DESCRI PTI ON SEM CONDUCTOR DEVI CE AND MANUFACTURI NG METHOD THEREOF 5

TECHNI CAL FI ELD [ 0001] The present invention relates to a
sem.conductor device having a circuit including a thin filmtransistor
(hereinafter, referred to as a TFT) and.a nmanufacturing nethod thereof. For
exanpl e, the present invention relates to an electronic appliance 10 in
whi ch an electro-optical device typified by a liquid crystal display panel
or alight-emtting display device including an organic light-emtting

el ement is nounted as a conponent. éﬁg&ék‘hbte that a sem conductor device
in this specification refers to a FI@¥vi ce 15 which can function by
utilizing sem conductor characteristics, and an el ectro-optical device, a
sem conductor circuit, and an electronlc pllance are all sem conduct or
devi ces. BAGEMISGGRPURTORDEYICEAND MANUFAGHIERING METHORFHEREOK o
conventionally been proposed. As typical menory, the follow ng can be
given: nmenory including an el ectromagnetic tape or an el ectromagnetic di sk,
RAM capdeeTﬁﬁﬁmﬂlNLﬁgﬂéhd reading, ROMonly for reading (read only
menory), ﬂm gg i ke. 25 [0004] As conventional ROM the foll ow ng
can be give sk ROM whi ch stores information with a mask in an IC

manuf act uri ng pr dbegsgscituwentiopercREigl macﬂumctmdmori ddvie naviirgn a bgircniz| t i ng

down a fuse W af.t tur an | C chip,.
anti f use- typgﬂjég/lﬁ\%’ﬁm %‘Hsﬁaﬂ% é@ {hﬁ’ anﬁ{’ v ORdr tt ﬁ“@&i’?‘fuﬁfgﬁcﬁ'ﬁmgnsul at or
wi th 30 curmethdd diticof. Fanefangile) tiee prbseanmhréhtibhirplateamm électionkeeappliR5] 2

10 in which an electro-optical device typified by a liquid crystal display panel or a

light-emitting display device including an organic light-emitting element is mounted as
a component.
[0002] |
Note that a semiconductor device in this speﬁﬁmﬁon refers to a general device
15  which can function by utilizing semiconductor characteristics, and an electro-optical
device, a2 semiconductor circuit, and an clectronic appliance are all semiconductor

devices,

BACKGROUND ART
20 [0003]

Various types of memory have conventionally been proposed. As typical
memory, the following can be given: memory including an electromagnetic tape or an
electromagnetic disk, RAM capable of writing and reading, ROM only for reading (read
only memory), and the like.

25  [0004]

As conventional ROM, the following can be given: mask ROM which stores
information with a mask in an IC manufacturing process, fuse-type ROM which stores
information by melting down a fuse element with current after manufacture of an IC
chip, antifuse-type ROM which stores information by short-circuiting an insulator with

30  current after manufacture of an IC chip, and the like.
[0005]

+Since mask ROM stores information with a mask in an IC manufacturing



process, a mask corresponding to information to be witten has to be
prepared, and thus, manufacturing cost has been increased. In addition,
fuse-type ROM coul d cause mal function due to dust generated when a fuse
el enent is nelted down. [0006] 5In addition, antifuse-type ROMis nore
advant ageous t han ot her ROM because thé& antifuse-type ROM does not need a
mask corresponding to information to be witten at manufacture and dust is
not generated when infornmation is witten to the nenory. Note that the
fuse-type ROM and the antifuse-type ROM differ fromthe mask ROMin that
(ilgt a canI b@rgcishad;nahnagekdpdridﬁig,to _irii@rnfati&@tdbﬁbﬁriﬁﬂ‘lﬂaﬁﬂﬁbdﬂ‘t&pa@d}s bﬁdﬁ@s,typta RC]fVI
can also be_referred to as wite-qnce-r - menqr V. an exanple o
ant i fuse-t%"é‘“ﬁ&b‘l@ér%‘dh‘t‘fvg N oINEReRY Onﬁgﬂg‘gi‘?’g?@?e"dpf éﬁ%&w@* §&$€ri bed in
Pat ent Doc Yn@fiinctidn dud dp e seRibdlviieh @dufedidiitint ARiMIe8 8bken No. 117-297293)
Is given. [0007] FIG 15 shows a cross-sectional view of antifuse-type ROM
di scl osed ilf988dt ent 15 Docunent 1. In FIG 15, a silicon substrate 50 over
whi ch ag nMOS tr | Il agit Qﬁ;gq;gb pgpmm#o' ' '
t ungst e% film SA,ﬁpidd?Eﬁ’ asﬂ'[tizlll’lSEfI ' m 5%9?‘11%“ an ﬁS% - g%g{%{?m lS%Ezmasr@e
formed. Al ttheangifusedyrer opt At na¢dsa maskperesending tohinformption toype wiani fi ed in
Pat ent Docugeapy, r HSE{ Py . ' egi on
and the re]l‘é er eng%drl{{)ctn%rd a‘f %Elg%q{a{s: E‘E’)I{réo a ?beéal]ng%fﬁ%r?ﬁﬁ%?nﬁ@ﬁ %5}% gl% VD .
met hod. 20 Nude that thBdesartypet ROM, and dheaantifusetypecROMdifferofrom ithe maskROMrinf i | m

54', the a il f1 L m. t i.]a 54 ' forma
st acked fi FRn%tgfra %u%grs]dseedggﬁ)v& f/l @‘?nﬁé%@\%s%%%ae W#ﬁgﬁé%@?&é@ﬂ?g‘% t hout
bei ng eé¥posen dlw tbeercfdrred {o0@98friteroncemadimang amemory. Seks aanekantpbs oflevi ce
with a wirel Q i.cation 25 function ecifically a.wreless chip,
has been elBRuselyPe ROM B afef & llvan wbseRE Khsshaidvs Hescbd noPale
attention. Ducoinest 1{ JapinesePublished PatehtAsplicstibntNo. 87-207293) i§ gigen.an |1 C tag, an

| C chip, ago(ﬂh(radi o frequency) tag, a wireless tag, an electronic tag,
and an RFI dio frequency identification) in accordarce with usage.

[0009] 30A wi rel PRE 16 Bhdws d\6ibisdedtionhl view 6f Aifse-tHiRIROM discl6sed i PiterlOr t i 0N,
and the |ike. As the nmenor RAM capabl e of writi n%uand r eadi ng and ROM

only fdf r pRgiial-e Indde, Y%zrﬁjsﬂi substrate \9-9vsr avhich b aMQS Hagsisiafdfice with
purposes. Jp@fdd! i Ahbiphodd silfton film 53, a tungsten film 54, 2 tungsten film 54°, and an

Al-Si~Cu wiring 55 are formed. Although reference numerals 51 and 52 are not
clearly identified in Patent Document 1, the reference numeral 51 is probably an n*drain
region and the reference numeral 52 is probably a SiO; film formed by a CVD method.
20 Patent Document 1 is characterized in that the fungsten film 54°, the amorphous silicon
film 53, and the tungsten film 54 which form a stacked film are consecutively formed

o

with a multi-chamber system without being exposed to the air.
[0008]
In recent years, a semiconductor de§ioe with a wireless communication
25  function, specifically a wireless chip, has been expected to have a large market, thereby
having attracted attention. Such a wireless chip is referred to as an ID tag, an IC tag,
an IC chip, an RF (radio frequency) tag, a wireless tag, an electronic tag, and an RFID
(radio frequency identification) in accordance with usage.
[0009]
30 A wireless chip includes an interface, memory, a control portion, and the like.
As the memory, RAM capable of writing and reading and ROM only for reading are

used, and they are scparately used in accordance with purposes. Speciﬁcally, a



menory region is assigned for each specified application, and an access
right is nmanaged for each application and each directory. In order to
manage the access right, the wireless chip has a verification unit which
conpares and verifies a private code of application and a control unit

whi ch gives users the access right regg{ding the 5 application to which the
private code is identical, according td the conparison and verification by
the verification unit. Such a wireless chip is forned using a silicon
wafer, and integrated circuits such as a nmenory circuit and an arithnetic
circuit are integrated over a sem conductor substrate. [0010] 10Wen a card
to which suvtmerywicgiohds sassigned fos ensh repecifigdy appiication, «ad |20 aegess) HER Bonpar ed

to a magnet] a i - jenory
capaci ty, - cRgE for lcipbeafiBs ducBien ARl OB orkle D MR e A e
di fficulty thewimless ¢hip has verifithionefimt which lsempa@escandoverifies & iprivase eodegef

managenent of ..personal i nfor j . f gggi i y used
as nenory n@ﬁ“&? nta&'ﬁalaﬁ ‘{&&8 "llgﬁ%:%%gmgmcgt 3 gllref%ca i gghti gcg-l np@sgﬂlcbl e.

DI SCLOSUWRE 4ppli¢aeichT Iwdicl] 08 Igkjvake cmie\ieiddnticsd) acebrdiigetosthe iompadsomeandf act ur ed
usi ng an expensive silicon.wafer 20 simlarly to.a.mCroprocessof: or

sem conduct%ﬁﬂ'}?ﬂrv m?ﬁ&?ﬁ%‘rog,ungtheslécrﬂrﬁg’ Hﬁég%agﬁ 1%05{5%? é‘gllng 3 §ir"n to
reduce uni tw&es and intédhigedVciralis suck s p. mémorp arcuic whdian asithetio rejrcuiegieon whi ch
is needed for the wreless chi@Togég$ies a large area in a silicon chip,
and it has BlsgrtedOVEIASSRICOREUGII YRR A% e area occupi ed by the memory region
w t hout ch 'm]g menory capacity for reducing the unit cost of the chip. In
addition, although reduction 25 in cost. can, be expected by reduction in the
size ofl&he sili Wﬁ%tqwhlﬁléa'_tﬁll_tqwclﬁ_omésg?%“’g{aﬂ@ﬁ@#ﬁ &850 Bhi p
proceeds, ”&&&gia}eago%%s%nﬁficfcm el ICCO4dd B4 BvafitabRCSFORTRI. a lageOmRbryt O
distribute the chip to The mar.ket,. it is very inportant to reduce the unit
cost of thecaphgity, ampritimetie fenctionf high jauthpatication aecprgaynsat t8Feab Gty Bn.

[0012] 30l |1 el | Pshel fO L S&iMbIE" & arn%ﬁ%fg% ey off pdrdd@alsi | 1 con
chip and aﬁﬁgﬂﬁéﬁ%% a?géggﬁ%e%$egthﬁ%g%h§%t er &ﬁth n ACFObrpthe li ke, a
rati o of heinformatiem s REOM winbrfon readingds semmenlyaseshessmpmneiy meunted t9:andCof  heat
shri nk en_a,te r re b 4 lowis different depending on a
conponeht ; ?ﬁtgﬂﬂﬁﬁ %%?ng&gﬁ%§§§%%s i s generated between different
conponents. Since the wireless chip is attached-to an article, in view of
bei ng exposg i iLyonments, a connection portion of the

t erm nal ofDW%§EW§che antenna m ght be di sconnected due to

t hermal st I ©B%1]

A conventional wireless chip is manufactured using an expensive silicon wafer
20 similarly to a microprocessor or semiconductor memory. Therefore, there has been an |
inevitable limit to reduce unit cost of the wireless chip. In particular, a memory region
which is needed for the wireless chip occupies a large area in a silicon chip, and it has
been necessary to reduce the area occupied by the memory region without changing
. memory capacity for reducing the unit cost of the chip. In addition, although reduction
25  in cost can be expected by reduction in the size of the silicon chip, if reduction in the
size of the silicon chip proceeds, mounting cost of the silicon chip is increased. In
order to distribute the chip to the market, it is very important to reduce the unit cost of
the chip, which is one of priorities in commodity production. '
[0012]
30 In the wireless chip, in the case where a terminal of the silicon chip and an
antenna are connected to each other with an ACF or the like, a ratio of heat expansion

when a temperature becomes high or a ratio of heat shrink when a temperature becomes



5 [0013] In addition, the conventional wireless chip is not suitable
for being attached to a curved surface of an article even if it is a
smal | er piece because it uses silicon for a structure. In the case where a
silicon chip has been nmounted to a substrate forned of a flexible material,
a connection portion of the silicon chip and an antenna of the substrate 10
coul d have been destroyed when the subdirate has been bent in accordance
with the curved surface of the article. Al though there has been a nethod of
grinding and polishing a silicon wafer itself to thin the silicon wafer,
the nunber of steps is increased due to the step, and thus,_ it has been
cont r adi ct dey isodifferdrtcdeponding, opem gorapangnt; fhuse digh thegmal stressaisyganetateds chip
IS thinned,y. e C: luGhd t tihcl,e 15 to
be used,  wisheh R oipolthul A8, B0 vilbidf clip' BisRchcl o B8 EULINC.
strip of fiviewof bahg gxposedpagarveriousi envirgumentse a connection postipniné the femnipal
protrusion | eperat e a ' . r ition, since a
protrusion ?féhegséﬁc&?@“ggmgrﬂlwtaﬁf;égé%'r%féégé Cg%&sﬂ%&%s%'&%r g’? lgj,larﬂlst?lé!ghe case of
performag [80i3]ti ng to a substrate such as slip of paper, high-definition

printing becomes difficult. Noreover.. | gcation Sill hip 20
which is an obj ed® a‘% (g the gouy oAl iseffo g i 7p0 ﬁﬁ@g’i%c?g'r’f’"é%% ahed

Fur t her mor ea cowa@suifaté bff f04tticIBiepernist B acsmadller pisedibecamse lituses siticet foeragt h of
the silicon chip could have been .decreased and the siligcon i p cauld have
been br okerStHAWF- a 18 the Spseavhers %5‘]6%“5“1’[6]@6 g’ﬂ‘]“ ’Pﬂ“‘lt?f’ewé‘a?gés%ﬁﬁgg‘?%d ota

anti f use- t yi&itthateHal)'R botin@&lionpoRiodlof Elefifcofi Bhip and WPanténnd bOhe 36bshagUeNCes
are considered. One is a process sequence in ich informgtion jS witten

af ter nifthufeasld have dreen, destioyed,whem the substiats bas beog heat ancg ith then ¢ he
silicon chiguiey §RtAL of ¥ SificRN ARhG{EAhEYe Ot ARen fa0Mefhod WP drinding, and0 that a

wireless chip is conpleted. Wien such a process sequence is enployed, a

manuf act ur i prlishing p siicomwatgy itselfig thimthesHicon wiafea the pembes Rsterstis IICFFgSedr ocess
?rfanbpgc%; ieé]uﬁstg tﬁéﬂtg:, ifaﬁd ﬂﬁg,q?ﬁas_ e QontfhdRidry G0 Fedlion ih Tna¥hfAbiufing 8. @
g devic or supplying current Tor witing differen
i nf or mat i onEven iROWirtlossmbip s thind hindhd ¢asoof arhiGiag whish ipattachedito An pidiclet i on
a9 O Gk i 0 A e FRR 171 B B Qs 10
slip of paper), disfigurement is caused because a protrusion is generated on a surface of
the substrate. In addition, since a protrusion is generated on the surface of the
substrate, in the case of performing printing to a substrate such as slip of paper,
high-definition printing becomes diﬁicult.' Moreover, a location where a silicon chip
20 which is an object to be falsified exists could have been emphasized. Furthermore,
when a silicon chip has been thinned, mechanical strength of the silicon chip could have
been decreased and the silicon chip could have been broken when a substrate is bent.
[0014]
In the case where antifuse-type ROM is mounted to a wireless chip, two
25  process sequences are considered. One is a process sequence in which information is
written after manufacture of a silicon chip in which ROM is formed, and then the
silicon chip is mounted with an antenna provided for a substrate, so that a wireless chip
is completed. When such a process sequence is employed, 2 manufacturing device for
writing information during manufacturing process of the wireless chip is needed. Each
30 silicon chip is minute, and a manufacturing device for supplying current for writing
different information to ROM formed in each silicon chip needs precision location

alignment or the like, thereby being expensive. Therefore, manufacturing cost is



The other is a process sequence in which after a silicon chip is nounted on
a substrate having an antenna, a wireless signal is transmtted to the ROM
formed in the 5 silicon chip, and information is witten using the wireless
signal, so that a wireless chip is conpleted. In conparison with the fornmer
process sequence, increase in manufactuing cost can be suppressed with the
utilization of a wireless signal when such a process sequence is enpl oyed.

[ 0016] 10However, in the case of enploying the latter process sequence,
information is witten to the ROMwith the utilization of current generated
fromthe wj | witing current value and a witin
vol t age valﬁgkﬁéfﬁéeﬁggkﬂgrﬁ%ﬂ?g@g?cg%ﬁ [00%7] It is an object of the °
present invi88tiJon to provide a sem conductor devi-ce 15 nounted with nmenory

whi ch can be dri | he_ran f a cUycre val.ue d.a _vol tage val ue
whi ch can be geng?‘ng‘g" *srao?nm%sg\ng%é' &€ “év#'b a%}g.er FF‘H"gngﬁBtlﬁg}ﬂmﬂ}ﬁ?gﬂﬁ to

p][ ovi de w]icm:bsmhvfhxgaﬂ-ammya,rmmd lgss'rsidgna\lifih ohnsidttal oahe Re)M\/IfdrIr!‘e&rikF]&ﬁyt ibfTE
after uf acture. o em conduct or devj.ce.. [0018] .20l is ,another object
to pr OC?’ge S %DFEWE@B%W&W%WW &n usipg the wirefess si TFQ'&?‘F&’E‘F@‘E?SPB‘% cur ved
surface of isnconigléted. . I tconfpadstal neth @ E6iimek OproBelyl Ceqii@ies!f asdrdské g COSt
and unit cost of a chip wthout inc¢reasing_ the nunber of manufacturing

st eps. [Ooﬂﬁ““%\cﬂlé’éggo PeUBPTESSES With theaptilization of @ wirclesy,signal ahgn such
communi cat i agitodikd fkq@enceRGaIployed] N @ short period of time; thus, it is

anot her obj &(?:t to provide a wireless chip which perforns fast readi ng and
has | ess mdP¥®dction. 1t is another obj ect to reduce power consunption of

menory gy reduct Hegend, ﬁltﬁ&&&asfeﬂwg%% ﬂaé@p;fa%ggéegg?% %bg,fg?&g%y and to

achi eve | ower power consunption of” ole wre It has
been found Wrken tadhg ROVewith tke Wilizatien pheurent ganeratedHfrom dlvewwrelbsstsigmek as a

driver ci r%HhEhus,pJ\i%Et% ¥nt&ﬂxe?aﬁ&%&&f;ngggﬁ&ép%lhéﬁeﬁ%l&%tre jeth£aSt one

of the above-described objects is rea n addi t1ron, according to the
present i m[@MT7lon, the

It is an object of the present invention to provide a semiconductor device

15 mounted with memory which can be driven in the ranges of a current value and a
voltage value which can be generated from a wireless signal. It is another object to
provide write-once read-many memory to which data can be written anytime after
manufacture of a semiconductor device.

{0018]

20 It is another object to provide a wireless chip which is suitable for being
attached to a curved surface of an article. It is another object o reduce manufacturing
cost and unit cost of a chip without increasing the number of manufacturing steps,
{0019] ‘

Since a wireless chip is required to perform data communication with a reader

25  in a short period of time; thus, it is another object to provide a wireless chip which
performs fast reading-and has less malfunction. It is another object to reduce power
consumption of memory by reduction of electric power for data reading of the memory
and to achieve lower power consumption of a whole wireless chip.

[0020] '

30 It has been found that antifuse-type ROM is formed over the same substrate as

a driver circuit, preferably, an insulating substrate, so that at least one of the

above-described objects is realized. In addition, according to the present invention, the



6 antifuse-type ROM and the driver circuit are fornmed over the sane
substrate, so that noise or contact resistance can be reduced and | ower
power consunption of a whole wireless chip can be achieved. Further
preferably, an antenna, antifuse-type ROM and a driver circuit are forned
over an insulating substrate. Wen thegantenna, the 5 antifuse-type ROM
and the driver circuit are fornmed over the sane substrate, a power supply
signal is fornmed based on a signal froman antenna which receives a

wi rel ess signal, and the power supply signal can be efficiently utilized

w t hout | osg,. i e-t includes a pair of electrodes
bnch ot i nsOBpE ROM Sn T bitfis datRE S M ACouE B SaRbortle, SR DI0D,
i S i nterpogwikepetoastent redianeaican bé redveed aablpever poveernminaumption offa whele pai r of
el ectrodes may be .acceptable as_|ao as. they are materials i react with
1T con to Eer S e U sgireved, F et itesebigan yfeul it ot HRRE 20801 e
titani um talagedrediscuidi £ Ebrmedhowel dhinsilofing) detiRtiaee, t WHedl eNankaha the
zirconiym vapadi u || ggjéeugé hafiiium plegti num or iron, or an alloy or
a conpo@nd 4 ?TE’PM&W e crphars formed over the sapR.subsiiie aiowehe paj r
of el ect r odggply Bighalds dormdd tagedadH 4 kighR otk an RelMhiSwhich Wadived b Qbitlest e sane

step and of ,the sane material as a gate el ectrode of a transistor included
in a driversigak M@?P@’Eﬁfﬁmﬁly%‘BFP&FW%QFJ@?‘@WY&"W%WMB’S%% be achi eved.
20 Accordingo1p the present invention, the antifuse-type ROMand the driver
circuit are formed over the sanme substrate, so that noise or contact

resi stance can b&he avifisedyrerROMoineludesonpair efosleatreges esph of which isvfomined wi r el ess

chip cag berachise) s t Q&R FRD Wiad RN mﬁ%iljg in.a short

peri odqgf ?lfrque |s%§gant??rn§§%ug§% using a sefrgrinlgo ucct?gétq@iglf%ehgw r?g a

crystal st relectrodes, Theamaterials af thelpairidficteotrodes iInmayite aocaptableads! lyng s thepd as t he

t ransi st or L&l Clr Gl L. 0, r. §-0..9bt ai n TET .with, preferabl e
aPJ m&{%ﬁa.lg which re&g vﬁi%i‘l é}}llctglfmo{oﬁ? it glﬁCl é) Fol' ¢ mg[gn%]; a tsH'AgpIe

el ectric characteristics, e gaté electro

transi st or sulstapeesuweh abtitaniam) igigster,| tickel) choimiim molgbdentth, fahglunyebbdltng poi nt
metals, a tungsten fi .mmhghg? reﬁ tS wiltagbsilicon to fgrma silicide is a
et er Al WATETvaRadivs, baliadinty, Rasmitm, laltpph, o i oran allon 0 comm0ind 1 oohol o
vol t agasof thepddf can eugbdinnel transi stor and an n-channel 30 transistor is

| ow and'thiq%g]h transi stors are roughly symetric to each other. That is,
it can be that the tungsten filmis suitable for the driver circuit

i ncluding a CMOSBgide§ Ubde Ntfle hit fflctrodi? inéluddaCinPie hﬁ.@dﬁ@k@dﬁ of the
antifuse-type ROM 7 [ 0023 Furthernore, also the“other of the

pai r of t hdoraied dhrpeghdiic same) stppeandiof theiyame materipkas.atgatecelqRomle of o teangistar t hr ough
th . . teri . dr ai
e same S%@%&E%OJ dahib& GfR, t! %Hﬁ?ﬁgmg%r:?ﬁu&!e&c%ogg a ﬁgvet@lha{ arn

el ectr ode thp transi stor 1 ncluded | river clircult, so
si npl i 2Pcatiicorrdisg to ltke prespot invention, itee antifiisertyt. RGMhawl theelrvauciswitatrect r ode

and the dragi | ect 0, t i r d oyer, an,interlayer
sul at i ng el oFE BE S Supbtl, 5o 1 adisRlor B RislBo KB hedPueE A ot ey
are prefer &iviey gosemechsompdomaf drei wholelwicdiesh ahiph¢aphbeaadhéeyedin Sihdehddthe
interlayer insulating film |n.addition,.g |jght .netal of ich, specific
oravi ty ;s opBRURRARYEn acteade? B o Rl orofint if resdiredn SFEGRIEEE ana” 10
the drain eimicbiducior €ifm hbeing badigstaltsbiictu®] Baeisdalpolkllich® tilth i preferably al um num
or titapiumhas |ow el ectric resistance, it _is useful _as a wring nateri al
of an PRt e§iedias Ef’ﬂséﬁ“fr."flthe Qﬂﬁ‘?‘t‘i"&lﬂ‘f' ilf‘ﬂfgerﬁPé’P@fnablT?Tt‘ﬁ‘%B@_ﬁ’d“ 16 t ani um
fil m becaugRrcteidetsh@srisgtd, B Matedid e Rt gaﬁaelé«lk&dah%r tlﬂttﬁﬁn!éisil’éﬂsaﬁrefcfab 4

i nproved. Mreover, the titaniumfilmhas |ower material cost and electric
resi st ancehighapeling.paint metal: | Q4 high melting paint mrigls; 2 tungsten fidm which rsadtsl t hat

the with silicon to form a silicide is a material which has a comparatively high work

function; therefore, threshold voltage of both a p-channel transistor and an n-channel

30  transistor is low and the both transistors are roughly symmetric to each other. That is,
it can be said that the tungsten film is suitable for the driver circuit including a CMOS
circuit and also for one of the pair of electrodes of the antifuse-type ROM.



15 titaniumfilmis suitable for the source el ectrode and the drain

el ectrode of the transistor and also for one of the pair of the el ectrodes
of the antifuse-type ROM [0024] As descri bed above, it is useful
to differentiate materials of a first electrode and a second el ectrode
which are the pair of electrodes of the antifuse-type ROMin order to 20
reduce manufacturing cost as nmuch as possi ble. [0025] Besi des, the
other of the pair of electrodes included in the antifuse-type ROMis forned
t hrough the sanme step and of the sanme material as a connection el ectrode
for el ectri@kjﬂy connecting an antenna to the driver circuit, so that
sinplificatyonof the 25 process can be achieved. The antif-use-type ROM
t he driver circuiRuthamdrd laisoatht estha off thef painefl thy electréiies Sactededuiisthieat e, so

t hat noi se or..conta sistan can be reduced an ower power .consunption
of -t he ol SRERIRRONE R BURR PuouzbBe sale o058 otAhS THoF FHRIEL 55 B con
film a nm cdoufk\chbdde 4a@ asdrhih @RBtréde dF\thdfranisid inchidéd fmihe idfioerdrcait|docon film

(also referred.to . as a polysilicon filn) can be used as a silicon filmfor
Che ant % ustbetplifieefipn iihd, grpcess San by achieiedo  Siars fie seonslsctisde and fssel y

cont ai ned i diafnlechblid 60Me ilahditbSHE thitiedidVer AN tidriaser fn¥RinB A thhie @nount  of

contai ned oxygen or 8 nitrogen is greater than of equal to the SIM | ower

det ecti on |9oRfact Wik dbeinigslayer ipdating filoh fheyo precpfaferablyo formed b pomaterid and
I ess than 1w1>ﬁ¢14925| i RaneSRY 9 thY infbr ;&qﬂmatﬁgmﬁpomemtﬁﬂm g Gekta1SO that

a difference in elecCtric resistance between before and after Witing of the
ant i f use- t ygfevirchspeeific igravity dy lesssthan ormegualiior isrusertfor ithe sohrce glegtrede ands

resi stafire REUNEE ?:‘Jnﬁ{ r Lt g 1S ed. .
wirel esi;bcchtlhg W tﬂ esgaﬁ%l? unc ‘?‘gnsﬁ%‘lﬁsé pl?lgt\a}il %giciig@? Efi of ilindd

Al t er nat i veiag lowelectrin iresistanes; ilie usefulos at wirinp anagérial ofbhan integratadsaimtuit.orlnt he

antifuse-ty, .d§?\4l. ' ' . r f reackion wth
anot her 10 z[r%@.{ ar Bl r?en‘i%bgﬁéﬁ&g %@%?ﬁ‘g“%?s?%ghﬂ%’h@{ghemv‘% "laj%mgfﬁ\f#'he

anti f use- t yprestikOibeta filinds imploesid. Miréeven alid timhiym Singkasiowerumattiidlcostr a
ggre(rjrap:)?n}[ ];f'é'ldgf e n&g%g%{‘;géhsaﬁl a\l I}Tci nm%%g%%in‘fl%l%gal.l nﬂa?%?it%];n E)ngg Itl.lalt &%n film

15 titanium film is suitable for the source electrode and the drain electrode of the transistor

and also for one of the pair of the electrodes of the antifuse-type ROM.
[0024]

As described above, it is useful to differentiate materials of a first electrode and

a second electrode which are the pair of electrodes of the antifuse-type ROM in order to
20  reduce manufacturing cost as much as possible. '
[0025]

Besides, the other of the pair of electrodes included in the antifuse-type ROM
is formed through the same step and of the same material as a connection electrode for
electrically connecting an antenna to the driver circuit, so that simplification of the

25  process can be achieved. The antifuse-type ROM, the driver circuit, and the antenna
are formed over the same substrate, so that noise or contact resistance can be reduced
and lower power consumption of the whole wireless chip can be achieved.

[0026]

An amorphous silicon film, a microcrystalline silicon film, or a polycrystalline

30 silicon film (also referred to as a bolysilicon film) can be used as a silicon film for the
antifuse-type ROM. In addition, oxygen or nitrogen may be purposely contained in
the silicon film used for the antifuse-type ROM. The amount of contained oxygen or



[0028] An overall structure including a substrate of the antifuse-type ROM
of the 15 present invention greatly differs fromthat of the antifuse-type
ROM described in Patent Docunment 1.  In the antifuse-type ROM described in
Patent Docunent 1, a silicon substrate that is a conductor which bl ocks a
wi reless signal is used; thus, the antigfuse-type ROMis unsuitable for

W rel ess communi cation. There is no description.on wreless comunication
in Patent Docunent 1; however, even if an antenna is 20 provided for the
antifuse-type ROM described.in Patent Docunment 1, electric waves can be

el dos, - nalaef & FiaPhlnby b s 8. B SRS TP T SiPal KRiCRFARy oo

sili c](c)n Sub{iitfa{?uaﬁf;dl &ﬁmi? M?’““"mm%mzf wzﬁsem&ygdnvbrtmtrs@mli@ be
significant reduced. The antifuse-type of the present invention
greatly di sRoggosely cofringth Sa e # ¢ -fftl%élW%Sf&@g@r?%@nm}%ﬁ%eﬁ%cmm

1 in that tiAging"efihe tantfifisSWps IRAMEcdnShd! iRFbascln © The Usifedrch An ShP eleb@be such

as a glass substrate or. a plastic substrate does not block a wrel ess

si gnal , Sandesifiange betweer beforgand after avriting iy ingreaser sodbpt g svitcless ghip grithrlest vari ous
di rections phRGMHidaNER bRpRYidk@ace Where the antenna is fornmed. In addition,
as for the antifuse-typg ROM of the present invention, inductive current is
not gener atl®@7n the substrate, and thus 30 noise is not increased and

pr ef er abl e comuRi.cat i S ARV n r I [ t ungst en
film54, the amrﬁgﬁ%%& ||%%g‘§%’ﬁ‘*’¥|‘§‘nx%g’@ ¥ t‘ﬁg‘h‘%ﬁsﬁgg?e@&fzi%]ﬁ?% foy: 892
consecut i veintifukotype ROM. a S geptdninn bias Howtr dnergygfoe xpastionl with aimsheai r .

Ther ef of.€, t of ot he..antifuse-t RQWLI S skl dde a
conventisonaferdi Bgnd et Sifial ¢ Vo $BEne Yty LSRG OB RBap b nunber
of steps i sedimedje Alldriatieclgrd geymbniomfilineora geaninbon filta tontaidingisilizonlemgr i bed in
Pat ent Docynent,.l, in_the.sem.cond o devi ce of pr-esent invention,
the gate er{’@é'f?ddﬂ%“’a(ﬁlf(’f%lﬁeﬁl’l‘ig?ﬁg‘?“f‘fl#gf["’d{hf:%ﬁ’f"ﬁ'm}zb ‘s formed through the
sanme step geo2gpe of the el ectrodes of the antifuse-type ROMto reduce the

nunber of steps. ,Note that since Patent Docunent 1 is nminly characterized
in that the tung8fcyerall siushire fnclnding 3 spbstrate 64 'iE‘E&H“&F‘f'ﬁTSS‘%/O%n‘Ef &‘ﬁe

tungst ey f igré¥eminvetitn gieathOGEes Yo' Ghiofithe mﬂu%it%ﬁmme&m&ﬂ to the
air, formng a gate electrode of a transistor and one of el ectrodes of the
ant i f use- t yipeument -hrlo thm antifasestipe ROM desaribed, in RatepaRoeurantidi agilioBeess of
the presentoubdibéfeiiaP'ls IS chifucl? WHIEH tibck8!d wiRGikO" SO ustdieiBNgghact ur i ng
process of the sem conductor device of Patent cument 1 greatly differs
from that chtifusetype RQM isiunasuidablelfor iwirsless corhmupicativent There isma dascripti®n[ 0030]

In additio nti f - L. t he Dr | N { n be. formed
over an i nah Yified st ith 3p Bt Dol £ ek Kieh Ie°fh SRl

subst r &0e, preddeddof the antifnse-typsROM descritsedlis PatastcdDocamenttl; alesttiewaees dan sl it of
paper or strip of.film. | ‘thus forned wireless chip using the,slip of
paper as a@d‘%@f’?’é‘?@’“ﬁ’%‘PB@Yﬁé}HBWﬁﬁﬁ? ?\%9‘6 Savenna & fogmed, Pesideyace in
ccﬁrrpari SO\rIIVh nofisk is dnsikdsed ]las tf6 hhmﬁmé '&Gﬂfefltsgdngﬁ&ﬂ iﬁ?ha.siﬂa&l&r@fzﬁfaﬁa, @den in ]
t he case ere printing is further, perfor to .t wi.rel ess chip_using the
Sl'i p of paErordiBely <pumlGaion IcgRtEY | WY obe pyEmfcRY | edieek bibe

Moreover, iaitifas&B/pY ROM QP dle pst Rt iBFchtiSA pRatl AdiBRRTRA tHe knifikd-4 5@@ rRYML he
silicon chip and an antenna of the substrate coul d have been destroyed when

the subétr gd inRagent Posyment 14e thet the dnsulajing pubstiate dysodd Bheripgdatings of t he
Ciole > ; s \ A h
article. HyEY&le submasfz{@%égs{éﬁé{h@ézlﬁgrﬂlﬁté@%uﬂsﬂﬁc BB&%%Pﬁlo&wé(%ye%b%ﬁi nce the

ant enna, the antlfusq ] river circuit are forme dver the
same subst raad dhusaelédiric waives odnr el transmitteddrecsivedble/fromm ivarions . difeothas|otliire dri ver

enst one APHER SRR RRGK Aoy b hnfle, MR ROEICH, ok IEGRLEARRRRANEC, 70T

to the of the present invention, inductive current is not generated in the substrate, and thus

QFE

30 noise is not increased and preferable communication sensitivity can be realized.
[0029]
In the technique described in Patent Document 1, as shown in FIG 15, the



antifuse-type ROM a voltage generation circuit such as a booster circuit,
a clock generation circuit, a timng control circuit, a sense anplifier, an
output circuit, and a 10 signal processing circuit such as a buffer. In
addition, the driver circuit of the sem conductor device of the present

i nvention may have a structure to which other conmponent such as a limter
circuit of power supply voltage or hardware only for processing codes is
added. 6 [0032] The antifuse-type ROMto be nounted to the

sem conductor device of the present invention may be either'an active

matri x nmenory device or a passive matrix_nenpry device. 5 ; case
formation otngste &hn\3% the emgrphony stlicom Jilen 73, apd) dhe alevesta% I

antif use- t e R dipleRsed by P@W rm:tﬁo& Qltﬁ(ﬁﬁbbﬁg cfostPdthe AN ThErefds a0b] €Ct s

of the 10 present I'mvention. In the case of e active matri.x nmenory A
devi ce, a sstén ohtht&grmélﬁem R@Mp\smmﬂwdﬁeﬁ t‘bﬁ@&?ﬁnﬂpﬂﬁét@ﬁeﬂn@wsand t he
antlfuse ty | ellg{m I ﬁem;imanged in
matri x. l?%é cdsego a{ng ag‘gfj‘\?@ nlio rla‘;m?égleém# l&%a trix) HJnt eew ce, a
struct urse i senm:anlmgtemﬂavm \dbscuhedampﬂmﬂom}m@ﬂ Tpfr the |SW@UF@F\ éeidcq of

par al | el |n a str r

arranged in ié’fﬁaﬁ“ ﬁnf'%ﬂ 1on, &’5 gsat r?lf)cgmp%ro%qg? ngJr%t\r/l g dc&i%g%&éaémt% fhe at right
angles to emﬁdm@ﬁlhﬁamcamﬁ a8 onebthie zlectradesrof itke antifusepyseROMteredyet theen at

o an' i nt orSdue AR ofNoG stk Med oot iRl Pirler@ed B ke oo
vol tage is mdghtsd) fids| tﬁelaaﬁrﬁ@ummoh i flilen |ss [a&dlfthds rmtgstcﬁrfilmaédi gy
processi ng thereqf .is perfaqrnmed. devi ce

mount edl t PPRSESHEYS)Y Fprmed withqu ’{PQFF‘]I 4‘? the, @iry E’HBE@ "0$§%1 8rﬂf Xal ue

and a vol t aggsisidr whd Bhd mlmd&%fgﬁaﬁﬁﬂh@dyﬁé ROM thibiigh 106 Sarfid gqahs man be
realized, and also unit cost of a ChIP can_be, reduced. . Fur her

reduct i on othe mapufacturne pricess ik theaprgeent ipvenlion,is ot asspmed gt ost er
circuit or Ehb,%&éfen'ctu éf&%s%f%aﬁhaﬁmabfleeh&vommmeﬁkamﬁqngremyr educed,

and reduction In a area of driver circuit _of the .nenory can be
real i zed. A@ﬁemdmmﬂ‘@tOflthpﬂem@@g@f\myﬁeoﬂﬁépmqtm§%ﬂqﬂype ROM i s nount ed
to a chi§ ﬁ%@rea of the chip occupied by the driver circuit can be
reduced.” 30 EF DESCRI PTI ON OF THE DRAW NGS [ 0034] In the acconpanying
dr awi ngs: In additiei5 thel adtifunaitypB ROM of thequessatdnveption cmtegompd o¥fr a

process of the ese Il nvention; el ation
bet ween a cift f"é t’%ﬁ'{qg"‘}l‘f tﬂ#‘ aﬁéf%ﬁ% 52 sgﬁtgﬁr_?a cllL i%(‘:%isg‘g %? ﬁ%@%ﬂl ﬁs]%n?i;}{)e ROM
and a di anefngilatxig bsteuns And) Gransferred to slit of paper or strip of film. In a thus formed '

wireless chip using the slip of paper as a substrate, a protrusion is hardly generated on a
20  surface in comparison with a wireless chip using a silicon chip. Therefore, even in the
case where printing is further performed to the wireless chip ﬁsing the slip of paper as a
substrate, high-definition printing is possible. Moreover, in a conventional wireless
chip, a connection portion of the silicon chip and an antenna of the substrate could have
been destroyed when the substrate has been bent in accordance with the curved surface
25 of the article. However, in the wireless chip of the present invention, since the antenna,
the antifuse-type ROM, and the driver circuit are formed over the same substrate, a
flexible wireless chip can be realized.
[0031]
The driver circuit of the semiconductor device of the present invention includes
80 at least one of a writing circuit to the antifuse-type ROM, a reading circuit to the
antifuse-type ROM, a voltage generation circuit such as a booster circuit, a clock

generation circuit, a timing control circuit, a sense amplifier, an output circuit, and a



5FIG 3 is a graph showing a relation between short-circuit voltage and a
thi ckness of a silicon filmof antifuse-type ROM FIG 4 is a graph show ng
el ectric characteristics of antifuse-type ROM FIG 5 is a cross-sectional
phot ograph of antifuse-type ROM FIGS. 6A and 6B are a cl oseup
cross-sectional photograph of antifuse;4ype 10 ROM and a pattern di agram
thereof, respectively; FIGS. 7A to 7E are top views illustrating an
antenna; . FIGS. 8A to 8D are cross-sectional diagramnms illustrating
manuf acturing steps of a wireless chip; FIGS. 9A to 9C are

cross-sectiognal diagrans illustrating manufacturing steps Qf 15 a w.reless
chi p; signploprocessing; Gropfsush asci Jule o dp i"(S‘HﬁﬁO“d?-lEFgF' ‘E‘E’ cifopi ofy e ng

manuf act ur i Bgidh&RSor Uevite WEthe ?ﬁe:ﬁ RivRntion may Hab&R sttubtrd & Whiehajiker
cross-sectional diagrans illustrating manufacturing steps of a wreless

chi p; 20FI Gomponent sugh st R limisesrcinepit f EOWen sYpplt, velaee frehagivwye oty for

Il lustrati ‘%ﬁ'g&ﬁ Rbaglgectronic appliances; FIG 14 is a diagram
illustrati H:goan améﬁ e o‘?cl an electronic appliance; and FIG 15 is a diagram
i | lustradtird@03]conventional exanple. 25 BEST MODE FOR CARRYI NG QUT THE

| NVENTI ON Enbodi e odi Magles ot t 4 fyention

w Il be hereinaf @?%ﬁ%&aﬁ*ggﬂﬁo@g&e&b@@ |Is easseﬁlgl&dgﬁgg{ g%g(%do gﬂét hose

skill ed i n grésentaintentinatmayhise githes emactivevieattik oweniary 3@vico or hipassivedmateixt he
nodes. and. det.aj

o110t 19 SSgol B 1RROTRIES RS Ry eh Ao T BiGRD 2"
scope of as the antifuse-type ROM makes it possible to realize at least one of the objects of the
10  present invention. In the case of the active matrix memory device, a switching element
is provided for one antifuse-type ROM, and the antifuse-type ROMs each provided with
the switching element are arranged in matrix. In the case of the passive matrix (simple
matrix) memory device, a structure is employed in which a plurality of bit lines
arranged in parallel in a stripe form (strip form) and a plurality of word lines arranged in
15  parallel in a stripe form are provided so as to be at right angles to each other, and a
material layer is interposed therebetween at each crossing portion. Accordingly,
writing processing of a memory element at an intersecting point of a selected bit line (2
bit line to which voltage is added) and a selected word line is performed, or reading
processing thereof is performed.
20 [0033] _

A semiconductor device mounted with memory which can be driven in the
ranges of a current value and a voltage value which can be generated from a wireless
signal can be realized, and also unit cost of a chip can be reduced. Furthermore, by
reduction of a writing voltage value, a voltage value formed by a booster circuit or the

25  like from a signal obtained by an antenna can be reduced, and reduction in a plane area
of a driver circuit of the memory can be realized. Accordingly, in the case where the
antifuse-type ROM is mounted to a chip, an area of the chip occupied by the driver

circuit can be reduced.

80  BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

In the accompanying drawings:



the present invention. Therefore, the present invention should not be
interpreted as 12 being limted to the description of Enbodi nent Mode.
Note that, in the structure of the present invention hereinafter expl ained,
reference nunerals denoting the sane portions are used in conmon in
different draw ngs. [0036] 5A manufactyying process of a sem conductor
device of the present invention will bé explained with reference to FIGS.
1A and 1B. A cross-sectional structure shown in FIG 1A is a process di agram
in the mddle of manufacturing process of the sem conductor device. [0037]
10First, a peeling_ layer 102 and an insulating |layer 103 are forned over a
substrate 101 wi tHOSMIA fedil Piigerestrsectional diagidms (of a mosess Afdhe Presptss
substrate, gyediipg: | | ke can be used as the substrate 101 with an insulating
surface. In particular, a glass substrate which can have Iar%e area of over
1 mon each sideFlG Xisi 2 gph showingestelation bgiwern A, cumentyyalus Bebtrbeforewi th a

thickness Aokt AHIGRT Iype WM shh dlaliBiePBein dinibg, | aver 102 and a

silicon oxide filmis usedfor the insulating |ayer 103. Note that the

peel i ng & ayer 10FIGs3 iv@ gueph skewing an relatingshatwiedn; shert-cissyit voltagrysedd nitri de
film a nol hhi.con film or the |ike my be
used. In adé?gﬁ%%&{%%@r@glog?ﬁ]fg%@%gb 3isnot limted to a silicon
oxide film and ¥IQi4lis agraphshawing ¢ldeiri¢ chamactaristcsof antifast-typé ROM; a silicon

oxide filmand siJddcan oxynitride film sed, J 0038] Next ,
a plurality of sg#i‘%g% V(o o %11;5“‘ Pl%m(éq’raép‘i]f%gragrrgfé‘yeot&g?r{t% € insulating |ayer
103. The plural i G645 and 6Bnateci dbsdup yoesss-semipnd] epliotugraptl diyantifusaoype net hod.

Here, a senj dyctor film haying.a crystal structure is used, which is
formed 1h %@@%%d’ﬁ‘%%?%%ﬁ"ﬂ%%ﬁ%‘ﬁ%‘%i licon filmis formed by a known

method (e.g., a $PGS.U7Atb T8 abbtopRidwadilushatingR@\dmtenri;nod, or a plasma CVD

met hod), and then e a phous silicop filmis crystalljzed by known
crystal lization ﬂéﬁ%ﬁ%b@é@ gross- "H‘é‘gﬁha@f*ﬁ‘éfig‘ﬁﬁ%&ﬁwl‘%{'ﬁ% ePSOLi her rral .
crystalli zaf whéx od, or a thermal crystallization nmethod using a

catal yst such as ni ckel). The plur ality of sem conductor |ayers serve as an
active |ayer of XIGhi% toi9CHre erapictestional digerpms Hustratingmpnufaciuging ptepy of | o
preferap e %Qﬁ&ﬁﬁ‘c : 30 sem conductor filmhaving a crystal structure for
the active Tayer of a thin filmtransistor in order to realize high-speed
driving of a dri F&sS.d0AdoAOD arg ggossspetigaliliagramsillystrating mappfaetnring stepsi t i s
real i zed, s&at‘&?etlespk}gp;speed readi ng of nmenory can be realized. 13 [0039]

FIGS. 11A to 11C are cross-sectional diagrams illustrating manufacturing steps

of a wireless chip;
20 FIG 12 is a block diagram;
FIGS. 13A to 13F are diagrams illustrating examples of electronic appliances;
FIG. 14 is a diagram illustrating an example of an electronic appliance; and

FIG 15 is a diagram illustrating a conventional example.

26 BEST MODE FOR CARRYING OUT THE INVENTION
Embodiment Mode
[0035]
Embodiment Mode of the present invention will be hercinafter explained.
However, it is easily understood by those skilled in the art that the present invention is
30 not limited to the following description, and modes and details of the present invention
can be modified in various ways without departing from the purpose and the scope of

the present invention. Therefore, the present invention should not be interpreted as



Next, a gate insulating film 104 which covers the plurality of

sem conductor layers is forned. The gate insulating film104 is fornmed of a
single layer or a stacked-layer of an insulating filmcontaining silicon.
The gate insulating film104 is 5 formed to have a thickness of 1 to 200 nm
by a plasma CVD method or a sputtering,yrethod. Alternatively, the gate
insulating film2104 may be formed in sich a manner that an insulating film
containing siliconis forned to be as thin as 10 to 50 mm with a single

| ayer structure or a stacked | ayer structure, and surface nitriding
treatment using.m crovvaveg‘@l,asrra IS &er,forrred to.the_insulati ngt film 10

[ 0040] beingfirpjted to the descrigtion-of Frabqdiment Meye. o Note,thate iy Hig sgusteredifect r ode
106 whi ch operAralntVidvBntioR CherGRAFRP NG HAINRY, lefdEiceWninheriiD QleS@ing hBSHbRL | NY
film 104 interposed therebetween and one_of el ectrodes of antifuse-type

ROM that i Bortignsfarqused Fpommndp diffsgrat d@wingse forned in the sane step. The
first gate @gﬂ;r ode 105, the second gate el ectrode 106, 15 and the first

el ectrode 1 y be fornmed in such a manner that a conductive filmforned
of a single substiamerufeciwringaproedss ahr semicondugtor aleyice jof khel preseht inveéntion
nol ybdenum I i i m |1 adi. jum
pl ati num O‘Fh?ir}%%ﬁ%ﬂg%gy&Fﬁé%g‘?@%@ éxggﬁg%n ?ﬁ)gér %%P&g% Spggrn%d by a
sputtering shetwhds FiGdApisacmesssidiagtam ia thie siiddic of mapdactringpprecasabf thki ch has
both a char%&t.ceorhg‘%‘i)c vslg%tabl e for the gate 20 electrode of a TFT and a
characteri st¢ 8ol élgllee “or one of the electrodes of the antifuse-type ROM
is sel ected00s7] this enbodi nrent node, a tungsten filmis used. The tungsten

filmreacts with silicon.to,for si,l icide,..t hereb ei ng sui,tabl e for one
b Uhe B cot rouolus & paling taset 002 i Ancistiiaits Tyer 407 Bt Bebt TRL 5t ngst on
fi : mis af rﬁba{]&aiozl\émnhn hﬁﬁlalang:amae_ .atAqe&wdmba?atngqaistst@nor_ tHar eshol d
voltage o ot p-channel transistor a an n-c nel .transistor is

| ow, and tr@%aeﬁaﬂﬁ@ﬁast faﬁ@m%ﬂgﬁwaﬁ@ﬂéuweﬂ&ﬁwgﬂ% B RartislF. 2:81855: oughl y
symetric tQbantdwhichan Hald!Sargd BRa tof et € fdn! Ech SiRNE sBitabld &frahaRl €

materials for the gate el ectrode. [0041] Next, in order to add an inpurity

el ement i npHedycHep. n-A (uasstern Film with\g thigkness ah30 20 nip ds used Jorsthe peadingr esi st
mask ich : j t: - AL en ] dopi ng
W eh tRS JSE0F el p 3O okiBe Him i3 Bk 1P MRl VS RORENGY el OE D
masks are peeling lyer 10 hotplimited, tee k enmasteni filonrandny tungstpp aitdden dilws avity is
added 14 t Qo4 b6 G0 LG ORUIGBEoul Lhilbn Afh LPAE 1ike WD hOBL Wl Yudil RS 27
formed in & selt-a i gned manher . ese n-type rnparirty reglions sérve as a
sour ce r egiiosuldting layer H03ds aotrlimieditoa silicéh adfidediiinm andasiliadn okiyhitdde fHaidirt | on, a
region of th em.conduct or | whi ch overl ith the first gate.-

el ectrode 1@3@?@@5&%&&0&%%3{1“1%‘? ﬂﬁ?ﬂn&%‘wﬁ‘g‘fcﬂﬁ%ﬂ’egﬁﬁne step of

dopi ng apay [pe3g)er forned by ion doping or ion inplantation. As the inpurity

el enment inparting n-type conductjvit ich is_added to the sem conductor
| ayer, phosphor'uglc’(tP P WQ’Y?‘?;?F"CEFW Qet dhe madating yptn  after

Ye ﬁ?‘%“’?‘)@%’lm
the first rgsi sthdphiality of RERIRHducid? 187&H€ mdyObAdenRE By RUkbh BBERN!

Here, a semiconductor film having a crystal structure is used, which is formed in such a
manner that an amorphous silicon film is formed by a known method (e.g., a sputtering
25 method, an LPCVD method, or a plasma CVD method), and then the amorphous silicon
film is crystallized by known crystallization treatment (e.g., a laser crystallization
method, a thermal crystallization method, or a thermal crystallization method using a
catalyst such as nickel). The plurality of semiconductor layers serve as an active layer
of a thin film transistor to be manufactured later. It is preferable to use a
30 semiconductor film having a crystal structure for the active layer of a thin film transistor
in order to realize high-speed driving of a driver circuit. High-speed driving of the

driver circuit is realized, so that high-speed reading of memory can be realized.



10 inparting p-type conductivity to the sem conductor |ayer, steps of
formng a second resist mask which covers a region to be the n-channel TFT
and perform ng doping with the use of the second resist nask and the second
gate el ectrode 106 as masks are perfornmed. The inpurity el enent inparting
p-type conductivity (typically, boron) ;ps added to the sem conductor film
so that p-type inpurity regions are forned in a 15 self-aligned manner.
These p-type inpurity regions serve as a source region 111 or a drain
region 110 of the p-channel TFT. In addition, a region of the sem conductor
| ayer which rlaps wth the second gate el ectrode 106 serves as a channel
formation rg§¥§n 113. [0043] 20Thereafter, the second resist mask is

removed. Through N aPg#e€ RN HRP 304 Whtchi dORSIS ithey plufdityosSsemitdhdlictby pe or
p-type conductivity are forned | n_each_sem conductor |ayer. Note that

al though t hBY&Rdinfomnedn Khe enter Menlatingufiln L0 is farmed; pfparsinglg layer ppea
Conduct i yi {3 S BACE Ao Him PTG SRAT Tho LD Rk FUbIDFiS Lot on
on the dopitegnebtodiaye e thickursa pf 1 to 26@nm kiha plaehs VR metheddum spyttetingps, an
the gate ol Bepis el Bl nt Bad i B 1000 Wk B sl ' ©
formation ribafi aminswiatingdiliaonehingRilicanBBformgd tmberes thineas3ID tbG0medl withiang a new
et T DSk R S PGB oty R .
channel f ormixtrowave plagmais peridmeedso thedasulatipg filmor a drain region which is
Iﬁ;ﬂfg Ry 1#§“ﬁd?ition of an inpurity element at a high concentration, and
gl on eferred to as an LDD region. Wen the LDD region is
provi ded, an of f Newt, adiét gar! aleztrode 105anifalseesid e dlatiote 806 WA Dverfdpn
addi tion, iJvit[P %%EEU%LXduct%r ?an)%l \lmtﬁ nﬂ”%ugrg%e i(rjlgul&iltmn%ﬁhint f'm%ﬁ%?édsm&ggg@&nor
and one of electrodes of antifuse-type ROM, that is, a first gate electrode 107 are
formed in the same step. The first gate electrode 105, the second gate electrode 106,
15 and the first electrode 107 may be formed in 'such 2 manner that a conductive film
formed of a single substance such as titanium, tungsten, nickel, chromium, molybdenum,
tantalum, cobalt, zirconium, vanadium, palladium, hafnivm, platinum, or iron, an alloy
- thereof, or a compound thereof is formed by a sputtering method and processed into a
desired shape. A material which has both a characteristic suitable for the gate
20 electrode of a TFT and a characteristic suitable for one of the electrodes of the
antifuse-type ROM is selected. In this embodiment mode, a tungsten film is used.
The tungsten film reacts with silicon to form a silicide, thereby being suitable for one of
the clectrodes of the antifuse-type ROM. Furthermore, since the tungsten film is a
material which has a comparatively high work function, threshold voltage of both a
256  p-channel transistor and an n-channel transistor is low, and the p-channel transistor and
the n-channel transistor are roughly symmetric to each other; thus, the tungsten film is
one of preferable materials for the gate electrode.
[0041]
Next, in order to add an impurity element impasting n-type conductivity, steps
30 of forming a first resist mask which covers a region to be the p-channel TFT and
- performing doping with the use of the first resist mask and the first gate electrode 105

as masks are performed. The impurity element imparting n-type conductivity is added



phosphorus) may be added to the sem conductor layer in order to control a
threshold of the TFT. [0046] Next, activation of the inpurity elenent added
to the sem conductor |ayer or 10 hydrogenation of the sem conductor |ayer
is performed by a known techni que. The activation of the inpurity el enent
or the hydrogenation of the sem conducjpr layer is performed by

hi gh-tenperature heat treatnent in a furnace or heat treatnent using | anp
light or laser light; therefore, a nmaterial which can withstand a treatnent
tenperature is used for the first gate el ectrode 105, the second gate

el ectrode 106, and t irst lﬁl&el ectr.ode 107 which _are for ﬂ@lb re the
activation glﬂtfpseﬁ’ﬂcot’ ‘é’“ﬁ}ﬁ { p-bypedmpprity Negignssee formed ig a s¢ gst en

fil mwhich hgnbs e%&k@’hﬁt?ﬁ@fmﬂuﬁ@ feliont s & £duedeBgen 1090 4 BeinSRgIGAD gate
el ectrode 106, and the first electrode 107 is_a high rreltlni% poi nt et al
3

and is a me0r9fam noehasnel BRL. s Jp radditign: 2 yegipn BE tlstnitntiﬁedae?t &5 Whicht t he

impurity el KBk Wih e ?a’té)gl%&%dc%sc&ﬁe@%s%eéﬂaﬁ&ﬁ‘%ﬁ&a%n &1 1120 [0047]
Next, an |nterlayer insulating film whi ch covers the first gate -

el ectrode 108, stephef depiemmay heepesfosned byidon doping o e dmplapigiions| dstthede 107

is forned. arﬁlpgs f ni c

i nsul ati ng '%Pﬁnrr[? b’]ail/&%éng%ﬁ ter Hﬁe&%d%%ﬂh%&% afd&éﬂﬁ)dthg selﬁ&%sma%/

met hod, or layes phospborug\(I9ion giseni¢ GAR is typicallysusedked | ayer 25 of an insul ating
filmsuch %@@SIHCOH oxide film a silicon nitride film or a silicon

oxynitride |s used for the inorganic insulating film This interlayer
insul ating fil m Theh, afiteg thef fixsiobsistisask és mmpeed, it order tovadd andmpaikity dlendmt es

dj t d t tif -t ROM
s Ay e HE U EERTIECRER I M R
i nst ant aneaesidt ynablashivh @bvere @ pepioait to ibe thelheliamhel ' TRT dnki@edOrmiing dopiny @fith

insulating filml is preferably fo d of an.inprgani¢ jnsulatin
mat eri al TH% ﬁfrltﬂ\fu TSt mg gt% 83thi© Eeﬁg%‘P ﬁﬁ 8 Jes5SeUetion is
gener at ed. pefBdstd. The impurity Hetn@hitNindpantiy yP-ty@§ cORictidAWetyéallyBorbi)dk gani ¢

i nsul ating f| I a siloxane resin with gh heat, resistance which can be
obt ai ned byrdded 0o fhei semigagAuctes Hisy Waﬁhab@‘tmfeﬁnl’m degiongt arg formedhina resin
cor r espgndsef Qhﬁmﬂﬁ-‘ﬁdnﬂcrc O%éye’ixl- ﬁnpﬁﬁtﬁe@on@@&dc ash k&fﬁ@c‘”‘ﬁgﬁﬁ%lﬁ opkel eton
structure including a bond of I con and oxygen (0)

subst i t uentdraingegiony 4H) of gxecmﬁhawﬂtmu addmpeaastegwyd@fo@e}selp@ogductoan al kyl
group or anQnp Whﬁg*b\(rgﬁagﬁ %&‘}E é[cﬁnd‘aﬁf:‘ eleéﬁéérib%téefé@é é{s a éha%éi%&a%ﬂup may
Su ent. ur er

be used as the st ternatively, gani c
cont ai ni ng regiost B3st hydrogen and a fluoro group may be used as the
substi t uent 049] 10Next, a resist mask is formed using a photomask, and

ei t her the[ rlayer insulating film 114 and the gate insulating film 104
or the Zont er | ayeThdrexftet, alid segordd tesistlchdski is randwed! | Tiabyglethe pededing §@psn an
openi ng. As, the etching, wet_etchi ng) or dry et hln éln@ erfo d, or a
conbi nat i orth% HEPREY nSe Wil PEYREE®T RS P ct“é‘ ved.

There are tsbhREndutReIayef’ NdietRPatough ke fRh twihawmammpiﬁmﬂg él@ﬁahl ng 15

t he sem conductor |ayer, an_openi &dr eachi ng. the gate el ectrode of the TFT,
and an operTRPS AHPeEPRandivity s pddadheforg dhe imparity glement IRRABINE(REPEy pes of

openi ngs r eagdlicheity Rdidd §ldediBed hAdEthdR 4s 36 atticOMi BRstatich & fh%tdoﬁiﬂém ng for
stacking a silicon filmlater and a second opening for formng a Wring

whi ch 28 elogderrically connected to the first el ectrode 107.
[0044]

In addition, before these doping steps, an insulator which is referred to as a

sidewall may be formed on sidewalls of the gate electrode and LDD regions which are
adjacent to the channel formation region may be formed. The LDD region may be
30 formed using a new resist mask although the number of masks is increased. A region
to which an impurity element is added at a low concentration is provided between a

channel formation region and a source region or a drain region which is formed by



20 [0050] The first opening reaching the first electrode 107, which is
formed in this etching step, has a dianeter of its bottom surface of about
1 to 6 um However, as shown in the graph of FIG 2, the first opening is
preferably smal|l because current consunption Is increased as the dianeter
of the first opening becones | arger. e 25 that although the size of the
opening is indicated by dianeter, a sh e of a top surface of the opening
is not limted to round, and obl ong or rectangle may al so be enployed. In
the graph of FIG 2, a vertical axis indicates a current value right before
a short-circuit of the antifuse-ty ROM and_a hori zontal axi s indicates

t he di amet eéAdditionof an jmpusity dp@mtﬂga rconeanirptions and e reaien is refsredionasi ned

from a neas‘,&{dﬂg?r}g bl f\ghé]ﬂhgq_lﬁﬁrﬁém r&xﬁédcgr?oﬁ'éu%w Jdluefofithé gepess of

200 nm forme a sputtering ne ITcon filmof the antifuse-type
ROM | n addianpereduesden when an anor phous 5| I icon filmformed by a plasm
CvD rrethodelp% used as the silicon filmof the antifuse-type 17 ROM a
relation b .Weén t he di aneter of the opening and the current val ue right
bef ore & short - cin @dditios hif\wedessary,i arisinall ammeméﬁnlpgribfhelbmﬂ#ter(b@me anor phous

oo T} AT R B BRI R o LR gt 1 o
the TFT.
[0046]
Next, activation of the impurity element added to the semiconductor layer or

10  hydrogenation of the semiconductor layer is performed by 2 known technique. The
activation of the impurity element or the hydrogenation of the semiconductor layer is
performed by high-temperature heat treatment in a furnace or heat treatment using lamp
light or laser light; therefore, a material which can withstand a treatment temperature is
used for the first gate electrode 105, the second gate electrode 106, and the first

15 electrode 107 which are formed before the activation step or the hydrogenation step.
Needless to say, the tungsten film which is used here for the first gate electrode 105, the
second gate electrode 106, and the first electrode 107 is a high melting point metal and
is a material which can sufficiently withstand the activation of the impurity element or
the hydrogenation of the semiconductor layer. '

20 {0047)

Next, an interfayer insulating film 114 which covers the first gate electrode 105,
the second gate electrode 106, and the first electrode 107 is formed. The interlayer
insulating film 114 is formed of an inorganic insulating film by a sputtering method, an
LPCVD method, a plasma CVD method, or the like. A single layer or a stacked layer

25 of an insulating film such as a silicon oxide film, a silicon nitride film, or a silicon
oxynitride film is used for the inorganic insulating film. This interlayer insﬁlating film
114 also functions as a partition wall which insulates adjacent memory ¢lements.
Since voltage is applied to the antifuse-type ROM fo generate a silicide reaction, an area
around the memory element instantancously has high temperature. Therefore, the

30 interlayer insulating film 114 is preferably formed of an inorganic insulating material
which can withstand a temperature by which a silicide reaction is generated.
[0048]



sem conductor |ayer, the opening reaching the gate el ectrode of the
and the first opening and the second opening reaching the first el ectrode
107 can be formed by one etching by adjustnent of an etching condition.

[ 0052] 10In the preceding steps, part of the antifuse-type ROMis forned

through the sanme steps as the manufactyging steps of the TFT,

t he nunber

of steps is not increased. [0053] Next, a silicon film1l

TFT,

t her ef or e,

15 is

formed so as to overlap with the first opening 15 reaching the first
el ectrode 107. The silicon film 115 can be fornmed usi ng an anor phous

silicon film a Srocr st al nes |conf|I ilicon fi.
sputtering met hog1 E‘ﬁ*‘t%t%%‘?%& "ﬂﬂ%@r‘%ﬁ%“ﬁ&t"ﬁ gﬁﬁ’ﬁfmetrﬁ@“ wl"k
an anor phouﬁglshéaltewilstzfdcb Whadh ednnBel obitinad [Bly aNEpp ﬁh&ﬁoﬁ&héimh iy Weasded. 0054]
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15

20

25

30

insulating film 114 and the gate insulating film 104 or the interlayer insulating film 114
is selectively etched to form an opening. As the etching, wet etching or dry etching
may be performed, or a combination thereof may be performed. Then, the resist mask
is removed. There are three types for the opening formed here: an opening reaching
the semiconductor layer, an opening reaching the gate electrode of the TFT, and an
opening reaching the first electrode 107. Furthermore, two types of openings reaching
the first electrode 107 are provided: a first opening for stacking a silicon film later and a
second opening for forming a wiring which is electrically connected to the first
electrode 107.

[0050]

The first opening reaching the first electrode 107, which is formed in this
etching step, has a diameter of its bottom surface of about 1 to 6 pm. However, as
shown in the grapﬁ of FIG 2, the first opening is preferably small because current
consumption is increased as the diameter of the first opening becomes larger. Note
that although the size of the opening is indicated by diameter, a shape of a top surface of
the opening is not limited to round, and oblong or rectangle may also be employed. In
the graph of FIG. 2, a vertical axis indicates a current value right before a short-circuit
of the antifuse-type ROM and a horizontal axis indicates the diameter of the first
opening. Note that data of FIG 2 was obtained from a measurement using an
amorphous silicon film with a thickness of 200 nm formed by a sputtering method as a
silicon film of the antifuse-type ROM. In addition, even when an amorphous silicon

film formed by a plasma CVD method was used as the silicon film of the antifuse-type

g 25
Of FIG 3

he
t he



30 short-circuit voltage and the thickness of the silicon filmwhen an

anor phous silicon filmforned by a plasma CVD net hod was used as the
silicon filmof the antifuse-type ROM showed a simlar tendency to that
when the anorphous silicon filmforned by a 18 sputtering nethod was used.
[ 0055] I n addition, oxygen or nigtrogen nmay be purposely contained in
the silicon filmused for the antifuse-type ROM Between the
above-descri bed etching step and step 5 of formng the silicon film
exposure to the air is perfornmed, so that the steps are not continuously
per f or med. ni.trogen or oxygen is.contained at an interface hetween the
ET i cont 1 1 RDY: 8 TeiatieBueeh o e ot e g nana o risudafie B3 blSisr 1 ne
silicon filansiickbeirduit shbwed At didilaetehydey ROhat abhdneds tanidighout Isilieen il M 115
and the firgt éﬁectrode,107 are not consecutively stacked. Oxygen or

ni t rogen i§% by wpyttsringmpathod wasUsel- | m 115, 10 so that a difference in
el ectrical pesijstance between before and after witing of the antifuse-type

ROM can be increased. I n_addition, when the opening is exposed to the air
after béing for nd® additiqns i ofdsx t9r educs,the aumberyfi stepsothe Opering feachingithen a

surface of _geﬁl%oﬁam&que},qwaﬁﬁﬁhgffehéﬂm%@eegme%aﬁhéaf Y Tr! BR e @T the
natural oxide filmon the surface of the tungsten film the natural oxide
film can furspingand thesceond fopeningiteaching the firgt eleetrode 10ecanbeifpumed-iyygpe ROM can
suf ficient!| ). ' . nce one mask i s needed for patterning
this sili co&nc Mdﬁg@%ﬂgg@uﬁ%‘énlg%opggagbs Is increased due to a film
formati on d08§2]land a patterning step thereof. [0057] 20Note that, if the
siliconfilm1154i s..S i vel . L QW g - i a hi gh- order
Si | anerhcoorrpound f'%ﬁ?e‘%%ﬁ%&l% eagtrégﬁ eslilguﬁg%{ﬁpfglsﬂ | ng(g%{r"{]\}xgg%ﬁu%hn&& gani c
sol vent by samersteps ad thel nmoinfactaringystepst dfabe TETthersfoas) thentunjbet 6f stepsriehdtod, t he
nunber of s.tegs @/nich IS increased due to the formation of the silicon film
115 can be P d. [0058] 25Next, an exposed surface of the sem conductor
| ayer is wgeps3a] at the same tinme as renoval of an oxide filmon a surface

of the sem condugjor |gyer wth an etchant containing_ hydrofl uoric acid.
Note that it is é‘f@eé‘ss(aig‘ipntfgf“bélféﬁ S8 359t O%eHaP Hith; 'gﬁr{:‘r’?ti PRFPES i s not
et ched @nd rBAdhifigh e ChrsO¥lebidde YGENITHE §iliGsh film 115 can be formed using an
' amorphous silicon film, a microcrystalline silicon film, or a polysilicon film by a
sputtering method, an LPCVD method, a plasma CVD method, or the like. Here, an

=

amorphous silicon film obtained by a plasma CVD method is used.
[0054]

20 A thickness of the silicon film 115 is 10 to 200 nm. Short-circuit voltage of
the antifuse-type ROM is proportional to the thickness of the silicon film 115. A graph
of FIG. 3 shows a relation between the short-circuit voltage of the antifuse-type ROM
having a diameter of the first opening of 2 pm and the thickness of the silicon film.
Note that an amorphous silicon film formed by a sputtering method is used as the

25 silicon film of the antifuse-type ROM from which data of the graph of FIG 3 is
obtained. According to FIG 3, it can be read that it is preferable to reduce the
thickness of the silicon film 115 when antifuse-type ROM with low short-circuit voltage
is formed. The short-circuit voltage of the antifuse-type ROM can be freely set by
control of the thickness of the silicon film 115. In addition, the relatiqn between the

30  short-circuit voltage and the thickness of the silicon film when an amorphous silicon
film formed by a plasma CVD method was used as the silicon film of the antifuse-type

ROM showed a similar tendency to that when the amorphous silicon film formed by a



[ 0059] 30Next, a metal filmis stacked by a sputtering nethod. Then, a
resist mask is forned using a photomask and the netal stacked filmis
selectively etched, so that source electrodes 116 and 118 and a drain

el ectrode 117 of the TFT are fornmed in a 19 driver circuit portion 140; a
second el ectrode 120 and a third el ectygde 119 of the antifuse-type ROM are
formed in a nenory portion 130; and a connection electrode 121 is fornmed in
an antenna portion 150. The connection electrode 121 is electrically
connected to an antenna and a power supply formation circuit to be forned

| ater. 5 [006 8%31 ¢ d n addition, the third electrode 119 is electrically
connected tB"™ &W?g? ¥t ode 107, so that a wiring is led; accordingly,
reduction ifeofgjwer consunption is achieved..In the case of active matrix’
menory, the thirqg electrode 119 electrically connects a .swtg¢hing el enent
to the first el ei’[‘f“%ﬁ%"“l@’fygef’r‘?rf”ﬁ@g?’a'%y § PITROSSY, eontatied; i thecsiliRg, t he

first el ectused@sr thé 4ntifade-19Fe ROMINORGkvécn m@wddeaieséﬁbeae&hrng@, fpl 430 Tep strip
form and the second el ectrodes 120 may bhe arranged in paral Ip |n a stripe

form so &s fopring the; siligon filpey eEROSYTS to H@ 3y jscperformed, sp g WPSIHFP e case
of the pas Séoﬁﬁnmtslﬂr'pérf&%{mr YMo}JEﬁtrgééhrogoglbg%ﬁw Qelfuinkd 9t ASinRHAV Al an end

portion to serve as electro 15Note that the netal stacked

filth here the Slélcemﬁb'elﬁawthgtfﬁ%I@Lfﬁtr@derl(ﬂttbmeuxﬁth@r regipp of thesflicomfilnt h a
thi ckness ofys SOHﬂem&l%%@Ré%ﬁtﬁg#mc%ﬂmoﬁ'dl giggt%i%@t%%& 100 to
to

400 nm and a titanlium I ckness o east a

| ayer of t rese neftcahsesutivekyertrcked. mOxypéncdr nitsogen lszmntmd iw'ﬂtcrslltcmﬁbnllli;on film
115, i s or i eggs : Ssilicon te.fo a

silici dle Zégeﬁatu%éi réh %ﬁ&ﬁiﬁy\i}?gﬁn&y ncgen\t,\hgeflaﬁ éfnlg@errn r% {'tghlused for

this netal atifickggeRONM can baimodasade s irsadalition, whbrhthatdpemmgmrmtposcdwetheat erial

Is |ow, and.f re .since alumnmfllmlsus W ring
resi stance vt#{%g?lgn?o Fd’iattH\n aﬁg@ftﬁfﬁgngs soageﬁ.u} LOrmge apas ‘Fﬁ@ thFI | m for
a | ead wi riexgosedl tipeted filoder Mokdooer, 4ls@by foranation of dkchandrill oxifledilnd HiethéS nmenory
portion, and ectlon rtion of . th t enn qQrtion 0063] In this
manner, as Sé'ffg%n‘%ntﬁ ﬁ?f\)é? ngtpal gﬂg‘é gﬂﬁt"é“ oF tha Bﬁ&?rﬁgw’a&“fing
15  thus, the antlfuse-type ROM can sufficiently function.
[0056]

Since one mask is needed for patterning this silicon film 115, the number of
steps is increased due to a film formation step and a patterning step thereof.
[6057]

20 Note that, if the silicon film 115 is selectively formed using liqnid in which a
high-order silane compound formed of hydrogen and silicon is dissolved in an organic
solvent by a droplet discharging method such as an ink jetting method, the number of
steps which is increased due to the formation of the silicon film 115 can be reduced.
[0058] _

25 Next, an exposed surface of the semiconductor layer is washed at the same time
as removal of an oxide film on a surface of the semiconductor layer with an etchant
contfaining hydrofiuoric acid. Note that it is necessary to be careful so that the silicon
film 115 is not etched and eliminated by this washing step.

[0059]

30 Next, a metal film is stacked by a sputtering method. Then, a resist mask is
formed using a photomask and the metal stacked film is selectively etched, so that
source electrodes 116 and 118 and a drain electrode 117 of the TFT are formed in a



surface, the peeling |layer 102 and the insulating |layer 103 are provided,
and t hereover, the antifuse-type ROMis provided in the nenory portion 130,
and a CMOS circuit 30 including the n-channel TFT and the p-channel TFT is
provided in the driver circuit portion 140. The second el ectrode 120 of the
antifuse-type ROMis.fornmed through thg;sane step as the source el ectrodes
116 and 118 and the drain electrode 11/ of the 20 TFT, so that the nunber
of steps is reduced. In addition, the connection electrode 121 of the
antenna portion is formed through the sanme step as the source el ectrodes

116 and 118 and fhe drain ectrod 17,.s0 that canjact resjstgnee in a
connect i on PBHEL FEHIHLRAHRL ﬁgé;haes%{‘cg ﬁﬁﬁtr%ﬂ?df)%oh%“%p%mf& glﬁf)tfﬂ‘&? iflgr‘?arfrr; Fon
circuit andpnfifiseeypsONCuré esHie@dn atmdi§4brtion 130; kit & colrleGlich aibawea graph
showi ng electric characteristics of the antifuse-type In FILG 4,

. . _ \% ROM . a
vertical adX if famedinen atrmpr pertion d5% nbeicoprrcten eliqieods hét ispledtricapl i ed
vol tage. AnuoanRfddi®siPantddnb Gida ﬁdwépswdatmf&mmmn%e, 85 B 1 foRftedNBervhi Ch i's
formed by a &asma CVD nmethod 1s used as a silicon filmof the
anti f usé-ty{Be6dOM 10 whi ch was neasured. In addition, FIG 4 shows
measur enent - resu : i f dshol ] hARRIe first
opening of 2 pm Hl'%g&l%%%g@?gﬂngﬁt was %%%%Eg\%%%lr@f% el eme??t ;ﬁ?e gﬁ% a
current valeetrodghi?, betlat e wdriag isrled;ciceardinglyweedugtiondn pawgecapbumptian is0 pA. A
short-circujit. of, the anti - ' ol ia- 'hg“@ pplied
vol t age of affﬂltegc% %fm%c%%gr gf%%th%gﬁ ?t e r%“§°u ’t@g iﬂ%}%?l& ) i{@geg%ug%“?e’ad t hat
15 t hi s antdofnset-4 swihiRgeldnenttontbendirsy eleceodent07whincthe icasecd passive rodtrive i t i ng

with a ]ow curre al ye_ and J.gw vql tage. .[.006 Accqr.di .the electric
char acteri gﬁlg(gy,gfac %L&%P??sdgg-nfa 3’3 aﬂ%ﬁ'zg %%allerl] 4 %1]3;4 ﬂ?‘flt(%é{ Poﬁgss aid

t hat nmenor yanditiedacond Rlderodts 12€ may be tltenged hgpsallz inca stripe fonh suas tochbe2® and a
vol t age val ye whi ch can_ be ner d froma w.reless signal can b

oal oed viegt s o A i EREe il K RF s e R BB ot et i o
power for Whird élb@rod@ B is provide@ ah@i éhd pBition@6lsertd 4N 18dd dectiblid.i Ng Vol t age

val ue, a voltage value forned by a booster circuit or the like froma
si gnal obt d by an antenna can be reduced, and reduction in a plane area

of a drysver CirCiple it MEHRIM stRRed filh Sefel & AthreBAFRE abRidY stricthr 8 ke case
where the antifuse-type ROMis nounted to a chi B _an area of the chip

occupi ed bytitartim dilmyeth athickngss of 36 t200 wa e &im withea tirkpessise- t ype
ROM shoun igd 156 & 4o A, bt GfnGha irh WAGPP WGl or 50301200 oitR! ne 1984 LI

power consunption e nenory can be re ow power consunption of
a whol e wi risjeesfthe mictal saackdddilac whivhdsiin @DtacD@BIS the silicon film 115, is formed
using a material which reacts with silicon to form a silicide.
20 [0062]
In addition, since the titanium film is used for this metal stacked film, contact

resistance with other conductive material is low, and furthermore, since the pure
aluminum film is used and a wiring resistance value is low, it is effective to use the
" metal stacked film for a lead wiring of the driver circuit portion, a lead wiring of the
25 memory portion, and a connection portion of the antenna portion,
[0063]

In this manner, as shown in FIG. 1A, over the substrate 101 with an insulating
surface, the peeling layer 102 and the insulating layer 103 are provided, and thereover,
the antifuse-type ROM is provided in the memory portion 130, and a CMOS circuit

30 including the n-channel TFT and the p-channel TFT is provided in the driver circuit
portion 140. The second electrode 120 of the antifuse-type ROM is formed through
the same step as the source electrodes 116 and 118 and the drain electrode 117 of the



21 antifuse-type ROM over a glass substrate and application of voltage to
obtain a short-circuit state (a conductive state between upper and | ower
el ectrodes). An anorphous silicon filmw th a thickness of 50 nmwhich is
formed by a plasma CVD net hod was used as the silicon filmof the
antifuse-type ROM whose a phot ogr aph 5 taken. FIG 5 shows a silicide
reaction over an entire region where the silicon filmand the first

el ectrode are in contact with each other. Note that a silicide reaction
does not have to be generated over an entire region of the antifuse-type

ROM where the silicon fiJmand the first _elegtrode are i.n contac ith each
ot her, but THE pathatthe ppmbgr ?éﬁpﬁlﬁﬁ “ﬁpé’??‘?‘ﬁt@nﬁﬂ@cpﬂﬁqcf}?f’ %a?gﬁgaﬂi ve by
the silicidg Heatdnh® PortidhR foriiea Thiig s sapdétey HRtle ddhr&nsldtalies ERAY _

el enments which are conductive in part of the region where the silicon film

and the fird asddbe daim cleptodenlldofne shat captart WHISRNCS Hep commsglden portion ) G 6A
shows enl an%ﬁv%ei{ RYnRhnd 4@ thidwes 51y BrhiiPnCiresibandigise Raftbe RAREAIr aph of

FIG 5. FIG 6B shows a schematic view'thereof. According to an exam nation
of 15 abcorfp@@lti on of each portion of a cross-sectional structure of FIG

6B by EDX neasur n n: i ium were
RERCEYG L3605 ARt 080 ey anugaiho e

detected in a first ele , a Si , and a second
el ectrode Z0M. r &s FE@t 4, e verticdl raxdsd ilidicatss , cugrentj dndcé deriramalt4xignindicatgener at ed

fromboth (Bgudd Lalee! &1 LOHGHEN sHOsh i SRF A GicRh&S 0P nd2Bnich it | L ani um

silicide Ié’%r S for over an entire surface of a region of the 20
silicon fi lfomtliSydplabma €ViDhmethnd dc tsedias fa dilivon fdmoofdhe antifusestgpe ROM A

regi on 202 i.ch is in cgntgact w.th t fir el r 2 S gion in
whi ch t tar}%‘ih Y3 BEHEEna FuiEH @uﬁl i‘icisg‘gewsar"g&%“‘g‘gg‘.“ %Zm"éﬁst of € i

sui ci de or ghlifsé-typeROM witl i QiadRte @B tiai ivtopenighef 7 A OThe BRasuserpsmt t i al | y
electrically connected to the titanium sil.i ci,g];a | agyer 201, so that a
short - ci r cuas cepdpcied forgaiementss ang 3 purvent ¥algeright belore a shor-gggiwas ma  Tpopn

an insul at ir?%gfoifll% ie Mh%ﬂoﬁ.gﬁaﬁﬁofttﬂ@aﬁﬁweq?p@keﬁfssaemmﬂea@n angled 18, the

drai n el ect e 117, e secon elecprode 120; the thlrg el ectrode 119, and
t he connectdf eppliedemitagedd 41016 Vs Acsondivg toTthe sesulis in BIG Agit ican he 1e2¢ thaby be an

. et I o . L {
1 artd adbs A eoen ROB 8 Breblohf EobfyRion  cfote 2 iRl T e 1O
reachi ng t hamtdtivalic @hdlotvvoltegel 19 and an openi ng reachi ng the connection

el ectrode J[&ﬁ’,[ﬁre formed. Note that in order to ensure el ectrical
connecti on an antenna to be formed later, a size of the opening

reaching the conpeedrdiag & HRCAIEREE clazdctéristicoithe aRfifusatyps ROMI shows inr  a
plurality of ;{)eni n%s are provided, 5[0070] ., ., _ Then, tfhe resist mask is
removed,  arfdGd Aeqan besaig dhat memory,whichcee be frjvendn dhe apessof g el valifia and a
fourth Al echy %dﬁ)ltll%@ vALE Whith'&H- be TR roth B wirelbd signd chl Be raizéd)

el ectrode 123 are Tornmed using a titaniumfilm a copper film an alum num
film or t¥hatiskthetantifysaytype ROM shawvn incBlG. $i¢an seduge eleetrie powoufop Maitinge f ourt h

el ectrode ey AFfrthermore, by reduction of a writing voltage value, a voltage value formed by
a booster circuit or the like from a signal obtained by an antenna can be reduced, and
reduction in a plane area of a driver circuit of memory can be realized. Accordingly, in
25 the case where the antifuse-type ROM is mounted to a chip, an area of the chip
occupied by the driver circuit can be reduced. Moreover, the antifuse-type ROM
shown in FIG. 4 can reduce electric power for reading data, so that power consumption
of the memory can be reduced and low power consumption of a whole wireless chip can
be achieved.
30 [0066]
FIG. 5 A shows a cross-sectional photograph of a state after formation of-



10 formed by a sputtering nethod or an ink jetting nethod. In the case of
enplying a sputtering nethod, after the netal layer is forned, a resist
mask i s forned,. selective etching is perfornmed, and the resist mask is
removed. [0071] Next, an antenna 125 is fornmed by a sputtering nethod or a
printing nethod. 15 In the case of forping the antenna 125 by a screen
printing method or an ink jetting nethod,, a conductive paste in which
conductive particles with a grain dianmeter of several urn to several tens
pm are di ssolved or dispersed in an organic resin is selectively printed,
and then, baking for reducing electric resistance is perfornmed. [0072] 20As
t he conductaniifuspypei ROMs overe oglass ajubsteate and fapplifation ofpiolfags i oblihm si | ver
(Ag), 001 d bbilicfiPRORY df Q?ﬁd o 5hle Hbiwken ﬁ&)ﬁér' IRl eledt@bgdi Wi (Pd) ,
nol ybdenum (Mo Ti

tantal um (Ta), Vb), titanium _and the like, fine particles
of silver hemdrpheous silicon Slyemithvacthickness of 60 epewhich s framed by a plasmeddYPi on, as

the organi ¢ gzl NaComh al el kil of ARAHGHLLEpPROM wihlles MlotdRigh Wl 0T 02N ©

resins whi chare sel6c romorganic resin tron as a
bi nder, 5 stakeanenFIG.& stowpesiticide reagtinnt qvenankentircxegion mhereghd silicdnofilnt 4nd net al

particles can_b sed. Typically...an organi ;I esi resin
or asilic %ﬁng#éﬁmgiﬁﬁr%'g cﬁ@é’%‘&’&uﬁcﬁgﬁfﬁ' Wr%g) e ?’ﬁtga %ﬁ%@%gﬁiﬁ\% ‘ﬁ&?%&i s
formed, baliavg toTby gdrerapidaiver abéntirg esgicmr ofahe aftifese-tyjfecROMtbert itheesiliamt e i s
applied. For ex le, i.n the case where fine particles co I ni.ng silver as
its main co@ﬂb‘ﬁ’gﬁﬁe st ﬁ‘."?ﬁoge gredP oulpd avithyeagh aiier, utﬂl)’staﬁgﬁpa&)’?e 20 St o0 1 nm
and | ess t i 61th€ e ik QodditiveTby U siliidt desdtion. NMHhiecinvertookastdoafimesdduct i ve

aste, a conductive filmcan be obtai ned by baki of .t he, past e .at
P 10  several memory elements which are conduc%ve ¥n part otn tgc region where ﬁtne sxﬁoon

film and the first electrode are in contact with each other.
10067]

FIG. 6A shows enlarged view of the left side in the cross-sectional photograph

of FIG. 5. FIG. 6B shows a schematic view thereof. According to an examination of

15 a composition of each portion of a cross-sectional structure of FIG. 6B by EDX
measurement, large amount of tungsten, silicon, and titanium were detected in a first
electrode 207, a silicon film 215, and a second electrode 220, respectively. In addition,
a silicide reaction is generated from both the first electrode 207 and the second electrode
220. A titanium silicide layer 201 is formed over an entire surface of a region of the

20 silicon film 215 which is in contact with the second electrode 220. A region 202
which is in contact with the first electrode 207 is a region in which titanium silicide and
tungsten silicide are mixed. The titanium silicide or the tungsten silicide contained in
the region 202 is partially electrically connected to the titanium silicide layer 201, so
that a short-circuit state (conductive state) is generated.

25 [0068]

Then, an insulating film 122 which covers the source electrodes 116 and 118,
the drain electrode 117, the second electrode 120, the third electrode 119, and the
connection electrode 121 is formed. This insulating film 122 may be an inorganic
insulating film or a stacked layer of an inorganic insulating film and an organic

30  insulating film.
[00695]
Next, a 1esist mask is formed and the insulating film 122 is selectively etched,



23 tenperatures of 150 to 300C so as to be cured. Alternatively, fine
particles containing solder or |ead-free solder as its main conponent nay
be used. In that case, fine particles having a grain size of |less than or
equal to 20 pmare preferably used. Sol der and | ead-free sol der have an
advant age of being low cost. 5 [0073] 49 In the case of form ng the
antenna 125 by a screen printing nethod, it is effective to provide the
nmetal |ayer 124 as a base fil mwhen adhesion of the antenna 125 with the
insulating film2122 is low The antifuse-type ROM the driver circuit, and
t he antenna_are, forned over the sape,substra that a nounti step can
be el i m nat ¥athah 30 \EGHPE TErfimeethfie geg ﬁgektlﬁ? a@&é@t PREQLNE| V"‘g’dm—% ing a

substrate péavédion elstidietlDPaTo@pda NotelthR ifl6idveto eéur€ elbdtribY céhns@idAe! |
t her noconpr essi on bondi ng wi re bondi ng, bunmp bonding, or the |ike. For
exanpl e, nOBRE iEFREnieeny ie Pp famaed Jaten 2 Si2p |of A, opeping feachipg the, gopnegfionne

antenna proyidide 1B is hﬁﬁc &t@ﬁﬁ:&%@ 120 8 A plursBiy i oBenhifgd e pravibaul ar

limtation on a shape of the antenna 125." As a transm ssion nmethod of a
si gnal @bpli08%t o the antenna, an el ectromagnetic coupling method, ar

el ect romagnet | ¢ iagiiGid Bl HEkk Ahemvdd, GANRYGL HF0H torfaplod tgegﬁ%lo%an be

enpl oyed. The transm ssion meth may be approp |ate
practiti oneof the anterns apdraafough eéﬂctraqlmlziica'mfgmd aite mtﬂélhmnﬂ% hmi/tlng an

T anem ssi o PREROTEE o e SR LT s SRR AR SR aithblind By, ) o,

el ectronmg rﬂmhazhkadhmbginge amdaslcb o} r'I'lamlmlém:r &ngadehe fourth clecttade 123retehod
(e.qg., d).as._th ransm ectro net. c
et 1 55 DS 8 ¥ecPg il B R e BRSO e oA A =
t heref ore, @unmngunéthote afted ﬂnefmmaitlaymlmgoramdﬁﬂ rasist enasla is forhed, seldetivet 0 a
circul ar sh such as.,a l.gop anten p| ral shape (e.g., a spiral
ant enna) . [%@’?‘@( ?rﬁ’gd’(f’&gghecf 1§ g%)rﬁ’ij' O%%ni crowave nethod (e.g., a UHF
band (860 tjooPd0 Mz band), a 2.45 GHz band, or the like) as the
transm ssi on rre”,]:\f) a lrength or a 3 shagéa’ of the g&nductlve fil
functioning as amcXhaBARERL250S fi %(lﬂ?gd‘ﬁrq Hegngspeth °{:6|R§P'df§r’af"lh84r of a
vavel engf h @fth@ Baselof Eorirify WR\dRtcHAL 424 BY aScRBR pribfifNHieihed 0P An inkRtting
method, a conductive paste in which conductive particles with a grain diameter of

several nm to several tens pm are dissolved or dispersed in an organic resin is
selectively printed, and then, baking for reducing electric resistance is performed.
[0072}

20 As'the conductive particles, metal particles of one or more kinds from silver
(Ag), gold (Au), copper (Cu), nickel (Ni), platinum (Pt), palladium (Pd), tantalum (Ta),
molybdenum (Mo), titanium (Ti), and the like, fine particles of silver halide, or
dispersive nanoparticles can be used. In addition, as the organic resin contained in the
conductive paste, one or more of organic resins which are selected from organic resins

25  which function as a binder, a solvent, a dispersive agent, and a coating member for the
metal particles can be used. Typically, an organic resin such as an epoxy resin or a
silicone resin can be used. Further, when the conductive film is formed, baking may
be preferably performed after the conductive paste is applied. For example, in the case
where fine particles containing silver as its main component (e.g., a grain size of greater

30 than or equal to 1 nm and less than or equal to 100 nm) is used for a material of the

conductive paste, a conductive film can be obtained by baking of the paste at



24 conductive filmfunctioning as an antenna can be forned in, for exanple,
a linear shape (e.g., a dipole antenna), a flat shape (e.g., a patch
antenna), and the like. The shape of the conductive filmfunctioning as an
antenna is not limted to a |linear shape, and the conductive film
functioning as an antenna may be forneggin a curved-line shape, a 5 neander
shape, or a conbination thereof, in conS|derat|on of the wavel ength of the
el ectromagnetic wave. [0077] - FIGS. 7A to 7E show exanpl es of shapes
of the antenna. For exanple, as shown in FIG 7A, an antenna 303A may be
provided all around a penor éﬂgrtlon and. 10 driver cj rCUII 302A.. As shown

in FIG 7B, Bmpsiawresof dahie R0 Becyrdy i Aamativ cPAHCIRS CORBIBIGI on and

driver ci rCéM&er%QaEadseeeas%lae? aeufsCJnsmmmeﬂmaﬁswsyd PQ tthANeade) didl | Ver
circuit 302B. As shown in FIG 7C, the antenna nay have a shape i ke an

ant enna 303@rtickes havingiagraiy size of igss-thareaqiequal yo 20 por aropreépmeitly esedav8oldart h

respect to goé_ X Vv L&k bt 302C. As shown in FIG 7D,
t he antenna“%r(rlar]ga 1 ﬁg@ }ﬁa% aﬁéé gfl’bCﬁl I er?%%tl 303D which is 180 }

omi di rect i [00@3] (capabl e of recel vi ng SI gnal s in any direction) with
respect to a nenyr orti and i ver .sho n.Fl G 7E,

t he antenna my%&yﬁwgwgggrwwﬁgﬂe ﬁ“‘&?ﬂae{ﬁs?u"%éﬁ‘iﬁﬂlpéw““% ni%"&h&e& to be
long |ike aeffekciivdto Pprividertbs el layed 124 aRabasy ﬁmmneﬂadmﬂndfﬁwamemarml t 302E.
The ant enna be e n.co nat .ennas wth these 20
shapes. [00“7‘3%3‘8“‘3/’["““}35?@“3? s de E‘Rlsﬁ'ypﬁﬁﬁiﬂntgc "‘chl“F'é'F’é‘ﬂ tependi ng
on frequencCihtdhnf dreffofmddesiePibc @ime Eﬂrsuﬁes Rk a héurtifg sepeen bbeiRinkee

frequen 45 GHz, if a hal f-wave di pol e antenna i s prQV| ded, .the

ant enna”zrayMﬁ‘a‘!ﬁ@gd‘eF"eW@ﬂﬁ soworkiRS plechisally, cpnnestingsa gphstpte ppvided withyther o
nonopol e anfyedyig té %mp&rw& @ﬁelm b8 solibE TFmEBompesonbonaing! Wirefboatiagt 30 mMm

(1/ 4 wavel ength). peeling is perfornmed at an interface of the
peel i ng | aylympl! d@g q’r wlectﬁermy@le,manwsemwvwhgns@awmw a
first sheet,l SREthe 1R RateThere 30 is no particul ar
limtation on a peg% ngﬁﬁ@}ﬂ&g Elcown B§e| ing method such as a peeling

met hod uti |0874g a surface oxide f| Imof a tungsten filmof a peeling |ayer

(Lhe. tzg DusiUe I9nek' RO 'phedBRP BRGH Bo' 2NGthe"8t T ol 25,1 A B

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
20  be provided in accordance with the transmission method.

[0075] '

For example, in the case of employing an electromagnetic coupling method or
an electromagnetic induction method (e.g., 13.56 MHz band) as the transmission
method, electromagnetic induction by change of the electric field density is utilized;

25 therefore, a conductive film functioning as an antenna is formed into a circular shape
(such as a loop antenna) or a spiral shape (e.g., a spiral antenna).
[0076) |

In the case of employing a microwave method (e.g., a UHF band (860 to 960
MEHz band), a 2.45 GHz band, or the like) as the transmission method, a length or a

30 shape of the conductive film functioning as an antenna may be appropriately set in

consideration of a wavelength of an electric wave used for signal transmission. The



25 peeling nmethod in which a peeling layer is etched, or a peeling nethod
utilizing | aser ablation nmay be used. In addition, sealing may be perforned
by bonding with the use of a bonding |ayer such as an epoxy resin.

Mor eover, the order of a peeling step and an antenna formation step nay be
swi tched; the antenna may be forned bysf screen 5 printing nethod after
peeling. [0080] A plastic filmor paper is used for the first sheet
100a and the second sheet 100b. Alternatively, thin ceranc nay be used for
the first sheet 100a and the second sheet 100b in order to increase

wi t hstand vol e rea sheet in lch a.fabric.formed of 1Q carbon fi ber
or oF acs. 11 uiRge ARERBCARE ad 8 Ll g 8l 5 2o BBl 21 EE SR 1
used. |f a (lgexidipote mbdnan), alflai shapsds.,aspatchmmtenna)abndohe like fTheshaghvget 100a
and the secpnd sheet 100b, a wireless, chip which is suitable for. being

ot ached « dbSengpaB i Passlolle’s R abienny B B iilet i § ot dhiep g fie

15Thr ough tdagdikioy el Fasidtiobiag a8 ta@ REitenhd) enad b forbed iy peuREMIMmB Ghigegadr i ver
circuit are formed over the sane substrate. Furtherppre, the antjfuse-type

ROM and & hengpsisreihare, of 3 fombipatige thescqbotp erpsidertion of e wayslangth of g ough a
smal | nunbeilecbmadRAs watd082] 20The present invention including the
above-descri bed structure will be explained further in detail in the

fol l owing BA%Odi ments. [Enbodi nent 1] [0083] In this enbodiment, a
manuf act uri ng megfeg 0f (P7Mish@l eﬁénaﬁéy BE $HaGLsUsH B aRienCt YL cKERgIL o
antifuse-type ROMw I | be explai ned below wWwth reference to FIG. 8A to 8D
and FI GS. ShownimidG FH08uantenna 303k mayibe psovidedpll aroupdra menorgipotiongadves as a
peelin ay, ' r ower a . Lssused as
t he suglsd[ r e{:ﬁe’e‘]S@%uﬂA@%Flg\gsesr@ﬁﬁ?n%g Z ’ ?S%SS@E%L%?’? ?? 3%8# f)?k}?ov%d?da

mol ybdenumakdundannemory pafierk amsisdrivef cBuit 302ZB08 amviovdirckharoundtheanematyby a

sputtering p@ﬁ}olﬂoagd id?ivé{scggu{t 862I§.heA§r§1to§«Jn I.L%"Xér'ié% antenna may have a shape

like an antenna 303C for receiving a high-frequency electromagnetic wave with respect

t0 a memory portion and driver circuit 302C. As shown in FIG 7D, the antenna may
15 have a shape like an antenna 303D which is 180° omnidirectional (capable of receiving

signals in any direction) with respect to 2 memory portion and driver circuit 302D, As

shown in FIG 7E, the antenna may have a shape like an antenna 303E which is

extended to be long like a stick with respect to 2 memory portion and driver circuit

302E. The antenna 125 may be used in combination with the antennas with these
20 shapes.

[0078]

A length needed for the antenna is different dcpendiné on frequency used for
reception.  For example, in the case where the frequency is 2.45 GHz, if a half-wave
dipole antenna is provided, the antenna may have a length of about 60 mm (1/2

26  wavelength), and if a monopole antenna is provided, the antenna may have a length of
about 30 mm (1/4 “;avelcngth).
[0079]
Next, peeling is performed at an interface of the peeling layer 102 or inside the
layer, and an element is sealed with a first sheet 100a and a second sheet 100b. There
30 is no particular limitation on a peeling method. A known peeling method such as a
peeling method utilizing a surface oxide film of a tungsten film of a peeling layer (the
technique described in Japanese Published Patent Application No. 2004-214281), a



[ 0085] 26 Next, a surface of the netal |ayer 502 is oxidized to

forma netal oxide |ayer (not shown). The netal oxide |layer may be forned

by oxidation of the surface with pure water or ozone water or oxidation

wi th oxygen plasma. Alternatively, the netal oxide |layer may be formed by
heating in an atnosphere containing oxygen. Further 5 alternatively, the
nmetal oxide |ayer nay be fornmed in a later step of formng an insul ating

film In this case, when a silicon oxide filmor a silicon oxynitride film

is formed as the insulating filmby a plasnma CVD nethod, the surface of the
metal layer 502 is.oxi.dized, so.that t.he al oxide |layer j.s.forned.

10086]  10NGRER g, MEBE i PR RPRIRE Byons S65E% & o gErte BOURS PEAREIE oxi de

:c alyer . An i ma;ﬂ_oatxﬁaygaefdse},d.n §gﬁdl%cit§?clﬁ1, aeagngo iﬁh?;be@xifdm&éiblyrmnﬁng ifuqiﬂactmsei t Ir i de
Ifm or as cqon gxynitriae tilm (SO IS ysed as_the first 1nsulating

11 m 505, A% b ediier sichian coomaeiny sMoreseth B of ppeess S5 8r med of

a two- | ayerapSirtétak Y68hatian &eﬁ r@Erm‘aﬁf&e&;&h@ BRbaaHay Be YéHDEH b aSickdegON
nitride oxide filmwth a thickness of 50 to 100 nm forned by a PCVD 15

met hod si rRjintingpmethorigfterpeelingso as reactive gases and a silicon oxynitride

filmwth a[toggﬂ]ckness of 100 to 150 nmusing Sills and 1420 as reactive
gases are stacKed. Alternatively, as one |layer of the first insulating film

503, a silicon nif Plaglie flm op papemestyspejfor,ghe shefit dRPe8nd the seeand sherin or

equal to 1 o] t L. C Lt I | P i dee i1 A
t hi ckness &mpesgtt ?&g?&%q%g%gﬁdﬁnﬁi %%?é%%’%%%%%%%?@?&at ively,
a t hr ee- | aysbeetdOPhiintardes toringrebss withstaog adltige, auai sbeet an which edabrivi formedeofoxi de

film il i Byl f.i Silicon nithi iJ

sequentiCal 1SR ARV digh Bt g Blaeaubl o ell" bt bl Bl R et g
filmb503 i Jfadlemibit materal inewedias suhattiial @f fthd fiast sheeleHiOn iabé thehsecend shbet f i r st
i nsul ating il m 503, i s .,not .necessar,i.l rovided, if it is not_needed. 25
oog7y O 100bxG Yot B WA e oreh A ARt 4 otrdef Ruref Bt an

i nsul ati ng driidlecd®s.proMidedseni conductor layer is formed as follows: a

sem conduct filmhaving an anorphous structure is forned by a known

nmet hod (a s[ﬁé“%lt]eri ng net hod, an LPCVD nethod, a plasma CVD nethod, or the

like), mnd then quniuprithd aeshelesdiibeaRteps,Ytht adntifitatype"ROM ahd @t BBV (| aser
crystallization, thermal crystallization,_ thermal crystallization using a

catal yst s\ fiquihdrenfopmed ovep fhicisame spsimpte; OFBTS'P"&i_nﬁmatbGr diuse-firs R Adonduct or
film and tdhe anyersdirls KB b $Rricd HF IR safre! Sbittutd iduh SN hmBer 4 S 1 ed
shape after a resist nmask 1s 27 forned using a first phot omask. te that
if a plasnéte@¥D nethod is used, the first insulating filmand the
sem conduct[ﬁﬁgj‘i | m havi ng an anorphous structure can be consecutively
stacked wit oul] bei ng exposed to the air. This sem conductor filmis forned
t o have20a t hi cknd@bepmsenPmvemios Gncluding the efavealosoyib8dsttustur®wilhihe explainedugh
there is 5 | i.m, tatd a. ri.al of the anorphous sem conductor film
silicon or ?rllﬁéﬂflﬁg&n@ﬂ?ﬁlﬁg%%@gﬁme&% oy is preferably used for formng
t he anor phgEmbsdimeani]jduct or film

[0083]

In this embodiment, a manufacturing method of a wireless chip including

25  active matrix antifuse-type ROM will be explained below with reference to FIGS. 8A to
8D and FIGS. 9A to 9C.,
[0084]
First, a metal layer 502 which serves as a peecling layer is formed over a
substrate 501. A glass substrate is used as the substrate 501. A tungsten film, a
30 tungsten nitride film, or a molybdenum film with a thickness of 30 to 200 nm which is
obtained by a sputtering method is used for the metal layer 502,
[0085) "



[0088] Alternatively, for crystallization treatnent of the sem conductor
filmhaving an 10 anorphous structure, a continuous wave | aser may be used.
In order to obtain a crystal with a large grain size in crystallization of
t he anor phous sem conductor film second to fourth harnonics of the
fundanmental wave is preferably enpl oy using a solid | aser capabl e of

conti nuous wave oscillation. Typically, the second harnonic (532 nm or the

third harnmonic (355 nn) of an Nd: YV | aser (fundanental wave of 1064 nm
may 15 be enpl oyed. When a continuous wave | aser is used, |aser |ight

emtted froma continuous wave YVO4 | aser whose output power is 10 Wis
converted into aNesy arewface 9§ the mespl-layen 802 isoptidized todpanametaljaxidgdayesi on,

there is adRAGHDY THE hiefht ¥ /Y af o 3bithed H)OBKiddtidR 2f iPyad with et

are put in‘an‘osci’flator an I°gf 1 C ve is emtted. Then, the
| aser | i ghtpuieswieredrarzaiy walshepexddation ovith oxygemplgerhar Adferpatively: the metathape 20

on an irradiati f e l.S. e d e

e conduoCsRep iy ik R B ncikhi 6Pt SURLRRSBATAE BIGS Findel 0

MV cn2 Gpr altemnatiely, the etad dxdeMAakemipy ite foemeckbdn aThen, stephef demmingaduct or
filmmy be ed at speed of about. 10 t 0. cm.s. relatively t.o the

| aser |i ghtmsré'Tg'YlE% ﬁ?’B‘ g]é’ tﬁ’rcgfﬁ’ Jbey,a Stl’ﬁﬁ%gfﬁﬁﬁéﬁf ,ar%licgnroégﬁglg}d%n%?kgi s
renoved. THermediab tiRcipadsting)film: hyea pasma CVIumethod,| thy surfacs ofi tpanktalilayera snal |
anount of inpurity el ement bor on,ar phosphoyus) in order to control a

t hreshol d é”f#w%r%’r ,“é%‘g’F‘GLOXd%“&F%“réBH%% i s enpl oyed .in which

di borane (igddp) i s not separated by mass but excited by plasma. [0090]
30Next, a surface of the seniconductor, |layer is shed .at .{ he sa time as
removall®of an oxNee: pifirth iBfhlatne tg'ﬂ’_r?&c@ %F“?dn@"? Giﬁ’ﬂil}gf‘{‘}ﬁa)'c&ygg“w th an
et chant —conhiafhg Gk ¥sbhek laWlicof oRidt Hlm, #sHlidodIile film, or aBI&Bn oRydigi@end

i nsulating filmwhich covers the sem conductor |ayer is formed. The second

i nsul at i ng fi| (FiO isrusedias Ge Hisstdnsylating R S93. ops £ tyrjcal saapples 1y 5ty asma.

formed 5 to b  thin as 10 to 50 nm'to have a single |layer or stacked
| ayer st r uorhichea siticoamnitrids okide ifilmy vith shicknesaiof o ¢p 100 pra dormed by atB{e¥Psur f ace

Cecond s FRRRISTESHE MER s R thobe Fadlh AN ol SORPICHIROIETE
f or med | at ahickdef092]1000deX30 npavsing |Sids aod MNp(b @Sl reastiBe Gasesdara shacked.
electrode 549 WG 2%ntS8yerof the first insulating film 503, a silicon nitride film (SiN

film) with a thickness of less than or equal to 10 nm or 2 silicon oxynitride film (SiN,Oy

film (X>Y)) with a thickness of less than or equal 10 nm is preferably used.

CvD et hod nlofin Eﬁ%@ﬁh@ﬂmﬁ%& 109 twilies SiRie, AU Sthichide fd doiprbyeannef er ably

20  Alternatively, a three-fayer 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 in which the first insulating film 503 is formed as a base
insulating film is described here, the first insulating film 503 is not necessarily provided
if it is not needed.

25 [0087)]

Next, a semiconductor layer is formed over the first insﬁlating 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
plasma CVD method, or the like), and then crystallized by known crystallization

30 treatment (laser crystailization, thermal crystallization, thermal crystallization using a
catalyst such as nickel, or the like) to obtain a crystalline semiconductor film, and the

crystalline semiconductor film is patterned into a desired shape after a resist mask is

L3



| ower el ectrode of the antifuse-type ROM are fornmed over the second
insulating film A resist mask is forned using a second photonask, and.then
a conductive filmw th a thickness of 100 to 500 nm which is obtained by a
sputtering method is patterned into a desired shape, so that the gate

el ectrodes 504 to 508 and the first eI?ptrode.SOQ are 15 forned. [0093]

A material of the gate electrodes 504 o 508 and the first electrode 509 is
acceptable as long as the material reacts with silicon to forma silicide.
The gate el ectrodes 504 to 508 and the first electrode 509 may be formed of
a single Iﬁ%er of ;an 20 el enent selected fromtitanium tungsten,_ nickel,

chrom um figsh photomigsk. - Hpte that it 2 plagia (YD msthod; it Hgedpthe B um

haf ni um p'i%d%?‘ £ilf9nd HRsenfiborAlctdd ' RRIR! kit hmFphdusC SRRANE CafBleer i al
containing the ellenment as its main conponent, or a Stacked |ayer thereof.

Not e that aromsegitivelsl stackgd yuitheut bairg pxposedytactheaifp| Fhissemicopductorcilgnise
el ectrode %nﬁaﬂo-ﬁg?_e a ess P MR L r@ﬂgﬁw l? %0 nm) Y Sﬁﬂhodgﬂ tidpgiscase
e an he d

where 25 the gate electrodes 504 to 50 irst el ectrode 509 are
formed df enoslimitition dnog materiaf ofstheramerphgiis seyicondpetpr filne,crilicon aaa sikiconpper

| ayer is for . - i r1al, &l ich
serves as e@%ﬂégll(g%? ﬁﬁr%%t})g&gﬁ%{)@sg? 3@:@ 'Tllﬁéhgf%g%dsﬁg?g@%%% wth
an inpurityfilel enent such as phosphorus. [0094] 30Next, a resist mask is
formed usi r\[gg third photomask so as to cover the sem conductor |ayers in
regions to ésd-channel TFTs, and an inpurity element is introduced to the
sen conduct or | aydematively, 6y coysallizitioe troatabatrofehe seicondusonfijmt lpgingaine 29
el ectrodes 505 and 507 as masks, so that | ow concentrgtion, jnpurity regions
ar e 1 or fod, SREPHONE SRR PRSI RET 7 PSP B o PLAHaRto OHEHFA F0in. ¢ ype
conduct i Vi twitlp4 lagge griiR eizé incr@tAliRibn biiha binbfifois dejtildnaaiishilin] sechbyd Lan be

used. As the inpurity elenment inparting,n-type _conductjvity, phosphorus,
arseni c, orfourth él_c'éé?ﬁﬂlﬁ‘ef‘lﬁ?_éﬁn‘allié}‘f"é‘? 15prg 5&’%5‘?‘8’9”?"5“%“%?5@&@ to the
sem conduct@hati@¥EEontiBudud Qvdve Gs&ikiichO PepitdIR, the GBaRA Harrhdnid (530 ) d:0 be
contai ned at concentrations of 1 x 1013 to x_ 1019 1cnB, so that n-type
A

i mpurity rebe B bapponic(3ie am) phuoil: N laser Kndamantal wayef 1064 navianayd.
resist ui{%g'r %@%&F@Wﬁ?&n“ﬂ chnttrRbhd Badd 1RBPLORAK 130 Bsht! QnifteY Hont hE

sem con rs in the regions to be the n-channel TFTs, and an
inpurity elcontmous wavem¥ Vod laseiwhase ohipuispaves éntflWtis convasted intg mharmenicegi ons
to be the p-ch T i 't t . ag? 08 as
masks, so ﬁ?’a“f ;?Jé’.] fﬁre&’;[l%n%luelrfeﬁe&gr elgi%gﬁg&grtgérgo%rarnllga%.ﬁé%gyéﬁlgﬁﬁﬁlp% I Qéel enent
i mparting pant\apsonclbreaticpiticall élymend areoput inlan mscillatpr el 4 highmhaonortihievaté ise can be

used. Here, horon_is 15 jintroduced tq.the sem conductqr |ayer. i.n the
regions to %tt?cﬁe 1%‘9'(‘2@?1{?1'&1 5‘?@1@ Prs‘%“%gy ?‘B‘PB‘E"‘&%{#&H@@“&F °§%PH8"éﬁP?P§t i ons of
f1 X 18122) CE) mnlamﬁnmlzﬁbr{ sutf@ce I%Oaﬂdpgibalwyﬂclﬂ-ahﬂ @ﬁed%mwfd thy g{ﬁ?fgbtﬁlﬁﬁtoﬁﬁﬁn.be |
or med. nsequent |y, source or drain_regio ap n channe

f ormati on r%‘gﬁ’bh“ﬁ‘fﬁ"%‘?%y fensite ofj iﬂ’“i“hg-oégﬂi @nﬂé@@@r C%P‘Sé‘é?b?ﬁ'*ﬁlfﬁ% egi on to
be the p- chawWyeh?) i€deeded. 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.

[0089]

25 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
control a threshold of a TFI. Here, an ion doping method is employed in which
diborane (B;Hjs) is not separated by mass but excited by plasma.
[0090]

30 Next, a surface of the semiconductor layer is washed at the same time as
removal of an oxide film on the surface of the semiconductor layer with an etchant

containing hydrofluoric acid.



20 [0096] Next, sidewalls 510 and 511 are formed on both side surfaces of
the gate electrodes 504 to 508 and the first electrode 509. A fornmation

nmet hod of the sidewalls 510 is as follows. First, a filmcontaining an

i norganic material such as silicon, oxide of silicon, or nitride of

silicon, or a filmcontaining an organgg material such as an 25 organic
resinis fornmed by a plasma CVD nethod, a sputtering nethod, or the like to
have a single |ayer or a stacked |ayer so as to cover the second insulating
film the gate electrodes 504 to 508, and the first el ectrode 509;

accordi ngly third insulating filmis forned. Then, the third insulating
filmis sel ]vely et ched by ani sotropic etching mainly in a perpendicul ar
direction to fﬁr rméngaub@h? ﬂﬁulﬁﬂlﬂgf”ﬁhrﬁvmeh sdndﬁ;l/mé heimsddal);cmhias;dsr Isfbrﬁécﬁdi nh
contact witfy the side surfaces_o te e ectr and the
first elecfﬁﬁdﬁagﬁgan%Wﬁ ﬂdfﬁﬁﬁ?%“bbgFﬁbhgﬁﬂﬁﬁ &%ﬁ PiPlafPRs et ched
to be renDUEWDahethodlbriabPutecMAR nickHoR. aThé é&oﬁd){naﬁmmgrﬁlﬁf istpleerably @ymictis 510.

Part of the second insulating filmis renoved, that a remaining gate

i nsul at ing 1P dpes tinzesi 1 fooitvam tarees asingle byet %stg%é lyer SyHe T304 to 508
and the si defilng e ontaihidlidiéonORna M2 Subloe WAGARRAORGIRER WAL k| | M 1 S

renoved, so that a remaining insulating layer 513 is formed under the 5
first el ecthéhje EWWV@I i tperfgimgpena (The sseomd jnowetmg film fungliops as gatgi st mask

is formed £ Tﬁf ﬁﬁ§ﬁﬁtﬁs to cover the sen1conductor | ayers
ﬂggglde - channel TFTs,

I n regions to and an inpurity elenent is introduced
to the seni[@Juctor layers-in the regions to be the n-channel TFTs, using

10 Next, gate electrodes 504 to 508 and a first electrode 509 which serves as a
lower electrode of the antifuse-type ROM are formed over the second insulating film.

A resist mask is formed using a second photomask, and then a conductive film with a

thickness of 100 to 500 nm which is obtained by a sputtering method is patterned into a

desired shape, so that the gate electrodes 504 to 508 and the first electrode 509 are
15 formed.

[0093]

A material of the gate electrodes 504 to 508 and the first electrode 509 is
acceptable as Iong as the material reacts with silicon to form a silicide. The gate
electrodes 504 to 508 and the first electrode 509 may be formed of a single layer of an

20 clement selected from titanium, tungsten, nickel, chromium, molybdenum, tantalum,
cobalt, zirconium, vanadium, palladium, hafnium, platinum, and iron, 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, tungsten or molybdenum is used. In the case where

25  the gate electrodes 504 to 508 and the first electrode 509 are formed of a stacked layer,
if a material layer which serves as an upper layer is formed of the above-described
material, a material layer which serves as a lower layer may be a polycrystalline silicon
layer doped with an impurity element such as phosphorus.

[0094]

30 - Next, a resist mask is formed using a third photomask so as to cover the

semiconductor layers in regions to be p-channel TETS, and an impurity element is

introduced to the semiconductor layers in regions to be n-channel TFTs, using the gate



10 the gate el ectrodes 505 and 507 and the sidewalls 510 as masks, so that
hi gh concentration inpurity regions are fornmed. The resist mask is renoved
after the inpurity elenment is introduced. Here, phosphorus (P) is

i ntroduced to the sem conductor layer in the regions to be the n-channel
TFTs so as to be contained at concentrg@ions of 1 x 1019 to 1 x 1020 1cnmt,
so that n-type high concentration inpurity 15 regi ons can be forned.
Consequently, source or drain regions 517 and 518, LDD regions 519 and 520,
and a channel formation region 521 are formed in the sem conductor |ayer in
the region to be the n-channel TFT. The LDD regions 519 and 520 are fonned
bel ow t he sileréspdes|SOS 3udS07 aarsks, so it oW reRcantation imputityreeipes gefameded i n
which the L eqi L Etho nﬁﬁﬁﬂ Ch-Bine | @Y@ctiviie lowdgd i n the
n-channel TF ﬂgh%h%%%r?%g?%gs aréhﬁgiaggéﬁed inﬁ?he senigondyggor | ayer

i ncl uded i rimphgtypelenicah impartingp-typh condusd et can Be aprd. ohsithe epurity plement

thereto. T r.egl : i ] & r y I ncl uded
i nbot h ¢ napuiRg e HindtulE chbtplils Bsoi of W BRPSHELL ey ke T8

i nsul at ifng phiokphoB2as ntnotiaded itm therppuitoogdustdr dayenp imibe régjons te ba thear-Fhagnetet hod,
an LPCVD hod, a plasma.C\YD net hod,. or .the. liske 8 1 he i yation

t reat ment E%W&?Bﬁﬁﬁﬁ' at Mﬁflo'bsf‘)ftlh’élélngoulr f‘?@ é%%ﬁ\g?]?]%g %@3 to the

seni conductig{pu{i@ jom' e femédr med, Heat treatnment (at 300 to 550C for 1 to
12 hours) 30 in a furnace or a rapid thermal annealing nethod (RTA net hod)
using a | an9%3lght source is used for the activation treatnent and

hydrogenati on tr eRliefd redfst biaSk idTRidioved, A lestth oRRts fdnfellusi@na ourdhi de
oxide film(SiNO filn) obtained by a PCVD nmethod is_used for the fourth

i nsul at3thg Fhofomask 50 as i eavier Hg seypireRdSHer laysrsein the fegioug 4o be ther nchannely ¢ 1y
i nsul ati ng firkMns iﬁﬁm’i | didht BYVEiO0RE tohe SerliSordiSoN ByeB®s ihd @8giodsn t he
(0]

case where the’ sem conductor filmis crystallized usi ngsa net al el enent

whi ch pr ondpds the pehasnel THIsausingrthe gatp pleetradgs 504 K06, and SPE & magksyin Bt r educes
nickel int &H}mt § on -be omgh%t sane
time as the‘%@?h@@t{lﬁg’ni teértghnfgglﬁf&iﬁe ?%Sirﬂ:t ?n?%s I%{f}?%lg film Zghﬁc}gnt ai ni ng
hydr ogen i scondddtivity, bomgrgralwhingm, igatlium, oy ethe iliks (daat benysedi | Herg, dpowi isNext, a
fifth ipsulagi | 1. m 523 why Y I Lhterl ayer
10 1 nsufae i REPFErh el 8 Pariohoply: BE R Ralbol (00 bAlAa TE0So pLET | 2V
pl asma CVD tkddifhed Qf contenttatisss of 4 £i1081te 116308 /car’, so thatathk pdypeciyipurityf an -
insulating filmsuch as a _silicon oxide film_ g sil,jco ‘{“tii:#g f&l m or a
sili con oxyissiors gan bs fopmed. (CerFeqysntly ource (o irdip JEEIgRY gb fp 8¢ Yere, a
thickness Ofhah{if frinhfibh 1cBoH! 526 afOfofrhdd i Ie3seimicondiktérdagty Gn tiRIredibhl blde
the p-channel TFT.
20  [0096]

Next, sidewalls 510 and 511 are formed on both side surfaces of the gate

electrodes 504 to SO8 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, oxide

of silicon, or nitride of silicon, or a film containing an organic material such as an

25  organic resin is formed by a plasma CVD method, a sputtering method, or the like to
have a single layer or a stacked layer so as to cover the second insulating filrn, the gate
electrodes 504 to 508, and the first electrode 509; accordingly, a third insulating film is
formed. Then, the third insulating film is selectively etched by anisotropic etching
mainly in a perpendicular direction to form insulating films (the sidewalls 510) which

30 are in contact with the side surfaces of the gate electrodes 504 to 508 and the first
electrode 509. Note that part of the second insulating film is etched to be removed at



15Next, a resist mask is forned over the fifth insulating film 523, using a
si xth photonmask, and the fourth insulating film522 and the fifth
insulating film523 are selectively etched, so that a first opening
reaching the first electrode 509 is fornmed. The resist mask is renoved
after the etching. A diameter of the figst opening is preferably about 1 to
6 gm In this enbodi nent, the dianmeter of the first opening is 2 20 pm

[ 0102] A cross-sectional view of a sem conductor device manufactured
t hrough the precedi ng steps corresponds to FIG 8A. [0103] 25Next, a

silicon filmis fornmed, b utteri. d,_ an t hod, | asma
QD ot hod s 0 Tt oot v sidiall s 10 o & e sppan s ing b '
mi crocryst ak Iréxﬁtﬁze&,l soi Bl feinalfingdghie aasm@dmgmayércsm ik fdried Sndk RAcIASS thBe

| fil thi ck f th fil 10 to 200 In thi
amhod ment BUmEHIREHOG KL S0% aBh ths FetallroL4. I akdiBass Pt OfBe AR { or med

by a plas ”ﬂn@@nﬁﬁidﬂ%ﬁmshaﬂ so thaP¥ renfifding m@ﬂﬁﬂfng Rydr&1 SRfoRN&T udeewmanor phous
silicon film using a seventh photomask, and the anorphous silicon filmis

sel ect i Vel yiirselastrede 398 2pdhthe sidewplls ¥dn | ayer 524 which 32 overlaps with the
rust openi ngod7A formed. The resist mask is renoved after the etchi ng.
[ 0104] “ A cross-sectional view of the sem conductor device
manuf act ur ed t hr Dexfh atnesistompskeisciormed ssinps GHh rphoivonsks se @s fe Go8d, the

semiconductor Iayers in regions to be the p-channel TFTs, and an impurity element is
introduced to the semiconductor layers in the regions to be the n-channel TFTs, using

10  the gate electrodes 505 and 507 and the sidewalls 510 as masks, so that high
concentration impurity regions are formed. The resist mask is removed after the
impurity element is introduced. Here, phosphorus (P) is introduced to the
semiconductor layer in the regions to be the n-channel TFTs so as to be contained at'
concentrations of 1 x 1(].19 to 1 x 10%° fcm’, so that n-type high concentration impurity

156  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.

[0098])

20 Although the structure is described in which the LDD regions are formed in the
semiconductor fayer included in the n-channel TFT and LDD regions are not formed in
the semiconductor layer included in the p-channel TFT, the preseat invention is not
limited thereto. The LDD regions may be formed in the semiconductor layers
included in both the n-channel TFT and the p-channel TFT.

25  [0099]

Next, a fourth insulating film 522 containing hydrogen is formed by a
sputtering method, an LPCVD method, a plasma CVD method, or the like, and then
activation treatment and hydrogenation treatment of the impurity element added to the
semiconductor layer are performed. Heat treatment (at 300 to 550°C for 1 to 12 hours)

30 in a fernace or a rapid thermal annealing method (RTA method) using a lamp light

source is used for the activation treatment and hydrogenation treatment of the impurity



[ 0105] Next, a resist mask is formed using an ei ghth photomask, and
the fourth insulating filmb522 and the fifth insulating film523 are
selectively etched, so that an opening reaching the sem conductor |ayer, an
openi ng reaching the gate electrode, and a 10 second openi ng reaching the
first electrode 509 are forned. The regist mask is renoved after the

et ching. [0106] A cross-sectional view of the sem conductor device
manuf act ured through the precedi ng steps corresponds to FIG 8C. 15 [0107]
Next, an exposed surface of the sem conductor |ayer and an oxide filmon an
exposed surface of the first electrode 109 are repoved w th an_ etchant

cont ai ni ng SKsAbf IASHoR nitside oxide, Blm, (SINQlm) obtained By af (YR sthed dp WS4 f ace of
the sem copglysd ﬁfuﬂh%fatiﬂ%‘ﬁlnﬁ 522 SnRARRL hidtbERC € Hefe, h Bcinestofthefoliipde 109
are washed. 20 [0108] Next, a conductive filmis formed by a sputtering

met hod. Thilsulagng fitm 592 contriping hydreeerels S9rto 208 infy| Bepidese in élp caye wheserent

sel ected TyiMsbinlcBiudtty fibhGS " &Ostalllzdd Ghing CRI ABLH BenfEl YWPSIENUbmbRQ1 al um
cobalt, zirconium vanadium pa Tam um ‘H%f nium platinum 1ron, alum num
and copper crystallization, typjcalinniske¢lagetteringawhichpesivoes miekebini the clpgne] dormation ng t he

el ement as_jt [ t I 4 her t in the
case wher e” ‘Z“ %%n%sl?g%%egﬂaﬁﬁdn’?tﬁée S ac@ggt&g}ihte efgﬁ)p'onlga%%/%gﬁr?l chisin
cont act wi tissulatieg filnh 522¢ontainisg hysdeben és 4 ishiagerwf amiptexlagertinsulading filmch react s
W th siliﬁg@éﬁ)ﬁeforma silicide and is different froma material (tungsten
inthis e I'frent) used for formng the first el ectrode 509 which serves

as a | ower el ectNetiga fifth fsuletiny Hime323rdiith sehas a8 seesadiale, of shetitwedayet ayer

struct Lﬁ)e ?I];Sllﬁaﬁ}lé %ﬁxrlliisugr;nlaé g‘y aasgut%ln'lleginrl]é{ﬂ]oi ia1|1 TP% %jcmog,ga %lasma CVD
method, or the like. A single 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.
[0101].

15 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 1to 6 pm. In this embodiment, the diameter of the first opening is 2
20 pm.
[0102]
A cross-sectional view of a semiconductor device manufactured through the
preceding steps corresponds to FIG. 8A.
[0103]

25 Next, a silicon film is formed by a sputtering method, an LPCVD method, a
plasma CVD method, or the like. Any one of an amorphous silicon film, a
microcrystalline silicon film, and a polysilicon film is used as the silicon film, and a
thickness of the silicon film is 10 to 260 nm. In this embodiment, an amorphous
silicon film with a thickness of 100 nm is formed by a plasma CVD method. Then, a

30  resist mask is formed over the amorphous silicon film, using a seventh photomask, and

the amorphous silicon film is selectively etched, so that a silicon layer 524 which



m nute anmount of silicon, and a titaniumfilmor a three-layer structure of
atitaniumfilm an alumnumalloy filmcontaining nickel and carbon, and a
titaniumfilmis 33 enployed. In this enbodinent, a three-layer structure
of atitaniumfilmwth a thickness of 100 nm a pure alumnumfilmwth a
thi ckness of 350 m, and a titaniumfidgmwi th a thickness of 100 nmis

enpl oyed. [0109] 5Next, a resist mask 1s forned using a ninth photonask,
and the conductive film-is selectively etched, so that source or drain

el ectrodes 525 to 534, gate lead wirings 535 to 539, a second- el ectrode 540
and a third e|lectrqde 541 of the. antifyse-type. ROM. and a fqurih el ectrode
542 of an SNSVoRe: B PERIRE riemmedine TR BSish Pk o 1BRevRatieg s | aps

wi th the rygghingpeni ng to serves as an upper el ectrode of the nmenory
element. 10 In addition, the third el ectrode 541 overlaps with the second
openi ng tol®®4b| ectrically connected to the first el ectrode 509. Note that
al though not shouR 3eE&tiohd SidwPbf thB sBhREAIRAE devide InamTh@6rkd tzalghth& OnNnect ed
to It It of an antenna portion_and power supply portion. The resist mask is
r enoved 5af peacedipgstepscaresgondsge FiG 8B5A cr oss-sectional view of the
seniconducq?ﬁﬁ evi ce manufactured through the precedi ng steps corresponds
to FIG 8D.-"I'n this enbodinment, TFTs of a logic circuit portion 601, TFTs
and anti f use-t yplesROMreHg méskt iscfomaedb nying @nt ¢ighth qhptomasky FdTthe dousthhe

ant enna port | . . 1 . sane
substr at o bfiipf Bite 332 5ha NG 3RO Mob S5, A RO R BRAE P inal BE
i nsul at i ng opeéring BaSingthe fenmdcondostot laper A Tapenihg rdachihg theqgatsi aletrode, put 4 i on 601,
the IF.a and the antifuse-type Q0 of e not rtion 602, .and the
TFTs. oftDt nae2t GRANS SHCRBE BF Ssbaierrult oo Sisclres 6B Mok st S ng
fil m cont airgthovgd aftéritheetcidixg.de or an organic resin filmis used as the sixth
I nsul ating é}lé’léijn 543. 25 The insulating filmcontaining silicon oxide is
preferably[ for inmproving reliability

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

preceding steps corresponds to FIG. 8C.
15 [0107] '

Next, an exposed surface of the semiconductor layer and an oxide film on an
exposed surface of the first electrode 109 are 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.

20 [0108]

Next, a conductive film is formed by a sputtering method. This conductive
film is formed of a single layer of an element selected from titanium, tungsten, nickel,
chromium, molybdenum, tantalum, cobalt, zirconium, vanadium, palladium, hafnjum,
platinum, iron, aluminum, and copper, or an alloy material or 2 compound material

25  containing the element as its main component, or a stacked layer thereof. Note that in
the case where the conductive film is stacked, at least one layer which is in contact with
the silicon layer 524 is formed using a material which reacts with silicon to form a
silicide and is different from a material (tungsten in this embodiment) used for forming
the first electrode 509 which serves as a lower electrode of a memory element. For
30 example, a three-layer structure of a titanium film, an aluminum film containing a
minute amount of silicon, and a titanium film or a three-layer strucfure of a titanium

film, an aluminum alloy film containing nickel and carbon, and a titanium film is



of a wreless chip. Alternatively, an organic resin filmfornmed by a
coating nethod is preferably used because the sixth insulating film 543
desirably has a planarized surface in the case where an antenna to be
formed later is forned by a screen printing nethod. The fil mused as the
sixth insulating film543 may be appropgiately sel ected by 30

practitioners. Mreover, in this enbodinent, the exanple is described in

whi ch the antenna to be fornmed |l ater overlaps with a driver circuit in the
power supply portion 603, and thus, the sixth insulating filn1543 functi ons.
as an |nterla er Iatln |In1mh ch 34 isqlate e dri CJrCUIt from
t he antenna’ ﬂycfihe W%gélgl opty & Hieociave & (9?%8?3’?‘“’5 ew’f}é g., a

| oop antenmﬂckﬂerssafmﬂmﬁ,laﬁhaﬁl@mmﬁhﬁ witht thichakss of 3350 wem pdhidenditaniing | ed by
awring of _a | pwer .|l ayer; i t preferable to provide the sixth
i nsul ating ff’lf’}?ﬂ‘%ﬁﬁ“dﬂ%isé’filéfg FSrF“Em%yeéase where a nmicrowave nethod is
enpl oyed an@igdje antenna 5 has a |linear shape (e.g., a dipole antenna), a
flat sh:ﬁe (e.q. pat ch antenna), or the |ike, the antenna to be formed

|l ater céh be arr ghar%twwﬁom@dmsﬁwmwww&M%?Or@}l%fa.ﬂlmand t he

Menory porti Qéleclitvag%tchéd} Qo RHakddilrded? M él&grotiéd $9534 334186 10Qtwilif
provi ded. [0112 Next, a resist mask formed using a tenth photomask

and the si x‘?tﬁ?’ﬂrﬁs%%ndu alestrpdle $405pd 3 third elc@mde\ﬁéﬂ ad &eéﬁéﬁme—gf@eﬂw adt hj rd
open g reaf il delfodd SdLlofhP Al Hortbh 48 GofnddOl The! sRBEA Llihdde ! N0 the

fourth electro 042 are forme re5|st mask is renpved after
et chi ng. [ Owedipsvath e Gisst opendng Wragtvey aan vpper klectsadeiof Grromemony elkment e

manuf actyr §ff JlifiBh e iR LREEISA%vEHERSwIR HeSRBM G ehifly i 6 c1drici) 1 14]
connected to the first electrode 509. Note that although not shown here, the fourth
electrode 542 is electrically connected to TFIs of an antenna portion and power supply

ﬂ

portion. The resist mask is removed after the etching.
[0110) '

15 A cross-sectional view of the semiconductor device manufactured through the
preceding steps oorrespondé to FIG. 8D. In this embodiment, TFTs of a logic circuit
portion 601, TFTs and antifuse-type ROM 600 of the memory portion 602, and TFTs of
the antenna portion and power supply portion 603 can be formed over the same
substrate with the use of nine photomasks.

20 [0111]

Next, a sixth insulating film 543 which covers the TFTs of the logic circuit
portion 601, the TFT5s and the antifuse-type ROM 600 of the memory portion 602, and
the TFTs of the antenna portion and power supply portion 603. An insulating film
containing silicon oxide or an organic resin film is used as the sixth insulating film 543.

25  The insulating film containing silicon oxide is preferably used for improving reliability
of a wireless chip. Alternatively, an organic resin film formed by a coating method is
preferably used because the sixth insulating film 543 desirably has a planarized surface
in the case where an antenna to be formed later is formed by a screen printing method.
The film used as the sixth insulating film 543 may be appropriately selected by

30 practitioners. Moreover, in this embodiment, the example is described in which the
antcnna to be formed later overlaps with a driver circuit in the power supply portion 603,

and thus, the sixth insulating film 543 functions as an interlayer insulating film which



Next, a nmetal filmis formed over the sixth insulating film543. A single
| ayer fornmed of an elenent selected fromtitanium nickel, and gold or a
stacked | ayer thereof 20 is used as the netal film Then, a resist nmask is
formed using an el eventh photonmask, and the netal filmis selectively
etched, so that a lead wiring 544 is fggnmed in a lead wring portion 604 of
the first electrode 509 and a base filmb545 of the antenna is forned. Note
that, here, the lead wiring 544 and the base film 545 can be sel ectively
formed by a sputtering nmethod using a netal mask w thout using the resist
mask, as 25 | | en the .base film.545 o he ant enna,i s provi,ded, a

"o g6 cont dxats the' s i 3R MRt oin 2 ool VAR e conbe B L, e
base fil m Sdfulaf shape(et £loopantennpy oivd spire] shapd) ooy eftel ends ofidhiemitenna isi t h t he
sixth insulatjng fi.l m543 can be. achi.eved. edl es 0 sgy. the hase film
345 of tne GhbEAmIRERtAIPRE R ik it ol it sEfinaigiBe Rt oni no
as part of 443¢ Moicahitdn thOEROWkre 4 Rficrbwa’d Mithod @ Edloyedethdnthé aktendae 30
formed depending on a | ayout of a circuit design. éaOéﬁ% 35 Ere edi ng
steps co r J@pBHAT shaPp (e obdippls paigpna), a tlat shapg (.84 #pat cma). ghheilikest or red

over the bagg ahtehn® 94% Rkmbd' GG al MRl @Nhehta0 ARHEAKIRaNE ArivRd by a
screen printing nethod, or the antenna 546 can be 5 formed in such a manner

that a net ircel [apd thy memony partions Hiupy the jsixile insulsting {dm| $43cn¢ed a8 tade by a
sputtering id and then patterned using a photomask. |f reduction in the
nunber of otomasks is prioritized, the antenna 546 may be fornmed by a
screen pri PRy method. A screen printing method refers to a nethod in

whi ch afy i Nk OF  Reas besis gl SrnR g SYel pRUSHARC IndthE Lt BLMIRMI 1 SUCh
a manner that a predeterm ned pattern 1s Por e y a photosensi f’i ve
resin on a films¥3nnddeaively eiched] sorthatra third mpeaing reachipgrthe third elechedsi§41i s

ol are, vi ¢ b RO HESpity il o BREP e s SRR, 0 1o it i B PO

rabbe de"which s called a
squeegee. Aecmovedaftepthe efching. met hod has a nerit that pattern formation in a
conpar ati ve[b#ghar ge area is realized at |l ow cost. 15 [0117] A
Cross-secti vi ew of the sem conductor device manufactured through the
precedimg steps aarbspaivasl view bf heXemidondidirsdeeich atihohoired thougicie of the
logic circuit portion 601, the TETs and the antifuse-type ROM 600 of the
menory por tAressding stepseogresnads pFIGsA-ang t he antenna of the antenna portion
and power S{gpﬂhy portion 603 20 can be forned over the sane substrate with
t he use of ‘el even photomasks. [0118] . In the case where the | ead
Wi ring 544 and t Nextpametal filmnissiennest oventhe sixthoinpgatinedilnei4de t Asingle lgrnmed by a
Sputtering i I W‘H 18| i L 9C can
be forned ufgﬁégq’géﬂhé% o?%ﬁa@%g.m nt (lalﬂl éizgfg%a\/\%g?gﬁ}r% %Jrz:g%l\%&ntg%r%d 25 is
enpl oye® arisiused agtheanetal films  Then, poesistohash és forméd usingsdnagleventyphotomask.ke, t he

formati on of .the si k | at i.n i ' 45 .0f. the
ant enna caﬁmg eo%e?{({g%;' l{%geg?}vﬁl%gtc\{?\fdr’gﬁ) gés% agga:ap&g%ﬁt%gq? gdrrlr'rnegg%gll%g ni ne
phot omasks.wikug phrionoi0d, ofi the dirstralectnode 502 and ai tasel €bm ¢id8 dbfathel anennd ixct ur ed
usi ng only -ch el TFT i rder,.to duc he nu r_of phot onasks, two
ohot araks. Heute. Dfrabarsheey e fad Sirte" 544 EdBe bek incoas o8 by BRRRRG Do o
seven phot Gomsddasy 4 Bpdtetiag method using a metal mask without using the resist mask, as

25 well. When the base film 545 of the antenna is provided, a large contact area with the

antenna can be secured. In addition, when the base film 545 of the antenna is provided,

improvement in adhesion with the sixth insulating film 543 can be achieved. Needless

to say, the base film 545 of the antenna is formed of a conductive material, thereby

functioning as part of the antenna. Moreover, the lead wiring 544 need not to be
30 formed depending on a layout of a circuit design.

[0115]
A cross-sectional view of the semiconductor device manufactured through the



[0119] 36 photomask is described in this enbodinent, there is no
particular limtation on the patterning technique. The resist mask nay be
formed in such a nmanner that a resist material is selectively forned by a
dropl et discharging method wi thout using the photomask. 5 [0120]

Next, the netal |ayer 502 and the substrate 501 are peeled to be renoved.
Peeling is generated inside a nmetal ox3de film at an interface between the
rust insulating filmb503 and the netal oxide film or an interface between
the metal oxide filmand the netal |ayer 502, so that the wireless chip can
be peeled fromthe substrate 10 501 with relatively |l ess force. Wen the
met al | ayerprédding Sepd dberespobdd to FI@ 9B)1 are renoved, a fixed substrate to be
bonded on tsguﬁide where the antenna is provided may be used. [0121] Next,
one sheet d whi ch countless wireless chips are forned is divided by a 15
cutter, dicing, ®exd R dnickfa 546 BFoinedRsvetineibdeOfiinn545 ot vhedhidd. Wheel ess
chips. In addition, if a nmethod in which each wireless chip_is picked up to
be peel ed ia8taAbPH ER be farmied by iagicrgn rping anethad, Ae thecmtenny $46 canBst ¢ he
Wi rel esg chbfnddSinfshetesl nlzGnd 1Al 9Shetal Hifin $oHRRH 'R laRmifith, SR8, ShaR! ke ke 20
substrate, plastic, paper, a prepreg, a ceram c sheet, or the |Iike can be

used. The vipmeaddys spuiteringapethed gnditber pastemeduging @ phatomeglo s dbireduetioadn t wo
sheet-11ike tﬁy-mnsegtggghmefnrm?s Pidil 3 Sh€ Bhn Y4608y b RAmbE by REscRieL - 1 i ke

substance with a I'ng layer. For the bonding layer, varioUs curable
adhesi ves guistingmethoghodecreen ptittingaritibed vefers de la ragthed incwbich we inkipnb| e

dhesi ve. \ i : : ; 95
n aor obi ¢ PRHRQEOEE bk 8 A5 Epta ot bl ol G o BRUTRRE. )
arrangd@ i rpattére isriotibd bph phedosengitiva pasin on h dasoyadsarfragmetalomeshect 4 highde one

pi ece of paper. 123], . By the wreless. chi uf act ur ough the
above- descr‘gﬁé%er&ig%rdg‘}'shv&si%fgﬁ etolaé%locfg%hr]ﬁ/ ’ﬁg{éﬁ&y{’%ﬁ\?ﬁo@ﬁe %g? Ea)tpé:lgn be
Wi tten anytiegieplafe] with thensd ofcd plastic3fetal, of fubbeyi blale eddchdb cylledarsgbeegeecal | zed.
For exanpl

[ at t achods PSS PHPE RO, o sy bACPalh Brmndh R el Bl 1o
antifuse-t ypa iSMizedat ladasdsi N1 the wirel ess chip.
15 [0117] '
A cross-sectional view of the semiconductor device manufactured through the
preceding steps correspornds to FIG 9C. In this embodiment, the TFTs of the logic

circuit portion 601, the TFTs and the antifuse-type ROM 600 of the memory portion

602, and the TFTs and the antenna of the antenna portion and power supply portion 603
20  can be formed over the same substrate with the use of eleven photomasks.
[0118]
In the case where the lead wiring 544 and the base film 545 of the antenna are
selectively formed by a sputtering method using a metal mask, a wireless chip shown in
FIG. 9C can be formed using ten photomasks. In the case where a microwave method
256  is employed and an antenna has a linear shape, a flat shape, or the like, the formation of
the sixth insulating film 543 and the base film 545 of the antenna can be omitted; thus, ‘
the wireless chip can be formed using nine photomasks. Furthermore, if a driver
circuit is designed and manufactured using only a p-channei TFT in order to reduce the
number of photomasks, two photomaks become unnecessary, and the wireless chip can
30 be formed using seven photomasks in total.
[0119}
In addition, although the example in which the resist mask is formed using the



37 [ 0124] Thi s enbodi ment can be freely conbi ned with Enbodi nent
Mode. [ Enbodi ment 2] [0125] 5In this enbodi nent, an exanple in which a
process is partly different fromthat of Enbodinent 1 will be shown in
FIGS. 10A to 10D and FIGS. 11A to 11C. Note that portions which are conmon
to those in Enbodinent 1 are denoted by the sane reference nunerals, and
the same explanation is onmitted for si#plification. [0126] 10First, the
same cross-sectional structure as FIG 8A is obtained according to

Enbodi ment 1. Note that FIG 10A is the same as FI G 8A. [0127] Next, a
silicon filmis formed by a sputtering nethod, an LPCVD net hod, a plasnma
CVD net hod, phetontasie id H&senbeaniﬂ @isnghidirhdnt, thers is tmcifﬁdcuﬂd}elﬁxﬁmmﬂ dytha
sputterlng 15 nethg&w Tﬁ{asqa CVvD netgo? of an anor phous
silicon fi |RfleHing teehgique.sLhe resfsl mpskimanbe qﬂi‘PFd éH1EP JBRGRET l‘l}a&ar’f“ﬂﬁtl mis
used as thanftbdidl GONelebtvily forinkll WNEFoplét &iBEhafdind G Withdu® ubfhpet @e200 Nm
The netal filmis formed using a sinple substance such as tltanlun]

t ungst en, dheteaask.c hr oni um nol ybdenum tantalum cobalt, zirconium

vanadi u giﬁﬁdlun] hafnium platinum or iron, or an aIon or a conpound

20 thereof to have a thickness of 10 to 100 nm Note that the nmetal filmis
formed using a Next, the metal layer 502 and the substrate 501 are peeled to be removed.

Pecling is generated inside a metal oxide film, at an interface between the first
insulating film 503 and the metal oxide film, or an interface between the metal oxide
film and the metal layer 502, so that the wireless chip can be peeled from the substrate
10 501 with relatively less force. When the metal layer 502 and the substrate 501 are
removed, a fixed substrate to be bonded on the side where the antenna is provided may
be used.
[0121]
Next, one sheet over which countless wireless chips are formed is divided by a
15  cutter, dicing, or the like so as to be divided into individual wireless chips. In addition,
if a method in which each wircless chip is picked up to be peeled is employé¢ this
dividing step is not needed.
[0122]
Next, the wireless chip is fixed to a sheet-like substrate. For the sheet-like
20 substrate, plastic, paper, a prepreg, a ceramic sheet, or the like can be uécd. The
wircless chip may be fixed so as to be interposed between two sheet-like substrates, or
the wireless chip may be fixed to one sheet-like substance with a bonding layer. For
the bonding layer, various curable adhesives such as a photo curable adhesive such as a
reactive curable adhesive, a thermosetting adhesive, or an ultraviolet cure adhesive; or
256  an aerobic adhesive can be used. Altematively, the wireless chip can be arranged in
the middle of making paper, thereby being provided inside one piece of paper.
[0123]
By the wireless chip manufactured through the above-described steps,
write-once read-many memory to which data can be written anytime after manufacture
30 of the wireless chip can be realized. For example, after a wireless chip fixed to a
flexible sheet-like substrate is attached to an article with a curved surface, data can be

written to anufuse~type ROM included in the wireless chip.



material which differs froma material used for formng a first el ectrode
509 which serves as a |ower electrode of a nenory elenent. In this

enbodi ment, an anorphous silicon filmw th a thickness of 50 nmand a
titaniumnitride filmw th a thickness of 100 nmare consecutively stacked
by a sputtering nethod wi thout being exposed to the air. 25 That is, in
this embodi nent, the silicon layer andthe first el ectrode are not
consecutively stacked whereas the silicon |ayer and a second el ectrode are
consecutively stacked. In this manner, formng an interface between a
silicon | ayer 524 Sand the second el ectrode without exposure to the air is
i nportant flo124jwiting as nmenory and formng a SI|ICIde In addition, the

netal filmmy beg a s ed | aye for 30 cked | ayer of a
titaniumfilm angh‘ée F’P%ﬁ‘l %‘t" E’Fﬂec?’f‘?‘ﬁ?deﬂ%tnﬁ@g [eﬁg‘teep of exposi ng
t he silicoqﬁh@mﬁﬁwﬁﬁg i s described in Enbodi ment 1, the silicon layer 524

S protected i the consecutive formation of the netal film In particular,
in the where the silicon layer 524 has a thickness of |ess than or

equal t@. 50 M [eglisehibaBiniedt, Taﬂbfé?ﬁ]ﬁéﬁnﬂhcﬁb rodéss iCpiittly difRfenPRdm e O .

washing wi th hydrofluoric acid or the |ik ich is performed | ater can be

prevent ed.’ ﬂ[f@IIﬂB]ilﬂ!ﬂ‘!éitWIHd?Crség‘W%ﬂﬂ HHES ]ioé\ thrOPe@dcﬁ[@lS T tdlGl Notem usi ng
a seventh ﬁﬁg %:Shgﬁln% tct}ﬁnﬁﬁttélthcfsk tﬁﬂmdmﬁt RO DAL By b GARef i1 m are

selectlvely e the silicon layer 524 and a second el ectrode

701 which aqfexcn@qmumetais,and the§@mepmhmgoransenﬁ%ﬂdrfewwmfecahe@| st mask is

r enoved aft Ege etching. Note that in the case where the netal filmis

seIectlveI renoved by dry etching to formthe second el ectrode 701, the
First, the same cross-sectional structure as FIG 8A is obtained according to

Embodiment 1. Note that FIG 10A is the same as FIG. 8A.
[0127]

Next, a silicon film is formed by a sputtering method, an LPCVD method, a
plasma CVD method, or the like, and a metal film is stacked thereover by a sputtering
15 method or a plasma CVD method. Any one of an amorphous silicon film, a
microcrystalline silicon film, and a polysilicon 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 titanium, tungsten, nickel, chromium, molybdenum, tantalum, cobalt,
) zirconium, vanadium, palladium, hafnium, platinum, or iron, or an alloy or 2 compound
20  thereof to have a thickness of 10 to 100 nm. Note that the metal film is formed using a
material which differs from a material used for forming a first electrode 509 which
serves as a lower electrode of a memory element. In this embodiment, an amorphous
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.
25 That is, in this embodiment, the silicon layer and the first electrode are not
consecutively stacked, whereas the silicon layer and a second electrode are
consecutively stacked. In this manner, forming an interface between a silicon layer
524 and the second electrode without exposure to the air is important for writing as
memory and forming a silicide. In addition, the metal film may be a stacked layer, for
30 example, a stacked layer of a titanium film and a titanium nitride film. Although the
step of exposing the silicon layer 524 is described in Embodiment 1, the silicon layer

524 is protected by the consecutive formation of the metal film. In particular, in the



10 titaniumnitride filmwhich is an upper |ayer of the second el ectrode
701 can prevent plasma danage to the silicon |ayer 524 during dry etching.
[ 0129] A cross-sectional view of the sem conductor device
manuf act ured t hrough the precedi ng steps corresponds to FIG 10B. 15 [0130]
Next, a resist mask is forned using an ei ghth photomask, and a fourth
insulating film522 and a fifth insula&8 ng film523 are selectively etched,
so that an opening reaching a sem conductor |ayer, an opening reaching a
gate el ectrode, and a second openi ng reaching the first electrode 509 are
formed. Then, the resist mask is 20 renoved after the etching. [0131]

A Cr 0SS~ SeChicOpfire (he Witk ual}er S@&nhsé)radmfckﬁéssot&vm&aetha@wfeaam%esb hiy, ough the

preceding steps corresponds“to FI G 10C. [0132] 25Next, an exposed surface

of a seni caedtadencin thigkness efithe silicandayss 534 due Hlewﬁhmmvdﬂl hydsofhupgie acidpr t he f ast
el ectrode %eehl{e M %&’ﬁ"&&tﬁwﬂm Adgai ni ng hydrofluoric acid, and at
Bos surface

the sane tine, e ex e semni conductor | ayer and the
exposed sur{ﬂb?@ﬂa of the first electrode are washed. Note that an upper

surface of the SKLECPRANE RHdnled GOGLEIN (05 PRSON RlisSRGOde 701

In this enbodlnen electro ayer’of a
titani um f iahdntientetal filoi amd thmamdrphmie sflicbmnfilnklage tél¢ctimely retchied,mortbatcthe Wi t h

S SO0 oG 54 Sk RS RO b LR A T |
formed. The resist mask is removed after the etching. Note that in the case where the
metal film is selectively removed by dry etching to form the second electrode 701, the

10 titanium nitride film which is an upper layer of the second electrode 701 can prevent
plasma damage to thé silicon layer 524 during dry etching,

[0129] _

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG 10B.

16 [0130]

Next, a resist mask is formed using an eighth photomask, and a fourth
insulating film 522 and a fifth insulélting film 523 are selectively etched, so that an
opening reaching a semiconductor layer, an opening reaching a gate electrode, and a
second opening reaching the first electrode 509 are formed. Then, the resist mask is

20 removed after the etching.

[0131]

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 10C.
[0132}

25 Next, an exposed surface of a semiconductor layer and an exposed oxide film
on a surface of the first electrode are 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 of the
silicon layer 524 is covered with the second electrode 701. In this embodiment, the

30 second electrode 701 is a stacked layer of a titanium film and a titanium nitride film,
The titanium film reacts with silicon to form a silicide more easily than the titanium

nitride film. In addition, the titanium nitride film can prevent the titanium film from



39 being etched with the etchant containing hydrofluoric acid when the
exposed surface of the sem conductor |ayer and the exposed surface of the
first electrode are washed. [0133] Next, a conductive filmis forned by a
sputtering nethod. This conductive 5 filmis forned of a single |layer of an
el ement selected fromtitanium tungsten, nolybdenum alum num and copper,
or an alloy material or a conpound mat®yial containing the elenent as its
mai n conponent, or a stacked |ayer thereof. In this enbodinent, a

t hree-layer stacked structure of a titaniumfilmw th a thickness of 100
nm an alumnumfilmcontaining a mnute anount of silicon with a thickness
of 350 10 : | ' N RYY) ' ' d.
(o134 Voo vih Gl conPathd B BBt 800 S e Qo sb et ot ¢ he
conduct i ve thé semicanduciordayer emd the exposedisurface oftthe fissbdleatrodoarevashad. el ect r odes
525 to 534, g%ie |l ead wirings 535 to 539, a third electrode 541 and a fifth
el ectrode ‘;8 f antifuse-type ROM and a 15 fourth el ectrode 542 of an

ant enna portion dest, h@ondwtivelfibm fis forined by atspodiering0gethoder [Thisscondodiive he

second el ectrode.701.tQ red electric,resistance .of a. w.ring. |n
addi tiof, tRE Frirmed ol Mg e o, ab etend SPRAET SO Bty linereh. o pe
el ectri cal Inyolginienma;) sldmimuni, t@dfdoppds, ot as talloglandi€ithl ohat eorhjsind ahdtidabgh not
shown here, the.foyrth el ectrode 542 is electri |.y. conpect gd .t g, . TFTs of
an antenna %B%H‘éﬁtﬁm’b 18 PRy CostpORdt o .S&%"@y]%?i @‘Freprgs it o npyed
after tge %hﬂiagm&pt, QA8 ayer stackecéI écrmh ﬁ&i)‘rf] a&ﬁaﬂiaﬂﬂlm\gﬁﬁy\a eficknbs of 100 .
sem conduct or deyi ce manufactured through the precedi,ng steps carresponds
to FIG 10D.““hl%c?l?‘%‘n?’ﬁi@meﬁ’?ﬂ@m‘%ﬁﬂm%%@%?t%f SPH@P&"'&#@E‘%‘%&%#& 601,
TFTs ang ani, bHe & takig: MEAMvEPS tidkndssP8 100 ¥mROhdeion 602, and 25 TFTs of an
antenna portion and power supply portion 603 can be formed over the sane
substrate \Iﬁl)ﬁﬂthe use of nine photomasks. [0136] Next, a sixth insulating
film 543 which CRUR! S rdsBPmEKTS tdhinell ASink QGirkh phitShiisk Ak QRaRMe sl TFTS
and the antifuse-type ROM 600 of the neénory portion 602, and 30 the TFTs of
t he ant ennds gactivay cighud, prothetrsourep of Jrajserledirodescids to 834 gateriad wirngsi¥8al at i ng
film cont aiigisag 2l @btk 481 Gha AR G8Gkdde o8I of ahiitull ispe HEGH, Ghl 2 €

15 fourth electrode 542 of an antenna portion are formed. The fifth electrode 702

overlaps with the second electrode 701 to reduce electric resistance of a wiring. In

addition, the third electrode 541 overlaps with the second opening to be electrically
connected to the fisst electrode 509. Note that although not shown here, the fourth
_ electrode 542 is electrically connected to TFTs of an antenna portion and power supply
20 portion. The resist mask is removed after the etching,
[0135]

A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG 10D. Also in this embodiment, TFTs of a logic
circuit portion 601, TFTs and antifuse-type ROM 600 of a memory portion 602, and

25  TFTs of an antenna portion and power supply portion 603 can be formed over the same
substrate with the use of nine photomasks.
[0136]

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

portion 601, the TFTs and the antifuse-type ROM 600 of the memory portion 602, and
30 the TFTs of the antenna portion and power supply portion 603 is formed. An
insulating film containing silicon oxide or an organic resin film is used for the sixth

insulating film 543. The insulating film containing silicon oxide is preferably used for



insulating film543. The insulating filmcontaining silicon oxide is
preferably used for 40 inproving reliability of a wireless chip.
Alternatively, an organic resin filmformed by a coating nethod is
preferably used because the sixth insulating film 543 desirably has a

pl anari zed surface in the case where an antenna to be fornmed later is
formed by a screen printing nethod. Th#® filmused as the sixth insulating
filmb543 may be appropriately 5selected by practitioners. [0137]

Next, a resist mask is formed using a tenth photomask, and the sixth
insulating film543 is selectively etched, so that a fourth opening

reachi ng t hgpfoRi tralagilﬁﬁéff mﬁeléﬁ?chlps m{eﬁﬁﬂvelgr ha ofg%ic%suﬂ’ﬁﬁlkfdrﬁled gpoved
after the etchl ng. 10 [10138] cross-sectional _view of

seni conductageatigmeteodip pefoahly pesd bF?ﬂ"é‘h'&ﬁ sixfheingilating dilm 43 ﬂ%‘@b'&@?’f' #sponds
to FI G 11AL 94233 umﬁeétm m@ c&%saﬂmié 4Bredma & bd iaﬁnmtaﬁm%em%dfb?ra%ﬁeﬂver the

sixth |nsul ating film1l a sputtering method usi ng a metal mask or
dropl et di m&nggmngoq!mtmdihnw Bathe siith inselatingfilm hé3 may on appropriaidy ned of

single kay ﬁgﬁg% selected fromtitanium nickel, and gold, or a
st acked Ia;%lfat @‘F%‘?f‘ ‘e that the base fil m545 here may be formed in
such a man§@137jhat a resist nask is forned using a photomask and a netal
filmis selectivgly e 2 l. ofthe
sem conduct or def\?flJytis-a‘}“'&pter éés(l:(t u?é%%%%‘o%awnphéh(’%rng%g’d%ﬁg s&eﬁsms\é%?r%sponds
to FIG 118fi1ﬁ1(51131s] seldetivie]y ¢tﬁmdasmtthﬂmefo&zﬂﬁopmnﬂgaeachﬂg®heeliouﬁlndedﬂaﬂe 5821 m 545.
The ant enna an.25 be forned b rinting nmethod, or the

ant enna 546° gﬂcg r’kfh gm ’§EF@P|° dﬁﬁ ﬁ%efeq% a metal filmis formed by
sput t eriong [0oE38hod and then patterned using a photonask. If reduction in th
rfunber of photomgsks is I’IO[ItIfZSI t he antenna 546 orgrﬁelﬂ by a
screen printing %5-a§ct1F lﬁwo e ‘'semiconductor device manufa u throu (-

preceding steps corresponds to FIG 11A.
[0139]

Next, a base film 545 of the antenna is formed over the sixth insulating film
15 543 by a sputtering method using a metal mask or a droplet discharging method. The
base film 545 of the antenna is formed of a single layer of an element selected from
titanium, nickel, and gold, 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.
20 [0140] _
A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 11B.
[0141]
Next, the antenna 546 is formed over the base film 545, The antenna 546 can
256  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
may be formed by a screen printing method.
[0142]
30 A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 11C. In this embodiment, the TFTs of the logic
circuit portion 601, the TFTs and the antifuse-type ROM 600 of the memory portion

a
a

a
e



30A cross-sectional view of the sem conductor device manufactured through
the preceding steps corresponds to FIG 11C. In this enbodinent, the IF n of
the logic circuit portion 601, the TFTs and the antifuse-type ROM 600 of
the nenory portion 41 602, and the TFTs and the antenna of the antenna
portion and power supply portion 603 can be forned over the sane substrate
with the use of ten photomasks. [0143]41 In addition, if a driver
circuit is designed and manufactured using only a 5 p-channel TFT in order
to reduce the nunber of photonaslcs, two photomal cs becone unnecessary, and
the wireless chip can be forned using eight photomasks in total. [0144]
Mor eover, t SRR, Led ' ' so t hat
t he mﬁreleggﬁbﬁ#@ﬁﬁan bed?%Hp gﬁg fﬁgéh 311%r&m@ﬁdb8%5¥¥ﬁgyﬁgre?%g?though
t he exanpl ean he fringdhoventhersawe substaats kithghefuse pEtén photamaskse phot onask is
descri bed lekﬂis enbodi nent, there is no particular limtation on the
patterni ng techni que. The resist mask may be formed in such a manner that a
resi st materi al i additi@g tif wedrivef cirodd isbyesigadd opil avamifactat gsing) onbyt nod
wi t hout _using th phot onask,. 146 Thi s, enbodi nen an be freely
Corb ned will ThaERS AT B AP 4 @ UtrortepfPro Rl o AR BhoRt 1 47)
unnecessary, and the wireless chip can be formed using eight photomasks in total.
[0144]

Moreover, the subsequent steps are carried out as in Embodiment 1, so that the
wireless chip can be completed.
10 [0145]
Furthermore, although the example in which the resist mask is formed using
the photomask is described in this embodiment, 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
15 photomask. '
[0146]
This embodiment can be freely combined with Embodiment Mode or
Embodiment 1.
[Embodiment 3]
20 [0147]
A semiconductor device of this embodiment will be explained with reference to
FIG 12. As shown in FIG 12, a semiconductor device 1520 of the present invention
- has a function of performing noncontact data communication. The semiconductor
device 1520 includes a power supply circuit 1511, a clock generation circuit 1512, a
25  data demodulation/modulation circuit 1513, a control circuit 1514 which controls other
circuits, an interface circuit 1515, 2 memory circuit 1516, a data bus 1517; an antenna
1518, a sensor 1523a, and a sensor circuit 1523b. In FIG 12, a driver circuit refers to
the power supply circuit 1511, the clock generation circuit 1512, the data
demodulation/modulation circuit 1513, the control circuit 1514 which controls other
30 circuits, and the interface circuit 1515.
[0148]
The power supply circuit 1511 generates various power supply voltage to be



A sem conductor device of this enbodinment will be explained with ref erence
to FIG 12. As shown in FIG 12, a sem conductor device 1520 of the present
invention has a function of perform ng noncontact data communi cation. The
sem conduct or device 1520 includes a power supply circuit 1511, a clock
generation circuit 1512, a 25 data denodul ati on/ nodul ation circuit 1513, a
control circuit 1514 which controls ot4eer circuits, an interface circuit
1515, a nmenory circuit 1516, a data bus 1517, an antenna 1518, a sensor
1523a, and a sensor circuit 1523b. In FIG 12, a driver circuit refers to

t he power supply circuit 1511, the clock generation circuit 1512, the data
dempdu’ at! Qgodi LOPir&iif Uitk strdcdnaldty &L BR0ChAsEd bh APAE UbAAD
controls o? r gg%?%%ﬁ?gsf an%'the Nt erface cirpd[t %ng. 0148] 42

suppl i ed t dnptted fromrtherntenne 138. SEhri dockigenemtionl eiviuitcl 518 20nerfas satiawp an AC
signal inpuytted.fr h .;ﬁp T ' | . 1512
gener at es &%F?gﬁgdgﬁ%%?ﬁ??gna g%?éééﬁﬁé%g%f%%ggﬁ%gggghﬁ%%?@ﬁfk&ﬁﬁb%he

sem conducttier Adesigeat idfaed fioas et atertthd SAL sTignddta depoduildidnfmaduldtior ant enna
1518. The data ul atd on/ nodul ati.on.5 ,Ci it 13 has _a_function of
dormdul Bt i SUPRbACTRRRNS TAah b fenioraapastp iy dale FopRipeed g The
control ci neddet/wrdfed #519as The totil tidnitaf514 had 4 Hinktichgofidostrotting the midnicayi t 1516.
The antenna, 1518 has,_a functi of transm ttinglreceivin | ectric waves.
The reador SHFH L1161 ST8 etAe S 6 mAtTPEa P SR EHEvBE Slee A Fr

devi ce, comnthe ¥adeiwiitbe1 19 FeHBinsoindiunicafich @ik tHe@kmitbndiics @swHbs) Gostfol t he
comuni cated data. Note that 10 the structure of the sem conductor device

i's not |imiof & EmUIRication grd et phrsacestipg et the commypiceisd e, Noigdhat

sem conguctry siAlBikteCdt RPN miBuctordetids IstHot lilfed Vol thdatiRb b aEschbEP@RRAS such as
alimter circuit of power supply voltage or hardware only for processing
codes are dJ@texpmpieythespmiramiuctosdpiiesmay havgiastryiurg to which @ther gompansity porti on
as descri beg.y e ARAR ' Rard\vAtE Bhilyirdr SbcdtBPLYdes! enent s
in each of_(-% Hl%ﬁﬁa SI Icf}%g{nofl I mr\%\?ﬁpicmg%i?%t es aEsi Ifyi crilgl[te) reaction by

ext ernal elascaddédal action is interposed between a pair of conductive

| ayers. Not[%‘{glgat the menory circuit 1516 may include only the nenory

el enent in 'ch the silicon filmis interposed between the pair of 20
conductisve | ayer The omenmorg| cichaita 15nonoudes r £ un¢émaovyt hortibineas siescabedirie. The
menory cirguit Wt t.her ,st.ructure carresponds to. fo X |.e..one or a
bl ural ity Sitedtisl MBgF Endt ARt SR PeRetRn SRh oL SRR SRR, Eprow
E:EPRC]VI ancﬁhﬁl which ERAetes a ﬁﬁ&ﬂ(l} reefibie byedxtdhal diekfidcal nctiond ¢ ixﬁlapimdmduct or
el ements such as a yesistance el ement, capacitive, cqu el epent, an
nduct | ve DSISER AFUEIOGEOHUCTRE ByGt ovuite ek U TRy Stk hoAPEEEIOE

CONVer si on ofiyeE Hemoty ERAIAPONREK BRIk MSHIEOIsGitcAloSiPbttwech the PaRicst Or, a

therm stor, and _a diode. The sensor circuit 1523b detects changes in
i mpedarke, cprdnctivenlagers, o includa e mepory sigeuit With qther Stuctuzen o The TRURRE

anal og/ di gicfrals éﬁl@g@y F%'?L"jé‘% b ADGRIIUE! o eRAmpIe, dhbloP UlpifrafiyXidherhidty t he

il

control circult
selected from DRAM, SRAM, FeRAM, mask ROM, PROM, EPROM, EEPROM, and

flash memory.
[0150]

2 The sensor 1523a includes semiconductor clements such as a resistance
element, a capacitive coupling element, an inductive coupling element, a photovoltaic
element, a photoelectric conversion element, a thermo-electromotive force element, a
transistor, a thermistor, and a diode. The sensor circuit 1523b detects changes in
impedance, reactance, inductance, voltage, or current, and performs analog/digital

30 conversion (A/D conversion) to output a signal to the control circuit 1514.
[0151]

This embodiment can be freely combined with Embodiment Mode,



43 Enbodi nent 1, or Enbodi nent 2. [Enbodi nent 4] [0152] A sem conductor
device functioning as a wireless chip can be forned 5 according to the
present invention. The wireless chip is applicable in a wi de range. For
exanple, the wireless chip can be applied to bills, coins, securities,
bearer bonds, identification certificates (driver's licenses, certificates
of residence, and the like, see FIG 1389, recording nedia (DVD software,
video tapes, and the |ike, see FIG 1313), containers for package (package
paper, bottles, and the like, see FIGI13C), vehicles 10 (bicycles and the
i ke, see FIG 13D) personal bel ongi ngs. (bags, gl asses, and the |ike),
foods, plaj$e IEﬂH comodi ties, tags for packages or articles
such as electronlc appl1ances fsee FIGS. 13E and 13F), and the like. The

el ectroni c [Empbdiamuated i nclude a liquid crystal display device, an EL

di spl ay demgﬁ? a television device (also sinply referred to as a TV, a TV
recei vi ng ne, or a television receiving machine), 15 a cellul ar phone,
and the liKke. [0A5§e]miconductor 'Ebacsefnhﬂmmﬂlgcwra ckdrelese chip? @arofbet Frempd esent
inventign is fixe 0 roduct. n che surface of the

or oduct Sor Ese Sy R SR oy T WeB S menofie P Mk Rt s a
book, the Rﬁbﬁeﬁiﬂﬂﬂ&h@ﬁv:tﬁl&s& ¢hip ¢k applibd Xebliils,0cobide sdeaifiespleardt Hoads)g

AN K T AR TR AR SRR RIS S
enbedded | fmﬁdﬁ’;ﬁ)hﬁc@:ﬁﬂl@%ﬁlim soﬁwaﬁevfdbet@espaﬁ@mwme%eedm ¢8B)L520 of

the present invention can be conpact, thin, and Light- melq t he design
t

qual ity of "PWémﬁ‘iscfﬁUB%ckPges@a‘FkaB% PR bRttless and the\like, sge; BIG (3EG), rebicles i s
fixed 119 t RBicRIHA e NS FIE ) FOASCHALbQbn eI (B 12%cs, SndfheMikeyi ded to

bills, coins, securities, bearer bonds |dent|f|cat|on certlflcates or the

li ke, a cerft’@qso @b!lisoﬁmﬁalﬁcﬂoﬂ}?s:cmedlb%ﬂﬂe@f Daekagpfe OF @rticles suely 95 be

prevent ed vy F;ﬁrah o] ver,

when the sem condgptor |ce 0 Ftﬁg&ﬁ@;%ﬁnd;ﬂ!?ﬁ%%nﬁh%%&%&g@m in

cont ai ner s ificudepmliquid) eryshaled!aﬂw deyiceedn EL &Mﬁwbe redevigiongdevidedalds

clothes, c ] 30 such
s an i nspaling ikl E3V. g1V el BEfRe, Fdbiifg) ictbving ol

~ pr esentlsi n\aaellvlanphose, aodithe dilte. s explained\Mtr1reference to the dramnng. An
el ectronic @ﬁgﬁiance shown here as an exanple is a cellular phone including
chassi s 27d d 2706, a panel 2701, a housing 2702, a printed wring board

3783 Opgrati ﬁnb}m seniiGondd&dr devivd ﬁZb@ftlﬁrpfﬁ&KDﬁvéxﬁibﬁ ngﬁﬁdcli&)ah b 1obect panel
701 is detachably 5 incorporated into. the OSI an e usmg
2702 is fi tWekemenitpchedeto pirfage ohithe prgd R b 8 d e of

the housi ngx£ApiE, iR pﬁfmaqpﬁ b&ék?hié seﬁwoﬁaﬂbﬂdevxe&psmdaﬂﬁ&l Mehmalab
el ectroni c app iance to which the anel 2701 is incorporated. The prl nt ed

wi 1i ng 2oarkeinprgtredied ingids|a paper angd ibthe peadueidea package: 2B PregRigIesEls npunt ed
thereto. Thf, SEREGRBANCERSIRY0 GEHLLd o Be PRAAENby bEME RbEdicAdfkiREmbSed as

one of 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
26  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
.30  such as an inspection system can become more efficient.
[0154]

Next, an aspect of an electronic appliance to which the semiconductor device



10 packaged sem conductor devices. The plurality of sem conductor devices
nmounted to the printed wiring board 2703 have any function of a controller,
a central processing unit (CPU), nenory, a power supply circuit, an audio
processing circuit, a transmtting/receiving circuit, and the |ike. [0155]
15The panel 2701 is electrically connected to the printed wiring board 2703
t hrough a connection film 2708. The pasel 2701, the housing 2702, and the
printed wiring board 2703 are placed inside the chassis 2700 and 2706
together with the operation buttons 2704 and the battery 2705. A pi xel
region 2709 in the panel 2701 is placed so as to be viewable from an

openi‘ng W RgQqny ﬁre&Yl{ fRentidh & hﬁolﬁ{}ﬁsi? iﬁgplgiﬁgpwitgqéfe%é@lo the drawiﬁ‘g. dggcri bed

above, the sem conductor device of present invention has advantages of
i ts conpacteletenic applisnessshowankere ag an gsample is acelrar phosedocludivgishasgies al | ow
efficient h | Ji HRAGSE s ¢ ' f the
el ect r oni C%Z?)%F?(g%%dgf 95@%@3]& fig 12?_?]% Q?%@ﬁ@%ﬁ%g@?’c‘ﬁ)@%&?he
~ present i nbetoisoR704n@hd de batteryreX705 (seel EHBnt4) Wi The pasélnii0d st dashably i n

whi ch a,sil.i ' ' [} .rﬁa%t.i by. ext er.nal
el ectri gal 1%%?1%56%&4 igloﬁ% e&ﬁ%@?ﬁﬁ%é{%%%&m gﬁf'g‘f corll%fgcrﬁﬁﬁé'él ﬁ)&d’{/’g?%; t hus,
an i nexpendoard 25908.ct Thenshapappd siae o€ theshowging 2302ratcoappuayiriatelyd modified dan be

provided. In 30 addition, high integration S easj Jealized w t he
en conducrBroTarat vk 5F Sterebndt aipBatetR wafh e psiRh 2001 1 FRormbEieel  rhe
appl i ance psinted wiriS£bod TR plemligefipackagéli ftghicondugbr d¥itas ndoyinte® NOr y

circuit can be prqvided. .45 [0158 Myr eover, nmenpry devj ce

i ncl uded i A§R sﬁ?ﬁsfmﬂﬁ‘l%‘?r ‘gé\‘ff’ %Ethﬁfpﬁtsﬁ‘g ‘bYeé"s‘%ﬁ_‘lf’aﬂ’ﬁl'éﬁr‘?T&i%ﬂ‘_,‘e Qéntf‘ﬁh wites
dat a bygexipaékigéd @nficonBhder deRicks. OThe Phala JE Seinhibordubiof Sevides RRduR@d to
nonvol atil e and capabl e of addi nhg data. According to the above-described 5

char act er i $i panted wiring Bpapd, 2708\, have japy, fengtion af a cafieoliesp cenifal pracessiig a can be
addi ti onal hﬁit“(@ﬁ)?%cnﬁﬁﬁjorad'ﬁ%%b’ ’suﬁﬂyekﬁ&ﬁit{ Od %uéﬁpbk&%ﬁgg“@ir&ht, Uz€s a

hi ghly functional ‘and_hi ghl'y "val ue- added seni conductor device can be

provi ded. [ensGtingFeceivinggircpitcand thediks. of t he chassis 2700 and 2706 are
exanpl es ofggigzexterior 10 shape of the cellular phone, and the electronic
appl i ance 5? tPﬂ s enbodi nent can be changed into various nodes in

accor ddfce wit h Thpaneb20bis elogtricalyt copmectedhtr tef printed wiring board 2703

through a connection film 2708. The panel 2701, the housing 2702, and the printed
wiring board 2703 are placed inside the chassis 2700 and 2706 together with the
operation buttons 2704 and the battery 2705. A pixel region 2709 in the panel 2701 is
placed so as to be viewable from an opening window provided in tﬁe chassis 2700,

20 [0156]

As described above, the semiconductor device of the present invention has
advantages of its compactness, thinness, and lightness in weight. These advantages
allow efficient usage of the limited space in the chassis 2700 and 2706 of the electronic
appliance. '

25 [0157]

The semiconductor device of the present invention includes a memory element
with a simple structure in which a silicon film which generates a silicide reaction by
external electrical action is interposed befween a pair of conductive layers; thus, an
inexpensive electronic appliance using a semiconductor device can be provided. In

30 addition, high integration is easily realized with the semiconductor device of the present
invention; thus, an electronic appliance using a semiconductor device including a

high-capacity memory circuit can be provided.



[ 0160] Thi s enbodi mrent can be freely conbined with Enbodi nent Mode,
Enbodi nent 1, Enbodi ment 2, or Enbodi ment 3. 15 | NDUSTRI AL APPLI CABI LI TY
[0161] Manufacture using a |large area glass substrate makes it possible to
provi de a | arge nunber of wireless chips at a tinme and make unit cost of
the wireless chip 20 inexpensive. In addition, an antenna can be forned
over the same substrate as the wirel esg chip; thus, a nounting step can be
el i m nat ed. This application is based on Japanese Patent
Application serial no. 2006-273394 filed in Japan Patent O fice on Cctober
4, 2006, the entire contents of 25 which are hereby incorporated by
reference.[ ﬁﬁﬂﬁEFERENCE NUVERALS 100a: first sheet, 100b: second sheet,
101: substrtate’with insulating surface, 102: peeling |layer, 103: insulating
| ayer, 104: gat eMonswtratai mgmbiyl dgvideOicludded da the gahieomuetot rcbvieg: of 08¢ second

oate o1 et 9y Aol Wik SHEFSEH5 cxt PR pRHE Bl OBl
regi on, 113%eingheoiwetatile oindbédpatic refgidding dskd: Adsdoﬁﬁﬁ@y@ thd aavealesariped i I m
115:-stld C%rl}ar];cl:tl:gs]tms, 1'orgery%yrrgvaerm?1lgec%}1rbg%?eve:}tl zmc(li new I:iata can be additionally
written. Accordingly, an electronic appliance which uses a highly functional and
highly value-added semiconductor device can be provided.
[0159] ' ,
Note that the shapes of the chassis 2700 and 2706 are examples of an exterior
10  shape of the ;:elluiar phone, and the electronic appliance of this embodiment can be
changed into various modes in accordance with functions or applications thereof.
[0160]
This embodiment can be freely combined with Embodiment Mode,
Embodiment 1, Embodiment 2, or Embodiment 3.
156
INDUSTRIAL APPLICABILITY
[0161]
Manufacture using a large area glass substrate makes it possible to provide a
large number of wireless chips at a time and make unit cost of the wireless chip

20 inexpensive. In addition, an antenna can be formed over the same substrate as the

wireless chip; thus, a mounting step can be eliminated.

This application is based on Japanese Patent Application serial no.
2006-273394 filed in Japan Patent Office on October 4, 2006, the entire contents of

25  which are hereby incorporated by reference.



el ectrode, 118: source electrode, 119: third el ectrode, 120: second

el ectrode, 10 121: connection electrode, 122: insulating film 123: fourth
el ectrode, 124: netal |ayer, 125: antenna, 302A. nenory portion and driver
circuit, 302B: nenory portion and driVr circuit, 302C. menory portion and
driver circuit, 302D: nenory portion and driver circuit, 302E nenory
portion and driver circuit, 303A: antenna, 303B: antenna, 303C. antenna,
303D: 15 antenna, 303E: antenna,.501: substrate, 502: netal |ayer, 5083:
first insulating film 504 t BREXERENGE NUMERALS 509: first el ectrode,
510: sidewall, 511: sidewall, 512: gate insulating |ayer, 513: insulating
| ayer, 514: source region or drain region, 515: source region or drain

on. B16:mch : , 7. , , i on,
528: sour ol OS5 FIBReEE T, SEoditbliee, HiS bR Hitlaihe biach, 0 O
521 Ch?‘””eiﬂi:%’eﬁﬁ%%%}'dreﬂbﬁrins@%ﬁhgflggﬁﬁ mOAggahaﬁéumiﬁg' ik, 308 fitdef th

I nsulating fil 524: “silicon | ayer, 5to 4. source el ectrode or drain

el ectrode, gité elextiodd, 1061 sedonddzate elevtroded 007 shirstedecttoaie;, 108esodeée. t hird
el ectrode, 542: fourth electrode, 543: sixth insulating film 544: |.ead
wiring, 543egiomsel09: graip regiomt dhBa drains reginpeddd; sswoce gpgiomysbldiype ROV

0L 1081 ¢ ShhSHl EoflSiridr Pegi8S2 1157 TRindlfoddlion U0 " ER acliye:" 2
insulating film, 115: silicon film, 116: source electrode, 117: drain
electrode, 118:; source electrode, 119: third electrodé, 120: second electrode,

10 121: connection electrode, 122: insulating film, 123: fourth electrode, 124:
metal layer, 125: antenna, 302A: memory portion and driver circuit, 302B:
memory portion and driver circuit, 302C: memory portion and driver
circuit, 302D: memory portion and driver circuit, 302E: memory portion
and driver circuit, 303A: antenna, 303B: antenna, 303C: antenna, 303D:

15 antenna, 303E: antenna, 501: substrate, 502: metal layer, 503: first
insulating film, 504 to 508: gate clectrode, 509: first electrode, 510:
sidewall, 511: sidewall, 512: gate insulating layer, 513: insulating layer,
514: source region or drain region, 515: source region or drain region, 516:
channel formation region, 517:. source region or drain region, 518: source

20 region or drain region, 519: LDD region, 520: LDD region, 521: channel
formation region, 522: fourth insulating film, 523: fifth insulating film,
524: silicon layer, 525 to 534: source electrode or drain electrode, 535 to
539: gate lead wiring, 540: second electrode, 541: fhird electrode, 542:
fourth electrode, 543: sixth insulating film, 544: lead wiring, 545: base film

25 of antenna, 546: antenna, 600: antifuse-type ROM, 601: logic circuit
portion, 602: memory portion, 603: antenna portion and power supply

portion, 604: lead wiring portion of first electrode, 701: second electrode,



portion, 604: |lead wiring portion of first electrode, 701. second

el ectrode, 47 702: fifth electrode, 1511: power supply circuit, 1512:

cl ock generation circuit, 1513: data denodul ati on/nodul ation circuit, 1514:
control circuit, 1515: interface circujt, 1516: nmenory circuit, 1517: data
bus, 1518: antenna (antenna coil), 1519: reader/witer, 1520: sem conductor
device, 5 1523a: sensor, 1523b: sensor circuit, 2700: chassis, 2701. panel,
2702: housing, 2703: printed wiring board, 2704: operation button, 2705:
buttery, 270R: fifthselestrode0B511copowet isapply cincuandS229elogk geheratignon. 48
CLAI M5 . 1. A sem conductor device conprising: a driver circuit
over an i nseireuit, iplsuslata demodulasias/modulatinn oiseuiti 1214t confrolueisenib t hi n

L A A T s
A T R

el ectrode cpsum rsehwi?%mb: aRfsor circiSrei0n: SHassiS, 27019 panel, 82 AA:r odes of
the thin filmtransistor and the second el ectrode contain'titani um

- 2. A sem cdushising 2703y peiatabedriog boatdy 2704: wperatidgrebetton,t 2703: awicay,i ng
substrate is a glass, a plastic, a paper,_ a prepreg, or a ceram c sheet.

3. A seni cohitfifchassit2708: gerrrationgfilm, m@ﬂﬁ&ip Fegion.t he silicon filmis
an anorphous silicon film a mcrocrystalline silicon film or a

pol ycrystalline silicon film 4. A sem conductor device according to
claim1, wherein the second electrode is arranged so as to be at a right
angle to the first el ectrode. 5. A sem conductor device conpri sing:

a driver circuit over an insulating substrate, wherein the driver circuit
includes a thin filmtransistor; and



a nenory el enent over the insulating substrate, wherein the nmenory el enent
includes a first electrode, a silicon filmover the first el ectrode, and a

second el ectrode over the silicon film wherein a gate el ectrode of
the thin filmtransistor and the firstygel ectrode contain tungsten, and are
formed over a same surface, and erein source and drain el ectrodes of

the thin & hfygransi stor and the second el ectrode contain titanium 49
6. A sem‘C‘O‘n‘%‘Ctor device according to claim5, wherein the insulating
substrate is al.gl ass A senpkarstictor devipepemprisingr epreg, or a cerani ¢ sheet.

A e e A
pol ycrysttaiﬂﬁmgtr&isﬁsjt&pﬁndi | m 8. A sem conduct or devi ce accorqi ng to
claim5, wherein the second el e(lz_ltrod is arranged so, as to be at a right

angl e to the f3 FSmogy glomeprigver the inswating sUbsira Yy ha dVTRYYaREBFHi ng to
claim 35, WhgH a{‘ﬁ}é@%%féﬁﬁ&, SUG T @RERilhS o fertHE Fidg @1dbrode, 38 S deBSH abbRfef 11 M
10. A sem conduct or evi ce conpri si ng: a driver circuit over an

i nsul at i myestissilimndilmpherein the driver circuit includes a thin film

he momory el SHRSTER T HeetaderT s BUF b Mamuot e Rk bR Gt

first el aghgstddgandnd a second el ectrode over the silicon film an
insulating filmover the second el ectrod and e%n ant enna over the

i nsul ating fi |¥herein sowwe¢rﬁ1naels%tf%ie%|0§élﬂ%gﬂ% frapsistay; apdstne $e¢andnsi st or

.and the fiLsi, glc&ﬁ%ihqﬁgm ntain tungsten, and wher ei n source and
drain el ectroges of the thin filmtransistor and the second el ectrode
contain titanium 11. A sem conductor device according to claim 10,

wherein the insulati substrate is.a dlass, a pl.astic, a. paper . prepreg,
or a ceramc eet . N sémid3 .CI[OA dseg}ﬁe é’gﬁ%@%té’ Lg%lm L”ew%%-glgr%lg ﬁlajsutlagmgl aim
10, wher ejubstidieiss glasoiplabtioyaipapena prepege) 6tis carbmichised i | m a
m crocrystalline silicon film or a polycrystalline silicon film

3. A semiconductor device according to claim 1, wherein the silicon film

is an amorphous silicon film, a microcrystalline silicon film, or a polycrystalline silicon
film.

4. A semiconductor device according to claim 1, wherein the second

electrode is arranged so as to be at a right angle to the first electrode.

5. A semiconductor device comprising:

a driver circuit over an insulating substrate, wherein the driver circuit includes a
thin film transistor; and

a memory element over the insulating substrate, wherein the memory element
includes a first electrode, a silicon film over the first electrode, and a second electrode
over the silicon film,

wherein a gate electrode of the thin film transistor and the first electrode contain
tungsten, and are formed over a same surface, and

wherein source and drain electrodes of the thin film transistor and the second

electrode contain titanium.



50 13. A sem conductor device according to claim 10, wherein the
second el ectrode is arranged so as to be at a right angle to the first

el ectrode. 14. A sem conductor device according to claim 10, further
conprising a nmetal filmselected from,itanium copper and al um num between
the antenna and the insulating f|In1 15. A sem conductor device
comprising. . 6. 2 O'A ¥&hicBhiir qeUR acBBalot Abibl'S, SHOSHY @k Gnquthife! N L he
driver circuit includes at n1tran5|stor a nmenory e over
t he insulabhmgesubﬁhﬁaﬂpkmﬂ@emmpa;apﬁmnﬁnnrycehemeﬁmeincludes a flrst

el ectrode, a silicon filmover the first electrode, and a second el ectrode
over the silicon film an insulating filmover the second el ectrode; and an
antenna over the insy aémhiBndictonNdevice acodréingitd clairg 3} Whaieﬁpﬂlé@ﬂﬁzoﬁfﬁhhhe thin

filmtransistor and the first el ectrode contain, tungsten, are f or med
over a saf@namorphons siliggn film, amﬁgpeqyﬁtagw@rséyoarﬁdmd%a ﬁolwa’éta B8edlicon ¢ he
thin fil Iil{an5| stor and the second el ectrode contain titanium 16. A

sem conduct or device according to claim 15, wherein the insulating
substrate is a glass, a plastic, a paper, a prepreg, or a ceram c sheet.

17. A sem condyct or deV|ceacrd|n to claim.15 r t.h ilicgn film
is an anor phogg sili C%r‘? 1G9 %"g%c?y%({rgllngltﬂeé :%Cg‘ﬁ 9 enl'lﬁt]hgg‘r:'co d

pol ycr ystakdtiode isarkdnged sd adﬂmbeatanghﬂ&glétosmaﬁmmu&w devi ce according to
claim 15, wherein the second electrode is arranged so as to be at a right

angle to the first electrode. 19. A sem conductor device according to
claim 15, whergin the, SapgRdhl aic%eh%eaac%&rgi@%o Q;flan% galuheldhs Uh@tdat@ i1 m
51 20. A sem conduct or eV| ce according to clalmi5, further

conpri si nriaceristasdurface of sgite otseldting Gilmt i t ani um  copper and al um num bet ween
the antenna and the insulating film

10. A semiconductor device comprising:

a driver circuit over an insulating substrate, wherein the driver circuit includes a
thin film transistor;

a memory element over the insulating substrate, wherein the memory element
includes a first electrode, a silicon film over the first electrode, and a second electrode
over the silicon film;

an insulating film over the second electrode; and

an antenna over the insulating film,

wherein a gate electrode of the thin film transistor and the first electrode contain
tungsten, and

wherein source and drain electrodes of the thin film transistor and the second

electrode contain titanium.

11. A semiconductor device according to claim 10, wherein the insulating

substrate is a glass, a plastic, a paper, a prepreg, or a ceramic sheet.

12, A semiconductor device according to claim 10, wherein the silicon
film is an amorphous silicon film, a microcrystalline silicon film, or a polycrystalline

silicon film.



21. A sem conductor device according to claim1l, wherein the source and the
drain electrodes of the thin filmtransistor and the second el ectrode
contain alum numover the titanium 22. A sem conduct or device
according to claim5, wherein the sourge and the drain el ectrodes of the
thin filmtransistor and the second el'ectrode contain alum num over the

titanium 23. Nen t i erein
t he source and the dr[g\lsg'l% %&gg@ﬁcfﬁ%ﬂﬁﬁﬁ?ﬁ%%ﬁ#mﬁ% r\glglés}lglgtﬂélﬁjsgeél t he
second eldeﬁroddesarmﬂgadmadmrhel‘aumr@hmnglma the tfhiastielagtrode. 24. A

sem conductor device according to claim 15, wherein the source and the
drain electrodes of the thin filmtransistor and the second el ectrode

contai n al um nyn overa shfidohd@idiUdBvice accordimdto Hakk rI’OC ﬁﬁﬁiéﬁ b@xﬁlpﬂﬁﬁg Qte
conprising: a driver circuit including a transistor; ry

el enent m@ﬂahairngelacﬁed riEam difandypoerppen ard pliuaeﬁumuheﬁv%s%@ethe {RtenRg ﬁact the

el ectrode %ﬁjn%i?lﬁfcond el ectrode over the silicon film wherein a
gate el ectto he transistor and the first el ectrode contain tungsten,
and wherein source and drain el ectrodes of the transistor and the
second el ectrofsg cont | nti t‘f %]8 A sem conduct or device
according to cthim 2 B V’&?FQ‘BP“%chwt and the nenory el enent
are formed oveq divell st oRerdninbilStingdsbsRAE, wherBinthé efverQircait ¢@ilads@ sheet .
52 27. A sem conductor device according to claim 25, wherein the silicon
filmis athlfhﬁbiﬁh‘éﬁéﬁo%l licon film a mcrocrystalline silicon film or a
pol ycrystal li o ding to
O e m 55, - wherarRrihg Heridt Ber the insiind nEAE- BRG] SERGC O
angl e to imbledés a ﬁrstel&trbd@dmlhcon film oQ@.thAﬁsﬂrﬂlmdmcmdra steund electomtsr di ng
to claim25, wh t he source and the drain el ectrodes of the transistor
and the sOEbHES glll qﬂﬁ‘de contain al um num over the titanium 30. A

semi conduct or gEmMkEAetSORRE bedriee scofld Elefodet adli t i ncl uding a transistor;
and

an antenna over the insulating film,

wherein a gate electrode of the thin film transistor and the first electrode contain
tungsten, and are formed over a same surface, and

wherein source and drain electrodes of the thin film transistor and the second

electrode contain titanium.

16. A semiconductor device according to claim 15, wherein the insulating

substrate is a glass, a plastic, a paper, a prepreg, or a ceramic sheet.

17. A semiconductor device according fo claim 15, wherein the silicon
film is an amorphous silicon film, a microcrystalline silicon film, or a polycrystalline

silicon film.

18. A semiconductor device according to claim 15, wherein the second

electrode is arranged so as to be at a right angle to the first electrode.

19. A semiconductor device according to claim 15, wherein the same

surface is a surface of a gate insulating film.



a nenory elenent including a first electrode, a silicon filmover the first

el ectrode, and a second el ectrode over the silicon film wherein a
gate el ectrode of the transistor and the first electrode contain tungsten,
and are forned over a sane surface, a wher ei n source and drain

el ectrodes of the transistor and the Second el ectrode contain titanium
31. A sem condugtor deyl r.Chi -] : i i\er
circuit and thle%ﬁem%/yééﬁﬁ%g?r@dr}ﬁ%%égga?%%ﬁ%ﬁ 1@%2&&%&1@?‘%@%@%} %@é’?{ﬂg\é a paper,
a prepr egnetal filtn sdéed fromhitatium, copper afBRaluAienbeteedu theantaley andthaccor di ng
to claim30, whetein the silicon filmis an anorphous silicon film a

mi cr ocr ysPsHe Blicon film or a pol ycrystalline silicon film

33. A sem conduct or device according to claim 30, wherein the second

el ectrode is arranged so as to be at a right angle to the first el ectrode.
34. A senicondidtor desemeisondiistr devige aerosding fa daim hrwhapin thegowes@ds yr f ace
Is a surfacq. of tﬂ?&e? of ﬁl%ghﬁltﬁl:%gﬂsismr and the second dectrdieSBMafrPNduct or

devi ce according P60 Cr 8 m , Whereln the source and the drain el ectrodes
of the trémnsimkosveatit tithmiusecond el ect rode contai n al um num over the
titanium 36. A sem conductor device including a nenory el enent, the
sem conduct or device conprising: a thin filmtransistor forned over a
substrate, the dohin fA kéhichadiekdiidkidenebdtdinggo chimesTivienelh thicsoursd Aidd
fornmed over the substrate,; ninsulating filmforped over the

a
subst r at ethe adtpisr elegtiodss ohdhe ial Sim nigamsiston pust the, geeonda electrods, cartain oyer

the semi Cﬁ{)‘ﬂ:ﬁﬁr?{wér?leaﬂﬁgﬁiu 1d . a gate el ectrode formed over the
sem conductor islfand wt e gate insulator interposed therebetween; a
first electrode forned over the substrate; an interlayer insulating

filmfornmed ovel, the substrate, and coveri t |lea the thin film
transistor and %he fi% §W@P@F%%%@?@Fﬁggﬁ%dﬁﬁ? Zb’l %@%Fmﬂh%ﬁ%ﬁ%‘é‘ film
i ncl udes @efdhdl cRPEHIRIOOVRS tRIREilh SAIE® anll the albsondegieomedetcotithidy t hi n

filmtransistor and a second opening over the first el ectrode;
aluminum over the titanium.

24, A semiconductor device according to claim 15, wherein the source and
the drain electrodes of the thin film transistor and the second electrode contain

aluminum over the titanium.

25. A semiconductor device comprising:

a driver circuit including a transistor; and

a memory element including a first electrode, a silicon film over the first
electrode, and a second electrode over the silicon film,

wherein a gate electrode of the transistor and the first electrode contain
tungsten, and

wherein source and drain electrodes of the transistor and the second electrode

contain titanium.

26. A semiconductor device according to claim 25, wherein the driver
circuit and the memory element are formed over a glass, a plastic, a paper, a prepreg, or

a ceramic sheet.



a sem conductor layer forned in at |east the second opening over the first

el ect r ode; a second el ectrode fornmed over the interlayer insulating
filmand electrically connected to the one of the source and drain regions
of the thin filmtransistor through the first opening; and athird

el ectrode fornmed over the interlayer insulating filmwherein the third

el ectrode is al for i j 1h 1 ctor

| ayer is i nterpzts)fé)ed ﬁ%%é%n§‘ﬁb§°‘f?§§§td%fb§§‘9?§3%%§%‘@ ?%ie‘;{t F@?ﬁgﬁg%ode;
wher ei n tfilen isearoemoghenesiticonfpn 8 esicraerystallinst sibtar filmder, a pokycryisiatithe

el ectrode.ﬁnd he sem conductor |ayer interposed therebetween, wherein the
third el Bt mcorrpri ses a sane material as the second el ectrode, and 54
37. The sem conduct or device according to claim 36, wherein the first

el ectrode contains an el enrent selected fromthe group consistin

i g of
titanium tungsiSen, o} SRBIcOndyFteIndgHice ATPYHRE AR FIAIMad: SYREIFIRBE SpEond
zirconiu i I {04 i i ron. 38. The
sem condlr%?%%ﬂggév#?ggg%%%ﬁowgagg% g%&ggl%%!tﬁ\%\ﬁgér{g}eﬁﬁ‘?ﬁeé third el ectrode
contains an elenent selected fromthe group consisting of titanium
tungsten, nick chrom u denu t ant al | t,. 71 Lu
vanadi um pal | & um Ahﬁ%Wﬁ%Wﬁﬁﬁ%wgﬁé?? %@m ﬁg’,bv%erelgéf}é %Qn%géeﬂd
sem condugt @raifl @¥dcaBd&cemditi@sisor ahdithe s&oniMebicabie theainertimbonsduotar | ayer
is asilicon film and wherein the silicon filmis an anorphous
silicon fheHaniiupi crocrystalline silicon film or a polycrystalline silicon
film 40. The sem conductor device according to claim36, wherein the
sem conductor layer is a silicon film and wherein germaniumis added to
the silicon fil3o A semig¢gnduThe deeiet comptsingr devi ce according to claim
36, wherein the first. el.ectrqde and the. second el ectrode are forned of
di fferent rraterq%fvse.rcmm?mdugﬁl.ga?lﬁaéjsésg% %%cf]ductor devi ce according to claim
36, wherein the gahfreldbghem@dacliadihet hdirkti clsétr@lepat sibcen @il évar kel flayt
pat t er ni nq a sanme conductive | ayer. - 43. The sem conduct or device
accor di ngeledrodeanghaggcongdedtiodeoner thesilisan 848> third el ectrodes are forned

by patterning aysags &Cg&%l%égir&%dé fCthe. tréthistoNEnd TR GRRABIRERSded BYAER

according to claim 36, Turt conprising; a fourth electrode forned over
t he i nt ertungsen, and etefoimey dver msamadurface, and

wherein source and drain electrodes of the transistor and the second electrode

U

contain titanium.

31. A semiconductor device according to claim 30, wherein the driver
circuit and the memory element are formed over a glass, a plastic, a paper, a prepreg, or

a ceramic sheet.

32. A semiconductor device according to claim 30, wherein the silicon
film is an amorphous silicon film, a microcrystalline silicon film, or a polycrystalline

silicon film.

33. A semiconductor device according to claim 30, wherein the second

electrode is arranged so as to be at a right angle to the first electrode.

34, A semiconductor device according to claim 30, wherein the same

surface is a surface of a gate insulating film.



an antenna electrically connected to the fourth electrode; 55 45,
The sem conduct or device according to claim 36, further conprising a driver
circuit including a plurality of thin filmtransistors. 46. The

sem conductor device according to clakg 36, wherein the sem conductor |ayer
is asilicon film wherein the first electrode reacts with the silicon film
to forma silicide, and wherein the third electrode reacts with the silicon
filmto forma silicide. 47. A nethod for nmanufacturing a

sem conduct or @8vi ce Acsemuicosiuar dedce gaording tudlaini K whdireiy tlze oires ahid| m

St eps. of dht e RlrPEORs/af€ Bihuiofiand B raPRT FUBRL iiu bl Bbrin”

i nsul ati nge stahfumee; formng a first insulating filmover the first

sem conductor | ayer; forming a first el ectrode which overlaps with
the first sem conductor |ayer over the first insulating filmand a second
el ectrode over jghe iy SkerhsildrN%dvideM including 97 MdMtbry HRGR4AM, | @yl ating
filmwhich cove3tr6's t he flger st Igilectrr odcfgi aendm'?kllleln econd el ergt rode; ~

et chi ng tsemicomdoctdr devied atnipnigingi I mto forma first opening reaching the

d el ectrode;. f 1 Ng. ' d | which . . th
it openi ng; &t Al vy SBRAERRE RaSREHT R oy R Rl EhE c ona

openi ng reachi ng t he afseisdondadtbiCiondd €drafed| ¥ Eihe salfrate; formng a third
el ectrode which overlaps with the first opening over the second insulating

filmand a fourth el dBinsylingiilmropnest pugsShepTeiRe E‘E’E%HF dRiuiRsine
48" The rafiaghafy SROHERGHHGLBINE s SRIbAANSHGURIAdRYI oo according to claim

47, wherein a ectrode Is forned over the first insulating film
t hrough the sane step gue elzciodsf formed foves theedegycondgeton idandhwith dhe gate

el ectrode d an antenna . which is electrically connected to the fifth
el ect rodéh?”gﬁf"éﬂnﬁeé'ﬁosgggfer BFE"F% t h el ect r ode. 49. The nethod for

manuf act uri ng a faeinéledrdd tboteddRi¢t tiR sabatteli ng to claim 47, wherein the
menory el ement includes the second_ ele trodﬁ, t he secqnd sem cqnduct or
| ayer, and the aprinteglayar desuiasing film formed over the substrate and covering at least the

thin film transistor and the first electrode wherein the interlayer insulating film includes
a first opening over one of source and drain regions of the thin film transistor and a
second opening over the first electrode;

a semiconductor layer formed in at least the second opening over the first
electrode;

a second electrode formed over the interlayer insulating film and electrically
connected to the one of the source and drain regions of the thin film transistor through
the first opening; and

a third electrode formed over the interlayer insulating film wherein the third
electrode is also formed in the second opening so that the semiconductor layer is
interposed between the first electrode and the third electrode;

wherein the memory element comprises the first electrode, the third electrode
and the semiconductor layer interposed therebetween,

wherein the third electrode comprises a same material as the second electrode,
and

wherein the first electrode comprises a same material as the gate electrode.



56 50. The nethod for manufacturing a sem conductor device
according to claim47, wherein the thin filmtransistor includes the first
sem conductor |ayer, the first electrode, and the fourth el ectrode.

51. The nethod for manufacturing a segjyconductor device according to claim
47, wherein the first electrode is a gate electrode of the thin film

transistor, thesfirs Thens%ﬁlla}ddp&o; 'dlemcé Sac@orggl el 81§ %"6' ef"énll The 36l t he

fourth electro e is a source e ectro e or aln el ectro
The net hadedtde wamtaina ainelérment aclseted mmdtlmtgmumgmswngmf@tmmg, tuoggemi m 47,

wherein th I rst sem con tor layer stalll e5|I| I lm
53. The rfﬂi?lf?ﬁydc}?rBP“Wﬁn H’f‘%ﬁ'{%@}l‘r“ﬂg taﬁ@g Sﬁ%‘gc%% i & %%r%ﬂlﬁg ut"% claim
47, wher gjgfitde phas@idariiaraconduct or | ayer is an am)rphous silicon film a
mcrocrystal i ne silicon film or a polycrystalline silicon film

54. The nethod for manufacturing a sem conductor device according to claim
47, wherein thegsubst @ts%rﬂ%otn ultBE deied laBldriife S HARE 36 SwhBKIPHR @Birdd 9l ass

substrate a pl astlc | ' m and paper.
electrode contains an element selected from the group consisting of titanium, tungsten,
nickel, chromium, molybdenum, tantalum, cobalt, zirconium, vanadium, palladium,

hafhium, platinum, and iron.

39. The semiconductor device according to claim 36,
wherein the semiconductor layer is a silicon film, and
wherein the silicon film is an amorphous silicon film, a microcrystalline silicon

film, or a polycrystalline silicon film.

40. The semiconductor device according to claim 36,
wherein the semiconductor layer is a silicon film, and

wherein germanium is added to the silicon film.

41. The semiconductor device according to claim 36, wherein the first

electrode and the second electrode are formed of different materials.

42. The semiconductor device according to claim 36, wherein the gate

electrode and the first electrode are formed by patterning a same conductive layer.

43. The semiconductor device according to claim 36, wherein the second

and third electrodes are formed by patterning a same conductive layer.

44. The semiconductor device according to claim 36, further comprising;
a fourth electrode formed over the interlayer insulating film; and

an antenna electrically connected to the fourth electrode;
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45. The semiconductor device according to claim 36, further comprising a

driver circuit including a plurality of thin film transistors.

46. The semiconductor device according to claim 36,
wherein the semiconductor layer is a silicon film,
wherein the first electrode reacts with the silicon film to form a silicide, and

wherein the third electrode reacts with the silicon film to form a silicide.

47. A method for manufacturing a semiconductor device comprising a
driver circuit including a thin film transistor and a memory element over the same
substrate, comprising the steps of:

forming a first semiconductor layer over a substrate with an insulating surface;

forming a first insulating film over the first semiconductor layer;

forming a first electrode which overlaps with the first semiconductor layer over
the first insulating film and a second electrode over the first insulating film;

forming a second insulating film which covers the first electrode and the
second electrode;

etching the second insulating film to form a first opening reaching the second
electrode;

forming a second semiconductor layer which covers the first opening;

etching the second insulating film to form a second opening reaching the first
semiconductor layer; and

forming a third electrode which overlaps with the first opening over the second

insulating film and a fourth electrode which overlaps with the second opening.

48. The method for manufacturing a semiconductor device according to
claim 47, wherein a fifth electrode is formed over the first insulating film through the
same step as each of the first electrode and the second electrode, and an antenna which

is electrically connected to the fifth electrode is formed over the fifth electrode.

49. The method for manufacturing a semiconductor device according to
claim 47, wherein the memory element includes the second electrode, the second

semiconductor layer, and the third electrode.
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50. The method for manufacturing a semiconductor device according to
claim 47, wherein the thin film transistor includes the first semiconductor layer, the first

electrode, and the fourth electrode.

51. The method for manufacturing a semiconductor device according to
claim 47, wherein the first electrode is a gate electrode of the thin film transistor, the
first insulating film is a gate insulating film, and the fourth electrode is a source

electrode or a drain electrode.

52. The method for manufacturing a semiconductor device according to

claim 47, wherein the first semiconductor layer is a polycrystalline silicon film.

53. The method for manufacturing a semiconductor device according to
claim 47, wherein the second semiconductor layer is an amorphous silicon film, a

microcrystalline silicon film, or a polyerystalline silicon film.

54. The method for manufacturing a semiconductor device according to
claim 47, wherein the substrate with the insulating surface is any one of a glass substrate,

a plastic film, and paper.



