DESCRIPTION SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 5
TECHNICAL FIELD [0001] The present invention relates to a semiconductor device having a
circuit including a thin film transistor (hereinafter, referred to as a TFT) and a manufacturing method
thereof. For example, the present invention relates taan electronic appliance 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 specification refers to a general device 15 which can function by utilizing
semiconductor characteristics, and an electroRBSERIBEIE, a semiconductor circuit, and an
electronic appliance are all semiconductor devices. BACKGROUND ART 20 [0003] Various types

of memory have conventionall beeﬁﬁro osed. As typical memory, the following can be given:
memory includif§¥ICRRRY MPék%ﬁHﬁﬁmgmeﬁm%ting and
reading, ROM only for reading (read only memory), and the like. 25 [0004] As conventional ROM,

the following ¢ ?%%ﬁﬁ ROM which stores information with a mask in an IC manufacturing
process, fl.?se-t?/%: which stores information by melting down a fuse element with current after

manufacture of @E chip, antifuse-type ROM which stores information by short-circuiting an insulator

with 30 current after mﬁ{}um;gﬁ? AR SRRl "R BeUER I8 b Zevice having a circuit

including a thin film transistor (hereinafter, referred fo as a TFT) and a manufacturing
method thereof. For example, the present invention relates to an electronic appliance
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 a2 semiconductor device in this speﬁﬁmﬁon refers to a general device
15  which can function by utilizing semiconductor characteristics, and an eleciro-optical
device, a semiconductor circuit, and an clectronic appliance are all semiconductor

devices,

BACKGROUND ART
20  [0003]

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

25 [0004}

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

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

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



process, a mask corresponding to information to be written has to be prepared, and thus,
manufacturing cost has been increased. In addition, fuse-type ROM could cause malfunction due to
dust generated when a fuse element is melted down. [0006] 5In addition, antifuse-type ROM is more
advantageous than other ROM because the antifusg;type ROM does not need a mask corresponding
to information to be written at manufacture and dust is not generated when information is written to the
memory. Note that the fuse-type ROM and the antifuse-type ROM differ from the mask ROM in that
data can be added. In addition the fuse-type ROM and the antifuse-type ROM 10 can also be referred

to as write-oNGayead-MAN VAP 3 RIHRRB AN R BQ% dﬁm&ﬂ MeimsSilicon
substrate, a technlgue descrlbed in Patent Document 1(: Japanese Publishe Patent Application No.

117-297293) i o8 PiaS Wsgwiactearsds- s adARione frtsr Was i RAMy seutderersclosed in

Patent 15 Dociualfifiicioh dir @ Ubstarenkenedsuhsirafase Glomentidifllea awe.S transistor is formed, an
amorphous si{'@ﬁag'lm 53, a tungsten film 54, a tungsten film 54', and an Al-Si-Cu wiring 55 are
formed. Altho refference numerals 51 and 52 are not clearly identified in Patent Document 1, the
reference fumeral 51 Is piditiah) prdifupchtyire RGMisamdrewilvefitagenss thametisr KON hasbedsly a Si02

fim formed by 3Gk SR TLERbPRCHTEALL 5/EOBAREL 16 hid AR % /UpqaRRyIm 54' the

amorphous silicon film 537 and the tungsten film 54 which form a Stacked film are consecutively

formed with a ﬁﬁ@ﬂ?‘&ﬁ%%%?ﬁ%’m%ﬁ& Hhsasiiornationis Youte) 19 fcermanks, a
sem|conductom&ytﬁet\nﬂmmgben@npmmmalﬁﬁﬁmgﬁﬁarmumdﬁm%ﬁatbemmqhIp, has

been expecteqhaqg \;eg cgﬁln %1 ?g]e%rk %%X I;{ vipg a trac;g@ tte t| h a wireless Chlp is

referred to as an 1 ) 230 f Fe‘l&%
electronid@ag,candadso Rfd_matcadm toeqsewd]emm'rﬁwimm)am ammrjancéwmh u:sagqﬂ¢0609] 30A

uirelees chip 1SS G NP S5nBE BOL B AASHARD. LUIRGIKSA5HE oA RAY

capable of writing and reading and ROM onlY for reading are use they are separately used in
accordance whoptRsaSHG Jansaess PaplishedPatent Apphcatlon No. H‘7-29‘7293) is given.

[0007]
FIG. 15 shows a cross-sectional view of antifuse-type ROM disclosed in Patent
15 Document 1. In FIG 15, a silicon substrate 50 over which an nMOS transistor. is
formed, an amorphous silicon film 53, a tungsten film 54, 2 tungsten film 54°, and an
Al-Si-Cu wiring 55 are formed. Although reference numerals 51 and 52 are not
clearly identified in Patent Document 1, the reference numeral 51 is probably an n*drain
region and the reference numeral 52 is probably a SiO; film formed by a CVD method.
20  Patent Document 1 is characterized in that the fungsten film 54°, the amorphous silicon
fitm 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.
[CO08]
In recent years, a semiconductor de;vicc 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 fag,
an IC chip, an RF (radio frequency) tag, a wireless tag, an electronic tag, and an RFID
(radio frequency identification) in accordance with usage.
[0009]
30 A wireless chip includes an interface, memory, a control portion, and the like.
As the memory, RAM capable of writing and reading and ROM only for reading are
used, and they are scparately used in accordance with purposes. Speciﬁcally, a



memory region is assigned for each specified application, and an access right is managed for each
application and each directory. In order to manage the access right, the wireless chip has a verification
unit which compares and verifies a private code of application and a control unit which gives users the
access right regarding the 5 application to which the private code is identical, according to the
comparison and verification by the verification unit. Such a wireless chip is formed using a silicon
wafer, and integrated circuits such as a memory circuit and an arithmetic circuit are integrated over a
semiconductor substrate. [0010] 10When a card to which such a wireless chip is mounted (a so-called
IC card) is compared to a magnetic card, the IC card has advantages of having a large memory
capacity, an antemetyc fegictics, dtpnadtiientadki speaifed aapplivatiopseandlifiicaltgens faBifidation.
Therefore, the '%ng%% EﬁéﬁEﬁQ@%ﬁ&”ﬁﬂFéﬁ%hﬂw&?Wﬁ'dMQE_%@H&%g'S%Ma%wJﬁgﬁﬁadmg IS

commonly used a emory mounted to an IC 15 card so that falsification iS impossible.
DISCLOSURE!sireless\ehip Resoo varficatinn aniovhich senpases pfi¥arifiet feHyate ¥ 8fan
re1><|oebnsivt-:' Si”CQﬁbH%flﬁi’rl:ZQﬁrﬁ”%gﬂtiﬁl alﬁlicraﬂfé%cﬁgsw %gaemifoa&&mh@almegwm@rmre, there

as been an inevitable limit tq reduce unit cost of the wireless chip..In particular, a memory, region
which is nBedARPRUFER oG B B’BXﬁtﬁi&‘g"léﬁdggBP g, 2 ?é’ﬁé‘ﬂaﬁa%“b"e‘één
necessary to reetifieativn diethecemifiesiby thétmdudry redidessvithipuis doamegihgsing meilicoapacity for
reducing the ugi gost of 11, shiey \n.aqltaRs AN IEISHIR SO ERRRS SRCIR bY
reduction in the si2é of the Sicon ¢ Ip, If reduction In the Size of the silicon chip proceeds, mounting
cost of the silicotegiated oYatacemderndustersuls®itribute the chip to the market, it is very important to
reduce the unim@ﬁj]of the chip, which is one of priorities in commodity production. [0012] 30In the
wireless chip, in the case where a termjnal of the silicon chip.and an enna are connegted to each
other witlt&n ACF or tRE1fR& %ﬂb‘&?‘ﬁ@él“é‘kﬁ%?iﬁ%ﬂe l%\'{%é? 'Baglgegri%ﬁl H'%r a ratio of
heat shrink whegnipitsid pe ratrisgrzeicornas theldQ sudiflaseadvdetagexiofchevizg cohaggenmatdks, -high
thermal stress io denerated poteeRdiRieEaMRROGAS G ENEERISaR AR Allpghed (o an
article, in view 0 eu’(g exposecfun er varibus environments, a connéction portion of the terminal of
the silicon chipfelsifieadoanteTharafngat bedikcormrdctisd shilahls tiernpanagement of personal

information. ROM only for reading is commonly used as memory mounted to an IC

15  card so that falsification is impossible.

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



5[0013] In addition, the conventional wireless chip is not suitable for being attached to a curved
surface of an article even if it is a smaller piece because it uses silicon for a structure. In the case
where a silicon chip has been mounted to a substrate formed of a flexible material, a connection
portion of the silicon chip and an antenna of the substrate 10 could have been destroyed when the
substrate has been bent in accordance with the curved surface of the article. Although there has been
a method of grinding and polishing a silicon wafer itself to thin the silicon wafer, the number of steps is
increased due to the step, and thus, it has been contradictory to reduction in manufacturing cost. Even
if a wireless chip is thinned, in the case of an IC tag which is attached to an article 15 to be used,
when the wirelisg ¢higiferattadapehéing hrinas obrsponente . thustidebf fiermat shsssf iagemeratidfigurement

' caused becqlisg AP ISR LR ASRARICSAA B ARAAL IS R SAlEd G iRtg e 2

protrusion is generate ce of the substrate, in the case of performm&ggintmg toa

substrate suchviawsubbsmg-arepspigrmdrsiarions sRriPRIsameRasRian PR el e ¥1BElon where a
silicon chip 20 yyh¥ehitcan aljamid b adelsii et aristaeultidaedees enpliasizes. Furthermore,

when a silicon ngli]as been thinned, mechanical strength of the silicon chip could have been
decreasecPand? ilicon chip could have been broken when a substrate is bent. [0014] In the case
where antifuse-type RaMdditionythtechiryentiinalegirabtip chipoi? bap smitebl fexpring etiamiedtmsidered.
One is a procegs, se in which jnfor gﬁiqp-{si [ Qlﬁp g&%@{ﬁg@&ﬁ}%ﬂ@ﬂp in which
ROM is formeéi, %ur%gﬁngea&icg gﬁ%#&%ﬁ%% mouhte%g Wﬁﬁ an gntenna provided for a substrate, so that

a wireless chipsteretwiep| b thosase where r silicerchipding bepr anpratehio peybstrate famed tfify device for

writing informagipgle dpe A1 EBrtidbingh RGeS SOManMiE @SS ahiRianersiosk thasibs@asdlicon chip
Is minute, and a manufacturing, device, for supplying current f rwriﬁ%% different information to ROM
formed inlgactf’gmgol??‘é‘f‘lﬁfﬂbgagrﬁyééié'f’&ﬁ“i & 8RR r%"’SPt kB Afef ?R%ér'?% é%pensive.

Therefore, marufeedusinfhaoof ished anirkasedthowpto thide: rhas bizat wingtiediof. goding and
' polishing a silicon wafer itself to thin the silicon wafer, the number of steps is increased
* due to the step, and thus, it has been contradictory to reduction in manufacturing cost.
Even if a wireless chip is thinned, in the case of an IC tag which is attached to an article
15 to be used, when the wireless chip is attached to a thin substrate (e.g., strip of film or
slip of paper), disfigurement is caused because a protrusion is generated on a surface of
the substrate. In addition, since a protrusion is generated on the surface of the
substrate, in the case of performing printing to a substrate such as slip of paper,
high-definition printing becomes diﬁicult.' Moreover, a location where a silicon chip
20 which is an object to be falsified .exists could have been emphasized. Furthermore,
when a silicon chip has been thinned, mechanical strength of the silicon chip could have

been decreased and the silicon chip could have been broken when a substrate is bent.

[0014]

In the case where antifuse-type ROM is mounted to a wireless chip, two
25  process sequences are considered. One is a process sequence in which information is
written after manufacture of a silicon chip in which ROM is formed, and then the
silicon chip is mounted with an antenna provided for a substrate, so that a wireless chip
is completed. When such a process sequence is employed, 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



The other is a process sequence in which after a silicon chip is mounted on a substrate having an
antenna, a wireless signal is transmitted to the ROM formed in the 5 silicon chip, and information is
written using the wireless signal, so that a wireless chip is completed. In comparison with the former
process sequence, increase in manufacturing cost can be suppressed with the utilization of a wireless
signal when such a process sequence is employed. f0016] 10However, in the case of employing the
latter process sequence, information is written to the ROM with the utilization of current generated
from the wireless signal, and thus, a writing current value and a writing voltage value to the ROM are
restricted. [OOl?LrltaiS? 31 %bt'éeﬁ;t.of theﬁ%resent invention to provide a.semiconductor device 15 mounted

- with memory Which can be driveni “8¥% current value and a voltage value which can be

generated fronf08i&jreless signal. It is another object to provide write-once read-many memory to

which data can be wrigp afyfise, %ﬁ?&&a u@%ﬂgﬁgrﬁ gfhgcﬁg%g%ngygggr Cﬂﬁlﬁ% é%%leg]omlt is another

object to provide a wireless chip which is suitable for being attac toac &ce of an article.

It is another oSERSRIG HAVIEE ARHNLFBRR AIElSE sitaal As Eensmuifted i the, RQM fersred éniehe number
of manufasturigiticse eRip UAUShiveaion v fhafenciimsie WireddipaiosudatawRaaUAigation with a

reader 25 in a short rito of jme; thus,_ it is anﬁtbher object to provide a wireless chip which performs
fast reading a8l KPR nallTh SRR NBHHL - 1Bh dOMmS T < BIOCESH o SAPERS s LIMEERYS o®memory by
reduction of elewmidvtwiag farsticte e suppesskdheith dra atilizatibimhs itveledo vighdd kien SeshsuUMption of

a whole Wirele§(? ' Sggggé}]cg(g#teg% Ot}ggn 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-describE®Hjects is realized. In addition, according to the present invention, the
10 However, in the case of employing the latter process sequence, information is

written to the ROM with the utilization of current generated from the wireless signal,
and thus, a writing current value and a writing voltage value to the ROM are restricted.
[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 cumrent 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 writtén 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

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

[0020] '

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

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

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



6 antifuse-type ROM and the driver circuit are formed over the same substrate, so that noise or
contact resistance can be reduced and lower power consumption of a whole wireless chip can be
achieved. Further preferably, an antenna, antifuse-type ROM, and a driver circuit are formed over an
insulating substrate. When the antenna, the 5 antifuse-type ROM, and the driver circuit are formed
over the same substrate, a power supply signal is fofmed based on a signal from an antenna which
receives a wireless signal, and the power supply signal can be efficiently utilized without loss. [0021]
The antifuse-type ROM includes a pair of electrodes each of which is formed 10 of a different material
and a silicon film which is ;%}er osed between the pair of electrodes, The materials of the pair of

electrodes mafMHEISEs é‘g@“fbﬁ@%&"ﬁ?@ﬂﬁ?&i efommeet, A thesemmrusubiieatr APt a silicide.
For the materiabise im@istanbstisnaes ool bes iddhricdranid hgsée poniek ebnehiigritunaf mMaibrenum,
tantalum, cob Irconi ium, palladium, hafiii latinum, or jren, or a or.a
compound 15t e%feé(g) %Lghn%’gﬁgg%lﬁ 2] ?ﬁ&gﬁgﬁe gg%@ﬁegn oﬁﬁgngéﬁngﬁaée%%ggé%ﬁﬂ%ed in the
antifuse-type ROMivier feifenit! ¥ ologaf cosamansingpnlatioHsubstestene Whearidieasntenrite tiectrode of a
transistor inclugiei gygEixsMir ehil 30 dRot SIRAIITGRRShALR RRAGRESAAD RSsRGISY phwep According

to the present inventign, the antifuse-type ROM_ and the driver circuit are formed over the same
substrate, so FERPREERg} I8 iamnad bafed QR Signlfraph 2L AuFRRIoTRIF, SRGeIVED ASHIRAMASN of the
whole wirelessighi, aad the preniesigiplpiiga NaineaTitidniBaitii-vd lkithéeeldes. in a short period of time
is required, a I&) O#,Eing a semiconductor film having a crystal structure, that is, a polysilicon film is
preferably 25 tGSed as the transistor of the driver circuit. In order to obtain a TFT with preferable
electric characteristicIhe nsifasextyretROYA inclidetr o qaiv o rlevtmodis teachs ofr siichbly fardmgh melting

point metgy. Ofhighyineiiionairhngla's SiidirSan Umuhichde RGP O é%mo? silicide Is a
material which has a comﬁratlvely high work function; therefore, threshold voltage of both a

p-channel trarfafsiERdssy Fhsmatsrinls ofgheprireb eleckndesman barnsentableigrlong s dbeyhly
symmetric to ed¢inatbiedls MWidtksrdictanitie siddiat i tangsirie. il Rois thwiaiiaitoy shampiver circuit
including a CMQS circuit and also. for one of the.pair of electrodes.of the antifuse-type M. '7 [0023]
Furthermore, 3@3%860%%%@@%%’%?3? %‘é’%l'élc rg{dgs w%ﬁ’aéﬂlﬂy#ﬁ%%ﬁ?ﬂﬁaé’éﬁ%e“ﬁ is formed
through the saaeogivm,aradadiuie pediadinma tafieiias plattwmoeoz|Fotyostematioy drainospotnadie of the
transistog inclyged jp tha,diivgl circuit, so 5 that simplification of the process can be achieved. Since

the source electrode and the drain electrode of the transistor are formed over an interlayer insulating
film to be in cdA®R&d with the interlayer insulating film, they are preferably formed of a material which

has high adhesion witheligdiaiiave o ssHRto0islasslilivrdadiahs meiakekypbisomssific gravity
is less than or equ%ﬁﬁ‘?‘géused for the source electrode and 10 the drain electrode of the transistor.

Since a light %! 6, 7AmE B and af s seme Motenal asa satr elactrods of  BBRSISI 2 wiring
material of aniinfiagedtdn airdtited chdsiiiosy ithist priafplificteisa utean picrisntdinbberaisseddhesion

it S g sl LB ARSI SR Mg e
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. 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

256  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.



15 titanium film is suitable for the source electrode and the drain electrode of the transistor and also
for one of the pair of the electrodes of the antifuse-type ROM. [0024] As described above, it is
useful to differentiate materials of a first electrode and a second electrode which are the pair of
electrodes of the antifuse-type ROM in order to 20 reduce manufacturing cost as much as possible.
[0025] Besides, the other of the pair of electrodek 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
antif-use-type ROM, the driver circuit, and the antenna are formed over the same substrate, so that
noise or conta(gp%é]stance can be reduced and lower power consumption of the whole wireless chip
can be achieved. [002Bhritierronphico stisdliotheiilof, thenieiiocofSikdlisRabdes feldudaipolyerystalline

30 silicon film (alsg referre S.a olpéﬁil' on film) can be ysed a flican film for the antifuse-type
ROM. In additi%%f,ql%f(g/te i (%%tir‘ésgefﬁ may%feoﬁ%trr;)%geﬁ%%ﬁ & n%nddsir(?ftﬁléesﬁ?g%)eanﬁrﬁrﬁ%iﬁ for the
antifuse-type RoOWtcEirstsede and afdsaintelertodx pf the tramgisfiordgeldedgire the diven aircailisd to the

SIMS lowey de{@ﬁtwﬁmﬁaﬁf@m@@mtw%wﬁ%al QideX it ke 1oRbdeShdap 1 x 102

1cm3. Oxygen or nitrogen is purposely contained, so that a difference in electric resistance between
before and aftéF it IR ETHAtRRSSIpR avforuss Bt Rt datedayerrinsylating flmitpihe Wectric 5
resistance betwestiachefketba theitRysyr itingainp ofibas akys aréhpiaferutiBl e antdii LotV hneggisnalfunction

can be provided, [Q02:0,.1 AEIAINGIY, etmanium may. b added tp theyslicon Tl ysed for the
-type . SinceTgermanium has lower energy tor reaction with anothér 19 metal element
than silicon, a efriwhigh sperific\gmhyity s hessithaiuoe dywd RENS osedforrticroute/dleninedi/and a
gheerrzggfi Ui _filyrﬂée g%%eéwmfim tRnLaiANg siceq My hrdralingteRthaliioRiRaRfim used for
%zs low electric resistance, it is useful as a wiring material of an integrated circuit. In
addition, it is preferable to use a titanium film because adhesion with an insulating film
or other metal film is improved. Moreover, the titanium film has lower material cost
and electric resistance than a high melting point metal. That is, it can be said that the
156  titanium film is suitable for the source electrode and the drain electrode of the traﬁsistor
and also for one of the pair of the electrodes of the antifuse-type ROM. A
[0024]
As described above, it is useful to differentiate materials of a first electrode and
a second electrode which are the pair of electrodes of the antifuse-type ROM in order to
20 reduce manufacturing cost as much as possible. '
[0025]
Besides, the other of the pair of electrodes included in the antifuse-type ROM
is formed through the same step and of the same material as a connection electrode for
electrically connecting an antenna to the driver circuit, so that simplification of the
25  process can be achieved. The antifuse-type ROM, the driver circuit, and the antenna
ar¢ formed over the same substrate, so that noise or contact resistance can be reduced
and lower power consumption of the whole wireless chip can be achieved.
[0026]
 An amorphous silicon film, a microcrystalline silicon film, or a polycrystalline
30 silicon film (also referred to as a bolysilicon film) can be used as a silicon film for the
antifuse-type ROM. In addition, oxygen or nitrogen may be purposely contained in
the silicon film used for the antifuse-type ROM. The amount of contained oxygen or



[0028] An overall structure including a substrate of the antifuse-type ROM of the 15 present invention
greatly differs from that of the antifuse-type ROM described in Patent Document 1. In the antifuse-type
ROM described in Patent Document 1, a silicon substrate that is a conductor which blocks a wireless
signal is used; thus, the antifuse-type ROM is unsuitable for wireless communication. There is no
description on wireless communication in Patent Doument 1; however, even if an antenna is 20
provided for the antifuse-type ROM described in Patent Document 1, electric waves can be
transmitted/received only to/from a surface where the antenna is formed. Besides, noise is increased
due to inductive current generated in the sjlicon substrate, and accordingly, communication sensitivity
could be signif™EPRRRASREE” At anhaayabia the RV Invredstection lnttRrsterfdygrentrtrs from the
antifuse-type RQMo2egesadbes ingPatent Berwsentzd D haotheifsulaisygeaubsimiegamused. The
insulating substrate sPch as.a glass l{bs(tir.?tte or a.glaastic .subatrtate (?es not blgck a \évgﬁless signal,
and thus electht Ve CRRBE  3h S ASAHEERRISR FOTOIn TR aaes ﬁF‘é‘é‘fF&hEe e thidn g surface
where the antevnitings é6rthe cintifseldype R @dFarath beaintdwasedy pd RONfefciive pnetentlenidation,
nductive ekt GR0RIAEEN L SHIPUAG SH0NE.2A BPIRG RIS BRsSH AP elerable
communication sensitivity can be realized. [0029] 9 tungsten film 54, the amorphous silicon film 53,
and the tungst®alfiastinn eaw kepregidsdvely formed by a CVD method without being exposed to the air.
Therefore, a sfgp29f the antifuse-type ROM is simply added to a conventional step of an nMOS
transistor, and accordingly, the fotal number of steps is large. Differently from the 5 semiconductor
device described in Pé%@?ﬁ'ﬂ&? &"‘iﬁ’,’qﬂ’%en?gn%goﬁ 0 dé{ﬁcﬁ%gﬁ 887 ifRleffon, the gate
electrode of thanfifuseajpecRDMer Qincit pedoaniesh thas Ugiveh esapyefoteppagianaviththeothectrodes of
the antifuge-ty : L%mpﬁ . Of t jnce.Pate is mainly
characteuril;tz?ed %%t@;% Q%é%n&ﬁ%%?&ﬁh rrllp’ 54,1 g rﬁé?%ﬁ%ﬁgﬁﬁlggrﬁnr#%@%ﬁgﬁﬁg ?&anggs%;erilj ?ilm 54" are
10 consecutivétiyesthedMietmativalpingerpoian flmer aigerrning Slgncentniving sliedmmansistor and
one of electrodgs@iithf s ibtseeLiRcoR B theayshdiResame-HppPReN the manufacturing process of
the present in\im is not assumed at all; accordingly, the manufacturing process of the
semiconducto e of Patent Document 1 greatly differs from that of the semiconductor device of
the present invention. Ab (Readl structireaiiditidingthesabuifuscoly e Rt tiye REMndfinkention can

be formed.over an insulating substrate.such as a glass substrate or tic substrate, peeled from
the meurat B B B B e R B i
using the slip &qsupentd.a m@qamlprmmgwsmmwemmm Bﬂcamqlt_dsfa_célim@omparison
with a wirelessalipahsige &l Ot liof NGIRER BIGHRN AN WARIESS SRR S PRI iR dUriher
performed to the wireless chip using the slip of paper as a substrate, high-definition printing is
possible. Morevavév??ﬁm&%%rmmvm&qefes virkless comvrmicHiontidhas fdQifessiping and an

antﬁn r?a of thegﬁuhm Qﬁﬁ?ﬂ;}ﬁﬁ&ﬁi@lﬁ% PR Bk uhean tn?mﬁfégtegegspeﬁmmﬂhin@ccordance
with the curved surface 25 of the article. ever, In the wireless chip of t resent invention, since
o anteri, REHELE Sp e 2 KM RO E A P IR ABAD dr FLie W are. o
flexible v_vireles!:e mmmwmmomz&pﬂimgqrfuee.mmtm Memmmmor Besiies, of .the
present inventiga inglugs, 3Q #1452 HR8uRi0e IRACEhIHIRAG AUUARPGREI, Afgading

circuit to the

accordingly, communication sensitivity could be significantly reduced.  The
antifuse-type ROM of the present invention greatly differs from the antifuse-type ROM
25  described in Patent Document 1 in that the insulating substrate is used. The insulating
substrate such as a glass substrate or a plastic substrate does not block a wireless signal,
and thus electric waves can be transmitted/received to/from various directions other
than a surface where the antenna is formed. In addition, as for the antifuse-type ROM
of the present invention, inductive current is not generated in the substrate, and thus
30 noise is not increased and preferable communication sensitivity can be realized.
[0029]
In the technique described in Patent Document 1, as shown in FIG. 15, the



antifuse-type ROM, a voltage generation circuit such as a booster circuit, a clock generation circuit, a
timing control circuit, a sense amplifier, an output circuit, and a 10 signal processing circuit such as a
buffer. In addition, the driver circuit of the semiconductor device of the present invention may have a
structure to which other component such as a limiter circuit of power supply voltage or hardware only
for processing codes is added. 6 [0032] The antffuse-type ROM to be mounted to the
semiconductor device of the present invention may be either an active matrix memory device or a
passive matrix memory device. In either case, formation of the driver circuit over the same substrate
as the antifuse-type ROM makes it possible to realize at least one of the objects of the 10 present
invention. In thegen ofitve Sftithe nameiphaemsilicer\ile 25vwandhithy drasder idilmovtiedtor one

antifuse-type RON. aAnddieaRiil 65 HBA M CarhRrbitRt ¥k e aishingripmRenare

arranged in matrix. In the ‘case of the ggssive matrix (simﬁle matrix) memaqry device, a structure is

employed in whieh of he dmfeedimmBOM indjawrin dPi SRYRIEPRL SR B BRI a plurality

of word lines agrangseek,rarkb sesadiakin atstrinel faumiwie dirowplets dargs tdiffenémibphfranglbs to each

other, and a materjal layer is.interppsed therehetw at each crossing portion. Accardingly, writing
processing of 3%%'6%%%%%’1‘?&1 cﬁﬁ“c}?ﬁgerlge?::ﬁtﬁﬁ??gqﬁ of lg;léllé@zed Il%l?r?lé &f@ft |?1‘§ét%%v%//hich
voltage is addabi¢ pnesensaiectbidnyrel iste iqetnddenoé thorFES M dher dowesigigciie e dpramprformed.

20(0033] (SIS ADUIPRGP S DGR MBAEHITNE WAIRLERBORONSS A dar0es of

current value a age value which can be generated from a wireless signal can be realized, and

also unit cost JrSRTPESERSe atsdbat snreRatens Rogyment Jdsnriy HR4e5H08, a voltage
value formed byR-BeRstimCisaliir MaRrhdike dRem fignaNbiaihasebinagsentding S4ndie reduced,

and reduction in a plane area of g driyer cjrcuit of the ry can be.realized. Accordingly, in the

case whel® th&%fﬁgﬁ%‘&- p?(? |ﬁ%‘&hﬁ’é’§ P&%°%%q;%’3r8]“a?é‘ar‘]8%‘égcﬁiﬁag°c§?ﬁ%° By Re driver

circuit can be reansistdr 30dRREFE By RT INaDHuFSER ROM theBgh tiz1idmersten@sdmpanying

drawings: 11 Sofdassaschrarl e ainsPhanacsSA! fasd t invention;
e dshueab A ol 4o R RREHP IR 3 RIGSA)

FIG 2isagra owing a refation betweena current value right before a short-circuit o antifuse-type
ROM and a diéhﬁemfagﬁldpgm@@gss of the semiconductor device of Patent Document 1 greatly

differs from that of the semiconductor device of the present invention.
15  [0030]

In addition, the antifuse-type ROM of the present invention can be formed over
an insulating substrate such as a glass substrate or a plastic substrate, pecled from the -
insulating substrate, and transferred 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. Morcover, in a conventional wireless
chip, a connection portion of the silicon chip and an antenna of the substrate could have
been destroyed when the substrate has been bent in accordance with the curved surface

25 of the article. However, in the wireless chip of the present invention, since the antenna,
the antifuse-type ROM, and the driver circuit are formed over the same substrate, a
flexible wireless chip can be realized.

[0031]

The driver circuit of the semiconductor device of the present invention includes

80 at least one of a writing circuit to the antifuse-type ROM, a reading circuit to the
antifuse-type ROM, a voltage generation circuit such as a booster circuit, a clock

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



5FIG 3 is a graph showing a relation between short-circuit voltage and a thickness of a silicon film of
antifuse-type ROM; FIG 4 is a graph showing electric characteristics of antifuse-type ROM; FIG 5 is a
cross-sectional photograph of antifuse-type ROM,; FIGS. 6A and 6B are a closeup
cross-sectional photograph of antifuse-type 10 ROM and a pattern diagram thereof, respectively;
FIGS. 7A to 7E are top views illustrating an antennd®  FIGS. 8A to 8D are cross-sectional diagrams

illustrating manufacturing steps of a wireless chip; FIGS. 9A to 9C are cross-sectional diagrams
illustrating manufacturing steps of 15 a wireless chip; FIGS. 10A to 10D are cross-sectional
diagrams illustrating manufacturing steps of a wireless chip; FIGS. 11A to 11C are cross-sectional

diagrams illustsizaly presestingueirmistepehors yvibsféess chpadditivs, 1thasdaivie Krawy efnthe1GS. 13A

to 13F are diagéﬁﬁbﬁﬂﬁuétéﬁ%%%%@Bl@?ﬁﬁs@ﬁ@%r%@oﬁpﬂﬁ?%% klGrddhite adlipgiamiligstrating an

example of an electronic appliance; and FIG 15 is a diagram illustrating a conyentional example. 25

BEST MODE EPRPeRARS 844 é‘GJ‘F’#PFchﬁ\’}ERﬁPGKFEFHBBB?rHSﬁWo?fé’[ﬂg@%ﬁ?ﬂ b&ffent Mode

of the present pvesRting vallcbdshhddethafter explained. However, it is easily understood by those skilled

in the art tQat tfb%ﬁrfsent invention is 30 not limited to the following description, and modes and details
nvertti

of the present on can be modified in various ways without departing from the purpose and the
scope of The antifuse-type ROM to be mounted to the semiconductor device of the

present invention may be either an active matrix memory device or a passive matrix
memory device. In either case, formation of the driver circuit over the same substrate
as the antifuse-type ROM makes it possible to realize at least one of the objects of the

10  present invention. In the case of the active matrix memory device, a switching element
is provided for one antifuse-type ROM, and the antifuse-type ROMs each provided with
the switching element are arranged in matrix. In the case of the passive matrix (simple
matrix) memory device, a structure is employed in which a plurality of bit lines
arranged in parallel in a stripe form (strip form) and a plurality of word lines arranged in

15  parallel in a stripe form are provided so as to be at right angles to each other, and a
material layer is interposed therebetween at each crossing portion. Accordingly,
writing processing of a memory element at an intersecting point of a selected bit line (2
bit line to which voltage is added) and a selected word line is performed, or reading
processing thereof is performed.

20 [0033] _

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

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



the present invention. Therefore, the present invention should not be interpreted as 12 being limited
to the description of Embodiment Mode. Note that, in the structure of the present invention hereinafter
explained, reference numerals denoting the same portions are used in common in different drawings.
[0036] 5A manufacturing process of a semiconductor device of the present invention will be explained
with reference to FIGS. 1A and 1B. A cross-sectiondllstructure shown in FIG 1A is a process diagram
in the middle of manufacturing process of the semiconductor device. [0037] 10First, a peeling layer
102 and an insulating layer 103 are formed over a substrate 101 with an insulating surface. A quartz
substrate, a glass substrate, or the Ince can be used as the substrate 101 with an insulating surface.
In particular, a glass stiéa¥alé\anitH Batrh sissaestiond distesares pie dHesssh fidbepseseable for
mass productigpyptsosten film with a thickness of 50 to 200 mu is used for the peeling 15 layer 102

and a silicon oxide film_is used for the insulating layer 103. Note that the pegling | h%515;02 is not
limited to a tungsten filto:and® 2 t&RBL RN NG S AR RSEER R AR, ‘éﬂ‘ﬁng&@ 2€ificon film, or
thle like may bghfﬁdir&i%ﬂﬁﬂﬁﬁgéﬂ@ﬂ?ﬂﬂﬁ;ﬁgd&gﬁﬂﬁ%ﬁ@ﬁﬁdkﬁiﬁ@;to a silicongoxide filrg, and (;31
silicon oxypitride film stacked film of,a silicon oxjde fi ilicon itride.film can be used. 20
[0038] EN ext, a pIl%ﬁty}’ofssgnﬁf:a%dﬁc?(“)vr“fﬁygrgcggr%o orrgr%gepc‘ig ﬁé%%ﬂegﬁé%aﬁﬁtg %ayer 103. The
plurality of senthickrdasedalsilicrs filmyafertfmsedypy BR®Mown method. Here, a semiconductor film

having a crystal structyfg ig 4368 ¥VRBWRPERaH R BHE Gisha Bemtaatatygetanppous silicon film is
formed by a known method (e.g., a sputtering 25 method, an LPCVD method, or a plasma CVD

method), and then thefAfhdrSidaessmediPmPhotagphitferyser R RMMiallization treatment (e.g., a
laser crystallization m@i@Gs], 6athad R chysiabissdipn dethmedtisiah phetopalpty ysitakiitfisonygethod using

a catalyst suc 5 Pic D). The Q#luralit f semiconductqr layers serve as an active layer of a thin film
transistortl t80 bZ-R manﬁ?é%t :ritre{1 ater |st%?feef%¥;ziﬁgcﬁig%§g’a 30 semiconductor film having a crystal

structure for the activeF3® 74 ta TRk mprdewisiuswatinganantendide high-speed driving of a driver

circuit. High-speed drivissof Avs 85\RE clisuitdsdsalizackand Mliahs pertsearing Kigpemory can
be realized. 13 [Q03i9] chip :
a wireless 7

FIGS. 9A 1o 9C are cross-sectional diagrams illustrating manufacturing steps of
15  awireless chip;
FIGS. 10A to 10D are cross-sectional diagrams illustrating manufacturing steps
of a wireless chip;
FIGS. 11A to 11C are cross-sectional diagrams illustrating manufacturing steps
of a wireless chip;
20 FIG 12 is a block diagram;
FIGS. 13A to 13F are diagrams illustrating examples of electronic appliances;
FIG. 14 is a diagram illustrating an example of an electronic appliance; and
FIG. 15 is a diagram illustrating a conventional example.

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

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



Next, a gate insulating film 104 which covers the plurality of semiconductor layers is formed. The gate
insulating film 104 is formed of a single layer or a stacked-layer of an insulating film containing silicon.
The gate insulating film 104 is 5 formed to have a thickness of 1 to 200 nm by a plasma CVD method
or a sputtering method. Alternatively, the gate insulating film 104 may be formed in such a manner that
an insulating film containing silicon is formed to be afthin as 10 to 50 mn with a single layer structure
or a stacked layer structure, and surface nitriding treatment using microwave plasma is performed to
the insulating film. 10 [0040] Next, a first gate electrode 105 and a second gate electrode 106
which overlap with the semiconductor layer with the gate insulating film 104 interposed therebetween

and one of eledwingdimitedrnftheedsrsemionnfiFabediment iede. o Dletothat] D7 theesstygivee 98 the same
step. The first gateplegirosoehlon therGasaad ﬁi@aﬂ&,@&%&&%&é@ﬂg WadiiaL amctage 107 may

be formed in such a manner that a conductjve film formed of a single substance such as titanium,
tungsten, nickdlOBHE ARG SrHBIRREARR tiffersptraBaR, zirconium, vanadium, palladium, hafnium,
platinum, or irojgpasjalloy thereof, or a compound thereof is formed by a sputtering method and

processedg’nto a desired ,Eh%?fdﬁiﬁnat?”a' Wh%Cth%%c%,?a‘ go(lz,h&rvalgéeg iC Sl%gs%gl[e. f% 1} gngate 20 -
electrode Of a TV!" and & Charactenstic suiable for one of (e electrodes of the antifuse: ype ROM is

selected. In thiwBhtisoekpleinednwith, mefierpepsidn flGSs Laecandr ABudysresfientienattstmitursilicon to
form a silicide, dhgrahy F@Q&%@ﬁ}l?o&ésoﬁﬁg?&ﬂ“ﬁn RHCHALES & Am@RlilRG: YRRESQY surthermore,

since the tungsten_ film is a material which has a comparatively high work function, threshold voltage of
both a 25 p-chSFAEPRAISSERif%d an n-channel transistor is low, and the p-channel transistor and the
n-channel trangdgr]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
conductiv}é)/, steps 30% r?nﬁ%[én ﬁri% eersi)%wm%ns hic u(ici%{/n sﬁfeg%%e%eb%o{ﬂlgé;% eé?fhel TV!"and
performing dopihytraie 1Bk witk of insniaingeviactiash gnartheubsttatate gisstsobsraBsatimasks are

performed. Thempurity GleaIRAIES AdyRRGAAdHSNISaRsed 1 fadbeisemiganductor film,

so that n-type impurity regions are formed in a self-aligned manner. These n-type impurity regions

serve as a soufEestals ot ap Deve FrefMIrr100ayeRd McRBfchTide fs sftablsnion meen of the
semiconductompiaaEtishiChaoumigaes Mith With i shigkiese ST e Z0nse ivesedSa thapagidormation

croment [oar B L R R O AR O S OBy ek B BB (o
arsenic (As) ispieeliog|liayesetDI 054k} Tiveitediftera tenjpsttrefilet, naad kai sungstonexifrideofiar, ta add an
impurity elemeﬂ%lybdcnum film, an amorphous silicon film, or the like may be used. In addition, the
insulating layer 103 is not limited to a silicon oxide film, and a silicon oxynitride film or
a stacked film of a silicon oxide film and silicon oxynitride film can be used.
20 [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
ménner that an amorphous silicon film is formed by a known method (e.g., a sputtering
26  method, an LPCVD method, or a plasma CVD method), and then the amorphous silicon
film is crystallized by krown crystallization treatment (e.g., a laser crystallization
method, a thermal crystallization method, or a thermal crystallization method using a
catalyst such as nickel). The plurality of semiconductor layers serve as an active layer
of a thin film transistor to be manufactured later. It is preferable to use a
30 semiconductor film having a crystal structure for the active layer of a thin film transistor
in order to realize high-speed driving of a driver circuit. High-speed driving of the

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



10 imparting p-type conductivity to the semiconductor byer, steps of forming a second resist mask
which covers a region to be the n-channel TFT and performing doping with the use of the second
resist mask and the second gate electrode 106 as masks are performed. The impurity element
imparting p-type conductivity (typically, boron) is added to the semiconductor film, so that p-type
impurity regions are formed in a 15 self-aligned mankigr. These p-type impurity regions serve as a
source region 111 or a drain region 110 of the p-channel TFT. In addition, a region of the
semiconductor layer which overlaps with the second gate electrode 106 serves as a channel formation
region 113. [0043] 20Thereafter, the second resist mask is removed. Through the preceding steps, the
impurity region & n-type or p-type conductivity are formed in each semiconductor layer. Note that

although the example igewthisladteciigupiriy flgmeat %na«arﬁa&ﬁrm@?mww&iﬂfcaﬁtfiﬁ%ef ore the

impurity elemept imparti -fype conductjvity is added is described here, there is no particular

limitation on th&¥3piffy ’ngrgl‘i[jer. ﬁﬁﬁelﬂ"éﬁy'tﬁﬁﬁ'n?f@fo]r@tﬂﬁsf@rﬂﬁﬂirﬂf AR5 HaER 9T ? which is

referred to as atsukedsyenay oeifsuiatazofilsi dowaiidngf ditieqgatcThe ginedasahdidd fidneyparis which are

adjacent t%theﬁgl?%ﬁﬁ} QWthﬁgg%maﬁ%é%% a I;c)‘ ircglrg3 &, be 30 ft%med using a
alt

. O & Spu
new resist mas ough the number o

T
1] .
masks Is increased. A region to which an i punf‘ffgelement is

added at a loweehedntAliemativalg, the gate ipmdatinechibm Aot fonidwoferogibin ancha soamserregion or a
drain region wiighda fsanamhpYidcaniditinn ohrbr RAHH:S e Beat ahia Moth t9ReeRiaiensand the

region is referred to as an LDD region. When the LDD region s provided, an off current value of the
TFT can be re§I& 3150 A5PETHORRiSACke A Mayst SIS, A sirfach-RIRIIRE (FFaMRARSRE (boron or

microwave plasma is performed to the insulating film,
10 - [0040]

Next, a first gate electrode 105 and a second gate electrode 106 which overlap
with the semiconductor layer with the gate insulating film 104 interposed therebetween
and one of electrodes of antifuse-type ROM, that is, a first gate electrode 107 are
formed in the same step. The first gate electrode 105, the second gate electrode 106,

15 and the first electrode 107 may be formed in 'such 2 manner that a conductive film
formed of a single substance such as titanium, tungsten, nickel, chromium, molybdenum,
tantalum, cobalt, zirconium, vanadium, palladium, hafnivm, platinum, or iron, an alloy
thereof, or a compound thereof is formed by a sputtering method and processed into a
desired shape. A material which has both a characteristic suitable for the gate

20 celectrode of a TFT and a characteristic suitable for one of the electrodes of the
antifuse-type ROM is selected. In this embodiment mode, a tungsten film is used.
The tungsten film reacts with silicon to form a silicide, thereby being suitable for one of
the clectrodes of the antifuse-type ROM. Furthermore, since the tungsten film is a
material which has a comparatively high work function, threshold voltage of both a

256  p-channel transistor and an p-channel transistor is low, and the p-channel transistor and
the n-channel transistor are roughly symmetric to each other; thus, the tungsten film is
one of preferable materials for the gate electrode.

[0041]

Next, in order to add an impurity element impasting n-type conductivity, steps

30 of forming a first resist mask which covers a region to be the p-channel TFT and

" performing doping with the use of the first resist mask and the first gate electrode 105
as masks are performed. The impurity element imparting n-type conductivity is added



phosphorus) may be added to the semiconductor layer in order to control a threshold of the TFT.
[0046] Next, activation of the impurity element added to the semiconductor layer or 10 hydrogenation
of the semiconductor layer is performed by a known technique. The activation of the impurity element
or the hydrogenation of the semiconductor layer is performed by high-temperature heat treatment in a
furnace or heat treatment using lamp light or laser litsht; 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 fita thsesmieradustorsiomsp thatinriypsdmprityAcsinnsate fosmadain asel-ebgned ficiently
withstand the ggfhnaionTabbaiFRURNRIBNMIERbAS I8RO SRR IRBieh TR B igaN kEenlayer. 20
[0047] Next gn interlayer insiuﬁ:[i{ng (}gm 61‘%4 which coversft e first_g‘?ta electrode 105, the second
gate electrode YA I REF e ictiodB 28440 Arisg o8l ErPaJRTIR nGXRBiPis formed of

an inorganic insuikapsgvéikin thy fispgtiterielgomeindds aseivBCAAD wletived farplatmardgiob tethod, or the
like. A single layer or a I ' ing fi C ﬁi'iﬁﬁﬂl ide fim,.a silicon

nitride filmg, or?glf%% @%ﬁ%ﬁ%ﬁ %séﬁséeg ?or tﬁgﬁr?glﬁggﬁ?zﬁ%?fg?ﬁg m. 1%5 inté%]atﬁgr insulating
film 114 also f@nﬂﬂdhsm!pémmﬁm-mmmw_ﬁv& adiishelstaddad doy thecserainandupier voltage is

applied to the gREfUSIRs @Y draaRnR BAR)asHiEiIyaRelion, an area around the memory element
instantaneouswas high temperature. There?ore, the 30 interlayer insulating film 114 is preferably

formed of an i ic insulating material which can withstand a temperature by which a silicide
reaction is generated.Théh] Gftet Ghe firdtltesisatislyisasmoeeiyyevnlciite add rgainpurisy Méinentim, a
siloxane r@sin with high heat resistance which can be obt 'ne%p an ication method may be used.
Note thatig silé?g%rgésqngggrégégﬁtn%ﬁo%?ggir%c%ﬁ?gf?ﬁ%}ra i‘-%-s ?%)o%gt.% éﬁé%ﬁes aélra; skeleton

structure inclutiisist mbsinwhickspssrs (Siygiod 8% e rosbranel TIED pedprsfarming dening withup
containing at lggshly OB Ns6eotld 26kielAaBKCAIR A& QUEGHIC SYEIGEarBaE )1 GsUae thaAkSatively, a

fluoro group may be used as the substituent. Further alternatively, an grganic groug{)containing at least

hydrogen and REFABRSdyrobRe pUSiLy, dlement impatingdne sendusivEK SupicalisiBemnkis is formed
using a photonidiid, andheitaricondndi o, insuthing-tvpe lidpaig theigadcarestoatiag fiina 104 or the
interlayerl'gwsulaigué.ﬁlm 114 isrsel‘i"ﬁggesg etched to.{orm an ogenin% As the etChingn\f’%t, gtching or

dry etching m§§ lﬁgFflolrzrlnalemd% or aco 'fﬁgﬁélﬁgﬁgr%é?%oélﬁ eervﬁ'er oarr%oénd‘.:&ﬁ?glr?,nthe resist mask is

removed. Thedrinadtpior tihad tbe irelopacitFibrnisciditinman opginmof duwckinjcobdimtor
semiconductoflayetih QUEMRO ERCH SR DBIR SEEHiaNei0h UenTE T, 20iaRPRGMGipaching the

first electrode 107. Furthermore, two types of openings reaching the first electrode 107 are provided: a
first opening fat&8AcldAg a silicon film later and a second opening for forming a wiring which is
electrically corppggigd to the first electrode 107.

20 Thereafter, the second resist mask is removed. Through the preceding steps,
the impurity regions with n-type or p-type conductivity are formed in each
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 a2 new resist mask although the number of masks is increased. A region
to which an impurity element is added at a low concentration is provided between a

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



20 [0050] The first opening reaching the first electrode 107, which is formed in this etching step, has a
diameter of its bottom surface of about 1 to 6 IAM. However, as shown in the graph 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 ttsround, 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 addisioncofrap ingtimiy elsmesitisbm High efnerntzatifnsend the REM Brelgaitible ¥en when

an amorphous,giliggp flmdarmemby elasm 2GYPiaReskwas wiedasiheslicep diretthe

antifuse-type 17 ROM, a relation between the diameter of the opening and the current value right
before a short<ARRFTEHERRA a similar tendency to that when the amorphous silicon film formed by a
sputtering metjgpdsyas used. [0051] 5In addition, in order to reduce the number of steps, the opening
reaching tge In addition, if necessary, a small amount of impurity elements (bdron or
phosphorus) may be added to the semiconductor layer in order to contro}l a threshold of
the TFT.
[0046]
Next, activation of the impurity element added to the semiconductor layer or
10  hydrogenation of the semiconductor layer is performéd by 2 known technique. The
activation of the impurity element or the hydrogenation of the semiconductor layer is
performed by high-temperature heat treatment in a furnace or heat treatment using lamp
light or laser light; therefore, a material which can withstand a treatment temperature is
used for the first gate electrode 105, the second gate electrode 106, and the first
15 electrode 107 which are formed before the activation step or the hydrogenation step.
Needless to say, the tungsten film which is used here for the first gate electrode 105, the
second gate electrode 106, and the first electrode 107 is a high melting point metal and
is a material which can sufficiently withstand the activation of the impurity element or
the hydrogenation of the semiconductor layer. '
20 [0047]

Next, an 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 insulating film by a sputtering method, an
LPCVD method, a plasma CVD method, or the like. A single layer or a stacked layer

25  of an insulating film such as a silicon oxide film, a silicon nitride film, or a silicon
oxynitride film is used for the inosganic 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 instantancously has high temperature. Therefore, the
30 interlayer insulating film 114 is preferably formed of an inorganic insulating material

which can withstand a temperature by which a silicide reaction is generated.
[0048]



semiconductor layer, the opening reaching the gate electrode of the TFT, and the first opening and the
second opening reaching the first electrode 107 can be formed by one etching by adjustment of an
etching condition. [0052] 10In the preceding steps, part of the antifuse-type ROM is formed through
the same steps as the manufacturing steps of the TFT; therefore, the number of steps is not
increased. [0053] Next, a silicon film 115 is formed 9& as to overlap with the first opening 15 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] 20A thickness AFiFBAIKEBraRIRRe lEssEof St inerganis inspigting i dsHlag@eresia Withfuse-type
ROM is proporiighaidn Wasishistasichl dhe bdiobnaiilen b%an agptibktioh Mhictibaauys IR redadion between

the short-circujt voltage of the antifuse-type RQM having a diameter .;geti st opening of 2 pm and
D Sl R

the thickness o %ee SI |("E‘osrlll?l’ffar'iq.eI\rl‘:'ast'('a1 ogmé?p?'ucrﬁfs SREGA R Yo7 ﬁﬁﬁemethod is

used as the 2%hasligoskéletonf strectmdfindudipe R Ohhd@h sikicoh (Sih ofdtheggem(Of. F1@s34s obtained.
Accordinggo F, o] that it legt thickn e silicon film 115
30 Fabibstinefif b b IBAR! Mot SHRRIRIAR G R HR 5B gt *‘('&rg.,ezﬁ%r%?jﬂivgﬁt% B

when antifuse-type ROM with Tow t-circuit voltage is fornied. The ‘short-ci age of the

antifuse-type RISMetShydracagioteisoysedntroltsrmabvelickh S8omsr greugiimey enused ah tadition, the

relation betwegibifi€uent. Further alternatively, an organic group containing at Ieast hydrogen and a
fluoro group may be used as the substituent.
[0049]

10 Next, a resist mask is formed using a photomask, and either the interla&er
insulating film 114 and the gate insulating film 104 or the interlayer insulating film 114
is selectively etched to form an opening. As the etching, wet etching or dry etching
may be performed, or a combination thereof may be performed. Then, the resist mask
is removed. There are three types for the opening formed here: an opening reaching

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 um. 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 addition, even when an amorphous silicon

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



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 18 sputtering method was used. [0055]
In addition, oxygen or nitrogen may be purposely contained in the silicon film used for the
antifuse-type ROM. Between the above-described eléhing step and step 5 of forming the silicon film,
exposure to the air is performed, so that the steps are not continuously performed. More nitrogen or
oxygen is contained at an interface between the silicon film 115 and the first electrode 107 than in
other region of the silicon film 115. In the antifuse-t;é/gpe ROM, at least the silicon film 115 and the first

electrode 107 §8Mot satien betyesndhefismetskpd dhe OprringyaK e sHrshictive Hehshelreriim 115,
10 so that a dijeshneiiui atisivad re SEhlat echabree fobaiarwias ablamipiaokiheoantifmse-type
ROM can be i o{-?n%ﬁ%d' In atadition, when the opening is exposed to the air after being formed, a thin
natural oxide il 18 SOMetMes 1ormed oh 5 suttace of the exposed tungsten film. Moreover, also by
formation of th)@3tliral oxide film on the surface of the tungsten film, the natural oxide film can

function ag.a buffer 24, kA el AU/ BB A S E SN AT 950

Since one mask is needed for patterning this silicon film 115, the number of steps is inCreased due to
a film formatiofe8NSRdnGter Jaxesr the PrREBIETEACBINETS BatorerEodmelithe d Efcend fthe Ams6 is
selectively forrpgehi#pingdietididebimipaningi ehiniwerhl 3ng eRaRrMeNiMa ebdnalregenand silicon
is dissolved in an organic.solvent by a drgoplet discharging method such as an ink jetting method, the
number of steﬁé%ﬁgﬁy@%é@ggte aﬂgt‘%ﬁﬂgeo? ¥Won of the silicon film 115 can be reduced. [0058]
25Next, an exj08&2] surface of the semiconductor layer is washed at the same time as removal of an

oxide filmgn a surfac%‘pmg%%ﬁ%%%ﬁ}%a@ﬁrtﬁ?tm%_ Qtﬁ@M3@Q§J¥dﬁgﬁH§§iqh%cid. Note

that it is necessary to be ca e silicon film 115 is not etched and eliminatéd by this
washing step. same steps as the manufacturing steps of the TFT; therefore, the number of steps is not
increased.

[0053]

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

15  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

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

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

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



[0059] 30Next, a metal 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 19 driver circuit portion 140; a second electrode
120 and a third electrode 119 of the antifuse-type ROM are formed in a memory portion 130; and a
connection electrode 121 is formed in an antenna pd#tion 150. The connection electrode 121 is
electrically connected to an antenna and a power supply formation circuit to be formed later. 5 [0060]
In addition, the third electrode 119 is electrically connected to the first electrode 107, so that a wiring is
led; accordingly, reduction in power consumption is achieved. In the case of active matrix memory, the
third electrode SPHERB HebAY ®aiaseds a switching element to the first electrode 107. In the case of
passive matrix[p03semory, the first electrodes 107 may be arranged in parallel in a stripe form (strip

form) and the second elec rodes 0120 ma b arrange IEg)arall I ina strl form ?{j?! g‘iﬁ‘e at right
angles to the first electro 5 107 2T &fe Tase Bhe Jass RIS 11}he thirG e18ctfode 119 is
provided at anusad Mrﬂwmtmﬁew@msm&hd Bietwivenl thd (06 1¢-Ubsdritedreching stepamtatied film here

s a three-Qyeq,siRckpeLSUGIESPhfd BRIM:IID WENR DiGkRG5.01 2D iR R0 Qs HRYIG aluminum

film with a thickness of 100 to 400 nm, and a titanium film with a thicicness of 50 t0 200 nm. At least a

layer of the metantisueREY Mok Motectipeen iPHYESR Ifcomained atan dnsFrecbassgna material
which reacts wikl silicom iniorns andilibidrsLQIERR6E] 107 mﬁdﬂlwfﬁbﬁl&geﬂm BB IS used for

this metal stac fil conta t resist wit oth I cQ duc ter| lis nd fyrthermore, since
the pure alumlrigéjn fi m s gud ? a£§ ?eg?s?a k&' vﬁ?& i%ﬁb%?%g Z metal
stacked film foams imdmwmgmﬂmmthmr wxygbpomupgcmmmn@miﬁhhezﬂlmarﬁhmmﬁ;tlon and a
connectioy pOgidf g gAML UORA? QAR ID 5MARR VeRoSBRY Bl Wik Bl e

substrate 101 with an insu atlrg/?
antifuse-type ROM can be increased. In addition, when the opening is exposed to the

* air after being formed, a thin natural oxide film is sometimes formed on a surface of the
exposed tungsten film. Moreover, also by formation of the natural oxide film on the
surface of the tungsten film, the natural oxide film can function as a buffer layey, and

15  thus, the antifuse-type ROM can sufficiently function,

[0056]

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



surface, the peeling layer 102 and the insulating layer 103 are provided, and thereover, the
antifuse-type ROM is provided in the memory portion 130, and a CMOS circuit 30 including the
n-channel TFT and the p-channel TFT is provided in the driver circuit portion 140. The second
electrode 120 of the antifuse-type ROM is formed through the same step as the source electrodes 116
and 118 and the drain electrode 117 of the 20 ITT, ¥b that the number of steps is reduced. In addition,
the connection electrode 121 of the antenna portion is formed through the same step as the source
electrodes 116 and 118 and the drain electrode 117, so that contact resistance in a connection portion
between the antenna and the power supply formation circuit and noise can be reduced. 5 [0064]

Here, FIG 4 shsrecijraiinperinmidg®|acseeonf setendstit 2o pad i sdeerod R BRI ofatheG 4, a
vertical axis ingigf{Rs-6/pd RO AORNZP oA Bt paiaspEesh ol aammetioaeRiiHyAYS Silicon

film with a thickness of 50 nm which is formed by .a plasma CVD method js d as a siligon film of the
antifuse-type ROMSHITIRTLIT AR 27HBIR APEHP qrfg%dl?@ﬁ ?@cwomgﬁgﬁg%ﬂ% of the
antifuse-type Rodevtédhia sliamedes addhoplivairepppinfpohfipnriithis imbasomeeddatewas conducted for

25 elements, qurrent value right before a short-circuit was in a range of 1 to 10 pA. A
short-circuit of the antifuse-type ROM is confirmed in a range of applied voltage of 4 to 6 V. According
to the results in FIG 4]t edditinardhel third1 sleptodm ikl Yiscannestedrfe tiadifstvhich is

capable of writing e 0P HIsERtVRILE BNIoNsRKaER; LARRINGRYISING Ladbarigel s :
characteristics of the antifuse-type ROM shown in FIG 4, it can be gid thﬁ n]eetrg]o %/‘éw%can be
driven in the rdiE¥eds a@uwgrf?%lﬁfe%ve?nﬂlﬁ[%lf'éﬁg%lﬁ]éewm SHBEe gEe PATER! a wireless
signal can be akized . alswitdsinghelantiit s thepfinst Elbttebde i Tn AGIHEe cascrefipssietentatdpower for
writing data. Furthermaore reducti awWriing voliage val I a booster
circuit ora{ﬁ‘ like 1o ’g'géréf%g%ﬁ%} %f{/lgﬁya%}r?tgﬁ#) -%Sailnl?%%g ﬁi%ﬁfﬁ%‘fi}%‘ﬁ%{%ﬁlﬁl a‘’plane area
of a driver circeiddhersepqod elestrasies 33l raey Pecesrasegin pabolHa 2 sipofosne spasdafreisb-type ROM
s mounted (0 ek AAROAHIGRBIRASUDIO! BBER A G pURAAR A AlusRS Ny cover, the
0
elrR

antifuse-type ROM shown in FIG 4 can reduce electric power for readin%data so that power
ﬁ%‘nole wireless chip can

consumption diy Ehis PR Yidsa ot anRd RTHSB IS EG R HESTE
be achieved. 3046066]
15 Note that the metal stacked film here is a three-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 nin. 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 CMOS circuit

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



21 antifuse-type ROM over a glass substrate and application of voltage to obtain a short-circuit state
(a conductive state between upper and lower electrodes). An amorphous silicon film with a thickness
of 50 nm which is formed by a plasma CVD method was used as the silicon film of the antifuse-type
ROM whose a photograph was 5 taken. FIG 5 shows a silicide reaction over an entire region where
the silicon film and the first electrode are in contact#fith each other. Note that a silicide reaction does
not have to be generated over an entire region of.the antifuse-type ROM where the silicon film and the
first electrode are in contact with each other, but it is acceptable as long as part of the region is
conductive by the silicide reaction. The inventor has confirmed 10 several memory elements which are

conductive in FEFERtHt e apmberrtstpes dffcnosin dactditinpsthsconaersionslrtieedrded with each

other. [0067] of hkGrthEhpSoRRIERR Y IRVt R lefusicepnd e euusse stedinsiRb nhetaaraph of FIG
5. FIG 6B shows a schematic view theregf, According to an examinatjon of 15 a composition of each
portion of a crd§§-§88t@ﬁaa‘§fm§fﬁé°§? 6B Egytﬁ%égﬂ%%%enfllgrﬁgnélﬁ%ﬁ"ﬁt‘%qﬁﬁgsten,
silicon, and titaetweenixcadeimatad ithapingticiepply dend@fiom Gitudafdmotiaahd rwdeednd electrode
220, resp%ctiv 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 whidkres FiGdribavsvteranb swedng drstioehanotsristics gbthousifyssdims in contact

with the first elgefipderROfids a, "8 obeRiaVHsLidRae clieitleaaa tal WopstNNBilizislandieateixed. The

titanium suicide or the tungsten silicide contained inéhe re%'E)n 2&%%{ isegartiéa%electrigaé% connected to

the titanium sifeRIFayalags1 AR ATPEPEA: SHERM: LI AtD f fuakRess .05) 10 JEMSYAIETY S5 [0068]

Then, an insulgsin@diby 23Ravduc0VDvaeshiiibisaisedeas ke sitivde Sikil hitet BatfutectyraiR@Mctrode 117,

the secon elechiggie 20 fheuibiee ©Betoffib AT DARNNSHIARAIREHOIRRT & fokpned. This
ayer

insulating ilm ¥’ ?mévya%e an inorganic insulatirig film or a stacke of an Iinorganic insulating film
and an organieBFusestypti ROMWiID06 8iastesooththe firss mpahingr 06 Shikg. th&he measwemsat 119 and

an opening reqehing e cARRPSYIONAISRIAAE o BHE VRRSHANRRD 2 I RIERLP GASHYS electrical

connection with an antenna to be formed later, a size of the opening reaching the connection
electrode 121 fengrefeldoriaiivaiphergerenis of the ratibssteprRIM s ﬁ?BgFHE@. IBBEEE  Then,
the resist maskgs s5RIA\Rita g3 TEAVIaVREbRA RN QuiaiHhaRion, Gf éhe witernaand a fourth

electrode 123 are formed. The metal layer 124 and the fourth electrode 123 are formed using a

titanium fHen, 28 3BERRAAYRSA RAL 8 A osmers lrme ity hicinearable fvertine MHth AdRY jayer 124
and the fourth ggehtadtud 2rddo voltage.

[0065]

According to the electric characteristics of the antifuse-type ROM shown in
FIG. 4, it can be said that memory which can be driven in the ranges of a current value
20 and a voltage value which can be generated from a wireless signal can be realized.
" That is, the antifuse-type ROM shown in FIG. 4 can reduce electric power for writing
data. Furthermore, by reduction of a writing voltage value, a voltage value formed by
a booster circuit or the like from a signal obtained by an antenna can be reduced, and
reduction in a plane area of a driver circuit of memory can be realized. Accordingly, in
25 the case where the antifuse-type ROM is mounted to a chip, an area of the chip
occupied by the driver circuit can be reduced. Moreover, the antifuse-type ROM
shown in FIG. 4 can reduce electric power for reading data, so that power consumption
of the memory can be reduced and low power consumption of a whole wireless chip can
be achieved.
30  [0066]
FIG. 5 | shows a cross-sectional photograph of a state after formation of-



10 formed by a sputtering method or an ink jetting method. In the case of emplying a sputtering
method, after the metal layer is formed, a resist mask is formed, selective etching is performed, and
the resist mask is removed. [0071] Next, an antenna 125 is formed by a sputtering method or a
printing method. 15 In the case of forming the antenna 125 by a screen printing method or an ink
jetting method, a conductive paste in which conductdie particles with a grain diameter of several urn 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] 20As 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), antifybatypenROM)evitardughatTi subsiath catideapilicgioni o svoltagvetohahitsén & dispersive
nanoparticles GRp e Rl amRRIE SAIIARIRAE NpABIoIRG hiUreardely e paste, one or

more of organic resins which are selected from organic resins 25 which function as a binder, a solvent,
a dispersive agaiphaassitican filmwitha thiskarssRERY pavidich ds fosmedsBy amlpEi- R organic
resin such as aReRRAYAESIEds ABiKINRS FARDEER baiAsrdypt/ROM, wies dhshenatiphtivesfilm is

formed, baking may b erably perfarmed after the conductive. paste is applied. For example, in the
case wher® firaél% tic?égg?ﬁ%ﬁﬁﬁléﬁégrggﬁ??ﬂoﬁﬁr %r%npéﬁéc 8 .‘5.,céegr§i r%@??g gpﬁraenaﬂi:ar 30 than
or equal to 1 nthedinslt|elesttbdmany incremtict Wit eachisthered Matathaheesiticide theactiondissineaste, a
conductive f"n]lg‘gentg %Qgéﬁﬁ}ﬁgdbyvgﬁm&ﬁié‘}sgﬂﬁ%? ak antifuse-type ROM where the silicon

film and the first electrode are in contact with each other, but it is acceptable as long as

part of the region is conductive by the silicide reaction. The inventor has confirmed -
10  several memory elements which are conductive in part of the region where the silicon

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

[0067]

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

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

15 a composition of each portion of a cross-sectional structure of FIG. 6B by EDX
measurement, large amount of tungsten, silicon, and titanium were detected in a first
electrode 207, a silicon film 215, and a second 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 ¢lectrodes 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 inmsulating film.
[0069]
Next, a resist mask is formed and the insulating film 122 is selectively etched,



23 temperatures of 150 to 300C so as to be cured. Alternatively, fine particles containing solder or
lead-free solder as its main component may be used. In that case, fine particles having a grain size of
less than or equal to 20 pm are preferably used. Solder and lead-free solder have an advantage of
being low cost. 5 [0073] In the case of forming the antenna 125 by a screen printing method, it is
effective to provide the metal layer 124 as a base fil&#when adhesion of the antenna 125 with the
insulating film 122 is low. The antifuse-type ROM, the driver circuit, and the antenna are formed over
the same substrate, so that a mounting step can be eliminated. 10 Mounting here means a work of
electrically connecting a substrate provided with the antenna to the driver circuit by a solder,
thermocompre&Ridhth A PRELIRS FBERBM dhe ihind sderdipge drithankenrepcaiagwsaching thting is
performed whegahsdiRartkbifi AMReRaRARdNe NERAR RIQYHEtiaisiiie aehaialendRQih15There is
no particular Iimi.tt tion on a shaJ)% of the rr:jenna 125. Ag %transmission method of a signal applied to
the antenna, af & e%{lroaf%glé'haeflc C%Lff)ﬂﬁﬁa %tﬁ{ba, UrPetec Srﬂ%é‘fﬁ%ﬂ% nf& TP microwave
method, or thedikstrode 134 empidyernjidativelydmgssion phetiiog ofiepehinggopegpoeiddyd. selected by a
practitioneg injw%geration.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 electroni§Retis Esish mask i nngsdcnd R metakiayerciid ifariepmvingadbesieny ., 13.56
MHz band) as gperéanseninsiae Meshan esbeimagnaticiingieglionky sbanus &f ihe shactrc field
density is utiliz d;léS h%r{;:gor a conductjve film functioning as an antepna is formed into a circular
shape (such ad%% o"é"& ﬁr@? Bfeatn Liapa degha ggﬂa?ﬁﬂ?e‘?ﬁhﬁ s S ARETHANE Bl of
employing a meerthe/like thretighdh¢csgmenstdpi - Taa thé¢8t lajeroBd hitd tHedaakthai2ofods M23kaead, or the

ke) as t 1ogaapiBp giang IROAIACK 308 A PRSI HCINCUD d aslaing £ a0
antenna may be appropriately setn consideration of a wavelength of an electric wave uSed for signal
transmission. Fhuitering method, after the metal layer is formed, a resist mask is formed, selective

etching is performed, and the resist mask is removed.

[0071] . |

Next, an a:itenna 125 is formed by a sputtering method or a printing method.

15 In the case of forming the antenna 125 by a screen printing method or an ink jetting
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

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

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

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



24 conductive film functioning as an antenna can be formed in, for example, a linear shape (e.g., a
dipole antenna), a flat shape (e.g., a patch antenna), and the like. The shape of the conductive film
functioning as an antenna is not limited to a linear shape, and the conductive film functioning as an
antenna may be formed in a curved-line shape, a 5 meander shape, or a combination thereof, in
consideration of the wavelength of the electromagn&ic wave. [0077] FIGS. 7A to 7E show
examples of shapes of the antenna. For example, as shown in FIG 7A, an antenna 303A may be
provided all around a memory portion and 10 driver circuit 302A. As shown in FIG 7B, a thin antenna
303B may be provided around a memory portion and driver circuit 302B so as to circle around the

memory portiottenerafritesofitsitcs¥MBC g asebp suredG Adternativeln Aing PAEicIeavenialiabe like an

antenna 3030éerda?q%\am.@réﬁ%m@:%%ym%emﬁ{iQﬂuf%vausuresmeﬁ;aiocaseqemery portion
and driver circuit 302C. As shown in FIG 7D, the antenna may 15 have a shape like an antenna 303D

which is 180 oRfitifksdieing eeipaniELel e thmyismakin2duryre Rrsterabiinusdpe Seldes memory

portion and driygy fHaLied 38iderhavi WV iavEntaife dEbeliig RRIRBRA Mmay have a shape like an antenna
303E which is ﬁ_«; ded to be long like a stick with respect to a memory portion and driver circuit

302E. The®ant 25 may be used in combination with the antennas with these 20 shapes. [0078]
A length needed for thin athtecase isf differizg! thepanichng d25frey) e soyenspdnfidng enetbtidn itHsr example,

in the case whe f ATAVA 4 i i ovi antenna
may have a Ieﬁﬁ%aﬁﬁ%%ﬁn% %‘]%gj gisv t\%val\%éﬁléegr%t ggﬁgqi?gkﬁln%%%%iz gn@e%nér‘]{g ?sg?)tr{(%ided, the

antenna may b tadpyytatreibleui Zbisdaw 1/ The sp ’ c[BOM the drivse sirsyitsipd Mfrmed at an

interface of the,pREHNAANRMEA R ke dentb uBMRite A0SR 8IRIGNIS sisplam Bétbiantsi-aheet 100a
and a second sheet 100b. There 30 is nogggg!icular limitation on a peeling methpd. ,gvgggﬁ/n peeling

method stfth S4eupting hsrrmess adhork %ﬁﬁ%&%‘&ﬁ&%“ﬁﬁ’h“&”aﬂh?&é&ﬁ'ﬂ‘(ﬁds? kg layer (the
technique desatitumiarto dpadedser Ritbbis ydaPeidet, Almricaompidssi@ 0dading? 8diye donding,

bump bonding, or the like. For example, mounting is performed when a silicon chip is
attached to the antenna provided for the substrate. '
[0074]

15 There is no particular limitation on a shape of the antenna 125. As a
transmission niethod of a signal applied to the antenna, an electromagnetic coupling
method, an electromagnetic induction metﬁod, a microwave method, or the like can be
employed. The transmission method may be appropriately selected by a practitioner in
consideration of applications, and an antenna having an optimal length and shape may

20  be provided in accordance with the transmission method.

[0075] '

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

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

[0076] |

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

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

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



25 peeling method in which a peeling layer is etched, or a peeling method utilizing laser ablation may
be used. In addition, sealing may be performed by bonding with the use of a bonding layer such as an
epoxy resin. Moreover, the order of a peeling step and an antenna formation step may be switched;
the antenna may be formed by a screen 5 printing method after peeling. [0080] A plastic film or
paper is used for the first sheet 100a and the secongfsheet 100b. Alternatively, thin ceramic may be
used for the first sheet 100a and the second sheet 100b in order to increase withstand voltage, or a
sheet in which a fabric formed of 10 carbon fiber or glass fiber is impregnated with a resin, a so-called
prepreg may be used. If a flexible material is used as a material of the first sheet 100a and the second

sheet 100b, a FAPARSEY IR HHREHORNE AS MR RATR8I AR ReACrRer L FanrlenfdiRef siaRS ticle can
be provided. [B@1]z1dipdleciiginiiay aliayehdps(rifed piabsardizamptif eheylilee R OMeandphefdriver

circuit are fomlggl Qvar the s l'me chqlstﬂate.asFurtq%{gnngrelstQ& ?inth%&?GtX e Rogq and tkhetﬁleriver circuit
can be formed over the'same su _stra?e%ouéﬁ a'small number o stepsﬁ% Borhe present
invention incluemdutive hidbweforciionieg) asrcrnienndl bayekp | Ermedfintaceuryetbting ishans.fellowing

Embodiments JemRedmpat di Kesmabinatiod"tHeiedtMROmRitafom JRUiRCHUVREBAINAG R & Wireless

chip including 25 active matrix antifuse-type ROM will be explained below with reference to FIGS. 8A
to 8D and FIGECYRRPRSUEOBBA  First, a metal layer 502 which serves as a peeling layer is
formed over a fpalgjrate S01. A glass substrate is used as the substrate 501. A tungsten film, a 30

tungsten nitide i, g ojxbilesym inwith 2. 1GkICE8. ol ARL0,200,0m W ghtofped by @
sputtering method is used for the metal layer :
shown in FIG 7A, an antenna 303A may be provided all around a memory portion and
10  driver circuit 302A. As shown in FIG. 7B, a thin antenna 303B may be provided
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 2 memory portion and driver circuit 302D, As
shown in FIG 7E, the antenna may have a shape like an antenna 303E which is
extended to be long like a stick with respect to 2 memory portion and driver circuit
302E. The antenna 125 may be used in combination with the antennas with these
20  shapes.
{0078]

A length needed for the antenna is different dcpendmé 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

256  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 2 first sheet 100a and a second sheet 100b. There
30 is no particular limitation on a peeling method. A known peeling method such as a
peeling method utilizing a surface oxide film of a tungsten film of a peeling layer (the
technique described in Japanese Published Patent Application No. 2004-214281), a



[0085] 26 Next, a surface of the metal layer 502 is oxidized to form a metal oxide layer (not
shown). The metal oxide layer may be formed by oxidation of the surface with pure water or ozone
water or oxidation with oxygen plasma. Alternatively, the metal oxide layer may be formed by heating
in an atmosphere containing oxygen. Further 5 alternatively, the metal oxide layer may be formed in a
later step of forming an insulating film. In this case, #fhen a silicon oxide film or a silicon oxynitride film
is formed as the insulating film by a plasma CVD method, the surface of the metal layer 502 is
oxidized, so that the metal oxide layer is formed. [0086] 10Next, a first insulating film 503 is formed
over the metal oxide layer. An insulating film such as a silicon oxide film, a silicon nitride film, or a
silicon oxynitrid®&HAg @99y iwhich ¢ Rsdlirsrasemis fiaheg mhr Roslingesmefprutitiziamberthe first
insulating film apRtisderavest abediwonl ayditisH,waliy 81§ Besperfithed e Bulemedsmhwhiaie silicon
nitride oxide filg} XVEQ %iglhi(;igngs%&f Esoa%o 100 nm J‘ornﬁd %X aP VDTd1569etho .usiqg Snit, NH3, and
N20 as reactive gasens ard g sincon oxynﬁﬁodxey fifff With' & thickness O 109'td AU tRAY Sias and
1420 as reactiwe gnisesacfermsutichesicpirapnhti\svhiichedo e |aytenud thayfbstforsaddtngafiferds@3, a silicon

nitride fiImdSiI}Mé/\ﬂ}%mgpgéﬁiggless than or equal to 10 nm or a silicon oxynitride film (Sils1.0y

film (X>Y)) with a thickness of less than or equal 10 nm is preferably used. 20 Alternatively, a
three-layer strdeP§Y may be employed in which a silicon nitride oxide film, a silicon oxynitride film, and

a silicon nitride film arg,gasyRiR o5 FiPeeds ASRDBGHKb gy amRIc 1004 Bich tHeesBeshdnshdating film
503 is formed base insulating,film is described here, the first insulating film 503 is not necessarily
orovided f 1t 1o WP o ST AOLH] CorRie g1k e i PF o MPERA e Ao
insulating film g3t TOEp seordwe insieasa wetlistiéodweliage, i oshsctis svhichoa datofoféitme @fing an
amorphoylg strugctiye 4 oflfas [ gsmgmgpli d,a
plasma C¥\§D metho%?%gft’ﬁg%%g %%%%%%E%é?a’llized gy%%iér\}vn crystal ?aﬁfgg l:%; treat%nt (laser
crystallization, ¥ha figsibleya fonsath aFraanatsriahpe theofirsistherh 109emnpsk e aswahitieet, or the like)

to obtain a crystub)e seraieenlS RhidNisanttdbR ¢orBeilip asaRiaoinc Slavédniaatiaragd into a
desired shape aftﬁr a retﬁi?fé mask is 27 formed using a first photomask. Note that if a plasma CVD
|

method is use&‘,‘tf & fir8 e mER ﬁ%‘film and the semiconductor film having an amorphous structure can
be consecutivgB081jcked without being exposed to the air. This semiconductor film is formed to have

3] thicknefi of 25 to Sol'ﬁg&éﬂr%?r %é%_geggrzgc&\‘%ﬁltmugﬁhﬁgg%’?g@w@i% o&h%Trrnaterial of
e amorphous semiconductor tilm, silicon or a silicon germanium e) alloy 1s preferably used for
forming the anSiguiiorrs Sermpcopicat dhsr e substrate. Furthermore, the antifuse-type ROM and
the driver circuit can be formed over the same substrate through a smaill number of
steps.
[0082]
20 The present invention including the above-described structure will be explained
further in detail in the following Embodiments.
[Embodiment 1]
[0083}
In this embodiment, a manufacturing method of a wireless chip including
25  active matrix antifuse-type ROM will be explained below with reference to FIGS. 8A to
8D and FIGS. 9A to 9C.
[0084]
First, a metal layer 502 which serves as a pecling layer is formed over a
substrate 501. A glass substrate is used as the substrate 501. A tungsten film, a
30 tungsten nitride film, or a molybdenum film with a thickness of 30 to 200 nm which is
obtained by a sputtering method is used for the metal layer 502,
[0085] "



[0088] Alternatively, for crystallization treatment of the semiconductor film having an 10 amorphous
structure, a continuous wave laser may be used. In order to obtain a crystal with a large grain size in
crystallization of the amorphous semiconductor film, second to fourth harmonics of the fundamental
wave is preferably employed using a solid laser capable of continuous wave oscillation. Typically, the
second harmonic (532 nm) or the third harmonic (3286 nm) of an Nd:YVO4 laser (fundamental wave of
1064 nm) may 15 be employed. When a continuous wave laser is used, laser light emitted from a
continuous wave YVO4 laser whose output power is 10 W is converted into a harmonic by a
non-linear optical element. In addition, there is a method by which YVO4 crystal and a non-linear
optical element are pU¥drtam sustite el thednatlidyérardRoniosidized itodommaumeab axidre lryser light is

preferably Sha@aﬂ RR) e GROGHAN skﬁui@&'ﬁ:rﬁgflee F0:00 Y Gadialia P AR ARAPtical

system and is emitted to the semiconductor film. At this time, energy density of about 0.01 to 100
MW/cm2 (prefB¥ERRALE PTOZ0m9 WoleHe okidation atithy peysem Bladmc o AUGEIREYRIR thay™5inoved at a

speed of abougi@el P 20RHNYS skt aly Ritfifgasen lighicsphafe tedarifiagieigpedV0BBHRENEXL, the

resist mask is removed, Then, if nece r)é, the sem'coggucégtrilﬁayerli:? gopced \'flr'tth alsnmazlllnamount of
impurity efem ‘E’tﬂb‘f‘?}ﬁ it lBié’?ﬁsfia%crrdé'?% nool & thredhdid of b . HEvé8aR ion doping

method is emjilsyting filnich BibbincesdBiac) klivon seqide il oy nsilicob okpritiidel Bynpiasma.
[0090] SONexte 3 SUiTaE 05T i Uy 4 Yidde COFRURHL IO SAADL TR ARBTIRR Of an

oxide film on the surface of the semiconddctor layer with an etchant containing hydrofluoric acid. 28
[0091]  ThetPZdsseidizad satkattbermatalnidd 8 faEngshniconductor layer is formed. The second
insulating film ['go‘gg]ned to have a thickness of 1 to 200 rim by a plasma CVD method or a sputtering

method. The second insulating film is preferably_formed 5 to be as thin a%Jlo t% 50 nm to,have a single
layer or Scked layerNiXica S ATIRIRED AR B FEme SLHcDs BRaLAEINS (W8 Aidation
treatment usinigsulatngafilvii Buelmic asilives sxjlerfilrmedilithe sittde filins ofatisitdimofymisides as a gate

nsulating fim s K63 fo) [QE i RAAMARD it S4C SASCH RS POIROG 2Ntk

electrode 509 which sérvés a )
insulating film 503 is formed of a two-layer structure, and a structure is employed in

which a silicon nitride oxide film with a thickness of 50 to 100 nm formed by a PCVD
15 method using SiHs, NHj3, and N20 as reactive gases and a silicon oxynitride film with a
thickness of 100 fto 150 nm using SiHs; and N>O as reactive gases are stacked.
. Alternatively, as one layer of the first insulating film 503, a silicon nitride film (SiN
film) with a thickness of less than or equal to 10 nm or a silicon oxynitride film (SiN;O,
film (X>Y)) with a thickness of less than or equal 10 nm is preferably used.
20  Alternatively, a three-fayer structure may be employed in which a silicon nitride oxide
film, a silicon oxynitride film, and a silicon nitride film are sequentially stacked.
Although the example in which the first insulating film 503 is formed as a base
insulating film is described here, the first insulating film 503 is not necessarily provided
if it is not nceded.
25 [0087]

Next, a semiconductor layer is formed over the first insﬁlating film 503. The
semiconductor Iayer 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



lower electrode of the antifuse-type ROM are formed over the second insulating film. A resist mask is
formed using a second photomask, and then a conductive film with a thickness of 100 to 500 nm
which is obtained by a sputtering method is patterned into a desired shape, so that the gate electrodes
504 to 508 and the first electrode 509 are 15 formed. [0093] A material of the gate electrodes 504
to 508 and the first electrode 509 is acceptable as I&1g as the material reacts with silicon to form a
silicide. The gate electrodes 504 to 508 and the first electrode 509 may be formed of a single layer of
an 20 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 contaifmecthesisig mérat photomaska cdieipdhrtrif oplasma¥ D mpthodh dsasedNbeefirstt a high
meling poin ki iAo UGG iacREAe los a0 g! b MSsiSaNCagr golybdenu
n

is used. In the case where 25 the gate electrodes 504 to 508 and the first electrode 509 are formed of

a stacked layefORSEHiN Atasked Withovtsbrings S@ovd i dhader iSht Araueardvstan . fescribed
material, a mafetiabdpaiavdichiskivasof 2 atogtatdagiaefarahlp a0 e oly/aiystaliithongb dietayer doped
with an impurity Slement sush 8 eSPhARIS, 093l A0NEX!, Adsls daskin armedsing a third
photomask so as to cover the semiconductor layets in regions to be p-c hnng??tlifs, and an impurity
element is intr@getoadun €5Gs) mileynid usedersb)i resad fogifmmingidnapraphaisTEmicanstugiahe gate 29
electrodes 505ggd 507 as masks, so that low concentration impurity regions are formed. As the
impurity element, an impurity element imparting n-type conductivity or an impurity element imparting
p-type condchlan be used. As the impurity element imparting n-type conductivity, phosphorus,

arsenic, or the like casherha@dly, fiecysplinsair us-fraitatuke seinitbrdeemi dilnchistinglayer in the
regions tcit e the n-?lhanneléﬁll SO as 1o be cont 'necd at C%Q%%Qérati%nsr&ﬂoxogom to 1 é11019 lcma3,
- y |

so that n-type f‘r’r?ﬁfR ?/“tsesﬁf?)nsrg’rg erheRt fo‘ﬁ@‘éﬁ e>r<tl,n e Febigt maskisTemovead. A HESISt mask is
formed using avithattage phitsimaikesystalliatioyef threagssrrhosrsemigondpstarifilthesecoidite to be the

n-channel TI? g, AR ANAIARI Y HIERIRRIR MM Qeed gééfb?as?@ (&5 3 SolRdl IR EETioNS o

be the p-channel TETs, using the gate electrodes 504, 506, and 508 as masks, so that p-type impurity
regions are forfARAbloefirentinposRyvarsrRErlAtion tifyRicallye the sacrad, Rormeri (3R AP, gallium,
or the like can g tsQcharRsaidIBEIMiA) T Mtiaeiyoad,RbeBadiRacl Govd 374064 WAy aawns to be

the p-channel TFTs sp as, to he contained at concentrations of 1 x 1019 x 102Q /cm3, so that the
p-type im%ri@?eﬁmgyfgn b 8%89'&8‘#88&J’é%‘{?y,‘a"s%ﬁr’ée‘gf‘griu efe%s"?ﬁ%n%“ﬁ? and a

channel formatiomtixmgienwate ¥MOiplase dvise espatipowedn it d 0 8 & contezted gndm 4 rdyentinécp-channel

TFT. by a non-linear optical element. In addition, there is a method by which YVO, crystal
and a non-linear optical element are put in an oscillator and & high harmonic wave is
emitted, Then, the laser light is preferably shaped into a rectangular or elliptical shape

20  on an irradiation surface by an optical system and is emitted to the semiconductor film.,
At this time, energy density of about 0.01 to 100 MW/cm® (preferably, 0.1 to 10
MW/cm?) is needed. Then, the semiconductor film may be moved at a speed of about
10 to 2000 cmy/s relatively to the Iaser light so as to be irradiated.
{00891

25 Next, the resist mask is removed. Then, if necessary, the semiconductor layer
is doped with a small amount of impurity elements (boron or phosphorus) in order to
control a threshold of a TFI. Here, an ion doping method is employed in which
diborane (B;Hg) is not separated by mass but excited by plasma.
[0090]

30 Next, a surface of the semiconductor layer is washed at the same time as

removal of an oxide film on the surface of the semiconductor layer with an etchant

containing hydrofluoric acid.



20 [0096] Next, sidewalls 510 and 511 are formed on both side surfaces of the gate electrodes 504 to
508 and the first electrode 509. A 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#¥ 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 slﬁ?g&s of the gate electrodes 504 to 508 and the first electrode 509. Note that part of
the second insulating fiensactwbad isliaighmdvedhiih 30viéie the Manicordastdh txfefmatanedf the
sidewalls 510.,Rart of the.second insulatipg film is removed, so that.g remaining gate insulating layer
512 is formed 'Lﬁﬁ?jé?cgg%ﬁn()sﬁﬁténﬁaﬂf‘éne eg??g ?st%é "o %%élﬁlw%fstr?é zit ew@?glgl‘%. P g&ﬂ’lﬁon, part of
the second insGRngetiodisre spottedns orebzada rdinaierogdrigsidating lre ispsisrdbinfeunedder the 5
first electrgde RPBANd R NORNVRISPI 10930 a sihEIALEISLRASY Raraadaaing adifth

photomask so as to cover the semiconductor layers in‘regions to be the p-channel TFTs, and an
impurity elemeftydatingctiiie sanidipiaesilispib fd o ayerss Pitidpigb Hedmpw tidng-BRsMAel TFTS,

using with a2 microwave is performed. The second insulating film functions as a gate
insulating film of a TFT to be formed later.
[0092]
10 Next, gate electrodes 504 to 508 and a first electrode 509 which serves as a

lower electrode of the antifuse-type ROM are formed over the second insulating film.

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

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

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

[0093]

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

20 element selected from titanium, tungsten, nickel, chromium, molybdenum, tantalum,
cobalt, zirconium, vanadium, palladium, hafnium, platinum, and irom, 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
iaycr 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



10 the gate electrodes 505 and 507 and the sidewalls 510 as masks, so that high concentration
impurity regions are formed. The resist mask is removed after the impurity element is introduced.
Here, phosphorus (P) is introduced to the semiconductor layer in the regions to be the n-channel TFTs
So as to be contained at concentrations of 1 x 1019 to 1 x 1020 1cm1, so that n-type high
concentration impurity 15 regions can be formed. C@asequently, source or drain regions 517 and 518,
LDD regions 519 and 520, and a channel formation region 521 are formed in the semiconductor layer
in the region to be the n-channel TFT. The LDD regions 519 and 520 are fanned below the sidewalls
510. [0098] 20Although the structure is described in which the LDD regions are formed in the
semiconductorelegterdecifieadrbdTasmusinrol st foxrep B mratighepari nsefonsud farmed.

semiconductorjgygt i) i hese-SheRBIFy LidheRrsssainy apiige Gonekdsvitgchingseto. The

LDD regions may be formed in the semiconductor layers included in both the n-channel TFT and the

p-channel TFTIMEITD SFMeBLAMRATBIREP1HERR SARPFIVIE 2L B USHing AY 46 JERYEHOFIRREYY a
sputtering methagaring ReYP doibaivisy,pisephdaldDamatidrahthiidkean e tined.acHeatjon

treatment and hydrqggenagian treatment of the impurity element gdded.to the semic layer are
performed? Hegg?féé%ﬁ’fgﬁst @?M@ (OB Od ] Tg rtlaﬁu%ﬁ gballﬁ & ?ﬁ%%%%r@erggggﬁgmal'
annealing metHaRIy BT o dthamaisadptcaomiigtiorsoef teis0Stor 1HE Anmiatdhatredyprent and
hydrogenation.tre%}lrpernt gnthﬁémo%tﬁ]ég/ 31 element. A silicon nitride oxide film (SiNO film) obtained by
a PCVD methoa s USedor the four Insulating film 522 containing hydrogen. Here, a thickness of the
fourth insulating®® 522 containing hydrogen is 50 to 200 nm. Besides, in the case where the

semiconductor film is ggygtajlizedsitinché MERIIRBENAWBIE RIS GécfoRed Halli alipudypically
nickel, getterin[%g)vhich reduces nickel in the channel formation r;gion,can al%%ﬁe per orqu at the

same tim&Pas PROMRRK ARG SOF LSS ERIFRPHNSIAL fYG R R RESAN T HYE GRS  first layer
of an interlaye mFE)|aith gnfimpudhOaeiNenttiscidtfiddiesd miithg Stmisiiiveluchagens sths mgexond layer of

method, or theltS S AR 0T 2 B a0 g e fim
silicon nitride fiptypsr imgilictn oogiongidectifarmeds e Ao rtiiee HITRE urlementi ABng PetYBethickness
of the fifth insulgtiag-fility> Hdisn3 UuiRiBHR, NBNEHOYr - the like can be used. Here, boron is
15  introduced to the semiconductor layer in the regions to be the p-channel TFT5 so as to
be contained at concentrations of 1 x 10" to 1 x 10? fem?, so that the p—typé 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 S08 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



15Next, 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 gm. In this embodiment, the diameter of the first opening is
2 20 pm. [0102] . A cross-sectional view of a serftonductor device manufactured through the
preceding steps corresponds to FIG. 8L [0103] 25Next, 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 18 s2tmn 281l foramation ph st sidawalib pdoud 4 iebtheinsromnswling &8 of 100 nm
is formed by aiplanioacd; \éb e thosndiing, s@0Kagiting dsfeissTrRadmern iheABaekNGOME silicon film,

' th phqt Kk, apd th Sili film, i lectively etched, so that a sili I
24 which 32 BUEERRREN A /o ORERIDATE VHRVELS THE ro et UG PE NI ARG Hhe etching.

[0104] ‘ Ardasrgditivisalcmeved s thsemrroaiding dnsiiatiog h)am Giidcisfenntisrguddr the 5
preceding stefg GUECRBONSH0 Rl e YRrewalls 511.
[0097] |

Next, a resist mask is formed using a fifth photomask so as to cover the
semiconductor layers in regions to be the p-channel TFTs, and an impurity element is
introduced to the semiconductor layers in the regions to be the n-channel TFTs, using

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

15  regions can be formed. Consequently, source or drain regions 517 and 518, 1LDD

‘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 Iayer 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



[0105] Next, a resist mask is formed using an eighth photomask, and the fourth insulating film 522
and the fifth insulating film 523 are selectively etched, so that an opening reaching the semiconductor
layer, an opening reaching the gate electrode, and a 10 second opening reaching the first electrode
509 are formed. The resist mask is removed after the etching. [0106] A cross-sectional view of the
semiconductor device manufactured through the pr&teding steps corresponds to FIG 8C. 15 [0107]
Next,-an exposed surface of the semiconductor layer and an oxide film on an exposed surface of the
first electrode 109 are removed with an etchant containing hydrofluoric acid, and at the same time, the
exposed surface of the semiconductor layer and the exposed surface of the rust electrode 109 are

washed. 20 [0dleBEnextAsiticprinittde aride Sikbo (REND{ilm} pbheined PyrellodD mthed itngedve film is
formed of a sigglenleyGIAf S RIEIR HSSIO LGS AHARE BROEYT, [UPRRER alleRhs (i @ HiiRih

molybdenum, tantalum, cobalt, zirconium, vanadium ﬁalladium, hafnium, platinum, iron, aluminum,

and copper, of"éﬂlmmté?%%?t&i@&ﬁflb&!}ﬂéeﬂw?ﬁé 4P AR SNBSS MerAss SR hain
component, okl stealieshthicesrt i ols Natetiliatdd thdmgase wibaie dhmennduisidlie flomistestacked, at
least one ayer which is.in contact with the sjlicon layer 524 is formed.using a material which reacts
with Si|iCOf’élatO %#ﬁeﬁg%%etygﬁcéi |I§ Hfgéerléﬁf F&%gaw%lg erricé%“&elfnng{gqt(gnlﬁi}%ﬁ%sﬁem Io%ér]l?nn(% 'used for
forming the firstaitactrocdss (8 perfommushat the samio titse al theouti vtiem e Mefs, this the fourbr 30

example, a thigesiaer Hif584 8onlAntia MR Simis Al e BF SR iiARiRch Ating film,
{0100]
Next, a fifth insulating film 523 which serves as a second layer of the interlayer

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 l523 is 300 to 800 nm.
[0101]-

15 Next, a resist mask is formed over the fifth insulating film 523, using a sixth
photomask, and the fourth insulating film 522 and the fifth insulating film 523 are
selectively etched, so that a first opening reaching the first electrode 509 is formed.
The resist mask is removed after the etching. A diameter of the first opening is
preferably about 1 to 6 pm. In this embodiment, the diameter of the first opening is 2

20 pm.

[0102] _

A cross-sectional view of a semiconductor device manufactured through the
preceding steps corresponds to FIG. 8A.
[0103]

25 Next, a silicon film is formed by a sputtering method, an LPCVD method, a
plasma CVD method, or the like. Any one of an amorphous silicon film, a
microcrystalline silicon film, and a polysilicon film is used as the silicon film, and a
thickness of the silicon film is 10 to 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



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 33 employed. In this embodiment, a
three-layer structure of a titanium film with a thickness of 100 nm, a pure aluminum film with a
thickness of 350 mn, and a titanium film with a thickness of 100 nm is employed. [0109] 5Next, a resist
mask is formed using a ninth photomask, and the c#ductive film is selectively etched, so that source
or drain electrodes 525 to 534, gate lead wirings 535 to 539, a second electrode 540 and a third
electrode 541 of the antifuse-type ROM, and a fourth electrode 542 of an antenna portion are formed.
The second electrode 540 overlaps with the rust opening to serves as an upper electrode of the
memory elem@ﬁﬁﬂimW%%%@W&I&t@@?ﬁﬂ%\%ﬁﬁé wiskiHe Semamd ciftstitheto be
electrically coppagigd to the first electrode 509. Note that although not shown here, the fourth
electrode 542 @,ﬁlﬁsmca”y connected to It It of an antenna portion-and power supply portion. The
resist mask is ed after the etching. [0110] 15A cross-sectional view of the semiconductor device
manufactured throughthmssremeitmy siep oL thecspdonislitotbl @e8ide mainachned dhmengh the, 18 of a
logic cirCLgt pg&@@‘ﬁ%ﬂ%ﬂﬁragﬁay%ﬁggﬁROM 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 photoma$®t030[0111] Next, a sixth insulating fihn 543 which covers the TFTs of the logic circuit

portion 601, the IF a apgdhg antifuse<krR FéaNSAirE the BremPPhBRIHAskSdRd ane tberhFTs of the
antenna portion and power supply portion 603. An insulating film containjng sjlicon oxide or an organic
resin film is uééﬁr‘&g?ﬁeﬁé‘&é#rﬁéﬁlﬁ’afﬁ?g‘%% atg i iﬁﬁ:ﬁ&ﬁrﬁ ¥ i?h%é?hﬁ‘?; Wi8hByide is
preferably usespéaingpachingthelsahildynductor layer, an opening reaching the gate electrode, and a

10  second opening reaching the first electrode 509 are formed. The resist mask is

removed after the etching.
[0106)
| A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 8C.
15 [0107) '

Next, an exposed surface of the semiconductor layer and an oxide film on an
exposed surface of the first electrode 109 are removed with an etchant containing
hydrofluoric acid, and at the same time, the exposed surface of the semiconductor layer
and the exposed surface of the first electrode 109 are washed.

20 [0108]

Next, a conductive film is formed by a sputtering method. This conductive
film is formed of a single layer of an element selected from titanium, tungsten, nickel,
chromium, molybdenum, tantalum, cobalt, zirconium, vanadium, palladiuvm, 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 Ieast 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



of a wireless chip. Alternatively, an organic resin film formed by a coating method is preferably used
because the sixth insulating film 543 desirably has a planarized surface in the case where an antenna
to be formed later is formed by a screen printing method. The film used as the sixth insulating film 543
may be appropriately selected by 30 practitioners. Moreover, in this embodiment, the example is
described in which the antenna to be formed later o%&rlaps with a driver circuit in the power supply
portion 603, and thus, the sixth insulating film 543 functions as an interlayer insulating film which 34
isolates the driver circuit from the antenna. In the case where the antenna has a circular shape (e.g., a
loop antenna) or a_spiral shape, one of both ends of the antenna is led %;éwirin of a lower layer;

thus, it is prefe?RMOYedproWR enebodimentn 2ithreardresrasistuen of in uoe Rerdth Microwave

method is empirikakss ok theD anics pard Alamiadincnshahe @igknass iFrds(nisnd)a itlaishape (e.g.,
a patch antenr}aﬂho ag lhk the aﬂq&na to be f rm&rd later can be arranged so as not to overlap with
e mem

r.
the driver circuit and. Ssr‘ci/opor |o?f;nthsue§l,1? 18 Cixth insulating film 543 need not to be provided.

[0112] 10Next [8189ist mask is formed using a tenth photomask, and the sixth insulating film 543 is

selectivelysetched, so fgl 8 i th IRRVIRGIAAGMSHIE i SGRIANE 2Ad RE CoRdUEYL RRENING

reaching the fourth electrode 542 are formed. The resist mask is removed after the etching. [0113]
15A cross-seclioiienysichelsenteb srietsr devr elrrandtacin rdtotighiere WiBBsHRt steps -
corresponds tad-$89, %e{0dd ¢iectrode 540 and a third electrode 541 of the antifuse-type ROM, and

a fourth electrode 542 of an antenna portion are formed. The second electrode 540
overlaps with the first opening to serves as an upper electrode of the memory element.

10  In addition, the third electrode 541 overlaps with the second opening to be electrically
connected fo the first electrode 509. Note that although not shown here, the fourth
electrode 542 is electrically connected to TFTs 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 correspondé 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 anterna 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

30 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 film 543 functions as an interlayer insulating film which



Next, a metal film is formed over the sixth insulating film 543. A single layer formed of an element
selected 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 photomasic, 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 fihn 545 of
the antenna is formed. Note that, here, the lead wirid§y 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 large contact area with the antenna can be secured. In
addition, when_the base film 545 of the antenna is provided, improvement in adhesion with the sixth
insulating film &2%1es h5e driYee CUgu Some the (antcppam IR he RSP SHbers e AR 8rmed of a
conductive maigidalartBenedge gl e icsprgtasnapot afspiebsligrn anddresiendhofl drchmbnng 544 need
not to be 30 foymed dependi n alayout of a giccuit design, [0115 pregeding steps.corresponds
o FIG 65, (011 * REE P B 8, 8 Bt bl o R PR 0

antenna 546 cafdbe Ratmtutbip dheceassrvphértiagniceanone avathechitempdosad anththe Mmfenmed in such
a manner gnat g,meighiy @h&g&rt@%pmmi%ﬂvaeﬁa%ﬁs& ltkg.i,ﬁa oesh i A SRR HReMethod and
- p

f
then patterned using a photomask. If reduction_in‘the number of photomasks is prioritized, the antenna
546 may be fofiedisyna derkedosme JateRcamobe Arengadhse A%iAgl I BSHARID #he d¥Hod in which
an ink or a pasgirgditiGlhds theowieadrg rparaeie ahus)ade: feratie thinlatial filmasyiendedt sopredssermined 10
pattern is formed hy g photosensitive resin on a base made of a metal mesh or a high polymer fiber
mesh, is transipe'Pr‘élé 0 a work which is placed on the opposite side of the screen plate, with the use of
a plastic, metaf@t¥2jubber blade which is called a squeegee. A screen printing method has a merit that

pattern foggnation in a gemnarativeh R asaiRa Sdag WRMR DioRRsk, 1hd eldkn infhfigis-sectional
view of the semiconductor device manufactured through the preceding stephsiléorresponds o FIG 9C.
izt Shasde

In this embodif¥Ehd4hds seivetigeinstrbsth saéhat B eRingeaching it % ROM 600

of the memoryapaiiesufh 3patidd headiid} ansftheinplansdOsiaarTarrd. POriendsiRd pakes supply
portion 603 20 can be f rm&d otv%the same substrate with the use of eleven photomasks. [0118]

In the case wh&i °t'f$§ Fg%l w?r?n% %7 and the base film 545 of the antenna are selectively formed by a
sputtering metfi#d3]sing a metal mask, a wireless chip shown in FIG 9C can be formed using ten

photomaslcs. In the ¢ gx\f% (SO ;Img[%ﬁ '&m@gg%m&&&@&t%ﬂg ag linear
shape, aiﬁt shape,_o?the [ %e%ﬂéﬁ%rmatioftggae Sixt lilnsulating film 543 and the giske film 545 of
the antenna caWcERABE Mens; cPRsPeRIRAEAIAnip can be formed using nine photomasks.

Furthermore, ii@fajver circuit is designed and manufactured using only a p-channel TFT in order to
reduce the number of photomasks, twg photomaks hecqome unnecesg?l{]ys&nd tﬂe,wi eless chip can

30 be formed using s \}Eﬂ’ﬂﬂﬁ?&]ng%és forpes] over the sixth insulating single layer

formed of an element selected 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 large contact area with the
antenna can be secured. In addition, when the base film 545 of the antenna is provided,
improvement in adhesion with the sixth insulating film 543 can be achieved. Needless
to say, the base film 545 of the antenna is formed of a conductive material, thereby
functioning as part of the antenna. Moreover, the lead wiring 544 need not to be
30 formed depending on a layout of a circuit design.
[0115]

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



[0119] 36 photomask is described in this 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 photomask. 5 [0120] Next,
the metal layer 502 and the substrate 501 are peeled to be removed. Peeling is generated inside a
metal oxide film, at an interface between the rust ingylating 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, opg&dupsy Qusy Whicdld i8less. wieless chips are formed is divided by a 15 cutter, _
dicing, or the l%i sQ as to be divided into individual wireless chips. In addition, if a method in which
each wireless €hip“s picked up to be peeled is employed, this dividing step is not needed. [0122] Next,
the wireless chip is fixNexip thesihaetnd k846U Soraved Fovettbeshmse thllke 520 sfiltistrantsnpkastithpaper, a
prepreg, a ceramic sheet, gr the like '}) -Igllﬁl ire i ' tn.be
interposed bet%vggéegrﬁatﬁgé sf‘génetB ﬁk@%g@s% a?ieg,é%rg?h W}?\{% e@a&% %;%é&%(%(? %égjn%%k?get-like

substancebwitiosmsshiirsydapemamperteabs mertad flpe fomed el alymimemn dilzen e dgdikads photo
curable adhespygrsuchyasspusaailmaniatisdrEbe piteridd iR ag OB ALRE SiHEcai @b fHaviolet cure

adhesive; or 25 an aerobic adhesive can be ysed, Alternativelé the wireless cb{p can be arranged in

the middle of HEEHE B PROLYRRSKE A RYIBFAS: Hif SHETRS HR-DaY PH A0 3 SCTeeBy the
wireless chip pentidgaiethodthraugthcinepaintive - gt edesictpsa wiéthedninewkiabl -anaink oreaory to

which data can be written.anyti fter manufaciure 30 of t [ ip,Ca %%H; . For
example, aftert: gsﬁfrgegé e ||%)6¥?>§§8a o %g‘%e%%@% geert[-lﬁ éé%%ﬁ%%é%%&%%@h%é} ??% atlém art_lg e with a
curved siffac@atior isdormed\birta photesearitivetigsinroo v bassuaeds iof th angtploraesh @18 high

polymer fiber mesh, is transferred to a work which is placed on the opposite side of the

screen plate, with the use of a plastic, metal, or rubber blade which is called a squeegee.
A screen printing method has a merit that pattern formation in a comparatively large
area is realized at low cost. |

15 [0117]

A cross-sectional view of the semiconductor device manufactared through the
preceding steps correspornds to FIG 9C. In this embodiment, the TFTs of the logic
circuit portion 601, the TFTs and the antifuse-type ROM 600 of the memory portion
602, and the TFTs and the antenna of the antenna portion and power supply portion 603

20 can be formed over the same substrate with the use of eleven photomasks.
[0118]

In the case where the lead wiring 544 and the base film 545 of the antenna are
selectively formed by a sputtering method using a metal mask, a wireless chip shown in
FIG. 9C can be formed using ten photomasks. In the case where a microwave method

256  is employed and an antenna has a linear shape, a flat shape, or the like, the formation of
the sixth insulating film 543 and the base film 545 of the antenna can be omitted; thus, _
the wireless chip can.be formed using nine photomasks. Furthermore, if a driver
circuit is designed and manufactured using only a p-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



37 [0124] This embodiment can be freely combined with Embodiment Mode. [Embodiment 2]
[0125] 5In this embodiment, an example in which a process is partly different from that of Embodiment
1 will be shown in FIGS. 10A to 10D and FIGS. 11A to 11C. Note that portions which are common to
those in Embodiment 1 are denoted by the same reference numerals, and the same explanation is
omitted for simplification. [0126] 10First, the same cggss-sectional structure as FIG 8A is obtained
according to Embodiment 1. Note that FIG 10A is the same as FIG 8A. [0127] Next, a silicon film is
formed by a sputtering method, an LPCVD method, a plasma CVD method, or the like, and a metal
film is stacked thereover by a sputtering 15 method or a plasma CVD method. Any one of an

amorphous siligeiidsiaskaisndesenhéaiad i iesS tiabdihene R PRl Yol isARHHEY IBHARkbAS M eneilicon film.
A thickness of the silicon film is 10 to 200 run. The meE{ al film is formed using a si agle substance such

as titanium, tuRBLFEHDA 1SEBIIAN5or A B TEIR IRATE MY, Re oS 1RHIR, % PABART el rfEetitim,
palladium, hafmaterighldsirsehectivelyo fiorared nbgl| @y drop et odigebangih 2 Ontlethikeb ftiiHoay argidg ickéress of 10
to 100 nm. Notpefl(g@oant__!gskﬁ metal film is formed using a
5 [0120]
Next, the metal layer 502 and the substrate 501 are peeled to be removed.
Peeling is generated inside a metal oxide film, at an interface between the first
insulating film 503 and the metal oxide film, or an interface between the metal oxide
film and the metal layer 502, so that the wireless chip can be peeled from the substrate
10 501 with relatively less force. When the metal layer 502 and the substrate 501 are
removed, a fixed substrate to be bonded on the side where the antenna is provided may
be used. ‘
[0121]
Next, one sheet over which countless wireless chips are formed is divided by a
15  cutter, dicing, or the like so as to be divided into individual wireless chips. In addition,
if a method in which each 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 one sheet-like substance with a bonding layer. For
the bonding layer, various curable adhesives such as a photo curable adhesive such as a
reactive curable adhesive, a thermosetting adhesive, or an ultraviolet cure adhesive; or
25  an aerobic adhesive can be used. Altematively, the wireless chip can be arranged in
the middie 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 antlfuse-type ROM included in the wireless chip.



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 mu are consecutively stacked by a sputtering
method without being exposed to the air. 25 That is, in this embodiment, the silicon layer and the first
electrode are not consecutively stacked, whereas thg silicon layer and a second electrode are
consecutively stacked. In this manner, forming an interface between a silicon layer 524 Sand the
second electrode without exposure to the air is important for writing as memory and forming a silicide.
In addition, the metal film may be a stacked layer, for 30 example, a stacked layer of a titanium film
and a titaniumppitgigle film. Although the step of exposing the silicon layer 524 is described in
Embodiment 1, the silican layer. 524 is protected by the consecutiye jormation.of the metal film. In
particular, in the 38 cf&é‘ﬁﬂé‘?@?ﬁ%‘%‘f&cﬁﬁ éﬁffy géﬂgﬁﬁ%?yfﬁ%iﬂ\é%i“ﬂﬁé 9%n or equal to 50 inn,
reduction in th[Bomestmérth?] silicon layer 524 due to washing with hydrofluoric acid or the like which is
performed Iateﬁquﬂbe prevented. [0128] 5Next, a resist mask is formed over the metal film, using a
seventh photomaslc, and the metal film and the amorphous silicon film are selectively etched, so that

the siliconflayer 524 ahdhisseaberirarabtag s anmleinwhickaiprostis 2l difierentieom htned. The

resist mask is semevsdialar ieirtebiamwhole et indeisaspwhe eitis: maabilnds sebestively

removed by drt¥1 etching to form the second electrode 701, the
at portidns which are common to those in Embodiment 1 are denoted by the same

reference numerals, and the same explanation is omitted for simplification.

[0126]

10 First, the same cross-sectional structure as FIG. 8A is obtained according to
Embodiment 1. Note that FIG 10A is the same as FIG. 8A.
[0127]

Next, a silicon film is formed by a sputtering method, an LPCVD method, a

plasma CVD method, or the like, and a metal film is stacked thereover by a sputtering

15 method or a plasma CVD method. Any one of an amorphous silicon film, a
microcrystalline silicon film, and a polysilicon film is used as the silicon film. A
thickness of the silicon film is 10 to 200 nm. The metal film is formed using a simple
substance such as titanium, tungsten, nickel, chromium, molybdenum, tantalum, cobalt,
zirconium, vanadium, palladium, hafnium, platinum, or iron, or an alloy or a2 compound

20  thereof to have a thickness of 10 to 100 nm, Note that the metal film is formed using a
material which differs from a material used for forming a first electrode 509 which
serves as a lower electrode of a memory element. In this embodiment, an amorphous
silicon film with a thickness of S0 nm and a titanium nitride film with a thickness of 100

nm are consecutively stacked by a sputtering method without being exposed to the air,

25 That is, in this embodiment, the silicon layer and the first electrode are not
consecutively stacked, whereas the silicon layer and a second electrode are
consecutively stacked. In this manner, forming an interface between a silicon layer

524 and the second electrode without exposure to the air is important for writing as
memory and forming a silicide. In addition, the metal film may be a stacked layer, for

30 example, a stacked layer of a titanium film and a titanium nitride film. Although the
step of exposing the silicon layer 524 is described in Embodiment 1, the silicon layer

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



10 titanium nitride film which is an upper layer of the second electrode 701 can prevent plasma
damage to the silicon layer 524 during dry etching. [0129] 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
insulating film 523 are selectively etched, so that a Qpening reaching a semiconductor layer, an
opening reaching a gate electrode, and a second opéning 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]

25Next, an expagedsiiare QlidoRemyePaBuCcal layaiandaheaasal PUdei G sysace of the
f

fast electrode are removed with an etchant containing hydrofluoric acid, and at the same time, the

exposed surfatsdustionein drinkesss of e EilispmhyaneZbdisseashingvdhhiedmiraticcaridierare

washed. Note datiRnwhies purfasscaiiihe silierpievedad.4 is covered with the second electrode 701.
In this embodi@en the 30 second electrode 701 is a stacked layer of a titanium film and a titanium

nitride film. Th Hﬁ ium film reacts with silicon to form a silicide more easily than the titanium nitride
film. In adsglition, the titdeitra riistmddkic formped et the titetal it lnsifipaseventh photomask,

and the metal film and the amorphous silicon film are selectively etched, so that the
silicon layer 524 and a second electrode 701 which overlap with a first opening are
formed. The resist mask is removed after the etching. Note that in the case where the
metal film is selectively removed by dry etching to form the second electrode 701, the

10  titanium nitride film which is an upper layer of the second electrode 701 can prevent

plasma damage to the silicon layer 524 during dry etching.
[0129] _

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 insulélting film 523 are selectively etched, so that an
opening reaching a semiconductor layer, an opening reaching a gate electrode, and a
second opening reaching the first electrode 509 are formed. Then, the resist mask is

20 removed after the etching.

[0131]

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

25 Next, an exposed surface of a semiconductor layer and an exposed oxide film
on a surface of the first electrode are removed with an etchant containing hydrofluoric
acid, and at the same time, the exposed surface of the semiconductor layer and the
exposed surface of the first electrode are washed. Note that an upper surface of the
silicon layer 524 is covered with the second electrode 701. In this embodiment, the

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

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



39 being etched with the etchant containing hydrofluoric acid when the exposed surface of the
semiconductor layer and the exposed surface of the first electrode are washed. [0133] Next, a
conductive film is formed by a sputtering method. This conductive 5 film is formed of a single layer of
an element selected from titanium, tungsten, molybdenum, aluminum, and copper, or an alloy material
or a compound material containing the element as % main component, or a stacked layer thereof. In
this embodiment, a three-layer stacked structure of @ titanium film with a thickness of 100 nm, an
aluminum film containing a minute amount of silicon with a thickness of 350 10 nm, and a titanium film
with a thickness of 100 nm is used. [0134] Next, a resist mask is formed using a ninth photomask

and the condugiive film is sekegtivel -Qr dral gate lead
aiings 535 to B Sk R e S e O Bl S o 02 0
fourth electroddGssmisoadusiatlasier pertiba cxrosed utace wbthafisstelersaderye Bothedps with the

second electrqﬁgg,g@l 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 h&"éfttﬁe‘:ﬂﬂ%‘l- Fizr Bl ds 9a95d b acseuicrng Retad (o HE R0 H%ntenna

portion angl pofiter s&Fplsned poHriiGinglddaresiifmaskisnameviedaftéoihetittohing. f@ildtEh, A

cross-sectional view,of the semiconductor device manufactured thr. the preceding.steps i
corresponds to @‘1%“173\ 501N this em gg?&eéhfr gii)gfyaql(%‘fcmgé%% gﬁ%glug(gﬁt E’% S and
antifuse-type RONABDE the glemerinpp HtiorieOcoaPRNSS, T Ta #ackeddasemthprspdonandipower

supply portion &A% aaR-he faiRed.guesdit-anne-aHbTrat amitid aiseal RingRhaopaws. (0136]

Next, a sixth insulating film 543 which covers the TFTs of the logic circuit portion 601, the TFTs and
the antifuse-ty[&-ré® RsEa R filRenirPg G BiTEe smavatRf HlieerratBraibickiess® fofttion and

power sugply pori}gid a@taitiiey Macwiin dikidlaites dfl p0@ ani éruseg.silicon oxide or an organic resin film
is used for the aygﬂj .
[
Next, a resist mask is formed using a ninth photomask and the conductive film
is selectively etched, so that source or drain electrodes 525 to 534, gate lead wirings 535
to 539, a third electrode 541 and a fifth electrode 702 of antifuse-type ROM, and a
15 fourth eclectrode 542 of an antenna portion are formed. The fifth electrode 702

overlaps with the second electrode 701 to reduce electric resistance of a wiring. In
addition, the third electrode 541 overlaps with the second opening to be electrically
connected to the first electrode 509. Note that although not shown here, the fourth
~ electrode 542 is electrically connected to TFTs of an antenna portion and power supply
20 portion. The resist mask is removed after the etching.
[0135]

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

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

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

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

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



insulating film 543. The insulating film containing silicon oxide is preferably used for 40 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 5selected hy practitioners. [0137] Next, a resist mask is
formed using a tenth photomask, and the sixth insulating film 543 is selectively etched, so that a fourth
opening reaching the fourth electrode 542 is formed. The resist mask is removed after the etching. 10
[0138] A cross-sectional view of the semiconductor device manufactured through the preceding

steps correspanpladfarkbhn/Qt 3N aaseAliiac, LirapieRRa s MBI e sixh

insulating film 15 543 Dy a sputtering method using a metal mask or a droplet discharging'method.

The base film 3926 faetiod it Prsterhly used becaig et dpslrting Sl ds desablioasAanium,
nickel, and golslafrizat 3gifack iayae tageasticiy aiedfahih toltrsw ity M4br hefenmapbpa keesrad in such a

manner that a resjst mask is formed. usin tomask and.a metal film is selectively.etched. 20
[0140] A cP&lélsﬁlé%&%stﬁn%(?'v%v@eo e"%gedr?ﬁ%ﬁe u“éiic')rI %fé{\i/%g rqﬁ‘r?u%%?ﬂlra dgt%?gﬂgzﬁﬁéﬁteaﬂreceding
steps corr@sperlisted By@rddiBof@isd 1] Next, the antenna 546 is formed over the base film 545. The
antenna 546 be formed by a screen printing method, or the antenna 546 can be formed in such

a manner that'a metal film is formed by a sputtering method and then patterned using a photomask. If

reduction in the numbBE¥; pESishmaskdsdosmseising afenthRhotemasls asdyhssigiiraBling screen
printing methoginika3k selectively etched, so that a fourth opening reaching the fourth electrode 542

is formed. The resist mask is removed after the etching,.
10 [0138]
A cross-sectional view of the semiconductor device manufactured through the
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. If reduction in the number of photomasks is prioritized, the antenna 546
may be formed by a screen printing method.
[0142]
30 A cross-sectional view of the semiconductor device manufactured through the
preceding steps corresponds to FIG. 11C. In this embodiment, the TFT5s of the logic
circuit portion 601, the TFTs and the antifuse-type ROM 600 of the memory portion



30A cross-sectional view of the semiconductor device manufactured through the preceding steps
corresponds to FIG 11C. In this embodiment, the IF n of the logic circuit portion 601, the TFTs and the
antifuse-type ROM 600 of the memory portion 41 602, and the TFTs and the antenna of the antenna
portion and power supply portion 603 can be formed over the same substrate with the use of ten

photomasks. [0143] In addition, if a driver circuit is %signed and manufactu
p-channel TFT in order to reduce the number of photomasilcs, two photomal
and the wireless chip can be formed using eight photomasks in total. [0144]

red using only a 5
cs become unnecessary,
Moreover, the

subsequent steps are carried out as in Embodiment 1, so that the wireless chip can be completed. 10

0105 IR AR SIS SIS U B Dot

is described in't ment, there is no particula ation on the patte

mask may be fsmbedarmedatyer thesanes spatateczith rnseiaf issphstomasformed by a droplet
discharging m@;l@@gljwithout using the 15 photomask. [0146] This embodiment can be freely

combined with Embodiment Mode or Embodiment 1. !Er_nbodiment 3] 20[0147] . A semiconductor

device of this embodiffeATHiPReIE a4 Aiker et i o) pd manufa

SipE ealyoa 5

semicondgctopdduiaI'BRD hf dhdepte sedichuenimnteasfifhototicniaf vesfplitonpkobecntrct data
communication, The. Seiicon USSR, 18RS HER AP BABRAA RIS ARk @ clock

generation circtit 151 ,a
[0144]

Moreover, the subsequent steps are carried out as in Embodiment 1, so that the

wireless chip can be completed.
10 [0145]

Furthermore, although the example in which the resist mask is formed using

the photomask is described in this embodiment, there is no particular

limitation on the

 patterning technique. The resist mask may be formed in such a manner that a resist

material is selectively formed by a droplet discharging method without using the

15 photomask.
[0146]

This embodiment can be freely combined with Embodiment Mode or

Embodiment 1.
[Embodiment 3]
20 [0147]
A semiconductor device of this embodiment will be explained

with reference to

2b

30

FIG. 12. As shown in FIG. 12, a semiconductor device 1520 of the present invention

- has a function of performing noncontact data communication. The semiconductor

device 1520 includes a power supply circuit 1511, a clock generation circuit 1512, a
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 gemeration circuit 1512, the data
demodulation/modulation circoit 1513, the control circuit 1514 which controfs other
circuits, and the interface circuit 1515.
[0148]

The power supply circuit 1511 generates various power supply voltage to be



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 30circuits, and the interface circuit 1515. [0148] 42 supplied to each circuit in the
semiconductor device 1520, based on an AC signal'ihputted from the antenna 1518. The clock
generation circuit 1512 generates various clock signals to be supplied to each circuit in the
semiconductor device 1520, based on the AC signal inputted from the antenna 1518. The data

demodulation/modulation 5 circuit 1513 ction of 0 iqgé%}p latin
communicated Wi e§ rkgac gﬁw%%rﬁléﬁlép%%cﬁ%%é? glgcﬁ?%ﬂ; ﬁ;‘, a un%%c%r?l o%goa%%gﬂlmg the
memory circuitnpsited fiom dhecantenns 1818a s Bhtdlegl eeremiioansitgnty/ 108 2igmgrates ¥aEi0isves. The

reader/writer 13d& REAQNHS BOKPpRICHS DN ER-HheiS D ISaRLBRIRERE USRS 950 vk

communication, and_control_of processing of the commupnicated data, Note that 10 the structure of the

semiconductoffedfcesigmbitphited fomdha,avienashifed e dairedemodulatinpimodilation,conductor
device may hajistsisiE Uiss ta idncoatbé rdensmhdadismideltisgadamitessiranicakpomier supply
voltage or hardware only far.processing cades ar d. [Q149] 15T, emory.circuit 1516 includes
a memory porfl‘ﬁf)arglll ear?swgé%cn lgd in mcg%ﬁfgrin%ﬁm%gﬁﬂﬁj%éﬁg,%op Sécﬁtr){/ﬂg rlﬁlgﬁnhgrl)}we e%r’lr?(ents in each
of which a silicdreditrbSilhiclThe aeteanas1s i hisie funstivophifaasmittngistcelvivgledetitn YeNeerposed

between a paifff faaam& B0y BePniRst Bith HEn FRRBR Wit e § hmt SRl VR, @pbitre memory
|

element in which the silicon film is interposed between the pair of 20 conductive layers, or include a

memory circuiiWhf AmarEicatiehenr fonTehl BosresiT emZRnicated datte s PRIALR, for

example jone o atRiciad Hf dhdIOMTONAERIOE IO @WW,@WW& ROM,
EPROM, EEPEOM, anijcflt%sh memoc[Xc..ttLC%]a'%OJ 25Th g&g;g{&é%g in qule&ﬁcemlcondléc{gr elements

I eXamy ¢ SCIMICOIM VICEe ma e 1o C componcn
such as a reS|sPance e?er’nentsf a Capacitive COUD% element, an in U&IVG coupﬁlng &ement, a

photovoltaic ekcherstadipifetcdiettrid powee svigm yetoltagatonhirdwars-eidy terrpressssiogreodésment, a
transistor, a thgumigg{, and a diode. The sensor circuit 1523b detects changes in impedance,
reactance, inductance, voltage, or current, and performs analog/digital 30 conversion (AM conversion)
to output a sigW&l"ﬁ] the control circuit 1514. [0151] 43

15 The memory circuit 1516 includes a memory portion as described in
Embodiment Mode 1, that is, a plurality of memory clements in each of which a silicon
film which generates a silicide reaction by external electrical action is interposed
between a pair of conductive layers. Note that the memory circuit 1516 may include
only the memory element in which the silicon film is interposed between the pair 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
fiash memory.

[01507]

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

30 conversion (A/D conversion) to cutput a signal to the control circuit 1514.

[0151]
This embodiment can be freely combined with Embodiment Mode,



Embodiment 1, or Embodiment 2. [Embodiment 4] [0152] A semiconductor device functioning as a
wireless chip can be formed 5 according to the present invention. The wireless chip is applicable in a
wide range. For example, the wireless chip can be applied to bills, coins, securities, bearer bonds,
identification certificates (driver's licenses, certificates of residence, and the like, see FIG 13A),
recording media (DVD software, video tapes, and tr‘l1 like, see FIG 1313), containers for package
(package paper, bottles, and the like, see FIG 13C), Vehicles 10 (bicycles and the like, see FIG. 13D),
personal belongings (bags, glasses, and the like), foods, plants, animals, clothes, commodities, tags
for packages or articles such as electronic appliances (see FIGS. 13E and 13F), and the like. The
electronic app%%?,ﬁ%ﬁ{%%%ﬁ%%%%??' display dévice, an EL display device, a television device
(also simply referredtoas a 1V, a recéiving machine, or a television receiving machine), 15 a
cellular phone[Embodioeired][0153] The semiconductor device 1520 of the present invention is
fixed to a procﬁﬁtsb being attached to a surface of the product or embedded inside the product. For
example, if the product is a book, the semiconductor device 1520 is fixed to the book by 20 being
embedded inside a pabeTRIFARRIOT ARG (LR A ERE RN Pedh, ined
semicondactoacteviisg 1o Md pivsent tashatipackae wirkieisgkip beasditdbkide theideganjeresin. Since
the semiconduyctor device 1520.0f the present.invention ¢ e campact, thin, and élllggé eight, the
design qualityf?tﬁgaﬂlréfa’ljc “itSer Fs?sn%%lﬁ(%rrla%% g\i/lgﬁ ta?zgellrl?fhgo %%i(%%c?g H)e(sé(?fgr e pl}\%sduct. When
the semicondudestifieation t&alidatas(griveidetcenssiiscotifieate ofineridensea pod bedikeidkentification
certificates, Orgfig 'i'é%)?rﬁ@éﬂfiﬁ%tiﬂéhfé”(‘ﬁw SRRplaridadrn diiaieeeyscarie pigyented with

the utilization of the certification function. Moreover, when the semiconductor device of thé present

invention is prEYMReR fomparkaes Grelaer Rpcre beirRganh the, ke SR GILAGIngehideris, clothes,

commodites, ghasicnsiendhbdikessecaFIG 8K eaysiaNbEIdRsin e (P q EinsPs clid s/ Hie)) can

become more efficienf. [0154] 44 of resent ingention is mounted is explained with reference to
(Reican Jobmaiscs o e RISEy ek TP RSSO i

the drawing. AR Elechéhie appliante (s%ow ere as a 6i5e inc (?lsng chassis

2700 and 2706lstpmieipplidnces (readiHgS2 18R andotidithdudithplikear iy Slgctopdcapplidagtons 2704,
and a battery ZRG oot dokal HRPSLAL LS FEREBAYAICY RAGISH N0 @gysing 2702

and the housing 2702 is fitted into the printed wiring board 2703. The shape and size of the housing
2702 are apprOFRAYICIHEA RS M B I0AFRSE YIRS macise eraddpyisiondeadvinsarrthirpanel 2701 is

incorporated. hlkelniipsbrd! ixa BRAMKEe2703 has a plurality of packaged semiconductor devices
mounted them{%je semiconductor device of the present invention can be used as one of the 10
packaged se uctor devices. The plurality of semiconductor devices mounted to the printed
wiring board 2703 havihasgniiteatiociaf devioattS28rofithe phesbpr doestion isfik¢d RUA , prodocdry, a power

supply circuit, g Guglio HoRERNY Gl B RERHAPCP A ThaBE BRALS:  For
example, if the product is a book, the semiconductor device 1520 is fixed to the book by

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

.30 such as an inspection system can become more efficient.

[0154]

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



[0155] 15The panel 2701 is electrically connected to the printed wiring board 2703 through a
connection film 2708. The panel 2701, the housing 2702, and the printed wiring board 2703 are placed
inside the chassis 2700 and 2706 together with the operation buttons 2704 and the battery 2705. A
pixel region 2709 in the panel 2701 is placed so as to be viewable from an opening window provided
in the chassis 2700. 20 [0156] As described abgyve, the semiconductor device of the present
invention has advantages of its compactness, thinness, and lightness in weight. These advantages
allow efficient usage of the limited space in the chassis 2700 and 2706 of the electronic appliance. 25
[0157] The semiconductor device of the present invention includes a memory element with a

simple structugg i@ AEARIR WORIACARIRR AP RN SiERRIOY M damaRe ol cal action

is interposed betwe pair of conductive layers; thus, an inexpensive electronic appliance using a

semiconductolgeRicEIPiRn G FhIEY heraes atirremmiegls mrsdidabrhensaispluding sbassith the
Zemicondl#c;onﬂm/ﬂqhd’a,e @tﬁﬁenm\xgeamw;vgm elﬁﬁgegiw iB6Ea D303 spearigonductor
evice including a high-capacity memory ¢ircuit can_be provided. 45 [0158].. ., Mpreqver, a memory
. device include@ff?ﬂﬁezg i@, dﬁn(}fs?ﬂgvgég%f(ﬁ% eHPinvaffioh? iﬂo\’vrffego‘ﬁ%‘i]éaBVexternal
electrical acticngtwperatrdrimtocttic hossiidH2109 mahthel hotsiag 702 s fired imddropdated wirdgrding to the
above-descri %E;’:\Ct st o[gery: it} reve e n be
additionally wbrﬁ%%. Accérd?r?gg I&?ia%geﬁggtkgé%\i/é{ ggﬁpﬁiglﬁ%sgg\%h?ggﬁ)u%és%i%ﬁ%%{?nél?ogr%?%cr% highly

value-added saenEdange ¥rih gawisstramicappliensel del Which sharsrel Rd0ihs seemosatfdheBirassis 2700
and 2706 are Eﬁﬁmpkeﬁiﬂ%ﬁﬁa?d(tﬁwﬂag ahngiR) Gepesispad RirRendd Emasiania@pliance of
a

this embodiment can be changed into various modes in accordance with functjons or apgllications
thereof [016O]hereto. The semiconductor device of the present invention can be used as one of the

10  packaged semiconductor devices. The plurality of semiconductor devices mounted to
the printed wiring board 2703 have any function of a controller, a central processing
unit (CPU), memory, a power supply circuit, an audio processing circuit, a
transmitting/receiving circuit, and the like.

[0155]

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

20 {0156]

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

25 [0157)

The semiconductor device of the present invention includes a memory element
with a simple structure in which a silicon film which generates a silicide reaction by
external clectrical 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.



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. 2006-27339%%iled-in Japan Patent Office on October 4, 2006,
the entire contents of 25 which are hereby incorporated by reference. 46 REFERENCE NUMERALS
100a: first sheet, 100b: second sheet, 101: substrate with insulating surface, 102: peeling layer, 103:
insulating Iaye[ égi gate insulating film, 105: first 5.gate electrode, 106: second gate electrode, 107:
first electrode, 9 “source region, 109: drain region, 110: drain region, 111: source region, 112:
channel formation regMorc@{s; charensiriomevideninclyidad, il Ahénsemigandireton adevichiraf & silicon

film, 116: sourge. QIaGOdGih - iR RISdERHGy TR WEaARCHeNS; fhliaaisstoge. 120:
second electrode, 10 121: connection electrode; 122: insulating film, 123: fourth electrode, 124:
being nonvolatile and capable of adding data. According to the above-described
5  characteristics, forgery by rewriting can be prevented, and new data can be additionally
written. Accordingly, an electronic appliance which uses a highly functional and
highty 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 éellular 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.



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,
5009: 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: SORBFERENIOE MUMERsUI®, 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. %aq ﬁggﬁg&érﬁ@ﬁg%&ﬁgﬂggﬁ1%3%%%%%3']%&&6 slﬁﬁq iring, 545:

base film 25 of antenna, - antifusé-type gic circuit’portion, 602:

memory portioh20peekitenlay¢o103: dnsuibanver Biyen/yi Odttgate Gidalatidgilng AOGofiref first
electrode, 57 Ol:ggte; Sf‘e%t?fé:éfof&: second gate electrode, 107: first electrode, 108: source
region, 109: drain region, 110: drain region, 111: source region, 112:
channel formation 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 clectrode, 509: first electrode, 510:
sidewall, 511: sidewall, 512: gate insulating layer, 513: insulating layer,
514: source region or drain region, 515: source region or drain region, 516:
channel formation region, 517: source region or drain region, 518: source
20 region or drain region, 519: LDD region, 520: LDD region, 521: channel
formation region, 522: fourth insulating film, 523: fifth insulating film,
524: silicon layer, 525 to 534: source electrode or drain electrode, 535 to
539: pate lead wiring, 540: second electrode, 541: fhird electrode, 542:
fourth electrode, 543: sixth insulating film, 544: lead wiring, 545: base film
25 of antenna, 546: antenna, 600: antifuse-type ROM, 601: logic circuit
portion, 602: memory portion, 603: antenna portion and power supply

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



47 702: fifth electrode, 1511: power supply circuit, 1512: clock generation circuit, 1513: data
demodulation/modulation circuit, 1514: control circuit, 1515: interface circuit, 1516: memory circuit,
1517: data bus, 1518: antenna (antenna coil), 1519: reader/writer, 1520: semiconductor device, 5
1523a: sensor, 1523b: sensor circuit, 2700: chassig72701: panel, -2702: housing, 2703: printed wiring
board, 2704: operation button, 2705: buttery, 2706: chassis, 2708: connection film, and 2709: pixel
region. 48 CLAIMS 1. A semiconductor device comprising: a driver circuit over an insulating
substrate, wherp UpgfyRiHsad! 1RSHlepawRln ipdinSiRia RS merer slagiafioaver e

- insulating substrate, wherein the memory element includes a first electrode, a silicon film over the first
electrode, and cirenityrithé R:cttakiedemodudasivrymbidulatienediraugytd Eldctentdrol thirehi, film

transistor and the first.electrode gontain ten, wherein source raip electrodes of the thin film
transistor and Hjilééc&ma %r&gg%tilﬁﬂﬁén%ﬁﬁ?my vitETRth tﬁgigurﬁ% n&‘ﬂﬁai trodes of
the thin film trafigistaathRRRAIEBIL, S FOCRBARIWIALS aS20.d4erficoniRiirlagyiade interlayer

insulating film. 2. A'semiconductor device according to claim 1, wherein the insulating substrate is

a glass, a plasi&23papenserprkpidl; genserpitcuihed700: chassemdtHdupmaledd®2iccording to
claim 1, wherejn the sili ilm is an.amarphous sili film, a mjcroarystalli licon film, or a
polycrystalline ARG Y- pﬁl.n/fegem?ﬁ%%g?&ﬁd Vi é-é‘&%‘%ﬁﬁé’?&@&%ﬁ#&&&%ﬁf{e second
electrode is armdcﬁgsgﬁs}q’m@@ﬁmtﬁmIﬁﬁg,tagdi@y@@g{ﬁgﬁegioﬁ. A semiconductor device
according to claim 1, wherein the source and the drain electrodes of the thin film transistor and the

second electrode contain aluminum over the titanium. 6. A semiconductor device comprising:



a driver circuit over an insulating substrate, wherein the driver circuit includes a thin film transistor; and
49 a memory element over the insulating subst)@te, wherein the memory element includes a first
electrode, a silicon film over the first electrode, and a second electrode over the silicon film,

wherein a gate electrode of the thin film transistor and the first electrode contain tungsten, and are
formed over and in direct contact with a same sgifagg; ind wherein source and drain electrodes of
the thin film transistor and the second electrode contain titanium. 7. A semiconductor device
according to claim 6, wherein the insulating substrate is a glass, a plastic, a paper, a prepreg, or a
ceramic sheet. 8. A semiconductor device according to claim 6, wherein the silicon film is an
amorphous silichn filmASPRIGIEHERRARYECS HRBPIHIRS: or a polycrystalline silicon film. 9. A
semiconductor de%ice accoh%@%to claim 6, wherein the secong electrode is arr?nﬁd so as to be at a

right angle to th8 fifsfefal an 2108 e HOPRIY 08 AR I 4IRS HEHE the

same su %“L&S{%raa%rface of a gate insulating film. 11. A semiconductor device according to claim
6, wherein the source and the drain electrodes of the thin film transistor and the second electrode

contain aluminuah KRS EHIGRINE: the inddafh§ SBiERRIUHSE AN SRS PhelliMe £ireyit
including a transistor; and a memory element including a first electrode, a silicon film over the first
electrodesl anndde, seshcuh glectias ehovies i ecs o ankl ascodnere stteogate e ibetsdidendf the transistor and
the first electrode contain tungsten, 50 wherein source and drain electrodes of the transistor and
the second electrbeie cegasreitcionant thedhin film transistor and the first el ectrode contain tungsten,

wherein source and drain electrodes of the thin film transistor and the second electrode
contain titanium,
wherein the source and drain electrodes of the thin film transistor and a portion of the second

electrode are in direct contact with a same interlayer insulating film.

2. A semiconductor device according to claim 1, wherein the insulating substrate is a

glass, aplastic, a paper, aprepreg, or a ceramic sheet.

3. A semiconductor device according to clam 1, wherein the slicon film is an

amorphous silicon film, amicrocrystalline silicon film, or a polycrystaline silicon film.

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

arranged so asto be at aright angle to thefirst electrode.

5. A semiconductor device according to claim 1, wherein the source and the drain

electrodes of the thin film transistor and the second € ectrode contain aluminum over the titanium.

6. A semiconductor device comprising:
a driver circuit over an insulating substrate, wherein the driver circuit includes a thin film

transistor; and



wherein the source and drain electrodes of the transistor and a portion of the second electrode are in
direct contact with a same interlayer insulating film, 13. A semiconductor device according to claim
12, wherein the driver circuit and the memory element are formed over a glass, a plastic, a paper, a
prepreg, or a ceramic sheet. 14. A semiconductor device according to claim 12, wherein the

silicon film is anzaneaigpeuseHicsuering i srniengcistali a/sdigantd measrg gelvaiysialime shiepn film.
15. A semiconductor device according to claim 12, wherein the second electrode is arranged so as to
be at a riglettavigiea silitos filst @ledtietiest e ectrbfeArsbnsioond dettrodeviee the sbiatingj|to, claim 12,
wherein the source and the drain electrodes of the transistor and the second electrode contain

aluminum over WeERARGAE e ectrede o eI HALERDE SalRRE KIS i sieRrosle i o IR tRcAMding a

transistor; and emory element including a first electrode, a silicon film over the first electrode,

and a se@ﬁ{grg?g%f?\ég SRR GRAGH HiliD a \ﬁﬁgﬁf_gﬁ?-. te electrode of the transistor and the first
electrode COMG‘WR%%SESH‘ S%cﬁ%ﬂr@&%%&r&nﬁ{;ﬁ SHhEQ SR FRME S TAGE AR

wherein source a ain e(fectrodes of the transistor the second electrode contain titanium.

18. A sergippivkicionevice according to claim 17, wherein the driver circuit and the memory element
are formed over a glass, a plastic, a paper, a prepreg, or a ceramic sheet. 51 19. A
semiconductor device according to claim 17, wherein the silicon film is an amorphous silicon film, a
microcrystalline silicon film, or a polycrystalline silicon film. 20. A semiconductor device according
to claim 17, whéftein thé sebseddeitotdavecisasenatigedosdaly  bbesen tgHnahgleasubry fissisedectrode.

21. A semiconductor device according to claim 17, wherein the same surface is a surface of a gate
insulating'fiffh 2 Plastis> 2 RABEN AGHPRIBR 1B ARUCREBrding to claim 17, wherein the source and the
drain electrodes of the transistor and the second electrode contain aluminum over the titanium.

8. A semiconductor device according to claim 6, wherein the dlicon film is an

amorphous silicon film, amicrocrystalline silicon film, or a polycrystaline silicon film.

9. A semiconductor device according to claim 6, wherein the second electrode is

arranged so asto be at aright angle to thefirst electrode.

10. A semiconductor device according to claim 6, wherein the same surface is a surface

of agate insulating film.

11. A semiconductor device according to claim 6, wherein the source and the drain

electrodes of the thin film transistor and the second €l ectrode contain aluminum over the titanium.

12. A semiconductor device comprising:

adriver circuit including atransistor; and

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

wherein a gate electrode of the transistor and the first el ectrode contain tungsten,
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wherein source and drain electrodes of the transistor and the second electrode contain
titanium, and
wherein the source and drain electrodes of the transistor and a portion of the second electrode

arein direct contact with a same interlayer insulating film.

13. A semiconductor device according to claim 12, wherein the driver circuit and the

memory element are formed over aglass, a plastic, a paper, a prepreg, or a ceramic sheet.

14. A semiconductor device according to clam 12, wherein the silicon film is an

amorphous silicon film, amicrocrystalline silicon film, or a polycrystaline silicon film.

15. A semiconductor device according to clam 12, wherein the second electrode is

arranged so asto be at aright angle to thefirst electrode.

16. A semiconductor device according to claim 12, wherein the source and the drain

electrodes of the transistor and the second el ectrode contain aluminum over the titanium.

17. A semiconductor device comprising:

adriver circuit including atransistor; and

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

wherein a gate electrode of the transistor and the first electrode contain tungsten, and are
formed over and in direct contact with a same surface, and

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

titanium.

18. A semiconductor device according to claim 17, wherein the driver circuit and the

memory element are formed over a glass, a plastic, a paper, a prepreg, or a ceramic sheet.
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19. A semiconductor device according to claim 17, wherein the silicon film is an

amorphous silicon film, amicrocrystalline silicon film, or a polycrystaline silicon film.

20. A semiconductor device according to clam 17, wherein the second electrode is

arranged so asto be at aright angle to thefirst electrode.

21. A semiconductor device according to claim 17, wherein the same surface is a surface

of agateinsulating film.

22, A semiconductor device according to claim 17, wherein the source and the drain

electrodes of the transistor and the second electrode contain aluminum over the titanium.



