1 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 manufacturing nethod thereof. For
exanmpl e, the present invention relateslto an el ectronic 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 enent is nmounted as a conponent. [0002] Note that a sem conductor device
in this specification refers to aDEMRIETIOMNVi ce 15 which can function by
utilizing sem conductor characteristics, and an el ectro-optical device, a
sem conductor circuit, and an el ectronic appliance are all sem conduct or
devi ces. BASKMROONDUCGTORDEVIOBAND MANVEACTURINGIME TR ODEHEREGRY €
conventionally been proposed. As typical nenory, the follow ng can be
given: nmenory including an el ectromagnetic tape or an el ectromagnetic di sk,

RAM capapl erpfanicAL pigLpnd readi ng, ROMonly for reading (read only
menory), and the like. 25 [0004] As conventional ROM the foll ow ng
can be gi vdA9lask ROM which stores information with a mask in an IC

manuf act uri ng pr @gE$fserdt UinGerdiioh SreRiY! 194 GBmitbAdRE: | dRbiRE RAVingN RitcuiE! ti Ng
down a fuse elenment wth current after manufacture _of an | C chip,

anti f use- t yipdudimp fifn Eim sepsister (arematien reregyio ¢k 8T} ppLamanKgClRng nsul at or
b 20y uiig S FRULMIE el B8 ucr e Sl i) i e
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 sPcéiﬁcation refers $0 a general device
15 which can function by utilizing semiconductor characteristics, and an electro-optical
device, a semiconductor circuit, and an electronic 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



2 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 than ot her ROM because th& antifuse-type ROM does not need a
mask corresponding to infornmation to be witten at nmanufacture and dust is
not generated when infornmation is witten to the nenory. Note that the
fuse-type ROM and the antifuse-type ROMdiffer fromthe mask ROMin that
data can b@rw@seamask\cramqndmg to tmueremt%s@tﬁmtmmdﬁctpma@ﬂmﬂmrtype ROM

10 can al sq, r nc &rrﬁ gxanpl e of
antifuse- type %ﬁ?gr%gtdh%vge}n% gonﬁs% trét e, te%n queat(["}iescrl bed in
Pat ent DocMfumtis(n:du&&pme&aemﬂhvlshacﬂu@almm &ppl&cb@ctwmn . 117-297293) .

IS given. [ﬁ&%i] FI G 15 shows a cross-sectional view of antifuse-type ROM
di scl osed i tent 15 Document 1. In FIG 15, a silicon substrate 50 over
whi ch ams nMOS trBﬂﬂidﬁiom’mitlﬁjsémypﬁﬂlDMammamdpmo&ithimlmrmOthS&psﬁi
tungsten fi . n film54' nd an Al -Si.- L ring 55 are

or oot o tnise Sy AT fof s R sk e 9ndie S isorttion i e PRARH T ea i 1
PaéI enL Doc ;hﬂ'ﬁﬁhuﬂ;ctuiéﬁdl’ctﬁf;ﬁ’selﬂﬂ Qeﬂ&thbmrﬁhcnﬁiafdrﬁatﬁfnoibah’?ﬁénaﬂ él%diil&hﬁkyr egi on

and the reference mer a S .probahly a orne :

met hod. 20 Mg @@d&%%&éﬁmipﬁﬁ‘éfﬂg ‘%W@”E"ﬁﬁé@éw film
54", the arma&mat@n%el ddﬂ&ﬂ frh hddifeh, tﬁaﬂﬂlsé-ﬂ@etnamsﬁlaﬁha‘ hdtiudedypeRONY form a
stacked filmare consecutively formed With a mul ti-chanber system wi t hout

being eMposar Ay prerefried [opedayritPRnFetadiman ARYNOTY: s AR FFARPST Odevi ce

with a wrehggse CRIhQNover af Ml @Bstradd) ACiebhridle! desibih iR IPaRAt Chi P,
has been expected to have a | arge market, thereby having attracted

attention. ent 1j JepanesePublished PatentoinplicationNo. Hd-297293Disgivgn. an | C tag, an
| C chip, g (radio frequency) tag, a wireless tag, an electronic tag,
and an RFI (?ﬂ:l;dl o frequency identification) in accordance wth usage.

[ 0009] 30A wi r el EE% 18 khqwsi axsbsscectionsl vigw of dntifuse-type ROM disgloseshinPatenbor t i on,
and th de a n ROM
only fglr5 rea(‘fl ngn air1e lﬁgpcefgl ¥%na§éyh&yag)?%§%§éao\rvg Sv:hﬂ;ﬂ 4 %"‘Pﬁ@%ﬂ?@?ﬁ?ﬁme W th
pur poses. Speedf arc ahbrphowg silicon film 53, a tungsten film 54, a 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 €VD method.
20 Patent Document 1 is characterized in that the tungsten film 54°, the amorphous silicon
film 53, and the tungsten film 54 which form a stacked film are consecutively formed
with a multi-chamber system without being exposed to the air.
[0008]
In recent years, a semiconductor device 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 separately used in accordance with purposes. Speciﬁcally, a



3 nenory 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 regdrding the 5 application to which the
private code is identical, according to 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 areméméaegionds aesgned foendaclosgecificdr applibgionated ah0@LGs dghtVien a card
to which such a wreless chi,p is, mounte a so-called | C car i s, conpar ed
to a magnet’Pa0agesigr e ép?l&aegﬂ @%%H%Vgﬁ'ag%é”%f R AR the cg‘%saé]%hnténory
capacity, afie difeleb@ip BasldnGification Wiigkhiok bhiepréscat iverifiger privatey/codand gr eat
difficulty in falsification. Therefore, the I1C card is, l{Iitab|.e fiﬁr
managenent appligaties gnd) a jcepigRlnRlt GRhich@ERed Hises ¢ e "}Cg‘éﬁiirﬁé' i SBEEREIRTy used
as NMenorgy 1L5en 4O wiiich! fhe 1RivaR' €bds Gs Gdeatical,2dcedrlling abi the) chparitpRsad bl e.

DI SCLOSURE I'NVENTI ON [ 00I1] A conventional w reless chip is ganufactured
usi ng an exyssifictipn byi the verficetipeunito Sydl 3 ﬁFPW5&®1&l%ﬂ°EPE£P§E%§§ 1eoRy

Sem Condupt\%fem@fe ZOP EELRE Sucll BE R Sndibty REGHR A1 A Sthinekd irduitare 1O
reduce unit cost of Fhe wireless chi p. In particular, a nenory region which
i s needed fiotegtated owgrraiemigonduyiigr substiaisi es a large area in a silicon chip,
and it has @ﬁﬁ necessary to reduce the area occupied by the nenory region
w t hout cha gl g nenory capacity for reducing the unit cost of the chip. In
addi ti omg al t hougMhenechant foorhigbsuch acwisdless ghipbemewped (acse-dalled Keicardiidsn i n t he
size of the_ silicon chip, . ..f_re ' ' ' ; Ll hi.p
proceeds, nount "ﬁgm'cf'olg?£l SHC £d {sillléﬁlbc%gd ?:1%1 %&}&é#%;%; gfg‘éﬁelg% llgfrée o]ﬁ%lgbrrgt o

di stribute ¢dpecighim atithmitie furetitgthigh tuthentiegtionp dcoyraryt and grest difiwdis inhe unit

Lri but o &pssighipatib sutheutiatiop ; e
[0012] 301 nisbafealipn oi SekeeBi ey I Rned ot it ToF QHPRBLba L HUERR

silicon
chip and anjnfdinefidia ROM oalyfet taadingds e@ninoxly lnswd asirhémary miDRtedrto ahdCl i ke, a

rati o of heat expansign when, a teﬁperature becones high or a ratio of heat
shrink Whencad § plsifigation e.

DISCLOSURE OF INVENTION
[0011]
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



4 lowis different depending on a conponent; thus, high thermal stress is
gener ated between different conponents. Since the wireless chip is attached
to an article, in view of being exposed under various environnents, a
connection portion of the termnal of the silicon chip and the antenna

m ght be disconnected due to thernal stress. 5 [0013] I n addition,
the conventional wireless chip is not suitable for being attached to a
curved surface of an article even if it is a smaller piece because it uses
silicon for a structure. In the case where a silicon chip has been nounted
to a subst riaweisfdiffered depemlidgd oxiabécenpvatmy thais, high abermek strass ipgencrated of t he
silicon chip and antenna of the substrate 1Q coul d have destroyed
when the smﬂ?&‘i"?eétdggﬁ%fg PRt gf"ﬁg gﬁ%g}%&ﬁﬁcéﬂwlﬁ ﬁétﬁcﬂeeda%({?u?lggﬁﬂlsehﬁace of
the articl eiewot pbde@ uBddd 38ridve envimmirhipslcofiedgioh poiting ofthel tgpinak hi ng a
silicon wafer itselt to'thin the sjlicop wafer, the nunber of steps is

i ncreased dRidhe sliqop ghigppdthe apignaapight be; ’W&%“eﬁﬁ’gﬂ“%@ﬁﬁwaﬁsé?ﬁy to reduction
i n manuf@actigp{dyg cost. Even if a wireless chip is thinned, in the case of
an 1Ctag which is attached to an article 15 to be used, when t"ﬁh W rel ess
chip is attached aldifionnthg conysationat wirglgsschip impf spitghle for bging attag °§*‘bf

paper), dis %. LT LSanCRAHEE v RGE RUS § salbiiddYelsd i LSANTRR TS KN 2
surface of ;{ e su st%ea(%tia.n I'n addition, ssi r?cerq;ei prgtrusion i s generated on

the surf acestwttutehe Isthb sase abere 4 sitioon shipdgabesn mainted v PSENT FODAGOLD a
Substr At & Gk 8Radkilila HunBaRA bortidh PmE Sttt L ncPdl dblchibofRE AFBRate

difficult. reover, a ere a silicon chip 20 which is an object
to be fH sidoukidhavxitetrs destroyadl Whanethb sabsteatephas diegie Yent in ecepsdanes with\then a

silicon chip has been I nn PN hi p

coul d have %éveeﬁ %’gg egég’§ %‘ﬁgb't he s?@‘—.‘*@@#?ﬁ% g’@%%gfg&'ﬁ%‘cgf gﬁéﬁrﬁ%ﬁen when

a subst r at epdlishibga silichrONAL4] itself td thin the silicoinwafer, dretivmbsrofisiepe isf@wedsed mount ed

to a wireless chip, tw, 25 process sequences, ar ' LS a

process secf%’&ﬁegll’ﬁpsr‘lcﬂnﬁ?%ﬁ’“?’ﬂ{ %’Iﬁiﬁfq griagicv?ﬂ {Otlgﬁucgi?{}zdrgrgrﬁalﬁu ac %ﬁcrogéof a

si licon chipvenif MMirelbssiefly ib thifned Ik the casucbftand@ tégrehish isiattached ki am aréiclerount ed

with an antenna provided for a substrate,. so that Wi.r el ess ?hﬁ) irs

conpl et 8. orerised; yhen the wirdless cgﬁ’q‘ﬁéﬁ?%e‘?? 2 ip ngégf,’teéc' ﬁﬂ?ﬁg Wi°hg device

for witi ngsxiprﬁfgg%@j, iRAgtehbdGs CBsUdbREIUEE b POHREIOS RSgenarbted be avinfkefs chip
S

I S needed. Each ilicon chipis mnute, and a mgnuf cturgaggrfgeﬁi ce for
suppl yi ng ctie reehstraiegr Ipyadditian, 3pger & (REPHTUSION Iy BREC ) ' ¢ n each

silicon chi QpBeR 1Sin PHE Chstl O plefiitrgOpridin MR Rlibsatet fuéh lak ktip dthgapey bei ng
expensi ve. erefore, manufacturing cost is 5 ) . .
: high-definition printing becomes difficult. 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, a 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



I ncreased due to this manufacturing device. [0015] 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 ROMforned in
the 5 silicon chip, .and information is,witten using the wirel ess signal,
so that a wireless chip is conpleted. Pn conparison wth the forner process
sequence, increase in manufacturing cost can be suppressed with the
utilization of a wireless signal when such a process sequence is enpl oyed.
[0016] 1O0However, in the case of enploying the latter process 'sequence,

i nf or mat i oringreased duette this manUSRCIURDBISAYIER t he utilization of current generated
fromthe vm{ Isﬁass signal, and thus, a witing current value and a witing
vol tage val'ue to the ROM are restricted. [0017] It is an object of the
present i nventi ofih¢ other iswimecess ssquinco indwhbich aftereassibeoniGimisuneuatedwinth nmenor y
whi ch can he the ran Lyal val ue
whi ch can %3bsgr3{r?ehrav{n§3n e %ﬁqnaaa&ﬁ?e (lael(3 gnag':i%{r’r]%@&l%ﬁ t&lﬁwm ijﬂggt to
provi de 5w isllizon nitip, anddafonBatipn iewsitgn dsimgthe wircklsstwgnahm I:imt a\mrblemhmﬁyt I me
after manuf, acturi eéfs a,sem conduct & ; J | s. anot her obj ect
to provide H WP Uhi BmpATSeR P Biegr fp(S?ceﬁelsﬁ‘Bmg?et’ atH&Et 8 a curved
surface of phuicluriag eostbinbﬁum@isé’tﬁmmﬂieaﬁhzdhﬁn vEslwirelessmigabbelidarsbely cost
and unit cost of a chi out increasing the nunber of nmanufacturing

st eps. [00f§1’°°§?sn‘5€8“°5‘°%5r‘38’lp €hchip is required to performdata

comuni cat ifgmie] th a reader 25 in a short period of time; thus, it is

anot her _object to provide a wireless chip which perforns fast readl ngS and

has | es¥ mal f uncHPYeven ip thescase, ot ¢rapl °HB¥8’&a‘E‘6PF‘é’ﬂ§§c,s€q‘ffBﬁ% BRAI9RIt i on of

menory by Rieath %k ROMEWERR id ﬁllﬁﬁﬁtﬁ{oﬁ&heﬁaéeﬂeﬁﬁadioﬂﬂﬂﬁfwﬁéMS a%fmry and to
achi eve | ower power consunption of a whole wreless chi R‘P"[ 0020] 30It has

been found 2pfhus.aiviitingsareyiyalonend # wrifiag reltrsovelre tor{ke RQMeare stticiedt e as
[0017]

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 to 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

26 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 dafa 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



a driver circuit, preferably, an insulating substrate, so that at |east 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
formed over the same substrate, so thaf noise or contact resistance can be
reduced and | ower power consunption of“a whole wireless chip can be

achi eved. Further preferably, an antenna, antifuse-type ROM and a driver
circuit are formed over an insulating substrate. Wien the ant.enna, the 5
antifuse-type ROM and the driver circuit are formed over the sane

substr at 3/,“ aptifyssaype BODpayd dicgrivier riscufitoarendermisd suer b same sehstante.f ﬁﬂd_iwtanl
t
ant enna 'nﬁs],e of E@r}t&’c? §?§?s\t/a‘ﬁ%:{] gidfﬁef reﬁh&'&f%ns éﬁgﬁﬁﬁr %X&?ﬁgﬁb’rp Bt ¥ hal can

be efficiently utilize 0SS. e antl e-type i ncl udes

a pair of alielss dupsandeebhiofedwhFuither prefapsbly dn ddcwfa, antiflisttyped@Mpander i al and
a silicon filmwhich is i.nterposed between t ai re0f el ectrodes.. The
materials 6f d'?‘f% cb'ﬁ'i"F i foé_fn 5%&"853’3‘ 1%1\95515 Sé‘?‘) eaget'ab ecnaghel %ﬁ%n%gs §lF"hey are
mat eri abs \ahiifoke-typaROM)ahd tie drveotirdudt sroformed evdritle dee shostratehe powdreri al , a
si mpl e substance, sych_as titani um .tungsten, nickel, chram um .l ybdenum
Cant al um SUIRY SERST CORPY R0 QAT TRE PLETHe TSR A HERR  or

i ron, or a@igﬂiﬂl.ﬂMtﬁHpﬁveﬁ@Iﬂ?W@al&th&%fﬁiﬂﬁml?aﬁliﬁd withioat lods0022]

Besi des, one 05 the pair of electrodes included in the antifuse-type ROMis
formed thr the sane step and of the sanme nmaterial as a gate el ectrode

of a transistor m_czinuﬁ@@hggﬁ FOM ihMBdes Gl pailtiflelectOdds Radh & vkl fsifemtddon of a
process can _be achi eved. 20 Accordi nfﬂ to the present invention, the

anti f ud@-t ppe tireanmaerid and g stlicop flow which ds fgiemeerdobedyeenribe aireof
substrate, feuddial THRimferRs GOME PGk of BR-AIRN Ay 58 Acd2Brable AN ¢ R Tkyl OVer
power consunption of the whole wireless chip can be achieved.” Since data
communi cat asnmeferis Hhichageat with siligmdptfore ajsdicidss Fpmthematerialy 4 simgle 5 TFT
using a semj o LN QicdkblY o L d e fam R S
pol ysi | i co%%%@%]%ﬂf%%%%@hgg&us%?’ glga{nﬁlg&’t#g%si st o’rtghg%“t he ri ver
circuit. | mirconiten, vanadiim,gpaladiunmARiniimhplptineie oaldn oe ke eliayias achmpewnder i st i cs,
a materli5al ﬂ%feotf '%q]ts%_el ectrode of the transistor is preferably a high
mel ti ng poi Nt st al. high nmelting point nmetals, a tungsten film which
reacts witoo2licon to forma silicide is a material which has a
conparatively high.work f tion; .therefore r.eshol d..vol .t a .both a
p- channel transi g?squﬁga%& Ogﬂﬁ%Pﬁlﬁé’ﬁﬁgBF&?fI}‘t‘?%'f%Pg}? ?fe F’ﬂ‘fﬁ'sm’%%g@oﬁ@ bot h

t ransi st or oraie@ throupithe/samérsraptand of the sanRchawiiiias a gdib alecirale of b trangistéie sai d
that the tuyngsten filmis suitable for the driyer circuit jincluding a CMOS
circuit andichdet Ipgt dgFE girculty, &0 ?trS"Bng‘l"’B'E’f Pg&egfoﬁ?sst% beaehicyed "t ype
ROM %ol OQ23drding to the present invention, the antifuse-type ROM and the driver circuit are

formed over the same substrate, so that noise or contact resistance can be reduced and
lower power consumption of the whole wircless chip can be achieved. Since data
communication with a reader in a short period of time is required, a TFT using a
semiconductor film having a crystal structure, that is, a polysilicon film is preferably
25 used as the transistor of the driver circuit. In order to obtain a TFT with preferable
electric characteristics, a material of the gate electrode of the transistor is preferably a
high melting point metal. Of high melting point metals, a tungsten film which reacts
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.



Furthernore, also the other of the pair of the electrodes included in the
antifuse-type ROMis fornmed through the sane step and of the sanme materi al
as a source electrode and a drain electrode of the transistor included in
the driver circuit, so 5 that sinplifigation of the process can be

achi eved. Since the source el ectrode and the drain el ectrode of the
transistor are fornmed over an interlayer insulating filmto be in contact
with the interlayer insulating film they are preferably fornmed of a

mat eri al which has high adhesion with the interlayer insulating film In
addi tion, d0033ht metal of which specific gravity is |less than or equal to
5 is used for the, wBRHAGE, S8 IhE e A nd ket HeAliORUECHHCRAE) H )
transistor. Since a t such as um num or titani um

el ectric restiisatype, RG’M lséom@éf thtough te sumd step and of ithel sapfe mmtenadta@gar at ed
circuit. In add| 0 S. t i i ' cause
adhesi on wi*th*® lt W@Eﬁg@?r‘{@m‘ﬂlﬁ‘%&’&g%{t Ctgm aﬁ%ﬁc’ﬁlfl%cﬁ%ﬂi@%r#ﬁ%g?\r/% .&kl/breover,
the titani uhatfshzhpﬁficatﬁ)nl afuled proedse carobe znbEtrcdincSna:Icem souccerekstredecandahd han a

hi gh nmel ti ng .poj nt t That is an be sai.d that 5.titaniumfilm
5T ul T abl dpib Al s ot o, e AV P AP 6 of bt L

t ranfsi st or condctakip tﬁ@fnteﬂﬁjﬂcr(lﬁs&ﬂdiﬁgﬁﬂmt tigey &E@r&bxﬁﬁyrf@ﬂﬁﬁi of a ﬁﬂh&}nal
antifuse-type .[,0024], . . . As descri.bed abqve se

di fferenti ayHc m@l’éhaqc@""{‘)‘fn with thedpteglayet Mspiging - o éﬂq}Hﬁ" é‘ﬁ@g'[ Mg Whl ch
are the paigr wifichedpeéitic gRoBy @fledshBardditeghal 16 5tiy B&dReMht BotdlelEctiode 2R I educe
manuf act uri ng cost as nuch as possible. [0025] Besi des,. t he ot her of

the pail0 ofthefraiydlestiade ofifhe Hﬁ‘ésé?tqfﬂ Pines 3 tF’EFé@ Spchos ARERITR Of HIAHMD ¢ hr ough

the same stigpiRNLeQiic IaRAGTR iBdhll a8k “aﬁn@msfeﬂmﬁtah%te?m%ﬁaﬁie fpr
electrically connecting an antenna to driver circui

si mpl i fi catadditionit is peeferablp touse gditanivm fibm heeruss adhesiom with ap insulating flge ROV
the driver gighfedidetal HiRf i HE "RRAVE, (R ERfuR ik Ha@?ov&??fﬁtéﬂp&fsf ate, so

t hat noi se or contact resi tance can be reduced and | ower power consunpti on
of the wholand wlecteicaesistanios thap arhighemelting poiatimeta 0 ABpt isyit eanoersaisibatdhe i con
film m l. [Welo) Ll | i con film
(al 90 157 IAHN ERL SRBIS o Bl e Ad PR LRLA it} PP7 1)
the anti fusaadhkp&»rlﬁ@/bfthc\p:adoﬁmcdnqtmdwmzunlﬁrsb{tmgﬁerray be purposely
cont ai ned iQ ie silicon filmused for the antifuse-type ROM The anmount of
cont ai ned J% nor 8 nitrogen is greater than or equal to the SIMS | ower
detection |imt, Apdedcribainlbyye, firicadeail td differentiate marrials of 4 first d18dtfods andB and

o Sk R TR TR o B B LRBB bR 0

ant i fusmtyaﬁmg%ﬂaaumdo@%mﬁdsp&bmedl fference in the electric 5
resi stance between before and after witing is increased, so that a

wirel ess cH®ith | ess mal function can be provided.
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 f)olysilicon 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



[ 0027] Al ternatively, germanium nmay be added to the silicon filmused
for the antifuse-type ROM Since germani um has | ower energy for reaction

wi th another 10 netal elenent than silicon, a witing voltage val ue of the
antifuse-type ROM can be reduced. Al tegnati vely, a germaniumfilmor a
germanium fil mcontaining silicon nmay De used instead of the silicon film
used for the antifuse-type ROM [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 Docunent 1.

I n the ant inftpegen isygreattiChhmesequablodhé FINGS dewyar detsetinnelirait,jprefgrably) preatar
substrate that is conducho i bl.ock ) [ elses j | ol d; thus,
the antifu *!"t'ifp%ﬂ“%dﬁ’n fguﬁlsm%ﬁgcsfﬁwffgdgs&%cb Ox ega%tqin(])#ﬁsgc{f‘?ire isS no
descri pti opugfdssly ealtaifal, o thaua difietenosin glecRit esibtaidedetvent bifordvoredier, even
if an antenna,is 20 prqvided for the anfifuse-type descri bed i.n Pat ent
Document 1,Wid{ngcef e sstype R ‘EaPal??sWﬁe?‘?g‘/ rﬁeepggf\fﬂn% B 511607%?% a

sur f ace g gegstinee btk tdork and Efidﬁﬁiﬁn?ﬁh&éﬁcﬂ, RO R€a wsrelesicahipithilessie t o

i nductive current generated in the silicon substrate, and accordingly,
comuni cat iAfuagtipgican be povided d be significantly reduced. The antifuse-type

ROM of the [e6egent invention greatly differs fromthe antifuse-type ROM 25
described in Patent Docunent 1 in that the insulating substrate i s used.

The insul ating sAbemntively, agEpaniym ey he adderhde (th silispn fily) used for st rate
does not bl(f}lﬁh:sétygg gﬂ{;ﬁsssﬁw @g%;.i,anﬁm hhd owes| Rl for Ya¢Ah GAR Lther

transmtted/recel ol from ous directions other than_a surface where
t he ant¥nhnamétal dlement than|silicotios wiriting vakiagedaluerd the pntifussetyps/ BOMEM BF t he
present inv LON, i L Ve . i ﬂ"%ﬁ% W iSaPsLy ate, and
t hus 30 noirggltc%"&s2 r%te%ﬁgélg’g e&“%%%tgrhg%érg%% e conﬁrﬁlﬁi%%% 65élen_si %!lrvi'ty can
be real i zede us@liagad of thewsilipon &im usddfosthe antifusedypr RAMIs silicon fil m 53, and
t he tungstgggi&igl m 54' are consecutively fornmed by a CvD net hod wi t hout

bei ng expo o the air. Therefore, a step of the antifuse-type ROMis
sinply added to Ancesudingtivomed itvdingod substrath(of the antifusstiypg REM oAdbor di ngl vy,

the total nunber, of .steps,i arge. Differently fr 5. sem.£onduct or
devi ce HYes (ersﬁ'étd“Yeﬁ“?’éf"gmy %@E’ﬁ ﬁ%ﬁ’t th_aLt,Ofiﬂﬁe Wg“sg'gmegioanhg@g i e‘glélvli%gﬂélgof t he
present i NvBstuinest 1.t Na e amtifabeyps ROM alesdribed T Patefit Domdni ¥ea siticokui t is
formed through the sane step as one he el.ectrodes of the antifuse-type
ROM t o r eduebstiaite tat b et cop Wép@cmlg’@@s‘f Ha Ve eﬁ%é’@i‘t ésm"s‘%octg'ﬁen&’c 1is

mai nl'y chargghes-type ROM if Bihitdthe for wikfes€ Borkmbiitfidn. ! TiRraizGiondsuiption | | con
filmb53, and the Tungsten film54'" are 10 consecutively forned w thout

bei ng exposedwirelessheomipynicatign i Fgteat Hecwment e thoygecrorved ¥ r28n¥@MBrS and one
of el ecyq 0d@Syilda thl'fhe FHthd eh‘lgﬁe' ROREIEN A Pkt DREmeRMEeleétBP wadesicln t he

manuf act uri'ng process of present invention is not assuned at all;

accor di ngl ybe ttansniﬁfadfcﬁcaiaccim:@dm do/frrocesstaet where thecntenam informaed. d digsides, of
ratent DOCUERAL s hnbEREA |dhe ﬁggigg.{cﬁvé e Bherdea [ 5mS STcERAGRY Vi Ce Of

the present 1 nvention. 1on, the antifuse-type ROM
of the presenirdinglyentomomunication esdnsitivityl condd b signifigantly ntpducedst r Ibe such as

a gl ass subst.rate or plast i U . LD inn g
substrate, a&&% 3% o AL Rie et ‘Féetc')‘#’%grﬁét?‘?@‘?ﬁg#‘ﬁqlgmg%’nﬁ"%%@% %Ugﬂt hus
formed 29 r edes@ibed ini Patets iDoguhére 1sh ittt tik ipapting sbstate isastd.atEhe imsupatiogr usi on

is hardly geperated on 20 rface in.co rison wth.,a wreless chip
USing & oi [T i BT 5 i SR ENE 308 i bl MrbBiial " U, e
perforned tadithes Wedtfl QEFes BinPbe! Srgniftéifresdivad toffronparioud slirctiond sitieat e,

chi'p, & corfiEtt FEHORBRER JiF BRETERE oied ol Bl FIo e SRLBARRPEROM e —
chip, a co 0 e
substrate cguhd phadf iRRARor] SRducAYCEIMER fdiGendiied iihe sibsrakpand BRBt 1n

accordance with the curved surface 25 of the article. Howeyer, in the
wi r el es@0 chaqiseds nqtincresseckand preferglla comunisatipnaeRsifiyity sambigalizefe
antifuse-ty@ggﬁCM and the driver circuit are fornmed over the sane

%I exib

substrate, le wireless chip can be realized. .
In the technique described in Patent Document 1, as shown in FIG. 15, the

-




[ 0031] The driver circuit of the sem conductor device of the present

I nvention includes 30 at |least one of a witing 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
timng control circuit, a sense anpliffer, 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 invention nmay have a structure
to which other conponent such as a limter circuit of power sg)ply vol t age
or har dwar quRiey filar 59/ qreesrﬁonpgmmosiﬁeum $ilm dfe candSthe 00@Blen film S4THee
antifuse-type ROMto be u e sem conduct C present
i nventi on r?&?scﬁ‘é“véb’tfﬁ’é‘i‘edg’gf “i "’Y’W {% P (()Jseg:im'c{eﬁ(ééfrI Zl%gesf{)sljasae mat ri x

menory devigd. ofl the QhéifaS-typ@ ROM fls)&ﬁﬁ}iljr addedf totmeorﬂbmtmal slcp' ofiat nMQAS t he
sanme substrate as the antifuse-ty

kes i,t, possi t ealjze at
| east one dtangipier, #pfl @sgosdipgly:t the “1‘6‘ ’b‘f‘%‘é‘é;& sfeRy dhi "‘? |l T 'H@ % ns’ed:lof t he

active mat rsbﬁ,,cg%@lm dBRY S&critkdSHiPhehl D&:u%leﬁﬂﬁ IMh tlhdiseﬁi‘amddﬁﬁ deoice ofie
antifuse-type d the antifuse-type ROV each OVI ded wi g}g@ €
swi t chi ng ehepesent dneention, they &ate ictechads P§< the; 'R} 10b t'&?a Ve CHEHE IH 000 e matri x

(sinple ma‘ttl:u)ﬁ HE'&Q@%@E‘A& 6 ofthe bleMRdds 6f ih 28RBS ROM Wiiediiceahe! ural i ty
of bit lines range ara ? In a stripe form(strip_faor and a
plurality afumhamfdtapnesmtc ﬂahge@ RatpnlBofjleilI‘ L ds mwﬂlwh%tﬁfr‘tﬁb?édﬂ‘b AL 1as e
provided sqg_as. to chy o he @Akt m{leg;pa& | ayer is
i nt er pesed st é‘bg&/\e H'%Jr g‘?&‘f”ﬁgfﬂ‘go?? | %dr?eEAccogsél n , LW |€t=| ng

pr ocessimg @hsmﬁqummmmmgmpomeos@cmrfgnp@g mga@fefsf & ekt ed bit

Ilne(abltll.netowhl |e|s
per f or med, ‘GRSISELaRd, g0 ‘?c‘h‘%“«?gg‘ﬁ“%g’? et e@%%q%p per Moy m&*gE Zggfl\(%%% o'
seni conduct e nﬁ@maetenﬂg)puomd ofittelpresenoimyention G4 netassuseedcat iall o accp r anges

of a current valu a vol tage val.ue ,whic
wirel ess si§paang ﬁt“E’ég ProgEst 2, ggle sgficonfucgor u‘%v cgc% 54 ‘°g‘$ﬁ§é.‘“%%’?g1§§n
reduced. Fugiii® FHai @at ol heseitohduetor déviee ofithé praggnuinientige. val ue, a vol t age

val ue forned ga/ a booster circuit or the 25 like froma signal obtained by
an ant ebha 830lbe reduced, and reduction in a pl ane area of a driver

circuit of the ”EIHQ&diu&ﬁﬂwlasuﬁl@@iypamMAmepfasmhmntm cathbe framed oweer e t he
antifuse-type ROMis nounted t chip, an area qQf the chlg cupjed by the

driver circan msvdatmgtﬁelbﬁ@éﬁﬁﬂéhi as B@IW‘E'F‘IEBESCRI R G e '[0034]
I'n the accogpanyl\WbsifafVaftPfansterred 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
30  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



11 FIGS. 1A and 1B are cross-sectional diagrams of a process of the
present invention; FIG 2 is a graph show ng a relation between a
current value right before a short-circuit of antifuse-type ROM and a

di aneter of an opening; 5FIG 3 is a graph showing a relation between
short-circuit voltage and a thickness 18f a silicon filmof antifuse-type
—-ROM. FIG 4 is a graph showing electric characteristics of antifuse-type

ROM FIG5 is a cross-sectional photograph of antifuse-type ROV
FI GS. 6A and 6B are a cl oseup cross-sectional photograph of antifuse-type

10 ROM and sgnilapilodssingli chgtiid rsutih as eobuffures headditiel, ythe Fdgs. cifauitt of T are top
views illustrating a

. ant enna; . FIGS. 8A,.to 8D are QSS5:4S j onal
di agr ans i SPOEPRAVEIOR Yevieh BEQ& RIFfenty inventipn ey Bavf; § SrEdde c{%iwfn“;“"‘ §iibd

FIGS. 9A t QRboRhe sichO&Sa Higfifet @nalit 6f pewansupply! wltagaof hardwareuérdy tfor i ng
steps of 15a wrel ess chip; FIGS. 10A to 10D are cross-sectional

di agr ans i IPragsssingioigs iaddgd-act uri ng steps of a wireless chip; Fl GS.

il\f\\d : gl é:SLSC[%%QE)cr (2)8IS:I éeclztzi onal diagrams illustrating manufacturing steps of
: _ : ( is a block diagram FIGS, 13A to, 13F are di agrans
i | lustrating exafip efifese-tspeROM 19 de appinfedriedte sppisonductag devigs o&then
Lo ) A EHOIR Bof 8 B i, £ corer
| NVENTI ON Bndponty desice. Vi eitlie 088, formation of the driver circuit over the same substrate
as the antifuse-type ROM makes it possible to realizc 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 ¢ach 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 (a
bit line to which voltage is added) and a selected word line is performed, or rcading
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.

30 BRIEF DESCRIPTION OF THE DRAWINGS
[0034]

In the accompanying drawings:



Enbodi nent Mbde of the present invention wll be hereinafter explained.
However, it is easily understood by those skilled in the art that the
present invention is 30 not limted to the follow ng description, and nodes
and details of the present invention can be nodified in various ways

Wi t hout departing fromthe purpose an he scope of the present invention.
Therefore, the present invention should not be interpreted as 12 being
limted to the description of Enbodi ment Mode. Note that, in the structure
of the present invention hereinafter explained, reference nunerals denoting
t he same porti onEIGH. d Auswti 1Brare smspaedtional i didggsanenef drpagdepgel theopresnt 5A

manuf acturiin&n%nqcess of a sem conductor device of the present invention
will be expf‘al ned with reference to FIGS. 1A and 1B. A cross-sectional
structure shown FIG RliGa giépli shosvipg o aelsSordbatgeana icwrdnh @aloe dighebefbre a

manuf act ur i rocess of the 1 conduct ar device. [0037] 10First, a

peel i ng Iafﬁ&“‘%ﬁ‘ﬂ’%ﬁ&%%?%@%ﬁ@ﬁ ﬁ@nq&é%? erl‘%?lg e 1%rmed over a substrate
101 withs an i NSUFHG iNg & Wriphc showing) darelarios lesteen tshort-airgliassltage bmtirat e, or
the Iike caﬂ,ggﬁused_as %pg €Ub trate wth an insulating surface. In
parti cul ar ,thigkngssda sitiega fifm, o SEHYRE ave |large area of over 1 mon each
side is suitabl eri®a idPEapPshodE! dicfric datatiegaice of dntikuse-t4peRGM} hi ckness of
50 to 200 nmis used_ for the peeling 15 | ayer. 102 a silicon oxide film
is used for the F%éll%%fﬂﬁ-sr—‘éy@?l@e%.gfﬁﬂép m%—tmi%éa ing layer 102 is
not linmited to apfdgIG3 &M 6B4R adddchedp CHRGSIASal phétbgtBpH bf Ratifdse@pe/bdenum
film an amorphous silicon film or the |ike may be used.. In addition, the
i nsul at¥ong R d 3 patter diggram) therpaferespestivel%i | i con oxide film and a silicon
oxynitride film ' ksl ide filmand silicon
oxynitride film gg@@ﬁﬁg%g{é%bl[ ogglé’]@“ﬁhkaﬁ%ﬁ&f, a plurality of

sem conduct or | afEFSs 8Ante 8P aresesseeetionalfiagrams iflastrating magufacturing stepp af .
plurality Qdfwigﬁgg%gﬁﬁductor | ayers may be formed by a known nethod. Here, a
sem conductor fiTmhaving a crystal structure is used, which is forned in
such a manner t hEIGSAAd0BE preouesssedtionalrdidgrims illystietngrmamifycturingstaps ofret hod
(e.qg., % sputl%r)si n% 25 method, an LPCVD nethod, or a plasma CVD net hod),
and t her? t "4 Pﬁ Bus silicon filmis crystallized by known '
crystallizati on FIGhtoRwd i§Rag.crose-sdctiomal diagyantsallistrating manufeetining steps t her na
crystal lization TEt od, or a thermal crystallization nethod using a

catal yst sUERYEEIS GUR ) The plurality of senmiconductor |ayers serve as an

active |ayer of gIGiinAtd 170 ire@RB-Séctibndl diapamzdiusiranignanificairag steps i S

preferable to use a _.
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.

25 BEST MODE FOR CARRYING QUT 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



30 sem conductor filmhaving a crystal structure for the active |layer of a
thin filmtransistor in order to realize high-speed driving of a driver
circuit. H gh-speed driving of the driver circuit is realized, so that

hi gh- speed readi ng of nenory can be realized. 13 [0039] Next, a gate
insulating film2104 which covers the pl?ur ality of sem conductor |ayers is
formed. The gate insulating film2104 is fornmed of a single |ayer or a

st acked-l ayer of an insulating filmcontaining silicon. The gate insulating
film104 is 5 forned to have a thickness of 1 to 200 nm by a plasnma CVD

met hod or cbefpuimieadi to ghavddsbription Alf tEanbodimene Modet hNotgdbas, inrtbeistatciungof i | m 104
may be forned in such nner .t hat .an jnsylating filmc I, ilicon
is fornmed {{ge ﬁ’éesﬁé 'Pm“gioﬁeieﬁmtﬂgr gﬁplﬁl Wi %r%m%in%lgqereakﬁ %“y“g’mg ttfseug%‘ffe or a
stacked | aymiticik hrdGiked i@ commdn sndiffaet diaingsli ng treat ment using m crowave
plasma is p@é‘iﬁ?rrred to the insulating film 10 [0040] Next, a first
gate el ectr 105 and a second gate el ectrode 106 which overlap with the
sem conguct or | anehamitdchurinp Gr@keof £ sshiodridngiof devitelOFtht piedé Goetition

t her ebet ween_and one of el ectrodes of antifuse-type is, afirst

X : § ROM t hat
gat e el ect rslieber explained With refgrepee tonEIGS et apd IB. yl'ﬁecrf’?sfsﬁh"gg]t HTUEMUET ¢ 1 ode
105, the segqoRd idpiE 18!i€alpiOdss diffam LR v dliddieof himukachirg phe® ofQe MYy be

formed in such a manner, that a conductive filmfornmed of a single substance
such as ti tsemicgpguctosdeidecen, nickel, chronium nol ybdenum tantalum cobalt,
zi rconi um [ dium palladium hafnium platinum or iron, an alloy '

t hereof, or" a conpound thereof is fornmed by a sputtering nethod and
processk¥d into aFu#serpselinglgver 102 pad aniiasulstingclayeral03b arehfogmedhaydca eri sti ¢

suitable fq t.e el act b itable
for one of Sﬁlﬁgéggel g@t‘rglgﬁ%s"% téﬁgggfﬁ?%'fggg'?%lfpegﬁ%%??%ﬁg%t eg’.&ltﬁéjt hi s
enbodi ment likeden ba usedrag shecsubstrdteri Glswiths enl insTlating sifpse. erin patimplarzaglass wi t h

silicon to forma silici er ' [ f.0r. f

el ect rodes % Bsqgkeewglﬁ% i%g’g‘fet yl] £ %g/lopﬁhér}?%ﬁr?%?%&glldgése @ﬁgﬁt%’%%%fsen film

i/g I ?agfext g][ i;ggctlumﬁbrcg mmng?cmﬁlm:r)adthtaithigkqesmbmﬂdmm lfmlr]satsbtblfo,r thehp@ﬁhgt)l d
ps.chann ransi st.or . an Nz C e istor is

| ow, ant t H@yeﬁﬁgﬁﬂfﬁélmhf?‘hﬂgﬁgﬁh? '%?F&g:f ethﬁ-utsﬁg fayer HRsi g‘%’%ﬁi}%rtge roughl y

materi ol s o ihe gate ol et rode T O0AT XL T ordor (o addan i mpur ty

el ement i ?lf'i’dr?@“‘ﬁ-‘ﬂlp’pa_é‘m?@f.Fiy[:‘l‘&/ﬁﬁ“i?g&&igﬁwg? g5tk nﬁ‘ agg?’f?’sq‘c resi st

mask whi ch jaQN&hS 1def BB1i@RotlnilE té NSiliBonHRid Tain, dddla AldbnpLYHiOIIBTRS oflOPi NY

with the use of the first resist mask and the 1jrst gate el ectrode 105 as

masks are pestackedidlan of pridlicoppide film andslicon oxymitrideifily can beysed.conductivity is
added ﬁ04 [0038]

. Next, a plurality of semiconductor layers are formed over the insulating layer

103. The plurality of semiconductor layers may be formed by a known method.
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.



to the sem conductor film so that n-type inpurity regions are forned in a
sel f-aligned manner. These n-type inpurity regions serve as a source region
108 or a drain region 109 of an n-channel TFE In addition, a region of the
sem conductor |ayer which overlaps with the first gate el ectrode 105 serves
as a channel formation region 112. 5 T step of doping may be perfornmed by
I on doping or ion inplantation. As the inpurity elenent inparting n-type
conductivity which is added to the sem conductor |ayer, phosphorus (P) or
arsenic (As) is typically used. [0042] Then, after the first resist mask is
renoved, in003%Yer to add an inpurity elenent 10 inparting p-type

conductivity to e, senm conduct ok, | r..steps aqf form REQ resi st
mask which coveryéﬁt’ rae%? eows'fq%{l%eﬁ]fjhgdﬁwc cgr?ﬂgrs %ﬁflgﬁ@p%grsg%?cﬁqﬁng 5opi ng
with the usiayed id fieneecoTikk a6 iisdulatiag kfilando4 e faeed d xaingleclaget owde 106 as

masks are perfo d. .-The ippuri el erent _i npart.in -type cgndyctivity
(typicall y,“‘t?%?%ﬁ?eri‘gaad’d%‘ bpg ﬁﬁ'ﬁé"%@'fﬁ’@cﬁ‘l‘&%ﬁt 0 efgalt%ns'ﬁg “t¥pe

| Mpuri tys r eghRaBodiade hahidkitsd 6f B ol 200 ahibyad p@sed CVDmethod Bhesputeriny pe
impurity regions serve as a source regigon 111 or a drain region 110 of the

p- channel TRgthod., Altematively, the, spte dpsplating fijm, é&%g’rﬁ” b AoRRed R Speh A magser o

overl aps W gk ﬁxhﬁsﬁﬁﬁ%@fﬁn%ﬁﬁinﬂg@éﬂ‘i&ﬁ defolMbd fPb/AIhinSs A0GH 30 AR wiRemat i on
region 113. [0043] 20Thereafter, the second resist nask is renmoved. Through

the precedisiglelasgrstruetes ormptcked layerftypiyre, and susfage pilridipg tseatipent using
conductiviQﬁbﬁhﬁwgﬂkgﬁgkggﬁga&ﬁt§gﬁﬁﬁﬂﬁﬁy&hgﬁ.Iayer. Note that although the
exanple in w}'n ch the inpurity elenent inparting n-type conductivity is
added b¥¥ or[@040fe i npurity elenent inparting p-type conductivity is added is
described her e, WG & i o BREDIEHISHnd'a Bl g IctolMOGAIRER Gucafap OF der

[0044] In addition ese doping steps,” an insulator whic
referred towitlsthe ssmitenductor taygr with thergatsdinsntating ddmdlOf dnterposet dhegehetwaghect r ode

and LDD regj.agns I gh.,ane | acent. to nele f.0 ' | may be
Formed. Theraer OgeAene, S5 uRGE b ROV BAERCE e bE beblhode SR
t he nunber foftmedbinkthe sand step. e The dirst Aateadictmdd B0 ithiecdecand gatepaledtiogle dd@ment i s

acded ol SR 1 by B U B IR nd 0 T 201 1

formed of a single substance such as titanium, tungsten, nickel, chromium, molybdenum,

tantalum, cobalt, zirconium, vanadium, palladium, hafnium, 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 electrodes 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
25  p-channel transistor and an n-channel transistor is low, and the p-channel transistor and
the a-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 imparting 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



15 addition of an inmpurity element at a high concentration, and the region
is referred to as an LDD region. Wien the LDD region is provided, an off
current value of the TFT can be reduced. [0045] 5In addition, if necessary,
a small amount of inpurity elenents (baron or phosphorus) nay be added to
the sem conductor layer in order to cdtrol 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 |layer is perforned by a known
techni que. The activation of the inpurity elenent or the hydrogenation of
t he semi coneltictsemidongustor ifismpssr thatr nrtyeie bypirity regionsyaee farmedeintpeself-aligaesk nent i n
a furnace qQr_heat.dreat ing.- i ght relal Q0L 5 -] -efore, a
mat erial whic erba#%ef]ﬁ%g%n&&ig{y{lggg@n%ﬁ{c %ggr%g{cg%%?e lldg %tsle P?)%Et e first
gat e el ect rnofef biim-claasel SEONdn gdditor | 2 oigiondef he Gemivoviditche Hhyer sthidb

el ectrode 107 . which are. forne ef.ore_the activati step or th

hydr ogenat i°8FF1aPF gpth '%Egﬁ?te%age %83?39 18? REVELAYE S ﬁ"nglln fomm 3&2 17818 ell}%'ed here

;pr the|5fi q&&d@&aﬁipmgt mﬁgdebﬁlﬁﬁflpnﬁalebﬁ&gombi@bleimﬂ igqﬁ_iaxmiianlOAs _tlmlnd \/\;1 _heh
irst electrode is,a hi mel ti ng point t.a iS a nmateria ic

can suf fi ci'@RFLy "HEP%R?H“’%?%W:R&"PVE{"BHW B’?‘{ZFH% aii‘%al.f?itﬁeyseé‘f‘ Hf%r t he

hydr ogenat ijgr, ghosphéu$ @Yo A8EHEEAR) isltPpi&dly vééd. [ 0047] Next, an

i nterl ayer fyr%rsgl ating ??Pm 114 vvh?chﬂgovgrs the first gate el ectrode 105,

the second (B2t el ectrode 106, and the first electrode 107 is formed. The

interlayer insul ®fdnngrdr ileMRirdthdsidt SnabPisTBEHoRA, Abrdd @S AR HnGmpistY leRidefg fi1 m by

a sputtering nethod, an LPCVD net hod, a plasma CVD nethod, or the |ike. A

si ngl e 10ay dmpating pdyRectondudtivity to e semicondpeiar layer; sigpst ¢f formingit segond si | i con

oxi de fil M.y glabi bderd SRaon!18be e Pchihhd TV R YeXedrintbeadpidgiirs used

for the i né?sgsé%%acg:ﬁ ﬁgisaglegteﬁgngfeﬁolhr% Gl'hies I nterlayer |¥nsul a'%éfdr% 1’gi Ilm 114 al so

functi ons d4ke wsepoff thetseenmdvrgsist miskcand; the seenndsgateiplactende P rASrPasks @ffent s.

Si nce volt IS appl i j -1 peewn ﬁ;raﬁ§ ilicide

reacti on, j’%&(éﬂf[geg' a?%éuﬁlgm%iﬁ'ea%%gpy P é‘%ﬁggr@nt t?nst an%vgtr‘(g%sl y ’%ggm?ﬁégh

t enper at ur eddéhter the csemjicondect@Ofiliny tsor thaty pitypeninpusity regidns |ane fdmpeiignpy ef er abl y

formed of an.iporganic insulating material.wiich n.\w .

t enper at’ur é%'?EWﬁMBI‘SU' Het alcrzlfpluf)l{ X o\é\g%eé‘r’eafseds.o\‘#%g%fﬂ%llgm 2

Al t er nat i velrain réom NE) bfashe rp-cianiidd THIN 0 Irg addition, pswitkiah iofghd sdnmiromdueidd oxane
resin wth high heat resistapce whjch c e tai ned by an | .cation
net hod may lﬁ@gﬂ@lf .OVFQE?PE*“P épe §f°g?‘1 %Q%ﬁ]g&&ilﬁgégﬁseaﬁﬂo efg&rg’a{”g‘si n

cont ai ni ng ragiéi 11@: Si bond. Siloxane has a skeleton structure including a
bond of silicon (Si) and oxygen (0). As a 5 substituent, an organic group
cont ai ni ng [8943) east hydrogen (e.g., an al kyl group or aromatic hydrocarbon)
I s usechg Al ternafrhgifiér, the decold @siS MR iSPomdved.USEifowth thé Bressdis dépdent .
Further alternatively, ‘an organic group contaihing at |east hydroqlen and a
fluoro grodke rimpuBly Treions awithha-tyghOf | R-4pst conductivity are formed in eaC

semiconductor layer. Note that although the example in which the impurity element

imparting n-type conductivity is added before the impurity element imparting p-type

conductivity is added is described here, there is no particular limitation on the doping
25  order

[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



[ 0049] 10Next, a resist mask is fornmed using a photomask, and either the
interlayer insulating film114 and the gate insulating film 104 or the
interlayer insulating film2114 is selectively etched to forman opening. As
the etching, wet etching or dry.etching may be performed, or a conbination
t hereof may be perfornmed. Then, the resist mask is renoved. There are three
types for the opening formed here: an opening reaching 15 the sem conductar
| ayer, an opening reaching the gate el ectrode of the TFT, and an openi ng
reaching the first electrode 107. Furthernore, two types of openings

reachi ng t hddifion of arcingmtityoleménd 7t mhigh porwentdation, aadithe gionpersfangdions st acki ng

a silicon fil ater a a se openi ng. fon ford 1L Wiieh i's
el ectrical & ﬁ%%%d%"t‘ﬁ%mﬁj? OF 1L ROy IS %gff‘c@gmﬁg%g]o?%?e first
openi ng reaanbé@duded. first el ectrode 107, which is forned in this etching

step, has a_djanmeter of its bottom surface of about 1 to 6 um However, as
shown in tfﬂ%o"é?aph of FIG 2, the first opening is preferably small because
current sconsunpt {PRddiflor, € Me&sQEy, a6 sikle adiodnebe impirity herhdniss (bosgeni g
becones Iar%er. Not e 25 that although the size of the ogeni T,? f?ﬁi iﬁdi cat ed
by di anet erPhowhemslysapbe added tp the semicendygtor ket Jp amlenly qontrpl thgshgid gty ¢ o
round, and g@bjfepg 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 antifud@046ype ROM and a horizontal axis indicates the diameter of the

first opening. & 5&1@5@@%@?%@% t%lﬁzﬁﬁﬁt APRLRPER sbhfBhduciBragyer srent

usi ng an 30 anor pholis si 1 a thickness of 200 nm forned by a
sput t eriong hydtogomtian of thej scmicomdidtorriays is perfermed by sekngetermigue; nThgidi t i on,

oY, AN, R, BRSOl o SO g e e
-type

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 interlayer 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 insuiating film by a spuitering 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 elements.
Since voltage is applied to the antifuse-type ROM to generate a silicide reaction, an area
around the memory element instantaneously 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]



17 ROM a relation between the dianeter of the opening and the current

val ue right before a short-circuit showed a simlar tendency to that when
t he anorphous silicon filmfornmed by a sputtering nethod was used. [0051]
5In addition, in order to reduce the nunber of steps, the opening reaching
the sem conductor |ayer, the opening rE%ching the gate el ectrode of the
TFT, and the first opening and the second opening reaching the first

el ectrode 107 can be formed by one etching by adjustnment of an etching
condition. [0052] 10ln the preceding steps, part of the antifuse-type ROV
is formed througAltehetislyes enedmer abthe nergmicitsalating filwg asilexane afsin With TFT;

t herefore, (the, nunber ps. i . | icaliSP Rk I4 1 con
film115 i sh 1@1 o}rmrﬁlt; esés(t)ana% “?%C%o%é]r eag&vﬁn ‘H:Bi; %g%ﬁ ?l}cg{lagpemoggﬁ%%b?é%ghi ng the
first el ectiMael ehafld filoxhheeresinl dooespohds tmnalriééin camaibieg fa i+ 8i ksidngSdexkaseror phous

silicon fil a mcrocrystalline siljcan fil, ~ a polysiljcon Filmby a
sputtering %tahf}%‘,icg%“ lﬁ%'fcﬁ%,a 5""&%{3%%‘}@{' (%,yge(')lrt@he i ke. I¥|ere,
gBAanﬁ'r p#lzotgabgﬁ'u]&ehgﬁm 6r:g:|hm (gh:tufgi c}mdﬁxbyg at ﬁﬂagtsmrdz@gg) (=t :18 hgdalkﬂ grege or [ 0054]

t hi ckness of the silicon film115 |s 1 0 nm ort-circuit
vol tage of ¥¢featicnhydrerathop), fousseyy fltergatislyy @ @‘H’é‘? YP may ?WW% l:‘jfbf t he
silicon filgubslikient. AFaftRdaltehatively, 8n 5haMe groupQombingip 40 GlaveRdrdgband a

short-circuit voltage of the antifuse-type ROM having a dianeter of the
first openifgragoyp Bay bswsed apthe spbsitients” of the silicon film Note that an
anor phous s[bM on filmformed by a sputtering nmethod is used as the 25

silicon fil'mof the antifuse-type ROMfrom which data of the graph of FIG 3
is 10 Next, a resist mask is formed using a photomask, and either the interlayer

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. Theze are three types for the opening formed here: an opening reaching

15 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.

20  [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 nm. 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

25 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

30  amorphous silicon film with a thickness of 200 nm formed by a sputtering method as a
silicon film of the antifuse-type ROM. In acldition, even when an amorphous silicon

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



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 ROMw th

| ow 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 film115. In addition,. the reition between the 30 short-circuit

vol tage and the thickness of the silicon filmwhen an anorphous silicon
filmfornmed by a plasnma CVD net hod was used as the silicon filmof the

anti fuse-type ROM showed a simlar tendency to that when the anorphous
silicon fi |R@Moa bulioppetveen the siipmetasof thy apening and e cursest valpoug pefore I n
addition, q .Qr . Nj . 2! 0 | | e plicon film
dsed for t Hevniet Ay AOr Yo BRcRY RORE KpEE MAuRETOR HRe i © o ey
and step 5 fofmdddryrispeticring nethodes@s ufadl m exposure to the air is perforned,
so t hat thi ag ?ps are not continuously performed. Mre nitrogen or oxygen
IS contain 8 élt an interface between the silicon film 115 and the first

el ectrode 107 t homnaddition) medrdéragireduce fthe imentser lof steps, fikd opedibd redching Hie
antifuse-type, at least the silicon film115 an i rgt, eLectrode
107 are notse’ﬁ‘lﬁ‘?qué/'Hﬂ'iHVQT’ esQBsRIpg Jeaceing the, 83lp e%f"f?‘%d’gﬁﬁﬁhﬁc?ﬁa éifené'at in the
silicon filgpedid®and Be S€ohddpentngichdh@izORE Eirst Blettkcie t107 ead b fsined Bynoke bet ween
before and after witing of the antifuyse-type ROM can be increased. In

addi tion, VdirgbyadgsumiRf anstingsorHt®® the air after being forned, a thin
natural oxiffgsAji| mis sonetimes forned on a surface of the exposed tungsten
film Moreover, also by formation of the natural_oxide filmon the surface

of the ¥Mungsten I thepracading steps, frart ot antifpsertypeROY &s; fogpedsthropeh dhs of

| ayer, and s%%e%ﬂgss?lseﬁlegﬁlaﬁffﬁé adp¥ I%_?qu\lﬂ'l?ﬁﬁre%l)&_Ef th€ heAbdros kpsisingn. [ 0056]

Si nce one nask 1 ed for patterning this silicon film 115, the nunber

of steps i dndreasedased due to a filmformation step and a patterning step

t her eof . [(tgggl,]]

Next, a silicon film 115 is formed so as to overlap with the first opening

156  reaching the first electrode 107. The silicon 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 relatio_n 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



20Note that, if the silicon film115 is selectively fornmed using liquid in
whi ch a hi gh-order silane conpound formed of hydrogen and silicon is

di ssolved in an organi c solvent by a droplet discharging nmethod such as an
ink jetting nethod, the nunber of steps which is increased due to the
formation of the silicon film 115 can ¥e reduced. [0058] 25Next, an exposed
surface of the sem conductor |ayer is washed at the same tinme as renoval of
an oxide filmon a surface of the sem conductor |ayer with an etchant
contai ning hydrofluoric acid. Note that it is necessary to be careful so
that the sisputteomg friethed WhSused. not et ched and el i minated by this washing

st ep. [00§ibf%?hbxt, a netal filmis stacked by a sputtering nethod. Then,
a resist s% fs formed using a photomask and the netal stacked filmis

sel ectivel y et chichdditions dryigers aunitregee lnsayt hequiemsdly @omtaided ii8heasiicon fifmai n

el ectrode 117 of the TFT ar d in 9 driv Cl L,GUI r{i.on 140; a
second el ed‘ﬁ?dog’é the gLy t%’ef%ﬁs%@f’%vﬁ? glfea%ﬂ 'd%sfglfr'igulee{%ﬁn% #tc s%idt %g%e ROM ar e
formed isn af IGmDig the Gilicos il 3ékposunel toathe @hrie ptifemed) ecthatatie stéglare siof or ned i n
an antenna portion 150. The connection electrode 121 is.electrically
connect ed tcﬂn%ﬂ“"éﬁrh’ Bﬂ%&mﬁ‘ﬂd Oﬁmgc’éﬁﬁ)‘fﬁyﬁe”f‘(ﬁmi”?ﬁ#té’? r"@ﬂ? eE’%"”B%" f or med
later. 5 [ QR6&licon film 115"nddEé fiispBlecttdde 10Mitkad iflofRt kepilm JfltRe sioon flai ri cal |y
connected to the first el ectrode 107

so that a wring s led; .a rdingly,
reducti on iASpolndhe atifusrivRe ROM; at Ieashthe sitigon h’i“ i”\rgea”@ég%h’a* d%IPF?/i&Prrat rix
menory, theyd kit ro@nseénﬁﬁa:n{@ﬁekeh.l9o§ygﬁto&' b iseBRaREd & e Sibdncilinm 5e! enment
to the first electrode 107. In the case of passive matrix 10 nenory, the

first ellectspdbatsa differangs imelegtrical yguistancs hetween heforp angd after witing &f M st ri p
form and taﬂﬂfu%%ﬁ@?%cﬁh%&{ bOHERakd0 ﬁ%dﬁ%n,%ﬁ&?ﬁ@gpénﬂ)ggﬂe??k&i toithe @ Stripe

formso as to right angles to the first electrodes 1 In the case

of the passinaftenbaing formedyathin natneal o¥ifle flneissemetdimes fomed ap pyuslceridhat an end
portion to ead 0, . e st acked
filmhere i%&%" Hrﬂ%%tg? glyﬁ/g'r @%’gegtger’ g%?%@’?@f%o%&hgg '(tﬁf l%%ﬁihﬁlrr%gl? fﬁh\%h E'E h a

t hi ckness ohif&® d¢fdhQ@Dgsten film, ghe saterhloridefilod camifuncticn as a iffek layes aed 100 to

100 7, AL RN S A B KBS 1, 20,10, 200 2 Lot

115, is forjoggblusing a material which reacts with silicon to forma '

silicide. 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. |

[0057]

20 Note that, if the silicon film 115 is selectively formed using liquid 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
containing hydrofluoric 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



20 [0062] In addition, since the titaniumfilmis used for this netal
stacked film contact resistance with other conductive material is |ow, and
furthernore, since the pure alumnumfilmis used and a wiring resistance
value is low, it is effective to use the netal stacked filmfor a | ead
wiring of the driver circuit portion, 13 1 ead wiring of the 25 nenory
portion, and a connection portion of the antenna portion. [0063] In this
manner, as shown in FIG 1A, over the substrate 101 with an insul ating
surface, the peeling |ayer 102 and the insulating |layer 103 are provided,
and t her eodedver ditveit ottionuki®; nygseordCiEdtrodpridliandd thirdtdiectragedty opdhe i on 130,
and a CMOS cl.rcuit kncl udi ng. t - -T._and - TVI' is
provi ded i A" ‘tltii'see't ps é@rﬁl ger%égﬁh ]610$ﬁe%ﬁggﬁgﬁg#ﬁgﬁsagggnﬁ%e%{]%%28%20 of the
ant i f use-t ype isHolvhddsinfananeend gorderghS0 h&he somcctioaplatodanRlsis glecwicdlyect r odes

116 and 118 and the drain electrode 117. of .the. 2 F hat the nunber
of steps i§°‘?”é’8tﬁé5’oa.n alnﬁl"%adﬂ’ldtaﬁ REwer Fupply fgrmaiop icgﬁmtg[f’gggdr"g SIS of theu

angenngwog@dﬁgg iﬁ fgrmad tlhroughdt he sane stﬁp as the source el ectrodes
116 and 118 and the_ drain electrode 11 SO al contact resistapnce in a
connecti on por t i BnadtiioRedhe t‘h‘&i éfffg?ﬁl?az%ds 9 é“'ﬁﬁ@ef’o%‘ﬁﬁtﬁflfof%ﬁ}gﬁ on
circuit andeb@édeel0ash Met & Rk led ab&didgly, reductioki@l powdr|condinplioinss a graph
showi ng el ectric characteristics of the ant id{ﬁ“?ﬁﬁe-t%ige RC]XL I{1 chg 4, a
vertical arfiieveddi lathe ageuplh #tive MaAfrip MeBIP% ird glectrofde, {12 stegticallpl ed
vol tage. ARoRDSRNGMENHE bRt hitheTik biBetiodk NPk NBSR: ehsc BPpashvbiatix | 5

me

formed by a plasma CVD hod is used as a silicon filmof the

ant i f usg- t yeemorotherfostaictpdasdg? may depwenged in pamliel marstrineform (SEiiREm)
measur emenlaﬂéi g%]%éf)%d Wectdlies 85U fn&}’ﬁé‘a&%@é‘% Rk A s e 30 & asabvblae first

openi ng of e measurenent” was conducted for 25 el enents, and a
current valright aglgato theffissteslestradns107ci Incthe cas@f therpagsiveamgeix gpempory,dheio p. A A
short-circy. BT EQEM" el & T8 d leficRodednge of applied
vol t age of lﬂﬂ}iég&g%?fel%% I{‘odl ngs%lagleetn rfggttjﬁ%s N IG‘;:4,Cﬁ';|)te can be read that
15 this antdéad}e-type ROMis a nenory el ement which is capable of witing

wth a 1|50W curt eﬁgtevtﬁzlitl{ge Elinrgzgal ls%\cl:\f(e\aohltmaggre i£ gqﬁél:—layer stacked structure of a

titanium film with a thickness of 50 to 200 nm, a pure aluminum film with a thickness
of 100 to 400 nm, and a titanium film with a thickness of 50 to 200 nm. At least a
layer of the metal stacked film, which is in contact with 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 CMQOS 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



According to the electric characteristics of the antifuse-type ROM shown in
FIG4, it can be said that nenory which can be driven in the ranges of a
current value 20 and a voltage val ue which can be generated froma wrel ess
signal can be realized. That is, the antifuse-type ROM shown in FIG 4 can
reduce electric power for witing dat&® Furthermore, by reduction of a
writing voltage value, a voltage value forned by a booster circuit or the

| i ke froma signal obtained by an antenna can be reduced, and reduction in
a plane area of a driver circuit of nmenory can be realized. Accordingly, in
25 the casdaFWwrthattthenmter bisepstiy pdude@M Insaddivion} thel commectioptelgstrodeni?dr ea of

the chip occupied by the driver circyit can, be reduced. t he
antifuse-t Qgg‘cmrﬁ i§ fqrmed H“%l}ﬁﬁ'%ce‘elfﬂ?esmé’l 8¢ crsl%grcﬁg%/?ey?&%g\f(%raengdi ng

data, so thad 2RO deENaLRidE an7,0fo Hae comm mysistame He a eshmedion grodidoow power
consunption of a whole wrel ess chi an be achieved.. 30 [,006 21

ant i f use- t Ppveraibe gigpnaznd F@@&W&%@B‘ﬁ?@“’&ﬂﬁ CLe, ai“ﬁ&?ﬁs%ﬁmobfs r?)fé’l:?dage to
obtain g shgygiycircuit state (a conductive state between upper and | ower

el ectrodes). An anorphous silicon filmwth a thickness lﬁf S&nm which is
formed by a pl asHere Hehoms @ afrph shewine slectriccharagteristics of the qniiuseype

antifuse-t deCM pﬁ)g@ aavd?ﬁ&‘i QQisARBicHRsS céqg,ﬁlﬁga.a hbrizoataP AQMSndicdiéd | Ci de

reaction over an entire region where the silicon filmand the first

el ectrode appliedrvaliope- adin emerpheuscilieppnfilm wigh a thigkgessy, of 5P um gdhicha et i on
does not h e £ bisfifRoh §ith OF (R adtih@ iko®e- type
ROM wher e ??\:rgnelslﬁylbac%}g% F%b:%gﬂ%{ﬁgs 'ﬁ@?g? esl g;gt rode are in ggjr;]i{eact W th each
ot her, 1but wihlichi svascwessumdl e Imsaddisiey, FIGp4r shayrs measurerpgny rresudts cofndlifct i ve by
the silicide.reacti The invent or ont.i seygS

el enent s wAPUSeYR® l)vd@i 'ﬂ‘/glafnﬁtteggﬁ pl%gqrgtt ghé‘g‘g?’? gﬁ&\%here l?lhgg%l f‘%on film
and the fi rak conducied Ss2S5aldndnts, ey actentvwalie rght befotcmeshortfcd@O0@Vvasina  FI G 6A

shows enl arged view of the |eft side jn the crossz=sectiaqnal . photoqgraph of
F1G 5. FI Grameohi 18 1cnen-cirgria e mtdse e OV e it 488 nat i on
of 15 a congpQsiiichiUiste FAD POr LAQBdHg f BE AEEISRONGONGL ol Bei@adither of FI G
6B by EDX neaSurenent, |arge anmount of tungsten, silicon, and tifaniumwere

det ect @ i rhia atifuse-typs BOM doie megipry slempent whigh fS ¢apable of wiitige Withe oMy

el ectrode 22 [ j In addition, a silicide reaction is generated
from both %H%%ﬁ‘@??%@éﬂoga $°207 and the second el ectrode 220. A titanium
silicide | §9@51201 is fornmed over an entire surface of a region of the 20

silicon film215,whieh is in.c i fest 860 ; MAfoveth A

regi on 202 whi ch?F&r lﬂgé%meaeé?c%\nggﬁ %C#gg{l]?sr St %?gégf?%o E‘?g?? SS aregionin
whi ch tit arAiGM™, 3§ dain b daid abedl nfemogshich sar bediilendn therrangss of T pwrrent valwg um

silicide or the tungsten silicide contained in regi L8 partially
el ect ri%al 139 & @5‘?3?}“? 6ﬁ’f°he°apiq:t°a$?ﬂlﬁ'ﬁfcgir}? Rifd€ r%lasfesr&fg%nzg%rt at a

short - ci'r ctat &} fic@nRsNGPe ROM shévai i) FIGs 4 gam exdateclectds phv0a @8] writing  Then,
an insulating film 122 which covers the soiir cea{el ect ri)des 1110 an 118, the
drain el ectdaBee Fyrthermesscbyreductign of @ writing yolfags vajig,a Yolfapg VAlPR OFP®Y 119, and

t he connecty gyds@} BirdubtQiF hel@ke frém faQigiatobidifédby B thtainangn bk Ireduékl amby be an
inorganic insulating filmor a stacked |ayer of an i norgggi cr'|.n§ul.ati ng

filmand arfedictomine pwessadiol g dH¥ercirey of cg realizel XMs forned

and theygl gyl AhdeN@ndet | %&?fuéeﬁyﬁ@mqiiy%%n@dcﬁeﬂl 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 shows a cross-sectional photograph of a state after formation of-



22 so that an opening reaching the third electrode 119 and an openi ng
reachi ng the connection electrode 121 are forned. Note that in order to
ensure el ectrical connection with an antenna to be forned |ater, a size of
t he opening reaching the connection el ectrode 121 is nmade conparatively
large or a plurality of openings are prlovided. 5 [0070] Then, the
resist mask is renoved, and a netal |ayer 124 for inproving adhesion of the
antenna and a fourth el ectrode 123 are fornmed. The netal |ayer 124 and the
fourth electrode 123 are formed using a titaniumfilm a copper film an

al um num f iahfifus@typt MEOM &eert A1rghasg subsitratesamie apliegtionThie voldgal tol elytain 424 and

the fourth electrqde 123 are 10 for by a sputterin t hod or I nk
jetting netsh‘_ifél‘.c“?“ht Ak é‘ag%“dB’F"vgnf)‘f“rﬁTﬁeéw %%nsb‘m%f eafll8 nllﬁwgnregﬁigg?djcg)ft e@rpt he
met ?I I a)éerani l{oﬁ& Bifi€on Bind ®gth .Ett_lmadss o650 pmredch kdoatdd wea plasha AYD S
performed, an e resist mask i.s reppved. [007 t, anp antenna 125 is
Porned by anelid Ve ierss e ROROLAIRLOTRT Fig R ROM Vhask b REER g o

f or m ng st hgaant epfR s 1RGysiBeidCrea@ion RvérmhicAGre FRLINDFhaE dRilicok filwahd ng

met hod, a conductive paste in which conductlvedﬁgrticl es Wth a g{gai n

di anet er oftheBrmeelestrodernredn setfart avitheagtsotheh aPNetedhal acHliRds 1eactigh €p%MCkd in an
organi ¢ resjfe losbégn&%&h %@%ryanoén'tiﬂat ffion JP thel AGisc-BPE IRBM verd M6 uflicon)
electric resistance is perforned. [U072] 20As the conductive particles,
Eret ;;II . par t ifiinemd ¢hie Emieclestrodears ik contast with eacy othes, but il accgpfpble enlPRE at opper
CQu), nickel, (B Lk Bhif 82 'shiafe Yecki&r) THoaRbaloiMaé Iontirm®! ybdenum
(M), ti tarﬁaf}n%;}‘(&ﬁ Se?ioar% eeﬂe{(ly, ?isneﬁgar tclglgl'es of si Ilid\il/er hal intlzllga,) or
di sper s]nO\ée seeanalpnenhorg lcleseotsrwhich ars ednductiveaigdiarti ofihe weiontwehesy the silicor esi n
contained if_the c uet v t . of organic resins which are
sel ected f 35'?@%? rgw?e {sr?‘%sﬁggw\e/‘%fag'{}@ UG |%‘§L as a binder, a solvent, a
_(il_l sperls: ve [egeMt, and a coating menber for the metal particles can be used.
ypically, an or i G resin.such as XYy €SI r [ Ly sin can
e used. *Furt her PGP SUBHEER @R A T B e o Blerkats bl 500
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 el_ectrode 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.

[0069]

Next, a resist mask is formed and the insulating film 122 is sefectively etched,



be preferably perforned after the conductive paste is applied. For exanple,
In the case where fine particles containing silver as its main conponent
(e.g., a grain size of greater 30 than or equal to 1 nmand | ess than or
equal to 100 nn) is used for a mat eri% of the conductive paste, a
conductive filmcan be obtained by ba 2ng of the paste at 23 tenperatures
of 150 to 300C so as to be cured. Alternatively, fine particles containing
sol der or |ead-free solder as its nain conponent may be used. In that case,
fine particles having_ a grain size of less than or equal to 20 pmare

pref er abl y s9stbat asepeing seqghipg dhe fthisk clsetrafer 118908l am opening reagking ftheei ng | ow
cost. 5[0 f reen
printing rreqt%ﬁllmgt R e!eculoﬂe ??ecfgl?o\?glc‘?o lﬁ@%\gﬂlag%otr gt@ng%gﬁggﬁgﬁ% c%“lf&agrpa base
filmuhen awitiesh @ntemfa tohke Mddateu%sm vh thehepening ideathinggthé icopmeton i s | ow.
The antifus A rCUit nn formed over
t he sane su? cir%‘ge?leﬁ%é aa\r{rgel} ? coratplur%qg()%g%m"lgggmﬁﬁf (%%3 10 Mounti ng
here nmeadns [A0Tr k of - el ectrl cally connecting a substrate provided with the

antenna to the dgjve CII: uit, b S ression bonding, wre
bondi ng, bunp bo%‘? IG5 Fﬁﬁkﬁs?(%ovcg‘c?f’ﬁé%ﬁ&?g? %%f""??éo‘ilgg St med when
a silicon affitke hﬂeﬂhh&ﬁh&ﬁuﬁlﬁek&ﬁ)cﬁrﬂtzemﬁﬁf@me&l dmi metl kg 124haE itk e.

[0074] 15There i.s.n ular limtatjon_on a shape of the ant nna 125.
Ao o 11 ansriPD) FEPHRSE oAh el pRinER HEBiI A 6 GODRRE Ay AR GR FI,

el ect r onagneticdike MutBhghiBe siRichep. aNe MeRChyGTRYERY the fd)ﬂiﬂllb@éctrﬁdb method, a

m cr onwave rret hod, or the |ike can be enployed, The transm ssion, nethod may

be appr]&prl armad, bysa sputterng mgthad oF 28 dpk jeitingrmethod: o 8 theogase pb pmplying a
appl i cat i onpuredng nfdthodNhRNAe lﬂﬁ}ﬂl NeA s RRhéd Rl reiuarygad& @@@Lﬁha&fecw 20 be
provi ded in accordance with the transmi ssion nethod For
exanpl e, i rfiehing igperforged, é%méﬁst’ﬁgmaﬁ“élf@éqvﬁéynagnet i coupl | ng met hod or an
el ect ronagqg@g i nduction nmethod (e.g., 13.56 MHz band) as the transm ssion

met hod, el ectronmagneti c-induction by change of the electric field density
is utilized; 25 Newlrarf antennad?2s dnthwed D afspritering meethedrirrigprinting methodenna i s
formed 4:nt C r S hape
(og . 15 s%??lé éarggttl%e nnrm?:lgatﬁg Gétgliﬁ&hlﬁsbfla L0 AR WY orFnSRk [fing

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



In the case of enploying a mcrowave nethod (e.g., a UHF band (860 to 960
MHz band), a 2.45 GHz band, or the like) as the transm ssion nethod, a

|l ength or a 30 shape of the conductive filn1functioning as an antenna nay
be appropriately set in conS|derat|on g a wavel ength of an electric wave
used for signal transm ssion. The onductive filmfunctioning as an
antenna can be fornmed 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 tcmwratmq&lqﬁ:lﬁoxte3$0°Cr$0fa%mxh6|QumdngAHsmatWeémﬁemP@IWOD@Iﬁm med in a

curved-line ha e nder ..sh n ¢h

con5|derat|8% gﬂﬁgggﬁgha ngﬁpfﬁmn Iwn ggﬁagne ?c %b@%ﬁg%ﬁgy%

FIGS. 7A t@aﬁﬁleﬁh@%h@%@ﬁﬁi@&diﬂcsﬁhﬁﬁ@ﬁeqhﬁl ﬁohm i e pieferablg mselx aSplder  as
shown in FIG 7A, an ant%nna 303A nmay be £ ovided all around a nmenory
portion andnd fpaghfreg sqlderiha mntadgmeo eig {SWFOP'I'I FIG 7B, a thin antenna 303B
may be @,rO\{ggl;g around a nenory portion and driver circuit 302B so as to
circle around the nmenory portion and driver circuit 302B. As shown in FIG
7C, the antenna Maiherrase ob famingethe utenng 135 thynh screonprintine metbedvf iy a

hi gh- erQU%ﬁeaﬁv%'t@@ommwmqaye@m agnatﬂasmﬁp@ﬁén :{dﬁes‘i’ox{@@ﬁdﬁteﬁﬁé fison and

driver circurt 302 shown 1'n D, the antenna may have a shape

| i ke an antwitiihe B@Bingfilohl22ds logo aﬁﬁﬁ'éilfld%dw%“@M (hecdsiyit ‘éfc(‘}ft: amddkd vi ng
signals in fg{ax%gaa E&Hsﬁ’@rcrmz %ﬁ‘sﬁﬁﬁ& tQudt mtﬁ%%%gtéaﬂ%e@ﬂﬂlﬁfeﬁver

circuit 30 ant enna may a shape l1ke an
ant enna0303ounting heregnears e rvebeld of elettgcallynepnhédtiog a substwle provided withdlst to a

menory port| n_.apnd.dr 0 din
Conb! at 1 ort i 18 it ifcul ot sl mnerio Bt SAOP oo e bonligE, 1
needed for bmi'np bandiegyoa tliedikdi f Feregmbpldepamting iy perfofmedquienaysilicor chip d
reception. the frequency is 2.45 GHz, if a
hal f - wave GF gﬁﬂﬂP@ﬁﬁgaP“"ES&W@@HyQ%ﬁ%Lantenna may have a |ength of
about 60 nqn@ﬂqz 25 mavelength) and if a nonopole antenna is provided, the

ant enna may have | engt h of, bo t.30 nm (1/.4 wavel ength). 07 Next ,
peel i nd% s per f o PSE 15,10 PRIt l"E}f‘:”fl(‘f shape, 9 'b‘ f@%‘“f%g‘ B“Llanm de the

transmission method of a sngnal 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
MHz 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



| ayer, and an elenment is sealed wth a first sheet 100a and a second sheet
100b. There 30 is no particular limtation on a peeling nethod. A known
peel i ng met hod such as a peeling nmethod utilizing a surface oxide filmof a
tungsten filmof a peeling | ayer (the jechnique described in Japanese

Publ i shed Patent Application No. 2004-2714281), a 25 peeling nethod in
which a peeling layer is etched, or a peeling nethod utilizing | aser

abl ation may be used. In addition, sealing may be perforned by bonding with
t he use of a bonding |ayer such as an epoxy resin. Mreover, the order of a
peel i ng st endusHvelnpfvnglinging asapanteans cgn bp Tormpd e forgrampleh lineaeshabg enna may
be forned a rigatd h t ' 00 A
plastic fi ﬁ%gB?%%%?tﬁahgggﬂ {glgeévsﬁégﬁa%taﬁ%ﬁgﬁﬁngg%a}%hd&? ghagggf)nd sheet
100b. Al t ertheacdndudtive filini innctioningiag apaytepra g gotilikied torrelindar shapgtandithed 00a and

t he second . | n.-0rder. Lne ' sheet in
whi ch & fasPraepy ALE chbadflgies o8 SEEARE oY GTLART KAVLEAR b e i th
a resinjb a moadalshae, pr epmoapintion theresd,cid. confideratidneofi the evavelesgthadf thes used as
a material ftrt he fi.rst sheet 100a and the second sheet 100b, a wireless
chi p whi ch F§SUIRSBY ®¥%r Dpei ng attached to a curved surface of an article
can be proJjoeg. [0081] 15Through the above-descri bed steps, the

antifuse-type the driver circuit are formed over_the sa
substrate. Fur?ﬁyr(ﬁnb?’é\,%t?ﬁsw PYTpLes; Qf iba fggﬁeda'gﬁ’é‘a'drf?fe‘?xawggﬁsft can he
formed overshbvaeinSFIGR74,diSdntéhhe 303K Midg Be proviged lall Rtbihe b ntdmdi¥ poxtion kA8 2]

20The present inveption includin ove-describ structure will be
expl ai n¥d e rcutt 3038 afe %%ﬁw’eﬁ%ﬁ@ﬂ thin @ﬁ‘ﬁﬁ%ﬁﬁ@%ﬁ&ayﬂﬁn%ﬂmm 1]

around a memory portion and driver circuit 302B so as to circle around the memory

portion and driver circuit 302B. As shown in FIG 7C, the 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 a 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 a 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 depending 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

25  wavelength), and if a monopole antenna is provided, the antenna may have a length of
about 30 mm (1/4 wavelength).
[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



[ 0083] In this enbodi ment, a manufacturing nmethod of a wreless
chip including 25 active matrix antifuse-type ROMw || be expl ai ned bel ow
with reference to FIGS. 8A to 8D and FIGS. 9A to 9C. [0084] First, a
nmetal |ayer 502 which serves as a peel%{]g | ayer is formed over a substrate
501. A glass substrate is used as the bstrate 501. A tungsten film a 30
tungsten nitride film or a nolybdenumfilmwth a thickness of 30 to 200
nm whi ch is obtained by a sputtering nethod is used for the nmetal |ayer
502. [0085] 26 Next, a surface of the netal |ayer 502 is oxidized
to form a rneeking osthod in whick a(m@itngslnmmg etcliige onre pegling oetlod law@mgd@ger be

ovi Gt i o WoLOR 90 LR e CHEMARAC sl Bl b pREBE B pORBIAATISSE ) e

fornmed by mfatbcmgmg rlayanswh 170 81 hpsy remt aMnienger,dkygeiar ofruptchieg s®p and
alternatlvely the L X|delayer orrredln 60 aSLE

form ng an b nasnltj a |?:1r%1 6? bﬁ tg?éthe\/\ﬂle?\mgnéﬁyl i c%ﬁmom SFreFm or
silicon mxypﬁmlngdethbdhﬁnarlpself@r med as the insulating filmby a plasm C,\/D
nmet hod, eloé@rface of the nmetal layer 502 is oxidized, so that the netal
oxi de | ayer It or med. [0086] 10Next, a rust insulating filmb503 is forned
over the netal o piasticdilfror pAPer Bdbdidrnge fiist Bhedt ¢O0a2adths istdofid Bheki de

film aS|I| tride film oraS|I|c 0 'tr'def'lm(iO. is used
as the fi rslto‘(’) s&‘%ﬁ‘#‘ﬁ@’y’r EfiiC may bg us °&§{r}é’§‘aﬁl‘?ﬁ‘l ‘iﬂ%é"ﬁ? F@Pl\g‘}

i nsul ati ng shédt TOGHR dr&eri&ihﬂi%ﬂke@hﬂﬁtaﬁ&@oﬂa@y Q& a%hé&ﬁi%&a%ﬁc@o&fca geture is
enployed in which a silicon njtride oxide filmwith a thickness of 50 to

100 nm¥or rfatbop fibsr as@lass fiberipimpsegnated fethg 1esin, agaxalledhprentee may de piedet  ve
gases and ar §iflekbR mMNAAi{ hdel s hirhaleii bb 1R m@&mq@& dd éaegeéoﬁdéﬁéétnm using
Sills and N20 as reactive gases are stacked. Alternati VedKF, as one | ayer of
the first il98bl awimlgss chipn Is guitablle fosrbeingt atiagheditp|anpyrardiuriacpi g th a

t hi ckness equal to 10 inn or a silicon oxynitride film
(SiNay fil %héi&%?‘)bte\%%ﬁ&ﬁ t hi ckness of less than or equal 10 nmis
preferably [088d. 20 Alternatively, a three- Iayer structure may be enpl oyed

invx/m aS|I|c i £ i |I nd a
sili con n| tride ?ﬂﬁoﬁggre g"é’%gﬁ“‘%H ?/?cg'teat iahﬁﬁ% @ﬁoug(?%& %e Iehxadrrhé)"iél in
whi ch t he fdincsit aterformheilt oveythieishme S@t3tate. f Bunthednars, the lamsfesa-uypuRb)lMlagl filmis

et 000 16 Rl it b BT o Boul W BRURRSSTHI Tl O 2 20

over the fIste@k i nsul at | ng filmb503. The sem conductor |ayer is formed as
fol |l ows: 65: conductor film having an anorphous structure is fornmed by a
known net hc[ f{% sputtering nethod, an LPCVD nethod, a plasma CVD net hod, or
the lilgg), and tiFRép :@ﬁe)iﬁﬁﬁéﬂtibﬂ ﬁiéidﬂﬁ:ghﬂ@%v@-ﬂ&s%hﬁéd stradtuteORII P explaiad MeNt
(laser crystalli zatl on, thermal crystallization, thermal crystallization
usi ng a catf@itResn detailin the fallowwiag Embpdimets; | ke) to obtain a crystalline

sem conductipmbbdilidht @8nd the crystalline sem conductor filmis patterned

into a desired shape after a resist mask is
[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 fo
8D and FIGS. 9A to 9C.
[0084]
First, a metal layer 502 which serves as a peeling 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] '



27 formed using a first photomask. Note that if a plasma CVD nethod is
used, the first insulating filmand the sem conductor film having an

anor phous structure can be consecutively stacked w thout being exposed to
the air. This sem conductor filmis formed to have a thiclnmess of 25 to 80
nm (preferably 30 to 70 nm. AIthougthGhere is 5nolimtation on a

mat eri al of the anorphous sem conductor film silicon or a silicon
germanium (SiGe) alloy is preferably used for form ng the anorphous

sem conductor film [0088] Alternatively, for crystallization treatnent of
t he sem' conduct oNe)ftjAmrfaawbﬁgleametaiaawnﬁmaismxédimdrtu@m & metal opide layebus wave

| aser ., ln, ord t bt ai n size in
cryst aI I | z ?‘Ttéﬁo‘?ﬂ)' t ﬂ'ge glr?gaﬁ Bﬁ@ﬁ Yo ma%% g‘ﬁ yf :%&r?taoégtz%nc&tf%%%ﬁlrt h

har moni cs  @lrel Viterf dinaaiewhtat oneridatios “ﬁmefxgga:lqblasnmm Imunﬂnvﬂy,m@: metabl i d

| aser capabl g qf conti nuous ve qscill ation. the

har moni ¢ (%3 eﬁ?ﬁ“ g1y (b OF?‘ﬁdrV%' beaPrp i ‘(‘@@?Phﬁ a“H Oiﬁ'}rglglér

(f undangnt ale@KRIyOfthel Refal BRI RYerLpaP Be SRORhEY afl a Mteerste@ SONrinMgOMs Wave

| aser is used, laser light emtted froma continuousg, wave YV?A rLﬁfitser whose
out put powersulaling Bl ; s T84ty PaEn 2 SHIGOLOFISS HFROE A 508 ASANAAR BIF ¢ i cal
el ement. | godfldiak 'ttférlnsutl ?Qﬂinsbyaa ?ﬁinl'ﬂé)dVb)’mWﬂbd: liheYdithcd b1/hE Rletad Myer

non- | i near gtlca el enent are in an oscillator and a hi gh harnoni c
wave is eniSOR ispxidizednso thatdhg metakoxidedmyer jsfomseds er abl y shaped into a

rect angul arlo&r elliptical shape 20 on an irradiation surface by an opti cal
system and mtted to the sem conductor film At this tine, energy
densi t yiOof about Next0a firg ingdativg/ fmpSQ3niscpeneshexer the wetab oxide Nayee nAn | s
needed. Th ut 10 to
2000 cnf's 1 Ia%‘ﬁgfﬁ‘?%‘m?%ﬁf"g’ggé’h%’ B hﬁty Sé'%%ggﬂﬁggggﬁ o ggiugg'g‘éﬁ&"'ﬁg%sg]
25Next, t heﬁlme(Sl(s(Ny)msised as ﬂlelfimlentulafl.beﬁlm i503.neAe 8 $¥pical exampls g Bhduct or

I d

pﬁggghlo?us;) eganggg'gnrlasog aﬁlt"rﬁggyn&tvﬁflaé’sﬂaﬁ%h&% aﬁh%ﬁﬁhéfe(@;}iﬁ’m:gon dopi ng
thod i Heonmittdde ekidd ifilm wither thi8Rdesd 6§ 50 © 106t alﬁ&}’DTa but

g§C| '?edl Eymwa [q(r)mﬁ,b?i;; Ma fl.;?f acesg)f t nnsﬁ;nr?;cp " | ayZ? | g

washed &t fs 154 é{?lg%?ﬁ??)’bdaf?lﬁﬂno%y"' &eg face of the

[sg%cﬁ)nducttmekﬂeayef 100116 B50 ainChdnd STMNeed N0 ah yelictivd gaves araciadked. 28

- Alternatively, as one layer of the first insulating film 503, a silicon nitride film (SiN
film) with a thickness of less than or equal to 10 nm or a silicon oxynitride film (SiNxOy
film (X>Y)) with a thickness of less than or equal 10 nm is preferably used.

20  Alternatively, a three-layer structure may be employed in which a silicon nitride oxide
film, a silicon oxynitride film, and a silicon nitride film are sequentially stacked.
Although the example 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 instlla!ing 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



Then, a second insulating filmwhich covers the sem conductor |ayer is
formed. The second insulating filmis forned to have a thickness of 1 to
200 nm by a plasnma CVD nethod or a sputtering method. The second insul ating
filmis preferably forned 5 to be as thin as 10 to 50 rimto have a single-
| ayer or stacked | ayer structure of arf’i nsul at | ng filmcontaining silicon,
and then surface nitridation treatnent using plasnma with a m crowave is
performed. The second insulating filmfunctions as a gate insulating film
of a TFT to be formed later. [0092] 10Next, gate el ectrodes 504 to 508 and
a first el dotmeddwsingGfirshphotonsask.v eNote shat ifl pplesmaC¥EX metied isfuseddhe first
antifuse-type e i e i.ns ' I ke resi st mask
is fornmed dgﬁu%a;ﬁggl f@@cg{]dg{h%%{ngﬁé@&aﬁ ?’%{éﬁg e‘i’g c%#l%h%({ﬁlgvsféﬂl I cmélw %Fi a

t hi ckness abnso@ively SaBed mithbutdieingsexpbsedi tnable biy. dllep stmicondogonithos i s

patterned into esi red. sha sqQ.t hat t.h ecirodes 504 to 508 and
the first efgla%eldg?)g%veﬁgmﬁl?eés gézsf%g%'&’. {pﬁﬁre‘?}?% o 70 mﬂj' rﬁﬂgﬂlél '%8?3 % he gate
el ectr oges doOmitRich @8 aunketidloffthe Sthophawst seminBitori fimasitieqt a4 eiliasn L ong as
the materi al react? gFthi silicagn to f%{ﬁ;é si.Iig}irede. he gat,e edl ect rodes
504 to 508 seEATYR (Fibrk llay 18 preteably ai 30188"3 FEPTROUS ST Ly or  of
an 20 el engpfy, sel ected fromtitanium tungsten, nickel, chrom um
nol ybdenum_tantal um cobalt, zirconium vanadium palladium hafnium
pl ati num dR8lron, or an all oy material or a conpound material containing
the el enent as i afemRivans RIFRARGNIZatiG bt ok ad sbiéBhdrche iR havihPhe that a
high nelting point netal” is preferably used for the gate el ectrode of the
TFT; tH¥s, amemhopesirushrascoNmamsivive lassemay bousede Iagider igehtain asrysiak gat e
el ectrodes it fa%eggﬂn ﬁf@intc&ﬁ.taiﬂz%ﬁ&n & tRE 1rh iR Yo RbRiubRF ARA sgdond 1t acked
mat er | ayer I ch

| ayer, if a ] serves_as an upper layer is forned of the
above- descrfpivharmprics of the fundameniahwayeigaprefpnablyrereployed gising assolideser | ayer

may be a p . Il er i i i nt such
s phosphortbibiy 3 Blhiifs Mokt 6B TEREAP, Bk LesoRTninlBlc % FnFBE

phot omask dhe third harmmoicd353 twe) efomi oW ¥ tloer (fundementalwave of 3064 nmo) bay

p- channgl TETs, .and ag,lnmpurity el enment,is intr ed. t he .sem conduct or
| ayers 1n -rggg‘f%gycﬂ o DERL ﬁ%{}&l%g Y laa%ri lﬁgusful?lcejlua%céﬁ gth Pf@t&g de% Todes 505
and 507 as contilgdus wavet Y0, lasew winee autputpowenisiIOPMid copverediinto s harmofior med.  As

the inpurity elenment, an.ipmpurity elenment inparting.n-t nductjvity or
an i npuri tﬁé“l Brearapicy! elemgnt,. ﬁgﬁ%%hﬁa?\am}h@m Vbléahe!gg)‘ cwgta[ he
inpurity elsmaRnoniliiBa dptitd elerieipereGRbEISH bitillayor 400 @SEORdtfonidveBiic, or the

| i ke can be uysed. Here, 5 phosphorus is introduced to the sem cqQnduct or
| ayer in tfaittedyj Jhen fhs lpser light isprefszablieshangdrigtoggectanguipr geclbpifeliiAag ot

concentgpat ida][hs iﬁ‘icgétioﬁ shi#dc ByQnbptical Oysterd GABIs ehftddd the kefnideRdudigt Yilint Y
regi ons are forned.
J At this time, energy density of about 0.01 to 100 MW/cm® (preferably, 0.1 to 10

MW/cmz) is needed. Then, the semiconductor film may be moved at a speed of about

10 to 2000 cm/s relatively to the laser light so as to be irradiated.
[0089]

25 Next, the resist mask is removed. Then, if necessary, the semicorductor layer
is doped with a small amount of impurity elements (boron or phosphorus) in order to
control a threshold of a2 TFT. Here, an ion doping method is employed in which
diborane (B;Hg) is not separated by mass but excited by plasma.

[0050}

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.



[ 0095] Next, the resist mask is renoved. A resist mask is formed using a
fourth 10 photomask so as to cover the sem conductor |ayers in the regions
to be the n-channel TFTs, and an inpurity element is introduced to the

sem conductor layers in the regions to be the p-channel IF ik, using the
gate el ectrodes 504, 506, and 508 as ks, so that p-type inpurity regions
are formed. As the inpurity elenent inparting p-type conductivity, boron,
alum num gallium or the |like can be used. Here, boron is 15 introduced to
the sem conductor layer in the regions to be the p-channel TFTs so as to be
cont ai ned d00%dncentrations of 1 x 1019 to 1 x 10" 1cnB, so that the p-type
I mpurity regions : , . ' jsons 514
and 515 and a Chgﬁﬁgﬁggﬁéﬁggﬁ%ﬁ1Q@gﬁgﬁﬁgg%k§?g§?%%%@g&%wq% éﬂg%ﬁ%?bnductor

| ayer in t HEhersegondringudating filinds formiad tnbdve BRhickAdds o0 )36 20Mesut by s pldsmaml | s 510

i the 1 roYBUFERER ol AR LR R b 00 3t BRI R ) D502

f ol | ows.5 FitoHe, asathini dsmOcNSEhRI to chaed aisinpleggercommadcked dyes stoletuas of ad | con,

oxide of silicon, Qr nitride of siljcon, ar a.f.ilm containin organi c
material s URMISEE i Apisinitesifoonead, fEk syrffen ifryoy Gl oUbP fethoq. o
sputtering vt Rogicr®bavee perfisAndd0 ITaY &etondi nghigtidgafiki foiictions heiakgde | ayer so
as to cover, the second insulating film the gate el ectrodes 504 to 508, and
the first éP%ﬁ%@é‘nﬁgm&%gﬂM‘{j{?‘,ﬁa third insulating filmis formed.
Then, the t[hbgqu insulating filmis selectively etched by anisotropic
etching mainly in a perpendicular direction to forminsulating filnms (the

si dewal 105 510) wiiest 2aig elfctrodes 508 ke 468 angd a Hirst rleckipde, SQY, Which S61VEY 2% he gat e
el ectrodes gQd él@ctnf%ﬁ? of i aﬁmﬁﬁ:ﬁé—i ;ég{(ﬁli%&t fordled 5%9-&4?\)%&&6 fsdlatRR fimof the

second insulating filmis etche be renoved . .
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 long as the material reacts with silicon to form a silicide. The gate
electrodes 504 to 508 and the first clectrode 509 may be formed of a single layer of an

20 element 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
iayer 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 TFTs, and an impurity element is

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



the sane time as the formation of the sidewalls 510. Part of the second
insulating filmis renoved, so that a remaining gate insulating |ayer 512
is formed under each of the gate electrodes 504 to 508 and the sidewalls
510. In addition, part of the second insulating filmis renoved, so that a
remai ning insulating layer 513 is forned under the 5 first el ectrode 509
and the sidewalls 511. [0097] Next, a resist nmask is fornmed using a
fifth photomask so as to cover the sem conductor layers in regions to be

t he p-channel TFTs, and an inpurity elenent is introduced to the

sem conductednctrbéﬁ}éﬂéandﬁ(ﬂhemdgﬁ emibattlow isencenfeation dhputite regimy are fomedg 10 t he
gate el ectrpd 0 S ﬁ}éz U@ﬁ@ hi gh
concentr at |’%‘°’nﬁl|%rrl§n Pnﬁna‘rﬂglgllztb%gq F’E&%Foérl%geg@ '!?ﬁe r 2‘? mas thﬁ&r%ljr:%{/ed after
the inpuri txmpmhtgrcmmm mpartmugqxallypecbndhﬁwﬂy cp.thbtsmdr ués (Hé)impsriﬁyretqmdtmed to

the sem conduct.or |layer in the r ns to =.ch JhHTsys@ as to be
cont ai ned 3PP H%é‘nt? af‘?’gﬁgtwtfy RE‘%I’%MSQ afsgmf %21&( 1‘garlrlg€e g ha? %h type
hi gh comce%bqjhbﬁe id ifroductd tolthe segicomincton yérein fllnr mgidns fooesthe mashdng]l sour ce

or drain regions 517 and 518, LDD regio g c@ g a@d 4 channel
f or mati on r%&ﬁaﬂa%weézp@msﬁ' Ategneentragions o5 k9 df t’b S0, At @REPG e gi on t o

be the n-chg 8[,1@1[), % mhddD egions 519 and 520 are forrred bel ow t he
sidewal I s 51 0098] 20Although the structure is described in which the

LDD regi ond0@#5¢ formed in the semi conductor layer included in the n-channel

TFT and LDD regi E:@ﬁhﬁ{eerea&tmmﬁ%@mb&at ha R&8 ﬁQM&%ﬂﬁe&ﬁs}i al Bgtiided in

t he p-channel e present I1nvention is not limted thereto. The LDD
r egi onslﬂnawhb@ﬂiask sreah forcovercthe sericonstyotor tayers ay thesregipey (odwecthe a-chaanel t he

n- channel l?]ﬁg@'ltg SR i idoduda %%%bl&ﬁa&}cmrwﬁgﬁhtdéb @Rty all ng

film522 contalnlng a sputterin n LPCVD
met hod, a pbbsﬂm;@ﬂ@nmﬁﬂﬁw usmg thehgatd el@oda@lﬂlﬁnambiﬂ&mmasmm that nent and

hydrogenat ion treatpent of th purit nduct or
layer are FaPPoIREYY iEI0ns raé r'r'r'a'elé zﬁé %Oﬁﬁfﬂ%gﬂg%%g ?Tb{}ﬁ g%nq}], éljl‘ s) 30
i n a furnacendictivity, dotcdh, tahﬁilmﬁh gﬂhmal onghentikdosh pRTedretHae]) baren ng a lanp
Pont Spuras c'fq?fgeqﬂeﬁg@‘; ?@Hﬁg&&&} faycih AR 56 B P dndne ASR 18 LS

be contained at concentrations of 1 x 10" to 1 x 10” /cm’, so that the p-type impurity

regions can be formed. Consequently, source or drain regions 514 and 515 and a
channel formation region 516 are formed in the semiconductor layer in the region to be
the p-channel TFT.
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 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 film, 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



element. A silicon nitride oxide film(SING filn) obtained by a PCVD net hod
Is used for the fourth insulating film 522 containing hydrogen. Here, a

t hi ckness of the fourth insulating film 522 contai ning hydrogen is 50 to
200 nm Besides, in the case where the_sem conductor filmis crystallized
using a netal elenment which pronotes 0crystallization, typically nickel,
gettering which reduces nickel in the channel formation region can also be
performed at the sanme tinme as the activation. Note that the fourth
insulating film522 containing hydrogen is a first layer of an interlayer

i nsul at i ng tic same tipg 2o Uie fimation af fiveSidawalisstilat Pargof the prcaubingilating ey ves as a
d | tt
et od.  an i Blpk ik Skt e GRMALIAN: SI) R OB Ryl L0 10

met hod, hod or t A single |ayer
or a st ackgeltelagpa'odasfﬂurmimm thngsideiMaHs Sl&h Iasddition, pazonf isteorfd | m a

silicon nitrli f r Si | Xyni t.r fifth

I nsul ating W*g%’%ﬁigmslfénﬁmﬁedasoﬁ rﬁ%s%‘“&fm%“ga?m%l hl'%nlg u‘fq-g]t &%de# tﬂfem 523 is
300 to SOOﬁnMcle{:t&itﬁ:EDQaﬂrﬁhlemﬂcwaﬂlsrsekl st mask is forned over the fifth

i nsul ati ng @dgﬂr 523, using a sixth photomask, and the fourth insulating
films22 ahtP%he fifth insul ati ng filmb523 are selectively etched, so that
a first opening N@ﬁ,cmirsbg;ttdiuskflk l’fﬁime‘dl iy Q(ﬂﬁlﬁﬁﬂ)tdnﬁaskm’onndto ddver tlesi st nmask
is renoved after t he etchin a ter first oenln I S eferably
about 1 t o SERigRRduptAr fagers in, h? e Rl Ty rgan “lilﬁyregftm E*m ng is

20 gm [ 01Gmioduced to ma%eﬁﬁmau&&qhyeeml th¥ IrépiorRito e IR R-ERNAH CIRTE,
manuf act ured through the_precedi ng st eps correnglonds to FI G 8A, 0103]

25Next 10a &$hq geteeledipdssi 0% gndeXd7 p3nda theptitevealis nolhas moasks 9 theobistet hod, a

pl asma CVD pRihedion an phfi§ }eFi&ﬁs aﬁ!"Yorﬂ@@ Of heAfbsRITRIaRN ¥ Senfdvid GoRr ftﬁel m a
mcrocrystalline silicon m and a polysilicon filmjis used as

silicon fi [impuriydelemens é‘kr\@&@“ﬁd thgegrlli’l'@élﬂmﬂsl rﬂ’l ds 1@‘W®%G°nﬁ'i° I nthis
embodi ment serfiflo @i ﬁﬁgasmﬁtgén wg%%ftb bmﬁbmnahrﬁg%% 19be LOfainga s for ned

by a plasna Q resist mask is formed over the anorphous
silicon fi |cuncenmmgwfbeaeﬁtm 1phw28m£kso ﬁmt:h-type highonopéeatration imipstity fil mis

sel ectijely el Ched peSBmidAl Bnsighddi sdud%lr 84 WUED 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 TFI. 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 layer included in the n-channel TFT and LDD regions are not formed in
the semiconductor layer included in the p-channel TFT, the present invention is not
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 furnace 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



32 overlaps with the first opening is forned. The resist mask is renoved

after the etching. [0104] A cross-sectional view of the
sem conduct or devi ce manufactured through the 5 precedi ng steps corresponds
to FIG 8B. [0105] Next, a resist mask is forned using an eighth

phot omask, and the fourth insulating fflm 522 and the fifth insulating film
523 are selectively etched, so that an opening reaching the sem conductor

| ayer, an opening reaching the gate el ectrode, and a 10 second openi ng
reaching the first electrode 509 are forned. The resist mask is renoved
after the eleolntngA §ibaitride oxide film (SO Silmp obthiverhby & PEYDonetherbis used

sem conductor,, devi.ce uf act Li.- .OU edj esponds
o FI G 0. Tdng i stk A gl Bbat B a8 e IR o

| ayer gnd asulakhg finl SPDeamining hydrogends SOté 26@nmf Bheddsamtthe ksetwloe 109 are
renoved with an et chant cont.ai ni ng..hydrafl uorigc acid, _and.at me tine,

t he expose&‘esﬁ?‘?’ﬁe ugtor ¢ s‘%rﬁr?,sﬁ'{ﬁ%t 8y"% o &P° %lnaiefrﬁ'ét é’g(qlﬂ)%sggd‘p“g%r ace of

]Ehe fld r gt eheallize6@, fpRady ﬁicltcﬂ,sét&d heﬁngzsohibﬁ)ﬂdaa@esmmm in shecrhanitet farmetidni | m i s
ormed by a sputtering nethod. This copductive filmis. fo f single

| ayer of afc&MesaBAlsodE IEEfPB’éFdfar‘&ﬁ fame e, 2R tlb{’ Gryyeten, %ﬂt‘é&’gﬁ‘egﬁ i um

nol ybdenu ”snshﬁﬂhghmzx&hﬁhﬁndg BidfdeeR isufirsMayta Of atinteflaydr abulating filad.ni um
platinum iron. alum num and copper, or an alloy material or a conpound
mat eri al 280W8ht ai ni ng the el ement as its main conponent, or a stacked
layer thereof. NQL& 4 i inSlatidgSilm®38 “Vlﬁ@{s%ﬂfcb@s £eashddhyer of fie iferiagest acked,

i
at |l east one layer which is in contact wt
10  insulating film is formed by a sputtering method, an LPCVD method, a plasma 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 om.
[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 1 to 6 um. 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 200 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



the silicon layer 524 is fornmed using a material which reacts with silicon
to forma silicide and is different froma material (tungsten in this
enbodi ment) used for formng the first el ectrode 509 which serves as a

| ower. el ectrode of a nmenory elenent. FQr 30 exanple, a three-Iayer
structure of a titaniumfilm an alum®umfilmcontaining a m nute anount
of silicon, and a titaniumfilmor a three-layer structure. of a titanium
film an alum numalloy filmcontaining nickel and carbon, and a titanium
filmis 33 enployed. In this enbodinent, a three-|layer structure of a
titani um f ioveslas twitha thehfitsk spening fis f@medm The prsis maskiris memeved | altehithey a

t hi ckness Bngo nm and a titaniumfilmwth a thickness of 100 nmis

enpl oyed. % ] 5Next, a resist mask is forned using a ninth photomask

and the confdi0dji ve filmis selectively etched, so that source or drain

el ectrodes 525 tqQ 534 te lLea LN .53 rode 540
and a third el ec Fﬁﬁ&s ngﬁm?%gfﬁﬁfﬁ?gﬁ%gé@§%§" lgﬁﬁﬁg?ﬁ%ﬂgbﬁ&%lectrode
542 of an Prdcedingstp@coirespoadsao FBG/I8BI. The second el ectrode 540 overl aps
with the fi6ft opening to serves as an upper electrode of the nenory

el enent. 1d {ﬁ]addition, the third el ectrode 541 overlaps with the second
Oloeﬂi nght o be ﬁl HS}Et,L a GodistymeknRefiraed }uanghﬁ éi'ghtﬁtpheioﬁﬁrk,oaiﬁ ﬂﬁeqrurm)t e that .
al t hough nqot shown_here, e fourth electrode 542 is ectrica connect e
fo TS of Sasiing Mg ard M- ihirstlalas ot 301 g polertsly e Fottar ok | <
renoved af toge,ﬁggﬁaaﬁ.cgma Semib&hla&br ﬂagﬁ, £ pehing BRbhing Ble glic@TcRbdd, Aal a

sem conduct or devi ce manufactured t rogph t he precedin steﬁs corr.esponds
to FI G191) seqondtqpening fershingethe  fingt-vlectiynde54% arectogmed i theptssist gRskeds, 1t 1S
and antif usgnboeaanBeid &08a0f the nenory portion 602, and TFTs of the

antenna portion and power supply portion 603 can be formed over the sane
substrate P8t he use of nine photomasks. 20[0111] Next, a sixth

insulating film 343 wai e, 4Q%6¢ St thESedfcdsdutlor ibicd BBRackirbd tirdugh 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 efchant 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, hafnium,
platinum, iron, aluminum, and copper, or an alloy material or a 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 structure of a titanium

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



portion 601, the IF IS and the antifuse-type ROM 600 of the nenory portion
602, and the TFTs of the antenna portion and power supply portion 603. An
insulating filmcontaining silicon oxide or an organic resin filmis used
as the sixth insulating film543. 25 Tﬁe insulating filmcontaining silicon
oxide is preferably used for 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 forned later is
formed by ®mpieyedn Ior thin pmbodimeniod. thrppdayer sHugugdofag titapdum i flpn withsay| at i ng
film 543 - @ﬁﬁ[ | at t : | £t BRMEr. 1N
this enbom%t%,s t éﬁ%%ﬁﬁ?&?@ﬁ g@cﬁﬁggh?%@ﬁ%ﬁl&?ﬁg%fﬁ%%{to be fornmed
| at er over |fBmowithi 2 thickness pUHI0 nei isemiployeth t he power supply portion 603, and

t hus, the s[bgjﬁ insulating film543 functions as an interlayer insulating
filmwhich I solates the driver circuit fromthe antenna. In the case
wher e t e ant ennNektas registinaskiis formsdheging 4 sinth. photoniasio pnd teenmdurctivg film spi r al
shape, one .of .bath ends of.the antenna is,|ed i N f.a | r |ayer;
Thus. it 4 RreLERE & ppatraEet R e et Frdrihe 3K ¢ that
:n t he Cﬁs&o\ﬁm:raaeeonﬂiemm\&ormﬂ hddrd dectiopé 54Eof theahtifime-tgpet ROM a0d has a

i near shape_ (e .. a dipole antenna),. a flat sha (e.q.,, .a, pat

ant enna) , d"rfoﬁlﬁlé%}ef"l{%ﬂ,c é"ﬁe"faﬁ?t”é'}ﬁ‘i‘ﬁa Pémﬂg af%?%@ﬁ&l gfb@rsc‘é‘gﬂ %%“E&? gﬂbed so as
not t L 0 ovelrdva:paps/i“]giﬂ.l thé gr% bﬁéﬁﬁfg t6 isErded asb@nqapém%dﬁgaab%tﬁgfemfgﬁelemms, t he

Si X i nsul ating film need not t e .provi de Xf,..a resist
sk | S0 oratitan b g SleEHOds R RS PP REPoRd QRFTTETL O A | 1 543

i s sel ecti \@BhhecRUAH W fifsP clebiidde S0HNI Nete ARANIRBugHERS Rho\n hbR, theifoskte! ect r ode
541 and a fourth opening reaching the fourth electrode 542 are forned. The

resi st maslelecyodecti\is glotrically copaecied dnTEs of an antenna portion and power supply
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 TFTs 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

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

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



[0113] 15A cross-sectional view of the sem conductor device manufactured

t hrough the preceding steps corresponds to FIG 9A [0114] Next, a
metal filmis formed over the sixth insulating filmb543. A single |ayer
formed of an element selected fromtitgnium nickel, and gold or a stacked
| ayer thereof 20 is used as the netal tilm Then, a resist mask is forned
usi ng an el eventh photomask, and the nmetal filmis selectively etched, so
that a lead wiring 544 is formed in a lead wiring portion 604 of the first
el ectrode 509 and a base film545 of the antenna is formed. Note that,
here, the liwkHesniheidiiyes gircuit fromntbe pateang. | |1, thy saseaphase the priema a8\ f or med
by a sputtegj ! I jel i imtis mask, as
25 el | et R O A peiraiEl R Sl B U o) Sl b e itBin e o act
area with tlefbymvisingf @ dewasdayse dseid is preferablgite propide fieaixth insulgtingefiln | m 545
of the ant a 4 | ' LB Adhas | N
i nsul at i ng%?'?'l n%h@ﬁgﬁagg% geag'%:%é@\eéﬁgﬁﬂé‘éagPe.ss t(SSIg ggxg%%:ﬁgﬁcggg:inﬁ&m 545 of

t he ant énnédas slificar shege (sfg.ca dipold anteinak arfiat shapeafe, g tapatchlapteimmoritkmlikeg as part
of the antepna.. Mreqy | ead, Wiri 4 he 30 med
dependi ng gﬂe %\nt?'gl;%g?’ egt{m%écgﬁ%w bﬁlgg?%fiss?@f%gf% gg&%‘i’g@gldfh%gd@?%ps

cor r espondgirtuit badstH@BmemOdyl pgrtion; thus, e sixtht ineulatiigefilna 583 Geeds nbtotonexl over

t he base fil m.%ﬁS of the antenna. The antenna 546 can be formed by a screen
printing meYHSE™ or the antenna 546 can be 5 formed in such a manner that a
metal fil midneyred of al umi num silver, or the like is formed by a
sputterjing nmethod and then patterned .using.a photomask. If reduction in the
nunber 19 photon&g’%a fesishmARK I ?"Z‘&gPS‘?%%tegﬂ‘c@ﬁW%gH@nﬁ%F %Lflﬁiﬁf’rg%g by a
screen pri a3 Meidtivelf eihESRD tidt lathird) OpdiBigesthin®f the thifdoelectriaré bpd i n
which an ink _or a paste, whjch is provided on a screen plate forped in such
a manner t 8¢ afoysthaperipg mrachige the faurth eleqirope S¢oarad -a%ﬁ‘ﬁ‘s‘%%i‘%i ve
resin on apaswrdiBeanOiciinget al mesh or a high polynmer fiber nesh, is
transferred to a work which is placed on the opposite side of the screen
plate,” wit HO¥Bk use of a plastic, metal, or rubber blade which is called a
squeegeg. A scre oMt : I : ionin a
conpar aﬁ vely | aﬁ%@d&é‘f&éﬁ&hﬁ% @Pﬂzﬂg é’:gltc&rdg\%{oggﬁl%%{) 0‘%‘%{“&&{%‘%

cr oss- sect ipmeeding stepy cofrespondsstelG Adduct or devi ce manuf actured t hrough the
precedi ng ibﬁa corresponds to FIG9C. In this enbodinent, the |'Fl's of
the logic circtuit portion 601, the TFTs and the antifuse-type ROM 600 of

t he menory port i NextcO@etabfibin istfermEd Toercthesikthansultieg fikm 683.t hesiagliedaya porti on

and power %gx%%!:lyof Y cr;l%rlngn sgl%g’ted from titanium, nickel, and gold or a stacked layer thereof

20  is used as the metal film. Then, a resist mask is formed using an eleventh photomask,

and the metal film is selectively etched, so that a lead wiring 544 is formed in a lead
wiring portion 604 of the first electrode 509 and a base film 545 of the antenna is
formed. Note that, here, the lead wiring 544 and the base film 545 can be selectively
formed by a sputtering method using a metal mask without using the resist mask, as
25 well. When the base film 545 of the antenna is provided, a jarge 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



20 can be forned over the same substrate with the use of el even photonmasks.
[0118] In the case where the lead wiring 544 and the base film 545 of
the antenna are selectively formed by a sputtering nmethod using a netal
mask, a wireless chip shown in FIG QCz%an be fornmed using ten phot omasks.
In the case where a m crowave net hod is enpl oyed and an antenna has a

| i near shape, a flat shape, or the like, the formation of the sixth
insulating filmb543 and the base fil m545 of the antenna can be omtted;
thus, the wirel ess chip can be forned using nine photomasks. Furthernore,

i f a dri verpresedieg steps corgepondpte FIGHOB- nanuf act ured using only a p-channel TFT
i n order ta ﬁﬂuce t he. nunber of photomaslcs, two phot omaks becone.

unnecessary, and the wireless chip can 30 be formed using seven mtonasks
in total. [0119] Negothoaoteommn$i6 fﬁ§0mmb@d biase film $15cofishel antenma, reis no

particul ar g@; §5694}198 gdaette; tlﬁgm?h%ﬁem &P%{eﬁﬁa F“ {,%Sﬁe may be

formed in su a mann resis I's selectlve nmed by a
dr opl et &di %imdmmgcmmnnbmhat hauetahﬁinn@)rtdaé op hluminers Isﬂv(z'r{ @1@6]111«3 is Next ,

t he net al er, 502 a d.the St.r [ Peel in
i s gener at ga X?eﬁlsq (ﬁepg ?{B{gaﬂle (35? ?q?ﬁtelé"tcg ?fng ?%f”gas(?( fﬁ,@%ﬁ}‘% ﬂﬂe first )
i nsul ati ng thé himEL D phstoinksks ﬁep:@dntiz&d dhe bitkima 536 mery benfoﬁnéthh)ealsaemen t he
netal oxide filmand.the netal .l a er 50 so .t hat e. Wi.r.el ess.chip can be
peel ed frorﬂ’l“ﬂ@g&?ﬂ’é’ agécrfﬁf‘ BEAH ﬂ'ﬁ?‘gﬁ{ fF&%Nﬂﬁ mf%lf“?b an {Rke9t z{)he net al
llayer 502 gjagte!vadctpid peovidit @n 2@dred late Eoencd dn s@halmaeﬁersmstpreabenﬁmed)e bonded
on the side where the antenna is_provjded e u L101 one
3?‘%1? r?z& et

sheet oifer RAftsmRrs fsmed praph WF%‘F’&% TeSH P2 dn Lo 15

cutter, dig cr@ibextﬁi&h'is'&‘é‘ns?éhe@&oh@v&l?wﬂﬁﬁdhhéjﬁﬂcddmn%é qsijoywwé ofwhd €l ess
chips. In addition, if a nethod in which each wreless chip is picked up to

be peel ed |S§f°é'hﬁl|3¥§y\¥t!h the yse;of A Rlasticrgetak gprubberbiade Mbichdyicalled) 8 saueesisxt | t he

wirel ess Cmgcrla& Bﬁﬁfﬁg nﬁéamfa $RGShedd e Sbs forthion iR’ &Bﬁmﬁahﬁ‘ﬁ? 1drgke 20
substrate, plastic a prepreg, a ceramc sheet, or the like can be

used. The wrfraeseeabzeém Wrmyt be fixed so as to be interposed between two
sheet-l 6Wtrates, or the wireless chip may be fixed to one sheet-1ike
substance v& a bonding | ayer. For the bonding |ayer, various curable
adhesi ves such a#& caoqshmtionzdwﬁa‘bbéthadbm@n@cmdhvieﬁsmanufmmﬁd theoughthd| e

adhesi ve, t eftin s r I or
an aerobic pé?fﬁgjéggF p%g%rr ° H@J S"tée)r nlgﬁugebbg&b%he&hc rel ess cﬁ%&Ycan be
arranged i reifchie poitidal1661,athe ITE‘Irs mgl phapatifusé h@be@Mkﬁnmj the oeindgdpartisi de one
piece of paﬁ?ﬁ,r 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
25  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-channel 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



[ 0123] By the wireless chip manufactured through the above-descri bed
steps, wite-once read-many nenory to which data can be witten anytine
after manufacture 30 of the wireless chip can be realized. For exanple,
after a wireless chip fixed to a flexijle sheet-like substrate is attached
to an article with a curved surface, ta can be witten to antifuse-type
ROM included in the wireless chip. 37 [0124] Thi s enbodi nent can be
freely combined with Enmbodi ment Mdde. [Enbodinent 2] [0125] 5In this
enbodi nent, an exanple in which a process is partly different fromthat of

Erbodi ment photgiask fsedeseripd in this|eabodipmat, ttherg dgpna articulas imitation en thec,  Not e
that portioige g ha,lqee C%g%ghgt%ésie g'ﬂer?oﬁHQPﬂ'ﬁﬁﬁ'E rdanRbY ggem&@td by the
nce n tte

same refer e sane-éxplanation 1s om

si npl i fi camhaerial [i beledtivelgFformsed by hve deapint discbergingemethosh avithout ugingithe as FI G
A is obtalgsgnﬁé(ordlng to Enbodinent 1. Note that FIG 10A is the same as
FI G 8A. a silicon filmis fornmed by a sputtering nethod, an
LPCVD mst hga120f pl asna CVD nethod, or the like, and a netal filmis st acked

et cover by & SR Bk g AT e R T HE A W RS O 21,
filmis usdadelafg ishgen%taiddcimldé id mhetah 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 whichk countless wireless chips are formed is divided by a
15  cutter, dicing, or the like 5o as to be divided into individual wireless chips. In addition,
if a method in which each wireless chip is picked up to be peeled is employed, 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 used. The
wireless chip may be fixed so as to be interposed between two sheet-like substrates, or
the wireless chip may be fixed to onec 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
25  an aerobic adhesive can be used. Alternatively, 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 antifusc-type-ROM included in the wireless chip.



t hi ckness of the silicon filmis 10 to 200 nm The net al

filmis forned

using a sinple substance such as titanium tungsten, nickel, chrom um
nol ybdenum tantalum cobalt, zirconium vanadium palladitun, hafnium
platinum or iron, or an alloy or a cogpound 20 thereof to have a thickness
of 10'to 100 nm Note that the nmetal filmis fornmed using a materi al

differs froma materi al

as a | ower

t hi ckness dP1240 nm are consecutively stacked by a sputtering nethod

N9 eXRRRSHbbimeieaft bE fredy cdiliithed Bith Efibbdlintnt | ment, the

silicon | ayer an

wi t hout bei

whi ch

used for formng a first electrode 509 which serves

el ectrode of a nmenory elenent. In this enbodi nent, an anor phous
silicon filmwith a thickness of 50 nmand a titaniumnitride filmwth a

ectrotle are not consecutively stacked,

wher eas t hdEsibbdiosnt 2Jayer and a second el ectrode are consecutively stacked.
In this nagpfi formng an interface between a silicon |ayer 524 and the
second el e rc?&e W t hout exposure to the air is inportant for witing as
menory and form hothis embodingtat, ah axagsde in which 4 pecess isspartly differeat/fram that st acked

st 458 P LA SIS 2

| ayer, for
nitride fil

descri bed itRattpyohumis Ridh dre chitofith itkssa ih Eydbodini2dt 1 arpdobedttgchbygahiie

consecutive formation of e netal f”°m-'“-e%”i°“'1?{ie in the 38

10

15

20

25

30

reterence numerals, and the same explanation is omitted for simplification.
[0126]

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
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, palladiumn, hafnium, platinum, or iron, or an alloy or a compound
thereof to have a thickness of 10 to 100 nm. Note that the metal film is formed using a
material 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.
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
example, a stacked layer of a titanium film and a titaninm 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



case where the silicon layer 524 has a thickness of |ess than or equal to
50 nm reduction in thickness of the silicon |layer 524 due to washing with
hydrofluoric acid or the like which is perfornmed |ater can be prevented.
[0128] 5Next, a resist mask is fornmed gver the netal film using a seventh
phot omask, and the netal film and t he 3 mor phous silicon filmare

sel ectively etched, so that the silicon | ayer 524 and a second el ectrode
701 which overlap with a first opening are formed. The resist nask is
removed after the etching. Note that in the case where the nmetal filmis
sel ect i vel yaseewhsre dhdgiligeny layer Azh fag o thiskness 196 lessctba oelecaual o m0:1, the 10

titaniumnityi £id. ' | St r : : de 701
can’ pr ovento o' kel Giind S 1354 Y B wlhigh VSGRRATRR KR OTC
[0129] the likeoridalsis perfdrined kter earche pevented. senmi conduct or devi ce

manuf act ur ggﬁTrough the preceding steps corresponds to FIG 10B. 15 [0130]
Next, a re mask is formed using an ei ghth photonask, and a fourth

i nsul atisng fil m Na&, ardisembskfis forined ovattheigefal Film,5idBigarseventt plottomasky et ched,

so that an openin chi a sem conduct | ayer, .an openjn ching a
gate el ect l"’B@él}c ’3%6{5 é‘&f{; 381?@5&°H§S$8%ﬁf’ﬂd“ivﬁé&f‘?’$%€° ?éégﬂ%aggh%og are
formed. Theflicod eer 634 8id #86dond Sled@odeCTOIV@Rich folverapt With &tfititi opgning Qie3 1]

A cross-sectional_view of L(he sem c nd%ct oEL], devj ce manu‘&act ured through the
precedi ng de@sd. cThe eEHIPAS ‘Stfﬁm?'fféa%@ﬂ ceihing; Dgigdhat n ﬁc"éﬁﬁ’ggrgahesurface

of a sem coniEIMArs kaschivel} Reindvad B¥ ey Bdhif it forin théte@Bneledtiotiegel, dle the
first electrode are renoved with an etchant containin drofl uoric acid,

h
and at 10ne tianism pitrige fikm whick 35 an ypred AeysE of Hre SFP@ds"é"ﬁFg% 8Preder and

t he exposeq,laggigfdglﬁggqutﬂet}ﬁicgﬁh;&ﬁggﬁﬁgg@&ghﬁl washed. Note that an upper
surface of 'the siliton |ayer 524 is coveréd vmtgh t he second el ectrode 701.

In this eni@®%ent, the

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

15 [0130]

Next, a resist mask is-formed using an eighth photomask, and a fourth
insulating film 522 and a fifth insuléiting 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 sef:ond 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



30 second electrode 701 is a stacked layer of a titaniumfilmand a
titaniumnitride film The titaniumfilmreacts with silicon to forma
silicide nore easily than the titaniumnitride film In addition, the
titaniumnitride filmcan prevent the édtanl umfilmfrom 39 being etched
with the etchant containing hydrofluori’c 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 formed by a sputtering mnethod.
This conductive 5 filmis formed of a single |ayer of an el enent sel ected
from tit anibging etahad sith ihe sigapiroatpiming hydmuqrepacid vhe heraposed purfage 9f | oy

mat eri al Orthcaseﬁﬁéﬂﬁﬁﬁ'iggr |3 8t @b ﬁ,gﬁeéd%&h&%fmred HPaDC 48 waliRd/TRiI N
conponent, or a stacke ayer t eof. In this enbodinent, a three-I|ayer
stacked st0EBlre of a titaniumfilmuwith a thickness of 100 nm an

alum numfilmco i pi Y 14 h t s of 350
10 nm and a tltﬁl?tnm g\ﬂ]ﬁﬁ ?’Eﬂlmﬂ%}égssi)% elrl*fg815‘brt11¥n}’41d|' sTlthsse‘%h&Fggg

Next, a 5 edilmt 1snﬂmned of faosmgﬂ lagirngf an relemtent pﬂmmm atmtlmlhetunﬁmtuct ive
filmis select t ched that sourc I t rodes Dy to 534,
gate | ead \Wﬁﬁ% %’3 “P’b““g{:, °°P?1 f’rafé‘i‘ g"@%% ma[mfml(ft“ﬁa§ ectrode
702 of ant icbhtaimidgythe dRGhdnt andisamdih doaipohdnt, ecbrea:1stadabﬂ 155&-2‘ thérealn Intlésina

Gl ect rodo. FPPOPEeP HEe et Medied ARt ah 88 ghers i ol Hiowgadf 0n ¢ ne

third el ectungda a'ixﬂﬂm@memha@mammgwa nfifuté a@oind dﬂ@ﬂi&bmgnﬂhm dikadseof B5@al | y
connected to the first ecI 5009. r\@}e t hat . al t hough not shown here,

t he fodroth“é‘FéE‘??BBE‘ ‘E]‘F‘Fst%?W MBiHSEd-ed to TFTs of an antenna

portion ang r supply 20 portlon The resist mask is renoved after the
et chi ng. 135 A craoss-sectional view of the sem conductor devi ce

nmanuf act ured t hr Bg¥ha rosist padcls drmgd veiag @ ninh photoreas enf Brepprsluchys filMso in

this enmbod Ilasméctwa edcﬁecpzo fhal QicE of iam'HidctrBls 529 b ﬁzlgatéﬂeﬂd Wirdipd 535
antifuse-type ROM memory portion 602, and 25 TFl's of an antenna

portion ando53%ez @@p@@wﬂ@ﬁﬂl GCﬁﬁbchFt@éc {767 o aniéfyss-type ROMnendsabst r at e
W th thy usGff eilkisieP 58 3FBEKstenh? Jp%ﬁlon 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 first electrode 509. Note that although not shown here, the fourth

electrode 542 is electricaily 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, TFIs 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



Next, a sixth insulating film 543 which covers the TFTs of the |logic
circuit portion 601, the IF i and the antif-use-type ROM 600 of the nenory
portion 602, and 30 the TFTs of the antenna portion and power supply
portion 603 is fornmed. An insulating f% m containing silicon oxide or an
organic resin filmis used for the six insulating film543. The
insulating filmcontaining silicon oxide.is preferably used for 40
improving reliability of a wireless chip. Alternatively, an organic resin
filmformed by a coating nmethod is preferably used because the sjxth

i nsul at i ng irprayirgseliahility ehmbwirelasschip. plAdisenativaly) a8 greppicdesimfilborpedly where an
antenna to . ' . Giemd | JThe film
used as theéj(%?%ﬂ?ﬁ%du gﬁ&eﬁgﬁ}] P%r% 4 ér/r%l?/ ® feylgﬁ{l)lar@%ﬁﬁgtsg?gg%g@?gg%d by
practiti oneplanarizgdsBifice in the cagdonhere an angering to braefokmgddatenis fergned iy ageigen ent h

phot omask, an h L Xt-R iasul afi f ol See ' so t hat
a fourth oﬂ’élrllllm mr%'éhg?:'hi ngf f?ﬁ’eusggﬁggﬁ Sg%tg}:nt%élg%dg %%gk%gﬁl? %rﬁ‘%n%%)%%ge resi st
mask i s & erseleeteld bf practitiohers.et chi ng. 10 [ 0138]- A cross-sectional view
of the sem 8?:@?““ or device manufactured through the precedi ng steps
corresponds[ FI G 11A. [0139] Next, a base film 545 of the antenna is
formed over the Blext frdsisithsktis figmiet hsing 5 témdSpHoyonsask untl ttey sixthy imyelating] usi ng a

metal mask Qr dropl et . di schargin t hod. . The base fil 4 f e

antenna is fﬁ@r%@ds ectively ?‘f@lfeg’? @t?a %?“%?Pe&“’g mgglfeegf?l'glhaf‘;{?ﬁ? ?H]ani um
ni ckel , ands @emed. Ofhe feskt MEMEH rdmBovet afii@he@thindot e that the base film 545
her e maé be formed in such a manner that a resist mask is forned using a

phot o dAB8 netal filmis selectivel y etched. 20 [0140] A

cross-sectional W gNsREctbhf vIGbE MR dbmicBhdERY deHcdRanifasied BFoddhitRiIgh the
precedi ng steps corresponds to FIG 1113.
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
25 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. H 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



[0141] Next, the antenna 546 is forned over the base film545. The antenna
546 can 25 be forned by a screen printing nethod, or the antenna 546 can be
formed in such a nmanner that a netal filn1is formed by a sputtering nethod
and then patterned using a photomask. reduction in the nunber of

phot omasks is prioritized, the antenné 546 may be formed by a screen
printing nmethod. [0142] 30A cross-sectional view of the sem conductor

devi ce manufactured through the preceding steps corresponds to FIG 11C. In
this enbodinent, the IF 1.S of the logic circuit portion 601, the TFTs and
the antif uﬁz,t@p@ms@o@mmwm ofdhroanjenpa peition MCEHOVG@EUPPéShEPm%GOﬁFTs and
t he antenn tion 603 can be

f or med over %e&%gﬁgg%ﬁ tra &&L FﬁgB8§€BE§HFMk&nﬁ%%onasks [0143] In
addi tion, i[0148]driver circuit |s deS|gned and nanufactured using only a 5

p- channel TFT in ordet to uce th er of h t omal cs
becone unnecessa d@h"&‘ tlfhg ‘gﬂ Flé%“é léh lg'(%?i(ﬁa%&) orrre ‘l'%s‘fs%“ O'H %t

phot omasgks pi-d‘haﬁxﬂzl a‘Fr if @dded Jo reduce mMﬁmbatmf ,phbﬂnmasi«sbﬁmqplmtnmm ebpmnw e
carried out as in E odim the.w rel ess chip.can, be conpl et ed.
10 [0145] umnecesspry é’?en‘ﬁ’ esséﬂ“?l‘f%{ﬁw Q‘&“ﬁrﬁé’éﬁ kgf‘f'tf)ﬁ?lé resi st mask
is formed ygisay the photomask is described in thIS enbodi nent, there is no

particular limtation on the patterning techni The, resi st kK may be
formed in such aM?&??ﬂ“efrthFH‘gFe‘ﬁ‘eP'ééqpétmrﬁF&dloéff gﬂ'ﬁ“i“& 5 13 gﬂ ed by a

dropl et di ngéﬂ}pcmehggmﬂeuhout using the 15 photomask. [ 0146]
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 phoiomask. '
[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 inciudes 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, a 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



Thi s enbodi nent can be freely conbi ned with Enbodi nent Mbde or Enbodi nent
1. [Enbodi nent 3] 20 [0147] A sem conductor device of this enbodi nent
will be explained with reference to FIG 12. As shown in FIG 12, a

sem conduct or device 1520 of the presept invention has a function of
perform ng noncontact data conmunicati'®n. The sem conductor device 1520

i ncl udes a power supply circuit 1511, a clock generation circuit 1512, a 25
dat a denodul ati on/ nodul ation circuit 1513, a control circuit 1514 which
controls other circuits, an interface circuit 1515, a menory circuit 1516,
a data bus sagpligd tesachnciegwitainl e Semicosdnetnsrdetise 3520, dngedaon ansAE ségnakui t
1523b. In E ' iUty I : ' ' it 1511,
the ol ock GsFEfRHElBhnartsEy v S0 Rt Aubl BT ABTo BRI BHBRLT , T
1513, the chrksighalsiowsuppliddiid eadhi aizuit onthe sémsiconduetor @Buder 5204 basedond t he

interface ¢jrgujt. 1515, 48 42 supplied .0 ch ci it e

sem conduc‘fdber Bgfe%‘@ "1%’?%)9%’5’3153'3 adlﬁcnggaigsi%ﬁa”i %e&?c{“%gm%@né’%“]{aﬁ%n ant enna
1518. The irowik 18ENR4isak ifonttion rof WeinoddldhghaodulAing Matsacinmmenicdtat withignal s to
be supplied to each circyit in the sem conductor device. 1520, based on the
AC signal "FAJev YR }f m &h‘é%‘f’tﬁﬂ“i‘%@.ﬁ% “‘éfﬁ’t“ai’?&%?’rﬁ’&lmgatg? BM®bdul at i on
5 circuit Liddt {58, aThdkidnn® 151 hatl @ fR@LbRGS tRESADGHY Bidivias cladtfic ®avesLni cat ed
with a reader/witer 1519. The contro| ¢i rc,ulléﬁlﬁ151_4 has a function of

cont r ol | i ngbe praderbrtes 1519 petforms cammunipaion ywith thy semigandurior deyige, confrol, - of

transnitti R@i.eoRintinRgtid, 86d EdntroV\6M/fiSeessiREof B SRhmMitAaT datd 1 NAEtaor N5
communi cation with the sem conductor device, control of the communicati on,

and corifr olthestrugscaf s segricondugir dewirnismotimied aiepboyptcrbedsiiguicne
structure gl megeeﬁéqegaﬂm&ﬂm HEY ey BavB @ btrbdnlfh Wik RodbrcorlRandlescr | bed

structure. For e , the sem conductor device may have a structure to
whi ch ot hersudoaspdireiter sireuitef pesvensupphi Yabiege o hardwargenly Saarocsssing ¢odgo| t age or
har dware o é’ad]:i&f processi ng codes are added. [0149] 15The nmenory circuit
1516 includes a nenory portion as described in Enbodi mnent Mode 1, that is,
a pluralit)yob®nenory el enents in each of which a silicon filmwhich

gener at |

s a siligide reacti.on.b Xt.e el i cal..actiop. d.s.interposed
bet wee r}%a pair o % OWEUEY | (\:/’rec“fta¥5é1‘raﬁs .mclif)r}?"Le %h@%ﬁérke&l nné(%{:o r%s) g?sflg%éldt 516 may
i ncl ude oniBmtodimeiieMody 1cthatris rat phimlityof elentomecleméntcinreath dfiwvhish a silieorposed

D e R AP S b ol S BRI bl "
for exanpl @etvdBf aPair df Rbiudtivel Mydd. TRIO Mat thelmsdiced clreui DRAMy BRA4 FeRAM
ol udes. s GRILAAIIG clmeRoiUnGLEYy Sieos TBoP SHaeted tetvcen the par of -
20 conductive layers, or include a memory circuit with other structure. The memory
circuit with other structure corresponds to, for example, one or a plurality of memory
selected from DRAM, SRAM, FeRAM, mask ROM, PROM, EPROM, EEPROM, and
flash memory.
[0150]
25 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 cumrent, 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,



el ement, a capacitive coupling elenent, an inductive coupling elenent, a
phot ovol tai c el enent, a photoelectric conversion elenent, a

t hermo- el ectronotive force element, a transistor, a thermstor, and a

di ode. The sensor circuit 1523b detects changes in inpedance, reactance,

i nduct ance, voltage, or current, and rfornms anal og/digital 30 conversion
(A/D conversion) to output a signal to the control circuit 1514. [0151] 43
Enbodi ment 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

i nvent i on. Entbedishent Lax Embodimens2.appl i cable in a wide range. For exanpl e,
the wirele ki be applied to bills, coins, securities, bearer bonds,
i dentifi caﬁ?’gﬁg@%ﬁﬁtﬁ?i cates (driver's licenses, certificates of residence,
and the |i{@l523ee FI G 13A), recording nedia (DVD software, video tapes, and
the like, see FIG 13B), .cqontainers. for package K aper, | es, and
the |ike, see FI i"?@g"?ﬂd&éﬂﬁ ?F‘é‘%e %B“C((?‘Bfl%gc?seg géfgﬁegﬁwgﬁsi %é‘, %ge%)gﬁ}f 13D),
per sonals bekending @s thehagent ighasions , Tienliréles dhigkis)appliablidsn aplvalatrangeani mal s,
cl othes, caommodities, tags for package r ticles such gs electronic

appl i ances Fo§ gxanglezdhe Y§%°%§rf3‘ﬂ%l‘—‘)cl?e %’t‘?ﬁecﬁ?e&hf’lé’@?“s"ﬁ?&“r&%c eﬁ?ﬁl%gm{ippl i ances
include a ligdhvtication sititicate Glpivays Hevnb&e cerfificdids ofi reqMcnye, dal ithelike stel evi si on
device (also simply referred Eo as TV, a TV recetjlvi Q&ﬁm&cfﬂagl ra

t el evi si on HEcHA); FgorRwgrnsa (DUB softwpteyyideo pnehand figgikentee il .35[(30153]

The sem congdigingss ﬁ?ﬁi&&é@@m@é phite, BOUBRERd tHBMR] se@FIGS 13C)x 9ehikles a
product by being attached to a surface of the_product or enbedded .inside

t he pr d@uctbicydes andabeplike, sqefFIEREBD)y prispopl ?‘%0%"’(56@&3‘5%%5??%%?\ 860t or
devi ce 152 0bd, ;,E‘ﬁg’d a%iglﬁjgpglomgkc&yme@ﬁ&elt@g_ﬁmggggg ?rnﬁlﬁgﬁs Fudaper, and

if the product’ i ge made of an organic resin, the sem conductor
devi ce 152@ldckosic xepliancss (See FK3% R3E end§3Deinddhe ke d dhe eleptinirappliances gani ¢

resin. Sin e } [.C i j can be
conpact, tﬁll?crll‘,g({‘l'aangﬂ [ 8’3(9 \%‘%‘ﬁéy Q%Eég’ esi,5 ?éﬁngga(?c?%&p%%&?ﬁiemp@g%c%lg?t self is
not degr adeimply esferadd toas a Y, dFVi reecivisg maghinke, oo a tdlevigierororiving wWaelinehe

sem con]%uct orndlevi ce 153&15%% 25 provided to bills, coins, securities,

bear er ‘Bond<e 'ilareq‘hf’?’i atroncertificates, or the like, a certification

function cq0133¢ provided and the forgery can be prevented with the
utilization of t certification f tLan. Mreover. when the sem conductor
devi ce of the prﬂ'g"eﬁﬁmlwgﬁ?’i %‘i‘{“i‘*sl%g%bﬂﬁe"d"ﬁeﬁt TYAPRR fe edftgl’apﬁ?i(? age,

r Iecor di ng r@cti»elmg AeCEAND! ad k\ﬁﬁ@@ﬁf E@Sproﬂmdﬁ embediel dfisideCthn poadiict. | For

el ectroni c appliances, and the like, systens 3Q s ) n i.n ciion
system can examplgelf Higpeodustis 8 begks _theFetfgng&uctor device HSC?B 1sa§xe% to the%ggklt)y

20 being embedded inside a paper, and if the product is a package made of an organic resin,

the semiconductor device 1520 is fixed to the package by being embedded inside the
organic resin, Since the semiconductor device 1520 of the present invention can be
compact, thin, and lightweight, the design quality of the product itself is not degraded
even after the device is fixed to the product. When the semiconductor device 1520 is
25  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
.80  such as an inspection system can become more efficient.
[0154]

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



44 of the present invention is nounted is explained with reference to the
drawi ng. An el ectronic appliance shown here as an exanple is a cellular
phone including chassis 2700 and 2706, a panel 2701, a housing 2702, a
printed wiring board 2703, operation bﬂttons 2704, and a battery 2705 (see
FIG 14). The panel 2701 is detachably™5 incorporated into the housing 2702
and the housing 2702 is fitted into the printed wring board 2703. The
shape and size of the housing 2702 are appropriately nodified in accordance
with an electronic appliance to which the panel 2701 is incorporated. The
printed wi of g preserdinges®n iy mognist is axnlawedowﬂpa%fkrag@dwstéﬁfimcmr devi ces

nounted th f can be

used as ongfeg#(g?%gﬁ?(%ﬁ h%%ge ?éégsrmmggn c% %r Ea\i?lll%e;géﬁéll?le p ra |1}y of

seni conduc @0 aiui\/ﬂﬂé,sa pwhtlﬁll adousieg BF02ne @dntei wirige borad 3705 0gerhiénve  any

function o contr r n n 3 a power
. E’H{ﬁf 5‘%%]4 My brﬁte Qt7653‘ sed! BicE 13 Q‘Imc {3? r% rHF:&PEaB y

supply cir 10 pro eSSI n Circui t a nsm't recerving
circuits amd:ofﬂh&ntédlhe thd Kibsing 270 el tpahmﬂ«;mgzmz isSitted extd ﬂicq:aihﬂc#mrmect ed to

the printed w,rj 2703 t.hro con ion fi . panel
5701" the. BOHEIATES 2705 Stk i, Hohpt EARORY P07 B eRrop ey et BIERR T i e
the chassi scobfd@@cewith 27 Becticiieipplitincsité WhichehcoR@ei2 700 5s imutbrpamedZT% and the

battery 2705. A pi.xe| i 2709 in t anel 2701.is p]aced so to be
i ewab! o f POMEAN LR, % Ao db e et e timaidar b e meg®h 1 56,

As descri begtr@d0Vene seRfeoR@iBid WBHLE bPthe gwéerﬁemﬁuém&nmeaﬁwms sre\uEMe ON has
advant ages of its conpactness, thinness, and |ightness in wei These

advant d8es Pagkaged smicoadystar d&'gl'&&"e dibe phsality pf semicandugter ﬁlwcﬁﬁémgﬁlra%gq s 2700

and 2706 ol fignt&d GfidgQdhia 28! Ha%‘%ﬁy ﬁa{énd;;%ﬁz Lontroller, ald2ftrA FbdesyRuICt OF
devi ce of the resent |nvent|on includes a menory element. with a sinple

structure upit am@mprmc@n PPWmeSMPIPlE heifgaiferag agdig Bﬁop?sémae"lF‘é‘&ctq on by
ext er nal eltl‘aﬁgnglhﬁlg)tcé%d hihgnesed between a pair of conductive
| ayers; thus nexpemnsi ve el ectroni ¢ appliance using a sem conduct or

devi ce can [@&5pr ovi ded In 30 addition, high integration is easily realized

e 8o et conthihles 391 6CciBhrbdif ARRR of Y T wirkdBoar 276 S01 [ 0N ©

appl i ance using a se€m conduct or dévrce I nc pacity nenory
circuit canhrbeghpa oatineetibn ﬁiﬁﬁZ‘{OBlSﬂqlc panel 270 tlwdmsmg é?ﬁ% mdyhajpmt@b

i ncl uded in.the L duct eof t he sent ven gl ch wites
data by extéM¥l @E@?la&%lpaﬁﬁ Wﬁs hﬁgrg?er :as%?dg % %th
nonvol ati | @paﬁﬁbrcmam E70dfand debi bage@aﬂes AR pixelthegign 230X inehajmummaasscri bed 5
characteris , for % %ﬁi frewrltl can be Eq § ﬁ{éj and\%lﬂ(@/v data can be
addi ti onal | $ 354 0e RERZRG AP o %WE'E!?‘?’B Shassis h uses a
hi ghl y shunggisgpal and hi ghly val ue- added sem conductor devi ce can be
provi ded. FOlS ] . . ) . .
As described above, the semiconductor device of the present invention has
advantages of its compaciness, 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 siticon film which generates a silicide reaction by
external electrical action is interposed between 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.



Note that the shapes of the chassis 2700 and 2706 are exanpl es of an
exterior 10 shape of the cellular phone, and the el ectronic appliance of
t hi s enbodi ment can be changed into various nodes in accordance with

functions or applications thereof. [0160] Thi s enbodi mrent can be
freely conbi ned with Enbodi rent Mdde, Enbodi nent 1, Enbodi nent 2, or
Enbodi nent 3. 15 I NDUSTRI AL APPLI CABI LI TY [ 0161] Manuf acture using a

| arge area gl ass substrate nmakes it possible to provide a | arge nunber of
wireless chips at a time and nmake unit cost of the wireless chip 20

i nexpensi vg0138) addi ti on, an antenna can be forned over the sane substrate
as the wirel ess Lp. thu HEEi . el d m § Thi s
application is bfgsz’é v%rhq\]%s%lﬁrégg at g’%%“ﬁi‘gg? ﬁgé;ts%lglﬁ&{sdgﬁogf%ng? °£Otg%- 273394
filed in JapasantRateation, FHichowries dis byloeternd] cl2066a! activm, bastdharactetsticenf s of 25

whi ch are hereby incorporated by reference. ,46 REF NCE N 100a:
first sheet ,""“%0%’6‘."&5@80‘?1‘8 ha ?,Ofﬂf{f.mgsgiﬁ%t r%?cgrd%’% EoRilﬁheg% og'? Wg%}r face,
102: peel i n@ataatpistics, Ikgeryibysewvating @nbaypesventdd)4nd gaw data eanibaidditipnhlly m  105:
first 5 gate_el ectrode, 106: econdﬁﬂ te el ectrode, %ﬁ}irstagletrode,
108: sour ce¥itlsdi oftceordiaslyyaheffcriye SRPHange WhiHh, P§eS (% Tepgyanag Zpg o

region, 11Z%ighly 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 cellular 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.
15
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.



channel formation region, 113: channel formation region, 114: interlayer
insulating film 115: silicon film 116: source electrode, 117: drain

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: metal |ayer, 125: antéfna, 302A: nenory portion and driver
circuit, 302B: nenory portion and driver circuit, 302C. nenory portion and
driver circuit, 302D: nmenory portion and driver circuit, 302E nenory
portion and drlver circuit, 303A. antenna, 303B: antenna, 303C. antenna,
303D 15 antenna, 303E: ant SREEERENCENEMERALS502: netal |ayer, 503:
first insulating film 504 to 508: gate el ectrode, 509: first el ectrode,
510: sidewall, 511: sidewall, 512: gate insulating | ayer, 513: insulating

A 5“&(}"‘?&&%&#&%?@% ST 87 s AR Yy Pk Fegi on,
518 Sourcq]oéo g)ﬁ ef, W3Rk AP Thyer HO4: #@B malafg 40 105PRrEE€gi on,
521: channe 8 Xreglon 522: gurth i fisul ating Film 523 flfth

i nsul at isng ghtd elechade, K06:isecond gjwele&%dé , 0 (A3 4irstselecitede H08: rsodeceor drai n
el ectrode, 535 to 539 gate lead wirin 540: second el ectrode, 541: third

el ectrode, regien, {109 tdram e"cgttmde11054eram|1;¢gmn, n&LA:asurge f 1egion, 5312 | ead

, 545, b film
wring cham?e eforxlnatlon region, 113: channel formation region, 114: interlayer

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 electrode, 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: third 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,



25 of antenna, 546: antenna, 600: antifuse-type ROM 601: logic circuit
portion, 602: nenory portion, 603. antenna portion and power supply
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 %Frmdul ation/nmodul ation circuit, 1514:
control circuit, 1515: interface circtit, 1516: nenory 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: housi70Q: fAND2ledprode; a811 pomgrsupplly crd, I5ie: atiock genetation 2705:
buttery, 2706: chassis, 2708: connection film and 2709: pixel region. 48
CLAI VB 1. &irceitj d5h3udaterdeteadulationmedulation circuit, 1514: contgelj ¢iseuik r cui t
including a plurality of thin filmtransistors, a _plurality 5 nmenory
el enent s oveda 1§ afucyity A54R" | MEMOLY | RO, ﬂgéz dath “bus, ﬁL@'ei n the
menory el enent ingludes a.fir el I r 1 sgli:con to form
a suicide, ,angenélial faggqpnpi &Hbﬁ)\}éﬁgt ﬁggﬁﬁ‘{rﬁgﬁwgﬂég?Pbggﬁ%ﬁl@uybge%%‘h ’el ectrode
over thg siylshagn of 215N t H 3.1 0 m i,-2702e,

wher ei nga &g?ggéﬁégéto?’loégb% | ? @Ehﬁéﬁlf’%ﬁqq aﬁlg‘?%g%sbrjﬁgg fI%rnr%}ed of the sane
10 mat er i alhoasingn2703: privételliwisingobohrdc 2?04t eperatiombattonf 2706k buttery,y

el ement, and wherein at | east one of a source electrode and a drain
el ectrode @706hchaskisn2708:manngation fidm, apd 2d0Repixsl 1egiensanme material as the
ot her one of the first and second el ectrodes of the nenory el enent. 152.
The sem conduct or device according to claiml, wherein the first el ectrode
contains an el enent selected fromthe group consisting of titanium
tungsten, nickel, chrom um nolybdenum tantalum cobalt, zirconium

vanadi um pal | adium hafnium platinum and iron.



203. The sem conductor device according to claim1, wherein the second
el ectrode contains an el enent selected fromthe group consisting of
titanium tungsten, nickel, chrom um nol.ybdenum tantalum cobalt,
zirconium vanadium palladium hafnium platinum and iron. 254. The

sem conductor device according to clajgn1l, wherein the substrate with the
I nsulating surface is any one of a glass substrate, a plastic film and
paper. 5. The sem conductor device according to claim1, wherein

the silicon fil'mis an anmorphous silicon film a mcrocrystalline silicon
film or anLIﬁcEyMtSI line silicon 30film 49 added to the silicon film
7. The sem conductor device according to claim1, wherein the first
el ectrode and the second el ectrode are forned of different nmaterials. 5
8. A semi conduct dr/SUUICRNIUEIGRPRVIcsi SREWTISng | ver circuit including a
plurality of thig dhivkMitcuANSiIedifg g p 1@&&%%%t mOranS RN Yo ﬁfﬁ?ﬂﬁvﬁof and an
antenna over a substrate with an insula surface, rein the
menmory e er@ﬁPO‘Wﬁ@P}m@§Va‘afﬁubﬁtat@h’éh;ﬁw'éamwamact s with 10 silicon to
forma silicide, (o) A I d n segond
el ectrode over t@a% :ﬂ%oﬂ!c‘}lbmgy\}% F{Qr ggéct sh{/smFt E&&&?l g’cl)lll’\&t %a%%rwrhﬁ’a
silicide, silicon te\faemed ﬁll@ldgat%hwhéiimrmmlmfﬁmmmdn ahi larsetondreddcrddy i S
formed of t -SBk ' second el ectrodes of
the menory e emag? ﬂkﬁﬁcﬁ&%}%ﬂ%ﬂ#@%ﬁ#ﬁec ﬁ el ectrode is provided
bel ow t he ant ennwhemindatgate elettenda of ithe |tlsineﬂilﬂctnansisib:| is fopnedof akk kond he
connectlon [ erei.n, the coppnection ectrod S
el ectrigal I%tgr@lﬁseg eo(;ﬂfeﬁrts%a"\éh dﬂeﬁ[rqc{epgﬂ@l;ae&oryglﬁ cnt, an

wherein at least one of a source electrode and a drain electrode of the thm film

transistor is formed of the same material as the other one of the first and second

electrodes of the memory element.

15 2. The semiconductor device according to claim 1, wherein the first electrode
contains an element selected from the group consisting of titanium, tungsten, nickel,
chromium, molybdenum, tantalum, cobalt, zirconium, vanadium, palladium, hafnium,
platinum, and iron.

20 3. The semiconductor device according to claim 1, wherein the second
electrode contains an element selected from the group consisting of titanium, tungsten,
nickel, chromium, molybdenum, tantalum, cobalt, zirconium, vanadium, palladium,

hafnium, platinum, and iron.

25 4. The semiconductor device according to claim 1, wherein the substrate with

the insulating surface is any one of a glass substrate, a plastic film, and paper.
5. The semiconductor device according to claim 1, wherein the silicon film is
an amorphous silicon film, a microcrystalline silicon film, or a polycrystalline silicon

30 film.

6. The semiconductor device according to claim 1, wherein germanium is



wherein the connection electrode is fornmed of the sane material as a source
el ectrode and a drain electrode of the thin filmtransistor and the other
one of the first 20 and second el ectrodes of the nenory el enent. 9.
The sem conduct or device according to claim8, wherein the first el ectrode
contains an elenent selected fromthg group consisting of titanium
tungsten, nickel, chromum nolybdenum tantalum cobalt, zirconium
vanadi um pal | adium hafnium 25 platinum and iron. 10. The

sem conductor, device_according to claim@8, wherein the second el ectrode
cont ai ns an2dde tafie siliggndilmeq. v om t he group consisting of titanium
tungsten, nickel, chromum nolybdenum tantalum cobalt, zirconium

vanadi um pal I adi um 30 hafnium platinum and iron. 50 the insulating
surface i s any orfeThe sunigendyetor deyiqerapperding to iclaim g whetejn the fitstelgstrode

12. The sem | | .M. 8, wherein the silicon film
"ﬁﬁ‘ﬁg‘gsi Hel%@r}ﬁ{ifﬁeﬁﬁ'ﬁﬁﬁgf Biffetet rﬁ{:t@héﬁ.

IS an anorp | CO m a mcrocrystalline silicon film or a
pol ycrystalline silicon 5film 13. The sem conductor device

The sem conduct o NETEBRLElR AR RHES o e, CTein the first el octrode
and the second elaedriveod&cat énclhwhingea phirality f dfethion filovettansistolss .a plurality of
memory elements, and an antenna over a substrate with an insulating surface, ‘
wherein the memory element includes a first electrode which reacts with
10  silicon to form a silicide, a silicon film over the first electrode, and a second electrode
over the silicon film, which reacts with silicon to form a silicide,
wherein a gate electrode of the thin film tramsistor is formed of the same
material as one of the first and second electrodes of the memory element,
wherein a connection electrode is provided below the antenna, and the antenna
15  is electricaily connected to the connection electrode,
wherein the connection electrode is electrically connected to the thin film
transistor, and
wherein the connection electrode is formed of the same material as a source
electrode and a drain electrode of the thin film transistor and the other one of the first

20  and second electrodes of the memory element.

9. The semiconductor device according to claim 8, wherein the first electrode
contains an clement selected from the group consisting of titanium, tungsten, nickel,
chromium, molybdenum, tantalum, cobalt, zirconium, vanadium, palladium, hafnium,

25  platinum, and iron.

10. The semiconductor device according to claim 8, wherein the second
electrode contains an element selected from the group consisting of titanium, tungsten,
nickel, chromium, molybdenum, tantalom, cobalt, zirconivm, vanadium, palladium,

30  hafnium, platinum, and iron.

11. The semiconductor device according to claim 8, wherein the substrate with



10

30

the insulating surface is any one of a glass substrate, a plastic film, and paper.

12. The semiconductor device according to claim 8, wherein the silicon film is
an amorphous silicon film, a microcrystalline silicon film, or a polycrystalline silicon
film.

13. The semiconductor device according to claim 8, wherein germanium is

added to the silicon film.

14, The semiconductor device according to claim 8, wherein the first electrode

and the second electrode are formed of different materials.



