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DESCRI PTI ON SEM CONDUCTOR DEVI CE | NCLUDI NG STORAGE
DEVI CE AND METHOD FOR DRI VI NG THE SAME TECHNI CALFI ELD

w@ 0@81F0she present invention relates to a PCT/JP2007/070969
sem conduct or device including a storage device
including a nmenory el enment utilizing suicide reaction,
and a nethod for driving the sane. BACKGROUNDART
[0002] In nodern soci eDESCRIBTEONany el ectronic
appl i ances are used, various data are generated and
used; therefore, storage devices are required to store

t oashPHEONIDFRER REVICE INE IR SFORALR RV

are used propeMpTHOPANTR BRIVING BERMAEC be stored
and used. [0003] For exanple, volatile nenory that

| oses its nenory content when the power is turned off
i ncl udes DRAM and SRAM The applications of volatile
TERNICALFELD gni ficantly |inited because nmenory
UX@g tent is |ost when the power is turned off; however,
h of themis used as a main storage device or cash

e MDY ?;es@ntcﬁlw{ﬁoﬁrrefa%i 8% @gﬂﬁpﬁcﬂﬁﬁno&evﬁzeﬁpgﬁlﬁing a storage

access tinme. Since DRAM has snm menory ce
deviey pehdigacmemoBRAMnet utiieingr siiibideftactésm, hid a detsodefor driving

it is controlled in a conplex manner and consunes mnuch
thesamer . SRAM i ncl udes a nenory cell fornmed froma CMOS

and is easily manufactured and controll ed; however, it

is difficult to obtain |arge-capacity SRAM si nce one
BATBIGRYURE | eds six transistors. [0004] Nonvolatile

menory that holds its nenory content even after the
[oogeyer is turned off includes: rewitable nmenmory into

whi ch data can be rewitten many tines;wite-once

me nolnymogern sogietyhwhiere ananyreldstroniciappkanchs/arg used vanousydata are

once; sk of which data content, determ ned . in tOe,
goregien 4R iradh Jiegfiorensio YICER AT JEaEed to\fTe LR data.  Various

storage devices produced and used today have different advantages and disadvantages,
and are used properly depending on the data to be stored and used.
[0003]

For example, volatile memory that loses its memory content when the power is
turned off includes DRAM and SRAM. The applications of volatile memory are
significantly limited because memory content is lost when the power is turned off;
however, each of them is used as a main storage device or cash memory of a computerA
taking advantage of a short access time. Since DRAM has small memory cells,
large-capacity DRAM can be produced easily. However, it is controlled in a complex
manner and consumes much power. SRAM includes a memory cell formed from a
CMOS and is easily manufactured and controlled; however, it is difficult to obtain
large-capacity SRAM since one memory cell needs six transistors.

[0004]
Nonvolatile memory that holds its memory content even after the power is

turned off includes: rewritable memory into which data can be rewritten many times;
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and the like. As the rewitable nenory, there are
EPROM flash nenory, ferroelectric nenory, and the
wo 2008/050BBe EPROM al | ows an easy witing of datBCEMRR007/070969
unit cost per bit is relati?ely | ow; however, a
program devi ce and an erasel dedicated to witing and
erasing are required. The flash nmenory and the
writennhaemembry imtawhich ydatacanlise wetten by @ usaromy sndes miaak ROM of
used, have a short access tine, and consune | ess

whighgata cantgné determined psthe sranggastrmg of therrgerory caanothy rewritten;
te.and,a ferroelectric | ayer ar upred. Thus, th :
and)flelikgns (45 s TenTiiabiememgry, Hegt s ERECH. Hpsh aempigterroetectri
r. i de i .y iR .
A TS FATR DR iy O BRSS! &5t porbi
is blaivalbl Bw; ilgwicders aYrbalant devientnd andratheediciesd eewvriting and
whose states are changed by heat or light. Further, in
crasimgau reguineds, Therflaslh meneorg and thesferigelectiie meaarg gan borewritten
are_al so devel ope g{or exangle, Ref erence 1: qﬁganese
on 3 jubsifatqpsedg Baye A 10Tt 9CRSS M eDd SOBLRG 19SRIG e ARKEVET steps
. ) . t i ng .
oA Fhjile ot Slo PRIRCIH TR LAGTBS LEARI, wni
copepbipfsgh)s silicon filmprovided between the cathode
and the anode. [0006] As a nethod for witing data
[0004i 0 nenory, a nmethod for applying electrical action

is proposed. In the cas ere data i,s witten b ,
el ec FRYCKIeQNCE REMOTY 1 qgﬁfﬁgm §- 2R aaﬁéw,caaqrpwoa%ehﬁhaﬂe, an

. ' f, . . .

O ABBICRUNEAR AR L BUSEN LA RS, 4 s gvics

whokd §tale® ariNahgelt byoRedlor Mlight) \Fakthagen RREMSRArsAmRRiory elements
el ectrodes to nake an anorphous silicon filmtherein

usiggisdicittedreactionnae wlsacdayeloped {fod edamplej Beferdnct dn Japanese Patent
the nenory. Then, voltage is applied to the ne

Nog | 3oRihi03. f Miemopy desrgibsd dnaReferenes dningludes IaeElPEallning’l)éé memory
eleggm’gﬁgmgé;@gﬁ‘gfc%ﬁqu&lv%nﬁ@%sss ;’%g@g rad b%ﬂé@dc?r by afal330%nd an

can be ngut s rom eac

am@tghRbs sili@H M FOVRIEE betviddn tRiEcaifidRaid tHtaaodd)i ch data
is witten by electrical action, both the nenory

[0G8l6¢ment in which the silicon filmis suicided and the
menory elenment inwhich the silicon filmis not .
sui cPA8admethpd tfos Wwriting dagariitg memaery, 3msghod fofapplyingeelectrical

action is proposed. In the case where data is written by electrical action, an element

with application of high voltage between a pair of electrodes to make an amorphous
silicon film therein silicided and an element with no application of high voltage between
a pair of electrodes to make an amorphous silicon film therein silicided are
manufactured, and data is written into the memory. Then, voltage is applied to the
memory elements for reading and a difference in resistance between the memory
elements are read, whereby data of “0” and data of “1” can be distinguished from each
other.
[0007]
However, in the memory into which data is written by electrical action, both

the memory element in which the silicon film is silicided and the memory element in
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sanme voltage as that applied during witing is applied
for reading, the silicon filmof the nenory el enent
waobkiosisisas not been suicided is al so suici ded;PCT/JP2007/070969
therefore, it is necessary 0 change vol tage val ue for
the menory el enments for reading to be different from
vol tage value for witing. For exanple, provided that
whighi thersglicon! filagds net $lifided exist irs theememssay: y Aaosigdly, when the
| ower vol ta%]e than X for_reading in order to prevent
sam, poliger jag g1t pprlied curing writgdy gprdicd demreading. the silicon film of the
Witi i 0 erfarned,. from bei ng changed_hy ., .
mefgict ehepEuBRh RS ho g bieided R, 28 HeERER ¥ ibjs necessary
to %h‘sﬂfglsyvd?ﬂca%@ VARRDfoY th@ e dr ' didthe IO W61 re%Hﬂ)%l % bé ditf2éht from
fromwhich a voltage val ue” used for reading data
voltagetvabue fontvaritingtre For gxahglapprovidsd ekt puditingAcelaigdiing V], it is
for witing data into the nenory el enent, voltage B
neqessasy ¥napply ywepwvpltageghan Xofor sgadig ipyprdesde pravgnt the silicon film

o G5 Tl B 4R SPASE0E A Rt e e v
siliefd@Ne4di¥nd ¥P fxﬁgzﬁ, X@hg%xteﬁﬂﬁ: Bo@er ?usﬁbgff%?:ag eflofyC Yh texternal

Is large 1n volune. Therefore, it ul't to
powermnsupplir is A8ed)Hromi which aRoRdpeavabier @sed tfoif adidpalagi wettén into a
vol tage value is needed. DI SCLOSURE OF | NVENTI ON '
mepEoy glenpnt ippwnetint Acgoringly rfop maitingedata inde the memery tlement,
t orage devi ce .which can erate nory elenments
vOlFHER MECRSHY SR WrHHRE ScnbiineshBxpotstip dhe federpl RN Supply voltage
it Qhd 43 &id(gk‘i’%ﬁ't."wi ting and readi ng operations,
WIanigl lg&rqr)et hgg r rllvi ng the sane. [0010] One of
[00®Bpr age devi ces of the present invention includes a
menory el ement having a first conductive layer, a film
i nclAigénegallyrused siicfibiomehanging a valtage vakue, suichdsig bbaesting circuit,

. layer, and a_secqnd cqn tive | ayer forned over_ the . .
is lﬁ{ﬁéwﬁ by TPEE P s g{ﬁ?\@#bﬁonmtfﬁaéu%cwﬁaw%mwcp@ecncult
forlfcﬂXrgin%QQJalVa%t§§aﬁle%e%ﬁE@| different fromthat of the

Ir ondu

ive layer. At |east one of the first
conductive |l ayer and the second conductive |ayer is
fornmed using a material which is able to undergo
DISULOSURE @BENVENTION the fil mincluding silicon.
Further, another one of storages device of the present
[000RY ent i oni ncl udes a menory el ement and a circuit which

changﬁes p?es@xﬁl f?n%ﬁt}/onof)ro\f)%etsaag %trtqgg}ei gfj at sclorage device which can

operate memory elements utilizing silicide reaction with the use of the same voltage
value under writing and reading operations, and a method for driving the same.
[0010]

One of storage devices of the present invention includes a memory element
having a first conductive layer, a film including silicon formed over the first conductive
layer, and a second conductive layer formed over the film including silicon, wherein the
second conductive layer includes a material different from that of the first conductive
layer. At least one of the first conductive layer and the second conductive layer is
formed using a material which is able to undergo silicide reaction with the film

including silicon. Further, another one of storages device of the present invention
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the nmenory el ement under readi ng operation and under
writing operation. When data is witten into the
wOoreims/050860 enent, a high [ evel voltage val ue i sPEpPPrA0€E70969
to the first conductive |laygr and a |ow | evel voltage
value is applied to the second conductive |ayer; and
when the data witten into the nenory elenent is read,
inglydes i e¢mory\ed¢mend Ianégetlmmlt wdridhschapgysiageblargy tof gohagccaquhed to
conductive |a the | ow | eyel vol{age value is
the BEMPEHEIEReRHIdeET Fegting SRETIPR 9B NAJRSrting peratio; o s data

is qﬁ?l"(t'eﬁ Gntdatle l?l?en%rkve%hl OQ }1}%1 IAvélt \%lf%g? Vgl%\él i§ %gﬁhedt H)ethe first

resent i nvention includes
coﬁdwcﬁbe LA 66 169 §bltagk ValldTs 'aﬁISlie'ddb e s%béﬂcpéuﬂducuve layer;
formed over the first conductive layer, and a second
and wrhdu thtei data vaijten irfto theaderoomrel¢thentfis tead, the highilewgl voltage value
siljicon, wherein the second conductive |ayer includes

is appligdl &7 thy segprd eondyetive: layer: ang the dow H@/ell Ve geg@hefulétambe
t
o PPl R TSRl A PR SRR 00 | e

[o@ng a second transistor having one electrode

electrically connected to the first conductive |ayer.

[ 001A]stokage devagreoftibe ipoasemtfinvdneiop imdwdes ai meraodyi edément having a
.includes a nenory elenent having a first conductive :
firgt copductiyelayes, 3 UH?IH@ng|SF1l®Br£W%%Frdb% firgt{rondygtiye layer,

Qn Vi , cond

and 0SB, EPrd RS, dn i rEnel BEGE AL Fisfor, 3Ehn. RHEn he
sedond %ﬁ&dc‘t’@e |l@é? findlitel WiBgteAalBkefen frofll thhEHLINe firkC&Bnductive

t hat of fiirst conductive layer; a first transistor
layleg\ai first tmmnsmr dating dac eleettddel alaittigally @onecteddo tiee filseconductive

first conductive |ayer; and a second transi stor having
laygFieand| 2 88q08d draspigior haviag | ope chentrede slecirisally copnactad to the first
Co‘ﬁFguc ive layer, the other el ectrode grounded, and a

Y

V% 28 r ode connected to the second conductive
[Odl er. [0013] A storage device of the present
I nvention includes a nenory el enent having a first
condActorige daN@& of the pidsentiinvdntioh Mtlsdek iaGA¢mb9rel@Bler? \having a
the first conductive |layer, and a second conductive
firgt @ye«ﬂuthc r}mr,oa/ &ilm tineluding silicon Ifgzmtrdgomr Ithe first cphduativa layer,

%p\fe?ezg Fo? 0%9%1 ﬁzg{e\rl (efpl & equr fglgﬁ &ﬂaj:&lf %t%é rs{hclon wherein the

second conductive layer includes a material different from that of the first conductive

layer; a first transistor having one electrode electrically connected to the first conductive
layer; and a second transistor having one electrode electrically connected to the first
conductive layer, the other electrode grounded, and a gate electrode connected to the
second conductive layer.

[0013]

A storage device of the present invention includes a memory element having a
first conductive layer, a film including silicon formed over the first conductive layer,
and a second conductive layer formed over the film including silicon, wherein the
second conductive layer includes a material different from that of the first conductive

layer; a first transistor having one electrode electrically connected to the first conductive
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| ayer; a first transistor having one el ectrode

electrically connected to the first conductivel ayer; a
WG e@s/80880 ansi st or havi ng one el ectrode el ect rPCEIP2007/070969

connected to the first condyctive |layer; and a third

transi stor having one el ectiode connected to a gate

el ectrode of the second transistor. [0014] A storage
laydgva cecwid trhssigore devingi onceplectoode nkckudeldy aomesvtady to the first

el ement having a first conductive layer, a film
copdystivilansts and @othisdo Fransistes, Baving cone; ¢lsgtradgnennngsted to a gate

r nd a cond conductive |ayer forned over the

elef:‘a%/qe% (?fr%cff waPh (?terglﬁlsq Yon, wherein the second conductive
[od1ayer |ncludes a material different fromthat of the

first conductive layer; a first transistor having one

el ecArststegeedavdder ofcthe pyesanimention indudeb@ thématly element having a

conductive layer; a second transistor having one
flf%lcee@me lasienct film dn¢lydiag silisen dermesd eves the figyt conductive layer,

d dith th ct ded
an§ WS EPaRIEE SRR Sommes Bre wf (BT SRR SHRPE i pE e the

se&)ﬁfl‘ REAA ?agfet r |C§§Té? Q%Et@ﬁﬂucﬁffb ﬁt h@%e{hat 8 ecﬂrgieé nductlve

el ectro y connecte a gate e ectro

layef; atfiist tSzﬁG@fdﬁi hhviagshés électrocamkom@uyeomheemﬁrtodﬁ: first conductive
electrically connected to a gate el ectrode of the

layet;r s tseeqnan yassiger hpviog SineAcketrorsd cleetrically \mn@eczrd to the first

St or. deV| of .the ent vention, includi
corurtire TP i Foe cupbs S eBer Bpundiif fid i dyAdsted tying,one
cle ﬁ]&ieugl'egtgl g) Gkt grﬁge eO¥E6nd I&Sncidcﬁ? %P dfﬁ‘étdt}f& electrode
ayer, second conductive I"ayer forrmed over
eletirically e@ﬂmduea o 2i dateCélbetrotdo &If ¢hd) sédoad $RBSINGT, A0 dl.ghtd Mectrode
| ayer includes a nmaterial different fromthat of the
elefirically canndeted tos/zgateplectrode dfithesfirst tramsistest or havi ng one
ctrode electrically connected to the first
[myéiductive | ayer; and a second transi stor having one

el eCN@Q&’lo& |f81C td{’lkl gl 4 ¥to ?%n(fe%ﬁ d fﬁl telg}gsefni riryeatlon ng;ludmg a

conductirve layer, the o roun

megitr € eRinftfit heg GOMBeEsdctive 1&9& aqnﬁmcmaﬁ@yiﬁdowefonned over
| ayer, |ncludes the steps of, when witing data into

thet flirst mdmtwedhymamd a s:pmq«mguam lgyerifernsdd omst thedém including
value to the gate electrode of the first transistor to
silicoR. haseinths sgcopd sAuductis ladﬁr inghles |arf§at8“41d1)\ﬁf?ré9'eff°m that of

the t‘? c%%ﬁ%lctgzle lf%ye% 0 flrrgf ﬁ%x%ﬁs?or g%[gro%g %le%[roae eqe(ftgga(ﬁ& cionnected to

tr ans stor 't ransi

thel fifst RloBductio¥ GhyetOhhd@Cse¢dhd! Trahfstbh %a@ib% &nced18&idde déleéﬁflcally

the first tranS|stor appl yi ng the high | evel voltage
comeecigd toothehfirst moaﬂuc:m'ndlmyd:n ke loshyeerclearode agrpindedg ahthea gate

| ow | evel voltage . . .
electrode connected to the second conductive layer, includes the steps of, when writing
data into the memory element, applying a high level voltage value to the gate electrode
of the first transistor to turn the first transistor on, applying a low level voltage value to
the gate electrode of the second transistor to turn the second transistor off, applying the
high level voltage value to the other electrode of the first transistor, applying the high
level voltage value to the first conductive layer, and applying the low level voltage

value to the second conductive layer; and when reading the data written into the

memory element, applying the high level voltage value to the gate electrode of the first
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value to the second conductive |ayer; and when readi ng

the data witten into the nenory el enent, applying the
whe@h/obmssel voltage val ue to the gate el ectr odeCDIP26070969

firsttransistor to turn thesfirst transistor on,

appl yi ng the voltage value of the high level to the

gate el ectrode of the second transistor to turn the
transéstamto thrnaths i fgstotransistor amg ap@pidg rthe voltageotabret ofathe difight leeel to

first conductive |layer fromthe other el ectrode of the .
thefgafes%le%tfoaﬁsqfé%?e,cov\% HRRYSFOLLOIBY the scepnd; transistos opeand reading

driven 0156], A hod for drivyi a, stora devi,ce .
the; oot o8 ks eBp RV E el Frpl g Pref TR Gmsiston
whtRY$ b stoRadel deMck Ren BligEnSi | i con fornmed over the first

conductive | ayer, and a second conductive |ayer forned
[00a6kr the filmincluding silicon, wherein the second

conductive |layer includes a material different from

t hat Adgnetherd fgrj dristing: a stasege devigeaipeluding § memory elerent haying a
. havi .one el ecj.yode_ el.ectricall onnect e o the. .
firsf SpRSH Ty o Bl i, LB fopme T S Sondifigs daver

FheetbRftorduehitd 162 Rmfansas i il ilifididg Silicon, wherein th
- co%gucrggv%&iuayer dggd the other electr ogle gﬁ oulﬁ%%d‘;’v ez:arﬁléll ¢
secand Boridictivahsies ineludes d imgerddl lititrent froelatheat! efcthe ifivstl doyductive

connected to the second conductive |ayer, the other )
layes; a dirstdrpasistog baving ang ¢leettndaetactrivally connggted te thedirsirpaductive

of the second.transi.stor, an gat e el ectrode .
laySh o Fo<R) FOin BEYIEE 5 et B BheoRiedeto the first
, : Iy o (o o
corbbe LB IR otbe OEHERE AP 8 i BRIl g one
elesteddeaglectrivallie comnetied tgaghe et coitirctive ldyer,fthe Sdther electrode
transistor to turn the first transistor on, applying a

ele¢toigall egerinegtod tag@ateadlentrode of itke spgord trhusistor dnd afgatenelectrode
secaond transistor to furn the second transistor off,
cleGHERIN FPEREL P greatestsbhoin SEUE Ga1 anson iarlies dne Steps of,
0 i . r
whil SEAG R B sl AT, BpRind § et Byfi ABIagt Pl to te
gatk @ldctiBdd bf fhe fardin@atRistorao lt@nethe fidétdranpisloy loRJappiEink AWow level
| evel voltage value to the second conductive |ayer;
voltagd vatverto tagite glertiededeft the wedond ¢ransistoota tuen thenssegnd transistor
el enent , appléig? t he hiﬁ@ | evel vo]tage value to the
V,

off japplying the; high veltage vajugito thegate glegirodeqof; the third, transistor to

o ARERL B R PN LB B v

layEQ ahl rapplyie; BRCIPAAINVERHSItaEE ValitNio MRNe¥blilcédtctivd hyer; and
| evel voltage value to the gate electrode of the third

when emadingttbe date written ittoah¢ hiemedry elamsnts applying, thahigh level voltage
reading the potential of the first conductive |l ayer .
valpe ghiherateoelpgtrods| of dhe Hepb transistaptor fupss thefirghgansistqr on, applying

the"YHEﬁ %’%l %oﬁzgg%r\?a%ee to the gate electrode of the second transistor to turn the
second transistor on, applying the high level voltage value to the gate electrode of the
third transistor to turn the third transistor on, and reading the potential of the first
conductive layer from the other electrode of the first transistor, whereby a storage
device can be driven.

[0017]

In the present invention, as the film including silicon, a film including
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device can be driven. [0017] In the present invention,
as the filmincluding silicon, a film
wo p@Bosiseganor phous silicon, a fil mincludi ng PCT/JP2007/070969
m crocrystalline silicon, oL a filmincluding
pol ycrystalline silicon can be used. [0018] According
to the present invention, the nenory el enent utilizing
ametphougailiceactai fitm cimoludimgo pecratwstallint hsilisonm)gort hefiB@n\cluding
vol tage value for witing and for reading. It is not
POlﬁéfé’é@ﬁ’élFWllC@ﬂP@?h@ wsedi rcui t whi ch changes vol t age
[Ooﬁgtues to be different for witing and for reading.
ordingly, the scale of a circuit can be drastically
redu BRI Fgﬁﬁg@ T [Pk :
accojr‘{r&'g(galbrrl(31/1|ﬁ gtgdtrha ngsn? 1}%%(}%{%1 B@%h@ ef?e Vi el&glzmée silicide
reattidrlicdnl it opegated ixhfusiigrthé saine 0bltage Vel fyr weitihg ahd fdiaeading.
present invention;, FIG2 is a viewillustrating a
It ig awof ingeessary & forim a cincuit agficl ehdnges woltaghevapreade e different for

jnvention; FIG 3 is viewillustrating a .
wrilgap a{?ﬁ‘g‘?\g-ofA%‘r‘o %Wﬁ%%‘iahe ‘tﬁa Ggut gmwwcaﬂy reduced.
invention; FIGS. 4A to 4D are views illustrating a
manufacturing step of a storage device of the present
BRIPF BESCRIPTHOIC®DF BRAWNNGGSare views illustrating a
manuf acturing step of a storage device of the present
[001R}ention; FIGS. 6A to 6E are views each illustrating

an exapmpl e of an ar&tenna whi ch can be used for the

pres RYRPBIPAN YRS CFAYARES: 7A to 7D are views
illu ti . LOg:. st.e . i
of TSSO PTARL A0S Wi pBpafiyBh 8 28RnEY L of the
prekérlt iflen@én;ng @ manufacturing step of a storage device
of the present invention;
FIG 2 is a view illustrating a configuration of a storage device of the present

invention;

FIG 3 is a view illustrating a configuration of a memory cell of the present
invention;

FIGS. 4A to 4D are views illustrating a manufacturing step of a storage device
of the present invention;

FIGS. 5A to 5C are views illustrating a manufacturing step of a storage device
of the present invention;

FIGS. 6A to 6E are views each illustrating an example of an antenna which can
be used for the present invention;

FIGS. 7A to 7D are views illustrating a manufacturing step of a storage device
of the present invention;

FIGS. 8A to 8C are views illustrating a manufacturing step of a storage device
of the present invention;

FIGS. 9A to 9F are views each illustrating an example of an electronic
appliance; and

FIG. 10 is a view illustrating an example of an electronic appliance.
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FIGS. 9A to 9F are views each illustrating an exanple
of an electronic appliance; and FIG 10 is a view
WO Rooa®sesat i ng an exanpl e of an el ectronic PCT/JP2007/070969
appl i ance. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
[ 0020] Enbodi ment Modes of the present invention wll
be descri bed below with reference to draw ngs.
However, the present invention is not limted to the

description given below, and it will be readily
BESIMQIE FOR CABRY NG QUSAHR INWENFION hat var i ous
[O@gﬁnges and nodifications in nodes and details thereof
be made wi thout departing fromthe purpose and

SCOPEnffodiniEit MEGRRNGf {H3VSetdn® Invehi6h &l B dbRELEA BRHM with
i nvention should not be interpreted as being limted

refeentd® dlewiigs.pt Howewdr, th @reseitdaveneion igmedinigidue the description
below It is to be noted that the sane gﬁrtion or a

givsorbalow s itnwilk be readity gppatent o those shillsdda thy arhthat various
sanme reference nuneral thr oyt the draw ngs,. and .

chiRgS AR BHTRG OB s o0 SEHUS i5roct € bf PR30 WifHgubdgparting

frol}h){h% se lafld QCJPIE'O.T tlﬁé H&érft ?ﬁ\%hg&?.r Tﬂé?éfUﬁi:', rprésenfiivention
active Tayer, a‘thin filmincluding silicon J}neg :

shéulé mofibe int&rpletdd &3thednpbBinitad o the deb&iptioki@f thé emBodiment modes
difficult to distinguish between a source el ectrode
givencbedowr alitis &0 &e tnotalethati the samhe porion art 4 pertioThkavisfgothe, same

one aof a source, el ectrode and a drain el ectrode is
furkipp s dAnig B The e Felerenct nudstl Mroushou Hhe Gawitgsaend the
. . her is referred to as a
rqggggﬁgﬁg%%ggﬁglggfé(gguggTerred to as the other
[0@d1¢ct rode) except when the source el ectrode and the

drain electrode particularly need to be distinguished.
| n g&ety that in @ thm Al Heansistortinelndings ay an auwtied dayer, adthin film

.wth a low]evel potential is a source electrode apd.

m%”vf{énw slirog F‘@?A [0 AN pBTWANEa Sulsials oF Hien f‘ié?’e’étlﬁo‘g&}c“lt to

dispfisR 1RAAICE shhRRSHRARLe A & GEh SIGIE! Bufio ity strucure.
I'gh-Tevel "potential 'S a source €l ecirode and one

Thékeldte 20h®Vf laC¥RkcePOleeifddedhnd 8 drafi dbdtrddeeRtreRFRd to as a first
Therefore, the above description applies when the

eledzede (gi¢d mfiercdd @ Faowe elootrade) aotltthgether it efelredkc e asa second
ele%%%(a:lfg)ﬁg%(eagg !ég Iisn glecét{lgruéléctr%%g)r eaxtclel())tn\ivhe[not(i)le2 2sl)urcci: electrode and
the drain electrode particularly need to be distinguished. In general, in an n-channel
transistor, an electrode with a low-level potential is a source electrode and one with a
high-level potential is a drain electrode; in a p-channel transistor, an electrode with a
high-level potential is a source electrode and one with a low-level potential is a drain
electrode. Therefore, the above description applies when the description of a
gate-source voltage or the like is given in explaining circuit operation.

[0022]

Embodiment Mode 1

In this embodiment mode, a memory cell having a structure is described, which

changes polarity of voltage applied to the memory element for writing and for reading.
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In this enbodi nrent node, a nenory cell having a
structure is described, which changes polarity of
wao olosagssappl i ed to the nenory el ement for w i PCT@P2a0mA070969
for reading.[0023] First, agstructure of a nmenory cel
of this enbodi mrent node is described with reference to
drawi ngs. [0024] FIG I A shows a schematic view of a
[0@3fcuit configuration of a nmenory cell of an
enbodi nent node of the present i nvent | on.

cel | Firgipa sirugtpieof nmempessll ofghis embodiraey r@?%ﬁéﬁsﬁnbed with

rd%geq?pahgg% a circuit 102 which changes polarity of
Yoi'e 8e app Y'ed to the menory el ement for witing and
[0y reading; a first wiring 103; a second wiring 104;
and a third wring 105. In this enbodi nent node, the
ci r cHIG. 1X0showmscl seematic ¥iew if atciremis iceifigurdtitih éfrdmamory cell of
second transistor 107. Further, in this enbodi nent

an gpedimest mee phthe presemfdnyantion.  Aanpsnary sell 106 ofithds erpleodiment
d, t t

molE el RO OeBPt S & eref fod ysRhickaBEes o it pelteee

apﬂlmtto ?l?k?l\rﬂg gllalg’ellltpfor [\?ﬂgg]am# Fordesd 1{1%}5 firsP g)?ﬂ\ql%%(ﬁi; Elsg‘:ond

ectrode 0 Irst nsi st

w1ﬁﬁg‘1[@4’;faﬁd atthird Wéridg 168, Vih EHisigmbOAmeantiode, ghé Eircuit 102 includes
el ectrode of the first transistor 106 is connected to
a ftrﬁetra:pé@mﬁd%i anid rpgsegoud tr;mssmrolpﬂi?- elFattherp dre thi empedifrientsmode,

nS| 6 i.s e I nnect e o a first
Po'é‘P ot bt CpmutoE L0 id Fvesbuf JARSHY S St 2 m-channel
l e f
%l eﬁlé o%ﬁ igh lo e fgllciebg% H?Pgrléjil(g{ﬁg‘? Ieféghllaééggﬁ{ngﬁlgdl?o
[0025¢ third mnrlng 105, and a second el ectrode of the
second transistor 107 is grounded. A second el ectrode
110 br atdireuitnshowy ie|HGehd, adist gedmdqeaft tbd first tramsistor 106 is

congectedO i gy Wirineb 1% 109 @ Bhte oL SR AP brggisior 106 i
gte ggﬂé’ ie gfi‘ﬁd}@ %964' n&l Ad ¢ cfljoﬁé‘%'f ﬁ)ehﬁ%s{ 'trﬁi?sgstor 106 is

mincld ing silicon
ele@t@au)t Rénhdctedlt to°aefifst RURrAAS of ARE sbéhdS BaANIOLNOT tan@GE first
110 forned over the filmincluding silicon 109. In FIG
elettBydet HI8 6f thetmerhexyt clodent1188. oA gite cleetrodey ofthenendndl Bdnsistor

is arranged on the A point side in FIGIA, and the
10¢ 1s.qoppected to the thlrd wiring 103, and a second electrode of the second transistor

107 is grounded. A second electrode 110 of the memory element 101 is connected to
the third wiring 105.
[0026]

FIG. 1B shows a schematic view of the memory element 101. In this
embodiment mode, the memory element 101 includes at least the first electrode 108, a
film including silicon 109 formed over the first electrode 108, and the second electrode
110 formed over the film including silicon 109. In FIG. 1B, the first electrode 108 of
the memory element 101 is arranged on the A point side in FIG. 1A, and the second
electrode 110 is arranged on the B point side therein. The first electrode 108 or the
second electrode 110 serves as an anode or a cathode. By applying predetermined

voltage between the electrodes, the film including silicon 109 undergoes silicide
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- undRrRRASHtF A Oreuaht jnte & statatgwich

el ectrode 110 is arranged on the B point side therein.
The first electrode 108 or the second el ectrode 110
W@ 008050886 an anode or a cat hode. By applyi ng PCT/JP2007/070969
predet erm ned vol t age betwe the el ectrodes, the film
including silicon 109 undergoes suicidereaction wth
the first electrode 108 or the second el ectrode 110. A
reactign ovithwthectirstictbetrgdre 408 wir ghel eecr@dcttli:@mdb sl1Br odgregion which
into a.state in which the filmincl ng sjlicon.is .. .
-f-%e dngg,sﬂlcon 1S

sﬂi%Fcieﬁ %B{l %8?3}4?:85#? 1S gﬁan 9& VIGHCI‘ gl ngbf sagainéexgltlétﬂerﬁoar%f (\:fﬂltage

ues C rrespon

is 5 iell inMRalch Clldtié it tved vaked cbﬁesg)ﬁh&lhgqg"“aogta edf whichitBé film
ate" in which the filmincl ng Silicon is not

1n(5huimg sibicorc wrsiliadesi’or édn ifiGaAXTdte’Her which thefilnh acdwdingsilicon is
step of the nenpry elenment 101 shown in FIGIB is
noaeheﬂrdoeabe[smgs] The first el ectrode 108 of the
(59.? ry el enent 101 is formed over a substrate having
i nsul ating surface. As the substrate having an

I NSupRd ﬁ%ﬁﬂff&%ﬁﬁrg step bRt ﬁrk'l%hf glefren@101USHdwA in FIG. 1B is
substrate, or the I1ke can be used. Besides, as a

deggiribed.i C substrate, a substrate forrred usi ng
&gl yet hyl ene terephthal ate (PET), polyethyl ene
bht hal ate (PEN), pol yet her sul fone (PES) acryl ic,

or t i ke can.b el ecte O

condd s [t e TOS P Hiieragy Y apt 0 [ magr ppubstat
ha¥illg ah! & SURS itk I

Y 0 Ao T o oy o o
subshatef b qairtesubstritofer the 8ike zan be ubal NBesides) as fal plastic substrate, a

el ectrode 108 may be forned to have a thickness of

subgtrptco farmed eysing polyethylensnierephtiolnts rﬂ’EFID opwyetirlere ngphthalate

Pl Sohahe 80 JPESE Al ar s T RERe SSRSeB D ot hod,

m@g@l asma CVD nethod, or the like, and the filmis
etched into a desi red shape, whereby the film

i ncl BN cohduction 13%’@818| fdrrhed bed sphtferingeméthddrot thellikdi over the
silicon 109, any of a filmincluding anorphous

sulgsitrhfecimmingzarf inswiating: burfica gndithe cendpctivd layereis s:mhred,owhereby the

firsatne?ecfarozlé I1 | nCLe% T edr.J O|"l¥1% rf rgtte !:(lztlro e 17)|8I rlngyoge% rmed to have a

thickness of approximately from 100 nm to 500 nm.

[0030]

Then, a film including silicon is formed over the first electrode 108 by a
sputtering method, an LPCVD method, a plasma CVD method, or the like, and the film
is etched into a desired shape, whereby the film including silicon 109 is formed. As
the film including silicon 109, any of a film including amorphous silicon, a film
including microcrystalline silicon, and a film including polycrystalline silicon can be
used. The film including silicon may have a thickness of from 10 nm to 200 nm. For
example, the film including silicon having a thickness of 100 nm is formed by a plasma

CVD method, a resist mask is formed over the film including silicon with the use of a

photomask, and the film including silicon is selectively etched, whereby the film
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used. The filmincluding silicon may have a thickness
of from10 nmto 200 nm For exanple, the film
wo p@Bosisey silicon having a thickness of 100 nPCT/$P2007/070969
formed by a plasma CVD nethgd, a resist mask is forned
over the filmincluding silicon with the use of a
phot omask, and the filmincluding silicon is
inchulimgdilicoml M9annhedormeder eby the fil mi ncl uding silicon
? can be forned. [0031] Then, a conductive |ayer is
(003} red over: t he filmincluding silicon 109 by a

SPUL LR NIRLORA B 0SolhdiEoRRdnt R CRRHHGR AFech 2 oy 2

ereb e second el ec

splft@flﬂg%etﬂ_(hﬁorsﬁl%QH@ Aldast ceslfuclitd IARY iPechQl, Wefrdb9 the'é€cond:

hi ckness of approximately from 100 nmto 500 nm
ele{:tﬁi@ﬁ:Z}lUF ban _be fomyede| dire rsecdbdlelectrodeel flomayg bei forhbd to have a
_manner_descri bed above. [0033] In this enbodi nent
thiglgges oftapprogimatelydramg 10Qam 12880 aM t he second el ectrode
“Ké%? are formed using different materials. Wen
ferent materials are used, an energy barrier at the

i Nt eThAmemBR) YBREnt 108 chh B§for§1|e§% (iR YfankRPddBbdd bol.| M

i ncluding silicon 109 and an energy barrier at the
[0438% er f ace between the second el ectrode 110 and the
filmincluding silicon 109 are different from ea

ch
ot heln thbﬁrﬂ!n‘t%'éfrl@ftd?@e thedirstrelegtrode d\QSfapé ithe sesond ¢1§@tr0de 110
alre%ect ode wfro the s

ofined Sde RBehl i, PHieno it ndibr i HRouRa o eneray
barﬁ@f:ﬁrtﬂ? Hﬁ’érYace BeMeh REriALILGrJAe 408 saﬁ{i )('hef ﬁ’ﬁn ﬁl@lugin% s'ﬂg:on 109

the filmincluding silicon 109 is varied dependi
andiap @hargy tharritr atahd ageafapbetvestnltht weeondt dlectoldea o Qdésthe film
) cE0034] For exanple, a case of using, for exanple
in uﬂmsl eon( 109 are differantefrom|cacly pthen cantlj therefose, ciceuresat flaydfrom

the, s FeitFodsel® e Sad S el R o mls BOPHECIPHFEe 110 side are
dlfﬁk&?tff&ﬁi eeagﬁagglcgf doﬁii@%y,aipg ﬁz&%ngalhg %e&:%%‘w Gor ﬁthldmg the

ectrod f cat st nce t

filth Widtiidifg sitor 109 & field ldepeading @i § oty bfevol@pe hfitied between
i nterface between the second el ectrode nade of Ti and

thetefestrodésm i ncl uding silicon is small, and thus
03' ﬁctrons are easily injected fromthe second
[0 F ctrode into the

For example, a case of using, for example, tungsten (W) as a material for the
first electrode and titanium (Ti) as a material for the second electrode is described.
First, in the case where the first electrode made of W is an anode and the second
electrode made of Ti is a cathode, since the work function of Ti is small, an energy
barrier at the interface between the second electrode made of Ti and the film including
silicon is small, and thus electrons are easily injected from the second electrode into the
film including silicon. Therefore, current flows easily and Joule’s heat is easily
generated, and accordingly, the film including silicon can be silicided by applying
voltage of, for example, approximately 2.5 V. Meanwhile, in the case where the
second electrode is an anode and the first electrode is a cathode, since the work function

of W is large, an energy barrier at the interface between the first electrode made of W
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filmincluding silicon. Therefore, current flows
easily and Joule's heat is easily generated, and

waecwsnsisegl y, the filmincluding silicon can beCT/JP2007/070969
sui ci ded by appl yi ng voltagﬁ%of for exanpl e,
approximately 2.5 V. Meanwh in the case where the
second el ectrode is an anode and the first el ectrode

and thedilmaihtladiag siicoa és latpe, avol thud elbationd@arohot \adily inpewd,from the
an energy barrier at the interface between the first

firss |elestrpdel torghtefilot ingdysking pilicen. | rﬁherﬂfongdmrrgené idp¢sceot flaw easily

d thus el ectrons are not. easi I n ted f.
and s péftts pltGas By ESReitiot. Rl SeFartineRe fftfyoﬁﬂﬁgl%ﬁdﬂ%ﬂfmn can
S
o 5 SO SRl b b AASL 1S5 U s i
thahithanin thel ddsH GRussrig 4 eablibde adBof TUi ci ded by appl ying
vol tage of, for exanple, approximately 3.5 V, which is
[0035hher than that in the case of using a cathode nade

g};m #‘%%{Lt%es %Ipv%itgéeoéﬁe%&lf g&éivea' : %ﬁfrrgt;fdéctr&fie gnd,vpltage of 0
\Y lgl‘?ap{)men ttﬁeée{&SP& el oishicC LiRehE 91%10& H&&dggﬁtﬂe‘ffﬂﬁl ingfhdmg silicon

mnc udlng silicon

andlaVvR¢airs. WHEWeve?] WAGE voltade of OV a@a#pmd to0thé ifﬁstf ¢éle&tode and
el ectrode and voltage of 3 Vis applied to the second

voldgecafr dde is applicidde theaetond reléntiodeesilicitle réaction batvegdithe film
|co and Wdoes not occur. [0036] Hereinafter, a
mciﬂglt‘ ‘B’ra"éip 9L% AR OSSR r cuit is specifically

? cribed. In this enbodi nent node, for exanple, an
el ectrode made of netal which is easily suicided, such

as THercirfaftef, Qvin&t@6d @6 dpefatigiadircBit S Q%c{ﬂdaﬁ¥ 96G9MEd. In this
el ectrode S|de) of the menory el enment, and

embadinghtmode, for esémpldcamekdetrate medeadf matah Mnsch\/!&wsily silicided,
provi ded on, the point A_side gthe first electr
Su@i faieTl {sheroxided oarfae pat B ‘Flﬁ? (the serond glestrpde 6'146) gf the memory

when g vol tage | e
clefnf i Tol Fflufteofint BTt O et o iscbfvidgg.po e
poﬁ\t MAid Bk Eﬁcﬁéd@sﬁg\%&@dﬁ land $hePPR iR hdiry $ilGorPRIsNicided
B side thereof. [0037] '"First, circuit operation for
when Iatvoiggdarhhlelofta)}mﬁﬂ mms)appbd:d ta thedesmtr A Béaie. ofl thetthemory
case where the filmincluding silicon of the nenory

clegeptanda valtege valupef abYY Jevebisiapplicl todhe pointeB side éhqu

[m&ﬁ witing, the first wiring 103 and the second
|ng 104 are set to a HHGH (high) level and a

vol tpgg ¥idduiCopthatidn®ol Witing 48! intc theSRGnd celiN€ d8&k®ed. In
the case where the film including silicon of the memory element 101 of the memory cell
100 is to be silicided, for writing, the first wiring 103 and the second wiring 104 are set
to a HIGH (high) level and a voltage value of the high level is used for the gate
electrode of the first transistor 106 to turn the first transistor 106 on. The third wiring
105 is set to a LOW (low) level and a voltage value of the low level is used for the gate
electrode of the second transistor 107 to turn the second transistor 107 off.
Accordingly, the potential at the point A becomes HIGH and the potential at the point B
becomes LOW; therefore, the film including silicon is silicided in the memory element

101, and the memory element is brought into a state where the film including silicon is
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el ectrode of the first transistor 106 to turn the

first transistor 106 on. The third wiring 105 is set
WO 2008/05088V (1 ow) | evel and a vol tage val ue of tPer/iEeo07/070969

| evel is used for the gate ectrode of the second

transi stor 107 to turn the second transistor 107 off.

Accordingly, the potential at the point A becones H GH
silgintddt hl iptd bonotad tizt atthemuyi eedl vBhibk ¢éon@seleCéd here can be in an
. therefore, the filmincluding silicon is suicided in
iniiplestat ifowhich thefilm inglydinggificoprienetsifisidede enent i s
[0¢gjught into a state where the filmincluding silicon

§ uicided. It is to be noted that a nenory cell which

IS N@fexs %I%ﬁfl‘t %@_eﬁﬁlbﬁ fﬁlaﬁeagﬁllgi fhe adhtd Writle! infot ﬁ\g glgj:rﬁory cell is

which the filmincluding sillicon is not suici .
de$cdoiba®] Next, circuit operation for reading the data
witten into the nenory cell is described. [0039] In
[0§39% case where the data witten into the nmenory
element is read he first Ww.r.i 103 is set to a .
1 oal 1 @56 5aere, 8 dala BRUeRTP e PRATY cbgtent & Frady tap firs
Wit 301 s =1 e DG galg A GEo M i 0 S el SIIGHY Bl ever,
and @&oltage wilie dfhthe highslevélrigasddsfopthelddte €lectrdde lof i@y first fk@nsistor
third wiring 105 is set to a HGH (high) level and the
106 ¢0 turgdhe, first érapgistoh 806 pyh Further, the thigkwiringr 1G5his sgiatoea HIGH
electrod f the secon r iistor 107 to.turn the
(ighEiet e afe v e SR 0 ahe FlgBAoyeT i oo dOite ol o f the
j ' i ] el enent is not
st B G 78 (Bl R Rl B h. Y Pecomes LOW and
[0040¢ potential at the point B becones H GH Therefore,

the potential of the LOVlevel is read fromthe first
Wi ri by theO@ast hwiarg the fidmf inclutlingr silienns ohH thel@@mory element is not

G el b SRS TSN 1 SRR 5 b
RIS, I e P N AR S o e s

wiﬂﬁggmoy tlﬁblﬁ%ﬁﬂ_ b first thanbiSlod@06. t AEcR@hER! it @hn BE détBANIAE Mat the

A becones higher than the potential of the LOVI evel,

memuty celbispo e mitiall sta¢ int Wikich thenfilmAinchidingasilidondsmatisdicided.
first wiring 103 through the first transistor 106.

[00@dor dingly, it can be deternined that the nenory cel

'S ! BnAng %ﬁlte,? hand, in the case where the film including silicon of the memory

element is silicided, the potential at the point A becomes higher than the potential of the
LOW level, and the potential at the point A is read from the first wiring 103 through the
first transistor 106. Accordingly, it can be determined that the memory cell is in a state
where the film including silicon is silicided.
[0042]

In this embodiment mode, for reading the data written into the memory element,
a polarity of voltage applied between electrodes is changed from a polarity of voltage
for writing, and a LOW level voltage value is used for the point A side and a HIGH
level voltage value is used for the point B side. Therefore, even when the HIGH level

voltage value is used for the memory element in the case where data written into the
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where the filmincluding silicon is suicided. [0042]
In this enbodi nent node, for reading the data witten
WO ni08/05(360 menory el ement, a polarity of volt ageCEPM)IREI0969
bet ween el ectrodes is changf fron1a polarity of
voltage for witing, and a LON | evel voltage value is
used for the point A side and a H GH | evel voltage
mevairy elansentiSe dviidr thehBlnpdnahidiie silden iTmet eflioided ievend, silicide
when the HI GH | evel voltage value is used for the
reaﬁb%bsﬁvvéprew@rftlm includiag sticen apd the ceaductive flaves dogsag occur, and
n which the udi n Sll
datp 3 R WEHeE T wePonetBeht duerBirer fash ShE B Slaylefiio and

reald! fréth 1 tRE teHdrQ el B aﬁ ?mtghlﬁe GaRd %ithg’eevzllﬁw ﬁferéj QR voltage

not occur, and data IS Witten into the nenory
vmﬁheﬂ&m&ﬂfﬂhkwebore data can be witten into and read
fromthe nmenory el enent by applying the sanme voltage
[0043] ue (here, the voltage value of the HI GH Ievel)
odi,rent

o1 echt Ui ctadiemar St aines B, st eegitpdenang. e Sseomghlgetrode
il DRI ) Gl 6 o TR g L 61 ks, wrting

materi a mmltlng ing can or ne
amamumgrtgntﬂeq)esf@rfﬁed/by tpyl @ingahel sary veltapeqalu byed Bidtplé method
which a polarity of voltage applied to the menory
in whisharpolatity iof go aggdpplicd to tbmwg@@y ¢lementadutinifrezding is changed
refore, the ne

f t t :
i Fierbn, oSN 7 ol 467 Pl orf ER(OTEe sp ety Hgment
utlﬁﬂﬂé}ﬂlfeﬂietr@zﬁ:tlﬁﬁl% lyé)é) etHéd M@L}'{)ﬁ i$1grthé/‘§ah{e! \R}‘i’tagé‘gal € (ﬁwntmg

readl ng I'S not ncessar rma cCircu

and RadERS VOistdgacisdaie o f@mbe ciddiif @hRAtchhnes wuthgmgalmdo be
for reading, such as a boosting circuit, in a storage

- diffpaerit dfor heritinggand foe roading; estuch de sicbodstig icfrcuibi i a storage device

enbodi nent e. Ac t he scal e of rcuit
ha%a&aw@%qra&nﬁgsﬁw § Eb‘g’c‘é‘g“%ﬁ‘b‘“ €c e ACERF H@y, the scale of a.
cirflife %tﬂéf gs%féau,g%ﬁﬁééd a!np tcﬂb?:e %55?89 Rugode, a HGH
eve age ue refers ue between a first
0049 tage value at which the f|In1|ncIud|ng siliconis
[
sui ci ded when the first electrode is an anode, and a
secohd th/isldmtgadimaitumodﬂ WHIGH tleneel fvdltage nmlucd'rerﬁgs to a value

silicon is suicided when the second el ectrode | s
betwicen . firspyeltage H’éluﬁ 3t gthighythefilm ingluding silicopis| sé‘f*CIf‘WaWhen the

f1r% Oe%c%r%ﬁg r}g a‘ﬁozinFoﬁgf%n‘éa' %Sconﬁyvcﬁ{%%lé' aatHvIvﬁ?(_:lhltﬁ lm including

age val
silicon is silicided when the second electrode is an anode. Here, the first voltage value

is smaller than the second voltage value. By setting a HIGH level voltage value in this
manner, silicide reaction between the film including silicon and the conductive layer
occurs when the HIGH level voltage value is applied to the point A side of the memory
element and a LOW level voltage value is applied to the point B side thereof.
However, silicide reaction between the film including silicon and the conductive layer
does not occur when a LOW level voltage value is applied to the point A side thereof
and a HIGH level voltage value is applied to the point B side thereof. A HIGH level
voltage value is not particularly limited as long as the value is between the first voltage

value and the second voltage value. Preferably, an approximately intermediate voltage
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manner, silicide reaction between the filmincluding
silicon and the conductive |ayer occurs when the H GH
wo enwslo50880 t age value is applied to the point APGI/aR2061070969
the menory elenent and a L | evel voltage value is
applied to the point B sidethereof. However, silicide
reacti on between the filmincluding silicon and the
valoebewetn viee fiay eoltage ealueand dlecsecondesitage velit imajebe applied. A
volta?e value is applied to the point A side thereof
LOWM devg letage valyg|is mp@agélavlallu@tquas dpns asdbe yaue jsdoyyey han the
. de t evel vol tage val ue is not
ﬁrsgé{f"tt?g&ﬂa 8t§“?ﬁe€8‘&‘p_|%l ydagg¥alues + he value is between
[064@2 first voI tage value and the second vol tage val ue.
Preferably, an approximately internedi ate vol t ageval ue
bet wres thite hdted that ait lage ona lob ehe figst tellextioee AD8 andl thagecond
value may be applied. A LONIevel voltage value is not
eleptmdeu Yl efrthy memery elgmgat 1@inig farnadef a/flmyusing a|ngatetial which is

ablg 5 Hadergp phiegie riactioh Soaaiohs, St e drstaiccage OB ART e second
eleh?é’def ierSn(téf n@% flrﬁéfl&ﬁe %%‘P&' f&&%ﬁ%ﬁ%@%’lﬁﬁ@ﬂaﬁ?fnm&glg}sﬁl%e film

usifi@taghatatialWhieh id Sbla% Gndcdgd Bitieide Qeditibf ivilth $iBedi ¢ibe formed,
wth silicon, and the first el ectrode 108 and t he

forsaampls, of esingledayet fibmdncledieg ae plsmentselsetedtfrom d1,\Wr NadCr, Mo,
usi n i f mate i al s. efllmusm a materi al

Tamﬁﬁ?’cg qé Pé‘ol}qu’b g)cs a4 @’P’o‘@a‘F’é%lc?ﬁ 3 FoPeYRdsmefegigh each

. . j

] 1 IR e S8 STRUE cofoefit] 084 SRyl R of s

In i, cas® ;whéfe. oMy dnd,oftthe tWd cleefislidsds fé¥medusalg #Ynaterial which is
material or a conpound material each including any of

ablee untenge silicidesreactivm with siljponenmatesial forsthe oitled dlepyrode is not
filmof these. In the case where only one of the two

paggicelatly Jlimited.s  For rample; fBe Lthet slertspdenmayn be sfoé';BF% ysipg a
SCI#]%QI?([L% ors}ﬁle élcf t)g)jf;‘ &% g)?n%c}lryérgst?flhgﬁ | sglrcfon fl%"ede{v' Glﬂ EI Q&punty

eleBAIRICR as phSspR&RS! el ectrode may be forrred using a
sem conductor material ‘typified by polycrystalline

[0GH6] i con doped with an impurity el ement such as
phosi)thorus [ 0046 is to be noted that materials

for Hths o] 'P%tm@lde ?w@f@%f(ﬁn@etﬁlfét sleetsorde 40% @nd fhe second

cefirptechich b7 ePE R, TRaY 2% ol BbeR oL el frgm, gaeh oter
coﬁb&&lf"%ﬁﬁ Qt @BL & 4150 WiepfabR ifi tvillibh Qfstatd18f thRLiRtcHBESbetween the

first ele\gﬁs:e 108 and the film including silicon 109 and a state of the interface between
the second electrode 110 and the film including silicon 109 are different from each other
when the electrodes are formed using the same material. In other words, it is
acceptable as long as an energy barrier at the interface between the first electrode 108
and the film including silicon 109 and an energy barrier at the interface between the
second electrode 110 and the film including silicon 109 are different from each other,

and a current flow from the first electrode 108 side and a current flow from the second

electrode 110 side are different from each other.



10

15

20

25

30

first electrode 108 and the filmincluding silicon 109

and a state of the interface between the second
web@sossae 110 and the filmincluding silicon RODJE0&7/070969

di fferent from each ot her n the el ectrodes are

formed using the sane material. In other words, it is

acceptable as long as an energy barrier at the
[0047it er f ace between the first electrode 108 and the film

including silicon 109 and an ener barrier at the
i nt eFpracsappleneifiert uming dhe Bréceleeide1 1808am@ @pproximately

filmincludin ilicon 1P9.are different. fromeach .
sevgta i Wil S Pl Redlo R i B rolh @b g v

eleStr6tR FRJary thbHIAThcIhdRY silicom lm%ys&ﬁ@ﬁﬂlﬁ%rqﬁﬁfd@@ea diace of

side are different fromeach othér.[004 For exanpl e,
theafitseeleétordei 10§. t e tat cade, deanttabdeidd @Bm @nthe metal nitride film is
approxi mately several -nm netal oxide filmor netal

forpyedy i wikerehy rAupgyt Heom othgedirgie elgstinde Héde jdogs  Bote dlovp rasily.
108. apd .t he, fil mjncl.udi ng sili.con 109 by oxidizing or

Actringll iy G el SO gy b BCRed e ho bl HHRE oFh low

levEl 1 lus&PRF thel St dIE e 908 G & VbR valufor A% & 1cPE11E LR for the
filmis fornmed, whereby current Tromthe fTrst

secohe Gllgondde slilde Bodsernai appwiraslyl severdb-am diliogh Yoxidehfilm or

_filmincluding silicon can be suicided when a voltage
siligen witride fim| may |heviormed betweenf e filme indyding siliser rl@feand the

10 . val f .. high | l. js.used f -
sechig c[ebfodh ) b RRisiana Bp Bivsing Erurtstk o bt SF naclufipe siticon
100 B ARty R BE Fuch or LS AR i} i B yfercoy
curdend fidie the cevnad ell@tibdedirlelddes ot dlowlieadilyy Akcardinglydithe film

. a surface of thg.filn1incIUQin3 silicon 109. In that ‘
inchuling silipen ean besilicided when jal igh devieh wokdgei vabue igiused oy the first

filmis fqrned ereby current fromthe second
clogtrodfy 108 s ST 1rSLEOIFRGY VRIG  wied e Xeony BIERgRds, ne
[thk mincluding silicon can be suicided when a high
evel voltage value is used for the first el ectrode
108 misenhtsitith@i @hodeOihe Fust tydsidfori196 e thef REordd@ansistor 107
second el ectrode 110. [0048] In this enbodi nent node,
servdras $witches whinhgiostralra ae&nafldws drel the switch whivhgias bemusadin this
erve as swiitches which control a_current flow, _and

empodimet fode ihingh ligdiRd Be 2 Uarpister ¢ rEowkigds Rk ftvithpsesuch as
ek Al e s ARL B XEChPYE AR B cement can

be 6¥ddt £N68g adfi@an Bénttdl MQusRht AGw,USREbut dinfltadib t¢h @BM4Th clement.
can be used as long as it can control a current flow,

Fomextalmplk, al tramsistr (©g., & bipplaydransistor ef e M@S transistor), a diode (e.g., a
PN diode, a PIN diode, a Schottky diode, a MIM (metal insulator metal) diode, a MIS

(metal insulator semiconductor) diode, or a diode-connected transistor), a thyristor, or
the like can be used as a switch. Alternatively, a logic circuit combining such elements
can be used as a switch.
[0049]

In this embodiment mode, one memory cell is described. However, in the
case where memory cells of this embodiment mode are used as a storage device, a

structure can be obtained in which a plurality of first wirings, second wirings, and third
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For exanple, a transistor (e.g., a bipolar transistor
or a MOS transistor), a diode (e.g., a PN diode, a PIN
waelr@dms0880 Schott ky di ode, a MM (netal insul atPCT/me0ei/ (70969
diode, a MS (netal insulatpy sem conductor) diode, or
a di ode-connected transi st oﬁ, a thyristor, or the
i ke can be used as a switch. Alternatively, a logic
widhgsCate tprovidéd i agnstic handl £ meniosy celh ibpravéded #sScaah intersection
sw tch. [0049] In this enbodi nent node, one nenor .
thegeaf] Fer exasmlé, Westruciussas,ghown; in Klfe2 inaltaippdr elnnﬂﬁ% gym (m is
cells aof this e di nent re used as.a sto e
on iop o w0 S REEL FE SAFMSGT S0 A et O 1 hjripeeh OF WG or more)
L fofirs Co . Wi L
e b 2oLy il SRS IS bl B profidea, & memory
celt & providedr #\dadke dnteise@iv@htheRbEr Feuch i md¢mbiyecetiofincludes a memory
exanple, a structure as shown in FIG 2 is obtained. In
eleple@ 2nd ra cihieuits wivich phanges agpolamiy ofr voltage) applicdtto the memory
wripngs 1-1 to 1- n (nis ap.integer of two of nore
clemeph il Wiitinengie Q-di%%“‘zloﬂﬂn%ﬁ that %‘Hi TERflifg.r i Iﬁ‘g“sacé-“le“t% cell,
« - H . N m . ’ .
= SlFoict i 1 R TR Sfctled Sy Bh P HIBARLRL: R3phoprincty
storel BV licrebly i Mienddi§l RIIS ichit B usethash stohaRO®sice EphBleidfstoring
of voltage applied to the nenory elenent for witing
vaiiousalata. di f f erent polarity of that for reading. In each
&Eﬁmry cell, "a state where the filmincluding silicon
[0 suicided" or "an initial state" is appropriately

Enfbtoﬁfn?&n%h?rfby the nmenory cells can be used as a

storage i'ce capable of storing various data. [0050]

Embog ke ¥mbddiaent nhétel Binfenfipesli mdg ABERture i @¥Bfibed, which
cell having a structure is described, which changes a

changksinipolarity of sbltamyeappfipd tethetroemory e¢lementyfoe haitimgtdatointo the
witing data into the nenory el enent (or for readin%.
menEY ¢hgmenhr(OF Herrsading the edaid yoitipnain JeMQrY, elgment) into a

e b W—
frobl @at ARS&iHeRER EMbEARAG: MHde VDUmich cNHES aCPARBRRS of voltage

polarity of voltage applied between el ectrodes of a
appizddeyweneienbdes of adramoiylsdanent,d08dgdcribed.st, a

structure of a nmenory cell of this enbodi nent node is
[0Q9d&cri bed with

First, a structure of a memory cell of this embodiment mode is described with

reference to drawings.
[0052]

FIG. 3 shows a schematic view of a circuit configuration of a memory cell of an
embodiment mode of the present invention. A memory cell 300 of this embodiment
mode includes a memory element 101; a circuit 301 which changes a polarity of voltage
applied to the memory element for writing (or reading) into a different polarity for
reading (or writing); a first wiring 103; a second wiring 104, and a third wiring 105. In
this embodiment mode, the circuit 301 includes a first transistor 302, a second transistor
303, and a third transistor 304. An element or a wiring which are similar to that

described in Embodiment Mode 1 can be used for the memory element 101, the first
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reference to drawi ngs. [0052] FIG 3 shows a schematic

view of a circuit configuration of a nenory cell of an
weriwsnsesemt node of the present invention. A nRODIB2007/070969

cell 300 of this enbodinentﬁgode i ncludes a nenory

el ement 101; a circuit 301 ch changes a polarity of

vol tage applied to the nenory elenent for witing (or
wiriangBl,gt)le isa¢comdaw tinggf Hierand phrt thiidt wirfngy 105% adﬂngnémory element

a first wiring a second wring and

105 h@h .arsgac\km faygr stgucture rPfttFw §1r% rilséefeAPS.ntbe éﬂmt ﬁsludmg "silicon

r t 3011 c ude rst .transistor. 3 cond
105 4fidh pei e s BER I s ot R SR RinA S s R E B e FIG
1B2" Farthéd malsv@m&hnﬂ&ﬁ nfodyl b@lﬁnﬁé% &fhﬁé f1§?§§£§1§?&d302n the second
Enbodi nent Mbde 1 can be uUsed for the nenory el enent
tratdtor 308c afid the tthird iragsist@XB04tdneses ecbomtchannehypd.04, and
the third wiring 105. The nenory el enment 101 has a
[0834cked | ayer structure of the first electrode 108,

o echt ety et Sndun of B 0 A esipge F B stpongistor 302
is é&ﬂﬂéﬁeﬂ o e oqfulsBm 458 andi 5t@'e§ecﬁ§ﬁ’é’gf [Fﬁnﬁrsfrﬁgﬁséstor 302 is

polarities the rst tran§istor secon
coiirfeatedi t6 tthd' se20id m&ﬁﬁg 104 t Aisecbnidrdétdiodé of thkOfirsttransigtor 302 is

to be n-channel ty G%OOSS In the menory cell shown
elencmc;ﬂlx; cennegted; fosi gtSé ¢ctrgde off thpethird rteansistaand(sand the first

clegiia TSR BF Ry Pient 141,14 B uodeor B uft B 304

is Elgams,zﬁgoor né\éogd 12 g?ﬁ el&tl%ﬂ Qf Qheeéeg&ﬁcf i lfstisg(graﬁ |°e raédtl bSkcond

transi ectricall y connecte

. eleelredd bodlee eird B@ndidtor d04 riangbeided. 384gandldchrodé iof Sthe second

el ectrode 108 of the nenory elenment 101. A gate
trapgistor 3Qie electrically connegtedrte s sccond Vsmngl 194 eanslca sdcond Elgctrode

of i, nepad Grndoar ids ATecBionld rBeatvbiie Ut WHeviring J05. The
sectRREROM A hm AN AB e 0Ty EreAEA LRE il g 105

[oeRgond wiring 104, and a second electrode of the
second transistor 303 is electrically connected to the
t hi r Hewd, ppergticn0df. thel nemoey ceitiofehsembodenent hodt ig described.
ry elenment 101 is connected to the third wring
[m¥§g? [ 0054] Next, operation of the menory cell of this

enbogirms Bkcdi® (gperaltl%ndt%§ %vrr}tlk%%ddatzl 1%905%]3 memory cell is described. In

this embodiment mode, metal which is easily silicided is provided on the point A side
(the first electrode side) of the memory element, and the film including silicon is
silicided when a voltage value of a HIGH level is applied to the point A side of the
memory element and a voltage value of a LOW level is applied to the point B side
thereof.
[0056]

In the case where the film including silicon of the memory element 101 of the
memory cell 300 is to be silicided, for writing, the first wiring 103 is set to a HIGH
(high) level and the second wiring 104 is set to a LOW level, and a voltage value of the

high level is used for the gate electrode of the first transistor 302 to turn the first
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First, circuit operation for witing data into the

menory cell is described. In this enbodi nent node,
woreaoalososke ch is easily suicided is provided onpPCH@2007/070969

point A side (the first elegrode side) of the nmenory

el ement, and the filmincluding silicon is suicided

when a voltage value of a HGH level is applied to the
trapostnt 308 en; diee wiltagh ealoe obthe heglelereltis asal far tel gatpdeatmide of the

of a LOWIlevel is applied to the point B side thereof.
seqopd SEpsister PH2 te fwa tﬁm ¢cengd rﬁ@nwﬁtphgp% Onyanthg veltpgecyugef the

t he nor | erent . 101 of, t nmenory, cel is to.be..
ol el G54, B el it o DT it b g i
trafsibtbiB04 BEOhAckEvflg1 kL F&‘t@nt%ﬁ%@'?ﬁ’e Pbint A0bekBthet HIGEE and the

to a LOW I evel, ang a voltage value of the high |evel
poteatiaise dhd point Bebegahes EOdt thedforeftht meenfiory SlenhendnBi $¢ brought
. 302 to turn the firsttransistor 302 on; the voltage
intg g|state where e filiny including silicon s silicided. tHds igbeaotaddhatagaemory

f .the second transistor 303.to turn the second .
celf oyl s BT SRS SPean ol Sl ich 5 i fnglyding silicon
is it \iftlcided. Used for the gate electrode of the third

transistor 304 to turn the third transistor 304 off.
[005G§or di ngl y, the potential at the point A becones H CH

and the potential at the point B becones LON .

t her Biest eircuih @ppration Jore readingt the olatd wristen Uiptet thememery cell is

St%t% where the filmincluding silicon is suicided. It
SIS be noted that a memory cell which is not
[O@:]ected here can be an initial state in which the

ifmincluding silicon is not suicided. [0057] Next,

Ci r cli theOfas¢ athiefentht Aatd @eictem dntd hke dRbrivMeldnicdn id fehd, the first

the nenory cell is described. [0058] In the case where
witing 19%issseiva a fleatingratate.t the sepond wiring 40 and the thisd aviring) 205 are

fi 0T [ fl [ . .th
setg@ ot hiChiERy vl i 3 oo i F Hleh desehscunee for e gate
eleRtrbl o Y AR laG¥iShr 3879 ttli'x%l el fiRp ‘?raxgétyﬁ 38% Nl the
eveﬁ IS used for the ga?e el ectrode o e fTirst

voltig@naliiel sIrth3Righ Uével isMused fif? thd g4ié eleb@O\E STitRE se2Ord Binsistor 303
Further, the voltage value of the high level is used

to furn theheecout tramsistart 303dm; ahd theevadegomelut oA e kighlevaDB used for

turn the second transistor 303 on; and the voltage
the gats elecirode 1ok thy; tgﬁd fransistor; 304 fo dgrnsthe third transistor 304 on.

[0059]

In the case where the film including silicon of the memory element is not
silicided, the potential at the point A becomes LOW and the potential at the point B
becomes HIGH. Therefore, the potential of the LOW level is read from the first
wiring 103. Accordingly, it can be determined that the memory cell is in an initial
state in which the film including silicon of the memory element is not silicided.

[0060]

On the other hand, in the case where the film including silicon of the memory
element is silicided, the potential at the point A becomes higher than the potential of the
LOW level, and the potential at the point A is read from the first wiring 103.

Accordingly, it can be determined that the memdry cell is in a state where the film
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the gate electrode of the third transistor 304 to turn

the third transistor 304 on. [0059] In the case where
wo b@sfsisso i ncl udi ng silicon of the nenory el ene@r/JP2007/070969

not suicided, the potential,at the point A becones LOW

and the potential at the pornt B beconmes HI GH

Therefore, the potential of the LONIlevel is read from
inchidéng sikicon i9silicidgd.103. Accordingly, it can be

determined that the nmenory cell is in an initial state
(09641 whi ch the filmincluding silicon of the nenory

e TR GBS 8 ch R P e e Bty e,

' ved Watondl JolMitP ek Hat for

Rt iog, R ileTorth g Ot fo
wriging, drethostaevidliage valuetdfea pOWItlev@l iiss usedafidr thicopoinh A side and a

first wring 103. A@pordingIK, it can be determ ned
VoltafgatvaMeofn%%éGyl leuel isjused fprhe paing Baside-e Theaefore, even when a

filmnpcluydjd i [ i cided. [0Q61] .. hi
voliags Jalieet g EaGH g5 uSed e e BomaboelipbuB b s ehpae the
datTSRIeH iﬁbfiﬁ@ﬂx‘emﬁ?y aelélegﬂ ihY¥wiiEh ARRIIM il *ﬁggs? gsfw@ﬁfeided

el ectrodes I s change roma polarity o

is weadt singide acudtivm bstvecerahé dipa Meludimgadiliconl &3 thevindudive layer
used for the point A side and a voltage value of a

dogs| i@t oceurednd daty éserptiwittanhiatopthe menmry jedpanenth eFldrefioge, data can

b P BT L R A4 Pl e VBt Tt 5% votas
val}’i% l'ferr@?hé \mlﬁﬁé DQuOBFREHISHEREA) | n which the film

uding sificon I's not suicided is read, suicide
[006epcti on between the filmincluding silicon and the
conductive | ayer does not occur, and data is not
wr i t Teenmemooy £¢1b 30 rothjs embodiment mpdg mclndes th¢amemeryrelement

107 o i B 4 CleBRn, S8 15 oo Do i (RGnGHp iy iTerent

B 38 BT 0T RSt o

medddty lelem¥at €br Wwhiging | (b6 teadiny tintoOE dabelionha ]eanhd of reading (or
el ectrode are fornmed using different materials, and

writing), ovlierehyt walihgwinidc readimg ecagsbea ppddranedt witbfthepyst yafrthe same
voItagF to the nenory elenent for witing (or reading)
voltage yalieqi recti on at the time of reading (or

[0063]
In this embodiment mode, by providing the second transistor 303, voltage can
be applied to the memory element 101 only when the second transistor 303 is turned on.

Therefore, application of voltage to the memory element which is not selected can be

-prevented, and the memory cell can be operated with higher accuracy.

[0064]

In this embodiment mode, since the first electrode and the second electrode
which are included in the memory element are formed using different materials, writing
and reading can be performed by applying the same voltage value by a simple method
in which a polarity of voltage applied to the memory element for of writing or reading is

changed into a different polarity for reading or writing, respectively.. Therefore, the
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witing), whereby witing and readi ng can be perforned
wWth the use of the sane voltage value. [0063] In this
weedpsasesemt node, by providing the second tranBCEHIE007/070969
303, voltage can be applied,gto the menory el ement 101
only when the second transistor 303 is turned on.
Therefore, application of voltage to the nenory
meglogyrelemenh iutihzi'ng Sﬂi»;ﬁdesela@téxmeehncm oberated ewithn thedyseaofdthe same
cell n be operated with hi gher accuracy.

Volf%geenf iy Fifiae anbBuireAdHIE: ndtis TOLTeRESSATAD for dgciTcut 1 which
dlffelr&? R% \%ﬂ%s aFe us%ﬂffé?ﬁ&gﬁpg Ghd ?q'ereﬁmfég g ‘a{ 35, ée ﬁ&s‘l}igg gerlllt

a usih
in rsagtafdgal &evw hhvilg AnRerh&FAEdD degdrived RO MfddiNent mode.
appl ying the sanme voltage value by a sinple nethod in
Acudridinglya thoseale tof otirmol tagbe apypdticellly treduche anépdyvice can be
el enent for of witing or reading is changed into a
migfatufigeant pol arity for reading or writing,
[Od6§fpe0t ively.. Therefore, thenmenory elenment utilizing
ci de reactl on can be operated with the use of the
sanepVid é’tﬁﬁod&ﬁ'n'eﬂlemBQE 8 Ikt YR 02, HIRAGCHSN rhsidtsr 303,
not necessary to forma circuit in which different
and/ dict third tvavisises 0desereeds Switchesi whioly cantolf oicurretdilovg, and the
such as a boosting circuit, in a storage device having
swiiChyihishy canebe used dn jthis embpdimeny medo ds m@htlmméeto a transistor.

Va8 g diooRh & Befined silchth eeBthic suBRgs il it tke
card Bt Ss&1T238 1 485 dlefDH Coan hiCudel! st loBFaang P rcoﬁ)l%’a Eﬁ‘(‘?ent flow,

second transistor 303, and the t ransi st or
withewutvBmétstiecnvtd @hegtanh ietdmenant Foal e)&nqﬂf,rzemfanilhtcv\l,(e.gmé bipolar
the switch which can be used in this enbodi ment node

trapsistofr 2| Mmtmsis@rh agdiogede-gt 6PN digde. ARINindss adichottky diode,
he ch as WI tche nmechani cal
« 0 ERaESUFr ) e it BmtraCias it o ciopkiode, or a

. dloﬁé‘@ﬂﬂﬁcféﬁeﬁaﬁs?st&gnga Efﬁyrﬁs‘iorcaﬁ} ?lféntlfkgl chh ¥ LS s ﬁ switch.

out imtati ceftain elenent. or exa

Altarriativdl§;iadbgic c{reuid comﬂmhigrmblﬂélehlkﬂfs%bﬁ» bOusedrasa sMﬁSh
transistor? a diode (e.g., a PN diode, a PIN diode, a

Embodimenk)lodedde, a MM (nmetal insulator netal) diode, a
gllﬁ (nmetal insulator sem conductor) diode, or a
[0086bde- connect ed transi st or), athyristor, or the |ike

can pe s e&n@@diﬂleﬁf’mrﬁ&ﬂ; an example of a manufacturing step of a
semiconductor device havihg a memory cell described in the above embodiment mode
is described with reference to FIGS. 4A to 5C. In this embodiment mode, a
manufacturing step of a wireless chip capable of communicating with outside wirelessly
through an antenna is described as an example of a semiconductor device.

[0067]

First, a metal layer 502 to be a separation layer is formed over a substrate 501.
As the substrate 501, a quartz substrate, a glass substrate, or the like can be used. In
particular, a glass substrate that can have a large area with a side of 1 m or more of the
substrate is suitable for mass production. As the metal layer 502, a tungsten film, a

tungsten nitride film, or a molybdenum film with a thickness of 30 to 200 nm obtained
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Alternatively, a logic circuit conbining such el enents
can be used as a switch. Enbodi nent Mbde 3 [0066] In
wao biog/osmsBodi nent node, an exanpl e of a manuf acedr/iirg07/070969
step of a sem conductor de %fe having a nenory cel
descri bed in the above enbodi nent node is descri bed
with reference to FIGS. 4A to 5C. In this enbodi nent
by aspéttermgmeethédbcanibeiused.st ep of a wirel ess chi p capabl e
of comunicating with outside wirelessly through an
[00981 enna is described as an exanpl e of a sem conduct or
devi ge.. [0067] FEirst net l.ayer,. 5 0 _be a .
sopal et onayel hE mesf 4T 500 HLizBL Sy K Egia guide layer
(ndt RRowHP'S TR Ufet@0dxid@ 14y b fna g b%l'fgﬁﬁ&ﬂ)f oxfalbP8F the surface with
substriate, or the [iké can”be used. 1n particular, a
puiglvestsr studeine adatert dratxidasion etheoxaygeapismar e Altetdativel y,sthel enetal
~of 1 mor nore of the substrate is suitable for nmass
oxige dee Maynbe fymed dyrheating imye atgespherg coptaing Axyganm Further

tungsten nitride fil r a. nmolybdenum filmwth .
sl dbe gpétshSxide Jakerr i AEararity nas dHit clep: i forming an
. i . an . . . . . . . .
ins BP0 1P RS BB whP SHcHF B TR 508 oklfride fim s
forimay &k theiisulatiogvii)m by heplaehaCVEX mdehddathersurfaye bEtht ahétldayer

by oxidation of the surface with pure water or ozone
502ustaxidizad, sx thatithe aretalioxidedayegénfopinedna. Al ternati vel y,

Ootgpﬁomat al oxide layer may be forned by heating in an
[ sphere contai ni ng oxygen. Further alternatively,

t he I | fe: ' r f

for m e aehap e TIPS, IRFEFOLEE MEhPoxthByd An
ins@latihg 6ifin @utlles 4 biliddrOdxide filrh, Leliconxyiftiderfile of b lsilicof oxynitride

formed as the insulating filmby a plasnma CVD net hod,
film (8iQN; ) scused fas theefirst inshlating ddm5H3. | Asox typicakexamsple, the first
. that the tal_ oxide |layer is fornmed. [0069] Next, )
insplaping BIMS,4sifagned of3 Btarlaser plENGe, WL? SHRQURRoS Amployed in

i da. . ). g . s
o2 £ Riia A Bl ALY 0 900 15 K@i by a rVD
mefheMNistrlgl SIELf WHH dn SINOONK) reactive paéks Asid b RRicbh lok¥mitride film with a
insulating film503. As a typical exanple, the first
thickesss af 10§ fd 1160 508 using SilkeandfN£D tasorchetjrer gases are stacked.

structure, and a structure i s _enployed in_, o .
Alternatively, as one layer of the first insulating film 503, a silicon nitride film (SiN

film) with a thickness of less than or equal to 10 nm or a silicon oxynitride film (SiN,Oy
film (X>Y)) with a thickness of less than or equal 10 nm is preferably used.
Alternatively, a three-layer structure may be employed in which a silicon nitride oxide
film, a silicon oxynitride film, and a silicon nitride film are sequentially stacked.
Although the example is described here in which the first insulating film 503 is formed
as a base insulating film, the first insulating film 503 is not necessarily provided if it is
not needed.
[0070]

Next, a semiconductor layer is formed over the first insulating film 503. The
semiconductor layer is formed as follows: a semiconductor film having an amorphous

structure is formed by a known method (a sputtering method, an LPCVD method, a
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which a silicon nitride oxide filmwth a thickness of
50 to 100 nmforned by a PCVD nethod using SiH , NH3,
wW@resRAB8@s reactive gases and a silicon oxyniP€T/d#2007/070969
filmwth a thickness of 1 to 150 nmusing SiH4 and
N2O as reactive gases are stacked. Alternatively, as
one |ayer of the first insulating film503, a silicon
plaminar(ilﬁ@ friethod( ©ir Nhé i like), and thea Cilystolized dyokndves scrydhatization
al to 10 nmor a silicon oxynitride film (Si NxOy
trealtmem lasorcyysigllizatigny Hﬁeekﬂé‘gxst@%lzat@éls thergal %rwstélal&aqlornesmg a

cat mﬁthsi flij :agfn%(%ploll tlll‘lesle?cg o é’%? i gtc!r Vsﬁalﬁne &l E(E)nﬁ uﬁ% {)ﬁraeand the

cryStallfig Jemlwndactﬁf hhﬁ q§ pﬂ%éfﬁéd iﬂt&% cfelsirsa sl?a'ib@ afteP 'a'rbﬁ?cnmask is
nitride | mare sequentially stacked. Al'though the

formedrqslaeflrss phetsoraskyenveh éreecriystalline midoaddatorsfilm. Note that if a
i nsul ati n%ﬂfl Im503 is formed as a base insulatin

plasmp VI e dr1§ qudn the! figst ingplating-fHlapmd; the seamicordustos gﬂmﬂgaving

an QR RnaR slolostes caf 0P SuSERvls shORAVASY bigB exposed to the ai.
ThisSeiichtior filoMisWPned (b9haV8 W RRRALLE bP b AN hrr BrefBHabBB0 1o

as follows: a sem conductor film having an anor phous
70 atm) L cAlthenghsthérerisvrel libytatiok o wimataiah ofithe anppious k¢ migonductor
met hod, an LPCVD net hod, | asma CVD net hod, or the
flhm siiyon gna silicon geryeniym (Sz%@) Bljox ifopiefarally tused foraforming the
r at ment. émaserf rystallization, thernal
QP TIRISANAUEIOT ey el crystallization using a
[O(ﬁ@ al yst such as nickel, or the like) to obtain a
crystal line seniconductor fil m and the crystalline

sem Ahedatvaly, for trystalizpdi ®¢anmenti ofttie sentiesiduedr fidpaving an
after a resist mask is formed as a first photonmask,
amgiphpus $aichiresx continweusseayie desstimey be usdd. min Nrster ta ehiainiafcrystal

will afloE R e Shora el eh G the S Rmhar St pyger im, secdad t
foﬁﬁlrﬁb‘}ﬁlgﬁﬁs %?@h@ﬁmﬁ%\%ﬁtﬁf"&vhyee ksy ré%uct y s m\rM({yla@ Lﬁtsm ez{ &ﬁgﬁ laser

expose IS sen1 mis

capablehéVédnéintidlisOkaeSescfatigh. t Dypdéhllpihe Reedrr lﬂiﬂn)z&nﬁQSBD nm) or

70 nm). Although there is nolimtation on a nmateri al
theghird harmomig (326 wen)sd @n ANoh ¥ Y& dasef (fundangdnitil pave of 1864 nm) may
silicon germani um alloy is preferabl y.used for

be egmiPYsg- tﬁ%heanﬁr%éago@ewwo#ﬂaarcfsopsqdp Ilgger [@btrf]mtted from a
corﬂnﬁlgﬁm \Le? 4fl£ﬁ% W%E)yes&ﬁb&t ﬁg}ﬁ% ?ﬂd WERY &ea nt&)hieharmonlc

sem con avin ous s
by ﬁ@lﬂhlliﬁH%tM@Mﬁeﬂlé’xﬁer Iﬂrmﬂulixﬁl Mﬁe@éﬂls a ﬂﬁembai 8y v&tﬁcrpm4rbrysta1

a crystal

and a non-linear optical element are put in an oscillator and a harmonic is emitted.
Then, the laser light is preferably shaped into a rectangular or elliptical shape on an
irradiation surface by an optical system and is emitted to the semiconductor film. At
this time, energy density of about 0.01 to 100 MW/cm? (preferably, 0.1 to 10 MW/cmz)
is needed. Then, the semiconductor film may be moved at a speed of about 10 to 2000
cm/s relatively to the laser light so as to be irradiated.

[0072]

Next, the resist mask is removed. Then, if necessary, the semiconductor layer

is doped with a small amount of impurity elements (boron or phosphorus) in order to
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with a large grain size in crystallization of the
anor phous sem conductor film second to fourth
wharosomses of the fundanmental wave is preferabbP@r/JpP2007/070969
enpl oyed using a solid | aseg, capabl e of conti nuous
wave oscillation. Typically, the second harnonic (532
nm or the third harnmonic (355 nm of an Nd: YVq 4
cohtaglex tiireshudd o rat AFT.wallerepfan 1i06 Adopirg metholdeis esmmployeeldin which
When a continuous wave | aser is used, |aser |ight
dibogane(BaH¢)1p potscpaspted Ry 81ass Rhra ey Plasds. whose out put
[0(5)7% r is 10 Wis converted into a harnonic by a
non-linear optical elenent. In addition, there is a
et haldxDYa Witkel of\i# sehi&n@lictanthyRr RO Wakhddea tHePdanfeatime as
el ement ‘are put in an oscillator "and a harnonic is
reraovdl tofchn dotiden filrh lom {hassarfatd ghithd senpicexidactipllyyes veifledn etchant
into a rectangular or elliptical shape on an
contapning hytdrefiosiGacidee by an optical systemand is
[O(Zﬁ'ltted to the sem conductor film At this tine,
eneérgy density of about 0.01 to 100 MW cn®

- (prefrgEabl s\écong%iﬂsllﬁn?in Qi AR kotets Hﬁ%@ﬁ%giﬁh@& lg§é}§s floémed.

sem conductor fi y be noved at a speed of about

The gecihdOinsutiting fllnaisi foehyd tohiveea tiddaiesd ofghto 200 am byalptasma
irradiated. [0072] Next, the resist mask is renoved.

CVip @pethodr orrpespatering methnd. sThe sesaad énsylating filin is prefiespldy formed

ith a. t of i 4 |
o B RPN TR S el SRR e of
insg{ﬁt)lglg fiith sz?l@ai AR s o TidiCHch %uﬁg&lb{gim&bﬂ ¥0intdhe _usiné plasma

ane (B2H6)“iIs not separate mass but excite
withy apmésomave] BOgeforided! , The Ss¢edHmE ensufating efilte Miciods! @b o gate
| ayer is washed at the sane tinme as renoval of an
insylatiag filin| ohadiF i théde fonnfeddatenf t he seni conduct or | ayer
ith an etchant containing hydrofluoric acid. [0074]
[O% n, a second insulating filmwhich covers the

sem 0 ' T ' [

1 iR ale legoUE] s08 o] SDRTEAY o S SEERSE SERHhER Biles as o
lovPérasetirodd/Of fRtrhéfor leldn i did Rinbd ov@ithe sbcold ehsaRGASHIm. A

insulating filmis preferably formed to be as thin as
resi® mask58 formadouding e sacwidnphiatomaske and thex ackedictisg éilm with a

structure of_an insulating filmcontaining silicon,

thighnest A0 a@ wnichiygbtaied OF a-PHEF N BFHG] i RigERed into a
deteisrfiodl! & BUPHE Jofe BREAOINS04 £ 508 ERPTRE iRl ¥eBhbd509 are
mron a gare

ctirons a
formed.

[0076]

It is acceptable as long as a material of the gate electrodes 504 to 508 and the
first electrode 509 is a material being able to undergo silicide reaction with silicon.
The gate electrodes 504 to 508 and the first electrode 509 may be formed of a single
layer of an element selected from Ti, W, Ni, Cr, Mo, Ta, Co, Zr, V, Pd, Hf, Pt, and Fe, or
an alloy material or a compound material containing the element as its main component,
or a stacked layer thereof. Note that a high melting point metal is preferably used for
the gate electrode of the TFT; thus, W or Mo is preferably used. In the case where the

gate electrodes 504 to 508 and the first electrode 509 are formed of a stacked layer, if a
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insulating filmof a TFT to be forned |ater. [0075]
Next, gate el ectrodes 504 to 508 and a first el ectrode
woGOBsnMiseh serves as a | ower el ectrode of the PEMDIr2p07/070969
el ement are fornmed over theygecond insulating film A
resist mask is fornmed using a second phot omask, and
then a conductive filmwth a thickness of 100 to 500
maggriahlaysh whiclhistwvesni@sl anyuppes rb:ustet s ifognadetsing thes above described
patterned into a desired shape, so that_ the
oA iab iy BAEYA T GBI SSCHBWET PaeT BREDE A gl B0t ipcesilicon

b PARRE PR ol LS BRETER ROpRsBRari 800 1 S0 o

‘[()(p;bgsctrode 509 is a material being able to undergo

suicide reaction with silicon. The gate el ectrodes 504

t o SB8x@radresise midsk st feimeak ngiog aS0O8rdnphotmadkosormd tofcomer the

single layer of an elenment selected fromTi, W Ni
sermcongys tor-ﬂéyer@dn rpgions,/ to g p-phanngk TFgﬁdaqdean dmpaﬁtyaplp@ynt is

lntg?umd t%rm? rﬁexﬁgﬁﬁ% gyegg}nerregﬁlgﬁ SN a(:3 xg:tl h&ﬁ'&, ysing trPle gate
eleH%cfestQ%n@SW %mﬁﬁést d0t8at6W tonE&itdtion ﬁn;ﬁfrﬁ;l & s%re formed.
used for the gate electrode of the TFT; thus,

Asi the pingiueitya leleyneng egh ihpuritheclaass mt;mrtmg heygﬁbenductlwty or an
. electrodes 504 to 508 and the first electrode 509 are
impyyitihelpagnt dmpArHBK edypeasfmd}lcti‘ﬂtymtb@rqsaql- | Ay e igtpugity element

[ d .
lmg%ﬁxv}i%&i‘fﬁ% PRy oGy (13 S5t Tl Vi i cam be used
He?é9 Sp h%ﬁlsa(P> WEroli AR to TRY sdicéhdRieloY ‘H)bé? fitHe l@glons to be the

n [ayef doped with an inpurity el’ement su
n- qhhﬁmm MPTyISo af BME Conikiet at eoricertiationsras k xi19' ¥ torise 80"t siong/cm’,
a third photomask so as to cover the sem conductor
50 thay Brtypei impusigy eions arefermedchannel TFTs, and an
urity elenent is introduced to the sem conduct or
[Oq@ers in regions to be n-channel TFTs, using the gate

el echeadefe PQR FBKIQ TeMDveRS K resid? &ujf@tl lt%ﬁed using a fourth

concentrfation | mpurity regions are fornme

photodsk by as ke 68k thedserhidPidutloy 18jeeyinthe iregdass ioge ﬂretly@ltannel
conductivity or an inpurity elenment inparting p-type
TFds read cini impuyitycelembet i sdrbdugs] tolthe smuomdtytcalleywemtn the regions

o b RS oSBT
p-t#]gg Bxglﬂpﬁgﬂ réé?oﬁshgre ?(Spnﬁ:gnd%st e 11%¥§rﬁtyi Qlemﬁt rifﬁ%kx?i'ﬂg p-type
conductivity, boron (B), aluminum (Al), gallium (Ge), or the like can be used. Here,
boron (B) is introduced to the semiconductor layer in the regions to be the p-channel
TFTs so as to be contained at concentrations of 1 x 10'° to 1 x 10%° atoms/cm’ , So that
the p-type impurity regions can be formed. Consequently, source or drain regions 514
and 515 and a channel formation region 516 are formed in the semiconductor layer in
the region to be the p-channel TFT.
[0079]

Next, sidewalls 510 and 511 are formed on both side surfaces of the gate
electrodes 504 to 508 and the first electrode 509. A formation method of the sidewalls

510 is as follows. First, a film containing an inorganic material such as silicon, an
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n-channel TFTs so as to be contained at concentrations
of 1 x 1015 to 1 x 1019 atons/cnB, so that n-type
WO pgpasnsisyo r egi ons are formed. [0078] Next, thePCEIP207/070969
mask is renoved. A resist k is formed using a
fourth photomask so as to cover the sem conduct or
| ayers in the regions to be the n-channel TFTs, and an
oxidepfisilicyn,airenmstideiod silivbnoatuckin tentbinmgsmnirgaric oatenial such as
| ayers in the regions to be the p-channel TFTs, using
an PFgANIGAEHN @ f@etl%gleg pigma GYR mether, BGBUt&‘gmﬁE{Q%hOd % the like to

haYenapﬂP@FQX%r haRpekadlaring o Ep e Bertatnd iyt fliphe sate
elebfd Cj:s %bh' Nah@he fiSREIeLER(360) accgfdlﬁé]? 4 h58 if@ath film is
use joron (B) I's Introduc he

forart) cmﬁu&h@uhifcamnlatmg tthe fseglaetiscly Gtdhed thiearisatiopivnedching
TFTs so as to be contained at concentrations of 1 x. )
mairgy én p perpendicoian digeasion/toform dusulating filine (thetsidsavalls 510) which

i Sl v%i@%ih%?édeé%ﬁf%ﬁafog RS Eits Sadia e o, SHR e he it

eleEtE(gie?fg)g?éﬁio?{) al 8 tHe eg(%ﬁe W%&%&P‘é%@ e irPmoved at

theSsagh@Wikhd & thd. Oorﬁﬁt:ioﬁ ﬂ)ﬂ-tlﬁrsﬂiefv@llﬁfﬁdo OrP&O3f1thé& bélBnd ishREAS film
of the gate el ectrodes 504 to 508 and the first

is moved, so¢hBoOremyiniog gatei iowlm;tghl@ﬂeroifIZtih dgormedchedow sadh of the

o5 5o S0 B ARG 5 5 A5 S second
msﬂiatlﬁé ﬁﬁ? ‘?SU?LJvle& QB thdt'a émaidlé%ﬁgﬂsﬁﬂsg]%pg g g{fl&g{éhq}elow the

as an organi c sin |

firg0 eREHEISO0 amatthogldevaal &1L €ri ng method, or the like to
have a single |ayer or a stacked |ayer so as to cover
[0G8AE second insulating film the gate electrodes 504 to
508, and the first electrode 509; accordi n%I y, a third
i nsuNEFG dgresist maf»'g is dprmed using fifthphotgmask ws,aq‘» 49 icqyer the

serlfucl)ﬂq&tc’orﬁ%le?sc{o' lye h I}arﬂﬁa ’plf"l'sanﬁdS % ingﬁ,}rﬁ %i ?sa{ntroduced

di re(’: m i nsu

to fHel manédlmctﬁf Cﬂ@e?sl insm'éla@gmh@ & ll’oeath@ ntdhafd) UPELs, Wsﬁlg the gate

the side surfaces of the gate el ectrodes 504 to
cleetinaties HO5f anmds$§0% het theo cide BBl SNdtae mhdsks, spathiat hight bencentration
. second i nsul ati ng filmis etched to be renpved at the
lmgtgrfﬁ regions ate formeds ol hearasish mesk itremeverkafiar the mrltpaktnent is

im i, 1E5E ThoS PR T el S TR SR 1 in the
regfdts o 8E B cAhE ’ﬂi'lg b'a246 Be Q%aﬁlgd QQ%n@fﬂﬁrahGﬁs of 1 x 10”10 1

si dewal I's 510 | tion, part of the second
x 10 atoms/cm®, so that n-type high concentration impurity regions can be formed.

Consequently, source or drain regions 517 and 518, LDD regions 519 and 520, and a
channel formation region 521 are formed in the semiconductor layer in the region to be
the n-channel TFT. The LDD regions 519 and 520 are formed below the sidewalls
510.
[0081]

Although the structure is described in which the LDD regions are formed in the
semiconductor layer included in the n-channel TFT and LDD regions are not formed in

the semiconductor layer included in the p-channel TFT, the present invention is not



10

15

20

25

insulating filmis renoved, so that a remaining

insulating layer 513 is forned bel ow the first
web@ssmsse 509 and the sidewal ls 511. [0080] Ne&r/JP2807/070969

resist mask is forned using,ﬁ fifth photomask so as to

cover the sem conductor |ayers to be the p-channe

TFTs, and an inpurity elenent is introduced to the

lintieedi theredaict Bhe |1dYPr eegionst inay regifamsedt i hise tsmiconductor layers

n- channel TFTs, using the gate el ectrodes 505 and 507
inchededsim bowitheprghanneE THT ard thegrehansg ffat hi gh
Oﬁgicentratlon inpurity regions are forned. The reS|st
[ k is renoved after the inpurity elenent is

intr p u R d:.t

ot SohaLEior anaRRPRRR 32 Fhnlaih USRI, Rrke by 2
sputfelingSRethsd, tan LRCVONin@tho@da plasmanCwit mathiod)sr tHe likez( and then

1019 to 1 x 10 atons/cm, so that n-type high
activation reatmednd and hmmgcrgatloe deatment af) th@emfpantve@lement added to the

S EGRONE s e d et LR CF Pl 7 9hCr fgéf i Bours)

i S4B (KO, BB OB R .5 o o

smﬁﬁ@i isored d‘dilethf: attietioh eledtithdnh end h ErdBddation ﬁ@atn{eﬂQSﬂ-ﬂhe impurity
Al t hough the structure is described in which the LDD

clemegt.ons snlmcen figri decaikider filoh €Sidéhfipehiained by aP&VD methoddsiused

o S B b L SRR B 5 B S
ins'ilnl?ing rfﬁﬁl% %oﬂ%?ﬁh%gxgdfo% 1? éd {U i(ﬁpnr%} glﬁ S Tlt] ﬁwl‘cgpe where
regl ons nay e sem con éye

thd Remitdadudtor Fitnh i h@yﬁalﬁh&ﬂ NRing AT nfisl fel&heﬁt C\bﬁi@ﬂ epromotes
TFT. [0082] Next, ourth |nsulat|ng film522

crystattization,rtypibattir m’g@i gedtefing mhithirgdeces pidkekinithe cllmnbiddrmation

an LPCVD net hod, pl asma CYD net hod, _or, the lik
regipfb FAmLRIE0 %Ppréﬂrqueaétthﬁe?ﬁmfaﬂwewd%@féwatl%n N?tééb%é’m fourth
h d
il o TR RUEARAlach 7 B S AP0 Bl i

Odggq 1 to 12 hours) in a furnace or a rapi d thernmal
anneal i ng nmet hod (RTA nethod) using a lanp |ight
sour dexit, a fifthadsulatingt filen 323t whigh serned aseedenemt lagerchf the interlayer
hydr ogenati on treatnment of the inpurity elenent.

insy]ating dilmpis tfprmard biy p spuitering f(lgihNdD an LR§ VEhmsthedda Wsala CvD

me?l%\c/lDom?ﬁehﬁlg | A smgl% layer or a stacked layer of an insulating film such as a

silicon oxide film, a silicon nitride film, or a silicon oxynitride film is used for the fifth
insulating film 523. Here, a thickness of the fifth insulating film 523 is 300 to 800 nm.
[0084]

Next, a resist mask is formed over the fifth insulating film 523, using a sixth
photomask, and the fourth insulating film 522 and the fifth insulating film 523 are
selectively etched, so that a first opening reaching the first electrode 509 is formed.
The resist mask is removed after the etching. A diameter of the first opening is
preferably about 1 to 6 um. In this embodiment mode, the diameter of the first

opening is 2 pm.
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for the fourth insulating film 522 containing
hydr ogen. Here, a thickness of the fourth insulating

wo 2008105880 cont ai ni ng hydrogen is 50 to 200 nm PEEIPAET(70969
in the case where the sem ggnductor filmis
crystallized using a netal el enent which pronotes
crystallization, typically nickel, gettering which
[008&duces nickel in the channel formation region can
al so be perforned at the sane tine, as tivation.
Not e tCFRss- SF‘HE’“P'OWPWhOﬁt ASERIOPARCter P%‘%ﬁ%‘aﬂﬁﬁgffﬁi though the
rogen is r of an interlayer insulating
pre?‘iydt('jl?'ﬁ Sqqucfgg]e ng ?O FI'(?X& h insulating film 523 which
[Ooﬁg[ves as a second | ayer of the interlayer insulating
mis formed by a sputtering nmethod, an LPCVD

met heekt, a pli@anBinCVs adilioincluing Kiéico, ke formed Byl % sputtering
| ayer or a stacked | ayer of_an Inﬁé&»atl ﬂg fil msuch as
[

methodi bh dFCR; wethpd, plasma GVIymethads jqfethe kg, - gfnyzone of an
eSO B T SO St U e o
filrh E‘ssﬁgeﬂtak sk élh&m 185 ahd a3RRKkh&Rs 86 thenvilicoh Gk 18as200am. In

resist mask is forned over the fifth insulating film
thiS&Bbodimientgmades axilicop fidtnomitts & thickndsst ¢fcl 00aum isrformed by a plasma

insulating film 522 and.theflfthl sul at i fil.m
CVR enethadec {Thew 3 resist raask is dorpesk O‘aefftﬂ? §'th°%1b3 g‘smg W Seventh

ph({fé&l%]ﬁ ggiit he%}Ll N ]lngl}seﬁe%ecggggsegc%eh tgﬁ 1cJﬂ1ﬁafyéteaiéﬂvhlch
ovér}?%ﬁtwﬂpqm 'Tﬂs d?l'ir?g & %}Hédabqiﬂé r$51§t0m§slmis réMoidd gfter the

nent no the dianeter of the first opening is
ctcﬁmgm [0085] A cr oss-sectional view of a sem conduct or
devi ce manufactured through the preceding steps
[008G} r esponds to FIG 4A. [0086] Next, a silicon film as

a filmincluding sili is f d. b '
et hécrrogecispbviret PERE smiondilSicidiosdpificgel houeh te
QPI% ggygohous silicon film a
preclelS% Agyf Pﬁ%dsgla | con film and a polycrystalline
[ocggjicon filmis used as the silicon film and a
thickness of the silicon filmis 10 to 200 run.
t hi s Newt)cad iresist tmasisdis, foamed | usingnat eightiiphptomask @Péwé%f‘sf"“ﬁh

SRS AT RSP 7P RGP g0t o
corsft%(\:/teh%tlehreaching the semiconductor layer, a contact hole reaching the gate electrode,
and a second opening reaching the first electrode 509 are formed. The resist mask is
removed after the etching.
[0089]

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 4C.
[0090]

Next, an oxide film on an exposed surface of the semiconductor layer and an
exposed surface of the first electrode is removed with an etchant containing
hydrofluoric acid, and at the same time, the exposed surface of the semiconductor layer

and the exposed surface of the first electrode 109 are washed.
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phot omask, and the silicon filmis selectively etched,

so that a silicon |layer 524 which overlaps with the
wo oosiosspeni ng is formed. The resist nmask i s rRODYREA07/070969

after the etching. [0087] Aygross-sectional view of

t he sem conductor devi ce manufactured through the

precedi ng steps corresponds to FIG 4B. [0088] Next, a
[0G98%i st nmask is fornmed using an eighth photorrask and

the fourth insulating filmb522 and the fif

i nsulNgkt Agopfigivs éénlawefoge%éy 3/ uitering: ﬁ@&lodsomﬁa%onguctlvc
fili§i§ %actdﬁgl gn{ & ahI ngf 'c}nhcﬁemerf s%l% %H%}o% ﬂ &W,e i, @ Mo %, Co,

con eac ectrode a secon

Zr, O@%I Ag FreRs Al %dtct\f: oﬁ bh §Hoyefn§féhﬁp(§’rea &91990%@ n‘fa%rﬁ?gontalnmg
The resist mask is renoved after the etching. [0089] A

thec¢lamentsdtsi maial component] ot hatasked hgadtheteof. d¥vtethat in the case
manuf act ured t hrough the precedi ng steps corresponds

whegs the gonductive ddm lswéa@ed,aﬁ lg3st pact ay%vdnda#ﬁ @xﬁ@%&l with the

B e L B ALY 59 o R ction wit
s11i%51? had s AAYEA! RbM% RYLFHAf dwa'i 'tlﬁs @ﬁ‘lbgdmi%ﬁfjm%ﬁe tlﬁﬁd $6H ¥orming

time, the exposed surface of the sem conduct I ayer
theafigdt tletr@depiiPedhiclirstaee adfa lover tlectddecdes trremtﬁy ElSnenk.e For

washed. [ 0091] Next, a conductive filmis forned by a
%ﬂ@lﬂ?{ ze?hinglan@tﬂtwgturemf & Tg Ghaan A Blm icpptpining a)mmie amount of

511%')1? %ﬁ}g 'I?laﬁ %r eﬂg &eﬁg}ucﬁg 8% Fl“d‘@&{n Zi %‘lw ftl&l bcg}talnmg
Ni %ﬂdfﬁ |8 a”ﬁtt?ﬁﬂ fle ?ecf’o'ﬂ?‘il‘rig @n%ﬂﬁﬁén’f"mdﬁ‘é ”Eﬁ’éﬂ g&s of a Ti

glement as Its n conmponent, or a stac yer
filih heitle @ thickiRkeof DGO nin atpuee AA$EmWhigh @ thidknes© 06850 inwE and a Ti
filmis stacked, at |east one layer which is in
fllredﬂﬂm:ﬁllqmﬁﬂsOlfﬁﬁosmareétﬁckedyer 524 is fornmed using a
@ﬁerl al being able to undergo suicide reaction with
[0 icon and is different froma material (Win this

e”bo%?i‘g TesiPABAK Hﬁ%ﬂn%c?ﬁsxﬁé’ﬁ Pﬁé}Smfa K, 3hd ﬁle%h&&%@e film

509 serves as ower a nenor
is RlcRTReY etch@d, so that source or drain elcctrodes 525 to 534, gate lead wirings 535

to 539, a second electrode 540 and a third electrode 541 of the memory element, and a
fourth electrode 542 of an antenna portion are formed. The second electrode 540
overlaps with the first opening to serve as an upper electrode of the memory element.
In addition, the third electrode 541 overlaps with the second opening to be electrically
connected to the first el¢ctrode 509. Note that although not shown here, the fourth
electrode 542 is electrically connected to a TFT of an antenna portion and power supply

portion. The resist mask is removed after the etching.

[0093]

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 4D. In this embodiment mode, TFTs of a logic
circuit portion, a TFT and a memory element 600 of a storage device portion, and TFTs
of the antenna portion and power supply portion can be formed over the same substrate

with the use of nine photomasks.
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exanple, a three-layer structure of a Ti film an Al
filmcontaining a mnute anount of silicon, and a Ti

wo poosiosnss@ t hree- |l ayer structure of a Ti fil m PErnJIpP007/070969
alloy filmcontaining N angh C, and a Ti filmis
enpl oyed. In this enbodi nent” node, three |ayers of a
Ti filmwth a thickness of 100 nm a pure Al film

[0O0%f h a thickness of 350 nm and a Ti filmwth a
thlckness of 100 nm are st acked, 0092! Next, a resjst
mas kNFE @o?lﬁ@dmé‘élﬁwgg &I Bnwhieht eryamsitheahiils: pfea logic circuit

t 8 selectlvely t so,that s

poﬁ%g 33?5%1 t'hX gil:ie[lc & Memory ? 66?) ;I{]aea?ra %dwl(r:e P]Ol% %@2 and

thetTFﬁ%? an %nt%ﬁﬁ:zpﬁtfhlﬁﬁ 31%1 powE sﬁﬂﬂy %gl(ﬁl 403118 ?’orﬁJeSCt Aﬁ%@‘sulatlng
541 of the nenory elenent, and a fourth el ectrode 54

filmfcomtnininy Shicom ¢xidd orom (argané asitefilm Bheed ac thedixth mshraodg film
540 overlaps with the first opening to serve as an

54 %:ppl%lre msvelé? ipg didmogontaivingsitisen axidanisnprefarably dised ifemimproving

e B B SE LB Py GRSt e PR S5 oy  coming
meﬁlo@c is' B Q:?erglq? uddat Gechirat th%I Likau muﬂﬁh SHRS 4|3efl@sarafall§ehas a
fourth electfode 542 is electrically %onnecte
plaarizedfsusfacedinticuse pdete dansentia pOBE forsie Pdtyr ip ﬁclirhiedrhy a screen
The resist mask is renoved after the etching. [0093] A
prigtingsmethed: | Theafilmpjused @ the isixth insnlating fidmar43deay beappropriately

sel PRI BT ROR s PRER Fn oY (100G MBrtample is
desehib&tint wggﬁ tPhterfha 16 be %}%Jﬁ 1%2‘9% la?%1 @JHP{H d&%@ cffuiftand the

storage device portion, e antenna
stopa@e idevioe podiopPayry thas)pke sixdnsulatigCilin 543 fumctidith 8\d@rinterlayer
. the same substrate with the use of nine ] )
mSphmg)ﬁkgw@lflotsgh}eSNMdnvq cm‘cwt and theudteragndevii¢d porias from the
whi ch_cqvers t TFETs of gi.c uit portion 601,
antRf: T} ot HBCHORD Ay SRS A ShaRs (¢forarlgep aigmia) or a
spifi? Ghd rpgnupp% bt Ends/ ﬂgé: %ﬁ énadaﬁ(}; f?%lﬁn%‘z qtfo%r ﬁlr} L thus it

powe y portion flor e at'i ng

is prefetabld)td grovidel e Rk llﬁkﬂla@ihg HImOS 4R NI Noté @it Iin fthd Hﬂsbswhere a
used as the sixth insulating film543. The insul ating

m1¢ron'ec orethaidnisngmplolyed end dhe detensa ﬂxaefaehndak yhage(t.g.0a dipole
ovj ng rellab|I|ty of a reless ch
antagriag 4 04t shaps,(e-&nd BHEHARE riihs Hken th ﬁh‘ea'laos? be formed later

can Bgt krg?% (?9? E Eg %r?apa’@llt?{ y’d'{?';1 giglvgle g altni1 the gt)(()l‘a%e device

I NSu desrra
portion; thus, the sixth insulating film 543 need not to be provided.

[0095]

Next, a resist mask is formed using a tenth photomask, and the sixth insulating
film 543 is selectively etched, so that a third opening reaching the third electrode 541
and a fourth opening reaching the fourth electrode 542 are formed. The resist mask is
removed after the etching.
[0096] A

A cross-sectional view of the semiconductor device manufactured through the

preceding steps corresponds to FIG. S5A.
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pl anari zed surface in the case where an antenna to be

formed later is formed by a screen printing nethod.
wab@siHsisse used as the sixth insulating fil m 54BCTaB206%070969

appropriately sel ected by actitioners. Mreover, in

thi s enbodi nent node, the eXxanple is described in

whi ch the antenna to be fornmed |later overlaps with a
[00%7] ver circuit and the storage device portion, and

thus, the sixth insulating film 543 functions_ as

i nt eNpxtyametal §1L1|nd§ ifcrrglefiuomﬁ thesixth ingwptipgtiln %3 -d rfi\@glgle layer
fon%lr?{ri égiln'g aft lrg:ge ?sécl 8%(? ﬁemdﬁvwi %nH te(lﬁroagstfﬁgkeg] layer therffof is used

ere’ e an as a Cclrcu

as fR@RRal(fAng- aTh%nl @%&sﬁﬁﬁaﬁm%m% 1%11§g°zlrf éllave%h@ﬂﬁ)toﬁﬁk% @hd the

both ends of the antenna is led by a wiring of | ower
mekah ik, is tshigstivealy etchedirsof thatab leadt wiringSdiddie fbhﬁecslnxi ftead wiring
insulating filmb543. Note that in the case where a

postion (08tof hariirsh gleciradeansl vbesg flpdS4hef ﬁlﬁtaemnaa ifafprmed. Note

thalt gllrégeartheaveagt%%mg%ﬁé g dtlhgg>laset ﬁ&n eS'lEa(?aht qﬁ:ilg‘ﬁx 38{nbed by a
splterihg éir a(iﬁ&albﬁaﬁd' &gﬂ&ﬁ he r@s% th3kO¥EWelP When

wi th”t he circuit an or age eV| ce
thepisé fitmn ;545 h)tﬁshe drtenitl mtpi’bwdtaiuhainga @oftaétrar&¥ith @lvelartoina can

to be provided. [0095] Next, a resist mask is forned
be @9¢tﬁgi a Mevspyerp Hist lsad 3xdring fd4t1eed giok tor berformed degpntlingnen a
1 is.sel ﬁctlvel y etched, so that a third opening
aYP'é%{gﬁ, G AESBHi rd el ectrode 541 and a fourth opening
Odggzchl ng the fourth el ectrode 542 are fornmed. The

ist mask is renoved after the etching. [0096] A

Cr OSA-c3x8iskctivihal vieavofothe séfiicofdd ot dbtive Ghari€athired through the
manuf act ured through the precedi ng steps corresponds
precedifg Sepyeqresgids keKIG. 5B.netal filmis formed over the
i(th insulating film543. A single |layer formed using
[O@ﬁ el enent selected fromTi, N, and Au or a stacked

| ay.eﬁf:{t ] Erﬂt:nﬂa?S%sg oﬁr?edt&%r [H:ét se %ﬂ s Th ﬁnna 546 can

resis ormed using an el event i pho Oras

be tfbehedeyah stiebinprintif€ methiddy ok Yheemmm 54PcdhBé fetme@as such a
wiring 544 is forned in a lead wiring portion 604 of

manheg thatr & megd! ddtr tmed ning Al Sz, farl the 5ik6 ipfornded tand epllttcring
is formed. Note that, here, the |lead wiring 544 and
method pak dheny paitemmed using,a BRtematksel if regnoHon By the number of

ph&&%%kt%rl gﬂrﬁgelaoﬂle%?ﬁe%%\% %anPbteatjormn&?gy a sEreQﬁl })rl}i'ﬁ’lllgnl%etthos A

screen printing method refers to a method in which an ink or a paste, which is provided
on a screen plate formed in such a manner that a predetermined pattern is formed by a
photosensitive resin on a base made of a metal mesh or a high polymer fiber mesh, is
transferred to a work which is placed on the opposite side of the screen plate, with the
use of a rubber, plastic, or metal blade which is called a squeegee. A screen printing
method has a merit that pattern formation in a comparatively large area is realized at
low cost.
{0100]

In the case of forming the antenna 546 by a screen printing method or an ink jet

method, a conductive paste in which conductive particles with a grain diameter of
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the base fil m545 of the antenna is provided, a large
contact area wth the antenna can be secured.
wOoRmsoss8) the | ead wiring 544 need not to be POT/mE007/070969
dependi ng on a layout of a gjrcuit design. [0098] A
cross-sectional view of the“sem conductor device
manuf act ured t hrough the precedi ng steps corresponds
sevetal A foBseve@) ABhs MNaxtare alissalveé noradbdésdds if ann@ganiceresin is
the base fil m545. The antenna 546 can be forned by a
selegtvebhpipiechand Hrepghaking, fopredpgiag gleclicgsisiarceds perbermed.
[quﬁned in such a manner that a netal filmfornmed using
‘& . Ag, or the like is forned by a sputtering nethod
and WReR RALAIVAGAHIES BcAl PIBERIBE Kne &f mbRUdds #Rill& (Ag),

t he nunber of phdtomasks is prioritized, the antenna

golinyAbe coppere@u)y nek&c (N nplatintrhi (AY), pRilladidm PHE teedlum (Ta),
printing method refers to a nmethod in which an ink or
madybsigsem | (Mp), ctifaniymp (B andd thn likes dine epariitles of fsdlvemp dalide, or
.such a manner, that a predeternm ned pattern is fornmed,.
disgF S BRI RHIEA P B RGO o Higianiyresin T ned in the
contfue v%aﬁﬁ,hbrgzlqofm&%f oi%aﬂﬁ:r rersrﬁﬁhseléc&d.t %&Hsérgﬁrfi@ Jedik hich
wor Ich I's placed on the opposite side of “the
furiRGibR @y aMides, a sulidnt, tadispessin® hgent) AtdeEoatinf aSdnhtser f6X the metal

met al bl ade which is called a squeegee. A screen .
paricles icam §e weedh o dyhigally apenrganic tesin guehtasan epoxyreesinger 4 silicone
a conparatiyve ar area is.realized. at |o oSt .
resfty £ P41 fhctine FLARE Sies oRechBoteiBe wie i domied. tgkia may be
oD . . ot net .
PAEARR LY BB SRt bl FOf bl i e o
whefefiinie SHrfleTeS @ntahifg Vidverlas REiadn SGHEoIRNt (e IR of greater
di ssol ved or dispersed in an organic resin is
thapeirequilvel lynprandtless thamor ¢quahto Be(kinmy afeoused doiux matgrial of the
el ectric resistance is, perforned

0101 .th
coRHY thadte: daFenduriiee Hiim: gan Dy Pf"é%“éé 'e»]f @ﬁ,@go& b paste at

Ki f Sl d , ateopper L.k .
el P IO s YL ARRGE( BN el Sbining
sold® pPuaaLmee( dMer 4l fteMhdiN comipbne@NMlay MR ddeli e, Inf tHA€ case, fine

particles of silver halide, or dispersant
parntiales havihg @l geain 6o ob kessithad or kqual del 20 inemare psefedablyarsgdini $older

resin contained in the . .
and lead-free solder have an advantage of being low cost. In the case of forming the

antenna 546 by a screen printing method, the metal layer may be provided as a base film
when adhesion of the antenna 546 with the base film 545 is low.
[0102]

There is no particular limitation on a shape of the antenna 546. As a

transmission method of a signal applied to the antenna, an electromagnetic coupling

method, an electromagnetic induction method, a microwave method, or the like can be
employed. The transmission method may be appropriately selected by a practitioner in
consideration of applications, and an antenna having an optimal length and shape may
be provided in accordance with the transmission method.

[0103]

For example, in the case of employing an electromagnetic coupling method or
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conductive paste, one or nore of organic resins
sel ected fromorganic resins which function as a
whrowdoes0ss@ sol vent, a di spersing agent, and a POCHIP20¢7/070969
menber for the netal partic&fs can be used. Typically,
an organic resin such as anepoxy resin or a silicone
resin can be used. Further, when the conductive film
an i edectronmagoktich aidungomayethel (6e.gf ei3z46 )Mlﬁerlfand)nasl théttmnsmission
t he conductive paste is applied. For exa int
metpde clgpiEpraagnete ipductipe |byschangn af mengle%trlp eerld &‘§n5i"t)’sls “utilized;
n co ain size of
et SRRARTRE 45 Bucidl R B ShEhals BHE8h iy "SRRt shape
f te, a
Suggﬁgﬁgot% vgtegﬁa)%ﬁggs lrgleSh%%f e:‘g(r)lenagéb %1 %rgkl ng of the paste
[0O184] t enperatures of 150 to 3000C so as to be cured.

Alternatively, fine particles containing solder or
| eadlnf the sassobidemplaing tasmiegwiveoneibod (-g.nay U BE basd (860; ta 960

M Bipdir Szab P00, MnftEn ke ik BB ey a i ongi or
sthngeiﬁL the €BndRUYE rfllﬂlaﬁﬁlc 1@%@%%@6@% 6&%{/ 'Bg Jg@izﬁggﬁﬁiy set in

he case of formng the antenna
coBiderition Hf ks Wadklerigdile of Rl alectrieWRive iByd B sin@l iral@ehisstor2 The
base fil mwhen adhesi on of the antenna 546 with the
corstustévef filonfigwtoning hoen ajteneXjan Padeenddsingfor gzampleya linear shape

(c-r AABRIT oY 2 S G {625 PR SHUIMAL 4o e - The shape of
thear;lv ?&ﬁfe it ﬁfn@ﬁ&r{l Ql‘?tdht%nﬁaﬁﬁﬁ'ldt 'Tﬂmfé%t tBQadhné'?iP S{lﬂ)e and the

romagnetic | n I on m crowave ne

corffuctivee filrh lfanamlrtgeaﬁaplaﬁwﬁﬂh mﬁgebei formediif Sd @ﬁrve@ihh@@hape a
may be appropriately selected by a practitioner in

‘megugdes istiapeator gncamhbiaptivn derdofnis, cansiderationrnfetha avdvaleangth of the

an optinal |ength and shape may be provided in
ele%‘é‘?f’é?@ﬁﬂ%é’aﬁfth the transm ssion method. [0103] For
Enple, -in the case of enploying an el ectromagnetic
co pling nethod oran el ectromagnetic induction nethod

( €. OHere1 BIGS Mo 4R Kbw afanip1&s 31 SABSEYI T Thnt8Riah 0For example,

electronagnetlc i nducti on by change of the electric
as ShostndindElGs 6ty ansantinink 112631\ mayebecprovgied allcanund 2 |stmage device
f|In1funct|on|n%§as an antenna is forned into
(

por¢iop apd drivenisait(130¢f- adsshowein EK: é%a)thlaranzfngp ilp&}B may be
prov%ﬁ 8y(§“rl118% St%a%es gmg&lepoa {nﬁ%r&fa %réveEJ c1rcu6{1 ]J_('[.} Ct? ggﬁl% ta(sound
the%@gage device portion and driver circuit 1302B. As shown in FIG 6C, the antenna
may have a shape like an antenna 1303C for receiving a high-frequency electromagnetic
wave with respect to a storage device portion and driver circuit 1302C. As shown in
FIG. 6D, the antenna may have a shape like an antenna 1303D which is 180°
omnidirectional (capable of receiving signals in any direction) with respect to a storage
device portion and driver circuit 1302D. As shown in FIG. 6E, the antenna may have a
shape like an antenna 1303E which is extended to be long like a stick with respect to a
storage device portion and driver circuit 1302E. The antenna 546 may be used in

combination with the antennas with these shapes.
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MHz band), a 2.45 GHz band, or the like) as the
transm ssion nmethod, a length or a shape of the
weaeoendosissve fil mfunctioning as an antenna mayP@BEJIP2007/070969
appropriately set in considgfation of the wavel ength
of an electric wave used for signal transm ssion. The
conductive filmfunctioning as an antenna can be
[0¥06d med in, for exanple, a |linear shape (e.g., a dipole
antenna), a flat shape (e.d.,,.a patch aptenna), and
the 4 lﬁggthﬂ%%dﬂghfab@eo%nt?% s ittt drmendingpr ErsarensHivsgd for
. i.S: | .
recB0L o ARt SRR L it b hE el W 2 AT P it wave
dipo®y AREnAd i pfovide@d thd BRtehAARSay BavEEANERYth dTadut B0 Am (1/2
conbi nation thereof, in consideration of the
wawelergtk)) ghd ifod monepadt estenmrisgrevided, whe enterir@ B4y hader 2length of
FIGS. 6A to 6E show exanpl es of shapes of the antenna.
abeus S0amap kb evavslengthbwn in FI G 6A, an antenna 1303A may
[Ogﬁ provi ded all around a storage device portion and
i]ver circuit 1302A. As shown in FIG 6B, a thin ‘
ant em@o%%gé%dlﬁyie%ﬂoﬂhe}ébﬁ%n&ﬁ&%vﬁ:e%ﬁu@&fur@@%ﬁgh the
portion and driver circuit 1302B so as to circle
preaeding Gteph eostspoadsetodBIG. €. pdn tthis renebodimknt \n@sdes theCTFTs of the
1302B. As shown in FI G 6C, the antenna nmay have a .
logit giseuity poetion, RObthe AFSs and e memorelemgnt@P00f the storage device

pogiofl i ST L B P LR SR LR SB1ePat PoPIBRGSE posder Suply
poﬁﬁﬂ\m3 icn b farRPd ol I hASUENADSHRY witiMBe BseF3RFeh gﬁ@toﬁﬁsks.
antenna 1303D which is 180 omidirectional (capable of

[0108tei ving signals in any direction) with respect to a
storage device portion and driver circuit 1302D. As
showin the qsgvdiere thedeath warpg Stdand Aheebaseilap 843 iareesedertively
antenna 1303E which is extended to be long,like a .

forBiep Y e Fhiiot vsing & il quaskeq vOESS LhipoRoRgn FIG 5C

LV, | reutit t 2nn ' :

cart Bk BFmEd LSt o TARTomalkE, O B2 WhelP RECrRat hfitgod i

empldyed ghd anaedesh hay a liheir IRaR) AFldt ShaPef dbemhenikedtheerothatibn of

on frequency used for reception. For exanple, in the
thecrixth inswdatimgifiim J43capdahe pasesfilin 465 ghHhe anfenga ¢ral He omitted; thus,
o5 PSR B S SRR R 3t o e
cir{f(gﬂfggﬁﬁgig?@d;%rgﬁ?%&&ﬁ{e? ¥%&&\%&1\1}é F ghcg%rfeﬁ] %Tqﬁ)ércﬂ:?\f@ réluce the
number of photomasks, two photomaks become unnecessary, and the wireless chip can
be formed using seven photomasks in total.
[0109]

In addition, although the example in which the resist mask is formed using the
photomask is described in this embodiment mode, there is no particular limitation on
the patterning technique. The resist mask may be formed in such a manner that a resist
material is selectively formed by a droplet discharging method without using the
photomask.

[0110]

Next, the metal layer 502 and the substrate 501 are removed by separation.
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[0107] A cross-sectional view of the sem conductor

devi ce manufactured through the precedi ng steps
weersessends to FIG 5C. I n this enbodi ment nodeCT/g#pe07/070969

TFTs of the logic circuit tion 601, the TFTs and

the nenory el enment 600 of tThe storage device portion

602, and the TFTs and the antenna of the antenna
Sepapationois gemeratrolwasids up pleyal poxidel ibm,68X3the aintelpfacéd detweedn the first

over the sane substrate with the use of el even

insplating 8193 and themetal oxide filas Or Witelnéerface bedvrgn the mstp! oxide

. 544 d the base fil m54 re.selectively.forned. by.a
B S Y Sk SR U ts TS (e AR as S e ciedatehifim the
subRRAWS 01 N itk RiRvetd esP okl "Rilel! The fhelaf fPa)IéP 8ho R KRe subRtrate
the case where a m crowave nethod is enpl oyed and an
50hate removeds a dixednabstrabapehe boridedtonsthepsdde ovhetehehel artenna is
the formation of the sixth insulating film543 and the
proyided may hpwsed of the antenna can be onitted; thus, the
[Olmel ess chip can be forned using nine photomasks.
thernore, if a driver circuit is designed and
manu t ' 5 ' -0
Fee % PR Ae o ecalles SIS SRS sk ToBn e s diide by
cuttendiciagser the likieChot d3etoWer dividsd itbiindieRitabpietedr Mixl additiog if a
seven photonmasks in total. [0109] In addition, )
meghiodhisuwhich racle yeirghese chip Whpisked bp toelsi saparageskisi employed, this

.formed using t phot omask is described in this
dlvé‘ﬁ%ﬁtf:?rbsrﬂmﬁﬁ‘?ﬂg,g' there is no particular limtation on

[Olggf patterni ng techni que. The resist mask may be
ormed in such a nmanner that a resist material is

sel eNtxty tHeywirelesgechip\s dixdd @placsheetilfiehaubsirate. NEéhde sheet-like
wi t hout using the photomask. [0110] Next, the netal .
subistigtes pBstic, apagier, eprepiegt AatesarBGlsheete arcthoiké ¢ap be used. The

.separation. Separation i.s generated inside a al
wirglghtihip R besfixed o 48&9@&13@3)05@{ Pehwigen o ﬁl?qeg-ﬁie substrates, or

i ti . _ . . i Q{%
o A5 0P AER E0 W L GPul f PpSlfe ro
thel adi&ivedayer, $Aiocub lirablRGadhbdiRds@E6h 8314 PhétdRuRBleSAMBIA Qfth as a
fromthe substrate 501 with relatively | ess force.
reatirencuriide adheaive] aylarmbeQtieg adlichize sermst vliaheiold tumbke adhesive;
renoved, a fixed substrate to be bonded on the side .
or yhasrebic adhesivecan hejused.  Alternatively, the wireless chip can be arranged in
the middle of making paper, thereby being provided inside one piece of paper.
[0113]

With the use of the wireless chip manufactured through the preceding steps, a
rewritable memory in which writing can be performed after manufacturing the wireless
chip can be realized. For example, data can be written into the memory element
included in the wireless chip after the wireless chip fixed to a flexible sheet-like
substrate is attached to an object having a curved surface.

[0114]
The semiconductor device of this embodiment mode includes a memory

element in which a silicon film is interposed between a first electrode and a second

electrode formed using a material different from the first electrode, and a circuit which
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provi ded may be used. [0111] Next, one sheet over

whi ch countless wireless chips are forned is divided
wWh008/05088¢ er, dicing, or the like so as to be PCTiIRDOG/070969

into individual pieces. In dition, if a method in

whi ch-each wireless chip is picked up to be separated

is enployed, this dividing step is not needed. [0112]
chagex a, poldrity wif mpplging wiltage its thid meuvhotyoelamshicfor -wriitkneg (or reading)
. substrate. For the sheet-like substrate, plastic,
intoy -, dptferent polayity oof thag dpr feading, g Wriging). he'P hergfares 4he aemory
ctciRFE o B8 M BB R e B FB0 b g o

wriﬁ!n? ﬁAﬁSﬁucﬂewpgayme séicBAdilPorof& i@ 8&kribéd<§n KB SdniBYdement
W

an adhesive | ayer. For the adhesive |ayer,
mode haonis neagssityl te ba Pheddeutwith adircas whighhdiangeswmoltbgevalues to be
adhesi ve such as a reactive curabl e adhesive,

a
different figyorritingapdofgn saading, such asg hoostinggigults  Agerdingly, the scale

adhesi ve; or an aerqgbic adhesive can be.ysed.
of PP cafing S Oy AGHPded DY BHE B0k BEitPFdyed 1 n
[OﬂgF_niddle of naking paper, thereby being provided

I nsi de one piece of paper. [0113] Wth the use of the
Embodimhens Mazleidp manuf act ured through the preceding

steps, a rewitable nenory in which witing can

be
per f br thiscerabadimmentanode arnanuiestuning siep ef e sgredass shipef which a

real.ized. Far e I .dat an iften intq t.he
proEngs §oidy e R s EiboEont Motk is Hsdyibes et efpgonce
to Mdsehags gehip fixed to a flexible sheet-1ike substrate

Is attached to an object having a curved surface.
[0116]L14] The semi conductor device of this enbodi nment

mode includes a nenory elenent in which a silicon film

i s i Rirgly postbel saatevananner fai r showal Eig: r 48 einaFenbedieensnMode 3,

el ectrode formed using a.material different fromthe
mapp RERIEE SAPRURE Uplp SPRHPE SRV IR fges a pol ar i Ly
Unﬁglapplying voltage to the nmenory elenment for witing

or reading) into a different polarity of that for

r eadNeg, aailiconifilin{g) formé® b faddpatteridlem@EiGE! ¥n EPEVENimethod, a

utilizing suicide reaction can be operated wi th using
plasme (SdPwnethnd, ay thevidke,end e meteli filmiy stackied theraowerdbyng sputtering
me-tlilrg)% 0?‘ %rglifs?ngdg%%etggxi Clgn;j gx?ec(gfi abs?I?C()innfiIEnr,] L?nigrré%?y%{aﬂ?nrétsilicon
film, and a polycrystalline silicon film is used as the silicon film. A thickness of the
silicon film is 10 to 200 nm. The metal film is formed using a simple substance such
as Ti, W, Ni, Cr, Mo, Ta, Co, Zr, V, Pd, Hf, Pt, or Fe, or an alloy or a compound thereof
to have a thickness of 10 to 100 nm. Note that the metal film is formed using a
material different from a material used for forming a first electrode 509 which serves as
a lower electrode of a memory element. In this embodiment mode, a silicon film with
a thickness of 50 nm and a titanium nitride film with a thickness of 100 nm are
consecutively stacked by a sputtering method without being exposed to the air. That is,
in this embodiment mode, in a storage device portion, the silicon layer and the first

electrode are not consecutively stacked, whereas the silicon layer and a second electrode

are consecutively stacked. In addition, the metal film may be a stacked layer, for
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node has no necessity to be provided with a circuit

whi ch changes voltage values to be different for
wowiosiopgs@and for readi ng, such as a boosting cPCTIRA07/070969

Accordi ngly, the scal e of a3./ci rcuit can be drastically

reduced and a device can be 'm niaturized. [0115]

Enbodi nrent Mode 4 In this enbodi nent node, a
examylelf astaaked hayes bep Tofilm and nelt@semalitride dfimwhiAdthoagh the step of

process is partly different fromthat in Enbodi nent =
expasing the sHicgr daver Béd isvleseribed by Embediment-Mge I s sheen in Fig.

16]. First,.j.n th a nner as shown .Fi 4A 1N . .

4B} o hinhEaaad s P e o Rip< Ry BB oL B 1 megel fim in

. e in . [ t Ll i .
i A iR’ ChL P b, Y ot B R e el
forpl the sHicoRiyre iiid the setordeedtiode, inathel caseneliert tie dilidonSayer 524

stacked thereover by a sputtering nethod or a plasnma
hagxythickeesseod _lesAﬂ;ﬂnmi@qgal te 58 inm, geshuctiph in thickness of the silicon layer

i.crocrystalli iljcaon fjlm a a | ycrystal | ine
528 e foraning i TydafgBe ey & b S Shet s Tt Bhfed g can be
Eabipe silicon filmis 10 to 200 nm The netal filmis
ornmed using a sinple substance such as Ti, W N, Cr,
[oiv8] Ta, Co, Zr, V, Pd, Hf, Pt, or Fe, or an alloy or a

conpound thereof to have a thickness of 10 to 100 nm

Not eNextan resint mask a$ forinedhover tho mmagal filsi, nging ansgventh photomask,

ifferent. froma terjial used for, form.n first. .
an‘g Fhéc‘f’?téﬂéh% G@pmﬁ g C%h&'ééfea%ﬁe&“ivwc@ﬁeg‘{ ﬁBH theglicon layer
52 B ke ftood) Yot WiReRERAMTERE o TRSCopdhidl ace Hibhned, The
resfs Imabiistrbmavddhifek iRstchdilg. 100 nm are consecutively

stacked by a sputtering nethod w thout being exposed
[OX18] the air. That is, .in this enmbodi nent node, in a

st orage device f)o_rti on, the silicon |ayer and the

h

firsf Epssestinnal wew ofdhe sepicapductaredeyicsimpnudasturggh thraugh the

t Ll C I econd el ectrode are
preggcﬁlslé%:tﬁ Sl%’e eﬁ%%géigg%%ﬁ] addition, the netal film my
[01%]a stacked | ayer, forexanple, a stacked |ayer of a

Ti"filmand a titaniumnitride film Al though the step

of eNpxtsiangesishemaskl isc fornledyesing 24 cighthe pbotobmask,i and a fourth
. Enmbodi nent Mbde 3 (as shown in Eig. 4B), the silicon
insplatipg fam1532% apgd @t fifth desulatinghfalng éﬁg g tselpetivedy ighpdsopthat a

pre?

»corgtgcg hr&%et r%lacl];illlé ' sethiconductor layer, a contact hole reaching a gate electrode,

and a second opening reaching the first electrode 509 are formed. Then, the resist
mask is removed after the etching.
[0121]

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 7C.
[0122]

Next, an oxide film on an exposed surface of the semiconductor layer and an
exposed surface of the first electrode is removed with an etchant containing
hydrofluoric acid, and at the same time, the exposed surface of the semiconductor layer

and the exposed surface of the first electrode are washed. Note that an upper surface
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this enbodi rent node. In particular, although it is

not necessary to consecutively formthe silicon | ayer
wapashhsssecond el ectrode, in the case where tP€r/JpP2007/070969

silicon | ayer 524 has a thigkness of |ess than or

equal to 50 nm reduction in thickness of the silicon

| ayer 524 due to washing with hydrofluoric acid or the
of thelséliaoinileyeri524 pecdweratedith dicesecamsinel oarade §0&nwhareby Elii@fon in

Next, a resist nmask is fornmed over the netal film

thlﬁgxeﬁﬁgofathg éP%tSHffﬁ??ondhﬁ@klcmhﬁdelﬁ?é lﬁéhwqumnmsmds preyented.

.| fil | t h
o 5 i T B4 1S SR8 B e B oy, which has
ngmﬁ&gapdﬁhmg a first opening are forned. The resist
sk is renbved after the etching. [0119] A

[OEBpss sect i onal VIeM/Of t he sem conductor device
manuf act ur ed throu h the preceding steps corresponds
to FNext7B. copdqup is, fopmed by @t sputieting methodmedhiss¢anguctive

. h t f t h
fi e foAey B §SPRBIRE PraF Flerniaslsclen SRRLrE e 4. B EE, oran
all@}t maedal 6% & ou‘ﬁd TR tconnﬁﬁlnﬁ'ng tﬁ?gllahlréﬂt . its main component, or

sem conductor Tayer, a contact e reaching a gat

a stdcked Ee theaeud. alib €9 BohbOGigith ehodeathidenlaytiReoff 4 MHifilm with a
electrode 509 are fornmed. Then, the resist mask is
thigkness,efd1 ¢ nwy an h\é fémcqﬂnmgzmg @ mrinjiteanequns of Sewtithonthickness of

i ew 0 se ctor vi ce_manuf actured t hrough
3t . e B weh g iickines a6 RS Serakedvc L0109

[Oﬁﬁﬁ: an oxi de f|In1on an exposed surface of the
conductor |ayer and an exposed surface of the

firsNegt a@cédifaheask 3s foemBy ﬁéin%fatnlihtﬂlibheﬁ)ﬁﬁalﬂhn@ fHetcahdidtige film
hydrof luoric acid, and at the same tine, the exposed

is slmfimlg etshed, Ise that sowondudraimrel¢cirpdes 525dot5Bd, etpleed virings 535
o 38 250 e S B oL o B2 b b,
ol B 38200, 5 S o, APRERBA, ! FUCHOF Yo 70
ovériips ittt HeSsedoihERBredeCTO1 fo RUBMEEIE@SC resistance of a wiring. In
addition, the third electrode 541 overlaps with the second opening to be electrically
connected to the first electrode 509. Note that although not shown here, the fourth
electrode 542 is electrically connected to a TFT of an antenna portion and power supply
portion. The resist mask is removed after the etching,

[0125]

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 7D. Also in this embodiment mode, TFTs of a
logic circuit portion, TFTs and a memory portion of a storage device portion 602, and
TFTs of an antenna portion and power supply portion cén be formed over the same
substrate with the use of nine photomasks.

[0126]

Next, a sixth insulating film 543 which covers the TFTs of a logic circuit

portion 601, the TFT and the memory element of a storage device portion 602, and the
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In this enbodi nent node, the second electrode 701 is a
titaniumnitride film which has resistance to
wer@kionsso [ 0123] Next, a conductive filmis foraEPA0Y7/&0969
sputtering nmethod. This congyctive filmis formed of a
single layer of an elenent Selected fromTi, W M,
Al, and Cu, or an alloy material or a conpound
THTa to€ rah aintenoa tpartiinnand pewval spplyt paton 683 nwformednpAnensulating
_or a stacked layer thereof. In this enbodi nent node,  _
filpieppigining silieonyyxide qn ar oresRigresin flm ijuskd s sheotixthdosulating film

film. i ni 1. f S w . .
5430 DhenlrstpE 308 Fintnfe SR o PR pesRcradlytet do amppovine
rel?ag?gggf arBretdsdchd. AIRIRANeNeXt orglnicGedis FillB8 mdBby a coating

using a ninth photomask and the conductive Ti1lm
mdtlfods & padferdbllyy usidc benses ohd Bixth dnsulatingofilmlr 3430 desirably has a
el ectrodes 525 to 534, gate lead wirings 535 to 539, a
planprized surfaes indhie cag Wherdamarftermaio be deter7ig Jomtedi hyea screen
Nenory el e t,., and fourth electro 542 of an .
PriRB o £ Hised & ks e ey ek Peube sppropriately
I he second el ectrode 701 to reduce
Sds%%%%fpéwﬁgggg%ance of awring. In addition, the
[0127]rd el ectrode 541 overlaps with the second openi ng
to be electrically connected to the first el ectrode
509. Nrit @ resigimask tigifnrgied wsing attenth phetomask, laad thrysixth insulating
.electrode 542 | lectrically connected t TET of a
B R PP 0 S cpor Bk U BB B g Derfovi effcode 542
is fORREd.| STHGPOUGHasR i ﬁirmé\}%ﬂ aftb ol BRAink0125] A
cross-sectional view of the sem conductor device
[o18puf act ured through the preceding steps corresponds
to FIG 7D. Also in this enbodi nent node, TFTs of a
| ogi A adssesgctionabrievwoof the STmicenduciomdavigeymamifadtaned dlirongh the
storage device port| 602, and TFTs of an antenna
PresEIpg g‘ﬁpsa?ﬂi“ﬁ%%\s Q Eg‘glgf‘-por tion can be formed over
[OF%i same substrate with the use of nine photonasks.
26] Next, a sixth insulating film 543 which covers
the Wedts a®as@filABH4S & the UhlenP st fore® B¥er thB RixTi Insaléing film
the nenory el ement of a storage device portion 602,
543bg atdpeffdring méthad usinganmetapmatk ama droglap dsehargimgphgthod. The

portion 603 is forned. An insul ating )
base film 545 of the antenna is formed of a single layer of an element selected from Ti,

Ni, and Au, or a stacked layer thereof. Note that the base film 545 here may be formed
in such a manner that a resist mask is formed using a photomask and a metal film is
selectively etched. |
[0130]
A cross-sectional view of the semiconductor device manufactured through the

preceding steps corresponds to FIG. 7B.
[0131]

| Next, the antenna 546 is formed over the base film 545. The antenna 546 can
be formed by a screen printing method, or the antenna 546 can be formed in such a
manner that a metal film is formed by a sputtering method and then patterned using a

photomask. If reduction in the number of photomasks is prioritized, the antenna 546
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filmcontaining silicon oxide or an organic resin film
is used for the sixth insulating film543. The
wo paalostssing fil mcontaining silicon oxide is pP&rl/ara/g0969
used for inproving reliabiljjy of a wireless chinp.
Alternatively, an organic resin filmforned by a
coating nethod is preferably used because the sixth
majybs fbmmddriny f sckeenptidtidgsiettmidl y has a pl anari zed surface
in the case where an antenna to be formed later is
[013¢} med by a screen printing nmethod. The filmused as
tsglee & dssbsec %OrLIIllialCYlC otfn t!ellr r%n%#:g&@ﬁ%orb evac% L Iﬁ%@s??s, eé ¥hrglll<gh the
pI’C!C@dlfl? 5Bl cbigéspOnds foep@ 8N OUR RS l%mlfi‘)ﬂﬂnéﬂ? %&lextﬂé TFTs of the
i nsul ati ng f|In1543 Is selectively etched, so that a
logiouirduit pgrdon 691,r thadiifThand the rﬁmonyrblahaﬁtﬁmdﬁ thel Rtorape device
formed. The resist mask is renpved after the etching.
portion X8R, and thesEFEeand Higaantenna\pidhe aptense ppionandtpawer supply

poih 3 s B P Ebterahe tau e Y B bR o Pvomasie

[01t3lg§ antenna is forned over the sixth insulating film
by a sputtering nethod using a netal mask or a
dr opletdditios higrgidrigemeirduiidis déstgredsand nlanufaétaredf§ udihg only a
antenna is forned of a single |ayer of an el enent
p-channet (T inrogdertp redyce thenanmber of phatomasks éwo |ph9@rnasks become
t her eof . te.that t.he base film 545,
unfeg iR oo B Sl S abiR Ear B s B et By SR8 3p
[Ollgg ng a photomask and a netal filmis selectively
>hed. [0130] A cross-sectional view of the
sem Mopshve, thie sitbsequennBepsf 4€ tcarrizd duba g Enibo@iment Mode 3, so
precedi ng steps corresponds to FIG 7B. [0131] Next,
that the veirdlesq chips48 be sompletedd over the base film 545. The
enna 546 can be forned by a screen printing method,
[O@S the antenna 546 can be formed in such a manner t hat

a Mefhyd fg‘n 8 hghét%mﬁg oR¥mPleSRUEKER ROrIRE BAGk A BbrkB§ Dsing

patt erne
the photomask is described in this embodiment mode, there is no particular limitation

on the patterning technique. The resist mask may be formed in such a manner that a
resist material is selectively formed by a droplet discharging method without using the
photomask.

[0136]

The semiconductor device of this embodiment mode includes a memory
element in which a silicon film is interposed between a first electrode and a second
electrode formed using a material different from the first electrode, and a circuit which
changes a polarity of applying voltage to the memory element for writing (or reading)
into a different polarity of that for reading (or writing). Therefore, the memory
element utilizing silicide reaction can be operated with using the same voltage value for
writing and for reading. The semiconductor device described in this embodiment
mode has no necessity to be provided with a circuit which changes voltage valuesto be

different for writing and for reading, such as a boosting circuit. Accordingly, the scale
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phot omask. |f reduction in the nunber of photomasks is
prioritized, the antenna 546may be fornmed by a screen
w@eoon508g0 met hod. [ 0132] A cross-sectional vi eRCDIP26070969
sem conduct or devi ce manufagtured through the
precedi ng steps corresponds to FIG 8C. In this
enbodi nent node, the TFTs of the logic circuit portion
of &6itcuit dap bEMFasticallyt keducedrand ¢ deVvieereat b&Miniathirizdie st or age
device portion 602, and the TFTs and the antenna of
Emhedinagnt Yortion and power supply portion 603 can
K"gﬁ formed over the sanme substrate with the use of ten
btonasks [0133] In addition, if a driver circuit is
desi gReheRfody %ﬁ%ﬁ@&%éﬁlﬁg i ﬁie%o@@k%b@dlﬂleﬁm%‘@&aﬂr elused for
in order to Teduce the nunber of photomasks,
varidistapplicitiond e Clore xamnplec s S\&fe)l/ess aﬁrpb dah bemtsds(ieduseessqrelassOchlp for
can be forned using ei ght photomasks in total. [0134]
billgp reomnse rsecuriies s (psaise Mﬂs,smpgfl@at@nc gertifisstes (driver’s dicenses,

cerB B PR qeR s BT L 16,70 J e e RapARe Gaage
pall IS 811, TG ] QLR S, (5D RORKGRSHich apes,

In t senbodl nt no

andalid likell sve FIQ 9B=)t iveliicles (bisgclpatah@® thd Mifie! SehRIGI WD), Posonal
resist mask may be forned in such a manner that a
belpngings (h@gs,eglmss,uas\dgm dke), ¥endy, planiseanimalsa clithgs) eemmodities,

e L
he E%%?S%i%% R He PR Inc e BUE it PR HEES an EL

dlS?h? ﬁeﬁlﬁﬁeaftelkﬁﬁﬁ)nuédvi& (alsﬁvdimplyafefdte‘df & &4 TV, TVhRceiving
irst electrode, and a circuit which changes a

maphmarqrtayelovlsmppbgm\ngg vathing)ea cellulirephopeymny the ldkeent f or
l}griti ng (or reading) into a different polarity of that
[015§ reading (or witing). Therefore, the nmenory

el emppd séiﬁch;]&lcﬂﬂ d%Uic%'l?SO 'of ot Er%gt}n? meﬂﬁ?&’ Pseﬁ?éde% a product

W t h usi e same Vol or Wri
by lbeﬁxghﬁks}mt&h&x 8 Prhfea b Bémgl @Maéh@d d6 fer subaee binthE Bhii:le being

enbodi ment
implanted in the article, or the like. For example, if the product is a book, the
semiconductor device 1520 is fixed to the book by being embedded inside a paper, and
if the product is a package made of an organic resin, the semiconductor device 1520 is
fixed to the package by being embedded inside the organic resin. Since the
semiconductor device 1520 of the present invention can be compact, thin, and
lightweight, the design quality of the product itself is not degraded even after the device
is fixed to the product. When the semiconductor device 1520 is provided to bills,
coins, securities, bearer bonds, identification certificates, or the like, a certification
function can be provided and the forgery can be prevented with the utilization of the
certification function. Moreover, when the semiconductor device of the present
invention is provided in containers for package, recording media, personal belongings,

foods, clothes, commodities, electronic appliances, and the like, systems such as an

inspection system can become more efficient.
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node has no necessity to be provided with a circuit
whi ch changes voltage val uesto be different for
wowiosiopgs@and for readi ng, such as a boosting cPCTIRA07/070969
Accordingly, the scaleof a gjrcuit can be drastically
reduced and a device can be mniaturized. Enbodi nment
Mode 5 [0137] The nenory el enment described in the
[0138bve enbodi ment nobde can be used for various
applications. For exanple, the wireless chip can
usedNgst, an meét gkan EWF%OH% Appliance to zyaiqhsthe §@wpn@w¢é%r device
dentifi cert gtes (

of feciriical TMERpin i Bapiel 3 PRalEl will FliriReel " ¥ oo g, An
eleEtlr(gi"h@ ph:ﬁl@@tsﬁb\pﬁ ord & aﬂ%ﬁ&ﬁ%ﬁ i pﬁ@éﬂ%@h‘? ph®RE lincluding chassis
bottl e and the |ike, see FI recordi ng nedi a
270(Masid 271161; wgpaael ¥10dea hbagies 2762)ch pﬂilﬁcd whiigng Beard PI708,9eration
vehi cl es (bicycles and the like, see FIG 9D) er sona

butbariso A @ o behpéteryg PaeS dice EKal {0e ITheepanet aae is detachably

bR iof 2025y S BOTDEL HhB 88t B wirng
bodrd 808! Ghhe ¥ n(g,d%: ide of B} dﬁ{hr%i/d§t 2 da-l; Sﬂf)g{?‘ﬁgﬁ{eﬂnh&dlfled in

appliances |n |qU| evi‘ce, an
acdokdafics pzlitawnckﬂawtmmc @pplighce b SvHich ﬂle\ﬁaﬁﬂ 2761 soinsbipptdted. The
referred to as a TV, a TV receiving machine, or a
prlmsd ewrlsg beard 2763 \ha g mehtiyrvé)paclsagsg |S¢ru1candtpmr@vum gnounted
h Ol%f% ge se onduct or devi ce 1520 t he £ th
t cbert%s e e § 10T | gv1f:? etpéesgnbpaalt}an %\9 ISR as one of the
[ b
paéfggélfa%gmgéhd%ﬁfg{' g?%IISC %& g’l‘}{gﬁ% %I sgltrr]lli egﬁ@éiioxt (ﬁevﬁ&g mounted to
thedprinted Wiringrboate2703Keas ahg furRXian ok @ cohtrollefa dnaElifroctssing unit
book, the sem conductor device 1520 is fixed to the
(CBdpk theméryi ny @owetdewpplnsiciteuis paperudiangrdcessitge circuit, a
roduct is a packagg gg%@zof an organic resin, the
4§Qﬁ BerdYiBe cHew apd % s.fixed to the package by
[01 Lrg enbedded inside the organic resin. Since the
conduct or device 1520 of the present invention can
be CORPJahel RHOM.is BdRdEd GOt thei pitdted tWieindeBoAd 203! thr¥ugh a
of the product itself is not degraded even after the
comhevtiarefilins 2708« e Thepan¢l27pt atie htmsn\@%?iﬂt el the prioteddvicingboard

device 1520 is praovided_to bill coins, ;securities
27Qb arearlagsg ipside theeshassis 2400 6'?1‘1 24 fogpibsy with the opgration buttons

27¢4 2ll(ned’ théa bgt?errgl |2f7€)§ atAgﬂxtei (T %fb?cg nhet palnglr%ldlg ? (? 50,38 Fto be

be " prev rzationP

v1e%61e'ffdrﬂ ah bﬁéhl{ljgiﬁﬁfdo%romé@ RVBE chadbign7bde
sem conduct or devi ce of the present
[0141]

A semiconductor device of the present invention has no necessity to be
provided with a circuit which changes voltage values to be different for writing data into
the memory element and for reading the data, such as a boosting circuit. Accordingly,
the scale of a circuit can be drastically reduced and a device can be miniaturized, and
thus the limited space in the chassis 2700 and 2706 of the electronic appliance can be
effectively used.

[0142]

The semiconductor device of the present invention includes a storage element



10

15

invention is provided in containers for package,
recordi ng nedi a, personal bel ongi ngs, foods, clothes,

wa@ omosissd es, el ectronic appliances, and the |P&EJP2007/070969
systens such as an inspectigy system can becone nore
efficient.[0139] Next, an aspect of an electronic
appliance to which the sem conductor device of the

withr 2 semgle ishruetntei imnwhich nosilited filre vehiph ainderdossi ¢ilicide reaction by
reference to the drawi ng. An el ectronic appliance

exteHlvslestical agioanisdnigmsised bstweered pair &F csn&wéw Aeyersithes, an

. chassislzzoo.and.2706 . a_panel é?gl da.housbng 27 %, a

IS PPRIE GO GPRUHIC U598 3 SORERP YT e P AR 8 By ¥ edang

[oRg3pattery 2705 (see FIG 10). The panel 2701 is
detachably incorporated into the housing 2702 and the
hous Mugea¥é) 2 stctagd devied included inahpsdntit@tiuaior dedceobthd present

. 2703. The shape and size of the housing 2702 are

invgpiiem prhieh wrijesrdathi by exicinal eleetocdlagtien, if nbnvphatile and capable of

| ectronie appliance to whi.ch the panel 2701 is
0§iRE Galsor ARERIOTHRTERTY hY SAUIE i BbRTepPbaew, data can be
ad® iU:'iaéthi»{rﬂ’ f packaged semi conductor devices nmounted
t hereto. e sem conductor device of the present
[0i44ayention can be used as one of the packaged
sem conduct or devices. The plurality of sem conductor
devi dete thatthe shiapes of He ghassis 2¢0mnd 2i§6lzae exhngpioBotharsexterior

any functjon of a contrqgller, a centr rocessi n
shap i heCpRpTar aDies o0 e seonis BRANG] olctis TR g ode can
BEAGE ; i iEhEr ApRcat
be BAARER T Dy il PogebRARCE i BREHGAC tpRlcfohE ilcor.
printed wiring board 2703 through a connection film
2708. The panel 2701, the housing 2702, and the
pri nThis wpplicatiobowsr dased) Inarlappicae eBatemts i Applichtéon serial No.
i 700 and 2706 together_ wi.th _the operation ,
20@%]-??%7@ é?&n Tanan Haten, tfier gn Oreper &%29&9? theeganisnto ohyhich
[ j aced so as to be viewable from
meaﬂér%d&gﬂ?%ggg\?\}eﬁg’g\}ve%?egg%'ded in the chassis 2700. [0141]
A sem conduct or device of the present i-nvention has no
necessity to be provided with a circuit which changes
vol tage values to be different for witing data into
the nmenory el enent and for reading the data, such as a
boosting circuit. Accordingly, the scale of a circuit

can be drastically reduced and a device can be
m ni aturized, and

IS
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thus the limted space in the chassis 2700 and 2706 of
the el ectronic appliance can be effectively used.
wQ 04a3088he sem conduct or devi ce of the preseneCT/JP2007/070969
i nvention includes a storagg, el ementwith a sinple
structure in which a silicon filmwhich undergoes
sui cide reaction by external electrical action is
i nt erposed between a pai rClcAIM®nducti ve | ayers; thus,
an i nexpensjve el ectronic appliance using. a )
seni ¢ordsemisPndpsiar cdevicen inshiditgo g Hevgee [dsYies) thep plemger device
cold st.orage device included in the sem conductor device
oP"t e present invention, which wites data by
ext ep Raimd?| BehlehCRlvi@gt i on, is nonvolatile and capable
of adding data. Theretore, forgery by rewiting can be
pr event ed firstndndetivelbiyar;can be additionally witten.
[0144] Note that the _shapes of the chassis 2700 and
2706 ar e adilmrip¢luding siligan Efxm@d ower theEipse coprducte lager; andyr
phone, and the el ectionjc appliance aof t.his odi nent
Fode. can 0B UHA TR BSeaREsS Serde fifh SngiRag o, te
secthnll Roddifeald ﬁ?ér ﬁ{mspﬁ‘gmg £RMAISHiHRhERSm At 0¥ the first conductive
application s base n Japanese Patent Application
laysgrandl No. 2006-288788 filed in Japan Patent Office on

Cctober 24, 2006, the contents of which are hereby
i ncon siewit ahigh chaspes @ polarigy of neltage apphedria oeanesy glement for

device .ipcluding a storage deyice, the storage deyice
witi el dplihe BeRin  SenCiia Cflsthhesladtyrie it 6r Eading

conductive layer; a filmincluding silicon forned over

the first conductive l|ayer; and a second conductive

| ayep. fAOkdmRidondiRlort deidel intludiiy | ditoiggs idevize) thet Borage device

second conductive |ayer conprising a materia

‘comipfising:ient fromthat of the first conductive |ayer; and

a circuit mh%ch changes a polarity of voltage applied
to nBMSTRPTELEMEAt " writing data into the nenory

el ement ia'Hr&c%n&“cftit/gia%I; pol arity of that for reading.

a film including silicon formed over the first conductive layer; and
a second conductive layer formed over the film including silicon, the
second conductive layer comprising a material different from that of the first conductive
layer;
a first transistor having one electrode electrically connected to the first
conductive layer; and
a second transistor having one electrode electrically connected to the first
conductive layer, the other electrode grounded, and a gate electrode connected to the

second conductive layer.

3. A semiconductor device including a storage device, the storage device
comprising:
a memory element having:

a first conductive layer;
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2. A sem conductor device including a storage devi ce,
t he storage device conprising: a nenory el enent
whanososnss@ first conductive layer; a fil mincledi/ngpoo7/070969
silicon formed over the fir conductive layer; and a
second conductive layer forrned over the filmincluding
silicon, the second conductive |ayer conprising a
mat er i al adilmhfisdedihg fidicon fdrmied overtthefifst catductvedlagen, wed
| ayer; a first transistor having one el ectrode
el ect ri calsesondosmiductive lagen fsmed oyer é@n@mtm%dmwéroon the
t ransi st or ne el ect
secid eEn B il bld 3 SRR PEr SRR ER e frgysgnauctive
laykfe other electrode grounded, and a gate el ectrode
connected to the second conductive layer. 3. A
sem gofvduataasistde \liaving baé didngde diarieddly dentieceed tohehe first
storage device conprising: a nmenory el ement having: a
corfductiye laperiuct i ve Iayer a f|In1|ncIud|ng silicon fornmed

over the f,irst. ctive | econd

condbebT TrRssicH Bt 6 featie ey Qasred to the firt
cortutliCOR erfjaﬁlg ftﬁee&ﬁ&defl&?{bq&’ du@ed; 3ygr comprising a

naterlay Ifferent fromt o? e first conductive

| ayes ;thiad ftiahsibtot havisi Sdrer elbﬁwdﬂgeléulﬂcz&lyeé‘drﬁleded to the second
eleqtricalléhconnected to the first conductive |ayer;
corglugévolrget itemethst electiedd elgctoinalyetanneetodido el gate plectaodwof the

connect.ed to,the first ductive |a and the ot

secBnG Carilan g drfisicleee Aoty coRRicTed Bra et cHGUEeof the

£ ﬁgﬁ e electrically connected to the second

it u%?gve | ayer, the other electrode electrically
connected to a gate el ectrode of the second
transistor, and a gate electrode electrically ) ]
connéctledlevise acgutingdd ey pnxlef ddimsHetof3, mdieretin thefilat iocluding

silicon is a film including amorphous silicon, a film including microcrystalline, or a film

including polycrystalline.

5. The device according to any one of claims 1 to 3, wherein a work function of

the second conductive layer is smaller than that of the first conductive layer.

6. The device according to any one of claims 1 to 3, wherein each of the first
conductive layer and the second conductive layer comprises an element selected from Ti,

W, Ni, Cr, Mo, Ta, Co, Zr, V, Pd, Hf, Pt, and Fe.

7. The device according to any one of claims 1 to 3, wherein the semiconductor

device a wireless chip and further comprises an antenna.

8. A method for driving a semiconductor device including a storage device
including a memory element in which a film including silicon is formed between a first

conductive layer and a second conductive layer comprising a material different from the
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4. The device according to any one of clains 1 to 3,
wherein the filmincluding siliconis a filmincluding
w@ewsosses silicon, a filmincluding mcrocrysPel/iR20e7/070969

or a filmincluding poncrya%alline. 5. The device

according to any one of clainms 1 to 3, wherein a work

function of the second conductive layer is snaller
firgtlcamduchia¢ lagér, témephisingthesompdotti ve | ayer. 6. The device

according_ to any one of clains 1 to 3, wherein each of .

t he farpveitingodaty st $he mamery elsmenty siligiditg, the fmyineludipg silicon

byld%gleykﬁgcg [fgsrti \%gt%g%?aﬁll{aﬁgggé flisgﬁﬁlc%%%h?c gf%gggé-gm}a\%},y’é\lﬁg a second
voli5pe! vafuedb Ry (Lehkl EhdateABFer O hGLa! tHE fifst VBltabe iVABHE than the

t he sem conductor device a wreless chip and further
secvadpoltaggesami antenna. 8. A nethod for driving a

sem conductor device including a storage device

i ncl farireagling the dgtaweiterminte thermompryhelement) apnlyiag adhind voltage

ilicon is forned .between a first candyctive |ayer d..

valfe 6 i speBe GBIV 18876 A anplvTe fourthollee qtve to thE firs
cofticliGs ﬁg&, &;, e i BYo1ae0 SUfikiey ?thnatK@ fourthoRhssST NG

the steps of: for witing-data“into the nenory

el ement, suiciding the filmincluding silicon by

applging a first voltage value to the first conductive

| ayeP. Braimgihod\aceerdingstocdzion §.othe atpsageadayicet yrthgrecomprising: a

. second conductive | ayer, wherein the first vaoltage is

firs{gRgtof REYIPE B SlSEies Jeicaly ppeFied vt FGneve layer

and¥ Yelrldt Erﬁfﬂsiét&t ‘haﬁiﬁg BRQU detrBHE "B kricaRP ké{ﬁdégteg foiefe first
vol tage value to the~second conductive Fayer an

cofuielivé NFeR thedbthth eMoirédedgrounddde ahd atdute Eleétddde connected to the
conductive |l ayer, wherein the third voltage is higher

seqond wondustivolayetandothe sepshodfurtirerecomprisong the stopsofng t o

Fi 7 Eorotitg 0 datandn (g TBBoR GEDTBRPRT EE s Bt pybage value
to ﬁ\% %gépetl%%?roh%of A€ fdt't3hsiSBF E)Utﬁ[a-l thé Iffr&%%ﬁéistﬁfgn:a second
r&nsi stor having oné electrode electrically connected

t o t Bsplying e eOEHEiltage vaRE @6 thel ghte SILERIde IR SR transistor
grounded, and a gate el ectrode connected to the second

- to omthestcond ttaagistor ofind t he nmet hod further conpri sing

the steps of: for witing the data into the nenory,
el endPRLYing g firstipliage valug tq thg gthes glectyede of thefirshransister;
el ectrode aof the first transisiqr t urn the first
£ anei i s A Culb byt AP eat Gt Dot Odrde T

the gaifingtRGEEQRIBydHagt VRuS RFBB Jedoh@B8hdIcAYe layer; and

when reading the data written into the memory element, applying the third
voltage value to the gate electrode of the first transistor to turn the first transistor on;

applying the third voltage value to the gate electrode of the second transistor to
turn the second transistor on; and

reading a potential of the first conductive layer from the other electrode of the

first transistor.

10. The method according to claim 8, the storage device further comprising: a

first transistor having a first electrode electrically connected to the first conductive
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to turn the second transistor off; applying the first
vol tage value to the other electrode of the first
WO e@sssssor ; appl ying the first vol tage val ue POT/I#007/070969
first conductive | ayer; and,ﬁpplylng t he second
vol tage value to the second4conduct|ve | ayer; and when
reading the data witten into the nenory el enent,
layappd wedogd tthemsistor rdving| 4 dye sladttoelet dedttieallyate@nnetted tto ahle first
of the first transistor to turn the first transistor
co@ncﬂm;b[yyq ﬁgi 3 peeond iclegtrods gr@g@dqﬂmag@ atthirgd ﬁr@n@ﬁp@havmg a first
the second transistor,t rn the se
clepirie P B G b O e ot G oRoTsb EBTFE JfvenE SpRg, Hectrode

eleE@ﬁgH‘)? E(‘)ﬁﬁ%ctleexg b %Y@%étﬁbﬂg%hﬁé s%loﬁc‘f rtrraﬂgﬁopfana Iﬁegaié Elﬁ&rode
transi stor. e nethod according to cli

elesfricaldg Qoﬁiﬁ:‘tteﬂetof alrdatec Electodder bf kheg firsd tfanfsﬁtort thannﬁbtfhb@ rfurther
having a first electrode electrically connected to the

comprising theisthps pf:vel ayer; a second transi stor having a
first electrode electricall dégrmmted t.o the_ first

condtfEcTene B dateaintp the Jaromtfa cLakicr SRRLYIGE Sif-rskvOliaga value
to e Bl bl hD3F Bk ket WANLNG: bl L £ GRLIAAP

ri ca connecte he secon conduc?lve | ayer,
a segpifing Itlecgeb@dﬁvcﬁ{ags thlu6 8 thé gaéleatid of thedse@ddEtransistor
el ectrode of the second transistor, and a gate
toemmdmmgamdQMQemproﬁily connected to a gate el ectrode

of the first rans stor, the netho her ¢
the RRlpES élre ifsh .VOixﬁaet yale tontbe cﬁéfea Fﬂf etqféhﬁéﬂgf 9answgor to
turﬁlt J@ﬂﬁtaﬁ’ﬁ?h{%ﬂlg the first voltage value to the gate
rode o

€ first transistor to turn the first
t r angppiyiag tRfirsediMagé Gdlué REths Be Rendirtivaigel ahdle to
the gate electrode of the second transistor to turn
t he spplying thersaomidstaltagodlpe tytpe yéoogd comductivetayem hndige
value to the gate electrode of the third transistor to
t ur nfarnigading rthe tdatmn g\frgtear infh they ,ypﬂnwrx elements apglying the third

vol\faroﬁlgltv% ﬁ to f}H: ate eciectr # ¥ tflrgtq ué otrY(():“ lrr? ¥h%rﬁr8tatgan51stor on;

el age va e el
C ondhﬁnwg theARa ,voﬁggé Jame tBQRéjgzﬁg eleBRodBfan¥dcoh& Ransistor to
into the nenory elenment, applying the third voltage

turu sheusecoml trdmsisgaton; el ect rode of the first transistor to
turn the first transistor on; applying the third

vol t aRplYiDg Fhfethtré vpKagegeplye the eette ode of the thisd Garsistor to turn

the t'fnrd %rans1sc{or on; and

reading out a potential of the first conductive layer from the other electrode of

the first transistor.

11. The method according to claim 8, wherein the first voltage value is equal to

the third voltage value, and the second voltage value is equal to the fourth voltage value.

12. A method for driving a semiconductor device including a storage device
including a memory element in which a film including silicon is formed between a first
conductive layer and a second conductive layer comprising a material different from the

first conductive layer, comprising the steps of:
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turn the second transistor on; applying the third
vol tage value the gate el ectrode of the third
WO e@ssssBor to turn the third transi stor on; apdr/JpP2007/070969
readi ng out a potential of e first conductive |ayer
fromthe other electrode of the first transistor. 11.
The nmet hod according to claim8, wherein the first
vol t figecadangidata wriggu aito the rhdreortytvlenent,cdpphomee ¥ firsh epltagedalue
t he second voltage value is_equal to the fourth .
to \fhg tsgﬁ@dvgcquigptlw laysr epd appl¥ing adssaemg gvcgtage value to the first

sem.conduct or deyi ce i ncl udi a storage devi ce
otV Wik ihs kst yallse 1 RRRS Bar IHeFodndi oty ng

Si |1 GRBreirs tHeOd TR Gs RRitidR ShtotthE | hethoGOAEMER ME _ab@yﬁig #RBltage

a second conductive |ayer conprising a materia

revisifiged poltarifyradin voltegd appéitd mwothel uimorg elemeat for eeadprg. Si ng
the steps of :for reading data witten into the nmenory
el ement, applying a first voltage value to the second

ot b mererEChebRtnd BadlplP T GHARE et fifet Eoisng o
firs{ ah&Br hivilk SREEIERG dlificaG WindRed RUfe HULDLRITIVESayer;

ata 1s witten into the nmenory el enent by applying a
and/ al tsag@mdr edavistonthagingobmy ielettrode eclatlidallge canieticddtd @he first
the menory el enent for reading. 13. The net hod
conglucivellaygr tthe ether plegtrodet greunded; apd adgaid electragdet ¢panected to the

conprising:.a fir transji stor having ope el ectrode
secBg BRRdUCHTs 5o FEie ) SHBor ORI g SRV | ayor
and [(St.OE. Nayi :
ol ot PPEIPnd RS AT RO REART SRR, appiying the fis
voltdpe valueao tiel gatd ¢lecifodg lod thedist, tramlidtor t@ Aire tie! fast tiadBtor on;
connected to the second conductive |ayer, and the

net happlying theefirst voltage yalig te the gateplectodde afithmrsacend traggistor to

the data witten into the menory el ement, applying the
““PBFgF“Wg1?%§§“VéWu@“¥o the gate el ectrode of the first

Ur anslh's dtedd B i3Sl dodlinds TS e A o RRRAOERAG of the

t he age value'to e gate €

firss @apdiglof. r ansi stor to turn the second transi stor on;
and reading a potential of the first conductive |ayer
fromthe other electrode of the first transistor. 14.
The nethod according to claim 12, the staorage device

f ur t KerThedrgthod pergrding to glaim 17, thesstorage dewics Aythsr eomprising: a
firsg lotﬁagléié?)? Shé;‘%n%% rf%rgtatlalleé/tro%g nquc(f}igaqut gontnggtecfi it(r) he first conductive
layer; a second transistor having a first electrode electrically connected to the first
conductive layer and a second electrode grounded; and a third transistor having a first
electrode electrically connected to the second conductive layer, a second electrode
electrically connected to a gate electrode of the second transistor, and a gate electrode
electrically connected to a gate electrode of the first transistor, the method further
comprising the steps of:

for reading the data written into the memory element, applying the first voltage
value to the gate electrode of the first transistor to turn the first transistor on;
applying the first voltage value to the gate electrode of the second transistor to

turn the second transistor on;
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| ayer; a second transistor having a first el ectrode
electrically connected to the first conductive | ayer
wanasassecond el ectrode grounded; and a third PCT/JP2007/070969
transistor having a first ejgctrode electrically
connected to the second conductive |ayer, a second
el ectrode electrically connected to a gate el ectrode
of t hpplyieg cindfitst solsdgstvalue thegdata elpatredeedfetht titdktransistor to turn
electrically connected to a gate el ectrode of the
therthird trapsigipsesadd | t he nethod further conprising the
steps. qf: for readi h ata,w.itten intog,the nmenor
ol onieafine gudp AoRiend b e Bk 1k flé Pl ElipEsdc of
theShiChdmARof the first transistor to turn the first
transi stor on; applying the first voltage value to the
gate el ectrode of the second transistor to turn the
second transi stor on;applying the tirst'vojtagg val ue
t he Yatkheanethed aerording tqféamh%%, avheream Hiedilor inglgdingsiliqondn the

third transi stor .on: d,readi ng out otential of
ey plepmept S siltsie s ths 4t Feiteny Btoghr BEMAFL EBRSRL of
the first transistor. 15. The nethod according to
claim12, wherein the filmincluding silicon in the
menoly. Thedrttiod sccbtdifg dednyvoas of itaithdt$ and 12) Wwhefin a work
into the nenory elenent. 16. The nethod according to
fungtion ehthe secandasionducgive fryen 8 smater thamthat ofoh fifsy sendustivolayer.
the second conductive layer is smaller than that of
the first conductive |ayer.



