Note that here, the first driver

25  circuit 1111, the second driver circuit 1112, the third driver circuit 1113, and the fourth
driver circuit 1114 are separately provided; however, the disclosed invention is not
limited to this. A decoder having any one or some of the functions may alternatively
be used.
[0252]

30 Next, writing operation and reading operation of the semiconductor device in
FIG. 19 will be described with reference to a timing chart in FIG. 20.
[0253]



20 other hand, a transistor including an oxide sem conductor can hold
charge for a long tine owng to its characteristics. [0270] Al t hough
all the twensigsesds are n-channel tragii stors here, it iPsTHRHA/E@S30X 0 say
t hat p-channel transistors can be used.” Since the technical nature of the
di sclosed 25 invention is to use an oxide sem conductor in the transistor
262 so that data can be stored, it is not necessary to limt a specific
structure of a sem conductor device to the structure described here. [0271]
I n the seni condithbogh dparatien ofi séthieBndizPok duviteR 2B, twioh®wisr adsivat cslum@d and

t he 30 cap itor 264 are vided. s w th the transistor 260.
By adopt i*} @?,g SEWr’ﬁe‘E)f(HﬁHPB]I@%BP’ ?1815?]85@212‘8"6‘“103 EP?lttléﬁ%t%d( toghiscan pe

possi bl e OBQH exanpl e, given that the m nimum processing dinension is F,
the area occupied by a nenory cell can be WD 2011/052396PCT/JP2010/ 068103
68 15F2 t o 25FPIG.[20272]chart illustrafingopreatianoefdbe somicdediicer demicE iGBIG.2®A and

emboc et Mt 2Pt 087 REGIA EARR it SEarlThe HoS2h oo Qe the
transi st goterfls of e sdcénd kipgalSERE SBNELAY Ahd dny(ay arel potEhtfal o8 HNAn22B does

not include a sidewall insulating quh Si nce idewal | insulating |ayer
1the

i s not f&LaeML(l)Had Wh(2)i arg potagitials (eorgy llnes‘é@ FH@H@M%SL@B)&W s not
f or med. -lgg"ﬁﬁt’lﬂé Bf{h@%o&%ﬁné‘"@ﬁre a sidewall insulating |layer is not

provi ded egratron s easy as conpared to the case where a sidewal |
i nsul ati mgzss]ayer is provided. 10 In addition, the manufacturing process can
I i ared to the case ere dewal | |nsulat|n | ayer is

be s lified as co \/\/2 a si
provi(ggd [ 0275irst, writing ¢pfa tQ the; meReRy el (1.d2and e memargsell $b2) whigh2ps’ i s _
al so di ff@fn@&frstf&mﬁdn%aaﬁgd%%ﬁw mem¥he&I1P{1, Hnd RE RR/UIY 8PPy ment in

an interl ayer | nsul at i ng
which are in the first row w1ll be described. Note that in the following description, it is

assumed that data to be written to the memory cell (1,1) is "1" and data to be written to
the memory cell (1,2) is "0".
15 [0256]
First, the writing will be described. In a writing period of the first row, a
potential VH is supplied to the second signal line S2(1) of the first row so that the
- second transistors 162 of the first row are turned on. Further, a potential of 0 V is
supplied to the second signal line S2(2) of the second row so that the second transistors
20 162 of the second row are turned off.
[0257]
Next, the potential V2 and a potential 0 V are applied to the first signal line
S1(1) of the first column and the first signal line S1(2) of the second column,
respectively.
25  [0258] ‘
As a result, the potential V2 and a potential 0 V are applied to a floating gate
- portion FG of the memory cell (1,1) and a floating gate portion FG of the memory cell
(1,2) , respectively. Here, the potential V2 is higher than the threshold voltage of the
first transistors 160. Then, the potential of the second signal line S2(1) of the first row
30 isset to 0V so that the second transistors 162 of the first row are turned off. Thus, the
writing is completed.

[0259]



15 provided in the transistor 260. That is, the sem conductor device in

FI GS. 22A and 22B i ncludes a hydrogen-containing interlayer insulating

| ayer 225wetalnsedei n contact with a pgtal conmpound regipom/JRBA0/06810e
transi stor 260. By providing the hydrogen-containing interlayer insulating
| ayer 225 so as to be in contact with the netal conpound region 224,

hydr ogen can be supplied to the transistor 260 to i nprove 20
characteristics of the transistor 260. As the interlayer insulating |ayer
225, for exanpNete Ehastlieiwmdlin'esWb(el)laangI(QOatwatrﬁptgemwoﬁgé\h Fadrthef) i s

| ayer i n SSAEHE Rt R A% siananPhe oot b gl rae s et dre galprbad 0

i nsul at i Y theAy8EndABnal MMESOMG bf Y GR FAWisAIVRIEY! YTRE fr@&%ord%lﬁa%@eﬁb stor
262 can be prevented fromentering the transistor 262 the i nterlayer 25

i nsul at i meemery elenEngto which dataras deemwaitten soYiwhiin thedasd @fyiata ’I‘(B'raméd’\by a

sputterin i e ahsence..0 drogen is
str uc?ur elgltﬂsge‘té%%?% dg%f l‘1[he e, e eralr% ann?%gci ¥Qr QWSWQE V%e g@olsaﬁd 262
can be i npiiteolegats uflédtodenttey soured elebhade lon thd @-Sst gadsiand 1808s Assubstrate

200, an elenment isolation insulating |ayer 206, gate insulating |ayer
208, a g&lcstradeapd 8&6‘“2‘2@1‘30&06%aﬁﬂ’élse‘f@ﬁﬁﬁ{ﬂﬁl&ﬁ’fﬂ%i%d@%ele%tmdé in the

hi gh- con t .l ien 224
Corr esponi 1oy ehatotr Dbl el BRI SoHpa RO dRerBy o SERS I EOET

106, t he thgateemimd ubmtacrag tloai;herwd.ﬂB],md Néngh&haihangersoxéelsthﬂléb bttheen hﬁmnel

for i on region i gh-concentratign WD 2011/052396PCT/ JP2010/ 068103
69 mur Feyre e’g% 616216 th%ﬁ&na RleCHRAcatT tae sy iasipepieh atedhatciw@prd in
Enbodi meatyJq i 5 E%ﬂtl vely. [0274] The sem conductor device in FIGS. 22A
and 22B i s a}so rent fromthe 5 sem conductor device of the foregoing
enbodi mep@260f that insulating |ayers 243a and 243b are provi ded between an

oxi de sem condyctor |ayer 244 and a source el ectrode_ 242a and between the
oxi de seni condti¢ibrthe z5admeowill be described; nlnep deadinggperiobef thedisseeawaal y, in

the trangbt%mm P9 %nd Bte &&eﬁlﬂww s@g%ﬁéa% 1S Woid hh‘@v&b E)Fth%ﬁﬁ'?th R\ 243D,

so-calle ate capacitahce formed by ate el ectrode a an € source
10el &&t rentét12:4\2ard( kinpe WiéZ)gaf theedecaitd mohe r&@aan&bd d’hdrmitential &dt isddee242b)

[oz75] | han e sehpo iR Vi BB WD) B3 aineteet G S BChe 5t rowon 1 <
formed diestd tYar@BtdrhSO gRtR wmelh A1 21 fh whibRushY ot Retdrb@RSdB tall ugb0 1 N
the | ower portion and the transisStor 15" 262 in the upper portion are

el ect ri cérgtyrapgiptaed 6@ of the mamproedib(l, 1)W1t\hhlsh|dhta '18tis storadr i, onan Wheregr at i on

d t wh ctrod d
[ he ar o AT R SERRRE N PERR oot By ARFRRIGs 280 B FRghPEutes can
be s2oml t:éllsE(d 1) hA2752) lawlémaughditheo'swdm urgs stodduslolg al | the

differences s described in this enbodiment, a structure including any one
of the dl%%0&}ences may be enpl oyed. [0277]

Next, a potential of 0 V is supplied to the source line SL(1) of the first column
and the source line SL(2) of the second column.
[0262]

25 As a result, the first transistor 160 of the memory cell (1,1) between th'e bit line
BL(1) and the source line SI(1) is turned on, thereby having a low resistance, and the
first transistor 160 of the memory cell (1,2) between the bit line BL(2) and the source
line SI(2) is turned off, thereby having a high resistance. A reading circuit connected
to the bit line BL(1) and the bit line BL(2) can read data based on a difference in

30 resistance between the bit lines.

[0263]



<Met hod for Manufacturing Sem conductor Device> Next, an exanple of a

nmet hod for manufacturing the aforenentioned 25 sem conductor device w |
be descriwedniHse®onafter, steps perforned after fornatiPOm/JBio10/bes103
transistor 260 in the |ower portion and a nethod for manufacturing the
transi stor 262 in the upper portion will be described with reference to
FIGS. 23A to 23D and FIGS. 24A to 24C. The transistor 260 in the |ower
portion can be forned by a nethod simlar to the nethod described in

Enbodi ment 1. Foitbeli aeputentiat afi Ob¥ anelf ther pderttial 30 her suppiedied ahd secohldt e t hat

. or | oy SIERRL0F S20g djf S0ng s fine SACD pisapesiinclofiitat 28 teSettnover

the tranyaadiQors2fdd drb tdhé b o MOPRl gaeﬁﬁalu@fufe fidain tléé‘é‘e RAHEE EGHF D fipst
el ectrodes 130a and WD 2011/ 052396PCT/ JP2010/ 06§ 3 70 130b 1 n Enbodi nent

1 are notowds k¥ ohN3udhust ithe peirntiad axfuhe sgeqndosigeal lofe $2(2) iy setstbs® 34 260 in

this gnbodi nent nd ev the styucture in which the source/drain

el ect T odddiehd g1 AE S5op tapaSiath 1620 the i rachal e dipoed Pt Oy B Ot 1 of
conveni emggd, th®3d@htidi UTehd FamsigSae¢ Eaﬁﬁnim ohénd R068d RAV Is IBWel thahQhéred by
t he net hod descri bed i n Enbodi nent first, and then, a portion over a top

surface @pteptd aythedimae dizeqtlypdtep dya gifritingdf thepatangiebY Lisopphcd @b wgrd For t he

renovi ngy: WL( ol s hi 1.C ?gﬁp e

pol i shi né‘?g may Zg'e Eg‘le}%ﬁ gﬁrtﬁﬁg%g%? E’F %%l%ﬁg?ﬁ { %@f g?%?]{g‘a“y@‘lfm ns u%g{n?’ﬁlée | ayers
225, 226 poental2df8hesesontl rsigrtab fins $2{Dde sof tot loey gaiilariglteche potentZl @fahe 10
renmoyed. No that the_surface subjected to such polishing treatnent is

pl ani‘?i zé"d”‘iﬁfl? m}\t WEUSME&QEV%H tRPYSOFOHY, cag beitwaed g i nsul ati ng | ayer,
a senco or layer, or the like can be forned favorably in | ater steps.

[0279] Then, "a conductive layer is forned over the gate el ectrode 210 and
the 15 i nter| aiNext, ianswitpittipogentialy oy thexas¢ wWh2s:, a airdui 28 FIGN2 ishesedasdaict i ve

| ayer is_select.ively. etched,. so that fhe sourc nd ajn.elegtrodes 242a
e 2azt St M ReCOE P, SAe bR e et dhEblafe SCIHMEE I
formed i thediduece! 1ikePBLAGLs Wi, ha 1d%e paRhalek &appladetoZal Clock RO rtetOatacan
conductive layer for tormng the source and drain el ectrodes 242a and 242b

can b f euwBtD(Y)iing sagnehlgh. a| Sisgenthe gesistancerhetwesm thp ditslingr Be(2) aad the

el ectrod 42 1 e j ' Ilin?g s - Further, the conductive
| ayer caségée éf} %?’E‘gz )bé%gg‘?fefﬁ%q%?%hﬁgr ?’klggqéré 818&6%5%?'?%%0;1 n|dnan

Enbodi nmepttpit DEYtiodsigeraitLolv.can be referred to for the details. 25[0281]

Next , angiznsi{l ating layer is formed so as to cover the source and drain

el ect r od8¥%h2a and 242b and sel ecti vely etched, so that the insulating

T e, RSP BTSSR e SBURRD AL LR 98 205, 2422
20 V2=15V,VH=2V,and VL = -2V are satisfied.
[0266]

As described in this embodiment, by providing a plurality of memory cells,
memory capacity of a semiconductor device can be increased. Note that the number
and arrangement of memory cells, the number and arrangement of lines, the number and

25  arrangement of driver circuits, and the like can be designed as appropriate; therefore,
they are not limited to the above structures.
[0267]

The methods and structures described in this embodiment can be combined as

appropriate with any of the methods and structures described in the other embodiments.
30 [0268]
(Embodiment 4)



30[0282] WO 2011/052396PCT/JP2010/ 068103 71 242a and 242b can be reduced.
[ 0283] After that, the oxide sem conductor |ayer 244 is formed so
as to cowso 20hessmarce and drain el ect6 odes 242a and 242bT/Jardo/ecsyes e
insulating layer 246 is fornmed 5 over "the oxi de sem conductor |ayer 244
(see FIG 23C). [0284] The oxi de sem conductor |ayer 244 can be
formed using the material and the nethod of the oxide sem conductor | ayer
140 described in Enbodi nent 1. Further, the oxide sem conductor |ayer 244
i s desirabl y siibj ti¢ eembadiment, ar eaticrert dnfli ras tmivadactilGng rmathﬁﬂnfof a

Enbodi ment an be referred,to for the detajls. $0285], he gate

i nsul at i ﬁ@mfcé’? ctors devich, apeording oqanpthen Fobadimenteof the Qﬁﬁl"f’%’elqﬁ’ﬁ{‘%ﬁ of the
gate insuliat R lda¥GEnt 1 B8mAARRE | BefmbBaiEARTh iupd ReSeritelCwit %?r med
gate insulating layer 246 is desirably subjecte %eat treatnment (second

heat treatferntd td NG 23A and@2B, HHSS.a23diloRA3EY, and FI@S 2y et Gat Mbstp leat e.

Enbodinent, 1 c ferred t he .detail .. ,[0286] Then, over
The_git o H SRR R 1 Bominhel? and s fapieitr oBt st 5348 be depesiteadd ThS o

regi on o\‘giboaiking@anvbt hiséd FRPERNeRf ast e tlahgd8idt 360 the Gransi¥df 62, S/idMRS as a
channel 20 formation region, and the el ectrode 248b is formed in a regi on

over | appicARRCHPY Ho4 wibich ater indhe Fiseuit diagrama ohthedersgping cnibpiimer(t9287] The
gate el ei c@ie 248a and the el ectrode 248b can be forned in such a manner
that a conductive layer is formed over the gate insulating | ayer 246 and
t hen et ch€oRSectidlab8triotele\and Pihac Sadtciecl of Seimdgoaduttor Devicke gate el ectrode

248a_and t he elﬁayode 248b can be formed by a PVD nethod typified by a
sput t8ring net K ogrz‘Aaa’Eﬁ/@)Zﬁé]chﬁS@tes%ﬁxaé%P ‘éoﬁlaa%%‘ﬁt“&@f Hst $§8HCOmHetoF et ai | s

are sim lgagicf 0 FI@?QA@Iflusttrlaf%s%%s@%e&loﬁc&frtﬁ)@&nﬁé&ﬁiu‘a{ortd@ﬁcé AGriEmyp the
dESCI’IptIOI’l t hereof can referred
illustrates a plan view of the semlconductor device. Here, FIG. 22A corresponds to a

cross section along line C1-C2 and line D1-D2 in FIG. 22B. In the plan view of FIG.
22B, some of components, such as the source/drain electrode 254 and the line 256, are
15  omitted to avoid complexity. The semiconductor device illustrated in FIGS. 22A and
22B includes the transistor 260 including a semiconductor material other than an oxide
semiconductor in a lower portion, and the transistor 262 including an oxide
semiconductor in an upper portion. A transistor formed using a semiconductor
material other than an oxide semiconductor can operate at high speed easily. On the
20  other hand, a transistor including an oxide semiconductor can hold charge for a long
time owing to its characteristics.
[0270]
Although all the transistors are n-channel transistors here, it is needless to say
that p-channel transistors can be used. Since the technical nature of the disclosed
25 invention is to use an oxide semiconductor in the transistor 262 so that data can be
stored, it is not necessary to limit a specific structure of a semiconductor device to the
structure described here.
[0271] '
In the semiconductor device in FIGS. 22A and 22B, the transistor 262 and the
30  capacitor 264 are provided so as to overlap with the transistor 260. By adopting such a
planar layout in FIG. 22B, high integration can be possible. For example, given that

the minimum processing dimension is F, the area occupied by a memory cell can be



[ 0288] 30Next, interlayer insulating |ayers 250 and 252 are formed over the
gate insulating |ayer 246, the gate el ectrode 248a, and the el ectrode 248b
(see FI GwoOAp11/0Fk@6i nterl ayer insul atigg |ayers 250 andP23armanoéseoX or med
using the materials and the WD 2011/6@2396PCT/JP2010/068103 72 net hods of
the protective insulating |layer 144 and the interlayer insulating |ayer 146
described in Enbodi nent 1. Enbodinment 1 can be referred to for the details.
[0289] Note that the interlayer insulating |ayer 252 is desirably formed so
as to hausFatos}iFnari zed surface. This is because an electrode, a line, or
the Iike ﬁgﬂﬂbe favorably formed over the interlayer insulating | ayer 252
even in i ase where the sem conductor device is reduced in size, for

exanpl e. The i rd I g ' [ a

met hod such. as R THRadoRY! dyicadinl FES, SPA M B B JRFACHT B8, 2,

t he i nt esémiconduateu kiavlcmglelsaﬁmdsmz 28 fe’@oingnemB@dimenhen othatda sdawalbnduct or
| ayer 244 ate.insul ati 246, and i pterl.aye nsul ati ng

| ayer 25’6*“?%‘%2@' L0t PRV %;qu “%/l‘raélstsff&%@o frh%ﬁls éﬁ ﬁ%rf‘i{!)‘q%gf""f:%ac hes

t he met alin FEOPO20W ah @ ADBMH0EL floCinclulde at Jiddvwd15inRh1adRD 1dyer. f @rnm%da tiaeRalr! G
24B). As the etching, either dry etching or wet etching may be used; in

terns of lnﬁll@mgém danptofermed, yth@anrchumig 1¢gios 1déde.galsey Fé@l&p%@nd RB9e]
Ime U AL, R PR AR LR BB TR g o
el ectr Od(ﬂxt&@éﬂdxﬁﬁ&:aﬁl 4s cdi(pared20 thd&82vhere a sidewall insulating layer is provided.
10  In addition, the manufacturing process can be simplified as compared to the case where
a sidewall insulating layer is provided.
[0273]
The semiconductor device in FIGS. 22A and 22B is also different from the
semiconductor device of the foregoing embodiment in an interlayer insulating layer
15  provided in the transistor 260. That is, the semiconductor device in FIGS. 22A and
22B includes a hydrogen-containing interlayer insulating layer 225 which is in contact
with a metal compound region 224 of the transistor 260. By providing the
hydrogen-containing interlayer insulating layer 225 so as to be in contact with the metal
compound region 224, hydrogen can be supplied to the transistor 260 to impfove
20  characteristics of the transistor 260. As the interlayer insulating layer 225, for example,
a silicon nitride layer containing hydrogen, which is formed by a plasma CVD method,
is given. Further, by using an insulating layer in which the hydrogen concentration is
low as an interlayer insulating layer 226, hydrogen which can adversely affect the
transistor 262 can be prevented from entering the transistor 262. As the interlayer
25  insulating layer 226, for example, a silicon nitride layer formed by a sputtering method
in the absence of hydrogen is given. When such a structure is employed, the
characteristics of the transistors 260 and 262 can be improved sufficiently. Note that
in FIGS. 22A and 22B, a substrate 200, an element isolation insulating layer 206, a gate
insulating layer 208, a gate electrode 210, a channel formation region 216, a
30  high-concentration impurity region 220, and the metal compound region 224 correspond
| to the substrate 100, the element isolation insulating layer 106, the gate insulating layer

108, the gate electrode 110, the channel formation region 116, a high-concentration



The source/drain el ectrode 254 can be forned in such a manner, for exanple,
that a conductive layer is formed in a region including the opening by a
PVD net howlO 201103395t hod, or the |ike_and then part of wrhe/Jeundoesuove | ayer
is renoved by etching, CMP, or the Ii?g. Specifically, it is possible to
enpl oy a nmethod, for exanple, in 25 which a thin titaniumfilmis forned in
a region including the opening by a PVD nethod and a thin titaniumnitride
filmis formed by a CVD nethod, and then, a tungsten filmis fornmed so as
to be enliepukity region 120 ogehntha gnetilerompouhe régiom h241 mhidhl are fiw Embddhyern 1PVD

met hod has a fupction of reducing an oxide film(e.g., a natural oxide
film foffBECSYa surface over which the titaniumfilmis formed, to
decreasegira;30 contact resistance with the |ower electrodes (e.g., the
met al corpound regi on 224, here). The titaniumnitride filmformed after
the formation dhe stmicondentorudevicd in RKES.a22#aand @2Bf isnadsa diffendnt fraawah¢ i ng

di ffusion of the conductiyv terial. A.copper fil.mumy he

2011 D5 SRS RSG5 T e bR OB oE 5 dha iEP Tinedavert 2sa pae
formati on43y atchgrobmied iRtwden! 40 @fidé isémitbhdictdr! Tapet 248 fHd 4 isBgrce RleckbEe | 1 Ke.
[0293] The line 256 can be forned in such a manner that a conductive |ayer

i s forneddZp and beprreactheygxide spmicopducter lyei 344|andt 2 slfzin 2dectrpdd 242bn et ched

selectiv ; C i I r ] ) t typjfied by
=" sput  efiohe Ve, SN el RO PR R IE I tnelab T 24 YR

detai |l s 24%b,siontdllad gate tchpmitande fdimed dur aegst atéctode 2MAaardr tHehsodridke.

[ 029 device including the transistor 260, the

41 10Th t i duct
tr any% st 5#6“@, 24&%@? H?e(égtgﬁi%frgé? 25%anda daimsleqtiode 2fdgnn be reduced [y ¢ he

sem condiil ot R LeiHESEI R thd itylics ogabodi ment , for examl e, the
transi stor 262 and the capacitor 264 overlap with the transistor 260, the

transi st f273p0 15 does not include a sidewall insulating |ayer, the source

el ectrode 242a_i ornmed directly on the gate electrode. 210: .t herefore,
i o 1 nt egr at | BRI LA B a8 o asment o dhe S N RESET FripParb kel
si nplifi gR.galddd&BlodERNDh@Rerebythe BRANSSDT SENRUGE WwdPoiEch HRSRE LRty this
enbodi ment, an 20 insul ating |ayer containing hydrogen and an insul ating

| ayeld wi 262 i the 4ppe PoHjair 15 lecisad penngeted to each qikasd M&th sugh pstroetizey er

i nsul ati ng:| |V - th har acteristics of the
{ransrst i ioh GRRBAM b ditrcdsEF REEIMMI o h0YRe IEE AEPREISIGR 0" ) 0
and 243blins are aproeided aiddlittaadel t dncaddition, ethdC athnafadtuking S prodssOp&f &l NQ

speed of the transistor 262 is increased.
simplified.

[0276]
20 Although the structure including all the differences is described in this
embodiment, a structure including any one of the differences may be employed.
[0277]
<Method for Manufacturing Semiconductor Device>
Next, an example of a method for manufacturing the aforementioned
25  semiconductor device will be described. Hereinafter, steps perfdrmed after formation
of the transistor 260 in the lower portion and a method for manufacturing the transistor
262 in the upper portion will be described with reference to FIGS. 23A to 23D and
FIGS. 24A to 24C. The transistor 260 in the lower portion can be formed by a method
similar to the method described in Embodiment 1. Embodiment 1 can be referred to
30 for the details. Note that the capacitor 264 is provided in this embodiment. In
addition, three interlayer insulating layers 225, 226, and 228 are formed so as to cover

the transistor 260 in this embodiment. Note that the source/drain electrodes 130a and



25 [0297] The above features described in this enbodi nent nmake it

possi ble to provide a sem conductor device having significantly excellent
char act erwetnria52399298] The net hods and struct ecegrziag/essiésed i n
t hi s enbodi nent can be conbi ned as 307Qppr opriate with any of the nethods
and structures described in the other enbodi nents. [0299] (Enbodi nent 5)

WO 2011/ 052396PCT/ JP2010/ 068103 74 Thi s enbodi ment describes, with
reference to FIGS. 10A to 10F, exanples of electronic devices in which a

sem condygpwrin debEEnmeRt ai AedndtNform¥d AhrduldR (RE ShRIFSCEITRD ProiREY f ithe
nmount ed. The sem conductor device obtained in any of the previous

enmbodi netrassistan 260 dp dhigagmbasimentwand cpedlie plsugiere iguphich dbe sprce/dexn
deterioratl r Lid S| i . . itiopally, the
Coeh oG DAL Bo P BRI I8 PR BRI fiutala, - 11e
possi bl e [02y8pr ovi de an el ectronic device of a new structure using the

af orenment i oned _sem conduct or device. Note that the sem conductor device
accor?ing to ahye sansister 2pQn Higslowsp aertior s fonmed Ry theanetpd desaribed dp at ed

circuit : t i 209 oktSord QR (ak=] [

devi ce. WS@S@?Q i, ahéﬁlgnlg%olhzo a no{agtg%cs)ﬁﬂsété;ﬁf(em% ?tgrc%}\%:tr%g%?rp?@togr whi ch
i ncl udes thehteanstur 266 ductmved e VFaréhacoomvigsiep, polshing fredthenpsueh iap CMP
enbodi nents, .and is forped w.th a housing,h30 a housi ng 302, .a display
por t1 on Gdsimichlcagigaral oRshiagly fratabr | Wed- | JBuR PIRRT: b0l e sonal
digital aRgjathgMyetdDFs, 208 et DOE byslame e s@@AB TNHY GhiRr el ElRN6dE 210GHOT di Ng
to any of the previous enbodi nents, and i's provided with a housing 311, a
di spl@y ponaevedn Do thah the serfacg| subjecteds t@c@cgn&IISblpertmatrgwtblgtnlms12%4, and

he Iike_ Additional | i s a styl 2 o1 ati .
L0302 20HEeEneshiy o Sk a ok i BopR PRRRUAP: BESHP 01

an e- bookherld@dah bd 26mddi favoruble linithes stdpe. sem conduct or devi ce according to
any of the previous enbodi mrents. The e-book reader 320 includes two
housi ngs[0%d%housi ng 321 and a housing 323. The housi ngs 321 and 323 are

o Lached by 2 MO, SShai et R ot e i PR and
can b® uaeetldyek énsalapiagdayelpo@RS, 7263@d 228, and the conductive layer is selectively
etched, so that the source and drain electrodes 242a and 242b are formed (see FIGS.
23A). Here, the source electrode 242a is formed in direct contact with the gate
electrode 210.
[0280]
20 The conductive layer for forming the source and drain electrodes 242a and
242b can be formed using a material similar to that of the source/drain electrodes 142a
and 142b described in Embodiment 1. Further, the conductive layer can be etched by a
method similar to the method described in Embodiment 1. Embodiment 1 can be
referred to for the details.
25 [0281]

Next, an insulating layer is formed so as to cover the source and drain
electrodes 242a and 242b and selectively etched, so that the insulating layer 243a and
243b are formed over the source and drain electrodes 242a and 242b, respectively (see
FIG 23B).

30 [0282]
By providing the insulating layers 243a and 243b, parasitic capacitance formed

between the gate electrode 248a to be formed later and the source and drain electrodes



A display portion 325 is incorporated in the housing 321, and a display
portion 327 is incorporated in the housing 323. The display portion 325 and
t he di splwg 2porasezds 327 may di spl ay one i nage or differeat/Jpmagess1od n t he
case where the display 30 portion 3257hnd the display portion 327 display
different images, for exanple, a display portion on the right side (the
display portion 325 in FIG 10C) can display text and a display portion on
the left side (the display portion 327 in FIG 10C) can display WO

2011/ 052396P5H MPRAARLOGSILOG1. 75 gr aphi cs. [0304] FIG 10C illustrates

an exanple in which the housing 321 is provided with an operation portion
and the [938] For exanple, the housing 321 includes a power source 5 331,

operation keys ,333 peaker 335 the | hke. Page an. he r W th
t he operation é‘gtf;’lé ﬂ?%?. “Not! gets %{Cbggl%e%/rblg ?rd,bi(fllspgfrﬁ}e?nsé %eg)l S(Eev%ér gﬁgt he

| i ke may sébre® afie dpi® ¢led@6des 2408 &nd (P4RBCandOd ghidcinfiatsigyon2adisclorméd

di splay portion is provided. Furthernore, an external connection term nal
(an ear pRueidhe exide semicondugtss layer g fgee FIG123GH nal that can be connected to
vari ous gﬁﬁhﬁs such as an AC adapter and a USB cable, 10 or the like), a
recordi ng medi uminsertion portion, and the |ike may be provided on the
back surface oThaosiddasemitohdeaoolayth2dhcansberfprméddisingothalmateridl hed eahdook

reader 320 y have a function of an ctronjc dicti.onary. [0305]

Furt her, “‘t‘?‘l‘én%é’-ftﬁ‘b% X1 %%%‘Fo%gﬁ“}?é%/ye§é%¢18‘é§ﬁﬁg?‘ielﬂe€¥)§° Aeqt %’m r%‘l“ﬁ’f&l‘{}‘?
Through 3,2id¥ deali&siRiuce T Cd 8N deddRbly S6bjBASK tdalcat Healnhiiit | (kike AN be
purchased and downl oaded from an el ectroni ¢ book server. [0306] Not e
t hat 1@ he trehtersnt)onEmbpdimeant d an be refpmed todor thedlstailses of any field as |ong as
t hey can @i Elay data. For exanple, other than the e-book reader

electron{ 8§ per can 20be used for posters, advertisenent in vehicles such
as trains, di sphéyatt insalatiagil@fey 286 ce@bélformed using the material and the method

of the gate insulating layer 138 described in Embodiment 1. Further, the formed gate
insulating layer 246 is desirably subjected to heat treatment (second heat treatment) in
15 an inert gas atmosphere or an oxygen atmosphere. Embodiment 1 can be referred to
for the details.
[0286]
Then, over the gate insulating layer 246, the gate electrode 248a is formed in a
region overlapping with a region of the transistor 262, which serves as a channel
20 formation region, and the electrode 248b is formed in a region overlapping with the
source electrode 242a (see FIG. 23D).
[0287]
The gate electrode 248a and the electrode 248b can be formed in such a manner
that a conductive layer is formed over the gate insulating layer 246 and then etched
25 selectively. The conductive layer to be the gate electrode 248a and the electrode 248b
can be formed by a PVD method typified by a sputtering method or a CVD method
such as a plasma CVD method. The details are similar to those of the source electrode
242a or the like; thus, the description thereof can be referred to.
[0288]
30 Next, interlayer insulating layers 250 and 252 are formed over the gate
insulating layer 246, the gate electrode 248a, and the electrode 248b (see FIG. 24A).

The interlayer insulating layers 250 and 252 can be formed using the materials and the



such as credit cards, and so on. [0307] FIG 10D is a cellular phone
i ncl udi ng the sem conduct or device according to any of the previous

enbodi mrerwe.20fils2@bor esai d cel | ul ar phgne i ncl udes two RCUSPIYE/N6SIE a
housi ng 340 and a housing 341. The hoaglng 341 includes a display panel
342, a speaker 343, a mcrophone 344, a pointing device 346, a canera |lens
347, an external connection termnal 348, and the |like. Further, the
housi ng 341 includes a solar cell battery cell 349 which charges the

cel | ul ar nRIRAR. ofole Prstedtival inSRAMgY 1a§EO144358d tl@nﬁt&f&gcﬂ ins@latihg) 1861146 on, an
antenna is incorporated in the housing 341. 30 [0308]

2011/ 0523esmbed iPEmbodiowst b3 E@bpﬁ@e@éﬂpmmre&mﬁiéolfgrthﬁdﬁt@éa with a

boostlng[ﬁ%gﬁU|t for boosting an output voltage of the solar battery cel
349 into €-'necessary voltage for each circuit. Further, in addition to
the above stru®Nots that theéntedyen lissulapingneyee H2 xeddsitatilp €ornidicsor 33a0 dbhedla Wi t h a
contactless I.C chip, a small nenory device, or the like. 5[0309]

t he d?splPlapapzgtesurtage.  Hhigjis Br%wsq)@ sleceder 3 lings Obéheabb‘? G‘b‘} P%ltf@’lo‘&ab&hanged
accordi ng, 1048 NSAGRe pf?ﬁe%tﬁ%@r 1E§{flz§]te dilgy%? Nge thenCaleme LaRs v@éye Ithe

provi ded on the sane surface as t pl ay panel 342, the cellul ar phone
can be usedicasdwctar ctbermepmﬂhmed' Iitesisgefakexaxﬂple athbe imalzmec irsplating 1844 can be

used not or VOlC cal r video l,I.S
recordin&ggﬁ%%é?ﬁﬁngﬁﬁ &mnéﬁdn? PF%@SCég?nggy?l 8B ﬁ§Pﬂ§ B89 and 341
devel ope gﬁ¥|llustrated in FIG 10D can be.slid so that one overlaps the

other; therefore, the size of the cellular phone can be reduced, which
maked0t he cel | dNfter tbﬁoﬁbe sterlamrentsgltﬂtlbgnlmger%a?ﬂri &R0, [vd12728, 1% hexids er nal

348
conect ! Sl SHEAT " RTDRFOMBERANE 1, 4, PG Gn, S iag”

perform tafes erahmlzsatar@rseledsmteﬂse etchk® so I‘m:ftemvepcmﬁg/ tlialﬂ&&l’dlbmgleamleator di ng
mediuminto the exterpnal nmenory slot 350, the cellular phone can, handl e t he

storage &P@peyndeegion 7 of tP%F‘@ES‘ﬁﬁbaﬂ? isgformed (see Elo: Z4B)- iAS hagichiNgn to t he
above fueﬁ{;ércm etcithg! &fv&ﬁe&ﬁ@gmggmggdcmfeﬂﬂs Bf'ﬂl‘férbﬁﬂnc;ﬁlc;nehﬁrvét&hﬂ%'0E .

reception unc ion, "or t y be provi ded

di gi 1&l uaksndﬂymdmudlng t he sem conduct or device accordlng to any of the
previ ous @gﬁ dinments. The digital canera includes a main body 361, a

di spl ay #on A 367, an eye piece 363, an operation switch 364, a display

portion B 2536%he otd/iRielectffle 2ads tdithelisk@s td B3dmbedded in the opening.
Then, the line 256 is formed to be connected to the source/drain electrode 254 (see FIG.
24C).

20 [0292]
The source/drain electrode 254 can be formed in such a manner, for example,
that a conductive layer is formed in a region including the opening by a PVD method, a
CVD method, or the like and then part of the conductive layer is removed by etching,
CMP, or the like. Specifically, it is possible to employ a method, for example, in
25  which a thin titanium film is formed in a region including the opening by a PVD
method and a thin titanium nitride film is formed by a CVD method, and then, a
tungsten film is formed so as to be embedded in the opéning. Here, the titanium film
formed by a PVD method has a function of reducing an oxide film (e.g., a natural oxide
film) formed on a surface over which the titanium film is formed, to decrease the
30 contact resistance with the lower electrodes (e.g., the metal compound region 224, here).
The titanium nitride film formed after the formation of the titanium film has a barrier

function of preventing diffusion of the conductive material. A copper film may be



FIG 10F is a television set including the sem conductor device according to
any of the previous enbodi nents. The tel evision set 370 has a di spl ay
portion 3¥8noBeerated in a housing_371. |Inmages can becaijpplieyedoon t he
di splay portion 373. 30 Note that heré3 the housi ng 371 is supported by a
stand 375. [0313] WD 2011/052396PCT/JP2010/068103 77 371 or a separate
renote controller 380. Channels and vol une can be controlled with operation
keys 379 of the renote controller 380, thus an inmage displayed on the

di splay péiddBy BpRtifamdeodCat el fopslatiddo Ly Sarridr FBm! FMhMu O fitan@loh er 380
may have a display portion 377 in which the information output fromthe

renot e caffigplorge¥80 i s 5displ ayed. [0314] Note that the television
set 370 i(?zggmeferably provided with a receiver, a nodem and the like. Wth
t he use é the receiver, general television broadcasting can be received.
Addi tional |y, Whelint 066 darspé foyrmae\in Se-hi Smamien elidt @actobdua@ive dayed iy foamedn 10
network with or without wires via_the nodem one-waé'h( roma sender to a

f
recei ¥er jn &Pnpﬁbmﬁytl(%é?%%/ﬁraé“ slsctrede Z2xd and dhen glshedselsstivden Theei ver s)
dat a CO”‘&Uﬁde%ﬁ% %@flcﬁ@zﬂn RerdPEd g&’ﬁ%lﬁl[ngélﬁit pified by a S%J}Eerﬁ Ghod 65a

net hods, and the e described’in t I ment” ca e Y5conbi ned as
appr opr i &V wmedthodasuchals a plasmé IGCMD uretbod. mefheodtsailsaare stnmidar| to keosdadahe bed i n

t he ot her enbadi ment anpl e 1) [0316] In this exanple,
results 5‘6‘[’8‘?%8?? f@gggﬁe ®the off current of a transistor 20 including

a highlygegyfied oxi de sem conductor will be described. [0317]
First, atransistor with a channel width Wof 1 m which is sufficiently
wi delOwas prepdhes thasegueeridgetondedee wcluding the tiangiptar PoGyfthe wansiston26gs a

E’JL?PZ:’]tSt Iglréd hlngegclgﬁa?cig@?ﬁ‘f gcg’tﬁ’?feg%ws“ ed oxi de sem conductor, and the off
[0295]
In the semiconductor device described in this embodiment, for example, the
transistor 262 and the capacitor 264 overlap with the transistor 260, the transistor 260
15  does not include a sidewall insulating layer, the source electrode 242a is formed directly
on the gate electrode 210; therefore, high integration is possible. Further, the
manufacturing process is simplified.
[0296]
Further, in the semiconductor device described in this embodiment, an
20 insulating layer containing hydrogen and an insulating layer with a reduced hydrogen
concentration are used as the interlayer insulating layers 225 and 226, respectively; thus,
characteristics of the transistors 260 and 262 are improved. Owing to the insulating
layers 243a and 243b, so-called gate capacitance is reduced and thus, an operating speed
of the transistor 262 is increased.
25 [0297]
The above features described in this embodiment make it possible to provide a
semiconductor device having significantly excellent characteristics.
[0298]
The methods and structures described in this embodiment can be combined as
30  appropriate with any of the methods and structures described in the other embodiments.
[0299]
(Embodiment 5)



25 the results obtained by neasurenent of the off current of a transistor
with a channel width Wof 1 m In FIG 25, the horizontal axis shows a gate
vol t age \W@oand/tskeéverti cal axis shows a drain current PDI/JPIIO/NES1CASE
where the drain voltage VDis +1 V or 7410 V and the gate voltage VGis
within the range of -5 Vto -20 V, the off current of the transistor was
found to be smaller than or equal to 1 x 10-13 A which is the 30detection
limt. Mreover, it was found that the off current of the transistor (per

uni t channel \Mrﬂtsfbn(bbdixhéﬂt)degén&gawitﬁrrefeftaae & FEGSI110A & 10RAkdhpleé df X 10- 18
A/RM). WD 2011/ 052396PCT/ JP2010/ 068103 78 [ 0318] Next wi || be

descri be@les:nemf:ebmcps i yetha¢hh a semjcandueior devgce Rbtagied iBuanyepk thsf previeus
t t hi tel
PR G L S L SR A T S

purified eﬁibbd@neﬁtssﬁm steracacd evenvabierl powaer ismodguspliid| eFuithandeateriegtioh to 1 X
10-13 A which is the neasurenent |imt of neasurenent equipnent. Here, the

resul¥s @@Ph“ﬁéﬂlgn‘ﬁ@sﬁﬁ?lﬁg sk capsedr aftddisiopally, the eperatipr of ayritings avd | er
than or e&gﬁlg 5% ‘%41?1%2%3’?9‘1 | Oy ! ehfe teaSdn, g mettogﬂuwamt ellaflr(;rm:" above

measur enent e of an el enent for characteristic evaluation,
wi || be desice bbediewldfudBit® pusing the afdremattiontd sereicondurtorf daviaechaNatd tat sti

eval uat i wi l.I be descr.i bed th refere ce to FIG,2 0320

o oront ST EF TS Ao BiY TN Previys e sttt ot 15
systenms g @nt%rﬁteﬁ CRBARFb&AA il BRNKe! £ld is MRniEAaRUASCHEICh SHtEit @B¥icé.ncl udes
a capacitor a transistor 804, a transistor 805, a transistor 806, and

a tridsi £Q3ﬂ0]8oé A transistor includi ng a hi ghly purl fied oxi de
sem conduct or d Aas, & S| St 5,. 0321
Pg%elf@g %w%f( [ﬁ@? alS c% er ’whc% % Je dqge [ ]

20l n the neasu Sy stem a source erm na rai

term nal saﬁlcbﬁtﬁlctdraﬁsloetmomfg toagy of theeprevivak entodihients,apacistformé)2, and
one of a source termnal and a drain termnal_ of the transistor 805 are
connect e¥itha housipasplsohgusig 3By 2 displayPrRPMADS, 2 kprbogih 4, grd thedikeoyr ce

t erm nal [@ﬂﬁ]the drain term nal of the transistor 804, one of a source
termnal "fand " a drain termnal of the transistor 808, the other of the
termfal s 25 oFlGhaOBapacat pers@iil, digitl aasystant t RIDApawhih tihdudasanhd st or

805 are conne ed to one anqQt her. The gt her .of a source te nal 843
drai n tefrAa® Llﬁ’f(’rt ¥ice agrrdmg to” anycof 1he preyious iy ’Qe?té’r?ﬂ SIPTAHECY drai n

term nal o 4 Réustdp@ia! 8ldwy; 13§D,§omaﬂ@1@ HAE:Reh sl MidMake 8115t iR rdioabidhor 806
are connected to a power source (for supplying V1). The other of the source

t er m nal 3&hdnd ithe likeai AddgionaHplthere is hetytuséﬂglasamppaeﬁqn adeessorher of the
source 326%%2 inal and the drain termnal of the transistor 806 are
connect e each other. In

20 - As an example of electronic paper, FIG. 10C is an illustration of an e-book
reader 320 which includes the semiconductor device according to any of the previous
embodiments. The e-book reader 320 includes two housings, a housing 321 and a
housing 323. The housings 321 and 323 are attached by a hinge 337 so that the e-book
reader 320 can be opened and closed along the hinge 337. With such a structure, the

25  e-book reader 320 can be used like a paper book.

[0303]

A display portion 325 is incorporated in the housing 321, and a display portion
327 is incorporated in the housing 323. The display portion 325 and the display
portion 327 may display one image or different images. In the case where the display

30 portion 325 and the display portion 327 display different images, for example, a display
portion on the right side (the display portion 325 in FIG. 10C) can display text and a
display portion on the left side (the display portion 327 in FIG. 10C) can display



addition, an output termnal is provided. [0322] WO

2011/ 052396PCT/ JP2010/ 068103 79 A potential Vext b2 for controlling
an on st aweandsaveof f state of the transistor 804 is sepplPadobesiehe gate
terminal of the transistor 804. A potéhtial Vext bl for controlling an on
state and an off state of the transistor 808 is supplied to the gate
termnal of the transistor 808. A potential Vout is output fromthe output
termnal. 5[0323] Next, a method for measuring current with the use
of the el R for characteristic evaluation will be described. [0324]
First, am rnitial period in which a potential difference is applied to
measur e {00410 of f current will be described briefly. In the initial

period, the po tigl.Vext bl for turni on the tr i.,stor.8Q8 is input to
Phe gate ter m Fi 5 HNSCHPRT, PRI BTGl e JORUPE dET 45 POYIGed Yllbh [ od 1 o
a node Aobfationd forfioR A8 tKOMRLC R ek fnplREtheHdasin® B21 MRIFRY aGRWeekbIrBal and
the draintermnal of the transistor 804 (that s, the node connected to

one of t B3l,seperationt kaysi33dl a speakenhd3dranidnthedikei n&Fhagesf canhee turmgdsvithghe 808,

t he ot her of.the 15fermnal f the capacitor 802 and,t ate termnal of
the o1 arop@pydt Bed S T Piebh Koo Buthe Befice Witnt Bke SRR

potenti aFrodebﬂ b ansisaifade 804hd ho@ing opOWRR the displdy tpditidhad prdvided.
potential Vext bl for turning on the transistor 808 |s input to_ the gate

t er mi nal Fertherpdre, aarraterpacopation termanal (e carphors tsrpinaad PR terpripal of £ .
arer tNGrfina R SAPbOLorfiB8e B {4HCE GaflEd such!iE R HceRidoflh and ' USB EloiLO | OW
IS OfT. Is't

Still, the transistor e potentia e sane potertial as
Vi . Thus pr thedike)yi 4 reabrdjrey mediumsinsotip porn, dml the dikatnaybreprevidae onrthe i al

period i onpleted, a potential difference.is generated betwe t he node A
Prd one. Bt EtaG, o & side SPAHAR A DetpUsHe aradinanaflii R PBPK (00 SR  or

804, andpalesPiundriPdeht diddirodid disliciage 1 s generated between the node A and
the 25 other of the source terminal 'and the drain term nal of the

transi st §130808. Therefore, charge flows slightly through the transistor 804
SRSt TR o e RO TR A X e T
the 15 wireless communication, desired book data or the like can be purchased and
downloaded from an electronic book server.
[0306]
Note that the electronic paper can be applied to devices of any field as long as
they can display data. For example, other than the e-book reader, electronic paper can
20  be used for posters, advertisement in vehicles such as trains, display in a variety of cards
such as credit cards, and so on.
[0307]
FIG. 10D is a cellular phone including the semiconductor device according to
any of the previous embodiments. The aforesaid cellular phone includes two housings,
25 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. Further, the housing 341 includes a solar cell
battery cell 349 which charges the cellular phone, an external memory slot 350, and the
like. In addition, an antenna is incorporated in the housing 341.
30 [0308]
The display panel 342 functions as a touch panel, and as illustrated by dashed
lines in FIG. 10D, a plurality of operation keys 345 is displayed as an image. Note that



30 neasurenent period, the potential (that is, V2) of one of the source
termnal and the drain termnal of the transistor 804 and the potenti al
(that is,wopniafs239he ot her of the WO 2011/ 052396PCT/ JP2@C0/J08810& 180 sour ce
terminal and the drain termnal of thétransistor 808 are set to | ow and
fixed. On the other hand, the potential of the node Ais not fixed (the
node Ais in a floating state) in the neasurenent period. Accordingly,
charge flows through the transistor 804 and the anopunt of charge held at

t he node L . I : B@[u,m har ge
hel d at tt eée?% g%ﬁ&fi’ns?ﬁ%%dééeﬂéﬁ? %(sab%gttnéé;?l?%dlwgog b?ﬁsetﬁlr%gio% var iltggé O'Prhat IS
to say, theesaat patterpatedinB4&lintootht mekesshey woltgmet for evagh naicuit] s bustherj os .

0327 . FI G, 27 sh t ai f th I i bet t.enti al i
o1 hi ¢ PSTIIRRER Bt S0 DR TR el Bhong < diechie@or Sroairtieh SAE | n che
fol I ow ngofIRARYS RIVBIID, PHhAIPReAIY HdiR ofthaNikE. [ 0328] In the initial

period, first, the potential Vext b2 is set to a potential (high potential)
at wh ch[@398]transistor 804 is turned on. Thus, the potential of the node A

Voxt b2 i 5. set By, oitngl 2P BRI bribnlity sALbE apbiftively BeRkEC, o

804 is t ukdoedin®itd a Wwage phtferh NeFlirtiednsifeOthe Cldther® 1dny 133gdis Prévidddhen,thé he
potential Vext bl is set to a potenti al hie;%?) potential) at which the
transi st s¥MeyBTacs ap therdisplay panphdd2, th gelpdarahong cambe psed assedee BoREs to be

V1, that j p t ent. bl is
set to aﬂﬁiéjts %e%%(lgagkaztﬁﬁtmﬁ?c lé{oﬁgy@r%ﬁs%t%u%gg%f (sntll? ﬁ?ﬁg@ggké@’ Rgﬁggégdl ngly,
t he b@defok viideofHome wahy, rectirding, plhyiag isognds taad ¢healike. t Motenvér tle hpasingsl i s

conpleted, [0 In the follow asur e t period, the tenti al
V1 and tgéo %B‘fé%t FS\Yel?Ffda?Seﬁli“ﬁ&qt Hhﬁ‘c?aoggfa ul%f’ gelff %&aéloge Qf’ery@r‘??g ° char ge
flow to gihef iReFEAORE tROSISe 6F theRERulat PonRhR BE iréductd, vakieh liRePMeBIMRE V2 are
| ow potentials (VSS). Note that at the timng of Z5measuring the output

pot ent i aphasssuitable fordeingreaskied-y t o operate an output circuit; thus, V1 is
set to a[ 'gg potential (VDD) tenporarily in some cases. The period in
whi ch V1 S} hi gh potential (VDD) is set to be short so that the

measyg ement i STROExtefnhl t@iheetibn {eB33@] 33hedn be paineoed ad valliddsadablis uéls
applied as described above to start the 30 neasurenent geri od, the anmpunt
of char gas MRS adaptereond YiSBacatle, onbateftithsscellplae pharesgan be charged or can

perform data communication or the like. Moreover, by inserting a recording medium
into the external memory slot 350, the cellular phone can handle the storage and transfer
of a large amount of data. Further, in addition to the above functions, an infrared
20 communication function, a television reception function, or the like may be provided.
[0311]
FIG. 10E is a digital camera including the semiconductor device according to
any of the previous embodiments. The digital camera includes a main body 361, a
display portion A 367, an eye piece 363, an operation switch 364, a display portion B
25 365, a battery 366, and the like.
[0312]
FIG. 10F is a television set including the semiconductor device according to
any of the previous embodiments. The television set 370 has a display portion 373
incorporated in a housing 371. Images can be displayed on the display portion 373.
30 Note that here, the housing 371 is supported by a stand 375.
[0313]

The television set 370 can be operated by an operation switch of the housing



and accordingly, the potential of the node A varies. This neans that the
potential of a WO 2011/052396PCT/JP2010/068103 81 gate term nal of the
transi st owog08/052396es and t hus, the output potential VoRCTOP201bve6saes put

termnal also varies with the Iapse of 7ti me. [0331] A et hod for
calculating the off current based on the obtained output potential 5 Vout
w Il be described bel ow. [0332] The rel ation between the potenti al

VA of the node A and the output potential Vout is obtained in advance

before the@fhse rﬁt@'?&mbt% colsiraignd. Chamfols APvdlRhneRhA 8L c¥Arded!pRn node A
can be obtai ned based on the output potential Vout. Fromthe relation 10

descri beopabt)meke)tsl'ﬁg%rfttmnmlte somtrpiler B0, HlouscanAmage dl@elaéﬁ@ﬂeﬁly‘e@ismi?y t he

[ Equat | oA TP vA/E f ool oonlred 26 e il SRR ey ALY

expr essedlsbm&hﬁn&p!a’mm WlicAqHe informatithi a\@pitiom Ahe fin@t cftrélfer 386 inode A,
capaci tance nnected to the node A and a constant (const). Here, the

capac? t adisplagad.connected to the node A is the sum of capacitance of the
capamtor%%]% and the other capacitance. 20 [0335] [Equation 2] QA =CAVA+
const [Oé

Note that the television set 370 is preferably provided with a receiver, a modem,

and the like. With the use of the receiver, general television broadcasting can be
received. Additionally, when the display device is connected to a communication
10  network with or without wires via the modem, one-way (from a sender to a receiver) or
two-way (between a sender and a receiver or between receivers) data communication
can be performed.
[0315]
The structures, methods, and the like described in this embodiment can be
15 = combined as appropriate with any of the structures, methods, and the like described in
the other embodiments.
(Example 1)
[0316]
In this example, results obtained by measuring the off current of a transistor
20  including a highly purified oxide semiconductor will be described.
[0317]
First, a transistor with a channel width W of 1 m, which is sufficiently wide,
was prepared in consideration of the very small off current of a transistor including a
highly purified oxide semiconductor, and the off current is measured. FIG. 25 shows
25  the results obtained by measurement of the off current of a transistor with a channel
width W of 1 m. In FIG. 25, the horizontal axis shows a gate voltage VG and the
vertical axis shows a drain current ID. In the case where the drain voltage VD is +1 V
or +10 V and the gate voltage VG is within the range of -5 V to -20 V, the off current
of the transistor was found to be smaller than or equal to 1 x 107" A which is the
30 detection limit. Moreover, it was found that the off current of the transistor (per unit

channel width (1 pm)) is smaller than or equal to 1 aAqum (1 x 1078 Ajum).



Since a

current A of the node A is obtained by differentiating charge

flowwng to 25 the node A (or charge flowing fromthe node A) wth respect

to tinme,
equation. [0337] [Equation 3] | = AQA7®€ AF (Vout) - A AAt At 30[ 0338]
2011/ 052396PCT/ JP2010/ 068103 82 connected to the node A and the output

wbeorwnse®at | A of the node A is expressed by tReTiBLI10063003

potential Vout of the output termnal. [0339] By the nethod

descri bed above,

and the
In this

)

a | eakage current (off current) flow ng between the source
g(gﬁig of the transistor which is off can be cal cul ated. 5[ 0340]
xan‘EI e, the transistor 804, the transistor 805, the transistor

806, and the tNanswill br d@0fbedkthe resubts obtained hysineasusingithghoff cpuentiafdbe oxi de

sen conduct ar, wi.t channel, | en L of 10 .m and h | width f
o O aatangior ikclnBag i dheny E)Ried oxBosar PR, foh Aerht A% ¢
val ues OfjefiBag iabe¥s tBOE cdReOaDtheafshsReRCindRIdtgl @hifly puRifiedadddspF,

respectively. [0341] Note that the nmeasurenent according to this

50
ance

exanpf e vemicprductorneas fxsdnionbe sratlerviban -orsequah el V8 (= "0Awhick is dhé sf i ed.
I n the measur enent,.peri.od, the tential, V1 was, basi ¢al .set_to VSS and
et (o VEBRIFYCT BT g At EeDb HaBEne, HefE 57 PR obtintd médluring

10

15

20

25

30

more accurate off current (the value smaller than or equal to the detection limit of
measurement equipment in the above measurement), with the use of an element for
characteristic evaluation, will be described.

[0319]

First, the element for characteristic evaluation will be described with reference
to FIG. 26.

[0320]

In the element for characteristic evaluation in FIG. 26, .three measurement
systems 800 are connected in parallel. The measurement system 800 includes a
capacitor 802, a transistor 804, a transistor 805, a transistor 806, and a transistor 808.
A transistor including a highly purified oxide semiconductor was used as each of the
transistors 804, 805, and 806.

[0321]

In the measurement system 800, one of a source terminal and a drain terminal

of the transistor 804, one of terminals of the capacitor 802, and one of a source terminal

and a drain terminal of the transistor 805 are connected to a power source (for supplying
V2). The other of the source terminal and the drain terminal of the transistor 804, one
of a source terminal and a drain terminal of the transistor 808, the other of the terminals
of the capacitor 802, and a gate terminal of the transistor 805 are connected to one
another. The other of a source terminal and a drain terminal of the transistor 808, one
of a source terminal and a drain terminal of the transistor 806, and a gate terminal of the
transistor 806 are connected to a power source (for supplying V1). The other of the
source terminal and the drain terminal of the transistor 805, the other of the source
terminal and the drain terminal of the transistor 806 are connected to each other. In
addition, an output terminal is provided.

[0322]



15 300 seconds, and Vout was neasured. Further, At used when the current |
fl owi ng through an el enent was about 30,000 seconds. [0342] FI G 28
shows t hewpebatdisesvébet ween t he out put otential Vout anecCelapeedesioare Ti me
in the current neasurenent. Accordi ng o FIG 28, the potential varies as
time 20 advances. [0343] FIG 29 shows the off current at room
tenperature (25 C) cal cul ated based on the above current neasurenent. Note
t hat FI G 29 shows the relation between a source-drain voltage V and an off

current |. Accﬂxéiﬁﬁafoeﬁlﬁﬁgco%lﬁﬁé aft Bh SBI artPah %sﬁ@“thé@taﬂﬁétm where
t he source drain voltage s 4 V. Wen the source-drain voltage was 3.1 V,

the of f 804 iemippliad tertht Igate tehaimabof el &rhndisiorl 804 A/ Anpoidottial Vest bl fA I S

equi val ent to. 10-21A. [0344] Further G 30 sh the off current in an
envi r onnEQftrofling ap @Hp?é?tStf\?Fiea‘befS%atSG’féLe mpeﬂ%gﬁg dssepplidel® WEBAF on t he

above cufg-gilly PASWLRURDE 80£! G BokeihAWoul Rufith BbirPihe BRIHE RAmfhapoUr ce-drain

vol t age current n a circunstance at

2011/9D5288@BT/ JP2010/ 068103 83 C. According to FIG 30 the of f current
was about 100 m when, t source-drain volt, 0345]
resorany tol RPa msned Tt RS, Rfets Wiftaihe AR it e, R fan, pe

Ssuf fici giiradersiilebaluitich WiEBsSdst@bed Ncl uding a highly purified oxide
sem conductor. [Exanple 2] [0346] The nunber of tinmes the

sem cond[®24} devi ce according to an embodi ment of the disclosed invention

can rewrite daps vas Ratnsd L SotaTRlRreddSs AQTHATH BLbaR syl ts

w || be descri erence
10  off current will be descrlbed briefly. In the initial period, the potential Vext_bl for

turning on the transistor 808 is input to the gate terminal of the transistor 808, and a

potential V1 is supplied to a node A that is a node connected to the other of the source

terminal and the drain terminal of the transistor 804 (that is, the node connected to one

of the source terminal and the drain terminal of the transistor 808, the other of the
15 terminals of the capacitor 802, and the gate terminal of the transistor 805). Here, the

potential V1 is, for example, a high potential. The transistor 804 is off.

[0325]

After that, the potential Vext_b1 for turning on the transistor 808 is input to the

gate terminal of the transistor 808 so that the transistor 808 is turned off. After the
20 transistor 808 is turned off, the potential V1 is set to low. Still, the transistor 804 is off.

The potential V2 is the same potential as V1. Thus, the initial period is completed.

In a state where the initial period is completed, a potential difference is generated

between the node A and one of the source terminal and the drain terminal of the

transistor 804, and also, a potential difference is generated between the node A and the
25  other of the source terminal and the drain terminal of the transistor 808. Therefore,

charge flows slightly through the transistor 804 and the transistor 808. In other words,

an off current is generated.

[0326]

Next, a measurement period of the off current will be described briefly. In the

30 measurement period, the potential (that is, V2) of one of the source terminal and the

drain terminal of the transistor 804 and the potential (that is, V1) of the other of the



[ 0347] A sem conduct or device used for the examnation is the

sem conduct or device having the circuit configuration in FIG 15A. Here, an
oxi de semwoanduseids was used for a transistor correspon®CmgPr2ionésao3

transi stor 162, and a capacitor with §0capacitance 15 val ue of 0.33 pF was
used as a capacitor corresponding to the capacitor 164. [0348] The
exam nation was perfornmed by conparing the initial nmenory wi ndow wi dth and
the nmenory window width at the tinme after storing and witing data were

repeat ed spiRe edrafindl R thé Wesn t&AliAalVESthe tRARLSIGoRBOS Wid k&tad 1BW a@ptixédlg 0 V
or 5Vitoa?20line corresponding to the third line in FIG 15A and appl yi ng

0 V or 5 Qn the ashdrihaad,cbe petsptirlonintle mede Aeis ot fixpd (the @aodh AHF @ agmatipgen t he
potential_, of .t he |ine corresponding t he rth Line i .
v ansi st cPpib e migRfistial 5000 Lok Bt osh e helefstol B ¢ o1

thus, a padeny amburk Wichhgd Hell & tho@edd @ is chhrgded. asWied gbdsebyp otFamthelas of t he
line corresponding to the fourth line is 5V, the transistor (witing

25t r ansi Sheofmownsof eBpenbrct the pore A inehamged tha potential gf the aedle A yagies: ent i al
of the | iyig: £96¢ ,&%ggﬁg%agnﬁh%hhbme}oh{iﬁt (EmBHPRSS Gafigs0 {he node FG
W ndow t I'nd o

[ 0349] The nenor is one o Icators o aracteristics of a
menory d¢0327¢. Here, the nenory w ndow wi dth represents the shift anount.

AVi i Vcg-1d bet ) diff I .m .States, .which
Show t he 1l at FOR Bet s eials SoReitan boriFrPoTtishandby IUGHaAPHG T o t he
fifth |igmiantheapSteatidl SiEefBR id dpPied@andh 06l IURARS OREab(rERZAL PeH68103 84

transistor (reading transistor) corresponding to the transistor 160. The
di f f @@ enttimmgmhyprtst at es mean a state where 0 V is applied to the node FG
(herei naf@gg referred to as a low state) and a state where 5 V is applied
to the ncg ﬂ—'G (hereinafter referred to as a high state). That is, the

nmenory w ndow yj gfiehififdl idaDQﬁ&se@héJgot%ﬂﬁﬁpVé}g_sms S&roioen tpoldnti¥iC thigh t he
| ow state and in the high state. [0350] FI G 31 shows the exam nation
resul ts @btentid) pewbioh the taovister §04 iturndsgeon.j nEhusf therposgntial afthgarodgeh f or ned

L0105 nesi ARUS AL L EL Ry K8 Mok npeal i e, Y, (V) o
15 to a potential (low potential) at which the transistor 804 is turned off, whereby the
transistor 804 is turned off. Then, the potential Vext bl is set to a potential (high
potential) at which the transistor 808 is turned on. Thus, the potential of the node A
comes to be V1, that is, a high potential (VDD). After that, the potential Vext b1 is set
to a potential at which the transistor 808 is turned off. Accordingly, the node A is
20  brought into a floating state and the initial period is completed.
[0329]

In the following measurement period, the potential V1 and the potential V2 are
individually set to potentials at which charge flow to or from the node A. Here, the
potential V1 and the potential V2 are low potentials (VSS). Note that at the timing of

25 measuring the output potential Vout, it is necessary to operate an output circuit; thus, V1
is set to a high potential (VDD) temporarily in some cases. The period in which V1 is
a high potential (VDD) is set to be short so that the measurement is not influenced.
[0330]
When a potential difference is applied as described above to start the
30 measurement period, the amount of charge held at the node A is changed as time passes

and accordingly, the potential of the node A varies. This means that the potential of a



10 nenory wi ndow wi dth was not changed after data was witten 1 x 109
times, which nmeans that at |east during the period after data is witten 1
x 109 ti mee,20tms23em conduct or devi ce_does not det eri or C&/JPLOEBAR|103AS
descri bed above, in a sem conductor d8lice according to an embodi nent of 15
the di sclosed invention, characteristics were not changed even after data
is stored and witten 1 x 109 tines and resi stance against rewiting was
very high. That is, it can be said that according to an enbodi nent of the
di scl osedaicNéaRinhoBs (i &hsNibrl 8@ Vhies £id ahis,et&e@ﬂtgﬁmp&sﬁm Wiy iogqn&an be
realized.” 20This application is based on Japanese Patent Application serial
no. 200902%eBReminal adso varids Withptha ldpae ehtimef f i ce on COct ober 29, 2009, the
entire cg(g%’ggrs of which are hereby incorporated by reference. WO

2011/ 052 / JP2010/ 068103 85 CLAI M5 1. A sem conductor device

conprising a MAmEod &l caldulRinBRRO6HE caftbht Ka0EP6m BieWbtained output potentRl f i 1 st
transistor conprising a first gate electrode, the first gate el ectrode

bei ngd 5f denedilbkeedeseritpddelovat e; and a second transistor over the
substr at 33t251e second transi stor conprising a second source el ectrode and a
second drarn el ectrode, wherein the second transistor includes an

oxi de sem condWh¢ edlaticayBetwean chewhmeétiah Viahef fhie rmoide gatnd dlecaitpatdmtanidl one of
the second source electrode and the 10second drain el ectrode are

el ect ri cdPryis OBrieciB ddyance elrrothr @l curent sfalalied: ottt (GF PRKDHY YA
accordi nge iR ! Aledn bitfoBaed Baie SHIR bt FABRI Vet 2 I8 HEREAGEP!

material . 153. The sem conductor device according to claim1, wherein the
subs10 at dedcsibedh aB@e, shibh potentiad. V4 .of The nederiA cand bie texpredsedi ke thec fadloshiingy t o

claim 1, oGS0 KRS RP Wt s BoaBh,E CTYSTal sem conductor substrat e,

[0333]
[Equation 1]

V,=F{Vout)
15 [0334]

Charge Qa of the node A is expressed by the following equation, using the
potential V4 of the node A, capacitance Ca connected to the node A, and a constant
(const). Here, the capacitance Ca connected to the node A is the sum of capacitance of
the capacitor 802 and the other capacitance.

20 [0335]
[Equation 2]

Q,=CJV, +const
[0336]

Since a current 14 of the node A is obtained by differentiating charge flowing to
25  the node A (or charge flowing from the node A) with respect to time, the current I of

the node A is expressed by the following equation.

[0337]
[Equation 3]
I = AQ, C, AF(Vout)
A At
30 [0338]

Thus, the current I4 of the node A can be obtained based on the capacitance Ca



5. The sem conductor device according to claiml, wherein the first
transi stor conprises a channel formation region in the substrate. 256. The
sem conduwwOan11de23isée according to claim1l, wherein the PCTIP2010/668303t Or
conprises a channel formation region ®nprising silicon. 7.
The sem conductor device according to claim1, further conprising an

30i nsul ating | ayer over the first transistor, wherein the second transistor
is provided over the insulating layer. WD 2011/052396PCT/JP2010/ 068103 86

8. The _seéﬂxﬁetedwlﬁrnod@w&ﬂ_t@@@ﬂFaimn&@l VhiioMthle odtpllt tYefin10NPr i si ng an
insul ating | ayer over the first transistor, wherein the second transistor

i s provi 83%ver the insulating |ayer, and wherein the second transistor

overlaps with the first tr I r, 5 9 ) u . devi ce
according to c Ai tr}ﬁelr,n CEhtS’P t %?"‘E%Jr)rﬁlr)?vsﬁ’ nag I%akg %acélﬁ-gg{re (éﬁgéclﬁ%rﬁgaﬁt%% Ivlzgnnect ed

to the fbétsleedte@otice@hd @tadrain of the transistor wiich B fEgandendlealaned. devi ce
conpri si ?Q% a nmenory cell, the nmenory cell 10 conpri sing: a first
trans? st YB40bnmprising a first gate electrode, the first gate el ectrode

pel ng for ned oiahistxatpRl iR EmsRAY 804 SAE RAKILEA BQfanSXRE sbBnBlRS! rat e,

the second transistor conprising: a second gate efectro 5d gate
i nsul at i trandisiyre 80® wedre tfhbricabosing st dighlye purifide ;oxide somidendiemrcwittiuct or
ayer ngl{antnglele%ghel,i gfs ljlloab.inngncli aéyglga;nnglnevidth W of 50 um. In each of | the
measurement systems 800 arranged in parallel, capacitance values of capacitors 802a,
10  802b, and 802c were 100 fF, 1pF, and 3pF, respectively.
[0341]
Note that the measurement according to this example was performed assuming
that VDD = 5 V and VSS = 0 V are satisfied. In the measurement period, the potential
V1 was basically set to VSS and set to VDD only in a period of 100 msec every 10 to
15 300 seconds, and Vout was measured. Further, At used when the current I flowing
through an element was about 30,000 seconds.
[0342]
FIG. 28 shows the relation between the output potential Vout and elapsed time
Time in the current measurement. According to FIG. 28, the potential varies as time
20  advances.
[0343]
FIG. 29 shows the off current at room temperature (25 °C) calculated based on
the above current measurement. Note that FIG 29 shows the relation between a
source-drain voltage V and an off current I. According to FIG. 29, an off current was
25  about 40 zA/um, where the source-drain voltage is 4 V. When the source-drain voltage
was 3.1 V, the off current was smaller than or equal to 10 zA/um. Note that 1 zA is

equivalent to 1072 A,

[0344]

Further, FIG. 30 shows the off current in an environment at a temperature of 85
30 °C, which was calculated based on the above current measurement. FIG. 30 shows the

relation between a source-drain voltage V and an off current I in a circumstance at 85



a second source el ectrode and a second drain electrode over the gate

I nsul ating | ayer, wherein the first gate el ectrode and one of
t he secomiOogouresesdel ect rode and the 2Qsecond drai n el ecPCod@20a0/868103
electrically connected to each other.8311. The semi conductor device
according to claim 10, wherein the substrate conprises a sem conductor
material. 2512. The sem conductor device according to claim 10, wherein the
substrate is an SO substrate. 13. The sem conductor device according to

cl ai m 10,,cwh et FROPST, iRt 6t cdrrént H43GbButCrOnSA A LhmSWRE LB 4yt &drain
substrate. 30 WD 2011/ 052396PCT/ JP2010/ 068103 87 substr at e.

The semni colazecvas3.tidvi ce according to claim 10, wherein the first
transisti@%ﬁﬁnprises a channel formation region conprising 5silicon.
16. The onduct or device according to claim 10, further conprising an

i nsul ating | ay@ccérdpig tdénik i dxainpld, A0 Shal esnfindear @ thd ffS ee@ad ¢anapsi st or
is provided over the insulating |ayer. 17. The sem conduct or

devi c® aéelbiciently small én afransigor ingludimera ighlyPusifisd oxide spraigoadudier. | ayer over

t he firsiEL%gﬂgb tor, wherein the second transistor is provided over the

i nsul ati ng Iadyer; and wherein the second transistor overlaps with the first
transi st ¢0346]

The number of times the semiconductor device according to an embodiment of

the disclosed invention can rewrite data was examined. In this example, the
10  examination results will be described with reference to FIG. 31.
[0347]

A semiconductor device used for the examination is the semiconductor device
having the circuit configuration in FIG. 15A. Here, an oxide semiconductor was used
for a transistor corresponding to the transistor 162, and a capacitor with a capacitance

15  value of 0.33 pF was used as a capacitor corresponding to the capacitor 164.
[0348]

The examination was performed by comparing the initial memory window
width and the memory window width at the time after storing and writing data were
repeated predetermined times. Data was stored and written by applying0 Vor5 Vtoa

20 line corresponding to the third line in FIG 15A and applying O V or 5 V to a line
corresponding to the fourth line in FIG 15A. When the potential of the line
corresponding to the fourth line is O V, the transistor (writing transistor) corresponding
to the transistor 162 is off; thus, a potential supplied to a node FG is held. When the
potential of the line corresponding to the fourth line is 5 V, the transistor (writing

25  transistor) corresponding to the transistor 162 is on; thus, a potential of the line
corresponding to the third line is supplied to the node FG.

[0349]

The memory window width is one of indicators of characteristics of a memory
device. Here, the memory window width represents the shift amount AVcg in curves

30 (Vcg-1d curves) between different memory states, which show the relation between the

potential Vcg of a line corresponding to the fifth line and a drain current Id of a



18. The sem conductor device according to claim 10, further conprising a
capacitor electrically connected to the first gate el ectrode.

19. The swoi2onrdessbor devi ce accor di n% to claim10, furroegPzompesied ng a 20
protective insulating | ayer over and S contact with the oxide

sem conduct or | ayer. 20. The sem conductor device according to
claim 10, wherein a top surface of the oxide sem conductor |ayer is
in contact with the second source el ectrode and the second drain el ectrode.

25  transidthr (TEWRire MiaBSINGHC bSesPONdiIRE BCER eafgstbP 16DAI MhEOdifferent
wherein a bottom surface of the oxide sem conductor |ayer is in contact
Wi th t he murgbdtaesUnea estaervhsar0 dhig appbiedtoctbpaody BG (herrmetteogterreddo2. A

. g . hal ‘ Ol i ng
2Tt s ane SRDSBe SARLW AL ¢ BN 6 Rlenoat 6 AERRYeP kiGN
el ect r ode kigh ngate)NOTARH i/ Gz2B39MmBET ditiil i@hS8d3be83 Bhdchedibgt swweping the

substrate; an interlayer insulating |l ayer over the first transistor; and a
second t PekEHak Yee ndhd lavestalg.and in theihdgh i conduct or 1 ayer over the
interl aygpsdgjsul ating layer; 5a gate insulating |ayer over the oxide
sem conductor |ayer; a second gate el ectrode over the gate insul ating
| ayer; and a s&iGrid shows tle elapdiatiodecsaultd of theguemarydviadow ovidtt at dubetimeer t he
interlayer, insulating |ayer
y after writing wasgperta(‘%med 1 x 10° times. Note that in FIG. 31, the horizontal axis
shows a Vcg (V) and the vertical axis shows Id (A). According to FIG. 31, the
10 memory window width was not changed after data was written 1 x 10° times, which
means that at least during the period after data is written 1 x 10° times, the
semiconductor device does not deteriorate.
[0351]
As described above, in a semiconductor device according to an embodiment of
15  the disclosed invention, characteristics were not changed even after data is stored and
written 1 x 10° times and resistance against rewriting was very high. That is, it can be
said that according to an embodiment of the disclosed invention, a significantly reliable

semiconductor device can be realized.

20 This application is based on Japanese Patent Application serial no.
2009-249330 filed with Japan Patent Office on October 29, 2009, the entire contents of

which are hereby incorporated by reference.
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CLAIMS:

1. A semiconductor device comprising a memory cell, the memory cell
comprising:
a first transistor comprising a first gate electrode, the first gate electrode being
formed over a substrate; and
a second transistor over the substrate, the second transistor comprising:
a second gate electrode;
a gate insulating layer over the second gate electrode;
an oxide semiconductor layer over the gate insulating layer; and
a second source electrode and a second drain electrode over the gate
insulating layer,
wherein the first gate electrode and one of the second source electrode and

the second drain electrode are electrically connected to each other.

2. A semiconductor device comprising a memory cell, the memory cell
comprising:
a first transistor comprising a first gate electrode, the first gate electrode being
formed over a substrate;
an interlayer insulating layer over the first transistor; and
a second transistor comprising:
an oxide semiconductor layer over the interlayer insulating layer;
a gate insulating layer over the oxide semiconductor layer;
a second gate electrode over the gate insulating layer; and
a second source electrode and a second drain electrode over the
interlayer insulating layer,
wherein the first gate electrode and one of the second source electrode and

the second drain electrode are electrically connected to each other.
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3. The semiconductor device according to any of claims 1 and 2, wherein the

substrate comprises a semiconductor material.

4. The semiconductor device according to any of claims 1 and 2, wherein the

substrate is an SOI substrate.

5. The semiconductor device according to any of claims 1 and 2, wherein the

substrate is a single crystal semiconductor substrate.

6. The semiconductor device according to any of claims 1 and 2, wherein the

first transistor comprises a channel formation region in the substrate.

7. The semiconductor device according to any of claims 1 and 2, wherein the

first transistor comprises a channel formation region comprising silicon.

8. The semiconductor device according to claim 1, further comprising an
insulating layer over the first transistor, wherein the second transistor is provided over

the insulating layer.

9. The semiconductor device according to claim 1, further comprising an
insulating layer over the first transistor,
wherein the second transistor is provided over the insulating layer, and

wherein the second transistor overlaps with the first transistor.

10. The semiconductor device according to any of claims 1 and 2, further

comprising a capacitor electrically connected to the first gate electrode.

11. The semiconductor device according to claim 1, further comprising a

protective insulating layer over and in contact with the oxide semiconductor layer.
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12. The semiconductor device according to any of claims 1 and 2, wherein a
top surface of the oxide semiconductor layer is in contact with the second source

electrode and the second drain electrode.

13. The semiconductor device according to any of claims 1 and 2, wherein a
bottom surface of the oxide semiconductor layer is in contact with the second source

electrode and the second drain electrode.

14. The semiconductor device according to claim 2, wherein the second

transistor overlaps with the first transistor.

15. The semiconductor device according to claim 2, wherein the second source
electrode and the second drain electrode are interposed between the interlayer

insulating layer and the oxide semiconductor layer.



