DESCRI PTI ON SEM CONDUCTOR DEVI CE 5 TECHNI CAL FI ELD [ 0001] The present
invention relates to sem conductor devices. In particular, the present
invention relates to sem conductor devices which can transnmt and receive

i nformation without contact by utilizing wreless comunication. 10
BACKGROUND ART [ 0002] In recentiyears, individual recognition

technol ogy in which individual identification information is given to an

i ndi vidual object to clarify information such as 15 a history of the object
has attracted attention. In particular, the devel opment of semni conductor
devices which can transmt and receive data w thout contact by utilizing

wi rel ess communi cati on through aPE3E@RBI@Ne has been advanced. Such

sem conductor devices are referred to as an 1Ctag, an RFID tag, and the

i ke, which have begun to be used for nanagenent of articles in markets, or

the Iike. 20 10003] In general ob which are referred to as an
RFID tag and the |ike that #I%U? Jhﬁ@xﬁtactical use include an

el enent formation |ayer and an antenna | ayer having a circuit forned of a
transistor or the like. Such sem conductor devices capable of wreless

conmmunj ca rel ess communication with a 25 reader/witer
t hr ough ﬁhgﬁégﬁégﬁéﬁh@1|c wave, so that the sem conductor devices can
[0001] ‘

The present invention relates to semiconductor devices. In particular, the
present invention relates to semiconductor devices which can transmit and receive
information without contact by utilizing wireless communication.

10
BACKGROUND ART
{0002}
In recent years, individual recognition technology in which individual
identification information is given to an individual object to clarify information such as
15 a historsr of the object has attracted attention. In particular, the development of
semiconductor devices which can transmit and receive data without contact by utilizing
wireless communication through a radio wave bhas been advanced.  Such
senticonductor devices are referred to as an IC tag, an RFID tag, and the like, which
have begun to be used for management of articles in markets, or the like.
20 [0003]

In getteral, many of objects which are referred to as an RFID fag and the like

that have been put into practical use include an element formation layer and an antenna
. layer having a circuit formed of a transistor or the Jike. Such semiconductor devices
capable of wireless communication perform wireless communication with a

25  reader/writer through an electromagnetic wave, so that the semiconductor devices can



2 be operated by receiving power froma power supply and data fromthe
reader/witer. In wireless communication between the reader/witer and the
sem conductor device, in general, a transm ssion side device (a
reader/writer) transmts a nodul ated carrier wave and a reception side
device (a sem conductor device) denodul ates the carrier wave, so 5 that
data is extracted and information is transmtted and received. [0004]

In the sem conductor devices capable of w reless comunication, there is an
anpl i tude nodul ati on nmet hod (an anplitude shift keying (ASK) nodul ation

met hod) as one of nethods which nodul ate a carrier wave. An ASK nodul ati on
met hod i sbeaopkatetebin cedeiving powtr fromerd paver ishipplyrand data fpmgbaeraderi/onitenf a
difference in anplitude of a carrier wave and use of this anplitude

di f f er encir wiscless ronwiuaication wiwwalthe teedes/wrilgiand die ssmiondigier deice, ipow st at e
(a difference between a signal line (an anplitude peak) and a reference
line (an gempial, ruthesmissionsifie feyics (amader/witay) (apyells 4 modulapdyparderayave (g
difference between a signal line (an anplitude peak) and a reference |ine
(an anpl i andchereeantion siyle idavipes (215smicORBIFLATAYiER derodvlateb e fATTIE Ya%Hs8ssed as m
= (b-a)/(b+a). The transm ssion sjde device can,decide a nodul ati on factor
by a net hat dakp in extmcted ARG IRt Frapftled a0ddeiebefon si de device and the
reception siﬂe devi ce which performw rel ess conmuni cati on. The reception
si de devi ecei ves a nodul ation signal of which nodul ation factor is

deci ded by the_t i de devi , d,d d t t dul ati
oo Tho0n) T emiaaSdar et EinafiE:or SIS IR BLGRal fifr O fodul &t on
onti nel nt " . : . . oo
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el ectric Character I CS. wever, a sem conductor device having favorable
3 10  meihod which transmits information by generation of a difference in amplitude of a

-

carrier wave and use of this amplitude difference as a modulation signal. Here, when
an amplitude in a low state (a difference between a signal line (an amplitude peak) and a
reference line (an amplitude center) is a and an amplitude in a high state (a difference
between a signal line (an amplitude peak) and a reference line (an amplitude center) is b,
. 15 a modulation factor m can be expressed as m = (b-a)/(b+a). The transmission side
device can decide a modulation factor by a method in accordance with both the
transmission side device and the reception side device which perform wireless
c'onélmunication. " The reception side device receives a modulation signal of which
modulation factor is decided by the transmission side device, and demodulates the
20 modulation signal.

[0005}] ‘
Since the semiconductor device capable of wireless communication includes an
integrated circuit provided with a minute semiconductor element, a problem of variation
or the Iike arises and it has been difficult to manufacture a semiconductor device having

295  favorable electric characteristics. However, a semiconductor device having favorable



el ectric characteristics has nearly been realized with various inprovenents
(for exanple, see Patent Docunent 1: Japanese Published Patent Application
No. 2006-268838). [0006] Note that the sem conductor device capabl e of

Wi rel ess comuni cation 5 perforns transm ssion, reception, and the |like of
a signal in accordance with a conmunigati on nmet hod based on vari ous
standards as comruni cati on thereof. Wth a comuni cati on nethod which is
standardi zed with 1SO | EC 15693 which is a standard of a vicinity-type
wireless IC card, a 13.56 Mz carrier wave is nodulated in order to obtain
a nodul ati-on factor of 100% or 10% and data is encoded with a pul se

posi ti on tRchiodbdratteristiciss meatlyileer tealiztd rifhf vadeusiatpsovisyenths fogexapiplea

nodul ati on position of a pulse position. There are | SO | EC14443 (TYPE- A)
and | SO | EEIBGBODIcueent 1 Shapanests’ublishef RptentoApEcripe Nos 89¥%-268838)SO | EC14443
(TYPE-A), it is prescribed that a carrier wave of which nodul ation factor
is 100% i $08%pressed with an anplitude of which initial anplitude (an
anplitude in a state wi thout nodulation) is |ess than or equal to 5% 15
Not e that a cordfeigi Bat it sprpisarialey BVice neapablet ofn dafelsss jcominisation 7
Further, various nmeans, can be considered in order_to denpdul ate a signal of

whi ch Fod BFERISntranseission; Lecepjipn( faafl s 51 & 2s88nabdp AFEOPRRSE I 20
e o S T

i rourt, PR for R e i sdnfshlzca FiBAOIECBR L] S hendd o0 211 01
s out put ELa RSt ORL Bl 1 QRFINYSBANED chikCide i aRdBiTROMLRE] on ST one!

cireult.  VHan AubRRkdd By S RO R, TR halid oﬁéﬁﬂﬁaipﬁls%g%’ﬁ&ns used for

W rel ess communi cation, a state 1n whi'ch an anplitude 1s°0 state in

whi ch 18n- apRbifitiiR e MEa K nRRddifief BAERFE hahid 6 AR6ANS 0N JolitieR6ha plIRer) 1S
i ncluded. Therefore, in a sem conduct'or device capable of wreless

communi cabh@fonihi Bitrd RRY WEEEMALENEVRELAND aRD SO/ TECH8008-35 af QiMBdar&UPP! Y
t hrough a received el ectronagnetic wave, it is difficult to supply power

from a powkdilas uPIFO/IBENETE9AN RIBLJIECIMAB(TYPEALY, itas piedtDed thandicatiesmodul at i on
factor is , 100% which is used for wireless communi cation, is O.

Accor di ngkwyve bhevhiheimadulationahctdn’ HOM Goaghsicdr wille uh eenplitude f ewtfier ed. | n
such a sem conductor device, a certain anplitude is secured so as to supply
power wi t initidl amplitrde {anaumplitude ér a stabe evithbutwhodnltution) is less than or equal to 5%.
15  Note that a communication frequency of these standards is 13.56 MHz. Further,
various means can be considered in order to demodulate a signal of which modulation

factor is 10% (for example, see Patent Document 2: Japanese Published Patent

Application No. 2000-172806).

20 DISCLOSURE-OF INVENTION
[0007] |
In general, a reception side device includes an analog circuit -having a
- demodulation circuit, a power supply circuit, a modulation circuit, and the like, and a
digital circuit connected to the analog circuit. As an cutput of the demodulation circuit,

25  a demodulation signal is outputted from the analog circuit and inputted into the digital



10 nodul ation factor is small (for exanple, a carrier wave of which

nodul ation factor is 10%; thus, the sem conductor device can be operated.

[ 0008] FIG4 illustrates a circuit configuration of a genera

denodul ation circuit which denodul ates a carrier wave of which nodul ation
factor is 100% A circuit of 15 FIG 4 includes a first diode, a second
diode, a first resistor, a second resistor, a first capacitor, a second
capacitor, and a third capacitor. In the circuit illustrated in FIG 4, an
i nput portion-is connected to one end of the first capacitor. The other end
of the first capacitor is connected to an anode (a first electrode) of the

first di adeuandwacsatchddewia &egatomedeaiondaer iofl00%ds ved dordvidilese. A

cat hode (a second el ectrode) of the first 20 diode is connected to each of
one ends @karhlGeation, st staie i whiok an tinglitsde Brid(arséss witwhich amamplitedespealnd
capacitor. An anode (a first electrode) of the second diode is grounded.
Each of t#4e aathemcehtsacodrd with ehéhrather) dicluded. gHubrafors. WasenirorMSHEi t or are
al so grounded. The other end of the second resistor is connected to one end
of the thdavitecapshid ¢fowirdesd communicptin Wweich PpRmatesTREEBEHERS BPRIEIdTOM Re t hi rd
capacitor is grounded. 5 [0009] Al though the circuit illustrated in
FI G 45 capovetesuphly Hreugh acreceivest clogiipmagietiGnyayp, Frisodifticnlt 63 syppbt BAWS s | ar ge

(for exanple, a carrier wave of which nodulatiop factor, is 100%., it is
di f i cul tirem aderetspalyaviEn @p propliude el ACHRCNIVE HP W&’ghff%é’filﬂ&ﬁm\‘ EtP%ﬂs 5is

smal|l (for exanple, a carrier wave of which nodqul atiaon factor..is 10%. This
i s becausB0%hevienisdsvdior Frireless campugation.ds §- h&“ﬁ“&?é@’ t&ﬁ??ﬁ%th(’@eﬁof. noi se,
i | oncetie ssmiRon i, v g UeriFen 18 Wona: Arientf o BB 0

b T cauc ol By BIRGTHERTS 81 i ibus e PrLbe o HEREVAFor PRI S€ cor
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havi ng a ﬁij% ﬁﬂgﬁﬁ@LE%C&ﬁpﬁtgﬁ%gﬁé%ﬁ‘@e%wl ation signal (a denodul ation

circuit gene clrcul out ‘any problemal so as to a nodul ati on
si gnal of dgpg]gh nodul ation factor is small (for exanple, a signal of which
rmdulatio[‘u tor is 109%9. [0011] Note that the following are provided in

circuit configusat kOoMuiF@R0S eflciiiNconfiguration of a gemeral demodulation circuit :
which demodulates a carrier wave of which modulation factor is 100%. A circuit of
15 FIG. 4 includes a first diode, a second diode, a first resistor, a second resistor, a first
capacitor, a second capacitor, and a third capacitor. In the circuit illustrated in FIG. 4,
an input portion is connected to one end of the first capacitor. The other end of the
firs.t capacitor is connected to an anode (a first electrode) of the first diode and a cathode
(a second electrode) of the second diode. A cathode (a second electrode) of the first
20  diode is connected to each of one ends of the first resistor, the second resistor, and the
second capaci'tor. An anode (a first electrode) of the second diode is grounded. Each
of the other ends of the first resistor and the second capacitor are also grounded. The
other end of the second resistor is connected to one end of the third capacitor and an

output portion. The other end of the third capacitor is grounded.



Pat ent Docunent 2: a first denodul ati on neans which regenerates data froma
20 (1S014443-A) 100% ASK signal (a signal of which nodul ation factor is
1009 ; a second denodul ati on neans which regenerates data froma
(1S014443-B) 10% ASK signal (a signal of which nodulation factor is 10%;
and a sel ector neans which sel ects eagh of regeneration signals. Further,
in order to control the selector neans, a neans which generates a sel ective
control signal by input of the regeneration signal and a 25 transm ssion
signal of the-first denodul ati on means is provided. According to the 6
configuration of Patent Docunment 2, a neans which regenerates data that is
not sel ecfoedolpy the sel ector nmeans can be said as a useless circuit in
terns of operation of a sem conductor device. In particular, it is apparent
that an anpl i f iAthosgl thei dirchg illwstratep dn FMGa4 icn dempdulaie doriEricd syaREat i on
means whi ch regenerates data froma 10% 5 ASK signal (a,signal of which
nodul at i owhichatadulation £8%4r. is Tangs (fonsssrmplene caigh $ighe af W"Ph‘é"‘gﬁ%ﬁof‘f i er
circuit is as large as one which cannot be di sre%ard d a c_or’qgared Wi th
consunpt i fatop IO it isrAitfignls ke deradulat RIcR R WRYS\WE adich podulafiop fadkay se ¢ o
deteriorate performance of the sem conductor, device, [.O Thus, the
presend i isvaemall dor Wi%éﬁ%éﬁ%dﬁd’dﬁ?}b?wﬂ%ﬁ‘%&ﬁﬁr\[ﬁ]?@tﬁi' $*data of a

ol at § oheRRe by Srmaodpinswy ek B 445 e bRt PoRon gl &Mk T er o
Fegener af BTa ST §08 i P RNt En ABACTA: P Rt eil TRED <l gnal
of v o 4L aL] Qb6 Rlaiol Bk 0L OBREH @Rl WRS s consumed
modulation factor is 10%). Therefore, the noise can be reduced by employment of a
10  low-pass filter or the like for the demodulation circuit; however, the poise is not

sufficiently reduced.

[0010]

Thus, the present invention provides a semiconductor device having a circuit

which can generate a demodulation signal (a demodulation circuit generation circuit)

15  without any problem also as to a modulation signal of which modulation factor is small
(for example, a signal of which modulation factor is 10%).

[0011]

| Note that the following are provided in a circuit configuration proposed in

Patent Document 2: a firsf demodulation means which regemerates data from a

20 (ISO14443-A) 100% ASK signal (a signal of which modulation factor is 100%); a

second demo&ulation means which regenerates data from a (1S014443-B) 10% ASK

signal (a signal of which modulation factor is 10%); and a selector means which selects

each of regeneration signals. Further, in order to control the selector means, a means

which generates a selective control signal by input of the regeneration signal and a

95  transmission signal of the first demodulation means is provided. According to the



In the nmeantime, the denodulation circuit illustrated in FIG 4 has a
sinple configuration, in which operation of a sem conductor device is not
interfered. Therefore, the denpdulation circuit is appropriate as a
denodul ati on signal generation 20 circuit for denodul ating a signal of

whi ch nodul ation factor is large (forgexanple, a signal of which nodul ation
factor is 100% . [0014] There is a case where a configuration appropriate
for operation is different between the case where a carrier wave of which
nodul ation factor is small (for exanple, 25 the case where a nodul ation
factor is-10% and the case where a carrier wave of which 7 nodul ation
factor i s coufigyetioh of Patord Mokwnent Bea maans whikdy regeneraind dhiathad is fohsdestedi s 100%) , .
For exanple, when a carrier wave of which nodulation factor is 100%is"
denodul at &3 theiselecter memsuian hehFaih a8 anpwlesschenit i éams of ApEgHOs o§dal  of

whi ch. nodul ation factor is 10% there is a fear that an unnecessary el ement
i s oper at semigprilugietalevice ¢ bh garieslas yis &b eapppignt (ing 125y amplifier qigRd 15 he
present invention provides a seniconductor device in mﬂic@@s}ci uit which
gener at es MEomoRdLinie the fecopd demedulatiop freaps WRIChHEFEoT4 e} 47iF | 0% of whi ch

nmodul ation factor. is small_(for e le, .the case..wh dul at i f act
o Sy MKl B b D SSBBN: weS SRBaLT TePur BB R O {he
wh ql . of . whi ch dul ati fact i . f | e,
Che cane. eamEed in i AR i ciriy By 0%t oB oS AradCihet RS Ly T ©
Further, the present invepntion provd a._sem i i ch
dent 1y SoRRRGT SEF srePRERG PR s TRl RO R, SRR T 000

nodul ati on I f i acircuit which is not 15

used, andtog%eg%?og teepe;%og@arr%gﬁg}%is%lﬁﬁgécgl#gpﬂ%g%eéh i s appropriate dependi ng on

a nodul at i actor with m ni mum power. [0016] A sem conduct or device
62

of the present invention includes one or a plurality of denmpdul ation signal
gener ghi on Ci r Cifs Sthe e Mivédtiod PRvERIMAUhRLhARICY 8ot HORRRA M haN

data of a signal of which modulation factor is large (for example, a signal of which

modulation factor is 100%) is selected, the operation of the amplifier circuit which is

incorporated into the second demodulation means which regenerates data of a signal of

which modulation factor is small (a signal of which modulation factor is 10%j) is
15  stopped and low power is consumed.

[0013]

In the meantime, the demodulation circuit illustrated in FIG. 4 has a simple
coﬂﬁguraﬁon, in which operation of a semiconductor device is not interfered.
Therefore, the demodulation circuit is appropriate as a demodulation signal generation

20  circuit for demodulating a signal of which modulation factor is large (for example, a
signal of whic;h modulation factor is 100%).
[0014]

There is a case where a configuration appropriate for operation is different

between the case where a carrier wave of which modulation factor is small (for example,

25  the case where a modulation factor is 10%) and the case where a carrier wave of which



20 circuits has a first denodul ation circuit which denodul ates a nodul ati on
signal, a second denodul ation circuit which denodul ates an electric signa
(a nodul ation signal) which has a polarity opposite to that of an electric
signal in the first denodulation circuit, and a conparator. A denodul ation
signal outputted fromthe first denodulation Circuit and a denodul ation
signal outputted fromthe second 25 denodul ation circuit are each inputted
into an input portion of the conparator, whereby a voltage difference of

t hese denodul ation signals is obtained. [0017] In the above

sem conductor device, a difference between an anplitude of the signal
denodul atmddbationtectdr is $rgalomekamate] te ceserghire a amdulatiomfaplor isuti®%f t he
signal 5 denodul ated by the second denodul ation circuit is obtained by the
conpar at oFor e3hmple, whee aeaplidrtwate obWhichanastulptian fagtordtUi0f salempdelnteds i r st
denodul ation circuit and the . anplitude of the signal denodul ated by the
second dewsinfid itdquisrwhichy degiodulates @ demedulatina signgkel whigh madetiondactdf se, ~ whi ch
results froma carrier wave, can be reduced to denodul ate the signals
stably. 1H%0otheg is a fear 'fhatta@r‘%?&?‘ieﬁﬂy?lerae%téﬁioé?fﬁtﬂﬁ@P@)PO‘H@V‘F(98“%?1‘“‘8he present
invention preferably has a selective circuit which selects either a first
demodut at #6K¥s8Y-gnal generation circuit or a second denodul ati on si gnal
generatioF circuit depending on a nodulation signal to stop the other
denndulat(@ﬁskignal generation circuit. Specifically, the sem conductor 15

device of th t invention includes th L qwing:. Ghe 1 i
demodul ati on s/ GRTERERGEY TR POt SappienpBksAapad i bRk, on
i gnal f i - whi cf | At o

xampl e, ek drranegainba et Rl AAH A et et BaifbORRACE o

dermodul at L oR, 5k ANAlodS ENAbORaGbICHE bab il ORAEIA0R ko dCTRAMAL | 0

n
signal froma carrier wa h nodul at1 on ctor 1s small” (for 20

ex anpltl@’ 2 8kt %ﬁfcl\;\)%@x‘(ﬂ?at ?W@ﬁs&hlmbﬂiﬁﬁﬁ G tfedGhOwhtR alO&disr Wi dfhe
1 ch se

selective circult ects, depending on a nodul ation factor, which of

the first  fdeRQiHulib® Rckir 30 BheJ@HCERMPRN t E26¢! he@ NOmbRatRRACRRE: is _
denodul at1 on signal generation circuit is used. [0019] 9 signal generation

circuit t?Od%j Lh?@dsepﬁlgﬁ%mpmvidcd. Further, the present invention provides a

semiconductor device which can identify a modulation factor, switch a circuit which is

used depending on a modulation factor, stop part of operation of a circuit which is not

15 used, aﬁd generate a demodulation signal ‘which is appropriate depending on a
modulation factor with minimum power.

[0016]

| A semiconductor device of the present invention includes one or a plurality of

demodulation signal generation circuits, and any of the demodulation signal generation

20  circuits has a first demodulation circuit which demodulates a modulation signal, a

second demo&ulation circuit which demodulates an electric signal (a modulation signal)

which has a polarity opposite to that of an electric signal in the first demodulation

' circuit, and a comparator. A demodulation signal outpuited from the first

demodulation circuit and a demodulation signal outpuited from the second

25  demodulation circuit are each inputted into an input portion of the comparator, whereby



First, in the sem conductor device of the present invention, the first
denodul ati on signal generation circuit corresponding to a carrier wave of
which 5 nodul ation factor is large (for exanple, a carrier wave of which
nodul ation factor is 100% outputs a first denodul ation signal, and the
second denodul ati on signal generatiomngcircuit corresponding to a carrier
wave of which nodul ation factor is small (a carrier wave of which

nodul ation factor is 10% outputs a second denodul ation signal. That is,
the first denodul ati on signal generation circuit can denodul ate a 10
carrier wave of which nodul ation factor is |arge (for exanple, a carrier
wave of whivohagruididreatce ofithtsclempdilationimpls ineldaindde second denodul ati on
signal generation circuit can denodul ate a carrier wave of which nodul ation
factor isi¥Hdl|l (for exanple, a carrier wave of which nodulation factor is

10%9 . Further, it is not assured that the first denodul ation sig]%al
generation ci r cls the gegvs demispadncter d5YVIES & diffgrsrccdietygen an aitndsof b 15 factor

is small (for exanple, a carrier ve of which nodul ation ctor js 10%
and the séiEBrldemadiaisady Br f%?‘gdr?%v‘\’%lj]@ﬁ%q S FUgnand; %Wﬁ‘tﬁ‘g"rﬁ{i%éﬂ%’@i a carrier

LS. |ar r wave of

wave of whjich dul ati on facgtor e (for.e le, a carri

whi ch ﬁnd&P’&P‘i‘lg;feff mea,seqogg %@B@)éuaatPBGE 1t %éﬁ?‘”&é%? etdé’F“Pé‘{a?%m M he first
denodul ation signal s manitoyed.and, .if. .t fi i jgnal is
effective % WEP@P%%B* SSSER ﬂ:iofhfalgtadtbg glﬁhtg%fi‘lgrﬁd ieja%g? %?ﬁﬁ% z%?élr?é exanpl e,
a conparator..or. t i ke) LGH, kS 140G I S tion

si gnal geﬁgpg&figﬂpglﬁsﬁﬁde\éﬁgﬁ?tﬁ%%git}%cégg&%gdﬁyra g I?@Or? cﬁ%ﬂ@f{ﬂ 3%;@%%%022]
25The fir er t Sl ' jLcuitod S | for 10
demodul at P e TP, bP okl S HEARE Hrph et ave il LA & o

exanpl e, ] hi ch nodul ation factor is 100% . However, in a
carrier mg\?lgla%'{mme\g?ﬁglgg%llﬂg]i on factor is small (for exanple, a carrier
wave gf Whggilgy modul ation factor is 109, there is a carrier wave having an
anplitude of a certain degree (for exanple, an 5 anplitude of which degree
is 90% even dupiB@ativelD8 vritelinpor d6ake FESheCvIRAN Reritfon Profitatdmphd 4 ude
during an unnodul ated period. Therefore, it is difficult for the first
denodul at isglBetBie @bt FBIE selbdto Bitlek hdikt dehmddetinotifal gemratian cirarit wave of

whi ch nodul ation factor is small. Whether the first denodul ati on signal can
be denpdulsedopd demodiddtion Sigdaltgeneritivecciresit depeading gh ¢ nwidslation sigiabio semnpl e, an
inverter), and other signals 10 (for exanple, a clock signal) is not
necessar y thelbthec l[demkdditgmabignd genpratiorodircuisi ipabifiwdiye b serpicemdlurtar oper at i ng
the digital circuit or the like. In general, a clock is generated from an
osci | |14t i aievicé oE thiet pregent neentioncigcludasi the dollonying the firsh dewpdulptioaesignab023)

Note that the logic elenent refers to an elenent formed of a plurality of
circuits msneaptfonrrinnis which\gersates n deperbylation sigapli fesyp 2 SaISF W&Y%Ofg‘ﬁlj“é‘bt in the

digital circuit, in this specification. |, . . .
modulation factor is large (for example, a camrier wave of which modulation factor is

106%); the second demodulation ‘signal generation circuit which generates a
demodulation signal from a camier wave of which modulation factor is small (for
20  example, a carrier wave of which modulation factor is 10%); and the selective circuit
which selects; depending on a modulation factor, which of the first demodulation signal
generation circuit and the second demodulation signal generation circuit is used.
' [0019]
The selective circuit includes a logic element that identifies a difference

25  between modulation factors and a logic element group that determines a demodulation



[0024] Note that "the case where a nodulation factor is 10% and "the case
where a nodul ation factor is 100% are described in this specification;
however, a range of a 20 nodul ati on factor which is approximately greater
than or equal to 10% and |ess than or equal to 30%is typically described
as "the case where a nodul ation factog is 10%. In addition, a range of a
nodul ation factor which is approximtely greater than or equal to 90% and
| ess than or equal to 100%is typically described as "the case where a
nmodul ation factor is 100% . Thus, a nodul ation factor should not be
interpreted as 25 being strictly [imted to the figures which are descri bed
and al | negodlatroaionaotwt ® beased. 11 be applied wiwthin a scope that does not
depart fromthe neaning of the present invention. [0025] Wth the use of
t he presef@020hvention, a denodul ation signal of a nodulation 5 signal of
whi ch nodul ation factor is small (for exanple, a nodul atjon signal of which
nodul ati on factirsti én 1thes scovgpngucioye devieq e, thph eressndr Byenioge e difdfuct or
devi ce capabl e of wireless comupnication can be operated even when the
modul at i odempdation ofignahi ssACIARRIUPERTIOFOTFEIRRNSing & & ngRriier; Wayfs 8 Wity power
froma power supply is contjnuously supplied during regeptiop of .a wireless
si gnal 5 THipdulation fagioriis g &r sram %_%#P&f YAy ‘EfeWIB%bP’&g%‘g“@’c foy, 1s
100%) outputs a first demodulation signal, and the second demodulation signal .
generation circuit corresponding to a carrier wave of which modulation factor is small
(a carrier wave of which -modulation factor is 10%) outputs a second demodulation
signal, That is, the first demodulation signal gemeration circuit can demodulate a
10  carrier wave of which modulation factor is large (for example, a carrier wave of which
modulation factor is 100%), and the second demodulation signal generation circuit can
demodulate a carrier wave of which modulation factor is small (for example, a carrier
wave of which modulation factor is 10%). Further, it is not assured that the first
demodulation signal generation circuit demodulates a carrier wave of which modulation
15  factor is small (for example, a carrier wave of which modulation factor is 10%) and the
second demodulation signal generation circuit demodulates a cartier wave of which
modulation factor is large (for example, a carrier wave of which modulation factor is
100%).
[0021]
20 In a digital circuit, the first demodulation signal is monitored and, if the first ‘
demodulation signal is effective, the signal is transmitted to an amplitude circuit (for
example, a comparator or the like) which is included in the second demodulation signal
generation circuit and the circuit operation is stopped.

[0022]

25 The first demodulation signal generation circuit is appropriate for



[ 0026] Further, in a sem conductor device of the present invention,
I nfl uence of noise, which results froma carrier wave, can be reduced,
thus, a highly reliable denodul ation signal can be generated stably. 15
[0027] In a sem conductor device of the present invention, different
denodul ati on signal generation circuijps are used in the cases of a carrier
wave of which nodulation factor is small (for exanple, a carrier wave of
whi ch nodul ation factor is 10% and a carrier wave of which nodul ation
factor is large (for exanple, a carrier wave of which 20 nodul ation factor
Is 100% . Therefore, as to a paraneter of an elenent included in each of
t he denpdulerpdwating agasier yane pgwhi@h medulgton fctof is lirge (fox examples 8 garyiet 0 t ake
i nto consideration even the case where a nodul ation factor is different;
thus, fl exX¥ase (of twhighy mgdulptinn fgtor He 1605 c dlrvsreroin aspiTies Waye jofpridshed.
Further, in the second denpdul ati on signal generation circuit, the second
denmodul at ifAsulation, factar ds srealbiiar edmple. asawier ware of which modnletien B8 iHet ween an
out put of irst . bias .circuiit and an qutput of a second bias circuit 12
in the sec@%’g’ ‘é@ﬁéﬁ%FﬁPf’fo‘ﬁa"é"if@ﬁ’&E a@éﬁé‘ﬁ‘é‘@%ﬁ%ﬁ%ﬁ%@%ﬁﬁ@ﬁéﬂﬁwg AMpyen with
a signal of whi.ch.nmpdul ation tor i,s.snall enpdul ati on signal can be
gener at’ed a?ff’yt yee, of g@%ﬁf‘&?ﬁ%f ,O%Srf'fv &t H‘H?qgoanm8gﬂgtﬁcgp?fo ngsrﬁoﬂpé‘ffﬁé%gl recei ved.
m\i/gr asﬁlpp %p@i‘uggﬂ _uFiE%giElg ur!;naogd&%geldr @e%i?o&r ’i’ﬁcresfgr%! Iit iISSdiHlSCleﬂq 'for” 81\4cveirirsf!c roma
demodulation signal generation circuit to demodulate a carrier wave of which

modulation factor is small. Whether the first demodulation signal can be demodulated
or not is determined-using a logic element (for example, an inverter), and other signals
10 (for example, a clock signal) is not necessary. The clock signal is & periodic signal
which is used in operating the digital circuit or the like. In general, a clock is
generated from an oscillation circuit, a frequency division circuit, or the like.
[0023]
Note that the logic element refers to an element formed of a plurality of circuits
15  which a;'e provided in order to achieve a certain object in the digital circuit, in this
specification.
[0024]
| Note that “the case where a modulation factor is 10%” and “the case where a
modulation factor is 100%” are described in this specification; however, a range of a
20  modulation factor which is approximately greater than or equal to 10% and less than or
equal to 30% .is typically described as “the case where a modulation factor is 10%”. In
addition, a range of a modulation factor which is approximately greater than or equal to
90% and less than or equal to 100% is typically described as “the case where a
modulation factor is 100%”. Thus, a modulation factor should not be interpreted as

25  being strictly iimited to the figures which are described and all modulation factors can



5 therefore, the sem conductor device can be operated stably. [0028]

Noi se that exists in each of the outputs of the first bias circuit and the
second bias circuit has the sane phase. In the present invention, the
second denodul ati on signal is generated by conparison of the outputs of the
first bias circuit and the second 104pias circuit. Therefore, the noise of
each of the outputs is cancelled, and influence of noise, which results
froma carrier wave, is reduced; thus, a signal can be denodul at ed.
Consequently, 'as to a wireless signal of which nodulation factor is snal
(for exanple, a carrier wave of which nodul ation factor is 109, the signal
can be al po aggliedokititin i adiipy . thdt5dged 0R|depart from Khe wiseningoé thh@rase carri er
wave of which nodul ation factor is small (for exanple, the case where a
nodul at i ofnvédiihor is 1099 and the case where a carrier wave of which

nodul ation factor is large (for exanple, the case where a nodul ati on factor
is 1009, [0d8%kr consunption of the sem conductor device of the present

i nvention can be 20 reduced by switching the denpdu| ation signal generation
circuit to be UWilkthernse of Gispprpgnpiavention, »pereduiasion senghd acﬁ"P‘g'ﬁ?t{"nm chis
not used. [0030] According to the present invention .a denmpdul ation signal

i s monbt osigealiof whisk repdylatign f%ﬁ‘?éﬂ?@alb%P&cW}?gaﬂ@“?ﬂﬁlﬂ)@g% °§V§b‘%‘ef or m of
the first denodul ation s%ggal; 5 thereforg, %he senicongu%&pﬁmﬁk t he
present i APdWation fackr ipc07)afan, By SRRFHSG s e PR coRT T gur at i on

BRAS NS, Foalept wieleds mmmunScaibn b e Telilch it whThEmoliRtaa b O
which modulation factor- is small is used, and power from a power supply is
continuously supplied during reception of a wireless signal. Thus, the semiconductor

10 device can be operated stably.
[0026}

Furtber, in a semiconductor device of the present invention, influence of noise,
which results from a carrier wave, can be reduced; thus, a highly reliable demodulation
signal can be generated stably.

15 [0027%

In a semiconductor device of the present invention, different demodulation
signal generation circuits are used in the cases of a carrier wave of which modulation
fact-or is small (for example, a carrier wave of which modulation factor is 10%) and a
carrier wave of which modulation factor is large (for example, a carrier wave of which

- 20 modulation factor is 100%). Therefore, as to a parameter of an element included in
cach of the ciemodulation signal generation circuits, it is not necessary to take into
consideration even the case where 2 modulation factor is different; thus, flexibility in

| designing the semiconductor device is iinproved. Further, in the second demodulation
signal generation circuit, the second demodulation signal is generated by detection of a

25  difference between an output of a first bias circuit and an output of a second bias circuit



5In the acconpanying drawings: FIG 1 is a diagramillustrating a
sem conduct or device of the present invention; FIG 2 is a diagram
illustrating a sem conductor device of the present invention; FIG 3 is a
diagramillustrating a sem conductor device of the present invention; FIG
4 is a diagramillustrating a sem congluctor device of the present
I nvention; 10FIG5 is a diagramillustrating a sem conductor device of the
present invention; FIGS. 6A to 6C (6C-1 to 6C-3) are diagrans each
illustrating a sem conductor device of the present invention; Fl GS.
7A (7A-1 and 7A-2) and 7B (7B-1 and 7B-2) are diagrams each illustrating a
seni condugtiy sedend demotilatidresigmb gertatibvmvientt. oAher¢r, eva wih g sighad §f am
illustrating a sem conductor device of the present invention, FIGS. 9Ato
9C are diwhickhnsodaltibn ifhdtersisr swilhqe demedhilation cignebcari g geacgied t%pr esent
invention; FIGS, WA and 10B are diagranms each illustrating a senj conductor
devi ce of Atdoedipglydefermatipnetani terirangmitied and recsivad.gi Whemmsignpliek Faik ng a
sem conductor device of the present invention; . Fl GS. 12A}_%€ 12E are
vi ews eachodulitiontfaciariisigmall is @psde BV E10BY 2 PRAAT SWPRDY ISCRRUIPBLESIPPHS Y ent i on;
FIGS. 13A to 13F are_views each illustrating an exanple in which a 25
sem cdhdueisfore sl semiconductns deyieseatibeiopsatst S8NYi s mount ed:
[0028]
Noise that exists in each of the outputs of the first bias circuit and the second
bias citcuit has the same phase. In the present invention, the second demodulation
signal is generated by comparison of the outputs of the first bias circuit and the second
10  bias circuit. Therefore, the noise of each of the outputs is cancelled, and influence of
noise, which results from a carrier wave, is reduced; thus, a signal can be demodulated.
Consequently, as to a wireless signal of which modulation factor is small (for example,
a cartier wave of which modulation factor is 10%), the signal can be also detected
stably.
15 [0029]
In the case where a carrier wave of which modulation factor is small (for
example, the case where a modulation factor is 10%) and the case where a cartier wave
of which modulation factor is large (for example, the case where a modulation factor is
100%), power conswmption of the semiconductor device of the present invention can be
20  reduced by switching the demodulation signal generation circuit to be used and stopping
part of operation of the circuit which is not used.
{0030]
| According to the present invention, a demodulation. signal is monitored in the

digital circuit only using the shape of a waveform of the fixst demodulation signal;

25  therefore, the semiconductor of the present invention can be realized with a simple



14 FIG 14 is a diagramillustrating a sem conductor device of the present
invention; FIGS. 15A to 15D are views illustrating a manufacturing nethod
of a sem conductor device to which the present invention is applied; 5FIGS.
16A to 16C are views illustrating a manufacturing nethod of a sem conductor
device to which the present inventionsis applied; FIGS. 17A and 17B are
views illustrating a manufacturing method of a sem conductor device to
which the present invention is applied; FIGS. 18A and 18B are views
illustrating a manufacturing nmethod of a 10 sem conductor device to which

t he present jnveptiqn is applied; FIGS. 19A and 19B are views illustrating
a manuf actiugnit nepfigetationwishous theawraseiiRi@oemPHeNGd@ S which the present
invention is applied; FIGS. 20A to 20C are views illustrating a
nanuf?ptur!ng nefhod of a sem conductor device to which the present
I nvention is a led; 15FIGS. 21A to 21C are views illustrating a
manuf act UPRFY WESGRIETHIN HF DRAWINGS ]
[0031]
5 In the accompanying drawings:

FIG. 1 is a diagram illustrating a semiconductor device of the preseat invention; .
FIG. 2 is a diagram illustrating a semiconductor device of the present invention;
FIG. 3 is a diagram illustrating a semiconductor device of the present invention;
FIG. 4 is a diagram illustrating a semiconductor device of the present invention;
10 FIG. 5 is a diagram illustrating 2 semiconductor device of the preseﬁt invention;
FIGS. 6A to 6C (6C-1 o 6C-3) are diagrams each illustrating a semiconductor
device of the present invention; '
FIGS. 7A (7A-1 and 7A-2) and 7B (7B-1 and 7B-2) arc diagrams each
illustrating a semiconductor device of the present invention;
156 FIG. 8 is a diagram illustrating a semiconductor device of the present invention;
FIGS. 9A to 9C are diagrams each illustrating a semiconductor device of the
preseat invention;
| FIGS. 10A and 10B are diagrams each illustrating a semiconductor device of
the present invention;
20 FIG. 11 is a diagram illustrating a semiconductor device of the present
invention; |
FIGS. 12A to 12E are views each illustrating a semiconductor device of the
present invention;
FIGS. 13A to 13F are views cach illustrating an example in which a

925  semiconductor device of the present invention is mounted;



sem conductor device to which the present invention is applied; FIGS 22A

and 22B are views illustrating a manufacturing nmethod of a sem conductor
device to which the present invention is applied; FIGS. 23A to 23C are
views illustrating a manufacturing nmethod of a 20 sem conductor device to

which the present invention is appliag; FIGS."24A to 24C are views
illustrating a manufacturing method of a sem conductor device to which the
present invention is applied; FIGS. 25A to 25C are views illustrating a
manuf acturing-method of a semi conductor device to which the present
invention is applied; 25FIGS. 26A and 26B are views illustrating a
manuf act uri ng MEGhad iofa diaghh slhmiratindaceoicoddwdtaedevicend die pregendr esent

invention_is applied; FIGS. 27A and 27B are waveforns illustrating each
portion ofventiveyi conduct or device to which the present invention is
applied; FIGS. 28A and 28B are waveforns illustrating each portjon of a

semi conduct or FIGS. 15A to 15D are views illusirating a manufacturing method of a
semiconductor device to which the present invention is applied;
6 FIGS. 16A to 16C are views illustrating a manufacturing method of a
semiconductor device o which the present invention is applied;
FIGS. 17A and 17B are views illustrating a manufacturing method of a
semiconductor device to which the present invention is applied;
FIGS. 18A and 18B are views illustrating a manufacturing method of a
10  semiconductor device to which the present invention is applied;
FIGS. 19A and 19B are views illustrating a manufacturing method of a
semiconductor device to which the present invention is applied;
FIGS. 20A to 20C are views illustrating a manufacturing method of a
semiconductor device to which the present invention is applied;
15 FIGS. 21A to 21C are views illustrating a manufacturing method of a
semiconductor device to which the present invention is applied;
FIGS. 22A and 22B are views illustratingr a manufacturing method of a
sexﬁiconductor device to which the present invention is applied;
FIGS. 23A to 23C are views illustrating a manvfacturing method of a
20  semiconductor device to which the present invention is applied;
FIGS. 24A to 24C are views illustrating a manufacturing method of a
semiconductor device to which the present invention is applied;
FIGS. 25A to 25C are views illusirating a meanufacturing method of a
semiconductor device to which the present invention is applied;

25 FIGS. 26A and 26B are views illustrating a manufacturing method of a



5 device to which the present invention is applied; FIGS. 29A and 29B are
waveforms illustrating each portion of a sem conductor device to which the
present invention is applied;, FIG 30 is a diagramillustrating a
sem.conductor device of the present invention; 10FIG 31 is a diagram
illustrating a sem conductor device qf the present invention; FIGS 32A and
32B are waveforms illustrating each portion of a sem conductor device to
which the present invention is applied; and FIGS. 33A and 33B are waveforns
illustrating each portion of a seniconductor 15 device to which the present
i nvention is applied. BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0032]
Enbodi nengerfimsascienitvies iewhiosineprisem inviehitorpis espdied; i nvention will be 20
hereinafter described with reference to the acconpanying draw ngs. However
t he present |anGSJxmhaﬁam7ﬁeudmmndMnmnﬂhmhﬁﬁngn@ﬂimuéonﬁﬁkﬂﬂﬂkﬁwbmgﬁ is easily
understood by '
device to which the present invention is applied;
FIGS. 28A and 28B are waveforms illustrating each portion of a semiconductor
5 device to which the present invention is applied;
FIGS. 29A and 29B are waveforms illustrating each portion of a semiconductor
device to which the present invention is applied;
FIG. 30 is a diagram illustrating a semiconductor device of the present
invention;
10 FIG. 31 is a diagram illustrating a semiconductor device of the present
invention;
FIGS. 32A and 32B are waveforms illustrating each portion of a semiconductor
device to which the present invention is applied; and

FIGS. 33A and 33B are waveforms illustrating each portion of a semiconductor

15  device to which the present invention is applied.

BEST MODE FOR CARRYING OUT THE INVENTION
[0032]
Embodiment modes and an embodiment of the present invention will be
20  hereinafter described with reference to the accoﬁlpanying drawings. However, the
present invenﬁon can be implemented in various modes, and it is easily understood by
those skilled in the art that modes and details thereof can be modified in various ways
without departing from the meaning and the scope of the present invention. Therefore,
the present invention should not be interpreted as being Iimilted to the description of the

95  embodiment modes and an embodiment below. Note that the same reference numeral



those skilled in the art that nodes and details thereof can be nodified in
various ways w thout departing fromthe neani ng and the scope of the
present invention. Therefore, the present invention should not be
interpreted as being limted to the description of the 25 enbodi nent nodes
and an enbodi nent below. Note that the sane reference nuneral 16 is used
in comon to denote the sanme conponent in different drawings in structures
of the present invention described bel ow. (Enbodi nent Mbde 1) [0033] 5This
enbodi ment node wi Il describe an exanple of a structure of a sem conduct or
device of .the present invention which includes a denodul ati on signal ,
gener at i ok wed idonvint th dewfte thesame tompimean in gifferdn) dRaings |Estnetyres Qist rates a
bl ock di agram of a sem conductor device of the present 10 invention. A
sem condud¢ieqresesvineatidiOdsotbed hedopr esent i nvention transmits and receives
data wirelessly to and froma reader/witer 116 by an el ectronagnetic wave.
The r eadefFwbddinent M@leily preferably connected to a control device 120

t hrough a conmmuni cation line 118. The control device 120 controls

comuni cal9®a] bet ween the reader/witer 116 and the sem conductor device

100. 15[ 0035] The sem condugt evi ce 100, i n¢l udes tenna
circuif 102, a %W@dﬁﬂ“? Iﬁ?q’ecﬂi‘{lﬁ ‘g"’f?‘q’ Ca At a"rﬁiP’B{f Sfracﬁgfmhir54 & digital

circuit 106, and a ircuit 108.. Th n C|rcu 4

denvdul at SEHCEIEHAT o5 ?ffaﬁlﬁ sFe Etpon S ok Pt s8R § 10

The sem conduct or . deV| e ey, i ncl ude not an antenna but a wiring
generation circuit with re ercnce drawings. .

[0034]

FIG. 2 illustrates a block diagram of a semiconductor device of the present
10 invention. A semiconductor device 100 of the present invention transmits and receives
data wirclessly to and from a reader/writer 116 by an eleciromagnetic wave. The
reader/writer 116 is preferably connected to a comtrol device 120 through a
communication line 118, The control device 120 controls communication between the
reader/writer 116 and the semiconductor device 100.
15 [0035]

The semiconductor device 100 includes an antenna circuit 102, a power supply
circuit 112, an analog circuit 104, a digite_tl circuit 106, and a memory circuit 108, The
analog circuit 104 has a demodulation signal generation circuit 150 and a modulation
circuit 114. The semiconductor device 100 may include not an antenna but a wiring

20  for connecting to an external antenna. The wiring and the external antenna may be
connected wifh cach other. In this case, the antenna which is separately manufactured
is comnected to the wiring. A connection terminal (a terminal electrode) which is

| electrically connected to the wiring may be used to connect the wiring and the antenna.
Further, the semiconductor device 100 is not limited to the above structure, and may

95 include a clock generation circuit, a central processor unit (hereinafter referred fo as a



20 for connecting to an external antenna. The wiring and the external
antenna may be connected with each other. In this case, the antenna which
is separately manufactured is connected to the wiring. A connection
termnal (a termnal electrode) which is electrically connected to the
wiring may be used to connect the winyng and the antenna.. Further, the

sem conduct or device 100 is not |limted to the above structure, and nay

25i ncl ude a clock generation circuit, a central processor unit (hereinafter
referred to as a 17 CPU), or the like. [0036] Not e that the clock
generation circuit refers to a circuit which generates and supplies to each
circuit acpypekisiignal having a frequency necessary for operations of the 5
digital circuit 106, the nenory circuit 108, and the |ike based on an AC

i nduced vpjogelge which is generated in the antenna circuit 102. An
oscillation circuit or a frequency , division circuit may be used for the
cl ock gener at i Qivte it thet clodkORBFRtidh eircuiftrefersatocd pieqwitt Whieh BEcefesradB| v havi ng
an antenna and a rectifier circuit 10 receives an electronagne%ic wave,
which is supplissth eacbairbwibarclptiesignah Herngs frequency recessiy I QREAUPS STt AC
induced voltage. The induced voltage beconmes power frg wer supply of
the sedi cdizitelsirorit HSyiheanepouy siFnitil8 omp ke lkgdes éiné‘nt‘ar@’r?gwji%gtvgéagferomthe
reader/witer 116. [00'38t]h 15The shape of the antenna tgat can bec used for
the presemwhichriy gereratedl insthp gateps el W21 | AP RFPLREPD FHREF &Y 8818 gnal
transm ssi on net hod apgl [ eg to tgle antentrllna C rguit 102 included in the

seni conduéivésiongareritmay bpused forfhe dAkEBEAINLEYHE i ¢ coupl i ng net hod, . an

el ectromagneti c i nduction nethod, a radio wave nethod, or the |ike. The
transni ssi$K ’het hod may be sel ected as appropriate by a practitioner in 20
consi deration t he i ntend devyi ' wi th an
opti mum | engt hq&f?dmgﬁﬁ%guﬁﬁgq%%%%rf %%/l?lglggwﬁg\égg%ﬁl ggﬁlzdea\?\n%t%@% ﬁ%ﬂﬁt

transmyssion ABLN9d. | {sME SR froft ¥he kQAGAIBONG] i@ | nduct i on
met hoglohaﬁcﬁgesaanc%crﬁtrrﬂrrﬁg%%e?lﬁﬁvg’?‘gggher?cy of "13.56 Miz is preferably used as

the si gnalgeﬁ&zﬁgﬁsﬁi A€ iierﬁc&P\rlﬁﬁge. [823Muced voltage becomes power from a power

supply of the semiconductor device 100 and also includes data transmitted from the

reader/writer 116.

f0038]

15 The shape of the antenna that can be used for the present invention is not
particularly limited. Therefore, a signal transmission method applied to the antenna
cirenit 102 included in the semiconductor device 100 can be an electromagnetic
coﬁpling method, an electromagnetic induction method, a radio wave method, or the
like. The transmission method may be selected as appropriate by a practitioner in

20  consideration of the intended use of the device. Thus, an antenna with an optimum
tength and shépc may be provided in accordance with the transmission method. In the
present invention, an electromagnetic induction method having a communication

| frequency of 13.56 MHz is preferably used as the signal transmission method.

[0039]

25 In the case of applying an -electromagnetic coupling method or an



251 n the case of applying an el ectromagnetic coupling nethod or an 18

el ectromagnetic i nduction nethod (for exanple, a 13.56 MHz band) as the
transm ssi on nethod, a conductive filmwhich functions as the antenna is
formed in an annular form (for exanple, a |loop antenna) or a helical form
(for exanple, a spiral antenna) in onger to utilize electromagneti-c

i nduction that occurs with changes in magnetic density. 5 [0040] I n
the case of using a nicrowave net'hod (for exanple, UHT band (860 to 960 ,
MHz), 2.45 GHz band, or the like) which is one kind of radi o wave nethods

as the transm ssion_nmethod, fhe | ength an of c ive film

oo ChCt urvromesde infuctiRashol (G PER ot 12 5% RBf %@d%%ﬁ‘%%%%g%?ém%‘ n

consi derati on_of the wayel e of. radip 1 i gnal

Cr ansim soPEHO B BELHIE VPR TRSHELee D AT A RE R om0

ant enna be formed in a lineat. form d enna), a
flat for g&%‘feﬁ?m@faaﬁg?%?m?“ﬁia?r@ﬁwgﬁatl gorﬁ?ag({r%%?g‘%ﬁﬁ’eq}% k ??(lg.ﬁte%a?t {erd ;@ﬂ%he shape
of the conductjve film whic ' : Bé: desisipt limted to the
| i near fo‘%ﬂfizeﬁk'&ﬁ%a@%‘cn uugp?%gh@ﬁ%c{r?nfgﬁvﬁ'%%g%?%\%%d in gﬂ%ur ved form a
ser pe in@og@rm or a formconbining themin 15 consideration of the

wavel ength of" the radi o waves. [0041] FIGS. 12A to 12E each

illustrate an gXaRRL& @fushps SiBRRAVOhehbe (PN bamite, HVbAadsdototdse ant enna
circuit 102. ng?( exa%p éls gs iIIusFrat ed i(n FIG 12A, a layout may be used

in which gRRAM 8NGR, L2/ or ShelliRg)anach @ dneainiod ralic hiape Hi2fddproticded wi th a
20 signal processing circuit. A'ternatively, as illustrated in FIG" 12B, a
| ayout nBy,hgiddRathetHbdMAE tdhgth 260 kknpd 30te pomiacdiedilmi wiick fimicgomslas freocessi ng
circuit is coiled around by a thin antenna 1203. Further, as illustrated in
FI G 12C, afiedndsiytberiRierimed € dppropivé inhcomsidematienofaho fvaviiength ethvadie i s |i ke
that of an antenna 1205 for receiving high-frequency el ectromagnetic waves
i s di sposedvdsoused fohite digd tpmevissied Vifor hexamgleg thel condpetiveshilay Wighci rcuit.
Alternatively, as illustrated in FIG 12D, a |ayout nay be used_in which an
19 ant ennfunofionshs thi aérenp enayde Forked inhedlincar form (farr=emple, 2 SipTle ARFEIR)-i%s
180-degree omi directional (such that it can receive signals equally from
any di r ecflatdoim (for etrmplosephtdbonteanampheliie BPirder, HJéahWPgtha C%fidg‘g%‘le
processing circuit. As a further alternative, as illustrated in.FIG 12E a
| ayout nmdilohwhichdungtignsgsi thihanienoa iy _ob Hapitsd iqdhe Eﬂ%ﬁfﬁﬁ‘e@i’iﬁ Ug¥hat of an

antenna 1209 with a |ong rod shape is di sposed for_a chi 12(318morovi ded
Wwith film may be provided in a curved form, a serpentine form, or a form combining then! 1n

15  consideration of the wavelength of the radio waves.
[0041]
FIGS. 12A to 12E each illustrate an example of the shape of the antenna
prohvided in the antenna circuit 102. ~For example, as illustrated in FIG. 124, a layout
may be used in which an antenna 1201 is disposed all around a chip 1200 provided with a
20  signal processing circuit. Alternatively, as illustrated in FIG. 12B, a layout may be used
in which a chip 1202 provided with a signal processing circuit is coiled around by a thin
antenna 1203, Further, as illustrated in FIG. 12C, a layout may be used in which an
 antenna of which shape is like that of an antenna 1205 for receiving high-frequency
electromagnetic waves is disposed for a chip 1204 provided with a signal processing

25  circuit. Altematively, as illustrated in FIG. 12D, a layout may be used in which an



a signal processing circuit. The antenna circuit 102 may be formed by

conbi nation of , the antennas with the above shapes. [0042] In FIGS. 12A to
12E, a connection nethod between the chip 1200 or the like 10 provided with
a signal processing circuit and the antenna 1201 or the |like is not
particularly limted as long as a siggal can be transmtted and received
bet ween the chip and the antenna. By giving FIG 12A as an exanple, the
antenna 1201 and the chip 1200 provided with a signal processing circuit
are connected-to each other by w re bonding or bunp bonding. Alternatively,
part of the chip may be used as an el ectrode to 15 be attached to the
antenna 1z2fidnna Wt Rvhiidhi shapet Rotlke tthe chiap AR66acHOTbwhiwht acliedegret he
antenna 1201 with the use of an anisotropic conductive film (hereinafter
referred b@nidiedicR].(sich thab éircan seeiap pipegds equally fromginy dstctionpisabispeseda differs
dependi ng on the frequency of a signal to receive. In general, in the case
wher e, f oforexhipl206 movideiquitne signhl FodBsiGHeir¢udt. uded funthvs alterpaiive, a8f t he
antenna may be approximately 60 nm (a half of the 20 wavel ength) or

appr oxi matlisktyat@DinFiG( 125 a dayoutmay betused inaviirteanymtgnoa phwhigh shape is likphe power
supply circuit 112 rectifies an induced voltage, which is geperated in the
ant enn@ cthatefi an angana BI094vigh vises md shpps 1 idksgg)segﬁq; as‘ihéf’o]rqoigi’é%’“{;ﬁé‘“ nduced

voltage with the use of a _capacitor, therehy adjuysti SO as Lo intain a
st abl e po# eignplairogessing graito 5EhG Fnignga ﬁ’é‘f‘\étrﬁ%gé‘i‘ayg}ieg?’@i‘ﬁg%é' ézof“sﬁlﬁ’il%f‘ &gf erence

potential (a potential .of a reference line). 20 [0044] The digital
circuit 1@BaﬂéPWEWH§”?%@mV6ﬂPBﬁing oper ati ons based on a denodul at ed
signal: apal yzing instructions; controlling the nmenory circuit 108;
outputtin a for external transm ssion to the nodulation circuit 114;

and the hie. 5T igital,~circuit 6 i . I OGCinf.cUl t, an
i nformation judﬂ?ﬁﬁgb ’Bﬁgﬁ’%meﬁg%%fﬁgg&%Hggg%ﬂ??g%gﬁgggoggﬁ%réiion
circuif of a.jemm cqnt i anal. har., hat t-al il i 1106 ma
et udd PRI R BroSifl o "B, ankchle 001 o b HEWS oD 10
menory Cl g%g?élarﬁpﬁnit%g&% o ol AP Entte S RBA [kPreSEVEAGR RS iR chifevi ce 100

to the re writer nto an encoded signal. 10 [0045] The nenory

circuit 108 fleOhfindt ByPA%gINECITA & SRban{pld)dhe/hdiab 120P B fhedhty ON

1200 provided with a signal processing circuit are connected to each other by wire

bonding or bump bonding. Alternatively, part of the chip may be used as an electrode to
15  be attached to the antenna 1201. With this method, the chip 1200 can be attached to the
antenna 1201 with the use of an anisotropic conductive film (hereinafter referred to as
ACF). Further, an appropriate length of the antenna differs depending on the frequency
of ;1 signal to receive. In general, in'thé case where, for example, a frequency of 2.45
GHz is used, the length of the antenna may be approximately 60 nm (a half of the
20  wavelength) or approximately 30 mm (a quarter of the wavelength).
[0043]
The power supply circuit 112 rectifies an induced voltage, which is. generated
' in the antenna circuit 102, by a diode or the like, and stabilizes the induced voltage with
the use of a capacitor, thereby adjusting so as to maintain a stable potential having a

25  certain potential difference from a reference potential (a potential of a reference line).



i nformation) of the sem conductor device 100. The nenory circuit 108
includes a control circuit, which performs witing or reading of data in
accordance with the digital circuit 106, and a circuit having a nenory
el enment. The memory circuit 108 includes 15 one or nore of an organic
menory, a dynam c random access nenorny (DRAM, a static random access
menory (SRAM), a ferroelectric random access nenory (FeRAM, a nask
read-only mermory (ROM, a programmable read only menmory (PROM, an
el ectrically programmable read only nenory (EPROV), an electrically
erasabl e programmabl e read only nenory (EEPROM), and a flash nenory. As
long as t @40 nenory content of the nenory circuit 108 is specific data
(individual identification information or the like) of the sem conductor
device 100, a rithevdigithl lcircuierifsy pediinoh banfollowing npargtiops vbastbLan Bei ng
supplied with power is pr eferably used. On the other hand, as |long as
t enpor ar y demotntared signale chnklyziog oneisetions; pentrolling dheymemnerys exgiiodBict or
device 100 is stored, a volatile nmenory may be used. Particularly in 25 the
case of aowputting ed fpnedimel wapsmiskian igthenmptatioargivesit ditt ¥ BediEe 100 has
no 21
5 The digital circuit 106 may include a decoding circuit, an information judging circuit, or
the like, in addition to 2 generation circuit of a memory control signal. Further, the .
digital circuit 106 may include a circuit which converts part or all of data extracted from
the memory circuit 108, which is transmitted from the semiconductor device 100 to the
reader/writer 116, into an encoded signal.
10 [0045]
The memory circuit 108 stores at least specific data (individual identification
information) of the semiconductor device 100. The memory circuit 108 includes a
control circuit, which performs writing or reading of data in accordance with the digital
circuit 106, and a circuit having a memory element. The memory circuit 108 includes
15  one or more of an organic memory, a dynamic random access memory (DRAM), a static
random access memory (SRAM), a ferroelectric random access memory (FeRAM), a
mask read-only memory (ROM), a programmable read only'memory (PROM), an
electrically programmable read only memory (EPROM), an electrically erasable
programmable read only memory (EEPROM), and a flash memory. = As long as the
20 memory content of the memory circuit 108 is specific data (individual identification
information or the like) of the semiconductor device 100, a nonvolatile memory which
can store memory without being supplied with power is preferably used. On the other
| hand, as Jlong as temporary memory is used in processing performed by the

semiconductor device 100 is stored, a volatile memory may be used. Particularly in

25  the case of a so-called passive type in which the semiconductor device 100 has no



battery, a nonvolatile nenory is preferably used as the nenory circuit 108.
[ 0046] The organic nmenory has a structure in which a layer containing
an organi c conpound i s sandwi ched between a pair of conductive |ayers,

whi ch has at | east two 5 advantages because the structure is sinple. One
advantage is that a manufacturing pragess can be sinplified and that the
cost can be reduced. The other advantage is that it is easy to reduce the
area of the nenory circuit and increase in capacitor can be realized
easily. Therefore, it is preferable to use the organic nenory for the
menory circuit 108. 10 [0047] The nodul ation circuit 114 transmts

| oad Modubafeiy9d nbidroldil: rastheR iepreferablyl sed SAhbasmdryairceit $0&nal from the
digital circuit 106. [0048] The denodul ation signal generation
circuit 1fQ4elenodul ates and extracts data 15 included in the induced
voltage which is generated in the antenna circuit 102. [0049] . In the
seni conduct or déi arganid metiosy basboslrurbue imphiéch aleyer entaiing ahetg28ICwave from
the reader/witer is received and power by the el ectromagnetic wave is
suppl i ed tonpuidds sandwished baweerca prir gboensactivprayees gvhéch hastah Fagfivg

passi ve-type 20 sem conductor device_is described in this enbodi nent node,
the pr&sendvantagesniacanseithe plarctyse iy siagle; h Ongagyaniage s hat fPaRHaqinghi ch a
battery is contained inside the sem conductor deyjce, pqwer may, be supplied
from a baprosssy cambegimplifiadpad dhatihesathgan by redesric eﬂe[ @b%@?v%gﬁ l%lth%t :

el ectromagnetic wave transmtted fromthe reader/witer, a.carri.er wave 22

having a &df easynioriedisgdht grep ©f (B MPROBUCTRg A BHESE A7 SPRAFSESFE 6 si gnal
i ncluded in_the sub- ' . ' bi i digital .si | ich i
ranar ot B0 D o SRR ILE SreCtaor buty s e Ry sl 0Bt o7 12

nmodul ati on, rretlgﬁd of the carrier wave, there are an anplitude shift keying
( ASK) mod 'G5 '0f et hod whi ch changes 5 anplitude and a frequency shift
keyi ng (Fﬂ%ggodul ation nmethod which changes a frequency. This enbodi nent
mode dsc the case in which an el ectromagneti c wave nodul ated by the

ASK modul ati on ,ﬁEt Bgﬁlﬂ;ﬂtﬁmd&fmg Lillﬁtn‘?ﬂsmits joad modulation to the antenna circuit

102 based on a signal from the digital circuit 106.

[0048]
The demodulation signal generation circuit 150 demodulates and extracts data

15 included in the induced voltage which is generated in the antenna circuit 102.

[0049]

In the semiconductor device of this embodiment niode, an electromagnetic

Wa\.fe from the reader/writer is —reoei'ved and power by the electromagnetic wave is
supplied to drive the semiconductor device. Therefore, although a passive-type

20  semiconductor device is described in this embodiment mode, the present invention is
not limited fhereto. As a structure in which a battery is contained inside the

semiconductor device, power may be supplied from a battery to drive the semiconductor

device,

[0050]

25 In the electromagnetic wave transmitted from the reader/writer, a carrier wave



[ 0051] The denodul ation signal generation circuit 150 included in the

sem conduct or 10 device 100 of the present invention is described with
reference to FIG 30. FIG 30 illustrates a bl ock diagram of the
denodul ati on signal generation circuit 150 which can be used for this
enbodi nent node. The denodul ati on sigpal generation circuit 150 includes a
first denodulation circuit 154, a second denodul ation circuit 156, a first
bias circuit 158, a second bias circuit 160, and a conparator 162. Although
these circuits 15 included in the denodul ation signal generation circuit
150 are described below, the present invention is not limted thereto.

[ 0052] Anpivagil copaintfreatenth 3s mbdilited emmdub-atidonwaviegnal signehiscladédon circui t
150 illustrated in FIG 30 is connected to an input portion 600 of the
first deng@ubtidanter2@avd ricui thirbSdedadifzitah signplutwhiey t$ drangpitieditor e second
denodul ation circuit 156. An output portion 616 of the first denodul ation
circuit 15eicendoanndeyice drotothareafenpriterpolsitonmRduation methed ¢f tha¢arsgras circuit
158, and an output portion 636 of the second denodul ation circuit 156 is
connect edwave, dheré appAn poplitidmsiad deyiag (AHK) swdigdon method;which chaigls  aAn

out put portion 808A of the first bias circuit 158 %ﬁgﬁo ggc ed to a first
i nput por tinpkituds agh @ Aregrencli shifh keyan (IHO mgedulaticg WS 88 8n 808B of

the second bias circuit 160 23 is. copnected to a.second i.nput porti on 900B
of the Coffﬁmﬁbr Thigoembodirpent Wdep‘!??‘fr}%ﬁ?l the case ?n 'Whlc% an glectr magnam )

wave modulated by the ASK modulation method is demodulated.
[0051]
The demodulation signal generation circuit 150 included in the semiconductor
10 device 100 of the present invention is described with reference to FIG. 30. FIG. 30
illustrates a block diagram of the demodulétion signai generation circuit 150 which can
be used for this embodiment mode. The demodulation signal generation circuit 150
includes a first demodulation circuit 154, a second demodulation circuit 156, a first bias
circuit 158, a second bias circnit 160, and a comparator 162.  Although these circuits
15 included in the demodnlation signal gemeration circuit 150 are described below, the
present invention is not limited thereto.
[C052] _
| An input portion 152 of the demodulation signal generation circuit 150
illustrated in FIG. 30 is connected to an imput portion 600 of the first demodulation
20  circuit 154 and an input portion 620 of the second demodulation circuit 156. An
output portioﬁ 616 of the first demodulation circuit 154 is connected to an 1'npu? portion
| 800A of the first bias circuit 158, and an output portion 636 of the second demodulation
 circuit 156 is connected to an input portion 800B of the second bias circuit 160. An
output portion 808A of the first bias circuit 158 is connected to a first input portion

25  900A of the comparator 162, and an output portion 808B of the second bias circuit 160



912 of the comparator 162 is connected to an output portion 166 of the
denodul ati on signal generation circuit 150. [0053] 5Note that the output
portion 912 of the conparator 162 and the output portion 166 of the
denodul ati on signal generation circuit 150 are preferably connected to each
ot her through an anal og buffer circui2s 164 as illustrated in FIG 30. As
the anal og buffer circuit 164, a source follower circuit, a conmobn source
anplifier circuit, and the |ike can be given. Noise can -be renoved nore
effectively and a denodul ati on signal 10 can be generated stably by

provision of the analog buffer circuit. 164. [005 . to 6C
(6C- 1 t o i6@uB)ctasols seeond drpuspertian B heigmea gﬁPé’Pi&:’léﬁ’S?"q‘;\

denodul ation circuit which is used as each_ of .th [ -ation
circuit D32 ofithe compamias JAY iHeMBEirhe WPy (Pﬁftlton?’gé .0% Ii—k}edﬂ; %gﬂl#l%st rates
the first denodulatign circuit 15 154. The first denodul ation circuit 154

i ncl udes szgnelgeﬁgaftlowtl%ﬁlaoo, t he output portion 616, a first diode 604,
a second di ode 606, a first resistor 608, a second resistor 612, a first
capaci t o082, a second capacitor 610, and a third capacitor 614. The input
portion 600 is_conpecied tqg one t Do biadciti68 aR@ el REpubPattiod he ot her
end of® the fi rg{%tec'gﬂé&? %P&éﬁ%qn?lggg&%c%e&) tao an anode ofp tﬁ?fi rst diode

004 and a gathode ol LhS: 3003 saRRGoHicadls: PRPure probaiiipdenbicd hewith st di ode

604 is c e ends of the first resistor 608, the second

CapaCitoﬂg@%ngﬁggaBQﬁ?E%%RHQf&Rﬁh%%@&s@ﬁ%mzébanqubﬁﬁaend;nézmﬂagsecond
e

resi stor onnec to one end of the third capacitor 614 and the

out put pqgrtion. 64PN RE oLl Ger 2BAHE 2 @hminda se@condpliiodeatpeyd dach of the
ot her enggﬁ%?aﬁﬁéqﬁﬁ?st res?stog 608, the second capacitor 610, and the

third capgg éagrbe%n.ar RodS b Raled horcaficaielrnto dotwmulation sighds) . 24

[ 0055] IG6B illustrates the second denodul ation circuit 156. The
denodyy at L Qe Ghhigated stiﬂl}ﬂﬁ?{oaism of thekh@og BBfarcurtuite®- t he i nput portion 620,
t he out put portion 636, a first diode 624, a second diode 626, a first

resistor @84y a second resistor 632, a first 5 capacitor 622, a second
capacitor 630, and a third capacitor 634. The input portign 620 i.sS
connected to OrEGENEA Bf6C (6E-1 tor GE-3peashiliustrte g2 pxample. Ol HEHEWAE AL the first
capacitor 622 is connected to a cathode of the first diode.6§%'a d an anode
of the segdaslodilnibe cB26t whithanuwd agfachinf the fizst d‘Eﬁ“E’Fg’éa”@?!?“F‘é‘t nf€cted to

each one ends of the first resistor 628, the se oHd 8%€%§i%or £30, and the
second r egtiestamd @8Roduliionsirewh 56, FIG. 6A illustrates the Tirst demodulation CICt

15 154, The first demodulation circuit 154 includes the input portion 600, the output
portion 616, a first diode 604, a second diode 606, a first resistor 608, a second resistor

612, a first capacitor 602, a second capac'itor 610, and a third capacitor 614. The input
p01:ti0n 600 is connected to one end of the first capacitor 602. The other end of the

Ifirst capacitor 602 is connected to an anode of the first diode 604 and a cathode of the

20  second diode 606. A cathode of the first diode 604 is connected to each of one ends of
the first rcsistbr 608, the second capacitor 610, and the second resistor 612. The other

end of the second resistor 612 is connected to one end of the third capacitor 614 and the

- output portion 616. Further, an anode of the second diode 606, each of the other ends

of the first resistor 608, the second capacitor 610, and the third capacitor 614 are

25 connected to a reference potential (Vss).



10 resistor 632 is connected to one end of the third capacitor 634 and the
out put portion 636. Further, a cathode of the second di ode 626, each of the
ot her ends of the first resistor 628, the second capacitor 630, and the
third capacitor 634 are connected to a reference potential (Vss). [0056]
15Each of the first diode 604, the segond di ode 606, the first diode 624,
and the second di ode 626 of FIGS. 6A and 6B may be fornmed of a

di ode-connected TFT. A diode illustrated in FIG 6C 1, a diode-connected
n-type TFT illustrated in FIG 6C 2, and a di ode-connected p-type TFT
illustrated in FIG 6C 3 are equivalent as a circuit. FIGS. 7A (7A-1 and
7A-2) eacfoob$)l ustrate an exanple in which a circuit 618, which is 20 part
of the first denodulation circuit 154, illustrated in FIG 6A is forned

usi ng any of t HREGTEHT dllistrhtes theapemhdi denfed@8tion CrqudCL5P. t Fhe Cegypdulationi | ar | y,
FIGS. 7B (7B-1 and 7B-2) each illustrate an exanple in which a circuit 638,
which is gamwit ibifstiated is OB thehrdetutha tipuh peitios 629, the gutppy payden é3%d in FI G
6B is forned using any of the IF Is illustrated in FIGS. 6C (6C 1 to 6C 3).
In the cifistiiode 624t seqonslodipde $36caAinstresipiox §fe amscopidesior &2 76% are used
as di ode-connected TFTs. In the circuit illustrat eg4i n FI.G 25 7A-2,

p- t ypeb TFapagity 63A0a yerend Fapacits $30sangi » Hed BRMAIRE B¢t 1 Fhe DU PR ¢ 1 cui t
illustrated in FIG 7B-1, n-type TFTs 708 apig 71,8}ar US%(;@A% first

di ode- confel iseepuyected to ppe; epd of 1he fitst $APPYF PatedlienOtRFiERd . e 1S yhe TFTs
712 and 714 are used as di ode-connect TETs...5 [QQ57 first
denodul at FEECHETT &2 1f Cﬁ’?ﬂfc'fﬁ&(ﬁo tarféﬂ?g%(?ﬁ cdgffg&{ﬂ%gt o jap agege }g *may be
formed by conpinatjgon qf th i,rcuits jllustrat i 6C (6C 1
to 6C 3) a%an'%‘heie 62 %AP&G%@&N?J §'23S‘°dacnééulr’13£°?’?%?ef 1§ el 53% o o
denodul at i.on _circuyl 54 haying . i i L t i G 7A-1
and t he st‘{:sf)ﬁ?f’s%ﬁ%ggn%%lﬁ 4 ‘?lga 81'}4};%&6,[ %Eé ﬁ%é?%gésits etﬁglgr gﬁﬁéggd??g

i1 d. | i | i il Fouit 154
; ”536 at edil P 65 & %o%ga(??ﬁgotn? g',%lg Sa?ghe Bl theiclidr Gl AR NRABEE gRidnl 1 cui t

having the circurt in FIG 7A-2 and the second denodul ation

cireult 15%9%‘6%@'% bRembdd St oG3fa ldldal SobLRA of M bfir ok bt mRYEDE Used.

Al ternativ irst denodulation circuit 154 having the circuit 618
i |1 ustrat edin 67k Ghe §40ld Bificitdi®30eaRINde daRDEihaiok @B4 aier @uhdcteiS6 ahavi ng t he
circuit 6 IllTustrated 157in FIG 78-2 may be used. Preferably, the
circuit GQe&ﬁdeg,ggehﬁﬂqug),n FIG 7A-1 is used for the first denodul ation
circuit 154, and the circuit 638 illustrated in FIG 7B-1 is used for the
second de gl ation circuit 156. In general, carriers of an n-type TFl'
have hi gher nobility than those of a p-type TFT. Therefore, n-type IF is
are ugsed for alfachkoT shel fived diokedslidntiesecdhil rdédde d@hpilie Kigst idivde 624,cmdtheand t he
second denodul ation circuit, so 20 that operation performance of the
circuits gapnddiodepre®veBIGY. G58H 6Phmay be Sermedpd @i diede-®onected THIhe 4 j r st
capacitor 622) is provided to conpensate .

diode illustrated in FIG. 6C-1, a diode-connected n-type TFT illustrated in FIG. 6C-2,

an& a diode-connected p-type TFT illustrated in FIG. 6C-3 are equivalent as a circuit.
FIGS. 7A (7A-1 and 7A-2) each illustrate an example in which a circuit 618, which is

20  part of the first demodulation circait 154, illustrated in FIG. 6A is formed using any of
the TFTs illustrated in FIGS. 6C (6C-1 to 6C-3). Similarly, FIGS. 7B (7B-1 and 7B-2)

cach illustrate an example in which a circuit 638, which is part of the second

" demodulation circuit 156, illusirated in FIG. 6B is formed wsing any of the TFTIs
illustrated in FIGS. 6C (6C-1 to 6C-3). In the circuit illustrated in FIG. 7A-1, n-type

25  TFTs 700 and 702 are used as diode-connected TFIs. In the circuit illustrated in FIG.



center of a wave anplitude (a reference line). The first resistor 608 (or
the first resistor 628) is provided to make constant current flow ng

t hrough a point bl (or a point 25 b2). Further, the second capacitor 610
(or the second capacitor 630) is provided to 26 snooth a waveform The
resistance of the first resistor 60826or the first resistor 628) is

adj usted as appropriate depending on the degree of electrostatic

capaci tance of the second capacitor 610 (or the second capacitor 630). Wen
the resistance of the first resistor 608 (or the first resistor 628) is

smal |, an; litud f e ier .S, 5 reduc an

resi st ancé&™ 1%&?%5?&%36$ %%ééﬁHbWW dﬁdhgﬁﬁﬁﬁﬂm%?F?ﬁgg g%o dmﬂmbde 606 (or
t he secong, di od curs: n con uct qg%g not

oper at e nglﬂlﬁ%"ft?cﬁmeé@ ?ﬁé? AOTRS, ,1.1{[11%57% gr?é raIeeslllss? 57 dg)fﬁq?ﬁ/ﬂe&g f S cond
resistor 63 i rd C or € 4 t rq,C 634)
function gl%&sc%ﬁwéélghyn?ter 'ié% T@n% eg&gbﬁﬁ%ha rggﬁéﬂgaﬁ%%%%onent.

10[ 0059] I Iustrates an exanple of a configuration of the first
bi as C|rCU|gei%§E8%§T e second bias circuit 160. In a bias circuit

illustg atg% 7@ FIG 8, an input portion 800 (the input portion 800 is

her ei naf t ferred to as the input portion 800A and the input portion

800B in the firgl ﬂalsﬁaen%dﬁxf‘aubﬁ ROfk 19e R e odidanidiietiéd cirdu@SFact i vel y)
is 15 connected to one end of a capacitor 802 (the capacitor 802 is

her ei naf t gy R fEIMAhy @nibinaBof 8P 8R! defitSRdrAMUinFIGEPaLItd 6C (BQ2AR0i N t he
first bias CIrCUIt and the second bias circuit, respectively). The -other

end of thgceypa@ FIGS.802 (FA-ComieTier) bad OB tuputan@om-apn BB8 firkthe out put
portion 808 is hereinafter referred to as the output portion 808A and the
out put podémedul 818 Bircuit 13dehaking shie ditcai 6a8 ilbusirstedindFICh@A-demd et scas! circui t,
respectively), 20 and each of one ends of a first resistor 804 (the first
resi stior 8&dodidation cixcuitlSodrving trerdinuit 638 Blusizatdd in FIG.78s2 map be 8&d/0tand a
first resistor 804B in the first bias circuit and the second bias circuit,
respect i véieystaleshodulsigmairguit $34 having tBoeirquitid 8 dtustrad inddGs A2 a9dehe s
hereinafter referred to as a second resistor 806A and a second resistor
806B in t besofd dernodylation eireuitu} 6 haviae drecircall 638 ilkstated jn i 4G TB-1maaifsct i vel ) .
The other end of the first resistor 25,804 is connected, tg @Wgome supply
pot ent i al uged m\lterapiively thedirst demadidation cinguit Ldchartpe therciycud pL3 ‘Baé%i

connected to a reference potentia
in FIG. 7A-2 and the sccgud demodu{au n cngult 1[58%::1\'1113; the circuit 638 illustrated

i5 i FIG 7B-2 may be used. Preferably, the circuit 618 illustrated in FIG. 7A-1 is used
for the first demodulation circuit 154, and the circuit 638 illustrated in FIG. 7B-1 is used
for the second demodulation circuit 156. In general, carriers of an n-type TFI have
higher mobility than those of a p-type TFT. Therefore, n-type TFIs are used for all
TFTs included in the first demodulation circuit and the second demodulation circuit, so
20  that operation performance of the circuits can be improved.
[00ss]
The first capacitor 602 (or the first capacitor 622) is provided to compensate
center of a wave amplitude (a reference line). The first resistor 608 (or the first
resistor 628) is provided to make constant current flowing through a point bl (or a point

25 b2). Further, the second capacitor' 610 (or the second capacitor 630) is provided to



The capacitor 802 is provided to isolate the input portion 800 gal vanically
fromthe power supply potential to which the first resistor 804 is
connected. 5[ 0061] The first resistor 804 and the second resistor 806
are provided to generate a , difference between potentials of signals which
are inputted into the first input por&i on 900A and the second input portion
900B included in the conparator 162. It is preferable that resistance R of
the first resistor 804A, resistance R83 of the first 10 resistor 8048,
resi stance R2A of the second resistor 806A, and resistance R28 of the
second resistor 806B be R2A = R23 0 R113 = R [0062] Mal function in
t he conpagmdot a Fa2famn Hhe prsistannt efthdiirst resikstos (oo fhetfiny résistart62Bii8s circuit
158 and the second bias circuit 160. 15[0063] FIGS. 9A to 9C each
i |1 ust r at aljesedeasampiapriofe depentifig gurthe degreobf lietrestatis epacpceg thyhe
conparator 162 includes two input portions such as a differential circuit,
a di ffer escoml capmgior H1&for the sesandprppeitor GRAN  Jhsmithe Esistagerofathe It ui t  havi ng
a function to conpare two signals inputted into the input portions can be
used. Theresisiop P& (o the dirstosistae F2Rles spigl: m pwplitede, of BsorA S VOG0, t he
second input portion 900B, a first 1141 302 %a fifth TF%[ 910 nd an
out put poredicsd; Teiwhen hq 1eaistangrin pPEaeeves & breakdpwn pheaqmengp of h55P198n 900A i s
connected to the output portio 08A of .the first hias circuit 158, and the
second i npade P tox b eenst @Qd%'g?‘éé’é‘flgﬁ ths. eseﬁﬂ‘foﬁa'f&?fo et‘qc?)t‘!ilo%go of the
O o Sttt e P Efort 8 SedolR YEsiRS %0y BORcbi £RABPEISY 1O @

and the third capacitor 614 (or the third capacitor 634) function as a low-pass filter

which removes a high-frequency component.

10 [0059]

FIG. 8 illustrates an example of a configuration of the first bias circuit 158 and

the second bias circuit 160. In a bias circnit illustrated in FIG. 8, an input portion 800

(the input portion 800 is hereinafter referred to as the input portion 800A and the input
portion 800B in the first bias circuit and the second bias circuit, respectively) is

15 connectéd to one end of a capacitor 802 (the capacitor 802 is hereinafter referred to as a
capacitor 802A and a capacitor 802B in the first bias circuit and the second bias circuit,
respectively). The other end of the capacitor 802 is connected to an output portion 808

(tht;. out.put portion 808 is hereinafter referred to as the output portion 808A and the
output portion 808B in the first bias circuit and the second bias circuit, respectively),

20 and each of one ends of a first resistor 804 (the first resistor 804 is hereinafter referred
fo as a first resistor 804A and a first resistor 8048 in the first bias circuit and the second

bias circuit, respectively) and a second resistor 806 (the second resistor 806 is

" hereinafter referred to as a second resistor 806A and a second resistor 806B in the first
bias circuit and the second bias circuit, respectively). The other end of the first resistor

25 804 is connected to a power supply potential (Vpp), and the other end of the second



25 first TFT 902, and the second input portion 900B is connected to a gate
el ectrode of the 28 second 1141 904. One of a source electrode and a drain
el ectrode of the first TFT 902 is connected to one of a source el ectrode
and a drain electrode of the fifth 1E1' 910 and one of a source el ectrode
and a drain electrode of the second BFT 904. The ot her of the source

el ectrode and drain electrode of the first 'IF 1 902 is connected to one of
a 5 source electrode and a drain electrode of the third 11,1 906, a gate

el ectrode of the third TFT 906, and a gate electrode of the fourth TFET 908.
The other of the source electrode , and drain electrode of the third 1E1l
906 i s conskrB8eb & comepedvera sieppky ppattehfVsal. (hm). One of a source ‘
el ectrode and a drain electrode of the fourth "I'F "908 is connected to the
power supflOgOpotential (Vm). The other of the source electrode and drain
10 el ectrode of the fourth TFT 908 is connected to the output portion 912
and the ot her Jfhetchmcibonfil@ds pbeided ©deolain thedrpyt porip BQG gifanicplly E‘é‘nsecond TFT
904. A gate electrode of the fifth 1E1 910 is connected to a constant
current clthe@awer suppl3 petsntéal ghwhichiheitisg resistor 8pAés ppsiedor the source

el ectrode and drain electrode of the fifth TFT 910 is connected to a
referehcellkntial (Vss)- Note that the wiring 914 is connected to the

constant 15 current cir.cui 003, In FI.G 9A i xth 1 916 i.s constantly
turned on or notheFShieHEaT %?%é%ﬁ]he second rﬁﬁbsé‘?ragqs(s) B\Rhoevh‘i]ég][gigﬁ’heﬂte i*s* i nput t ed

o o s DR Sl e SRR BB B, o e
e L o058 B e P PR SHBR S s OIP  01 102
ol ot 1 odaPRRF thf ¥ednfe 3L b Bt sSiol OUR REMIRENRLIE GBS (e
oV Rt ERAR RSl e il i ol e o
second resistor 806B be Risa = Rop = Rig = Raa.
[0062]
Malfunction in the comparator 162 can be prevented by inclusion of the first
bias circuit 158 and the second bias circuit 160.
15 [0063]
FIGS. 9A to 9C each illustrate an example of a configuration of the comparator
162. The comparator 162 includes two input portions such as a differential circuit, a
diﬂ:'erential amplifier, or an operatiornial amplifier, and a circuit having a function to
compare two signals inputted into the input portions can be used. The comparator 162
20  includes the first input portion 900A, the second input portion 900B, a first TFT 902 to
a fifth TFT 910, and an ouftput portion 912. In the comparator 162, the first input
portion 900A is connected to the output portion 808A of the first bias circuit 158, and
 the second input portion 900B is connected to the output portion 808B of the second

bias circuit 160. The first input portion 900A is connected to a gate electrode of the

25  first TFT 902, and the second input portion 900B is connected to a gate electrode of the



Here, the case where a different potential is applied to two TFTs which
forma differential pair is described. First, the case where a potential of
the first input portion 900A is higher than a potential of the second input
portion 900B is considered. - A5 current which flows through the first 11.1
902 and the second 1.1., 1 904 is expgessed in the following formula (1).
Here, Vg, is a gate voltage; Vd" a drain voltage; Vth, a , threshold

vol tage; k, a transconductance coefficient; and X., a channel |ength

nodul ati on coefficient. [0067] 10 [FORMULA 1] d I =l - =k (Vgg - Vth)2
(1 + V6.) 2[0068] Since a potential of the first input portion 900A is
hi gher t haond TEI @At | Bke of a bdvecesddeninode abadraineiacirode @GBBﬁTShTFﬁ(?O?or mul a

(1), the following relation is formed between 15W\a|/qgs %%g%ﬁm' ch_is the
gat e vol tiagenmetted teorfeiof 2 tsomiETclg0@dannd y/drain dexarpdapf thp 1822 vol t age

of the second TEr 904. Vgs (902) > Vgs (904). The_ tran corl%uc‘;lan e
coeffici ente df ai ume ehkaicimi quisain £lesbeds efrfhg seegnd THY 994, nHhePR et er ni ned

by a carrier nobility, a capacitance of a gate insulating film .a channel
wi dt h, ariie sowbraelnetods endjtrinelecizodp Oéfhetﬁlfétgf‘"ﬂ p«b&s Cgﬂﬂﬂcﬁaé"é’ﬂaﬁﬂél | engt h

modul ation coefficient X is a constant whj i s determ
manuf aet usourrg efsctiedssand 8 dein glgetfpdg ot fhr?éh‘\ﬁlﬁg@ géég grgg‘rfec?feg?m%(gﬁte% ﬁ%’rd
TFT 906, and a gate elecirode of the fourth TFT 908. The other of the source electrode |
and drain electrode of the third TFT 906 is connected to a power supply potential (Vo).
One of a source electrode.and a drain electrode of the fourth TFT 908 is connected to
the power supply potential (Vpp). The other of the source electrode and drain
10 electrode of the fourth TFT 908 is connected to the output portion 912 and the other of
the source electrode and drain electrode of the second TFT 904. A gate electrode of
the fifth TFT 910 is connected to a constant current circuit 1003 through a wiring 914.
The other of the source electrode and drain electrode of the fifth TFT 910 is connectied
to a reference potential (Vss). Note that the wiring 914 is connected to the constant
15  current éircuit 1003. In FIG. 9A, a sixth TFT 916 is constantly furned on or not
provided.
[0064]
- Operation when a signal is inputted into the first input portion 900A and the
second input portion 900B of the comparator 162 is described.
20 [0065]
A cuﬁent which flows through the fifth TFT 910 which is a constant current
source of the comparator 162 is set I;. Here, s;'nce the third TFT 906 and the fourth
| TFT 908 form a current mirror circuit, a current of Iy/2 flows between the source
electrode and the drain electrode of each of the third TFT 906 and the fourth TFT 908.

25  In addition, a potential of each of points # illustrated in FIGS. 9A to 9C is set Vs.



transconduct ance coefficients k and the channel |ength nodul ation
coefficients X of the first TVI' 902 and the second IF 1 904 are

equi valent, the following relation is formed between the drain voltage Vds
of the first TF7' 902 and the'drain voltage Vds of the second TFT 904: Vas
(902) < Vas (904). Next, when the caze where a potential of the 25 first

i nput portion 900A is |lower than a potential of the second input portion
900B is 30 considered simlarly to the above, the following relation is
formed between the drain voltage Vds of the first TFT 902 and the drain
voltage Vds of the second IF 1 904: Vas (902) > Vds (904). [0069] 6As
descri bed[@i6ye, the voltage of the output portion 912 fluctuates dependi ng
on the magnitude relation of potentials of the first input portion 900A and
the second , i nHee, horaseavhegoodifferepogprotiaNg geplief tevo whigh f9m %ach
illustrate an exanple of a circuit configuration 10 of the anal Qg buffer
circuit 1@ifferatiabprar isgesstibader Figsty thgicaseovher apotamsial otiae HEHe PYPYHIM Ut porti on
1000, a wiring 914, a source fol|lower circuit 100]g %n_ i nve t% circuit
1002, t he 98@Mst Aigherctipn erpoteainlcefi the peend inpyt ipRion: OB BT %04 and an

out put portion 1005. The wiring, 9 i s _connected t ate el ectrode of
Che 11 6t b cucent vich vy Growgh 1 s e S0 piesecondafird B A e S 1
portion 1005 is conpected.to.i{he output portion.166 of.15 .1he denpdul ation
si gnal gertlléer BJHJPW&C 0 '&l‘?&l)lS _ereT,O jya gate vorltage, \JJ;;S, a Rram vol%agg, gu,,n&)‘

threshold voltage; k, a transconductance coefficient; and A, 2 channel Jength modulation

coefficient.

[0067]

10 [FORMULA 1]

Id

_2"'“ = k(Vgs —Vtix)2(1+ ;l' .Vds)

I, =
[0068]
Since a potential of the first input portion 900A is higher than a potential of the

second input portion 900B in the formula (1), the following relation is formed between

15 Vs (902) which is the gate voltage of the first TFT 902 and Vg, (904) which is the gate
voltage of the second TFT 904: Vg (902) > Vg (904). The transconductance
coefficient k is a value unique (a constant} to a TFT which is determined by a qarrier
mobility, a capacitance of a gate insuiating film, a channel width, and a channel length

of each of the TFTs, and the channel length modulation coefficient A is a constant which

20 is determined by manufacturing processes of each of the TFIs. Thercfore, when the
transconductance coefficients k and the channel length modulation coefficients A of the

first TFT 902 and the second TFT 904 are equivalent, the following relation is formed
between the drain voltage Vs of the first TFT 902 and the drain voltage Vg of the
second TFT 904: Vg (902) < Vys (904). Next, when the case where a potential of the

25  first input portion 900A is lower than a potential of the second input postion 900B is



An anal og buffer circuit of FIG 10B includes an input portion 1000B, a

W ring 914B, a source follower circuit 1001B, a constant current circuit
100313, and an output portion 100513. The wiring 914B is connected to the
gate electrode of the fifth TFT 20 910 illustrated in each of FIGS. 9A to
9C. The out put portion 100513 is conpected to the output portion 166 of the

denodul ati on signal generation circuit 150. [0072] Noi se can be
renoved nore effectively and a denodul ati on signal can be generated stably
by provision of such an analog buffer circuit 164 as illustrated in FIG 25

10A or 1013. 31 [0073] A denodul ated signal is inputted into the digital
circuit 16gmsideredisihitiilyl toi the abave) thatfolbrwing fabationtis forwed between itheedrgitor ed i n
the menory circuit 108 by the digital circuit 106 is extracted, and the
ext r act edveltsgo Mptf the first TEROH@@dd ithe driie veltapget ok of the segond FFIRO4aNe i nputt ed
into the nodulation circuit 114. The nodul ation circuit 114 perforns

modul at i ofPO2h>¥ecBP4ance with the inputted signal, and transnits
information fromthe antenna circuit 102 to the reader/witer 116. The

i nformati 6W6Pkceived in the reader/witer 116 is transmtted to the control

device 120 through the communication |ine 118. /10 74] As described
above, 5a rmodul ads $rscribegapveotherltags of Hrpautput B?I“‘P’égigau‘ft tisrf]ﬁp?“%frhg

denodul ated stably with the _use of a_ serm canductaor ice.af the present
nvent i on OBk PRI TAIORE SRRSAS B P rd .PO%'SB?‘.%W‘&&?l  SEHE

nodul ati on sglgﬂr%tal.l g(@% be denodul ated by detection of a difference between a
signal |i &Y q erence |ine and _ .

j0070] :
Next, FIGS. 10A and 10B each illustrate an example of a circuit configuration
10 of the analog buffer circuit 164. An analog buffer circuit of FIG: 10A includes an input
portion 1000, a wiring 914, a source follower circuit 1001, an inverter circuit 1002, the
constant current circuit 1003, an inverter circuit 1004, and an output poi'tion 1005.
The witing 914 is connected to the gate electrode of the fifth TFT 910 illustrated in cach
of FIGS. 9A to 9C. The output portion 1005 is connected to the output portion 166 of
15  the demodulation signal generation circuit 150.
[0071]
An analog buffer circuit of FIG. 10B includes an input portion 1000B, a wiring
91413, a source follower circuit 1001B, a constant current circuit 10038, and an output
portion 1005B. The wiring 914B is connected to the gate electrode of the fifth TFT
20 910 illustrated in each of FIGS. 9A to 9C. The output portion 1005B is connected to
the output pofl:ion 166 of the demodulation signal generation circuit 150,
f0072}
Noise can be removed more effectively and a demodulation signal can be
generated stably by provision of such an analog buffer circuit 164 as illustrated in FIG.

25 10Aor 10B.



15 data thereof can be extracted stably. [0075] Further, noise of the

signal line and noise of the reference |line have the sane phase. As to the
denodul ati on nmet hod of the present invention, denodul ation is performed by
conparison of the signal |line and the reference line; therefore, the noise

20 of each line is cancel ed because ot the same phase. Through t he above
reasons, the sem conductor device of the present invention can perform
denodul ati on having | ess influence of noise due to a carrier wave. [0076]
32 period where power is not supplied, a signal based on a communication
met hod which is standardized with 1SO | EC 15693 can be transmtted and
recei ved[00%phce supply of power froma power supply is not inpeded while a

wirel ess signal js recei,ved in.t: L eoRAUBLAL gediC eomT inliRRu@r esent
invention, th sdﬁmogﬁﬁggcﬁl%ﬂrahg%\hﬁ@gé‘gan operate 5stably. (Enbodi nent Mode

2 0077], e TR A [ . 1 i digithl
s% r l[.ICt ur%deB?ﬂ?fug%r'ﬁ!f §%]§an‘§]g% %?Fé(;fél\{/{%gﬁ%}m 'Ittﬂ ﬁeﬁgfﬁgg;&z?u?ﬁsg)ﬁ?% ]\l/\ghﬁi cﬁ i ncl udes

a denmodul at i, d [ Bch @8N BEdcmbiidn istndodad de thahdigital iciscudt f f er ent
from Enb&ﬁ?‘f&gmélﬁ/%ggécﬁdgmaﬁﬁrﬁef er_rence to the draw ngs. This enmbodiment node
wil | %pe%g %‘ﬁﬁgiéh%ﬁquﬁs diBodulfRA RG] OThdBudtaionicirctihtldqrsierher e a

plurality o ulation signal generation circuits are included, and one
demodul atj, Q8o iPlccoiaRRkatittome Giguaed tighs, mdltmosmits nfomtdetpgndbal ity of

denodul ation signal generation circuits by a selective circuit at the time
150f opergieh circuit 102 o the readerfwriter 116. The information received in the
reader/writer 116 is transmitted to the control device 120 through the communication

line 118.

10 [0074]

As described abdvc, a modulation signal of which modulation factor is small is
demodulated stably with the use of a semiconductor device of the present invention and
thus information can be received. Specifically, the modulation signal can be
demodulated by detection of a difference between a signal line and a reference line and

15  data thereof can be extracted stably.

[0075]

Further, noise of the signal line and noise of the reference line have the same
pha-se. As 1o the demodulation method of the present invention, demodulation is
performed by comparison of the signal line and the reference line; thercfore, the noise

90  of each line is canceled because of the same phase. Through the above reasons, the
semiconductof device of the present invention can perform demodulation having less
influence of noise due to a carrier wave.

- [0076]
Further, a wireless signal of which modulation factor is 10% can also be

25  detected with the use of the present invention. Therefore, without passing through a



[ 0078] FIG 31 illustrates a sem conductor device 1500 to which the
present invention is applied. In FIG 31, the sem conductor device 1500

i ncludes an antenna circuit 102 which receives a radi o wave, an anal og
circuit 130 which generates power froma power 20 supply, from a signal
received in the antenna circuit 102, 3and denodul ates the signal, a digital
circuit 106 which controls other circuit portions, and a nenory circuit 108
whi ch writes/reads data depending on output fromthe digital circuit 106.
[0079] 33 interface circuit, or the Iike may be included. [0080] A

sem conduct or devi ce capable of wireless comunication is roughjg

cl assi fi eperiodtwhesnpoaet isset sygpéiedin signal bsod po p goBavEcHitteneBohWhiFt (a pover
storage 5 portion) and a passive type which drives by utjlizatjon of power
of a radi s swadediet with IS0/&E 1 H693gaen bp Sangnitgd mdgredeter MaFe SBHer, there
is a type referred to as seni-active which cha&ges.a pomer_sggﬁlg (a power
storage ppowdrdrom byowen suppkytis sat srpee iy p vgrelesy SNty &eceiypd Jhib

el ectromagnetic wave) fromexternal. This enbodi nent de describes the
Case wher snieRadseeR dsiaB LBy PHEE Aol tieosoPyEnALEe; SREIE BL OPHGhi ch an 10

el ectrorragtnﬁtic wave is received froma reader/witer 110 and power of the
5  stably.

(Embodiment Mode 2)
[0077}
This embodiment mode will describe an example of a structure of a
semiconductor device of the present invention which includes a demodulation signal
10  generation circuit in a mode which is different from Embodiment Mode 1 with
reference to the drawings. This embodiment mode will specifically describe a
semiconductor device, in the case where a plurality of demodulation signal generation
circuiis are included, and one demodulation signal generation circuit is selected from
the plurality of demodulation signal generation circuits by a selective circuit at the time
16 of operation.

[0078]

FIG. 31 illustrates a semiconductor device 1500 to which the present invention
is app]ied. In FIG. 31, the semiconductor device 1500 includes an antenna circuit 102
which receives a 1adio wave, an analog circuit 130 which generates power from a power
20  supply, from a signal received in the antenna circuit 102, and demodulates the signal, a
digital circuit 106 which controls other circuit portions, and a memory circuit 108 which

writes/reads data depending on output from the digital circuit 106.

' [0079] |

Note that the semiconductor device 1500 is not limited to the above structure,

25 and a central processor unit (hereinafter referred to as a CPU), a sensor clement, an



el ectromagnetic wave is supplied to drive the sem conductor device;

however, the present invention is not limted thereto. That is, the

sem conduct or device 1500 may be the active type. [0081] 15In the

el ectromagneti c wave transmtted fromthe reader/witer 110, a carrier wave
having a certain frequency is nodul at’sad from a sub-carriér wave. A signal
included in the sub-carrier wave is a binarized digital signal which is
transmtted to the sem conductor device 1500 fromthe reader/witer 110. As
to a nodul ati on nmethod of a carrier wave, there are an anplitude shift
keyi ng (ASK)_ nodul atign.nmethod whi ch, 20 changes anplitude, a frequency

shi ft keyFﬁﬁm?Fgﬁymﬁ%gﬁpggF%ﬁgﬁth%%Lmhich changes a frequency, and a phase
shift keﬁi&g)(PSK) nodul ati on net hod whi ch changes a phase. This enbodi nent
mode desdP?Pds the case in which an el ectromagneti c wave nodul ated by the

ASK modul at i on et hod,d s Aoyl ahetle 00R1es? ShhanaRLaands Gotgly { 102
r.

i ncl udes an anféﬁ%a and a capaci e antenna 34 circuit 102 receives a

radi o wavg éi?i@ti%?cagl:] dﬂ?ﬁ gﬁ%ci FhitRRdorydRted al powlef ARSI (4 @dwer eoraplie

reader/ wri s the signal obtained at this tine into each of

a povey suppl aﬁﬁﬁghgs&e%&@,w@cﬂ élr'iv%&b?@ﬂﬁi&ﬁbﬂbf@cme&iogﬁahdi@weﬁ@tiamn circuit

201, and "a second denodulati on signal generation circuit 202 included in

the anal ogefiofabidic W30 fioei tN@hal. SFidieraANkeRnay i wfomicd tdB2empativees a
signal of which carrier wave is nodul ated fromthe analog circuit 130, and

transni t SyRick @RRERSLpSI@RAPplY Ca plieer staakgr postiod)dry WilBatiqnOgigBiwer of 2 The
shape of the antenna that can be used for the present invention js not
particul aphi Wavd (@0an Teareigneic wasd)gheh dxteanmatni This ombedinegti madpl i ed to
the antenna 10 circuit 102 included in the sem conductor device 1500 can be
an el ect r @aiHee theasoulpé thy sermichuticton Aswi¢eclPOP dnthe passive tynsdu A" net hod, a
radio wave nethod, or the like. The transmi ssion nethod nmay be sel ected as
appr ol i adlectivynagngticashie jiprreeeived &omsiadsrader witebfl1fnand rl’to@’ﬁﬂég e of the
device. Thus, an antenna with an optinmmlength and sq%pqmggxﬂbgmprovided

i n accor delpgmmaizndtict Wavet isaophieds 1o Arivee theogpmiconductor devi

present invention is not limited thereto. That is, the semiconductor device 1500 may

be the active type.

[0081]

15 In the electromagnetic wave transmitted from the reader/writer 110, 2 carrier
wave having a certain frequency is modulated from a sub-carrier wave. A signal
included in the sub-carrier wave is a binarized digital signal which is transmiited to the
semiconductor device 1500 from the rbader/writer 110. As to a modulation method of
a carrier wave, there arc an amplitude shift keying (ASK) modulation method which

90  changes amplitude, a frequency shift keying (FSK) modulation method which changes a
frequency, and a phase shift keying (PSK) modulation method which changes a phase.
This embodiment mode describes the case in which an electromagnetic wave modulated

. by the ASK modulation method is demodulated.

[0082]

25 The antenna circuit 102 includes an antenna and a capacitor. The antenna



15[ 0084] In the case of applying an el ectromagnetic coupling method
or an el ectromagnetic induction nethod (for exanple, a 13.56 MHz band) as
the transm ssion nethod, a conductive filmwhich functions as an antenna is
formed in an annular form (for exanple, a |loop antenna) or a helical form
(for exanple, a spiral antenna) in omder to 20 utilize el ectromagnetic

i nduction that occurs with changes in magnetic density. [0085] In the case
of using a mcrowave nethod (for exanple, UHF band (860 to 960 MHz), 2.45
GHz band, or the like) which is one kind of radio wave nmethods as the
transm ssion nmethod, the length and shape of the conductive film which

f unct i onsciawitaN? 2&ceives e mako waxe (2o cholremagnakeiwaes) athop frrggmdtisd,from

consi deration of the wavel ength of radio 35 waves used for_the signal
transni ssihemcadegwritex Abhlasd inphts the pigualtabiadocdjat ghisyime Arte A fhROVE an
antenna may be forned in a linear form (for exanp]e, di pol e antenna), a
flat fornsupplyr cieoaitr@$i0e 2 fistpdemerulgtione ,geﬂ?fa?%mF‘i“RteZ.aOIFﬁ‘F‘fﬁeqF’?mphe shape
of the conductive filmwhich functions as an antenna,is ﬁ%t %i ited to the
|i near f ofiemodulntion pignd gaeRmionvacwt 22 incipdsd 18 theAnglog GigHs 1V bd form a

serpentine form or a form conbi pi ng em i n_.considerat.i f t
wavel ehgt H‘eépteﬂﬁ%CW&qzdﬁ‘&&ﬁ%?istg"%a?fé‘gl.‘mT Gtyge] wave 18 moﬂ‘%%.d %E%B{%o 12E each

illustrate an exa of the.shape of the apten .Qviged in the antenna
circuit 1@‘2{10%5‘3“@%@151“%5‘”%‘“? & F‘%B?Ifsgflgaﬁit%H]ﬁlrﬁ%gr{@it,%y%ﬁreayout 10 may be
used in WB*?%E] an antenna 1201 is disposed all around a chip 1200 provi ded
wth a si processing circuit. Alternatively, as illustrated in FIG

12B, a layout npy H8pd'36 eie:gltém.i:\(iﬁhéacgg%megm 0 fﬂ@g)\fésgﬁdinwnrtibn% abgnal

processing circurt ol aroun a thin anténna 1203. Further, as

|1 ustrat gl Dal) it Pheleiield BN (RfstiaGeh ik pliconké @G0T whi ch
shape is PiKE al of an antenna I205 for receiving high-frequency 16

el ect nonagpeti §oay @il Sin dhs RAREdullor Ae¢il PL5BE Q4n MeOMi dRCtothdghetic Si gnal
processing circuit. Alternatively, as illustrated in FIG 12D, a | ayout may

be used i e%%ﬁﬂng hodtithdaBh @RRRoRIen¥ SluGbaNaethad, |d Hdiot b méthal) oanticenna 1207
whi ch is 180-degree omidirectional (such that it can receive signals
equal Iy f ;R8N arpe Einc@Gkiod Methdd flhp peseRckdras apploppatd BP6a practiticdedinni t h a
signal processing circuit. As a further alternative, as 20 illustrated in
FI G 12E, céndidty@ish ofthe endakokeiof thdideticean Tans, emrvateofia withoin aptiaper i s | i ke
that of an antenna 1209 with a long rod shape is disposed for a chip 1208
provi ded Wénigth #ad Shepeataybe peidil igacchrdgudctwittihe trawsmdssioa redthasi t 102 may be
formed by conbi nati on of the antennas with the above shapes.

15 [0084]

In the case of applying an electromagnetic coupling method or an
electromagnetic induction method (for example, 2 13.56 MHz band) as the transmission
method, a conductive film which functions as an antenna is formed in an annular form
(for example, a loop antenna) or a helical form (for example, a spiral antenna) in order to

20  utilize electromagnetic induction that occurs with changes in magnetic density.
[0085]
In the case of using a microwave method (for example, UHF band (860 to 960
| MHz), 2.45 GHz band, or the like) which is one kind of radio wave methods as the
transmission method, the length and shape of the conductive film which functions as an

25  antenna may be determined as appropriate in consideration of the wavelength of radio



[0087] 25In FIGS. 12A to 12E, a connection nethod between the chip 1200 or
the like 36 provided with a signal processing circuit and the antenna 1201
or the like is not particularly limted. By giving FIG 12A as an exanpl e
the antenna 1201 and the chip 1200 provided with a signal processing
circuit are connected to each other M wire bonding or bunp bonding.
Alternatively, part of the chip nay be used as an electrode to 5 be
attached to the antenna 1201. Wth this nmethod, the chip 1200 can be
attached to the antenna 1201 with the use of an ani sotropic conductive film

(hereinafter referred to as ACF). .Further a r | Ay, of
32; ennia dﬁ"‘le? Fe%éﬁeﬁk}a}] ﬁ‘@‘% ﬁa?wésqqnequh%amoq%,g@lg i %ﬁéa cﬁ%% ﬂ@gg%x\%? I ;he
eral, in the case ere,. for exanple f £ : is
the | enguBagont R aicBra: SR SR el R Qe fraadl® o 0%
eng or pr oxi.mat e 3 rt f ]

The anal té‘f X4 P ah’ésa?:tr ?1%213 : %ﬁt ér g? g?%h%gegﬁgg\@% %ﬂgérdﬂhﬁe aLngg]
circuit 130, L 0eh 4de%olNE RINEhnSH RO i 16 e 1i@808onh Mnalthd edhaaarvedul at i on
z:ggﬁ: gg %n CIHfUIt_ , the second denodul ation signal generation

i o 4 QRS hEdiat i A, Bldopibinipothtmdn 20

first Outpu m% r%Pon g%g% gﬂgeégndagﬁﬁgﬁ¥m§2?¢ﬁggmélo, a thirdmggtpu?, :

portion 212 Bafigpbiih @aehibihR (el RRtrdrhdgnetic fdav&! i nput portion

second |npuP{por@#on 218. T gngnalog ci?%hit 130 gengratgs a pomé%ﬁéuggﬁya
voltagez‘ﬁmﬁggst denodul ati on signal, a second denodul ation signal, and a
reset sigha roman output signal of the antenna circuit 102. The,'

i nput / out put parEON22Q6 12E each illustrate an example of the shape of the antenna

provided in the antenna circuit 102. For example, as illustrated in FIG. 124, a layout
10  may be used in which an antenna 1201 is disposed all around a chip 1200 provided with a
signal processing circnit. Alternatively, as iltustrated in FIG. 12B, a layout may be used
in which a chip 1202 provided with a signal processing circuit is coiled around by a thin
antenna 1203. Further, as illustrated in FIG 12C, a layout may be used in which an
antenna of which shape is like that of an antenna 1205 for receiving high-frequency
16 electromagnetic waves is disposed for a chip 1204 provided with a signal processing
circuit. Alternatively, as illustrated in FIG. 12D, a layout may be used in which an
antenna of which shape is like that of an antenma 1207 which is 180-degree
omhidirectional {such that it can receive signals equally from any direction) is disposed
for a chip 1206 provided with a signal processing circuit. As a further alternative, as
90 illustrated in FIG, 12E, 2 layout may be used in which an antenna of which shape is like
that of an antenna 1209 with a long rod shape is disposed for a chip 1208 provided with
a signal processing circuit. The antenna circuit 102 may be formed by combination of
 the antennas with the above shapes.
[0087]

25 In FIGS. 12A to 12E, a connection method between the chip 1200 or the like



20 is connected to the antenna circuit 102, and receives and transmts a
carrier wave. The first output portion 208 is connected to all the circuit
bl ocks, and supplies the power supply voltages thereto. The second out put
portion 210 is connected to all the circuit blocks, and supplies the reset
signals thereto. The third output portion 212 is connected to a selective
circuit in the digital circuit 106, and outputs the first 25 denodul ation
signal. The fourth output portion 214 is connected to the selective 37
circuit in the digital circuit 106, and outputs the second denodul ation

signal. The first input portiqgn 216.is nnect e t he I circuit
in the dipgevidad with @ fignal RsocesiRg CHO %“d;a’fo %ang fSZ?én% ﬂ%]ﬁ lkgq%:ggrgar ator 510

into the selective.cirguit,.. T ond_ i nput. ri] i t%ﬁgct ed to
the di gi tpalfﬁcelimflwwte%ogé,]Y %ﬁ’&g&ﬁﬁ'ﬁ'ﬁg‘afr%‘éf”é‘mrﬁl%qgé%dé%%%%%@ e S gnal
which is ul at, by, the dul ation.. ci:k Ul i gpdul ati on
si gnal géﬁggﬂq%ﬁgc‘f’hﬂi%@%ﬁmﬁéﬁ%‘ u g‘%ﬁeg&éa&gggé?depgg%e&% H\%hi ch

modul at 7 g fact ot 1S b0k R 6F ARG HSmSL R8n skignal gener at | on

circuit carrier ve of which ' nodul ation factor is 10%

Further, .the se i ' NGE 3hih ANOT EdnWaiatiachBRtaithe| udes an
i nput oreﬁ@ﬁ%F%ggg&%?Q%ggbggg?@#ﬁggﬁﬁﬁ??éﬁégrgn1the 10 digital circuit 106
is inputt ; ; i lc6htuktivedtilkd (Hefefifafted fe€amietl to @s t he | i ke
may be aaag‘g%“%\?@ V{Plngﬁ?%g% gggl'%?ﬁt&ﬁ% anal og ci rcg?et 130 in order to

stabi | i zeuthe RRRIALh APrBfridd Raghler GeRdustalitete dimadidp0Diiel(BABIPY The pover
supply circuit 200°is described with reference to FIG 3. The 15 power
supply Ci §ClliiinaP Rrebd16d, USE Bendral, i Hhe @dpadétepfor 80nple afemuéncy ob2.Adn portion
302 provided with two di odes, a snoothing capacitor 304, and a del ay
circuit 38R akided Wigthobie mesinstmay tenappovrimetelya®) wor(a IeHeigbher ~ suppl y
circuit 200 snoothes the output signal fromthe antenna circuit 102 and
gener af eSwhvenPANSY appronjthately 60 oy é quadertaféherwayelengbynal of the digital
circuit. The power supply voltage is adjusted so as to have a stable

20pot ent i @8slavi ng a certain potential difference froma reference

otential (a potential of a reference |ine).
P (ap The analog circuit 130 is described with)reference to FIG. 1. The analog

circuit 130 includes the power supply circuit 200, the first demodulation signal
generation circuit 201, the second demodulation signal generation circuit 202, a

15  modulation circuit 204, an input/output portion 206, a first output portion 208, second
output portion 210, a third output portion 212, a fourth output portion 214, a first input
portion 216, and a second input portion 218. The analog circuit 130 generates a power
supialy voltage, a first demodulation signal, a second demodulation signal, and a reset
signal from an output signal of the antenna circuit 102. The input/output portion 206

20  is connected to the antenna circuit 102, and receives and transmits a carrier wave. The
first output pbrtion 208 is connected to all the circuit blocks, and supplies the power
supply voltages thereto, The second output portion 210 is connected to all the circuit

" blocks, and supplies the reset signals thersto, The third output portion 212 is
connected to a selective circuit in the digital circuit 106, and outputs the first

95  demodulation signal. The fourth output portion 214 is connected to the selective



[ 0090] The first denodul ati on signal generation circuit 201 denodul ates
data included in an induced voltage which is generated in the antenna
circuit 102. The second 25 denodul ati on signal generation circuit 202
denodul ates data included in the induced 38 voltage which is generated in
the antenna circuit 102. [0091] The arrier wave which is transmtted from
the reader/witer 110 i s nodul at ed by the nodulation circuit 204 in
accordance with the output fromthe digital circuit 106, 5 and transmtted
to the antenna circuit 102. [0092] First, the digital circuit 106 receives
t he power supply voltage, the two systens of the denodul ation signals, and
t he reset cisgdu@grifti® digiiaCdircait d06,upg lobipdtsftikcosrrdndaicamodbloiipnatignelii tThe Sisst and
selects the first denodul ation signal or the second denodul ation signal 10
dependi nginptt pdrtiorc d1dist gooneatdd tohibe welvasiverainceit in He dipital ccirgeihdOf | aadi on
signal, whereby the denodul ati on si gnal tgener ation circuit to use is

det er ni nedhputsiexcontrdl sigedl of dicginparhtor 5 Htintorthe sedectiveirailt) eTherecendaplits ar e
transmtted to other digital circuits, and information on which signal is
sel ect ed pertipedlhigecronested e therfigitl cisquitclPor aniFpputEHereH? 2 respomsRdpi?uct i on

which is given so as to operate the sem conductor devj.ce 1500.in accordance
W th the SEmdovkiene BRaUaEY bt o HEOSEHEE (G Rl R F5h SSRGS
executed. For exanple, when the content of datam(P)’ . the slgtl.ect{aetd .

denodul at FW@%PH@C‘PB%]#%S‘P‘SQ“ 1S @787 X8t ¢ B podilalicl PHOUS & of t he
me

I A B ASAE AT O 1

wave of which modulation factor is 10%. Further, the second demodulation signal

generation circuit 202 includes an input portion into which a signal outputted from the

10  digital circuit 106 is inputted. Note that a regulator circuit, a limiter circuit, or the like
may be added to a right place of the analog circuit 130 in order to stabilize the operation
of the semiconductor device 1500.

[0089]
The power supply circuit 200 is described with reference to FIG 3. The
15 power supply circuit 200 includes a first capacitor 300, a rectification portion 302
provided with two diodes, a smoothing capacitor 304, and a delay circuit 306 provided
with one resistor and one capacitor. The power supply circuit 200 smoothes the output
sigﬁal from the antenna circuit 102 and generates the power supply voltage and the reset
signal of the digital circuit. The powex supply voltage is adjusted so as to have a stable
20  potential having a certain potential difference from a reference potential (a potential of a
reference lincj.
[0090}
The first demodulation signal generation circuit 201 demodulates data included
in an induced voltage which is generated in the antenna circuit 102. The sccond

25  demodulation signal generation circuit 202 demodulates data included in the induced



[ 0093] 20The nmenory circuit 108 stores at |east specific data (individual
identification information) of the sem conductor device 1500. The nenory
circuit 108 includes a control circuit, which perforns witing or reading
of data in accordance with the digital circuit 106, and a circuit having a
menory el enment. The nenory circuit 108 is simlar to the nmenory circuit 108
i n Enbodi nrent Mbde 1. As |long as the nenory content of 25the nenory circuit
108 is specific data (individual identification information or the |ike)

39 of the seniconductor device 1500, a nonvolatile nmenory which can store
menory w thout being supplied with power is preferably used. On the other
hand, = asvéipgwaihticgmpemntad jn e aeesnasdigwt 192 pr ocessi ng perforned by the

sem conduct or device 1500 is stored, a volatile nenory nmay be used.
Particul BKBY] in the case of a so-called passive 5 type in-which the

sem conduct or device 1500 has no batter nonvol at.| B YatddS
pr ef er abl y ' us ebhezparriels &ape yrdich 1T FFSHY S%i%gr.l ﬁ’ﬁur? rE’ﬁrZr |Hr11ﬁ)con5| deration of

security, a , non-rewitable nmeno iS. f Ha&gbilaP cisduftrie6t he

speci fi cbmdtean@iulqhﬁécg‘éwi?@éﬁ%‘%?%{ax e‘@‘uthg{é‘gfﬁ@@&“fﬁb09ﬁblo%he first

denodul ati on si gnal g}%%gr ation ﬁ%@?ui t 201 included in the sem conduct or
devi cé 13udirgmmitpddo SRR OGE is described with reference to FIG 4.

The first depodul ati on signal generation circuit 201 includes an input
portion 4882l an output portion 416, a first diode 404, a second di ode 406,

a first resist gﬁstiﬁ%diggﬁffﬁ'gﬂ?ﬂ?i Igééi{?ek%c %&%{ ilg)p%i Volibgd; dpaGoisgsterdd2, a

second capacit capaci 14. The input portion 400

S connecggl%_t %%%1 0?113@%8129%‘% .08 ofe fesSdt sGARNRGIHEAN ard Supplidd éront therandogl of t he

first caf onfected to an anode of the first diode 404 and a

cat hode of 1, £ 106 8 QGnoddiBh kDS @fthd deeordi destodulindatesiggll i s
connect e&uf%lpg?é(?i%ﬁ%%geone ends of the first resistor 408, the second

capacjf org ﬁ%ﬁmoa&dth[e REnBREATALE RaveEoar oflth? firsT llemodulwion stmralp Whetshy second
resi stor 412 1'& connected to one end of the thi rd 20 capacitor 414 and the
out put popt GRodkidion Ribnhing@eration aiadetooise i detsmiendd Hewkdn Hyelig@hch of the
other ends of the first resistor 408, the second capacitar. 410, and the
third capagi o6 4dschiced clpsleatearnmitad tedtberadigial gitdhtand infpgAPn [ 0095
One configurational exanple of the second denpdul ation si gnal gener ation

on which signal is selected is fed back to the analog circuit 130.  Further, aif mstruction

which is given so as to operate the semiconductor device 1500 in accordance with the

15 content of data of the selected demodulation signal is executed. For example, when
the content of data of the selected demodulation signal is to “reply to the reader/writer

110 with data of the memuory circuit 1087, the data is obtained by accessing the memory
circuit 108 and transmitted to the modulation circuit 204.

[0093]

20 The memory circuit 108 stores at least specific data (individual identification
information) of the semiconductor device 1500. The memory circuit 108 includes a
control circuit, which performs writing or reading of data in accordance with the digital

 circuit 106, and a citcuit having a memory element. The memory circuit 108 is similar

to the memory circuit 108 in Embodiment Mode 1. As long as the memory content of

25  the memory circuit 108 is specific data (individual identification information or the like)



40 described with reference to FIGS. 5 and 6 (6C1 to 6C-2). The second
denodul ati on signal generation circuit 202 includes a first input portion
500, a second input portion 518, an output portion 514, a first
denodul ation circuit 502, a second denodul ation circuit 504, a first bias
circuit 506, a second bias circuit 538, and a conparator 510. 5 Although
these circuits provided in the second denodul ati on signal generation
circuit 202 are described below, the present invention is not limted to
the foll owi ng description. [0096] The input portion 500 of the second
denodul atj ' e ' [ ' | t t I nput
4Ofhe %'eggbgh?lﬁﬁﬂ cfegfgl;:nc)ig()lf, & QoL mbfho o%’ﬁ%ﬁgﬁg ke Iﬁ’cﬂ%}% p

portion 600 of 't I'rst ullation circult n i nput portion 620

of the s i QR G A t j i on 518 of
t he secoﬁ‘g e%ﬁ%gﬁﬁﬁagﬁgﬁgﬁ@gggﬁﬁlgﬁﬁ%rrctﬁ]i?ﬁg}g%gihgﬂgg%% targd to an

i Nput  Por #inBPraBlRehsSusbd FHro@sihPpdHAmed bl AR CRATRALRIR b 1505 0ut put
portion 616 of the first denodul ation circuit 502 is connected to an i nput
portion 8064 af vdidiRe fremdty RayPBe dell C UPArtidiParRO8 theddasle afa QLEANYE pefvti on 636 of
t he second denodul ation circuit 504 is connected to an input portion 80013
of the sewphneh Whiab tiG defilidond@it}. deMite ABOPLAs JRObHtteGNa A0BAiadlle nbmofyi St bi as
circuit 506 is connected to a first input portion 900A of the conparator
510, and mefemibiypuded porthe arrmdoB88irafit 108 Fadhadinbcoasidemtiaunt sé&ftyi 8 connect ed
to a second input portion 900B of the conparator 510. An output portion 912
of the commarewatigblesrmegy 28 pofurddy edsetio it heorouthpuspapdict ideta ©f4thef t he
second denodul ati on signal generation circuit 202. [0097] . Note that
t he firstsetigondedtontdewvine 8300cuit and t he second denodul ation circuit included
in the second denodul ation signal generation circuit denpdul.ate electric 25
signal s vi8P%4 have opposite polarities opposite to each other. 41 [0098]
Note that the output portion 912 of the cagnparator 510 and the out put

porti¥h 514 of Thpelisshcdnmpdylation uyighal ofensTanm citsalte 28t | Bfudsd dyj the202 are

f bl ted t it h .h | .buf i it 512
Pl Fust r av S awies doriod Aot hodmistite o Comiten OB Bgs Gitice
foll i it, plifi i, it, d, the |i b
gl ven: No-s e dretsEmPaNIEuRc S| EonerrBe el LA e At PeErn A9 o gnal

Fgggg]e gearflecr)l%lﬁdpo%o%bjlyﬁ, %yﬁrgtr 1\6<iies '48/11 aogccEnQF dl%gg |48t9, ab%;sft erésis (%rrtfdéi, % o12.

second resistor 412, a first capacitor 402, a second capacitor 410, and a third capacitor
15 414. The input portion 400 is connected to one end of the first capacitor 402. The
other end of the first capacitor 402 is connected to an anode of the first diode 404 and a
cathode of the second diode 406. A cathode of the first diode 404 is connected to each
of 6116 ends of the first resistor 408, the second capacitor 410, and the second resistor
412. The other end of the second resisior 412 is connected to one end of the third
20  capacitor 414 and the output portion 416. Further, an anode of the second diode 406,
each of the ofher ends of the first resistor 408, the second capacifor 410, and the third

capacitor 414 are connected to a reference potential (Vgs).

' [0095]

One configurational example of the second demodulation signal generation

25  circuit 202 included in the semiconductor device 1500 of this embodiment mode is



FIGS. 6Ato 6C (6C1 to 6C3) each illustrate an exanple of a configuration
of 10 a denodulation circuit which is used as each of the first

denodul ation circuit 502 and the second denodul ation circuit 504. FIG 6A
illustrates the first denodul ation circuit 502. The first denbdul ation
circuit 502 includes an input portiomo600, an output portion 616, a first

di ode 604, a second diode 606, a first resistor 608, a second resistor 612,
a first capacitor 602, a second capacitor 610, and a third capacitor 614.
The i nput 15 portion 600 is connected to one end of the first capacitor

602. The other end of the first capacitor 602 is connected to_an anode of
the firstddititd vEetnoica e Bldfh dendf6 GRd weohd dhedwosdbdengduiticRode of the
first diode 604 is connected to each of one ends of the first resistor

. 608, t hesigiet gantratiapabitib 205 meludesnal firsh inpyepatier #&k jaseennd dapt PRGN ot her end
of the second resistor 612 is connected to one end of the thjrd. capacitor
614 and t 5B, 20 cutpupgertion 5 fon st dlempriatina circdih SQhogecgrd AFROEMUGA di ode
606, each of the other ends of the first_resispﬁg 6Q§, the sec @? capaci t or
610, and eirittI¥y o fiesi Hinsi qinspit 690 Hecorbbine ey 1%- 4o @FB’PB?}ESIS ‘ent i al
(Vss). [0100] 42 diode 626, a Iigst re istq{ 28, . a secongI{I§Mﬁtor 632, a
first eapAkhdugh theso ciignigrovidedindhe pecghd gapodulaiign Sienpl 4o RUPLETPEr 634, The

i nput portion 620 i. nnected to one end of the.first c i 622. The
ot her end?% ah e*?$§f?@£%hdg?GF%%QQHW?QFRnWeggégnW%EJncggﬁgﬂégo the first
di ode 624 and an anode of the second di ode 626. An anode of the 5 first

di ode 624995€1R¥ANect ed to each of one ends of the first resistor 628, the
second caﬁgﬁgior 630, and the second resistor 632. The second resistor 632
i's connec o one end of the third capacitor 634 and the output portion

636. Further, ﬁh%ﬁﬁ@gg&u% shi6s BECRB SinRfliR1B8PsighActnepdiohREcai iy ends of

the first resis e second capacitor 630, and the third capacitor

634 ang c ! \Z 0 G680 BRI Hektdemb¥f8don AL 504 hndachpod t he
first1§ioggggﬁ%ﬁgfhgn?g%bggﬁgiode 606, Jhen#irsfmhiode 624, andpthe second

di ode 626 ,0fi0f k5Fof BB Sk diRYoPE:fuRS0B hnd thetsecinddeput portion SERIOFTFT. A
di ode iIIBstrated in FIG 6C 1 of, a diode-connected n-type 'Ib

i 11 ustrat g donildGnolilation il gerdi-toe cRannEItie doynettyp o AFhput pondm at ed in
FIG 6C-3 are equivalent as a circuit. 15 FIGS. 7A (7A-1 and 7A-2) each
i |1 ustrat g18 (e ¥eBPI B io0@hdfahe somparatoi §10612n output ipoition GA6 of gfc fitve fir st
denodul ation circuit 502, illustrated in FIG 6A is forned using any of
demodulation circuit 502 is connected to an input portion 800A of the first bias circuit
15 5006, and an output portion 636 of the second demodulation circuit 504 is connected to
an input portion 800B of the second bias circuit 508. An output portion 808A of the
first bias circuit 506 is connected to a first input portion 900A of the comparator 510,
anci an output portion 808B of the second bias circuit 508 is connected to a second input
portion 900B of the comparator 510. An output portion 912 of the comparator 510 is
90 comnected to the output portion 514 of the second demodulation signal generation

' cireuit 202.

[0097]

Note that the first demodulation circuit and the second demodulation circuit
included in the second demodulation signal generation circuit demodulate electric

25  signals which have opposite polarities opposite to each other.



the TFTs illustrated in FIGS. 6C (6C1 to 6C3). Simlarly, FIGS. 7B (7B-1
and 78-2) each illustrate an exanple in which a circuit 638, which is part

of the second denodul ation circuit 504, illustrated in FIG 6B is forned
using any of the This Is 20 illustrated in FIGS. 6C (6C1 to 6C3). In the
circuit illustrated in FIG 7A-1, n-t¢gpe IF Is 700 and 702 are used as
di ode-connected .1.b Is. In the circuit illustrated in FIG 7A-2, p-type

TFTs 704 and 706 are used as di ode-connected TFTs. In the circuit
illustrated in FIG 713-1, n-type TFTs 708 and 710 are used as

di ode-connected TFTs. In the circuit illustrated in FIG 733-2, p-type IF Is
712 and 7[0@9¢r e used as 25 di ode-connected IF |Is. [0102] The first
denodul ation circuit -502 and the second denodul a |on c rcuit LV be
formed by conbiM thenthoputphpartion 814 of the peagarale el ‘%R" nge (6C 1

to 6C-3) and FIGS. 7A (7A-1 and 7A-2) and 7B Ség c% ﬁgd:) E first 5
dermodul at fbhofdhe sagprd W%Wpﬁﬁlﬁlﬂéeﬁ‘?f?% ‘imBl %F’i‘el}’é'? PapE FopRe ﬁG 7A-1 and
t he second denodul ation circuyit &4 havj gg & P§§85' I tBr ated in
FIG 7B ZtMWht?éhﬁM]équgbo?n anglpg DRI GOl &L?Fd{hilsgﬁ | B &HPs aV| ng the
circuit 618 illustrated hes : circuit
ok g e e 1

Al ternati \é’éfl %@ &%gaprblér gs}:\:[f& 0 Eﬁdm atl “"’mgl’%ﬁﬁ%‘%m w]gﬁ,vajngg deSa@itionui t 618

illustrat secon atron circuit 504 having

the circuit | | ust r at 1RSuEsEdrcuffsel er ably, the
circuit 61" ICT“h etgeﬁ?ré‘{?gisﬁglﬁlbgpf%%g Used For the first demodul ation
circuit 52@3 fnd the circuit 638 iIIustrated in FIG 7B-1 is used for the
second de 8 ation circuit 504. In general, carriers of an n-type ail have

pigher mobl 1 Yer3aga 6 s 1860:3) YR8 illi5katc ER@EAASE 6f 2 CoifigpRtidEFdD are used

for all 151 Is |nc[u ed | the firSt denodul ation circuit and the second

dermodyj,at i Q% 8& 1540t circ 8@ wihikhl is QREY RtdaéNofie fiest @emoduldtfontdirenic 502Zand s can be
i mproved. i '{ The firs't capacitor 602 (or the first capacitor

622) illugts s deﬁoEdlﬁon%cﬁmmnaaGe& firstaes thé fisst demeduiaioh icirade (a
reference line). The first resistor 608 (or 20 the first resistor 628)

makes COoNgHaNtTHUfife Bémbdubsmiongeitchit (10g hinelugesi aut inpht pontiom 696 pr OBt  Furt her,
t he second capacitor 610 (or the second capacitor 630) is provided to
smooth a %s@ﬁah@nma fibadicdstiet anmendflioth6e0d; afigst resistori08r 2 BOSdI6¥istPhe fir st
resistor 628) is adjusted as appropriate depending on the degree of

el ect r ost @iz, fepapadiang?, ekecohd capacitm §1¢.apd 6 thitst capaditor 814 ¢ e &p¥bnd

capaci tor 630). Wen the resistance of the first resistor
15  portion 600 is connected to one end of the first capacitor 602. The other end of the

first capacitor 602 is connected to an anode of the first diode 604 and a cathode of the

second diode 606. A cathode of the first diode 604 is connected to each of one ends of

the‘ﬁrst resistor 608, the second capacitor 610, and the second resistor 612. The other

end of the second resistor 612 is connected to onc end of the third capacitor 614 and the

20  output portion 616. Further, an anode of the second diode 606, each of the other ends

of the first résistor 608, the second capacitor 610, and the third capacitor 614 are
connected to a reference potential (Vss).

{0100}
FIG. 6B illustrates the second demodulation circuit 504. The demodulation

95  circuit includes the input portion 620, the output portion 636, a first diode 624, a second



25608 (or the first resistor 628) is small, anplitude is reduced; and when
the resistance is 44 excessive, a breakdown phenonenon of the second di ode
606 (or the second diode 626) occurs; thus, the sem conductor device does
not operate normally. Furthernore, the second resistor 612 (or the second
resistor 632) and the third capaciton2614 (or the third capacitor 634)
function as a | owpass filter which renpoves a hi gh-frequency conponent. 5
[ 0104] FIG 8 illustrates an exanple of a configuration of the first
bias circuit 506 and the second bias circuit 508. In a bias circuit
illustrated in FIG 8, an input portion 800 (the input portion 800 is

her ei naf t diode &26ra finst tavistis RBea senond rgsitar 38, 8EEN capreiteh 623, npgeondor ti on
800B in the first bias circuit and the second bias circuit, respectively)
is 10 conngetitd 630, oxe third cgpacitor BffaciThe inmid portion 626 dp srrmedied Bogme; s
hereinafter referred to as_a capacitor 802A and a_capacitor 802B in the
first bi asnkoefitbefinst eaneritone2% e dbnather epd of ithedifsicapacienidtis gaImggted PRe ot her

end of the capacitor 802 is connected to an output rtion 808 (.the output
porti on 80%heds of dhedirsixtiode 624 apd ap agpde §f fhe SF?FE‘dcﬂéﬂdﬁL’?Eg'po%Fia’&?ﬁieé’é and the

out put _portion 808B.in the first_ bias circul nd the second bias circuit,
respecPi vé‘Fﬁ}fi}OdiEﬁzﬁﬁ%C@‘&Eﬁe‘I)fo gach of 0ge gfs &é’??’ﬁt rf’séﬁ?rsg%’ rt%os “Whe first

i st 804 | i naft f t first i st 804 d
LSO 808l UL SLEIEHa!OrRefobd ek S ST 2,
tivel d | st 806 i i
eopect S R0 R4 PO AP SO MR BB,
806B in the fi i i i -hi i i ti | .
200 1 D5 by 3L B DB OREN iee cBR V1)

potenti al g0/TAR) the Ik éag it?wﬁzrm@ Qéteéﬁ%r%&%ﬁéijtéﬁfaﬁME). 806 is connected

to a refererice potenti Vss). [0105] € capacitor 802 isolates the
i nput 1@or§:61@@] 800 galvanically fromthe power supply potential to which the
first resistor 804 is connected. [0106] The first resistor 804 and

the second resigicAlor RGis Bod 604 e dedond desHercb cha fieki kiode ans,ambeteneen
potentials of signals which are 1nputted into the first input portion 900A

and the se&enddicdpels PPFIGNBAMNBE may bdéctnicd of halialrioandted  THH10 A
Resi stance 5 RIA of the first resistor 804A, resistance RIB of the first

resi stor 3H8illusesedndGeoCLRdf A. diafe-doheecedastype TEE ilhisate BRGAG. @NE,
resi stance R212 of the second resistor 806B satisfy R R2A and RIB 0 R B.
Pr ef er abl ynd Riifvde-chiiBciah g-tiRpBTET HRArathd lif BT 6Ceth anerequivelestoaspacisniy 510,
which results fromnoise, can be prevented when the conparator 510 has the
first 1bi aFIGS.rRu{A-basl 2A) chab iJestutechnbéxamplsi ingtliich SoguitIIBOwbirk is

part of the first demodulation circuit 502, illustrated in FIG. 6A is formed using any of

the TFTs illustrated in FIGS. 6C (6C-1 to 6C-3). Similarly, FIGS. 7B (7B-1 and 78-2)

eacil illustrate an example in which a circuit 638, which is part of the second

demodulation circuit 504, illustrated in FIG. 6B is formed using any of the TFIs

20  illustrated in FIGS. 6C (6C-1 to 6C-3). In the circuit illustrated in FIG. 7A-1, n-type
TFTs 700 and 702 are used as diode-connected TFTs. In the circuit illustrated in FIG.
7A-2, p-type TFTs 704 and 706 are used as diode-connected TFIs. In the circuit
 iilustrated in FIG. 7B-1, n-type TETs 708 and 710 are used as diode-connected TFTs. -
In the circuit ilustrated in FIG. 7B-2, p-type TFIs 712 and 714 are used as

25  diode-connected TFT15.



FIGS. 9A to 9C each illustrate an exanple of a configuration of the
conparat or 510. The conparator 510 includes a circuit having a function to
conpare two signals, for exanple, a differential circuit, a differential
anplifier, or an operational anplifier, and a switch for stopping the
operation (which is an operation to ssop a current which .15 flows to a
reference potential froma power supply potential). The conparator 510
i ncludes the first input portion 900A, the second input portion 9008, a
third input portion 918, a first TFT 902 to a sixth ITT 916, and the out put
portion 912. In the conparator 510, the first input portion 900A is
connect edjouo2]}t he out put portion 808A of the first bias circuit 506, and the
second input portion-900B is connected to the output 20 portion 8088 of the
second bi as ci rTheifirsts@@odilagorf ciratit 02pand the sedons domodulptionc@ihto0td to a
gate el ectrode of the first TFT 902 (n-type), and the second input portion
900B i s cmanbe fathed byaoghivatien ofcthe sieuitsrillpgiiated dp SHASTHY 1004 P%litPpe) . one
of a source electrode and a drain_electrode of the fi rsé TEE 932 (n-type)
i s connect@d) tapdoRIGST 74 Fdut cadeMAD)r #tt Bnd"Brldd VEsPect Tdd™f ¢ he
fifth TFT 910 (n-type) and one of a soqurce 25 el rode and a drain
el ect riodedestodulption e%woﬁo?ﬂmlgaﬁw(wpwgﬁﬁ !1“5|{F?é°d0]f‘%g{3‘ @?Rtaﬂgg"c second
- demodulation circuit 504 having the circuit 638 illustrated in FIG, 7B-2 may be used, or
the first demodulation circuit 502 having the circuit 618 illustrated in FIG. 7A-2 and the
second demodulation circuit 504 having the circuit 638 illustrated in FIG. 7B-1 may be
used. Alternatively, the first demodulation circuit 502 having the circuit 618 illustrated
10  in FIG. 7A-2 and the second demodulation circuit 504 having the circuit 638 illustrated
in FIG. 7B-2 may be used. Preferably, the circuit 618 illustrated in FIG. 7A-1 is used
for the first demodulation circuit 502, and the circuit 638 illustrated in FIG. 7B-1 is used
for the second demodulation circuit 504. In general, carriers of an n-type TFT have
higher mobility than those of a p-type TFI. Therefore, n-type TFTs are used for all
15- TFTs included in the first demodulation circuit and the second demodulation circuit, so
that operation performance of the circuits can be improved.
{0103} _
" The first capacitor 602 (or‘the first capacitor 622) illustrated in FIG. 6A
compensates center of a wave amplitude (a reference linc). The first resistor 608 (or
20  the first resistor 628) makes constant current flowing through a point bl {or a point b2).
Further, the second capacitor 610 (or the second capacitor 630) is provided to smooth a
waveform. The resistance of the first resistor 608 (or the first resistor 628) is adjusted
as appropriate depending on the degree of electrostatic capacitance of the second

capacitor 610 (or the second capacitor 630). 'When the resistance of the first resistor

26 608 (or the first resistor 628} is small, amplitude is reduced; and when the resistance is



46 source electrode and drain electrode of the first TFT 902 (n-type) is
connected to one of a source electrode and a drain electrode of the third
TFT 906 (p-type), a gate electrode of the third TFT 906 (p-type), and a
gate el ectrode of the fourthl 1F1 908 (p-type). The other of the source

el ectrode and drain el ectrode of the4¢hird TFT 906 (p-type) is 5 connected
to the power supply potential (VDD). One of a source electrode and a drain
el ectrode of the fourth TFT 908 (p-type) is connected to the power supply
potential (VDD). The other of the source el ectrode and drain el ectrode of

the fourth TET VRS lorhdhok 0P GEcRAd tiddé bES @ tipubcqpddiddes2®12 and t he
ot her of e’f%%snéeogrg%élﬂé%r ooe gnd drain el ectrode of the second 1F1 904

(n-type) - Ol 8uctly debiRe fbést fiot TpdraRLbrih@lly. n-Fusthesinotes theonnect ed t o
a constaﬁ?&f:%?%‘%ht%g“?%%it 1003 (see FI G 10A) through a wiring 914. The

ot her of (the: SQUIH$18(EHd Rechdaadstel s3are the tiiddapaitot 6l (f the fiEE 910
(n-type) Is connected to one of a source electrode and a drain el ectrode of

a sixth L.l Amkicae) a IGhpass titer whith tdumveoaiigh fehesey SWRPoamy: dr ai n

el ectrode of the sixth TFT 916 (p-type) connected to a reference potenti al
(Vss) 5 h@@ﬁmahat the sixth ".1.1.r 916 15 (p-type) may be connected so that
the sixth 11,1 916 (p-type) at |least controls a cqrrqnt_mhicB flowto the
ref erence pot epiG. 8lillistais tiexappiveot awpfzyration ofiks Hist bRherCtoPREY 1 916
(p-type) may be di sposed between the foll ow ng: beémeen a Wi of the
pOVer SUPRE secpat siad ciait 508 anwibiasrairceib lvstsatedin IFRe® @R L PYEHTR ggo el ectrode
and drain electrode of the third It f 906 p-mxge%iagﬂo ne Réitﬁ source

el ect r odgtherigpu paition 08 és Ireardeafisr rofgired S 25 GG AHRF PRFOY %8“‘% VP Fsee a
sixth TEE 916C of FIG 9C); between the fifth TET 910 .(n- a wring
of the r afostieon80Bdn dbr ifl)a‘-it Wiase Irqui A the 155008 m@fgc%lg’ rﬁépéa%lﬁ@;qgor bet ween

ORC i) marai onr s eeer A BTUR  O% BB A IR 010, |
5o ! Soprakn oA b SRR R AR Ao el 005 0
FIG 98). re/sal\)egt%}e y)fa | %ﬁécl; g'eeng ]:)f Ehg %ap%icff&r%(l%}s cohnéHdd to an output portion 808
(the output portion 808 is hereinafter referred to as the output portion 808A and the
output portion 808B in the first bias circuit an& the second bias circuit, respectively),
15  and each of onc ends of a first resistor 804 (the first resistor 804 is hereinafter referred
to as a first resistor 804A and a first resistor 804B in the first bias circuit and the second
bias circuit, respectively) and a secoqd resistor 8(56 (the second resistor 806 is
her;einafter referred to as a second resistor 806A and a second resistor 806B in the first
bias circuit and the second bias circuit, respectively). The other end of the first resistor
20 804 is connected to a power supply potential (Vpp), and the other end of the second

resistor 806 is connected to a reference potential (Vss).

[0105]

The capacitor 802 isolates the input portion 800 galvanically from the power

supply potential to which the first resistor 804 is connected.



47 (p-type) is connected to the third input portion 918. The wiring 914 is

connected to the constant current circuit 1003. Note that

the configuration

of the conmparator 510 is not limted thereto. [0108] 5Hereinafter, an
operation of the conparator 510 is described. First, the case where the

sixth TFT 916 (p-type) is turned on i4s descri bed. [0109] .
which flows through the fifth TFT 910 (n-type) which is a

A current
constant current

source of the conparator 510 is set Id. Here, since the third TFT 906

(p-type) 10 and the fourth TFT 908 (p-type)form a current

mrror circuit, a

current of 1d/2 flows between the source el ectrode and the drain el ectrode

of each ofpiwole third TFT 906 (p-type) and the fourth 1 ti

1 908 (p-type).

In addition, a potential of each of points a illustrated in FIGS. 9A to 9C
is set V5. [01IMe fhSHesigtor Bbrkamhthe sodvad gosisteti §00care providsd doZFRaraie & appl i ed
totw Ills which forma differential pair is described. First, the case
where a pdifierentabetwfen proerftialssuf signpls twhindr arp drpugedbmty SerfirgaputPREieny

A current which

potential -of the second input portion 900B is consi dergij.
flows thr Shandhide seqosd inppy partion PR ipskyled Fthe gempaetgholOrr

FeHHAECn- t ype) s

expressed in the followng fornmula (1), where Vg, | ate vgltgge; Vds, a
i o 20vut g St siser BOH/bSHON et B e ot st PG cBRATEY el
coefficient; and X, a channel | engt thg%g%Il atio Coeflfé&lBes%iéfy[lﬁg']éll

[ FORMULA fije segpnd resistor 806A, and resistanice

10

15

20

25

e second resisto
Rza and Rip = Rgp. Preferably, Ria = Rep and Rz = Raa. Malfuaction in the
comparator 510, which results from noise, can be prevented when the comparator 510
has the first bias circuit 506 and the second bias circuit 508.
[0107]

FIGS. 9A to 9C each illustrate an example of a configuration of the comparator
510. The comparator 510 includes a circuit having a function to compare two signals,
for example, a differential circuit, a differential amplifier, or an operational amplifier,
and a switch for stopping the operation (which is an operation to stop a current which
fiows to a reference potential from P power supply potential). The comparator 510
includes the first input portion 9004, the second input portion 900B, a third input
portion 918, a first TFT 902 to a sixth TFT 916, and the output portion 912. In the
coﬁlparator 510, the first input portion 900A is connected to the output portion 808A of
the first bias circuit 506, and the second input portion 900B is connected to the output
portion 808B of the second bias circuit 508. The first input portion 900A is connected
to a gate elecfrodc of the first TFT 902 (n-type), and the second input portion 900B is

connected to a gate electrode of the second TFT 904 (n-type). One of a source

" electrode and a drain electrode of the first TET 902 (n-type) is connected to one of a

source electrode and a drain electrode of the fifth TFT 910 (n-type) and one of a source

electrode and a drain electrode of the second TFT 904 (n-type). The other of the



lds [0112] Since a potential of the first input portion 900A is

hi gher than a potential of the second input portion 900B in the formul a
(1), the following relation is formed between Vgs (902) which is the gate
voltage of the first IF! 902 and Vgs (904) which is the gate 5 voltage of
the second a 1 904: Vg, (902) > Vg, (4®04). The transconductance coefficient
k is a value unique (a constant) to a Ins which is determned by a carrier
, mobility, a capacitance of a gate insulating film a channel width, and a
channel |ength of a channel formation region of each of the TFTs, and the
channel |ength nodul ation coefficient ? is a constant which is determ ned
by manuf asstteicigtrit-aaé dabseledtrodaofithe first TFT1962 (n-tyipe)lis comfsete@fogng of when t he
transconduct ance coefficients k and the channel |ength nodul atiaon

coef fi ci enarde eddctrddrearkli a drain EEEO@Dof(the thjnd IFTNG (PHEpedccgiiticlyttpde g
(n-type) are equivalent, the following relation is fornmed between the drain
vol t age \Velthofitt IETIODG Gi-tyPeTaglpeatnelesiody ofthel faurh THTH08 HIPEhgd '¥ds of the

second 11,1 904 (n-type): Vas (902) < Vds (904). Nex en the case where
a pot ent i athexoéf thaesobice stectragruand 8ragn slsctorsio fj the f@ﬁgﬁr%&ﬁtyﬁ‘sp‘& ential of

the second input portion 9008 is considered sjimlarl Eo t he apave, the
f ol | ows ngeanepeied torthy ROVes SERRYY PRIERHRE LY ke ‘S?%‘i’rﬁ?&?cﬁﬁg%” 1612 YHE first
1141 902 (n-type) and the drain voltage Vds of the second . TE n-type):
Vs (902) Sectuads of daourth GFA U GHSP a8 EPHsEEd dpSSROTt Rl elshia e P
out put portion 912 fluctuates d ngi n n. the i i of

pot ent i al &Vmsp- tHE qt}PﬁSLﬂCf tlﬂf‘o?"[uf‘"c?nﬁ%g'@ie ﬁ'gddg eafcﬁf%ﬁ?%%ﬁré?ﬁ%%ﬁmgag[ 0114]

Next, th where the sixth TFT. 9 i . i sadescri bed.
46 [ 115] G99 aced p oy batig Bz Ry it Bk ol MG ebae 2o 1 0e

ot o | o SR PR FERSR: GRCBLE ABRARsoshs b praammoipioe!
conpagat Ofn-%q]i%' is ASH0%A RY donsthit RrrPRi buil FOORQERIFIG. 10A) through a wiring
914. The other of the source clectrode and drain electrode of the fifth TFT 910
(n-type) is connected to one of a source electrode and a drain electrode of a sixth TFT
916 (p-type). The other of the source electrode and drain electrode of the sixth TFT
916 (p-type) connected to a reference potential (Vss). Note that the sixth TFT 916
15 (p-typc) may be connected so that the sixth TFT 916 (p-type) at least controls a current
which flow to the reference potential from the power supply potential. The sixth TFT
916 (p-type) may be disposed between the following:' between a wiring of the power
supi:;ly potential and a wiring connecting one of the source electrode and drain electrode
of the third TFT 906 (p-type) and one of the source electrode and drain clectrode of the
20  fourth TFT 908 (p-type) (see a sixth TFT 916C of FIG. 9C); between the fifth TFT 910
(n-type) and é wiring of the reference potential (see the sixth TFT 916 of FIG. 9A); or
between one of the source electrode and drain electrode of the fifth TFT 910 (n-type)
anda wiring connecting one of the source electrode and drain electrode of the first TFT
902 (n-type) and one of the source electrode and drain electrode of the second TFT 904

25  (n-type) (see a sixth TFT 916B of FIG. 9B). A gate electrode of the sixth TFT 916



5 conmes to be in a floating potential, and the node which cones to be in a
floating potential is affected by each paraneter, nmanufacturing processes,
or the like of a device. , [0116] Not e that the conparator 510 is
not limted to the above configuration, and an'y configuration may be

enpl oyed as long as a function simlar to the above can be 10 obt ai ned.
[0117] Next, FIGS. 10A and 10B each illustrate an exanple of a
circuit configuration of the analog buffer circuit 512. The anal og buffer
circuit of FIG 10A includes the input portion 1000, the wiring 914, the
source follower circuit 1001, the inverter circuit 15 1002, the constant
current c(pypétis d@@ssted th éheithivinpaiportionciBt  Toowiring R4 isrenessief iR or ti on
1005. The wiring 914 is connected to the wiring 914 of the cor:rl)ar ator 510.
The out putonsiant ¢upmntldOst @03 o Metctheldhe epnfigaration ofihe pRIPRAFAGF JP4S BY t he
second denodul ation signal generation circuit 202. [0118] 20An anal og
buf f er ci Hwiied thefetd] G 10B i ncl udes the input portion 1000B, the wiring
914B, the source follower circuit 1001B, the constant current circuit
1003B, anff1PBk out put portion 1005B. The output portion 1005B i s connected
to the output portion 514 of the_second d l.ation si gpal ation
circui® 202. [ CHerompalionNg; eratigh of arcé’mrélg’g%blés ffsflgl?:etivgmi;’ %ﬁg&%

denodul ati on sj gna 50 .gener.at ed. st abl.,y by provision of such an
anal og bufﬂﬁléﬁetfe‘iﬁ”&tﬁi'fﬁ@ig&’é@%l‘?E‘&‘%ﬂé’t“éﬁd‘isﬁ’a"ﬁf"e 10A or 10B. [0120] The
sel ecti ve[(ﬁiog]cuit whi ch processes the first denodul ation signal and the

A current which flows through the fifth TFT 910 (n-type) which is a constant
current source of the comparator 510 is set Is. Here, since the third TFT 906 (p-type)
10 and the fourth TFT 908 (p-type)form a current miror circuit, 2 current of Iy/2 flows
between the source electrode and the drain electrode of each of the third TFT 906
(p-type) and the fourth TFT 908 (p-type). In addition, a potentiai of each of points a
illustrated in FIGS. 9A to 9C is set Vs.
[0110]
i5 'Here, the case where a different potential is applied to two TFTs which form a
differential pair is described.  First, the case where a potential of the first input portion
900A is higher than a potential of the s_econd input portion 900B is considered. A
cuﬁent which flows through the first TET 902 (n-type) and the second TFT 904 (n-type)
is expressed in the following formula (1), where Vg is a gate voltage; Vg, a drain
20  voltage; Vi, a threshold voltage; k, a transconductance coefficient; and A, a channel
length modulﬁtion coefficient.
[0111]
" [FORMULA 1]

I
Ids = _?d'=k(Vgs —Vth)z(l-l";l" .Vds)



5 second denodul ation signal is described with reference to FIG 11. The
selective circuit is part of the digital circuit; however, a clock is not
needed. Hereinafter, an exanple of a structure of a circuit block and an
operation thereof is described. [0121] The selective circuit illustrated in
FIG 11 includes a first input portias 1100, a 10 second input portion
1102, a first output portion 1110, a second output portion 1112, an
inverter 1104, a flip-flop circuit 1106, and a selector circuit 1108. The
first input portion 1100 is connected to an input portion of the inverter
1104 and an A termnal of the selector circuit 1108, and the second i nput
portion 1022} s connected to a B termnal of the selector circuit 1108.
Note that connections to the A and B terminals of the 15 selector circuit
1108 are not | iSideacotentialef the firstdnput pettiop AH0A isdugher B 2 POE P BE connect ed
to the Btermnal of the selector circuit 1108, and the second input
portion 1dgondviaputineriosAP8Bie therformle (Dnthe follosrng wruet S RENSIRFEY®8r 1104 and

nverter Vet avidriassists ae cite Dt A2 ot PP BRI ieafcui i 1106
oSt & grelRg < WpLera TR con S CWnrnXe CRekeotie R tEifRs “Whi ch i s
out put " porteraien Rib s (b pRRIRED TV B S paRBRRETs Muge” L
conneot edtienitha ceiitee B #RE iR ik oA G, Slgptetbinct B2 (o
R R e g N
7ol or bnbe el Eacong Rl Ao RE B b Bl Bt b e state of

the fijpst gicruk. PPidiBR. ¥AQ0he 58hL6idicAne QbiRiaRral Mmdithe éHagnd Maghnput
portions fromthe result of the monitoring, outputs the selected signal to

the second, QRN cdeficidn@, dikfirs0RT 001 @Ltﬁrﬁe%iaﬁﬂ e F8don® TETWOM-te)si gnal i s
selected to the first output portion 1110. The sel ected signal is outputted
to other dicgiqgh@hlest the dllowvikg RMNibNS fo@eAtdivaich tetdrgin voltagn Viddhe fFsid
information 10 on which signal is selected is fed back to the second
denodul at TpT 9L gReipepmdaedrinrvolthgecVi bf GO 2cchd THE 98 &i-yge)e Vesd892) <130 from
the first output portion 1110. A feedback signal is H GH when the first
denmodul at iyn(aeiy naext, svise| the tasd wharmda gofential dbgbk fiss énpat porsion &0Aien t he
second denodul ation signal is selected. Note that a relation between a

f eedbask $dvggmahananpotetiial efthe stead Sipphabrtios 98B is rensiderd siveifastydo the f eedback
signal may 15 be LOWNwhen the first denodul ation signal is selected, and a
f eedback sbamatherfaljoving Filatianih formed besisen e deinyalinest Yor! tiedHs T5s

sel ected. [0123
9%2 (n—ty]pe) and the drain voltage Vi of the second TFT 904 (n-type): Vi (902) > Vi,

(904).
[0113]

20 As described above, the voltage of the output portion 912 fluctuates depending
on the magnitﬁde relation of potentials of the input portion 900A and the input portion
900B.

- [0114]
Next, the case where the sixth TFT 916 (p-type) is turned off is described.



Next, the inverter 1104 is described. Wen a signal changes fromH GH to
LOWVor fromLONto HHGH in the first input portion 1100 connected to the

i nput 20 portion of inverter 1104, an output of the inverter 1104 changes
to an inverse state froma state just before the output (a signal changes
fromLONto HHGH or fromH GH to LON4 On the other hand, when a signal
mai ntains HHGH or LOWin the first input portion 1100 connected to the

i nput portion of the inverter 1104, an output of the inverter 1104

mai ntains a state just before the output w thout being inverted (a signal
25 maintains HHGH or LON. By utilization of this property, a waveform
state of HPE5}irst 52 input portion 1100 (whether or not the waveformis
one of a signal which changes fromH GHto LOVNor fromLONto H GH in the
inverter) is deTkxtiath THOPE (oHape) dn tuaredaifitthereiorss 2prinh it waich {bde éer may be
used as long as changes fromH GH to LOWNVor from LONto H GH of the signal
in the i ngimoshaet sammet capbiliy woHhe: pvea supply ooseatial (Voo) agddhe TelREEneq i p- £ op

circuit 1106 is described. First, the output becqonmes., LOW t.he reset
signal i npatedd (VR) senrEatséint the fopRpral B', ﬁ%ﬁ‘ﬁ?aﬁ %ﬁt%ﬂ.‘ﬂt @?notdlt‘be i nverter
1104 changes to HHGH from LON (from H.GH t.o dependi,ng. on ircuit
Sonti ode ey ® bhin o g Ghlehiniomd b L RS S BOHCF Dafind o'
otential (V .Whi. C 0 is usually H and the s n Ahe id for the
Dol o ag oL ertt B9 pich sArtRler i Sty R ok e B/ SRbraRcbRLE T O] T
an outputﬁﬁdhe flip-flop circuit 1106 maintains a state just before the
ept

out put ex when the output of the inverter 1104 changes to HHGH from LOW

(fromHGHto L dip fl Gt s fil L Bburatib@nd Snv t he power
supply potenti a Fgﬁ\agﬁi[%pu. g‘%{bé%}@is\ﬁ%giﬁﬁ%tﬁcg&o%‘?%?é%5 %e%grrgs LYQN by the

reset signghedngiohNBaPbt Ripidied b Godg¥eh tlifictib MmiHaBaRs absidsWY t o HI GH
(fromH GH to LOWN depending on a circuit configuration) . [ 0125]

10  obtained.

[0117]

Next, FIGS. 10A and 108 each illustrate an example of a circuit configuration
of the analog buffer circuit 512. The analog buffer circuit of FIG. 10A includes the
input portion 1000, the wiring 914, the source follower circuit 1001, the inverter circuit

15 1002, the constant current circuit 1003, the inverter circuit 1004, and the output portion
1005. The wiring 914 is connected to the wiring 914 of the comparator 510. The
output portion 1005 is connected to the output portion 514 of the second demodulation
sigﬁal generation circuit 202.

[0118]

20 An analog buffer circuit of FIG. 10B includes the input portion 1000B, the
wiring 9148, fhe source follower circuit 1001B, the constant current circuit 10038, and
the output portion 1005B. The output portion 1005B is connecied to the output portion
514 of the second demodulation signal generation circuit 202.

[0119]

25 Noise can be removed more effectively and a demodulation signal can be



Next, the selector circuit 1108 is described. The selector circuit selects
the Atermnal or the Btermnal by a potential of the Stermnal, and a
potential of the selected 20 termnal is outputted to a Y termnal. For
exanple, in a configuration where a potential of the Atermnal is
outputted to the Y term nal when a pavential of the Stermnal is HGCH a
potential of the Btermnal is outputted to the Y termnal if the S
termnal is LON Here, the termnal Ais selected when the S termnal is
H GH and the Btermnal is selected when the Stermnal is LON however, a

rel ati on between, g 25, RO SN BlciOh i) Bukadoiies 1 RAlIseati BICO! t he A
r na

t er i nal SEY is not 5 imted to the above and can be

freely s&@ £R&;6] The behavi ors of the denodul ati on signals and

signal s ‘%8 N periphery thereof in the case of a carriér wave of which
nDdU|ati§ﬂ2p ctor is 100% and the case of 5 a carrier wave of which

nodul at i ctor is 10% are each described. [0127] In the case of

the carrier wapg Qo cHoADRHICAtioRsska ko tirst deh0Bgtion egmghand dfe whi ch
nodul ation factor 1s 100%is inputted fromthe antenna circuit 102 into the

first cdenndul JmneMusidaNakinal e Aestiibad withr eferdnc? 0d Fi6d1t h &b esglsaldve

denodul ati1on signal 10 generation circuit 202 of the analog circuit 130.
The fir st ganRdushads tae didighekcuityhowdver, s cockois tnot peasledn HereinyTt #e - f i r st
denodul ation signal generation circuit 201, has a waveformthat a signal in
the i nverg@npid d0dstalkarges dicoirbldcicrd an dpewtion thereahis dospribe H G
Consequently, the first denodul ation signal is selected as a denpdul ati on

signal angixytputted to other digital circuits. Further, the information is
fed back to the ) s on 1100
The selective circuit fliustrated in FIG. 11 includes a first input portion. !

10  second inpilt portion 1102, a first output portion 1110, a second output portion 1112, an
inverter 1104, a flip-flop circuit 1106, and a selector circuit 1108. The first input
portion 1100 is connected to an input portion of the inverter 1104 and an A terminal of
the selector circuit 1108, and the second input portion 1102 is connected.to a B terminal
of the selector circuit 1108, Note that connections to the A and B terminals of the

15  selector circuit 1108 are not limited thereto. The first input portion 1100 may be
connected to the B terminal of the sclector circuit 1108, and the second input portion
1102 may be connected to the input portion of the inverter 1104 and the A terminal of
the .selector circuit 1108.  An output portion of the inverter 1104 is connected to a CLK
terminal of the flip-flop circuit 1106, a power supply potential is connected to a D

20 terminal thereof, and a reset signal is inpuited into an XR terminal thereof. A Q
terminal whiéh is an output portion of the flip-flop circuit 1106 is connected to the first
* output portion 1110 and an S terminal of the selector circuit 1108. A Q terminal which

isan output portion of the selector circuit 1108 is connected to the second output portion

1112,



15 second denodul ati on signal generation circuit 202, the operation of the

In the
case of the carrier wacie of which nodulation factor is 10% a signal of

conparator 510 is stopped, and waste of power is suppressed. [0128]

whi ch nodul ati on factor

is 10%is inputted fromthe antenna circuit 102

into the first 20 denodul ati on signalsigeneration circuit 201 and the second

denodul ati on si gnal

generation circuit 202 of the analog circuit 130. The

second denodul ati on signal, which is an output signal fromthe second
denodul ati on signal generation circuit 202, has a waveformthat a signal
the inverter 1104 maintains H GHd or LON Consequently, the second

denodul at joda22}si gnal is selected as a denodul ati on signal and 25 outputted

to other digital circuits. Further, the information_is fed bac_EE%o t he
second 54 denditwdimticn rens ppamationgeh dicassleshve icirewlt of 289 144y deiret

510 is operated w thout being stopped.

npar at or
[0129] .According to one structural

in

exanpl e dEEGH bimcleatsihing, the oPpratipn rpaseiibp PRpREaloTale t PSR4 on factor

is 100% and the carrier wave of which m)dul.gti
denmodul at swplyapeieniiah| a8d s“LERNE rrepis s tPeAM

of the carrier wave of which tjon factor is % . . .
5 potential. The sclective c?rcuiccr[())(ij lﬂ?llg 11%Ronifoss & state oil t%g ﬁrst input portion

10

15

20

25

1100, selects one of signals in the two input portions from the result of the monitoring, .

outputs the selected signal to the second output portion 1112, and outputs information
on which signal is selected to the first output portion 1110. The selected sigpal is
outputted to other digital circuits from the second output portion 1112, and information
on which signal is selected is fed back to the second demodulation signal generation
circuit 202 of the analog circuit 130 from the first output portion 1110. A feedback
signal is HIGH when the first demodulation signal is selected, and a feed back signal is
LOW when the second demodulation signal is selected. Note that a relation between a
feedback signal and the selected signal is not limited thereto. A feedback signal may
be LOW when the first demodulation signal is selected, and a feedback signal may be
HIGH when the second demodulation signal is selected.
[0123]

| Next, the inverter 1104 is described. When a signal changes from HIGH to
LOW or from LOW to HIGH in the first input portion 1100 connected to the input
portion of inverter 1104, an output of the mverter 1104 changes to an inverse state from
a state just before the output (a signal changes from LOW to HIGH or from HIGH to
LOW). On the other hand, when a signal maintains HIGH or LOW in the first input
portion 1100 comnected to the input portion of the inverter 1104, an output of the
inverter 1104 maintains a state just before the output without being inverted (a signal

maintains HIGH or LOW). By utilization of this property, a waveform state of the first

actor is 19% can

asr‘iaotgéﬁ% GPpY &2 L TR The case .

be



[0130] As discussed above, in the case where the carrier wave of which

nodul ation 10 factor is 10% and the case where the carrier wave of which

nodul ation factor is 100% the denodul ation signal generation circuit to

use is switched and part of operation of the circuit which is not used is

stopped, so that power consunption cap be reduced. [0131]. In addition, a

di fferent denodul ation signal generation circuit is used in each of 15 the

cases of the carrier wave of which nodul ation factor is 10% and the case of

the carrier wave of which nodulation factor is 100% Therefore, as to a

paraneter of an el ement included in each of the denodul ati on signal

gener at i OfypGi ftdbr B100i(iwhither @ hotBE @aedsyn ksont akesipnd ovhidrebinges &binon even

the case where a nodulation factor is different; thus, flexibility in

desi gni ngHiGE HEDDWOBL AoMOL.OWe Y EHGHSIN dp riovesidy) iFuletchied., Mefetthat an

sem conductor device is operated stably with ease. [0132(1ZHI A

denpdul at iclmest @halthinghainmértepmeg Herusedvas Idigyistcakngss from HIGAIYLUY o1y t he

shape of a waveformof the first denodul ation signal; therefore, the

seni condudioar LOW th FEGHrof shersignahindint inpef portionisan bempriisef.i n a smal | circuit

size. [0133] Further, in the second denodul ati on signal generation

circui 6, f®@4gecond denodul ation signal is generated by detection of a

di fference between an output of the first bid(a;\s circuit and_an output of the
n

second bi as ci r¥e#t: thenfliptflopsdrsit dl186 de descabsdbn Fosts it P Y B 4PP6h  ci rcui t
and a denodul ati on signhal can be generated. stahly even wt i.ghal of

whi ch nod @cgv ibalﬁhﬁr %@é%tgignﬁlsin@}%i |1¥t‘g)ﬁ¥%fcf‘6ﬁd?fﬁtj‘?‘\}, %%‘f"o‘%’ll?ﬁé‘t*p%ﬂ‘rﬁ!ﬁtn"%lﬁ% y
transmtted and received. 4 i th i i,n each of out put

of the fi A&ferts %Q“&P%Eﬁtf’kﬁ%ﬁ?ﬁ%?@@%ﬂnﬁﬁﬁggz@fl%?ﬁmﬁggatcrgtﬁ%anep >
hase. In the present J.nyentijon second I kAahal:

ge ner at ed CRR : 3}‘ ir‘}%eog!'ip%lf)? P}r‘i‘ém“’ojt}tbg grfﬂémg% atq?ggwgﬁ):tegg alts:qu%]():’ﬁ%d%lbéand t he
second bi as ﬁ%ﬁ%ﬁ t Ta*r‘ﬁrtﬁ% QUsfe hilBe NRhSHr He ﬁ@@la?r%g dofifecRdlBUhS D S

cancellPed ™ ¥ nce of “noi se, Which resu ma carrier wave, is

reduced; thus, ' n . L Q106 W r el ess
il qﬁgﬁt{hﬂut@ OE IR WA 66l outiR %?%éeﬂitpaﬂnop dfen

si gnal of W ioni factor is 10% the signal ¢
maintains a state just before the output except when the output of the inverter 1104

changes to HIGH from LOW (from HIGH to LOW depending on a circuit

configuration). That is, the power supply potential is outpuited only when the output

15  Q becomes LOW by the reset signal and the output of the inverter 1104 changes from
LOW to HIGH (from HIGH to LOW depending on a circuit configuration).

[0125]}

- Next, the selector circuit 1108 is described. The selector circuit selects the A

terminal or the B terminal by a potential of the S terminal, and a potential of the selected

20  terminal is outputied to a Y terminal. For example, in a configuration where a

potential of tile A terminal is outputted to the Y terminal when a potential of the S

terminal is HIGH, a potential of the B terminal is outputted to the Y terminal if the S

' terminal is LOW. Here, the terminal A is selected when the S terminal is HIGH and

the B terminal is selected when the S terminal is LOW; however, a relation between a

25  potential of the S terminal and selection of the A terminal or the B terminal is not



15 be al so detected stably. Therefore, signal transm ssion and reception
whi ch are based on | SO | EC 15693 can be perfornmed stably. [0135]

Further, in the sem conductor device of the present invention, power froma
power supply is continuously supplied while a wireless signal is received,
therefore, the 20 sem conductor devi e can be operated stably. (Enbodi nent
Mode 3) [0136] This enbodi nent node will describe an exanple of a structure
of a sem conductor device of the present invention which includes a
denodul ati on signal 25 generation circuit in a node which is different from

Enbodineq%wkgqgamegﬂgﬁﬁFC wbreeBegt.fically, this embodi ment nmode will

enpl oy a ructure 1n t he "'sem conduct or device described in
Enbodi ”E;[bl de 2 is provided with a battery. [0137] FIG 14 illustrates a
bl ock di agrarm of a sem conductor device of this 5 enbodi nent node. A

sem conduct or  ggYigeBaiGd B othe tddinsdiadadsigRil anid dignbls divewiin spedplbry ecei ves
data wirelessly to and froma reader/witer 1811 by an el ectronmagnetic

wave. Then&Bsas Metaid &fa kBt wiase qivalfic mbiylatinorfasatie di04% and Besesedl devi ce
1813 through a conmmunication |line 1812. The control device 1813 controls

conmury caf ¢arierRRlveERhich moteladier fastor i 80% kgl dackAcictibrd- semi conduct or devi ce
1800. 10 [0138] Further, the sem conductor device 1800 is wirelessly
suppl i ed [oi24] power from ' .
In the case of the carrier wave of which modulation factor is 100%, a signal of
which modulation factor is 100% is inputted from the antenna circnit 102 into the first
demodulation signal generation circuit 201 and the second demodulation signal
10  generation circuit 202 of the analog circuit 130. The first demodulation signal, which
is an output signal from the first demodulation signal generation circuit 201, has a
waveform that a signal in the inverter 1104 changes from HIGH to LOW or from LOW
to HIGH. Consequenily, the first demodulation signal is selected as a demodulation
signal and outputted to other digital circuits. Further, the information is fed back to the
15  second demodulation signal generation circuit 202, the operation of the comparator 510
is stopped, and waste of power is suppressed.
[0128]
| In the case of the carrier wave of which modulation factor is 10%, a signal of
which modulation factor is 10% is inputted from the antenna circuit 102 info the first
20 demodulation signal generation circuit 201 and the sccond demodulation signal
generation ciﬁ:uit 202 of the analog circuit 130. The sccond demodulation signal,
which is an output signal from the second demodulation signal generation circuit 202,
| has a waveform that a signal in the inverter 1104 maintains HIGH or LOW.

Consequently, the second demodulation signal is sclected as a demodulation signal and

25 outputted to other digital circuits. Further, the information is fed back to the second



the reader/witer 1811. [0139] The sem conductor device 1800 includes an
antenna circuit 1802, a 15 charging/discharging circuit 1803, a battery
1804, a power supply circuit 1805, a first denodul ati on signal generation
circuit 1806, a second denodul ati on signal generation circuit 1807, a

nmodul ation circuit 1808, a control cisacuit 1809, and a storage circuit

1810. The sem conduct or device 1800 nmay include not an antenna but a wring
for connecting to an external antenna. The wiring and the external antenna
may be 20 connected with each other. In this case, the antenna which is
separately manufactured is connected to the wiring. A connection term nal
(a ternm namodhiatsd Gen) sedeiation iciscud 2021 andabd tommuntered D delopemiedheitygt i ng may be
used to connect the wiring and the antenna. Further, the sem conductor

devi ce 18fhgssopped. |imted to the above structure, and may include a clock
generation circuit, a central processor unit (hereinafter referred to as a
25 CPU), [0i29lhe |ike. [0140] Note that the clock generation circuit
refers to a circuit which generates and supplies to each circuit _a clock

si gnal havi ng @ctordipgdmene ﬁ@@b@@&?‘%}nﬂlﬁﬂ'ﬁsﬁﬁéﬁdﬁ@%@@f % FREERVESE circuit
1809, the menory circuit 1810 and the like bagg‘?ﬁc%n «%PIAC i;nduced 5

vol t age wihieh miodulgtion: fagtosds 190% wad HietaiFR Ya'F O geaulaign £adton 5 ot i on
circuit or a frequency divisi orl circuit may be used for t‘l_{l]en&%&%lé
gener at i ol% parch demoplplated; and useless pRwer LopApHRMOR PR FUPRIEHS" 0} '8F 6T°abl y havi ng
an antenna and a rectiéi gr Ci rc\t#it,f rtec.ei q&;; an el ectromagneti c wave, which
i s t ransn?itReermssAve AEVRISh MorpREet faron 8 199% 04 10 generates an AC.i nduced
vol t age. [H{g i nduced vol t age becones power from a power supply of the

senmi condul?M devi ce 1800 ‘and al so includes data transmitted from the
reader/witer 1811. [0142] Tk ST Yol aF2! s hCabdddRiodsed for
the present i m?%n%if%l%sel%saglﬁ‘gf %ﬁgl%r&g%ﬁg%? tztil{rél ?ﬁﬁ%m tefh‘%cehr e?%re, a signal

eser . , gt orefore, 2S¢
transgh sk A ARPLIE et b EurABLGRA GibichUhdauldHER fiks sl 0 the

nhducCt'or "devi ce can be an el ectromagneti c coupling nmethod, an

electro %@%&ﬁgdﬁggﬂ%ﬁﬁeﬁ&ﬁtﬁﬁpﬂhcﬁt fAGE & MarBedBidhad of operdthoa of itke. The

transm’'ssion et be selected as appropriate by a practitioner in

consi der at{ 08 vaficH 8 Gotl FIEELRIRPpLS So @t goRer eviBptionTtan b redacednt enna with an
opti mum

[0131]

In addition, a different demodulation signal generation circuit is used in each of
15  the cases of the carrier wave of which modulation factor is 10% and the casc of the
cartier wave of which modulation factor is 100%. Therefore, as to a parameter of an
element included in each of the demodulation signal generation circuits, it is not
nec-essa:ry to take into consideration even the case where a modulation factor is
different; thus, flexibility in designing the semiconductor device is improved. Further,

20  the semiconductor device is operated stably with ease.

0132]

A demodulation signal is monitored in the digital circuit only using the shape
| of a waveform of the first demodulation signal; therefore, the semiconductor of the

present invention can be realized in a small circuit size.



20 Il ength and shape may be provided in accordance wth the transm ssion
nmethod. In the present invention, an el ectromagnetic induction nethod

havi ng a conmuni cati on frequency of 13.56 MHz is preferably used as the
signal transm ssion nmethod. [0143] 58 nethod, a conductive filmwhich
functions as the antenna is fornmed issan annular form (for exanple, a |oop
antenna) or a helical form (for exanple, a spiral antenna) in order to
utilize electromagnetic induction that occurs with changes in nagnetic
density. [0144] 5In the case of using a mcrowave nethod (for exanple, UHF
band (860.to 960 MHz), 2.45 GHz band, or the like) which is one kind of
radi o wavgi hods as the transm ssion nethod, the |ength and shape of the
conductive filmwhich functions as the antenna nay be determ ned as
appropri ate i n Fuehai derkd iserondfdetdoduludone ignat genefatipm dirouiathe seepsdd for t he
signal transm ssion. For exanple, the conductive filmwhich 10 functions as
t he ant endansdadatibe sizoalriegeriernte Hyi deteationf of arfifferenceRedvvpinean qutpnt gbthe ant enna) ,
a flat form(for exanple, a patch antenna), or the like. Further, the shape
of the cofidtibiaswigcdii hmd awhpwbutfafribe sesard bigs chenitin bpsecond damedulationt ed to the
| i near form and the conductive filmmay be provided in curved form a
ser pend i neighad generaion sirgwh pnd a Aemnerduinor pEmlican bo e stablirves Witha

wavel ength of the el ectromagnetic waves, 15[0145 ) Not e that the shape
and the coiEmdlcel grichemadulaen Akton At SRAY: pr‘%i??‘fﬁié‘lﬁhf’ o EEREHn, C&h D% i rcui t
1802 are simlar to those of the antenna included in the sem conductor

devi ce 15bensgrtied e MKAAY- Mode 1 which is illustrated in FIG 8. [0146]

20The povv?r ifppl y circuit 1805 rectifies the induced voltage, which is
gener at ed §33*t he antenna circuit 1802, by a diode or the |ike, and

stabilizes the j “d“ﬁgﬁdﬁ’% %la%‘é%\{’)‘%%.? gh%@tse%%?h@{irsﬁbﬁ?@i%&ttagﬁ thd QEEROY

adj usting so as ¢ ! nt1al haVing a certain potential
(014775 26 b BEHT P HEFRERARR,CH b8 prbPuPR bl Pt BB EUBIANER o b1 &
second signal is generated by comparison of the outputs of the first bias circuit and the second
bias circuit. Therefore, the noise of each of the outputs is cancelled, and influence of
noise, which results from a carrier wave, is reduced; thus, a signal can be demodulated.
Consequently, as to a wireless signal of which modulation facior is 10%, the signal can
15  be also detected stably. Therefore, signal transmission and reception which are based
on ISO/IEC 15693 can be performed stably.
[0135]
| Further,' in the semiconductor device of the présent invention, power from a
power supply is continuously supplied while a wireless signal is received; therefore, the
20  semiconductor device can be operated stably.
(Embodiment‘ Mode 3)
{0136}
This embodiment mode will describe an example of a structure of a

semiconductor device of the present invention which includes a demodulation signal

25  generation circuit in a2 mode which is different from Embodiment Modes 1 and 2.



59 denodul ation signal, and data for controlling the second denodul ati on
signal generation circuit 1807 is outputted when the first denodul ation
signal is selected. Further, the control circuit 1809 perforns the

foll owi ng operations based on the sel ected denodul ated signal: anal yzing
instructions; controlling the nenoryseircuit 1810; 5 outputting data for
external transmi ssion to the nodulation circuit 1808; and the |ike. The
control circuit 1809 may include a decoding circuit, an information judging
circuit, or the like, in addition to a generation circuit of a menory
control signal, FEurther. the cont LLCHI hiFRYhd fehidéd@cBrCi rcui t

whi ch comRetically, iins erg OdHP?nqg}ocdag{{l%%éﬁ@?gg%ém%f%g% {Eﬁe menory circuit 1810,
which is transmtted fromt ' 168 ¥iteey. 101800 to the
reader/mﬁ?‘?‘é@rd%i‘g}f’f&mi %Odémnghgrl}/g@g]ezgp iglﬁg?ﬁlt?lOM%yTh_e merory circuit 1810
stores ai Izﬁst- specific data (individual identification information) of
the sem Q}r’? ctor device 1800. The nenory circuit 108 includes a control
circuit, whi .ChFIE{erfthlegtIMQ i PR dideadi G aOfentladndudtor aevior ddinbés wi th t he
control 15 circuit 1 , and a circuit having a nmenory el ement. The menory
cir cu%t 184 Qa:ky :“Blék S ANEmRYondREcR deficarswralils embalimenyt, nadedynsmisc random
access nenory , a static random access nmenory (SRAM, a ferroelectric
random aggesSeivRiTRiY WikkeRaMo afd Waaka tadek/ oritey 18y yn CRAYmagEEHr ogr anmabl e
read only nmenory (P , an electrically progranmabl e read only nenory
(EPROV) , y@Re 20Tl estefrivaat 1145 petdrbdy pmogntethoatsoreirel davicohih) thrghay v
(EEPROM), and a flash nenory. As long as the nenory content of .the nenory
circuit }83GminGnisapai fikc 1822.a Thediowirdudtvi¢eddptd fepdtaals MmNt i on or the
i ke) of the sem conductor device 1800, a nonvol atile nenory which can
store memefukeiitichedder/onien i 1dwpd Hiesgmisondnopsdevics BBy ef erabl y used. On the
ot her hand, as long as tenporary nenory is used in processing perfornmed by
the 2% sqai38pnductor device 1800 is stored, a volatile nenory may be used.

Particularly in 60 the case of a so-called passive..t in | t he

sem conduct or Hesher.dhe Bovcanductergicnige 18101 Wéreﬁﬂ‘éﬂi’/ BWPX%IF‘%IEJ%%%%O%
preferably used as the nenory circuit 1810. [0149] The organic nenory has a
st r uct ur gh¢ wadsifvaherdSlhyer contai ni ng an organic

[0139]

The semiconductor device 1800 includes an antenna circuit 1802, a

15  charging/discharging circuit 1803, a battery 1804, a power supply circuit 1805, a first
demodulation signal generation circuit 1806, a second demodulation signal generation
circuit 1807, a modulation circuit 1808, a control circuit 1809, and a storage circuit
181-0. The semiconductor device 1800 may include not an antenna but a wiring for
connecting to an external antemna. The wiring and the external antenna may be

20 connected with each other. In this case, the antenna which is separately manufactured
is connected 'to the wiring. A connection terminal (a terminal electrode) which is
electrically connected to the wiring may be used to connect the wiring and the antenna.

’ Further, the semiconductor device 1800 is not limited to the above structure, and may

include a clock generation circuit, a central processor unit (hereinafter referred to as a

25  CPU), or the like.



5 conmpound i s sandwi ched between a pair of conductive |ayers, which has at

| east two advant ages because the structure is sinple. One advantage is that
a manufacturing . process can be sinplified and that the cost can be
reduced. The other advantage is that it is easy to reduce the area of the
menory circuit and increase in capacistor can be realized easily. Therefore,
it is preferable to use the organic nenory for the nmenory 10circuit 1810.

[ 0150] The nodulation circuit 1808 transmts |oad nodul ation to the antenna
circuit 1802 based on a signal fromthe control circuit 1809. [0151] 15The
first denodul ation signal generation circuit 1806 and the second
denodul at joe#o0lsi gnal generation circuit 1807 denodul ate and extract data
included in the induced voltage which is generated in the antenna circuit
1802. [0152] | rNdth erat 6w darkcsntrationdeiving aclets ot eirafiydtishesesded an

el ectromagnetic 20 wave fromthe reader/witer is received, and_power by the
el ect r omagupelitsto wecheircsit s clpg signdl hayingrd fequenry nsesssarn FI QREAYOTY Qf/&‘ée.
Therefore, although a passive-type sem conductor devjce igmfﬁécribed in
this enmbodintrehtirguideB09; the mamase sircyih {8l peththedikgdiasqd of #% bsfo. As a

structure in which a battery is contained,Hgéide thgﬁﬁgnicondgctor devi ce,
pover frayveltage ihith isceeppried 4o ke ardpgna; Jropit 1882 fan & BASHEEH T 25devi ce.

61 [0153] The elecxfonpgneticbmav ftH?n nkttedtfg%ghhhe reader/mmi;er is a
carri er whi¢quency division cirCuit may be use or the clock generat:
[0141]
The antenna circuit 1802 preferably having an antenna and a rectifier circuit,
receives an electromagnetic wave, which is transmitted from the reader/writer 1811, and
10: generates an AC induced voltage. The induced voltage becomes power from a power
supply of the semiconductor device 1800 and also includes data transmitted from the
reader/writer 1811.
[0142]
The shape of the antenna that can be used for the present invention is not
15  particularly limited. Therefore, a signal transmission method applied to the antenna
circuit 1802 included in the semiconductor device 1800 can be am electromagnetic
coupling method, an electromaguetic induction method, a radio wave method, or the
like;. The transmission method may be selected as appropriate by a practitioner in
consideration of the intended use of the device. Thus, an antenna with an optimum
20  length and shape may be provided in accordance with the transmission method. In the
present inveﬁtion, an electromagnetic induction method having a communication
frequency of 13.56 MHz is preferably used as the signal transmission method.
[0143]
In the case of applying an electromagnetic coupling method or an

95  electromagnetic induction method (for example, a 13.56 MHz band) as the transmission



having a certain frequency which is nodul ated froma sub-carrier wave. A
signal included in the sub-carrier wave is a binarized digital signal which
is transmitted to the 5 sem conductor device fromthe reader/witer. As to
a nodul ati on nethod of the carrier wave, there are an anplitude shift
keyi ng (ASK) nodul ati on net hod whi chsghanges anplitude and a frequency
shift keying (FSK) nodul ati on net hod whi ch changes a frequency. This

enbodi ment node describes the case in which an el ectronagnetic wave
nodul at ed by the ASK nodul ati on nmethod i s denodul ated. 10 [0154] The first
denodul ati on signal generation circuit 1806 and the second denodul ati on

si gnal gemethad,i andicticetiim &R fundlonslesdhe anteine is famedindiscnavlaiéviice 1800 of
the present invention are simlar to the first denodul ation signal

gener at i offoixamylet a RO azterha) bre Islicad fermdérrsdenple] 20mira) agisana) @eEFEei on

circuit 202 included in the 15 sem conductor device 100 whi ch are descri bed
i n Enbodi nifliee cMotiendgnetitiadedtion diat esarsautheihrngss Fosesiept {988 are omitted in
this enbodi mrent node. [0155] Signals denodulated in the first denodul ation
signal gef8A4kion circuit 1806 and the second denodul ati on signal

PRV Gl | dore e e TR DT oAU (e TS0 B O Homory

i or mat | A2 4 6B PR HE TRV Sorrecnd OLBe Stge PR B o he
accor aancuHP Py e eRoRg RS of ot ?12%1%?%‘%%% S om the
ant enna CIrCUIt 1§%$¢%0 t@ﬁag%ﬁgﬁ W%:%ﬁﬁ?%%%ém1Jpﬁe%évagggqapﬁﬂﬁn recei ved

in the redd e control ce 1813
waves used for the signal transmission. For example, the conductive film which

10 functions as the antenna may be formed in a linear form (for example, a dipole antenna), a
flat form (for example, a patch antenna), or the like. Further, the shape of the conductive
film which functions as the antenna is not limited to the linear form, and the conductive
film may be provided in a curved form, a serpentine form, or a form combining them in
consideration of the wavelength of the electromagnetic waves.

15 [0145]

Note that the shape and the connection method of the antenna provided for the
antenna circuit 1802 are similar to those of the antenna included in the semiconductor
dev.ice 1500 of Embodiment Mode 1 which is illustrated in FIG. 8.

[0146]

20 The power supply circuit 1805 rectifies the induced voltage, which is generated
in the antenna circuit 1802, by a diode or the like, and stabilizes the induced voltage
with the use of a capacitor, thereby adjusting so as to maintain a stable potential having

" a certain potential difference from a reference potential (a potential of a reference line).
[0147]

25 The control circuit 1809 selecis a first demodulation signal or a second



62 through the comunication |line 1812. [0156] The power supply
circuit 1805 in FIG 14 supplies power to each circuit included in the

sem conduct or device 1800. In addition, the battery 1804 is charged by 5 an
external wireless signal which is inputted fromthe antenna circuit 1802
through the rectifier circuit provided in the antenna circuit 1802, and
each circuit can be supplied with power with which the battery 1804 is
charged through the charging/discharging circuit 1803. By using the power
with which the battery 1804 is charged, the power supply circuit 1805 can
be supplied with power even when sufficient power cannot be 10 obtai ned
from the aghenbios kipedlj dnd H8QZodontrdlBng thriserond dabaluiatiow sigeal g8B80ation t he case
where a conmuni cation di stance is extended. Therefore, the sem conductor
devi ce 186#cuitar80Bbés oyputtilechenAbe firstl degddulation sigralcie weledfedr Teherceof t he
present invention can be operated stably with certainty. [0157] 15In

addi ti on, ctrite! anitceitnt809i perfiirms 1862 fotloyite apertipnsy bajed t gn olbe atfleStidas. The
antenna which is used to transmt and receive data to and,fr_omt(ge

reader / wr demodulaed bignale paalariag \ingreiqnge gontrling fhea mearia SHRHEHSippl i es
power when the antenna circuit 1802 has a pluralit _o( ntennas., Further, a
radi o Qaveutpyiting dath ifpeeniging e sigih G e RO RH M et SO ha Fin ke

reader/witer 1811 (other readers/witers) can he received.when the 20
ant enna citheeqnirol grepit 89 mapf 2 nga‘?ﬂ“l%’rtfri’ﬁénft?’fm%qf‘é‘ﬁ F1eG T8 ey bands

to receive are_each different from.on not her. Therefore, .t di o wave
can be ef PF HiF &¢I adfifipn ?@cﬁe?‘ﬁat‘?fbwﬁé’gﬂﬁ?m{ﬁ%@}ﬁgnﬂ- FdelhEs, bR .

control circuit 1809 may include a circuit which converts part or all of data extracted
from the memory circuit 1810, which is transmitted from the semiconductor device
10 1800 to the reader/writer 1811, into an encoded signal.
j0148]
The memory circuit 1810 stores at least specific data (individual identification
information) of the semiconductor device 1800. The memory circuit 108 includes a
control circuit, which performs writing or reading of data in accordance with the control
15  circuit 1809, and a circuit having a memory element. The memory circuit 1810
includes one or more of an organic memory, a dynamic random access memory
(DRAM), a static random access memory (SRAM), al ferroelectric random access
memory (FeRAM), a mask read-only memory (ROM), a programmable read only
memory (PROM), an clectrically programmable read only memory (EPROM), an
20  electrically erasable programmable read only memory (EEPROM), and a flash mermory.
As long as thé memory conient of the memory circuit 1810 is specific data (individual
identification information or the like) of the semiconductor device 1800, a nonvolatile
memory which can store memory without being supplied with power is preferably used.
On the other hand, as long as temporary memory is used in processing performed by the

25  semiconductor device 1800 is stored, a volatile memory may be used. Particularly in



63 the battery. For exanple, the battery can be nmade smaller wth the use
of alithiumbattery, preferably a |lithium polyner battery using a gel-like
el ectrolyte, a lithiumion battery, or the like. Naturally, any battery can
be used as the battery as long as it is a chargeable battery, and a battery
whi ch can be charged and di scharged soch as a nickel 5 netal hydride
battery or a nickel cadm um battery may be used, or a capacitor having high
capacity or the like may be used. [0159] As descri bed above, a

nodul ati on sirgnal of which nodul ation factor is small is denodul ated stably
wth the use of a sem conductor device of the present .i nilgg)ﬂtig cand 10 thus
i nf or mat jkenasack Heo-rdledipassivedyee it Waish|the sereondpety TSP A can be
denodul ated by detection of a difference 1'Eet ween an ??éﬂ)m of a first bias
Circuit Bbatttrga nowopsiite mémery dcpreiserbly used 25 PREFTRORE R At her eof can be
extracted. [0160] Noise that exists in each of the outputs of the first

bi as ci r (4Pl and the second 15 bias circuit has the sane phase. A

denodul ati on nethod of the present invention i d fgpari son of
the out puts of Thehaesniq W“ﬁﬂg ascd ST dhd h’[mf%leél ia %g%%l%éﬁgg algl)b?éc\agl t.

Therefore, the noise of ch of the i thsPR GaMSRrot he noi se
has t he §W%ﬁé§é@ndﬁ%ﬁsﬁgegb%\?gr & ggés“gdr%t?vealﬁééﬁi%%gugtor device of the

present invention reduces influen f [ | & hh4tes Wahgadti a carrier
wave, soa@mfagﬁ%gecﬂfegﬁ%ﬁ%‘lmugslrigfgﬁéée?m ulazit%gndﬁ.‘éy[%mlt] Furtﬁer@a Wi rel ess

signal of which nodul alion f I ookiSeat 826 Qa00al T8 bBed@vanigds that h t he use
of the pPé%céﬁca?H%Wﬁéﬁfm?ﬁ%ﬁ%%oﬁoe, wi t hout passing-through a period where
power is.npt suppli.ed, ' qga,j, RAseAly CRcdt SENHRkRani @padiret badberhi ch 25 i's
st andar di“z@aﬁaﬂf refig%tl{'%a%% 3'can be transmtted and received. Since
supply Ofrealized easily. Therefore, it is preferable to use the organic memory for the memory

10 circuit 1810.
{0150]
The modulation circuit 1808 transmits load modulation to the antenna circuit
1802 based on a signal from the control circuit 1809.
[0151]

15 The first demodulation signal generation circuit 1806 and the second
demodulation signal generation circuit 1807 demodulate and extract data included in the
induced voltage which is generated in the antenna circuit 1802.

[0152]
In the semiconductor device of this embodiment mode, an electromagnetic

90 wave from the reader/writer is received and power by the electromagnetic wave is
supplied to drive the semiconductor device. Therefore, although a passive-type
semiconductor device is described in this embodiment mode, the present invention is

" pot limited thereto. As a structure in which a battery is contained inside the

semiconductor device, power may be supplied from a battery to drive the semiconductor

25  device.



64 power froma power supply is not inpeded while a carrier wave of which
nodul ation factor is 10%is received in the sem conductor device of the
present invention, the sem conductor device can operate stably. [0162] 5The
sem conductor device of this enbodi nent node includes a battery; therefore,
shortage of power for transmtting amd receiving individual information,
due , to deterioration of a battery over time, can be conpensated. In
particul ar, a sem conductor device of the present invention uses a
conparator; therefore, provision of a battery is extrenely effective as
described in this enbodi nent node because the 10 conparator consunes high
power . [[81@3 The sem conductor device of this enbodi nent node may
include a plurali 0 10 L ems keadéreadicyis mgeaptenevaveé or  t he
battery. Ther éﬁ%?%,l(trc{n%agﬁ%%te‘?%%?r%%?nsuppl ying power for dr itﬁs\r/i g%gt he

sem conduct or _ deyi. e A gasiultefofxd eutnadridiSwateecty © neti c wave,
w t hout dlfﬂvfnégcr‘ti F?/Iyaérg%ﬁ ctﬂf’ggvh?%efsggm conductor device to a charger. As a
result, unlike 3 CORVGRI QM isa0iihatcd HighalRignBl whigh isi trenbmitindto Wecessary to
check renaini ng capacity of a battery or change batteries, so that the

sem CQ”%%&I 8% £6icE 8BmhBe Gamiivatad B themodddidngrethoskof hRsads of time
and over e ong term In addition, power for driving the sem conductor
devi ce i §,60NGLARM 3h Shfiteth $hift &eying (AFK) modulaiion matho O CFheRES power f or
driving The sem conductor device can be obt ai ned and a_ ¢ ﬁuni cation

di st ance,eknee o a FRAGRICY \Shift reyimn (FSK) enedwiation attbab PRgR\PEESE 4n be
increased. [0164] 65 instead of the battery. Ath u%lh va[ri ouset{%apaci tors
can be uggquen?_smhisl enstrodinhing lmalg plesdribgs disuetse Elﬁ?f%’fW| C capacitor
or a small "and hi gh-capacity stacked-|ayer ceram.c capacitor is preferably
used. Al warombinietbyby thedsKanpdrlationyneihnd igd or may be provided as the
power storage portion. 5[0165] Note that this enbodi nent node can be

i mpl apenf@id4]l n conbi nation with .

The first demodulation signal generation circuit 1806 and the second
demodulation signal generation circuit 1807 included in the semiconductor device 1800
of the present invention are similar to the first demodulation signal generation circuit
701 and the second demodulation signal generation circuit 202 included in the

15  semiconductor device 100 which are described in Embodiment Mode 1.  Therefore, the
detailed descriptions are omitted in this embodiment mode.
[0155]

Signals demodulated in the first demodulation signal generation circuit 1806

and the second demodulation signal generation circuit 1807 are inputted into the control

20  circuit 1809, individual identification information or the like stored in the memory
circuit 1810 By the conirol circuit 1809 is extracted, and the extracted information is
encoded in the control circuit 1809 and inputted into the modulation circuit 1808. The

" modulation circuit 1808 performs modulation in accordance with the inputted signals,

and transmits information from the antenna circuit 1802 to the reader/writer 1811. The

95  information received in the reader/writer 1811 is transmitted to the conirol device 1813



ot her enbodi nent nodes in this specification. (Enbodi ment Mode 4) [0166]
10Thi s enbodi nent node wi || descri be an exanpl e of a manufacturing nethod
of the sem conductor device described in Enbodi nent Mode 1 with reference
to the drawi ngs. This enbodi nent node will describe a structure of the
sem conductor device in which an antemna, a battery, and a signa
processing circuit are fornmed over the sanme substrate with the use of a
thin filmtransistor. Note that mniaturization can 15 be achi eved by
formati on of an antenna, a battery, and a signal processing circuit over
one substrate. Further, this enbodi mrent node w |l describe an exanple in
whi ch a t ihidugh iderop@maivddonlidedBizary is used as the battery. [0167] First, a
separation |layer 3403 is formed over one surface of a substrate 3401 20
with an ifdaéjati ng fil m 3402 interposed therebetween, and then an
insulating film 3404 which functions as_a base fjlmand, an anmor phous

seni conduct or flihenpge® Supilp citeida 8P i F1P; F%SW%ipﬂWﬁbt%ﬁ?ﬁ%pﬁﬁﬁg si i con)
are stacked thereover (see FIG 15A). Note_thath %he i l.at.i n% fil m 3402,
the separ mchded indeserdeppducteriiisvicn §3(10at fhgfiditiannihe safery i fherged B c onduct or

3403 1§ ot cHEGRSCEIN per Gt BT ELBRPHEY BHIome R Razeuihfh e’ 01 ooy
2 motal - SUSERAEE PR e st i G0 R T Aabibgid D T2 e
ke, A ¢ BiaRRT Ry et ety Soni e nfult TSRSy 01
uni ch' 1 & SGG0R "By BRI PR DA OT R AR T her ©

3403 is pr 0\5? d&gcgﬁ\élgb5 ggebeeghi;g%ﬁ%t with gg&é} Rfn Wisn Sihatkigloteddhotet h t he

i nsul at i néul? m I nter po etween in the step shown in FI G 15A;

howev?l{)i’ o%bﬁgﬁl%& @lofh HBY%ntiend SFARASEY of tRNRERSnERAGT @Rity 1880 hotheahicer t he

separa n layer 1's provided over 10 the entire surface of the substrate

3401. [ 0163k TEomRakkatdn Wsifiden® cRbQ@dan dh&dde, ahe sérnicaniicins dagcean
insul ating materi a

1800 can be operated. Accordingly, a semiconductor device of the present invention

can be operated stably with certainty.
[0157]

15 In addition, the antenna circuit 1802 may have a plurality of antennas. . The
antenna which is used to transmit and receive- data to and from the reader/writer can be
separately provided from an antenna which supplies power when the antenna circuit
1'862 has a plurality of antennas. Further, a radio wave or the like which is fransmitted
from other than the reader/writer 1811 (other readers/writers) can be received when the

20  antenna circuit 1802 has a plurality of antennas of which frequency bands to receive are

each different from one another. Therefore, the radio wave can be efficiently utilized

for power supply.
- [0158]

Note that a battery in this specification refers to a battery which can recover a

95  continuous using time by charging. Note that a sheet-like battery is preferably used as



such as silicon oxide, silicon nitride, silicon oxynitride (Si G Ny, where x
>y >0), or silicon nitride oxide (Si N, iOy, where x >y > 0) by a CVD

nmet hod, a sputtering nmethod, 15 or the |like. For exanple, when each of the
insulating filnm 3402 and 3404 is forned to have a two-layer structure, a
silicon nitride oxide filmmy be fowsed as a first insulating filmand a
silicon oxynitride filmmy be formed as a second insulating film
Alternatively, a silicon nitride filmmay be forned as a first insulating
filmand a silicon oxide filmnmay be formed as a second insulating film
The insulating film 3402 20 functions as a bl ocking | ayer which prevents an
i npurity @kearay. Eonteahmpld, hn batrey sabbe metle s@All wigbw\ew Afa dihied into the
peeling |layer 3403 or elenents formed thereover. The insulating film 3404

f unct i onsbasrya piefoeity ndithinmepolymker dhttqry asiag peehiky priroliis, aitBidghioncont aj ned
in the substrate 3401 and the separation |ayer 3403 from bei nq mxed into
el ement s basteryedr the diket hN¥atimadip| a8y PAETY Fambesusod 2s fhe bafierg a8 1188 provi di ng

the insulating films 3402 and 3404 which function as the bl ocki | ayers
can 67 pehasgsable feicsy.sad afbpisery Fhish anbe shagdand ‘Q%E?Fﬁ‘&#q%'\‘igfls?ﬂ?ﬂ%epar ation
| ayer 3403 or the insulating film 3404, which would otherw,se be caused by
an al k&l i metal hydrila drtters of Saehe) GAmeRD Bpiety PRE b&éﬂsi“ﬁ P LA T Eed | n t he
substrate 3401 or by the inpurity el enment contained in the separation |ayer
3403. Not bigh gaRacn e the kR WeY PSPt ns 3402 '

[0159]

As described above, a modulation signal of which modulation factor is small is
demodulated stably with the use of a semiconductor device of thf: present invention and
10 thus information can be received. Specifically, the modulation signal can be
demodulated by detection of a difference between an output of a first bias circuit and an
output of a second bias circuit and data thereof can be extracted.
[0160]
Noise that exists in each of the outputs of the first bias circuit and the second
15 bias circ;uit has the same phase. A demodulation method of the present invention is
performed by comparison of the outputs of the first bias circuit and the second bias
circuit. Therefore, the noise of each of the outputs is canceled because the noise has
the' same phase.' From the above reasons, a semiconductor device of the present
invention reduces influence of noise, which results from a carrier wave, so that the
20  signal can be demodulated.
[0161] —
Further, a wireless signal of which modulation factor is 10% can also be
| detected with the use of the present invention. Therefore, without passing through a
period where power is not supplied, a signal based on a communication method which

95  is standardized with ISO/IEC 15693 can be transmitted and received. Since supply of



5 and 3404 may be omtted in such a case where quartz is used as the
substrate 3401. This is because an al kaline netal and an al kaline earth
netal are not contained in a , quartz substrate. [0170] The separation

| ayer 3403 may be forned using a netal film a stacked 10 structure of a
metal filmand a netal oxide film owr4the like. As a netal film a single

| ayer or stacked |ayers are fornmed using an el enent of tungsten,

nol ybdenum titanium tantalum niobium nickel, cobalt, zirconium zinc,
rut henium rhodium palladium osmum or iridium or an alloy material or
a conpound material containing such an elenment as its nmain conmponent.
Further, powdr fiveh erdosdessupply iseof ompedel! Whilea srtiet wevendf wigchaoeddaiony ar i ous
CVD net hods such as a plasma CVD nethod, or the |ike. A stacked structure
or a net alfacfdr|isn18fdisarepmted] inothe gemicprducion deviee @bl PrespnbinveRons theps of
form ng the above-described netal film performng plasma treatnent thereto
under an &soyigeniugondeyisecar oprratafiay.0 at nosphere or perform ng heat
treatnment thereto under an oxygen atnosphere or an N20 at nosphere, and

t her eby f 8¥%2hg oxide or oxynitride of 20 the netal filmon the metal film

Cput L6B1 ng et MR, SeiETBuEEE s g e oFPREnE” BREE e FRTT or med of
tungst en g loreCHorige S Pomer for haniisitch g and Feeciing MividiAGRoTRadds), B

to deterioration of a battery over time, can be compensated. In particular, a

semiconductor deviée of the present invention uses a comparator; therefore, provision of

a battery is extremely effective as described in this embodiment mode because the
10 compa:ato'r' consumaes high power.

[0163]

The semiconductor device of this embodiment mode may include a plurality of
antennas for wirelessly receiving power for the battery. Therefore, the battery for
supplying power for driving the semiconductor device can be charged by an external

15 electrorﬁagnetic wave, without directly connecting the semiconductqr device to a
charger. As a result, unlike a conventional active-type RFID tag, it is not necessary to
check remaining capacity of a battery or change batteries, so that the semiconductor
devlice can be continued to be used for long periods of time and over the long term.  In
addition, power for driving the semiconductor device is constantly stored in a battery, so

90  that sufficient power for driving the semiconductor device can be obtained and a
communicatic;n distance between a reader/writer and the semiconductor device can be
increased.

' [0164]
Note that a battery is described as an example of a power storage portion in this

26 embodiment mode; however, the semiconductor device can be formed using a capacitor



subjecting the tungsten filmto plasma treatnment. Besides, for exanple,
after a netal film (for exanple, a tungsten filn) is forned, an insulating
filmformed of silicon oxide 25 (Si02) or the like may be forned over the
metal filmby a sputtering nethod, and also 68 netal oxide (for exanple, a
tungsten, tungsten oxide filmover aeésungsten film nmay be fornmed over the
nmetal film Further, for exanple, high-density-plasna treatnent may be
performed as plasma treatnent. Besides the netal oxide film netal nitride
or netal oxynitride may be fornmed. In this case, the netal filmmy be

subjected to plasma 5 treatpent. or heat tr tpainded 2 dalir agen
at nospheriesiesf o ther RHEHher 2SR YRRy 4 a%ﬁ%{]?%g ni t’roger';1 and oxygen.

0171] Th h ' tor. film.3405 i ' i abii ck
e oator | dngioprdg dayoie Ty Shfle | EpRitotr | fiTRAd iBedatly S KOESS ol y

greater thap or- equal .10 tQ | S Sa 1t R@Rivel, WM Abattedy AR0a rin) by a
sputteri r?bacgﬁ'lﬁ%ed%e%ﬁuﬁ_ to?é’st r%%%aﬁ S%’cgsma C\/Dvrrgt hod, or@{ he |ike.

[0172] .Next .. the. 80160 ghor film3405 is crystallized by
| aser |i g‘i‘f?acﬂtP?‘g?j‘f%etﬁ’rg‘ﬁ. S?Eé)@aet? tﬁg fg(f?r;{stal lization of the anorphous
sem ¢ ndgtmt%r] film 3405 15 may be perforned by a nethod conbi ning any of

|

| aser i rradiation, a thermal crystallization nmethod using a rapid

thermal anneal g (ETAks SfbéiimBRNRASEd &G belimpiementod im combinatidn with .
crystallization nmethod using a netal elenment that pronotes the

crystal |i zatiofodidkhGhoded & this'specifidation.ned crystalline sem conductor filmis
etched into desired shapes, whereby crystalline sem conductor filns 3405a

to 3405f ofieREMod2f) Then, a gate insulating film 3406 is formed so as
to cover the crystalline sem conductor filns 3405a to 3405f (see FIG 15B).
Not e thatyoigeji s preferable to etch each end portion of the crystalline
sem conductor films to have a tapered shape. This is because the gate
insul @i ng fil Mhisembodinicot mede Willdsseribe yn ByatRly PHRymaN S e . [0173]
the semiconductor device described in Embodiment Mode 1 with reference to the
drawings. This embodiment mode will describe a struciure of the semiconductor
device in which an antenna, a battery, and a signal processing circuit are formed over
the same substrate with the use of a thin film transistor. Note that miniaturization can
15 be achiefred by formation of an antenna, a battery, and a signal processing circuit over
one substrate. Further, this embodiment mode will describe an example in which 2
thin film secondary battery is used as the battery.
[0167]
First, a separation layer 3403 is formed over one surface of a substrate 3401
20  with an insulating film 3402 interposed therebetween, and then an insulating film 3404
which functioﬁs as a base film and an amorphous semiconductor film 3405 (for example,
a film containing amorphous silicon) are stacked thereover (see FIG. 15A). - Note that
the insulating film 3402, the separation layer 3403, the insulating film 3404, and the

semiconductor film 3405 can be formed consecutively. Note that the separation layer

95 3403 is not necessarily formed when separation is not pecessary.



25The gate insulating film 3406 is formed using an insulating material such
as 69 silicon oxide, silicon nitride, silicon oxynitride (Si OxNy where x >
y > 0), or silicon nitride oxide (Si NxOy, where x>y > 0) by a CVD net hod,
a sputtering nethod, or the like. For exanple, when the gate insul-ating
film3406 is formed to have a two-lager structure, a silicon oxynitride
filmpmay be formed as a first insulating filmand a silicon 5 nitride oxide
filmmay be forned as a second insulating film Alternatively, a silicon
oxide filmmy be formed as a first insulating filmand a silicon nitride
filmmay be . forned as a second insulating film [0174] An exanple of a
manuf act up0il68] process of the crystalline sem conductor filnms 10 3405a to
3405f is briefly described below. First, an anorphous seni conductor film
havi ng a t hi ckridssulsiraG4@bisgeleeied frem palare srbpiate, Aquadh ey adifld. Then, a
solution containing nickel which is a netal elenent for prono iqg

cryst al | i sustraie (foschaaplis patginkss stprl SEERITh SURET BGOSRt & T PPHY % whi ch i s
fol |l oned by dehydrogenation treatnent (ﬁg SRﬁC for.one qurg and t her nal
crystal | | #esirasn Seqhess fraficon seiateopr e ikeq SABTRNCLY, frpestrag @%@é?alline

i conductor filmis f _ Then, t L ' filmi
T o L G TSP B PR RGP Ay R R il dked. S0
that th tal|ine sem conductor films 3408 d. Not
hat corysCRS) Scaerile, SRk ok BHOITBUEE D aRthe avon Pt SeSbBBEC, (07
Iy by Lght i rradiation w f or i : 1 zat |
i o s Byt 3400 g bbb LR a ol pPARUS oERE WROTBbL SicTane SRR |27 O

| aser oSyl 361 uHSEiled HorbkRbR] 1 3hdpWowft if 1L, IBHOUSWIRG: fasar (8 CW

| aser) or purs aser can be use aser that can be ‘used here, a

| aser beap, cql Ghdd AeePlhesbardioh 1498l R@pr&aeddeerused: gas
| asers ;u%ﬁﬁgéh%ﬁggﬁ§Fggg@%h%%mgbﬁﬁ Iaseﬁ, gn an eigﬁgegrlaser;ea | aser in
whi chy§i ngleQnffeXatialelds AR sYlirate VYR,

[0169]

The jnsulating films 3402 and 3404 are formed using an insulating material
such as silicon oxide, silicon pitride, silicon oxynitride (SiONy, where x >y > 0), or
silicon nitride oxide (SiN,Qy, where x > y > 0) by a CVD method, a sputtering method,

15 orthe like. For example, when each of the insulating films 3402 and 3404 is formed to
have a two-layer structure, a silicon nitride oxide film may be formed as a first
insulating film and a silicon oxynitride film may be formed as a second insulating film.
Alternatively, a silicon nitride film may be formed as a first insulating film and a silicon
oxide film may be formed as a second insulating film. The insulating film 3402

90 functions as a blocking layer which prevents an impurity element contained in the
substrate 340‘1 from being mixed into the peeling layer 3403 or elements formed
thereover. The insulating film 3404 functions as a blocking layer which prevents an

| impurity element contained in the substrate 3401 and the separation layer 3403 from
being mixed into elements formed over the insulating film 3404. In this manner,

25  providing the insulating films 3402 and 3404 which function as the blocking layers can



70 forsterite (My2S104), YAL103, or GdVat or polycrystalline (ceramc) YAQ
Y203, YVO4, YA103, or CGdVat is doped with one or nore |aser nmedia of Nd,
"Yb, Cr, Ti, Ho, Er, Tm and Ta as dopant; a glass |laser; a ruby laser; an
al exandrite |aser; a Ti:sapphire |laser; a copper vapor |aser; and a netal
vapor |laser. Wen irradiation is perfé@ormed with the 5 fundamental wave of
such a | aser beamor the second to fourth harnonics of the fundanental
wave, crystals with a large grain size can be obtained. For exanple, the
second harnoni'c (532 nm or the third harnmonic (355 nm) of an Nd: YWVO4 | aser
(the fundanental wave of 1064 urn) can be used. In this case, a |aser power
density ofreaqupmdverseattiscty of. (84 elements Gonad/ayrpthe seratasion eyt GA&heeet han or
equal to 0.1 MWcnR2 10 and less than or equal to 10 MNcnR)_ is_necessary,
and i rr adizawlating fikn 304, ovhiehd waildrothersissriv erysesipe gt gikalingefe! 350138 2000

cm sec. Note that the laser in which si_n(%l e-crystalline YAQ.(forsterite

( My2Si O4) sodvoad 08 an ahkaliepith grety toptained rn thy Fibsiate P4N; ) bX/RE mpsdy  vvar |
YA103, or GdVO4 is_doped with one or nore Iaset{1 r’{ﬁdla of. Nﬁ Y?O Cr, Ti,

Ho, Er, Telemamidcomaingd indlisaseparation Jayer Hi031 o¥ake thyj,the, inppia Imse1%ser 15 can
be used as a CW | aser, whereas they can al so he used as pul se ser with a
repeti®i ofd 3404 mrLhe amitied 4p B 2 G855 WHEE® IEPTIRAD “E%ﬁe@ﬁé%%n%%ﬁég with a

0-swi tch operation, | ocki the. like W : i th
Fepet | 1 offibd becgisaTRACH RS R s SRt om0 8 ror

a sem conductor. filmto be irradiated wth the next pulse after during the
period i n9Y#ZSHPYAE- seni conductor filmis nelted by 20 the previous |aser
and sol i dH 5@ Therefore, unlike the case of using a pulsed |aser with a
| ow repet ]1 rate, a solid-liquid interface in the sem conductor film can

be conti nuousl yT%.D%'eg’gfaﬁJ‘M?gﬂ%%?g‘??a% FidWifeha hAMa B8O seekddi nuousl y

in the scanning ctron I ned. [017 25The gate insulating

film 3406g PSfE%EE‘?%zMn@% i BliaBiLAY orfthd Tiked AtAseNmerhl filkl atshles ur f aces
of the crysta‘fI ine sem conductor filnms 3405a to 34051 by the above

hi gh- densifoyr § seai®s 1&%&%%@ Eﬁﬁ%(&xalemhﬁ,oﬂaingaam nidlglenmA ttwdiich, a i xed
gas of a rare gas such as He, Ar, Kr, or Xe, and oxygen, nitrogen oxide,

ammoni a, gintdl@8E Riobiyd B@GEN) ,cobidlt, tAh@ohiuteg zing, nghehiunhehodinkggrtladisnexcited by
the introduction of 5 mcrowaves, plasma with a | ow el ectron tenperature
and hi gh ek, @ idEMS] biyarcalbyh@aterial or a compound material confaining such an
clement as its main component. Further, such materials can be formed by a sputtering
15  method, various CVD methods such as a plasma CVD method, or the like. A stacked
structure or a metal film and a metal oxide film can be obtained by the steps of forming
the above-described metal film, performing plasma treatment thereto under an oxygen
atﬁosphere or an N,O atmosphere or performing heat treatment thereto under an
oxygen atmosphere or an N,O atmosphere, and thereby forming oxide or oxynitride of
20  the metal fitm on the metal film. For example, when a tungsten film is provided as a
metal film b§ a sputtering method, a CVD method, or the like, a metal oxide film
formed of tungsten oxide can be formed on the surface of the tungsten film by
subjecting the tungsten film to plasma treatment. Besides, for example, after a metal

film (for example, a tungsten film) is formed, an insulating film formed of silicon oxide

95  (Si0y) or the like may be formed over the metal film by a sputtering method, and also



generated. Wth oxygen radicals (there is a case where CH radicals are

i ncluded) or nitrogen radicals (there is a case where NH radicals are

i ncl uded) which are generated by the high-density plasm, the surfaces of
t he sem conductor filnms can be oxidized or nitrided. 10 [0177] By
such high-density-plasma treatnent, &8 insulating filmw th a thickness
greater than or equal to 1 nmand | ess than or equal to 20 nm typically
greater than or equal to 5 tun and less than or equal to 10 urn, is forned
over the sem conductor films. Since the reaction in this case is a

sol i d- phase reaction, interface state densitéﬁgetmeen 15 ﬁhe ingulating
film and métel cudd Eerdaplera tingye, smestpeoxde HENEYS 2 BYEsEB FIMEPR¥Re such

hi gh-density-plasma treatment directly oxidizes (or nitride%é t he

seni conduforoed ver the yetalyidmal Frendpr PW%@%@%%W?&%S&FN%F FM¥on), the

insulating filmcan be fornmed to_have thi ckness with,extrenely.little
unevennesks perferes dsplaspa featmept. a&&f‘lfl‘?sdﬁ‘? mﬁﬁﬁﬁ%‘?‘a‘c&% f“é‘fral BEET Bt oe¥uar11dar i es of
crystalline silicon_are not strongl Xi di an extr rabl e 20
state i s ofpHitemay bsformed. E’yﬂ‘fsh Séd‘ﬁ‘? Hlet?ﬁ‘g% % cf‘a%ulb egﬁg]}{o?: ag]fngurfaces of
t he sem conductor _filns by high-density-p| t Leh 1S descri bed
here, &n VoRmenior Hept ﬁe?tfﬁeéﬁ ‘f“r‘ilg 2 HHPEDY Mﬁigﬁégé%%gi : O?N&?H#E]%P gce state

density can be io.r med wi.t hout excessive oxidation reaction at the crystal
grai n bouPkFAYTE QEMPEEPASH OXYERE. + e “gate insul ating film 3406, only an

insulatinﬂpg' mformed by 72 high-density-plasma treatnment nay be used, or
a stacked r which is obtained by deposition of an insulating film such

as silicon oxi i B dubdof! @it 03408 14 bdx@Rd Wit 4 eeck@ssstdieatdrnsul at i ng
filmby a CVvD ﬂ%?éy_ %#@38%¥asngoor thernél_reactipn may be formed. In

ei ther cagg, ofedubABSD Skind W 8in bPEdud 9200 Aml (PFdratily B@atkt than drarqusd by S5

hi gh- density- p? sma treatnent in part or the whole of the gate insulating
filmgan [LIHER aldlcbthimbt Qbaltha5@EhEDY 5 bputiering MEHOY, an LPCVIFmethdr , the
crystalline sem conductor filmnms 3405a to 34051, which are obtai ned by
scanni ng Q%ﬁ%ﬁ@@@“&@{ﬁ&ﬂ@ﬁﬂ@ﬂjk&j Imin one direction to crystallize the
sem conduct or

[0172]

Next, the amorphous semiconductor film 3405 is crystallized by laser light

irradiation. Note that the crystallization of the amorphous semiconductor film 3405

15 may be .performed by a method combining any of laSC; light irradiation, a thermal
crystallization method using a rapid thermal annealing (RTA) or an annealing furnace,

or a thermal crystallization method using 2 metﬁl clement that promotes the
cryétallization. ‘After that, the obtairied crystalline semiconductor film is etched info
desired shapes, whereby crystalline semiconductor films 3405a to 3405f are formed.

20  Then, a gate insulating film 3406 is formed so as to cover the crystalline semiconductor
films 3405a té 3405f (see FIG. 15B). Note that it is preferable to etch each end portion

of the crystalline semiconductor films to have a tapered shape. This is because the

| gate insulating film can be formed favorably by having a tapered shape.

[0173]

25 The gate insulating film 3406 is formed uvsing an insulating material such as



10 filmwhile irradiating a sem conductor filmw th a continuous wave | aser
beam or a | aser beamoscillated with a repetition rate of 10 WMHz or nore,
can grow their crystals in the | aser beam scanning direction. A transistor
is arranged so that its channel |length direction (direction in which
carriers nove when a channel formati®a region is fornmed) is aligned with
the scanning direction, and the above gate insulating filmis conbined 15
with the crystalline sem conductor film so that a thin filmtransistor
with high electron field-effect nobility and few variations in
characteristics can be obtained. [0180] Next, a first conductive filmand a
second corsilisen iowde  siligpnariwideys skiccacpxgnigide; ($OShrBTNE R BT Mg OF FiFIB406.

Here, the first conductive filmis formed with a thickness Zg’égr ater than
or equal tgROKAT Qe derean Y 5O &y it YPduths AAPYSFTES metse ﬁ]g"d, a

sputtering_nmethod, or  the |ike. The second conductive filmis formed with a
t hi cknessqﬁ‘Fea]E‘grexﬁlﬁﬁlﬁ: whenaths gpte fpsulpgpe g‘}wg’ﬁggllseégn?dﬁtﬁrpaﬁ? aLEeAYt 0 400 nm
The first conductiye filmand._ the second conduct.ive filmmare farnmed with an
el enent ofSURea? ﬂ’r\gr‘fc’nt%ﬁﬁ’ﬁ%rﬁlmtrﬁ‘y;?ﬁ Igﬂ?ecﬁﬁl ?\%‘J‘atelﬂﬂl tmﬁlfftijnrﬁi%‘gﬁfﬁg%npper,
chrom um niqbium .or the |ike  or an al.l oy, 2 t en| und

ot or i & COFPRPHR 7 i o 8 e ip e £ s ey SRERE
Alternatively,..the fi Lve fi d . . Ugly filmmay
be forned ogfd%afﬂgle%a}cg%%n&%g% g%a gtrl:ﬁ%{l t%?c%&a?hﬁflg‘%ﬁl&gﬁg%%e s}{ F‘]’eéon

i mparting VALY ] doped with an inpurity elenment such as
phosphorusﬁ&%g%gag%%ghng%%?%%énpl e of the first conductive filmand the
second coglgm?ive film a tantalumnitride filmand a 5 tungsten film a
tungst en tride filmand a tungsten film a nolybdenumnitride filmand a
nol ybdenum fi | M, aR8biB@f b inkRufeinRep@bss B thbwpgtllaR seRtohdition!tmms ni tride
have hi gh heat resistance. Therefore, after the first conductive filmand

t he segONB40eNEUTA0SY & Bliidf?ﬂ @s@ifcarvape, st R larorghatsmmniicandnctoefimppl i ed
thereto for the purpose of heat activation. In addition, in the case where
a three-| aeing S thitkhess &fi 3 ©E0 ayeld fdfinddnst egdasofa @VDvwpethadierTistraicture, it
is preferable to enploy a stacked structure in which an alumnumfilmis

i nt er pos edohetveantainiveydickeh whidh isne metal element for promoting crystallization is

retained on the amorphous semiconductor film, which is followed by dehydrogenation
treatment (at 500°C for one hour) and thermal crystallization treatment (550°C for four
15 hours). Thus, a crystalline semiconductor film is formed. Then, the crystalline
semiconductor film is irradiated with laser light by a photolithography method and
etched, so that the crystalline semicondu_ctor films 3405a to 3405f are formed. Note
thaf crystallization of the amorphous semiconductor film may be performed only by
laser light irradiation without performing thermal crystallization which uses a metal

20  element that promotes crystallization.

[0175] |

As a laser oscillator used for crystallization, a continuous wave laser (a CW
| laser) or a pulsed laser can be used. As a laser that can be used here, a laser beam
emitted from one or plurality of the following can be used: gas lasers such as an Ar laser,

25 a Kr laser, and an excimer laser; a laser in which single-crystalline YAG, YVO,,



[0181] Next, a resist mask is fornmed by a photolithography mnethod,
and etching treatnent for formng gate el ectrodes and gate lines is
performed. Thus, gate 15 el ectrodes 3407 are formed over the crystalline
sem conductor filnms 3405a to 3405f. Here, a stacked structure of a first
conductive film 3407a and a second comductive film 3407b is shown as an
exanpl e of the gate el ectrodes 3407. [0182] Next, the crystalline

sem conductor filnms 3405a, 3405b, 3405d, and 3405f are 20 doped with an
inmpurity elenment inparting n-type conductivity at a | ow concentration
using the gate electro 340 nas L QI ORAGI YR Re,0r an ion
i npl ant atfpﬁwnﬁﬁéf‘ﬁ[ﬂé&p“)rﬂ' O3, gt %ggﬁéf’r ?sz‘f{%?(aslﬂs%echct ?8el 559 i (E)E?3t fed by a
phot ol i t hogr aphy hod. and.the crystalllng,seficenductionof d T, 3405¢ and
3405e ar eXioB<t (Y lﬁ‘ﬂPﬁaﬁPPP§°%Pé%%%% #hpgrtﬁﬁg p-type conductivity at
hi gh concentrati.on. As.an,i rj SNt Rtk TR&F b ITREapphiry/Taeer; a

conduct i \ﬂ“ﬁﬁ“ﬁﬂ%aﬁhgr% S,Slaasgggérg{f@lagérr’ the 11Kke can be uggd. As an 74

inpurity el ement | r 2 ERAAUGHH:N itridiatdane perf@sdivibnthe gal | i um
or the Ii‘f?@l’?fa"ﬁp%’elggége%flr%?%f,%%E%sphor Us is used as an i mpurity el ement

i npartj ng. nst Gl LYia@Ptheis e Ghéonal i fonitl deltoumitsi ofthe t he
cryst I?@f@d%%%%}:gﬁggébt gr fil ﬁs 3405a, 3405b, 3405d, and 3405f so that

phosphor ug ks ¢ontalNedsals GHNE 2b¢ Aainiise @h bt dbtained0 1Borteyailiple, 919/ cn8.
Thus, inpurity regions "3408 having n-type conductivity are fornmed. In

addi ti on, (G PRSni $EM @S) @Nthi WL hirvosiogBEnbm) ofbar NG Q- lngepdthe
conductivity, and is selectively introduced into the crystalline:-
sem condugl,@kmdddl Wave 40506ansh) 340 5e usal. adn thit easeonizssrarearderdic¥nt r ati ons
of 1 x 1019 to 1 x 1020/cm ThgﬁsﬁZ inmpurity regi ongr giglgtoioq)%i/crﬁg p-type
conduct i Vigpyodmerely.0ee (00ed Wit (ise)pblylDefielba) or eq
10 and less than or equal to 10 MW/cm?) is necessary, and irradiation is performed with a
scanning speed of about 10 to 2000 cm/sec. Note that the laser in which
single-crystalline YAG, forsterite (Mg;SiO4), YAlOs, or GdVO. or polycrystalline
(ceramic) YAG, Y203, YVO4, YAIOs, or GdVO, is doped with one or more laser media
of Nd, Yb, Cr, Ti, Ho, Er, Tm, and Ta as dopant; an Ar jon laser, or a Ti:sapphire laser
15 can be ﬁsad as a CW laser, whereas they can also be used as pulsed laser with 2
repetition rate greater than or equal to 10 MHz by being combincd with a Q-switch
operation, mode locking, or the like. When a laser beam with a repetition rate greater
thaﬁ or equal to 10 MHz is used, it is possible for a semiconductor film to be irradiated
with the next pulse after during the period in whick the semiconductor film is melted by
20  the previous laser and solidified. Therefore, unlike the case of using a pulsed laser
with a low r-ﬂ;petition rate, a solid-liquid interface in the semiconductor film can be
continuously moved. Thus, crystal grains which have grown continuously in the
| scanning direction can be obtained.
[0176]

25 The gate insulating film 3406 may be formed by oxidization or nitridation of



Subsequently, an insulating filmis formed so as to cover the gate
insulating film 3406 and the gate el ectrodes 3407. The insulating filmis
formed to have a single layer or stacked |ayers of a filmcontaining an
inorganic material such as silicon, an oxide of silicon, or a nitride of
silicon, or a filmcontaining an organic material such as 15 an organic
resin or the like by a plasma CVD nethod, a sputtering nethod, or the |ike.
Next, the insulating filmis selectively etched by ani sotropic etching
(mainly in the perpendicular direction), so that insulating filnms 3410

(al'so r ef@é rsﬁ‘ﬁ‘i’ac%Q of3he ic%@i%ﬁiﬂess)en%ﬂnﬁﬁbt@’f filnisn 3405t wcB405 tiy thheabsiele surfaces
of the gate electrodes 3407 are forned. The insulating filns 3410 are used
as dopi nqﬁ%ggéﬁéﬁﬁf_ﬁgsrﬁzpﬁmuﬂ&ﬂ i Bhit dxymgleppldstar Geatm¢it Dih 2oivedgavpk2 [ 0184]
Next, the Crystalline sem conductor filmnms 3405a, 3405b, 3405d, and 3405f
are dopeda i §43 saeh heTHE! Af, WKiebeXentnd apgen,i nigogen tofjsls, eBMIBEL PPES- at  hi gh
concentration, using the resist mask fornmed by a photolithography nethod,
the gate WldRpkh 0B she3BR is ASeandWhtre plaswal iat uelied bynthe Fnretualion®lis. Thus,
impurity regions 3411 having n-type 75 conductivity are formed, Here,
PhosphpT Uiick@wayee Blaama avithi afowr ¢legtron] temparaturerAnd Mg YoGEon fsBs Y SARBE ¢ i vi t v,
and is selectively introduced into the crystalline sggicondﬁgt r films
3405a, 34gbrated40Btih cxygen3adEals {hemds e satevheon Of RIFASAEBRYERY %t 1 ons of 1
x 1019 to 1 x 1029/cnB. Thus, the n-type inpuri reaions 3411 ving a
hi gher 5 sitngmnedieals Ghere fan casp athert NHifadipaly Fil?@3¢8§?’hlﬁ§ 3?4%%5:3{%2 f or med.
[ 0185] Through the above steps, .n-channel thin fil RO gtors
3400a, 3400the Mehotsasityarlesnsy Sisrsuriage OBE"W&‘F}%P‘?‘FH’F% ?Fér% r‘%‘ﬁm st°§r s 3400c
and 3400e are fornmed (see FRI. 15D). 10[0186] '
nitrided.
10 [0177}

By such high-density-plasma treatment, an insulating film with a thickness
greater than or equal to 1 nm and less than or equal to 20 nm, typically greater than or
equal to 5 nm and less than or equal to 10 nm, is formed over the semicogductor films.
Since the reaction in this case is a solid-phase reaction, interface state density between

"15  the iESuiating £ilm and the semiconductor films can be extremely lowered. Since such
high-density-plasma treatment directly oxidizes (or mitrides) the semiconductor films
(crystalline silicon or polycrystalline silicon), the insulating film can be formed to have
a tl;ickncss with extremely little unevenness, which is ideal. In addition, since crystal
grain boundaries of crystalline silicon are not strongly oxidized, an extremely preferable

20 state is obtained. That is, by the solid-phase oxidation of the surfaces of the
semiconducto;’ films by high-density-plasma treatment which is described here, an
insulating film with a uniform thickness and low interface state density can be formed

- without excessive oxidation reaction at the crystal grain boundaries.

[0178]
25 As the gate insulating film 3406, only am insulating film formed by



In the n-channel thin filmtransistor 3400a, a channel formation region is
formed in a region of the crystalline sem conductor film 3405a which
overlaps with the gate el ectrode 3407; the inpurity region 3411 which forns
a source region or a drain region is fornmed in a region of the crystalline
sem conductor film 3405a which does not 15 overlap with the gate el ectrode
3407 and the insulating film3410; and a | ow concentration inpurity region
(LDD region) is formed in a region which overlaps with the insulating film
3410 and between the channel formation region and the inpurity region 3411.
in addition, channel formation regions, |ow concentration inpurity regions,
and the imph-dértsitypRene nsatiditmay bcfusedrod ai stackerk layeriwhishds obtainad byl m
transistors 20 3400b, 3400d, and 3400f. [0187] |n the p-channel thin film
transi st odep34f@ic of an disahtiey flwrsweh 2o wilicewiogide; slicwr prsatride, L1 FEO8N whi ch
over | aps Wit h the gate electrode 3407; and the inpurity region 3409 which
for ns ?I suittideepnrthe inswlaidrg Hlmgbyp CVIR gicthed jusing plasma of thegnpldgichpr 812¥t he 25
crystalline sem conductor film 3405c which does not, over] ap with
el ect r odebe formed. In either case, a transistor which includes an msuiating Hm ?ormea byt he gate
5 high-density-plasma treatment in past or the whole of the gate insulating film can reduce
variation of characteristics.
[0179]
Further, the cfystalljne semiconductor fikms 3405a to 34051, which are obtained
by scanning of the semiconductor film in one direction to crystallize the semiconductor
10 film while'irradiating a semiconductor film with a continuous wave laser beam oOr a
laser beam oscillated with a repetition rate of 10 MHz or more, can grow their crystals
in the laser beam scanning direction. A transistor is arranged so that its channel length
direction (direction in which carriers move when a channel formation region is formed)
is aligned with the scanning direction, and the above gate insulating film is combined
15  with the crystalline semiconductor film, so that a thin film transistor with high electron
field-effect mobility and few variations in characteristics can be obtained.
[0180]
Next, a first conductive film and a second conductive film are stacked over the
gate insulating film 3406. Here, the first conductive film is formed with a thickness
20  greater than or equal to 20 nm and less than or equal to 100 nm by a CVD method, a
sputtering method, or the like. The second conductive film is formed with a thickness
greater than or equal to 100 nm and less than or equal to 400 nm. The first conductive
' film and the second conductive film are formed with an element of tantalum, tungsten,

titanfum, molybdenum, aluminum, copper, chromium, nicbium, or the like, or an alloy

95 material or a compound material containing such an element as its main component.



76 3407. Simlarly, a channel formation region and the inpurity region 3409
are fornmed in the p-channel thin filmtransistor 3400e. Here, although an
LDD region is not formed in the p-channel thin filmtransistors 3400c and
3400e, an LDD region may be provided in the p-channel thin film
transistors, or a structure wthout as LDD region 5 may be applied to the
n-channel thin filmtransistors. [0188] Next, a single |ayer or
stacked layers of an insulating filmare formed so as to.cover the
crystalline sem conductor filns 3405a to 3405f, the gate el ectrodes 3407,
and the like. Then, conductive filnms 3413 electrically connected to the

i mpurity Arghshelyl heFuOkoahativhEln apd thetsyeand ghedvsts vy O fEmeR form the
source region or the drain region of the thin filmtransistors 3400a to
3400f ar eof peamidorsiveinr aterinlnsgh as pakyciystriing siicor ppatiig) CortpRivith 8y at i ng
filmis formed in a single layer or in stacked | ayers,. using an jnorganic
mat eri al beighdaped swithaniimpurdy clsmentayeh #rPhaspiofus| As 6F°‘§?1P?%ﬁxa%?ieor gani c

511 oxanet eimcidbdie fon awh BeieaRas s bopgd et FOHIAOURAHY rot o,
The. | ko tugitin St PRSHTGEIHE T 901 L PEVALENY & ROVEOTUB TUSBARE ioh « nat
2 %11 conamk maridaun i pal PR R sedonrene it HRGfR b, 77p%¢ =
arai n' 2bchBEgRBR AR nverr R 7k At Pane PR BhaR LSRR 10150
crystal | APEgetse ERE e TSRS ol IREHERRD: Bk ey of the

el ement viLeNcRARoReoR. ANIRY, hh Lo vAGH £ AAUGLH" shicki®is Gnplbydd ogenat | on

of the s uc ore the insulating films 3412a and 3412b
are fog ”E‘ﬂ:s%%l ﬁf 5 Bho-RAE: QucRRL B ;9T & Gupldy a bREwEGrudEretifi evilihat
a therm od I

treat rent, nneal i ng method, a |aser annealing nmethod, an RTA
met hod, op, LBidunk BB nBSoRABLIRER molybdenum films. '
[0181]
Next, a resist mask is formed by a photolithography method, and etching
treatment for forming gate electrodes and gate lines is performed. Thus, gate
15 electrodés 3407 are formed over the crystalline semiconductor films 3405a to 3405L.
Here, a stacked structure of a first conductive film 3407a and a second conductive film
3407b is shown as an example of the gate electrodes 3407.
{0182]
Next, the crystailine semiconductor films 3405a, 3405b, 3405d, and 3405f are
20  doped with an impurity element imparting n-type conductivity at a low concentration,
using the gate electrodes 3407 as masks by an ion doping method or an ion implantation
method. Then, a resist mask is selectively formed by a photolithography method, and
| the crystalline semiconductor films 3405c and 3405e are doped with an impurity

element imparting p-type conductivity at high concentration. As an impurity element

25  imparting n-type conductivity, phosphorus, arsenic, or the like can be used. As an



[0190] The conductive filnms 3413 are forned in a single |ayer or stacked
| ayers of an 5 elenent of alum num tungsten, titanium tantalum
nol ybdenum nickel, platinum copper, gold, silver, manganese, neodyni um
carbon, or silicon, or an alloy material or a conpound material containing
such an elenent as its main conponentis by a CVD nethod, a sputtering nethod,
or the like. An alloy material containing alumnumas its nain conponent
corresponds to, for exanple, a material which contains alum numas 10 its
mai n conponent and al so contains nickel, or an alloy material which
contains alumnumas its main conponent and al so contai ns nickel and one or
bot h car bigipusitydelghérit Gapartiig p-tgr@nondictivity, biotoms algai@mygyllive, poimddct o have a
stacked structure of a barrier film an alumnumsilicon film and a
barrier féannbeonse. siirokghosihomstisineedhs anbimpriier clempr MPTEE RHIREM si | i con
film atitaniumnitride film and a barrier film Note 15 that the barrier
filmis acantuctivity|amdfiorsetedtivly tintrogngednintcn thei eqyptaking rsemicoBtHetnm, BIBS| ybdenum
or a nitride of nolybdenum Al um num and al um num silicon are ogﬁiwum
istance and

mat er i al s3496a1HE5e. G405 wnd 34951 serthabphasplnarsis santpined, 2t LOPEeofrglipns &

are inexpensjve. \Wepn bather |ayers are provjded as the t Jayer and the

bot t on® | ayéﬂisdﬂ i héo{c%@ﬁgucﬂqﬁelmﬂupfﬁ ®gIP7S 38% VARG B’WPBfCOH??‘FcP%%igmof

al um num and al um num si |l i con canﬁaeéé)revent e@}.ﬁ ‘?%0 When a _barrier fil m of
C

titani um ioEmed | & gdditicrngRtonn, I g PR, AP - BEEE PEPEo; ned,
even when there.is thin natural oxide fi]mfaor . Y, l'1ine

seni condufIBgRCtVHpnfng s %Fﬁ#&ﬂn%%ﬁﬁ% PF?&#% g%gEgé%ﬁ%%H&g%% Us the

nat ural” oxide filmis re ed, .and f avor n to t he

conduct i VéAq%FFHQ 3%%%%58 %{Jﬁecoﬁtlalyl/lgq %1 (foinﬁ%m%génn%cégﬁld%?? 0 rtpfq‘l %ﬁn@glgfr'l] ‘be
obt ai ned. ., 78. [ 0191 ' ald o}l insd et fREI180).as to cover
t he condu@‘fs\’/glgl‘.fulnl }frllgggﬁ%%‘fwgﬁ‘ghgg#é ?}@Jtcira\g/%é‘%c#lﬂ'?éﬂ %ﬁolﬂga gnd 34 1%%) each
electﬁbcahh¥3fonnected to the conductive film 3413 which forns the source
el ectrode*or the drain electrode of the thin 5 filmtransistors 3400a or

3400f are for magy.ddeAfdhd iRiatifs SO Kl s bt 0 SALE 1Rl ©4d nsaiatidgy
connected to the conductive film 3413 which forns the source el ectrode or

drain el e adgs 8fd thdatt Bedirdakd 307! aWEd Bibwliting4000is Gormcti o hdviea singlel or med.
Note that the conductive filnms 3415a and 3415b and the conductive film 3416
may be f ofFBdotshdhed tdyersSanE iR cotthifingian ihbrgadammteshbpsh afhdicomnauct i ve
films 34154 and 3415b and the 10 conductive film 3416 may be fornmed using
any of t hexiabevilica 6f 4 aliriddvicllichnr bein wesningredoterc mawrielonduet i ve fil ms
3413. [0192]

15  an organic resin or the like by a plasma CVD rethod, a sputtering method, or the like.

Next, the insulating film is selectively eiched by anisotropic etching (mainly in the
perpendicular direction), so that insulating films 3410 (also referred fo as sidewalls)
wﬁch are in contact with the side surfaces of the gate electrodes 3407 are formed. The
insulating films 3410 are used as doping masks for forming lightly doped drain (LDD)
20  regioms.

[0184]
Next, the crystalline semiconductor films 3405a, 3405b, 3405d, and-3405f are
' doped with an impurity element imparting n-type conductivity at high concentration,
using the resist mask formed by a photolithography method, the gate electrodes 3407,

25 aﬁd the insulating films 3410 as masks. Thus, impurity regions 3411 having n-type



Subsequent |y,

a conductve film 3417 which functions as an antenna i s forned

so as to be electrically connected to the conductive film 3416 (see FIG
16B). 15[ 0193] The insulating film 3414 can be formed in a single |ayer or

stacked |l ayers of an insulating filmcontaining oxygen or

ni trogen such as

silicon oxide (Si0"), silicon nitrides(SiN'), silicon oxynitride (Sio"Ny

where x >y > 0),

or silicon nitride oxide (SiN.Oy where x >y > 0);

afilm

cont ai ni ng carbon such as DLC (D anond-Li ke 20 Carbon); or a filmforned of

an organi
benzocycl
resin by
si | oxane
Si | oxane

an al kyl

c material such as epoxy, polyimde, polyam de, polyvinyl

a

ph

obut ene. —ar. acry| iere Bhosdhdthd RARAEIRE Ripudty Sleabntdmpatiag | oxane
‘xmﬁbﬁzﬁggﬁog, a'spu?? ri g nethod,aor tﬁz I%ke. hbtg th%t a

g gréoﬁt}(ucﬁﬁ'iﬂ 680048 diReR HRéRLEdintaNd bsalline emzbndsictoD- Si .
a skeleton structure with the bond of silicon and oxygen. As a

substi t uept,s 40502085, 34050 WRd GANSEAD Rk ¢ bacobinkbd as¢onbsntimtigsrof (If or - exanpl e,

group or arormatic hydrocarbon) is used. 79 Alternatively,

a

enol ,

fluoro grppsanbep?Yysatl aphdshehes ulogiei inyemity régiodshatllabavérgnathigielry, both a

fluoro group and an organi c group containing at

as t hey suliskidid@at than that of the impurity regions 3408 are formed.

10

15

20

25

[0185]

Through the above steps, n-channel thin film transistors 3400a, 3400b, 3400d,
and 3400f, and p-channel-thin film transistors 3400c and 3400e are formed (sce FIG.
15D). '

[0186]

In the n-chanmel thin film transistor 3400a, a channel formation region is
formed in a region of the crystalline semiconductor film 34052 which overlaps with the
gate electrode 3407; the impurity region 3411 which forms a source region or & drain
region is formed in a region of the crystalline semiconductor film 3405a which does not
overlap -with the gate electrode 3407 and the insulating film 3410; and a low
concentration impurity region (LDD region) is formed in a region which overlaps with
the insulating film 3410 and between the channel formation region and the impurity
region 3411. In addition, chanmel formation regions, low concentration impurity
regions, and the impurity regions 3411 are formed in the n-channel thin film transistors
3400b, 3400d, and 34001,

0187 .

In the p-channel thin film transistor 3400c, a channel formation- region is
formed in a region which overlaps with the gate electrode 3407; and the impurity region
3409 which forms a source region or a drain region is formed in a region of the

crystalline semiconductor film 3405¢ which does not overlap with the gate electrode

| east hydrogen nmay be used



[0194] 5The conductive film 3417 can be fornmed of a conductive material by
a CVD nethod, a sputtering nethod, a printing nmethod such as screen
printing or gravure printing, a droplet discharging nmethod, a dispensing
met hod, a plating nethod, or the |ike. The conductive film 3417 is forned
in a single layer or stacked layers g6 an el ement of alum num titanium
silver, copper, gold, platinum nickel, palladium 10 tantalum or

nol ybdenum or an alloy nmaterial or a conpound material containing such an
el enent as its main conponent. [0195] For exanple, when the conductive film
3417 which functions as an antenna is fornmed by a screen printing nethod,

t he condu®4l7y e Sailany,3diangd foryatipn tgiodaad e NPugE ssion @éOEB?TF Aes8 of a
conductive paste in which conductive particles with a_grain dianeter of
several nim the mehrand|thingfilm sransisior 3408e.di Bue| Abgugy 28R rgdP ¥n%n or gani ¢
resin. As the conductive particles, at | east one of nﬁbgl. articles of
silver, gfsed dothperchanricktbén filop fransistarnd4Q9512pd dAOHe, 21 LRPICERT 81 bdenum
and titanium_ fine particles of silver halide;, or dis ers'ﬁ nangparti cl es
can be us@@?ﬂﬁéﬂtﬂ@ﬂ?dﬁﬁ@ﬂémgéﬂﬁdﬂp§@PﬁsQﬁaﬁH@F88éﬁﬂPﬁtPhg ?bﬁﬁﬁ?tive past e
can be one or a plurality, of re.of organic resins which function as a

bi nder?% aﬂ@BPQEﬁﬁ@dg”B?%ﬁ%?%?ﬁgméagﬁﬁngﬂﬁ'a coating material for the neta
particles1g§§ﬁically, an organic resin such as an epoxy resin and a
silicone F can be given as exanples. In addition, baking is preferably

performed aft erNetxtt],% single layer or stacked layers of an insulating film are formed so as to

cover the crystailine semiconductor films 3405a to 34051, the gate electrodes 3407, and
the like. ‘Then, conductive films 3413 electrically connected to the impurity' regions
10 3409 and the impurity regions 3411 which each form the source region or the drain
region of the thin film transistors 3400a to 3400f are formed over the insulating film
(see FIG, 16A). The insulating film is formed in a single layer or in stacked layers,
using an inorganic material such as an oxide of silicon or a nitride of silicon; an organic
material such as polyimide, polyamide, benzocyclobutene, acrylic, or epoxy; a siloxane
15 material; or the like by a CVD method, a sputtering method, an SOG method, a droplet
discharging method, a screen printing method, or the like. Here, the insulating film is
formed to have two layers such that a silicon nitride oxide film is formed as a first
insﬁlating film 3412a and a silicon oxynitride film is formed as a second insulating film
3412b. Further, the conductive films 3413 each can form a source electrode or a drain

90 electrode each of the thin film transistors 3400a to 3400f.

[0189]

Note that heat treatment may be applied for the purpose of recovery of the
| crystallinity of the semiconductor films, activation of the impurity element which has
been added into the semiconductor films, or hydrogenation of the semiconductor films

95  before the insulating films 3412a and 3412b are formed or after one or both of them are



conductive paste is applied. For exanple, in the case of using fine
particles (for 25 exanple, a grain dianeter greater than or equal to 1 nm
and |l ess than or equal to 100 80 nm containing silver as its main
conponent as a material of the conductive paste, the conductive paste is

baked and hardened at tenperatures approximately 150 to 300C, so that the
conductive filmcan be obtained. Alternatively, it is also possible to use

fine particles containing solder or |ead-free solder as its main conponent.
In this case, fine 5 particles with a grain dianmeter |ess than or equal to
20 'Am are preferab used. .So Rl atki sthdEQ 150t dekalhgueethdde advant age
of |ow c@%@d-[@fgg‘i f‘gé‘tm:’a‘%mll?‘i’ea cg%[ Uctive Films 3415a and 3415b can function
as wirings_whic

o sen‘l”c%%{?é{l]% ,rogg{%!h%g%{a%%?h iegonnected to a secondary battery included

ice o 10 present invention in a later step. In
additionO H@ form ng the conductive film 3417 which functions as an
antenna,[& t her conductive filmmy be separately fornmed so as to be

electrical Iy cONGELER.d Anlha1s aitdyaiddve afsilgtesla st D5 stacied 18158 anso that t he
conductive filmcan be utilized as the wiring connected to the secondary

battery. 7 Neihn, t@ibsiens tladtu) Gaditalung, 3dlfodesunp.oniged BBURELL 0 cover
the c ndﬁltl%%%'\%el’% ?jlﬁm 34i7%§r?d | ayers including the thin filmtransistors

3400a to, zo})gp%,,mt e RBSIGESE ol yrhi darBon, ansiliedneoy Fualloy marri AL er
referred 45 ah "elenent formation |ayer 3419") are separat fromthe
substrat g, 3¢lhd hiEfal @hfaBingopehi agsleney dsoitsranein RorpRaegl ByéntVPor mat i on

| ayer 3419 excluding the region of the thin filmtransistqors 3400a to 3400f
by | aser yle@al a dhtediganithdd, onthe tige. cAmalsiyanatenzl conHping aﬁlﬁgmg? B¢
formati on | ayer 3419 can be separated ] ] . )
main component corresponds to, for example, a material which contains aluminum as
10 its main cbmponent and also contains mickel, or an alloy maferial which contains
aluminum as ifs main component and also contains nickel and one or both carbon and
silicon. The conductive films 3413 may be formed to have a stacked structure of a
barrier film, an aluminum-silicon film, and a barrier film or a stacked structure of a
barrier film, ap aluminum silicon film, a titanium nitride film, and a barrier film. Note
15  that the i)anier film is 2 thin film formed of titanium, a nitride of titanium, molybdenum,
or a nitride of molybdenum. Aluminum and aluminum silicon are optimum materials
of the conductive films 3413 because they have low tesistance and are inexpensive.
Wh;en barrier lajers are provided as the top layer and the bottom layer of the conductive
film 3413, generation of hillocks of aluminum and aluminum silicon can be prevented.
90 When a barrier film of titanium which is an element having a high reducing property is
formed, even when there is a thin natural oxide film formed on the crystalline

semiconductor film, the natural oxide film can be reduced and thus the natural oxide

| film is removed, and a favorable contact between the conductive films 3413 and the

crystalline semiconductor film can be obtained.



fromthe substrate 3401 with physical force. The separation |ayer 3403 may
be selectively renoved by introduction of etchant into the openings before
the element formation layer 3419 is separated fromthe substrate 3401. As
the etchant, a gas or a liquid containing halogen fluoride or an

i nt er hal ogen conpound is used. For exsnple, 25 chlorine trifluoride is used
as the gas containing halogen fluoride. Thus, the elenent 81 formation

| ayer 3419 can be separated fromthe substrate 3401. Note that the whole
separation |layer 3403 is not renoved but part thereof nmay be left.
Accordinﬁhé t he consunption of the etchant can be suppressed and process
time for ﬁ%ving the separation | ayer can be shortened. Therefore, the
throughput is ﬁggy%g&ul nd, ERE 3805t Bk deshUoesbveriie tchatuctiey Blmsaf t er t he
separation | ayer 3 I's renoved, the elenent formation |ayer 3419 can be
hel d OV?%di]ean%“Poﬁfd{xéﬁv% A1 3415dr idde BaIBbe cachyeledticatly ofonnedivel Gultist r at e 3401
fromwhi Ch"the elenment formation |ayer 3419 has been separated, cost can be
reduced. céﬂ) 81 HTHA 3 Sk Binhs We fdurea detiBdecarnthbdrainmlorirddd of the Simgl e | ayer
or stacked [ayers of an insulating filmcontaining oxygen or nitrogen such
as si ki CQmO¥kERickSBA0, oS BAGOE afe Morretldeln Sldition, astonidaeiveoimPttd de (Si O'Ny
where x >y > 0), or silicon nitride oxide (SiN, Py where x >y > 0); a film
cont ai ni RgcEREDPRALER BILOLEI(BIvRimBALE kdiddorenthe sercReltqioft Pormred of an
organi c material such as epoxy, polyimde, polyam de, 15 polyvinyl phenol,
benzocycldpltcRrRodeast tAe thit Kby tansistors 340k £n dhentiliceisfagmedy c 0‘351{%‘ ‘g%/l oxane
resin by a CVD nethod, a sputtering nmethod, or the like. .[0199]. 1n this
enbodi nenjondmtes fibust 24154 el @fkiéhi&n@)g’lei qenduyrave ilipgnto pay ﬁ%f%‘ﬁ Per 3419 is

formed by laser light irradiation,_a first, sheet eri.al,. 3420 is attached
to one ythe same mategal in the same steps. The conductive QEITLS 32%% and %41% an% the

10 conductive film 3416 may be formed using any of the above material which has been

described for the conductive films 3413.

[0192]

Subsequently, a conductve film 3417 which functions as an antenna is formed

so as to be electricaily connected to the conductive film 3416 (see FIG. 16B).
15 [0193]

The insulating film 3414 can be formed in a single layer or stacked layers of an
insulating film containing oxygen or nitrogen such as silicon oxide (SiOx), silicon
n‘itﬁde (SiNy), silicon oxynitride (SiOxN, where x > y > 0), or silicon nitfide oxide
(SiN,Qy where x > y > 0); a film containing carbon such as DLC (Diamond-Like

20  Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide,
polyvinyl phénol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane
resin by a CVD method, a sputtering method, or the like. Note that a siloxane material

| corresponds to a material having a bond of Si-O-Si. Siloxane has a skeleton structure
with the bond of silicon and oxygen. As a substituent, an organic group containing at

95 least hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used.



20 surface of the elenment formation | ayer 3419 (the surface where the
insulating film 3418 is exposed), and then the elenent fornation |ayer 3419
is separated fromthe substrate 3401 (see FIG 17A). [0200] 82 both heat
treatment and pressurization treatnment (see FIG 17B). As the first sheet
materi al 3420 and the second sheet maberial 3421, hot-nelt filnms and the

| i ke can be used. [0201] 5As the first sheet material 3420 and the second
sheet material 3421, a filmon which antistatic treatnent for preventing
static electricity or the like has been applied . (hereinafter referred to
as an antistatic film can be used. As exanples of the antistatic film a
filmin whillemativelpatfiugtoagroup eratbe mies asitke sibsigeans e Furtherpliematively, Roty | m t o
which an antistatic material is attached, and the |ike can be given. The
fi.l m proviadbdroagrohp amd a0oEARIE Sreyp] contining atdeast hyrrpgen angy; henpsail of then
antistatic material provided over one of its surfaces, or a filmwth an
anti st at i cubsHfueRti al provi ded over each of its surfaces. Further, the film
with an antistatic material provided over one of its surfaces may be
attached $¥%hat the antistatic material is pl aced on the inner side of the

over ¢ e ont | r ol sonduetive Fi ] 5 by frmey o spipEiE bR ey £ AL an O
conduct | vaRten Aty el piifte Bhbed s A b otnth S o
oot hor © antiifts e foret s PuBRl Sk R BEAheEAE Suialflondd RHE L OT F
copol ymer Iﬂavirﬂghenﬁg{gbgm $h9ye f&&qgagﬁ% ﬁﬁéﬁ’m&ﬁm@& YYeRASEnPN 115

side chain, o e can use terral is attached, m xed,

or applied;ff,A TDI: | hindR, LRRATunfNsiRRE | c%@)ﬁér,' Gofd! |pmtaam, Rekbo rﬁmmiﬁlﬁy seal i ng

of the elenent formation |ayer 3419 w the antistatic film the

sem cQqyduGiMims! (ﬁ"}ﬁﬂ%b(ﬁﬁiﬂn,% aﬂraﬁyﬁﬂlh%ﬂalf JraNBoafpuRicateidl @6htsinigGhcias
external static electricity when being dealt with as a comerci al product.

[0202] 25NgtRndcha it8 nvtdoniRnéapaci tor of a power supply circuit is
connected to the
[0195]
For example, when the conductive film 3417 which functions as an antenna is
formed by a écreen printing method, the conductive film 3417 can be provided by
15 selective; printing of a conductive paste in which conductive particles with a grain
diameter of several nm to several tens of wm are dissolved or dispersed in an organic
resin.  As the conductive particles, at least one of metal particles of silver, gold, copper,
n‘icicel, platinum; palladium, tantalum, molybdenum, and titanium; fine particles of
silver halide; or dispersive nanoparticles can be used. Further, the organic resin
20 included in the conductive paste can be one or a plurality of more of organic resins
which functidn as a binder, a solvent, a dispersing agent, and a coating material for the
metal particles. Typically, an organic resin such as an epoxy resin and a silicone resin
| can be given as examples. In addition, baking is preferably performed after the

conductive paste is applied. For example, in the case of using fine particles (for

25  example, a grain diameter greater than or equal to 1 nm ahd less than or equal to 100



83 conductive filnms 3415a and 3415b of the thin filmsecondary battery.
Connecti on between the secondary battery and the conductive filnms 3415a and
3415b may be perfornmed before the elenent formation |ayer 3419 is separated
fromthe substrate 3401 (at the stage illustrated in FIG 16B or 160C),
after the elenent formation |layer 34%9 is 5 separated fromthe substrate
3401 (at the stage illustrated in FIG 17A), or after the elenent formation
| ayer 3419 is sealed with the first sheet material and the second sheet
material (at the stage shown in FIG 17B). An exanple where the el enent
formation | ayer 3419 and the secondary battery are formed to be connected

i s expl aingcobminiy siivesesrisfrerie tompensniysEsmatea oftkp 8ASIE PRYIGS™ 10A and
19B. 10 [0203] In FIG 16B, conductive filng 343%52) aﬁgo 431b which
are el ectandativypaserinbaeednd kardeved sgamperaiugs 2ppPREaEn B B 5a1%),
respectively are forned at the same tine as the.c nductjb?/emfuiég}lgAl? whi ch
f unct i onshatshaeondwetivaibm cxmdp obteined; AFTERUVELY: ¥ FFABFEOISOMSF HEd so as to
cover the conductive film3417, 343la, and 3431b, 15 f?“h?s"kg% p}(eformati on
of openi rpstickes3pataining sldg® lead ee0Idenes ISP CUBPYFT, & E6nEUet Ve fil ns

3431a and 3431b are exposed. After that, openings dd he el ement
f or mathi orpariglsrwithe graigigmaten less tnor el i %ﬁ‘r&? , %ﬁ%%tbhg[s?? r sgtomse eet

material 3420 is attached . to.one surface of the elenent formation |ayer
3419 (t herngidsadfrss soider V?WgaFW%gnglﬁgcgﬂ'm 3418 is exposed), so that the

el ement formgation layer 3419 is separated 20 fromthe substrate 3401 (see
FI G 18A)[.01 204] Next, the second sheet material 3421 is attached-'to the

ot her surface ﬂi‘ t he e}.eg%ﬁ%ls %Q{%do%]:sgy&f, faflcedn (dshRirbs hadd gx¥posed by
a n '

separation), e_tcﬁgduec he ormation layer 3419 is separated fromthe
first Sheﬁ%ctlch%ﬁlg bitlecad &Pa scbBRdES BhtRry Rcikaed Tl Ldehidondddidy deoloc i heosity is
ir

r
used as jt tc [ eejt materi al™ 3420. Then, conductiye 84 films 3434a and
3434b, i SRl S BLER | £ BhdrkipO NP Ao, O HrEning Uduahilwaive iflme34431a and

3431b; reSpectively, through the openings 3432a and 3432b are sel ectively
formed (sggich'tctidBB anLBRRR] another conductive film may be separately formed so as
to be elecirically commected to the conductive films 3415a and 3415b, so that the
conductive film can be utilized as the wiring connected to the secondary battery.
[0197] .
i5 . Next, an insulating film 3418 is formed so as to cover the conductive film 3417,
and layess including the thin film transistors 3400a to 3400f, the conductive film 3417,
and the like (hereinafter referred fo as an “element formation layer 3419”) are separated
frofn the substrate 3401. Here, after openings are formed in the element formation
Jayer 3419 excluding the region of the thin film transistors 3400a to 3400f by laser light
20 frradiation {for example, UV light), the element formation layer 3419 can be separated
from the sul:;strate 3401 with physical force. The separation layer 3403 may be
selectively removed by introduction of etchant into the openings before the element
| formation layer 3419 is separated from the substrate 3401, As the eichant, a gas or a

liquid containing halogen fluoride or an interhalogen compound is used. For example,

95  chlorine triffuoride is used as the gas containing halogen fluoride. Thus, the element



5The conductive filnms 3434a and 3434b are fornmed with a conductive materi al
by a CVD nethod, a sputtering nmethod, a printing nethod such as screen
printing or gravure printing, a droplet discharging nethod, a dispenser

nmet hod, a plating nethod, or the |ike. The conductive filns 3434a and 3434h
are formed in a single |ayer or stacked |ayers of an el enent of alum num
titanium silver, copper, gold, platinum nickel, 10 palladium tantalum

or nol ybdenum or an alloy material or a conpound material containing such
an elenment as its main conponent. [0206] Not e that the exanpl e shown

here is thie oase Whene dhBe Gopeied frva the bubstidd 3461. atibtaHaute avtold or med
after the e ementy formation layer 3419 is separated fromthe 15 substrate

3401. Hoy tion \Rr SUEMRNot kandRE ibanparayereoB 4k bedeft.neAccorianght d&f f rom t he
substrate 3401 after the conductive filns 3434a and 3434b are forned.
[0207]  consundMeidh of ithe bitRatase beharpereased| andaproecys difmeefosrempsng $b% or med over
the substrate, the elenent formation [ayer 3419 is cut into individual

el enent s sbsRaionl14Fel SM)be shottamdr Piiereforey thdittroughputaip fapRyekanddheifest ng
apparatus, a scribing apparatus, or the like can be used for cutting. Here,
the plsur abirkducal. Euehmnewnf aftonsle osparationdayst$40% &t Eemayedels SXUTE f r om one
another by laser light irradiation. [0208] 85 storage capacitor_of the
power suppiyatioh fayer 8419 exnviiei feghd aves the apsuate P et FHE B PY I & riegat i ve
el ectrode active material |ayer, a solid ejeﬁtro%¥&F Iq%gr, %ﬂ&¥¢itive

el ect r odehasttistrate 0% from| whish dhe clgment formption 1Yot 1B pes 185" CHAS | m ar e
sequentially stacked. [0209] 5Conductive filns 3436a and 3436b are forned
of a condwstdanderrdiesdi al by a CVD nethod, a sputtering nethod, a printing

met hod such as screen printing or gravure printing, a droplet discharging
net hod, ad9%PHpenser nmethod, a plating method, or the |ike. The conductive

2 R B ST e el oAt ke o
pal | ad un}nsulating film containing oxygen or nitrogen such as silicon oxide (S8i0y), silicon

nitride (SiNy), silicon oxyniﬁide (SiO.N; where x >y > 0), or silicon nifride oxide

(SiN,O, where x > y > 0); a film containing carbon such as DLC (Diamond-Like

Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide,
15 polyvin};rl pherol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane

resin by a CVD method, a sputtering method, or the like.

[0199]

| In this embodiment mode, after the openings in the element formation layer
3419 is formed by laser light irradiation, a first sheet material 3420 is attached to one

90  surface of the element formation layer 3419 (the surface where the insulating film 3418

is exposed), and then the element formation layer 3419 is separated from the substrate
3401 (see FIG. 17A).

[0200]

Next, a second sheet material 3421 is attached to the other surface of the

25  element formation layer 3419 (the surface exposed by separation), followed by one or



10 tantalum or nolybdenum or an alloy material or a conmpound materi al
contai ning such an elenent as its nmain conponent. The conductive materi al
shoul d have hi gh adhesion to a negative el ectrode active material |ayer and
al so low resistance. In particular, alumnum copper, nickel, vanadium or
the like is preferably used. [0210] 3%The structure of the thin-film
secondary battery is described in further detail. A negative el ectrode
active material layer 3481 is formed over the conductive.film 3436a. In
general , vanadi um oxi de (V205) or the like is used. Next, a solid

el ectrolyte |ayer 3482 is formed over the negative electrode active

materi al ~ bay @eatIdBfnent pnd)pressuaization; wéstoent (srssPRal EBY LASPER Y Shesdie | ke is
used. Next, a positive electrode 20 active material |ayer 3483 is forned
over the mafeiisl 3426 and Geytecoridashest maeial 3Rl dehmel fimp ia?%&ir}ﬁ??aﬁ%é’ﬁese oxi de
(Li Mh204) or the like is used. Lithiumcobalt oxide (Li Co09) or lithium

ni ckel oxus#d. (Li Ni 02) nay al so be used. Next, a current-collecting thin
film3484 to serve as an electrode is forned over the positive el ectrode
active mal(@P1llal | ayer 3483. The current-collecting thin film 3484 should 25

1 1 38 G o B SR SR S S 9
al so 2w r : , per, “ni¢ckel’, "vanadi um

the ik b d. 211] Each_of the. : ' th
negat 1 ve BhisbeRBGIEmt RrBTR S s HOTRR T, e LU Rl IV,
| ayer ?48 of t he ﬁ%?e{l_%lp éaﬁez{n%:] 'gfgt?f;efﬂ%ﬁtc%ﬁlﬁ?%ﬁ.e&&%éxa\‘r%)/egof&%%ﬁﬁstéicand the
cur r ent - c GleraRatte may De fornmed by sputtering or -

tion. | ddi t i tf ' d [ aly 0.1t
3 R {005y ekt yhiel T il BRI Rpcr SR, 4 YR Bl SRR Y Fi 1 by
a_spi n- coati g TELHOROfbfia, hid GedRd cah SbiaRn ANTANLRS baRkd hikrend485. The
Sl 18 P fink

interlayefl i's not Imted to aresin film and other filns

such gg a%t%ngqnatt&#a'pchgﬁ)g%dﬁﬂy with GYDARE 0 chatehid] Prvidse dvasonsedflits however
aresin fi erably

mis pre used in terns of flatness. Further, the contact

hol e can beefor nBd, Wih QU 8t fikiaGe Wadiial Peovidd Gfer xa¢thof dsenisfaddsve resin.
Next, a wiring |layer 3486 is formed over the interlayer film 3485 and

connect ed gl And:N@c ¢MACHEL bt Bntfstaid1A@HD prolited ovanomel afdtsr sucfatesguayrizct i on wi t h
the thin-film

attached so that the antistatic material is placed on the inner side of the film or the outer

side of the film. The antistatic material may be provided over the entire surface of the

15  film, or over part of the film. As an antistatic material, a metal or indinm tin oxide
(ITO) which is a conductive material, or a surfactant such as an amphoteric surfactant, a
cationic surfactant, or a nonionic surfactant can be used. In addition, as another
anﬁstatic material, a resin material which contains a cross-tinked copolymer having a
carboxyl group and a quaternary ammonium base on its side chain, or the like can be

20 used. Such a material is attached, mixed, or applied to 2 film, so that an antistatic film
can be fonneci. By sealing of the element formation layer 3419 with the antistatic film,
the semiconductor element can be prevented from adverse effects such as external static
electricity when being dealt with as a commercial product.

[0202]

25 Note that a storage capacitor of a power supply circuit is connected to the



15 secondary battery is secured. [0213]
_ _ ed. Here, the conducti '
22ﬁn§gfgg rglfﬂeaggngror!dedf!r the el enent formation Iaye¥e3zhgnzrg434a
uctive filnms 3436a and 3436b, respecti I [

serve as the connection termnals of the thin fi : pect 1 vel y. which
3489, which has been made in advan T |Inlsepondary battery 20

;o\ : cessHere, the case is sh
el ectrical connection between the ¢ i i shown where an

. . onductive filns 3434 d

el ectrical connection between the c i ' a and 3730a of an

_ ( ; onductive filns 3434b a '
performed by pressure bonding with an adhesive materi al sugg 2§BSE o

ani sotropi ¢ conduct i ' [ ' '

"t o1 pogemicier Bt i, il ot B 4R L SOl e oh the |

| L er pos ! L THeT e, . . , In ich the

ahaes v epeh the snaR Rk e dR0 LBhdiea. CRIA & s e as. & ol | ver
t X , uctive a esi ve such as a si

paste, [?;f%ﬁq%er egoargh%ekt enP AN aRASA B is SQlachesd frovi thte;sulbstratelF01 i ke c;nvg(ra

used. i
€ structures of such transistors can be vari ous

with i i i
out befng, bl Hukfled in FIG 16B or 16C), after the clement formation layer 3419 is

5 separated from the substrate 3401 (at the stage illustrated in FIG. 17A), or after the
element formation layer 3419 is sealed with the first sheet material and the second sheet .
material (at the stage shown in FIG. 17B). An example where the element formation
layer 3419 and the secondary battery are formed to be connected is explained below
with reference to FIGS. 18A and 18B and FIGS. 19A and 19B. '

10 [0203]

Tn FIG. 16B, conductive films 3431a and 3431b which are electrically
connected 1o the conductive films 3415a and 3415b, respectively are formed at the same
time as the conductive film 3417 which functions as an anterma. Then, the insulating
film 1918 is formed so as to cover the conductive film 3417, 3431a, and 3431b,

15 followeci by formation of openings 3432a and 3432b so that the surfaces of the
conductive films 3431a and 3431b are exposed. After that, openings are formed in the
clement formation layer 3419 by laser light irradiation, and the first sheet material 3420
is éttached to one surface of the element formation layer 3419 (the surface where the
insulating film 3418 is exposed), so that the element formation layer 3419 is separated

90 from the substrate 3401 (see FIG. 18A).

[0204] |
Next, the second sheet material 3421 is attached to the other surface of the
‘ clement formation layer 3419 (the surface exposed by separation), and the element
formation layer 3419 is separated from the first sheet material 3420. Therefore, 2

95 material with low viscosity is used as the first sheet material 3420. Then, conductive



5 to the specific structure shown in this enbodi nent node. For exanple, a
multi-gate structure having two or nore gate el ectrodes nmay be enpl oyed.
When a nmulti-gate , structure is enployed, a structure in which channel
regions are connected in series is provided; therefore, a structure in
which a plurality of transistors areseonnected in series is provided. \Wen
a nulti-gate structure is enployed, various advantages can be 10 obtai ned
in that off-current can be reduced; w thstand voltage of the transistor can
be increased, 'so that the reliability is increased; even if a voltage
between a drain el ectrode and a source el ectrode fluctuates when the
transi st ofilnesyBEBas el 3434b drichadres plattiicailyrasgiasted ta the sondu@ive SimyP43acur r ent
bet ween the drain electrode and the source el ectrode can be reduced, and
thus fl at aclB483 respeesivielys theengh sk ensainenha4b2a and) 34370 are reldectisgly &omsti vel y, a
15 structure in.which gate el ectrodes are fornmed above and bel ow a channel
may al so Geec Bipl&led. When the structure in which gate el ectrodes are
formed above and bel ow a channel is enployed, the channel region is

enl ar ged HRE85k he ampunt of current flowi ng therethrough can be increased.

Thus, depl eti I . b [ f £ t h |, i S

val ue) can bo. OB ERBHEVHEIOReR BMLACHBABIOTRE P RS AERUCTI8 nd bol ow 2
h I, t t [ jch I | i.t f | | S ted i

paral tel Pus st foptispng i)  pitdtneghaf SRabRkRed BT, O O

may be enpl oyed:, a str.ucture .in.whi | above a
channel f Fipﬂﬂm}geﬁfi’é?ﬁ?e?g"sg}af%n ﬁl}%gocgﬁ ?I}:Sﬁll @%ﬁg&g}%ﬂe & eg{a rggoée is
fornmed bel,ow.a channel f. ' 1408, _ L N6tdisRekeand 88 an
i nversel y%ﬁ%&gg&&f lsl%lurc&g{ﬁ?ﬂiesiﬁgﬁiriﬁﬂg?%baﬁg%g?ﬁ{rﬁsn?n al\;\}/hi cﬁ g channel
formati onyregi n Siefledi SteSkuniu®: itklibth abiivey, @bpdegéianpladichn ! fieketli vi ded
regions are connected 1n parallel or in series, may be enployed. Further, a
channgl f QLB 0N fiR6I0R: WRilybhim !t feseaidy MaMkHEN6f bapmpbidi maktalr ce

el ectrode”or a drain el ectrode. Wen a structure in 5 which a channel

for mati on &,eah@P sid@ranRfvhient 2atseRMid coav@nt:@ps Wi th a source electrode or a
drain electrode is enployed, electric charges can be prevented from bei ng
accunul at gghoe) i n part of the channel formation region and thus an unstable
operation can be prevented. In addition, a lightly doped drain (LDD) region
may be provi dedNot\iantharxdbide slegindrrd is theraasd wieals thefcbrdugtivesiims S4ddabe
reduced; the withstand voltage of the transistor 10 can be increased, so
that the el Bébibl dre Yoinedi afier dselemerd fommsion laver 341 fis segeratsdtiv@ethea dr ai n

el ectrode and a source el ectrode fluctuates when the transi stor operates in
t he satur attistate B4Qji. o Hovavér, the eleatentiormedtion laver 34 AtmaydosepaatedhEoy thy n

el ectrode and the source el ectrode can be reduced, and thus fl at

char act er sitstrats 34@inafive tholgpadustivi filn 3482 and 84340 armiamethe nanuf act uri ng

nmet hod of the sem conductor device of this enbodi nent node can be applied
to any of [#9€] seni conduct or devices described in this specification. That
is, according to this enbodi nent_ nop sem ¢ ndu&ﬁtor evi.ce %ch can

de,
transmit and relestia ﬁ‘erﬁaéffWﬁ?rFérﬁ’l‘B@tﬂ@f‘g%‘P?}’ibls OrRef X PR USRI RdBh a signal

ljleprgdﬁlngt g@%eefgqefrggg&ieonl 1:1}2; 3I4£]9 % c%lt 911?(? %nd\ﬁr/? u%I gl[ax@ex%tg (s%g FIIa 1%%56 rgtlﬁela

20  imadiation apparatus, a dicing apparatus, a scribing apparatus, or the like can be used for
cutting, Heré, the plurality of elements formed over one substrate is separated from
one another by laser light frradiation.

A [0208]
Next, the separated elements are electrically connected to the secondary battery

25  (see FIG. 19B). In this embodiment mode, a thin-film secondary battery is used as the



ﬁgdﬁrgt?gge¥ggfoﬁ ?gngg;:?tion Eignal stably even with a signal of which

. . : can be manufactured. [0217

ZSSLCFPﬁgC;ﬁa deélce whi ch can denodul ate a signal by]cancelingFﬁgfggrbf

each 1] he an bre uci ng i nfluence of noise, which results froma carrier

wave, 25 detegtnanufactured. [0218ssFurthernore, a seni conductor device
a signal as to a wireless signal of which nodul ation

factor is 10% and st abl [ '
' y perform signal transm ssion [ [
are based on |1 SO | EC 15693 can be manufactured. 5 [02?8? {ﬁcfﬁélon i eh

sen conduct or devi ; :
i s cont isma*gﬁgqapfcg{g(g%ﬂ %éﬁﬁﬁéﬁigﬁuﬁé%ﬁg&g ?gﬁgﬁlﬂmne‘iihg tiafipeywer . supply
the seni cond EP is received; therefore,
e Sem oo thrgc;m %Frf% eg}%/célgge/ ng egi}aggaa,g@?[]sg{rig?%?%ﬁ?deﬁayeﬁw péeitive dlértrodeni conduct or
transmtting and.receivin T ore, shortage of power for

' 11 -1k i gt fitinMHk Ogcmdnitioly statred.t i -
of a bat®CEYymEEY PFe Ca e Conpéﬁgﬁfed- [6??%] Further,oadggﬁ{ggaghgﬁgr

devi ce v@i 833 can generate a d [ [
_ enodul ati on signal by detectin [
bet ween &4 utput of a first bias circuit and an gutput of g 2eggaaerence

B Conductive films 34362 and 3436b are formed of a conductive material by a

a

CVD method, a sputtering method, a printing method such as screen printing or gravure
printing, a droplet discharging method, a dispenser method, a plating method, or the like.
The conductive films 3436a and 3436b are formed in a single layer or stacked layers of
an element of aluminum, titanium, silver, copper, gold, platinum, nickel, pailadium,

10 tantalum, or molybdenum, or an alloy material or a compound material containing such
an element as its main component. The conductive material should have high
adhesion to a negative electrode active material layer and also low resistance. In
particular, aluminum, copper, nickel, vanadium, or the like is preferably used.

[0210}

15 The structure of the thin-film secondary battery is described in further detail.
A negative electrode active material layer 3481 is formed over the conductive film
3436a. In gemeral, vamadium oxide (V,0s) or the like is used. Next, a solid
eleétrolyte layer 3482 is formed over the negative clectrode active material layer 3481.
In general, lithjum phosphate (LisPOy) or the like is used. Next, a positive electrode

90  active material layer 3483 is formed over the solid electrolyte layer 3482 In general,
lithium manéanese oxide (LiMnyQq4) or the like is used. Lithium cobalt oxide
(LiCoO7) or lithium nickel oxide (LiNiOz) may also be used. - Next, a

| current-collecting thin film 3484 to serve as an electrode is formed over the positive
electrode active material layer 3483. The curreni-collecting thin film 3484 should

25 have high adhesion to the positive electrode active material layer 3483 and also low '



bias circuit, generate a denodul ation signal stably even with a signal of
whi ch 15 nodul ation factor is small, and denodul ate a signal by reducing

i nfluence of noise can be manufactured. [0221] Mreover, in the

sem conduct or device of the present invention, power froma power supply is
continuously supplied while a carriesswave of which nodul ation factor 20 is
10%is received; therefore, the sem conductor device can be operated
stably. Further, the sem conductor device can be wrel essly charged;
therefore, shortage of power for transnmitting and receiving individual

information, due to deterioration of a.battery. oversl jikEean®badsdde
conpensatesigtancgQ FPEFPMWHP"NE‘H(S’O%%[“@%Z%&?%H% glrr%odi ment mode wil |

descri be anot her exanpl e of the manufacturing nmethod of the sem conductor
devi ce sl in the above embodi ment node with 5 reference to the drawings.

In this enbodi pent de, a struct [ e Ni@Ro@i@iRE FnatddiaDBiyter y, and a
si gnal processﬁ?ﬁlﬁl Qfﬁgﬁg‘{’qveitﬁlgllwééégfﬁmamc em condﬁctor device are forned

g\rllgr at 2|e &%%ﬁ]be? %33%&@%%@1}!@1!1}‘61’ B Al ﬂl%ﬁfogigggelemdg abiR@imAsiAMyendus3, a battery,

ci'rcuit are fornmed at once on a single crystal
substrate,  using transistofs diff M3k GlhyofaBnsld Byospiméi o esgpaationar e f or med.
When ©r aflf eo?“g[egtrcgoﬂg%@%eq%‘ﬁoﬂr%ﬂa Si nglye 10 crystal substrate, a

sem Condﬂgggcgﬁ&g‘él&ﬁicﬂ?egé QS ald BRSSireferablyi 6.0t Bmel ectrical characteristic

variatio e fornme which is preferable. In addition, an exanple in
whi ch a tBﬁ filmsecondary battery is used as the battery will be
descri bed. ]%223] First, regions 3504 and 3506 are formed in a _ .
sem conduct or  §bshBhtectIoR0is formed by formation of a resin film by a spin-coating
method or the like and etching an interlayer film 3485, The interlayer film 3485 is not
10 limited to a resin film, and other films such as an oxide film formed by a CVD method
may be used as well; however, a resin film is preferably used in terms of flainess.
Further, the contact hole can be formed without etching with the use of a photosensitive

resin. Next, a wiring layer 3486 is formed over the interlayer film 3485 and connected

to the conductive film 3436b. Thus, an elecirical commection with the thin-film

15  secondary battery is secured.

[0213]

Here, the conductive films 3434a and 3434b which are provided in the element
ftm'nation layer' 3419 are comnected to the conductive films 3436a and 3436b,
respectively, which serve as the connection terminals of the thin film secondary battery

20 3489, which has been made in advance. Here, the case is shown where an electrical
connection béhNeen the conductive films 3434a and 3436a or an electrical connection
between the conductive films 3434b and 3436b is performed by pressure bonding with
an adhesive material such as an anisotropic conductive film (ACF) or an anisotropic
conductive pasie (ACP) interposed therebetween. Here, the example is shown, in

95  which the connection is performed using conductive particles 3438 included in an



15 after an elenment region is isolated (see FIG 20A). The regions 3504 and
3506 provided in the sem conductor substrate 3500 are isolated from each
other by an insulating film(also referred to as a field oxide film 3502.
The exanpl e shown here is the case where a single crystal silicon substrate
havi ng n-type conductivity is used as7the sem conductor substrate 3500, and
a p-well 3507 is forned in the region 3506 of the 20 sem conduct or
substrate 3500. [0224] Any substrate can be used as the substrate 3500 as
long as it is-a sem conductor substrate. For exanple, a single crystal
silicon substrate having n-type or p-type conductivity, a conmpound

seni conducihesivestesint 3437 Altomatiyrhynp| condugtivn adhesivp Sh¢hnata SHRErMSEND

substrate, a GaN substrate, a SIC substrate, a_ sapphire substrate, or a
ZnSe 91 ®ppetpastt.e) 2 carben bisteo#plém joints of te Bke aadepsedupstrate forned by a
bondi ng nethod or a separation by inplanted oxygen (SIMOX) method, or the

| i ke can [98l4lsed. [ 0225] The regions 3504 and 3506 can be forned

D o e Bt SRS S i o0,
L0 et vadbp ety SRR B SRR B, SRR hAGRE 1Y,
T ot Dl bADRORHEL o G R R R TR (D
[0227] structure is employed, a structure in which channel regions are connected in series is
provided; therefore, a structure in which a plurality of transistors are connected in series
is provided. When a multi-gate structure is employed, various advantages' can be
10  obtained in that off-cumrent can be reduced; withstand voltage of the fransistor can be
increased, so that the reliability is increased; even if a voltage between a drain clectrode
and a source electrode fluctuates when the transistor operates in the saturation region, a
fluctuation of a current between the drain electrode and the source electrode can be
reduced, and thus flat characteristics can be obtained; and the like. Alternatively, a
15  siructure in which gate electrodes are formed above and below a channel may also be
employed. When the structure in which gate electrodes are formed above and below a
channel is employed, the channel region is enlarged and the amount of current flowing
ther-ethrough can be increased. Thus, a depletion layer can be easily formed and the
subthreshold swing (S value) can be reduced. When gate electrodes are formed above
20 and below a channel, a structure in which a plurality of tramsistors is connected in
parallel is provided.
j0215]
In addition, any of the following structures may be employed: a structure in

which a gate electrode is formed above a channel formation region; a structure in which

25  a gate clectrode is formed below a channel formation region; a staggered structure; and



I'n this enbodi ment node, although the region 3504 is not doped wth an
impurity el ement because a sem conductor substrate having n-type
conductivity is used as the sem conductor substrate 3500, an n-well may be
formed in the region 3504 by 15 introduction of an inpurity element
imparting n-type conductivity. As an8Bnpurity element inparting.n-type
conductivity, phosphorus, arsenic, or the |like can be used. Wen a

sem conductor substrate having p-type conductivity is used, on the other
hand, the region 3504 nay be doped with an inpurity elenment inparting
n-type conductivity to forman n-well, whereas the region 3506 nmay not be
doped wi t4n fwerisetpstaigggred Sawngme.. Bt axgpcture, In wiRigkta chagad) fapmatignt i | ns 3532

and 3534 are formed so as to cover the regions 3504 and 3506, respectivel
(see FI G agip.s iokbdlntosooiystis rasiomsand i BUSHLRHGE 8F SPICEdoxi de

il ns. ernatively, the insulating filnms 3532 and 3534 may, be each fornmed
by stack pdraligl oF jin eesiss,onavdes ePIRYesnd Farthery W@Bﬂ?@gﬁ‘i‘aﬁ‘gﬁ 5?@%}%??% ni trogen

(a silicon oxynitride fi]J]m by t f.f ' il 4 i
7\ her ml DoRP R R HUki: SPCR HEHOTE Bt (P e e T RES SRS i 1§ Con”

oxi de ']; ' whll?: ar(]:%;imgilglt }O%a&ornerggti&a &)tr 'paxjt 81%?3%1’) overlaps with a source electrode or a
drain electrode is employed, electric charges can be prevented from being accumulated .
in part of the channel formation region and thus an unstable operation can be prevented.
In addition, a lightly doped drain (LDD) region may be provided. When an 1DD
region is provided, off-current can be reduced; the withstand voltage of the transistor

10 can be increased, so that the reliability is increased; and even if a voltage between a
drain electrode and a source electrode fluctuates when the transistor operates in the
saturation region, a fluctuation of a current between the drain electrode and the source
electrode can be reduced, and thus flat characteristics can be obtained.

[0216]

15 .Note that the manufacturing method of the semiconductor device of this
embodiment mode can be applied to any of the semiconductor devices described in this
specification. That is, according to this embodiment mode, a semiconductor device
Wh:éch can transmit and receive information by detecting a difference between a signal
line and a reference line in a signal waveform so as to generate a demodulation signal,

20 and generate a demodulation signal stably even with a signal of which modulation
factor is smali can be manufactured.

[0217]
Further, a semiconductor device which can demodulate a signal by canceling

noise of each line and reducing influence of noise, which results from a carrier wave,

95  can be manufactured.



Further alternatively, the insulating filnms 3532 and 3534 may be forned by
pl asma treatnment as descri bed above. For exanple, a silicon oxide filmor a
silicon nitride filmcan be formed as the insulating filns 3532 and 3534 by
performance of 10 high-density plasma treatnment on the surfaces of the

regi ons 3504 and 3506 provided in thé%sem conductor substrate 3500 so as to
oxide or nitride the surfaces. Furthernore, after oxidation treatnent is
performed on the surfaces of the regions 3504 and 3506 by high-density

pl asma treatnment, the surfaces may be nitrided by perfornmance of

hi gh-density plasma treatnment again. In this case, silicon oxide filns are
formed so[08%8]15 to be in contact with the surfaces of the regi ons 3504 and
3506, and then silicon oxynitride filns are forned ogﬁéhe siligon oxide
films. Thus, t furthermoreasergicprdugtor deyice whieh e irics; LB PATITo have a

stacked structure of the silicon oxjde filmand the silicon oxynitride
film Fursigeal of shichaperuation dagioy lﬁslo%a%}ldb‘;éa"gb}’ Odmo%gﬂakéa%sh“r‘?sﬁ’éeasrﬁdof t he

regi ons 3504 and 3506 by %% r i dat.,i on t and the surfaces may be
20 oxi dedIC§¢PtWFW1i°&é’d“Pﬂ§C£‘? %@ﬁi@%ﬂﬂa@&a “aéé’?%ént. [ 0231] The
insulating filnms 3532 and 3534 fornmed over the regions 3504 and 3506 of the
sem comduli??] substrate 3500, respectively, function as gate insul ating

films of transistors which are ¢ e tica3 phRa38d owerNext, a
conductive fil iFitee fFER ug?x ag"]?%mcg{\?e&e%e eﬁ{vﬁgb aftng filns 3532 and 3534

whi ch are forned over the ] 13904 216 A isTeshral inetdryre( BRE FI G
20C). Her &"PPHh B ngmg%m%ﬁgaﬁqﬁﬁg%hiéh conductive films 3536 and 3538 are

sequenti al | :gilcni?ndﬁ&glc Eﬁrgcea&ntﬂégnpgﬁ%%%w e Fultheh mbleasicesdciop dedye canhe

conduct i v& m nay formed"to have 'a single layer or a stacked structure

of three - - hortage 6 pBREE Fdratrmsmfttiid end aedivitg ve fil s
3536 and géﬁ%gﬂﬁﬁ&g*gﬁgﬁﬁhgﬁﬁfgn?aIJ%] tSngsten, titam%Ln nol ybdenum

al um M ;CORRRK infG A8, Wi toieRiBioribn 6f 2 bdlery dvcetimarcad Be eompensated. mat er i al

or a conmpound material containing such an elenent as its main conponent can
be used. Aydgynatively, a nmetal nitride filmobtained by nitridation of the
above el efents can be used. Besides, a sem conductor material typified by
pol ycryst al | i nepgite, aGemétophattonideicawhichan igeneras¢ e demedulaiion Sﬁtaéﬂbs phor us
can be used. [0234] 15Her; a tantalumnitride filmis fornmed as the

conduct i v@efeting a3hiff&renaertdiveeen an output of a first bias circuit and an output of a second

bias circuit, generate a demodulation signal stably even with a signal of which
15 modulation factor is small, and demodulate a signal by reducing influence of noise can

be manufactured.

[0221]

| Moreovér, in the semiconductor device of the present invention, power from a

power supply is continuously supplied while a carrier wave of which modulation factor
90  is 10% is received; therefore, the semiconductor device can be operated stably. Further,

the semicondﬁctbr device can be wirelessly charged; therefore, shortage of power for

transmitting and receiving individual information, due to deterioration of a battery over

time, can be compensated.



tungsten filmis fornmed thereover as the conductive film 3538.
Alternatively, it is also possible to formthe conductive film 3536 using a
single layer or stacked layers of a tungsten nitride film a nol ybdenum
nitride film and a titaniumnitride filmand formthe conductive film 3538
using a single layer or stacked | ayewg of a tungsten film a 20 tantal um
film a nolybdenumfilm and a titaniumfilm [0235] Next, the
stacked conductive filnms 3536 and 3538 are sel ectively renoved by etching,
so that the conductive filnms 3536 and 3538 remai n above part of the regions
3504 and 3506, respectively. Thus, gate el ectrodes 3540 and 3542 are forned
(see FI G(Eabodiinent Mo@H)[ 0236] Next, a resist mask 3548 is selectively
formed so as to cover the region 3504, and an inpurity elenent is

i ntroducd8232})t o a desired position of the region 3506, using the resist
mask 3548 and the gate el ectrode 3542 as sks, so t i rif.y _regions
are 5 formed (J&s "-I’Z‘-}bBSlmE"]}B)’%OdM’VﬂéﬁiSCFCi’PBE APPY et %t Oth%r% WE%%F‘%MX el enent

imparting n-type conductivity or. an inpuri ! r.t type
conduct | upyed $F iEoamRalror SPRETAYE 8 AL AR B BR dhd

ConduCti vl LY PHORRHOLSS Bl SRl 1Bold KSafalkclf iRRtn o) | TpUT ity

el ene i oron, alumnum gallium "or the

i ke can bge used., Here. phosph j PR WEdibyarg kapRat . 10
[0237] @ battefy, ’tf@?ia‘?’“ Séﬁg'%{rﬁgﬂgﬁu?%ﬁqggé %lﬁcgﬁﬂ%u@i ty el ement, inpurity
regions 3552 which_for . I agi afie@lala battkY Bn@adgal channel

f or mat i onovrcéa’iegﬁmfé%gﬁ%%gllrggér%%%%eﬁtﬁgte?g%iagn 3506, [gaggS]]:l 15gN?>1t ;a

resi st ”asr%cegﬁg?rgfﬁ@itsﬁé Bl inled 3{ MnJlennﬂaEin?@ cAfital QUHREME) ustigeransighanin3506, and

an irrpuri?y IS introduced into the region 3504, using the resist

mask 356604 18 198iieh SpidRUR: RRAL. asWHEieBsistas drdifurmedpua Bingler egi ons
are forrre\gﬂ]?see FI'G 21C). "As the inpurity elenent, an inpurity el enment

i mpar {4 ng sty Rbs&RABAUC bdnvibdnaubbr atevicaphavisigy trehsistemt witimplawt legiripalt ype
conductivity iIs used. As an inmpurity elenment 20 inparting n-tyﬁ?e.

conduct i VigaYactPRAERINEHMS caRbs fihed, wiiichtib erefdrabie. c dn adiditiors evlexamplei | npurity
el ement inparting p-type conductivity, boron, alum num gallium or the

| i ke can &8icHseKin-fitlakeonday bapny istugededsehebrtteyivoill bexdasepbed. boron) inparting
different conductivity fromthat of the inpurity elenent introduced into
the regio[p238p6 in FIG 21Cis used. As a result, inpurity regions 3570

which forma source region and a ) .
First, regions 3504 and 3506 are formed in a semiconductor substrate 3500

15 after an clement region is isolated (see FIG. 20A). The regions 3504 and 3506
provided in the semiconductor substrate 3500 are isolated from each other by an
insulating film (also referred to as a field oxide film) 3502. The example shown here
is tiae case where a single crystal silicon substrate having n-type conductivity is used as
the semiconductor substrate 3500, and a p-well 3507 is formed in the region 3506 of the

20  semiconductor substrate 3500.

[0224]

Any substrate can be used as the substrate 3500 as long as it is a semiconductor
| substrate. For example, a single crystal silicon substrate having n-type or p-type
conductivity, a compound semiconductor substrate (for example, a GaAs substrate, an

95 InP substrate, a GaN substrate, a SiC substrate, a sapphire substrate, or a ZnSe



25 drain region and a channel formation region 3568 are fornmed in the
region 3504. 95 [0239] Next, an insulating film3572 is forned so as to :
cover the insulating filnms 3532 and 3534 and the gate el ectrodes 3540 and
3542. Then, wirings 3574, which are electrically connected to the inpurity
regi ons 3552 and 3570 forned in the mdegi ons 3504 5 and 3506, respectively,
are fornmed over the insulating film3572 (see FIG 22A). [0240] The
insulating film3572 can be forned in a single |layer or stacked | ayers of
an insulating film containing oxygen or nitrogen such as silicon oxide
(SiOx), silicon nitride (SiNx), silicon oxynitride %ScllOdS where x >y >
0), or sisubgote)na silicoe o ipwataro(SCE) RKBiatafarmedybysa pondi % 9° cont ai ni ng
carbon such as DLC (D anond-Li ke Carbon) fil for d of an organic

mat eri al spohtiabydpolepted payapn ﬁ%@xbﬁpwa%oa@e?% erﬂ?? phenol ,

benzocycl obutene, or acrylic, or a siloxane material such as a sil oxane
resin by [R28ID et hod, a sputtering rrethod or the like. Note that a

si |l oxane material carresponds e | al . havi ' Si.

Si | oxane has a'@RéF@%‘nz’ r@@t%ﬁ%é %3 (E, frzi’gala?)g %ﬁl g)f(gr?ﬁg:ﬂ oxygen.
As a substituent, an or I ou ng at | east hydrogen (for
exanpl, @-ﬁ)(%@%ﬂl %‘r‘?ﬁf’hhcﬁy?fr ocarebon) is used. Alternatively, a
fluor gro an be used as theA substituent. Further alternatively,, both a
fl uor gro@’g nd an organi C group containing at |east hydrogen may be used

as the substit 10%1 tée ﬁ%l 3EB§ffX\dnfehqg§hc3é£1%n%“5§6 b mrRdmidnducirngl e | ayer

or stacked Iay enent o um num “tungsten, titanium  tantalum
mo| ybde””g}b §5§‘d0 caﬂlb@tfbﬁﬂéplbg%gﬁgﬂe’ dofRleCht 18 dekiSiondsBRGADARE. 35080dy i um

car bon 15 con, or an a mat er | or a comnpound
with an impurity element imparting p-type conductivity. As an impurity element
10  imparting p-type conductivity, boron, aluminum, gallium, or the like can be used.
[0227]

In this embodiment mode, although the region 3504 is not doped with an
impurity element because a semiconductor substrate having n-type conductivity is used
as the semiconductor substrate 3500, an n-well may be formed in the region 3504 by

15  introduction of an impurity element imparting n-type conductivity. As an impurity
element imparting n-type conductivity, phosphorus, arsenic, or the like can be used.
When a semiconductor substrate having p-type conductivity is used, on the other hand,
the region 3504 ﬁlay be doped with an impurity element imparting n-type conductivity
to form an n-well, whereas the region 3506 may not be doped with an impurity element.

20 [0228]

Next, insulating films 3532 and 3534 are formed so as to cover the regions
3504 and 3506, respectively (see FIG. 20B).

; [0229]
For example, surfaces of the regions 3504 and 3506 provided in the

95  semiconductor substrate 3500 are oxidized by heat treatment, so that the insulating films



materi al containing such an elenent as its main conponent by a CVD net hod,
a 25 sputtering nethod, or the like. An alloy material containing alum num
as its main 96 conponent corresponds to, for exanple, a material which
contains alum numas its nain conponent and al so contains nickel, or an

all oy material which contains alumnemas its main conponent and al so
contai ns nickel and one or both carbon and silicon. The wirings 3574 may be
formed to have a stacked structure of a barrier film an 5 alum numsilicon
film and a bather filmor a stacked structure of a barrier film an
alumnumsilicon film a titaniumnitride film and a barrier film Note
that the 353emidB534 chi berfdrmedof siiqen oridafilros. neltesratively. 4 pHlatRefilm | ge of
titanium nolybdenum or a nitride of nolybdenum Al um num and_.al um num
silicon a¥ss2ommdi 3ideh want & icaths formed hy sipek pES siliceR Ti‘é%‘a%ﬁ% aPﬁe"’yﬁﬁ'éve | ow
resi stance and are inexpensive. Wen bar[i_gqr: l asyer are 1 f(g)rcavi ded as the
top Iayerccmtadbin&exmntat)(gﬂmm (Filiconeonysitde flmely Pemieps £3 et ati on of

hil I ocks of alum num and al um nym silicon c be.prevent e a barrier
fil m f or nsbconfoxidet films bine Weres qxé‘ﬂ]ﬂﬂ“ 316@&93&?9{'}%% dggﬁgcg%u(;frag‘%ﬁﬂﬁg property
is formed, _even_ when ther_s Is.a thin natural oxide filmformed on the

cryst af | i siiconeridedtha by pgrdation featiiqat nat ural oxi de film can be reduced and
thus the natural oxide filmis renoved, and a 15 favorabl e contact between
the wirinf¥3@574 and the crystalline seniconductor filmcan be obtained.
[0242] e,that the.st [ . ' ' kSmePhi ed to the
present i nven'lt\%télﬁh?rs‘ﬁ{?’értaﬁr‘?l?:ﬁ t!l %gési%ﬁ?é%ﬂé{ ?ﬁ% %ﬁﬁ%ﬁ%ﬁf?«;{f ed i Ilr?lyt he

drawi ng. glgéngﬁ%masade&{r&% l5dva! ﬁégi {kla%gle?Q stiR¥E LERE YilhRGOGHER

structur el ructure, or t can be used. A FinFET structure

I's preferable BECAUSE imEdls HEARGERRFiIHE B582 Ghans®l be bbdtinaide ath occurs
e

al ong wi t RY€duct ron in transistor size. [0243] 97 capacitor such as a

doubl o aygs, G ik HoRafeAACE Qltradts f thbgiond BS04ema astiapyvidad ber y i 5
preferabl y*used. "I'n this enbodi nent node, a connection between a transistor

and a thi gfdlRoR@ron dfbMaRASLE &Y aé b Se&CHH tieide theOddddes. Furthermore,

after oxidation treatment is performed on the surfaces of the regions 3504 and 3506 by
high-density plasma treatment, the surfaces may be nitrided by performance of
high-density plasma treatment again. In this case, silicon oxide films are formed so as
15 to be in contact with the surfaces of the regions 3504 and 3506, and then silicon
oxynitride films are formed on the silicon oxide films. Thus, the insulating films 3532
and 3534 are each formed to have a stacked structure of the silicon oxide film and the
silicon oxynitride film. Further, silicon oxide films may be formed on the susfaces of
the regions 3504 and 3506 by a thermal oxidation method and the surfaces may be
20  oxided or nitrided by high-density plasma treatment.

[0231]
The insulating films 3532 and 3534 formed over the regions 3504 and 3506 of

the semiconductor substrate 3500, respectively, function as gate insulating films of

transistors which are completed later.



5In this enbodi nrent node, the secondary battery is stacked over the wring
3574 connected to the transistor. The secondary battery has a structure in
which a current-collecting thin film a negative el ectrode active nateri al
| ayer, a solid electrolyte |layer, a positive electrode active materi al

| ayer, and a current-collecting thin9ilmare sequentially stacked (see
FIG 22B). Therefore, the material of the wiring 3574 which 10 also has a
function of the current-collecting thin filmof the secondary battery
shoul d have hi gh adhesion to the negative el ectrode active material |ayer
and al so I ow resistance. In particular, alumnum copper, nickel, vanadium
or the |iK231]s preferably used. [0245] 15Next, the structure of the

thin-filmsecondary battery is described in detail. A n% at%%ﬁ el.ectrode
active materi aNexhypmondsye film jsfoprsd 8o eoMeT theinsalptag Hms 1372588 er al |

o et e SShatPeta LR el e hRE TR Y v
o1 ot oieHars e RIGPVR THFE eouBes S e s EherLaro Ve
el ectr E? ! ygtgcklec? %/se trhc %(?ngd%bti‘}er}ﬂg‘f n%egéléssltci) ga@i, #8conductive film may be formed to
have a single layer or a stacked structure of three or more layéss.
[0233]
| As materials of the conductive films 3536 and 3538, an element of tantaluni,
tungsten, titanium, molybdenum, aluminum, copper, chromium, niobium, or thé like, or
10  an alloy material or a compound material containing such an element as its main
component can be used. Altemnatively, a metal nitride film obtained by nitridation of
the above clements can be used. Besides, a —semiconductor material typified by
polyerystalline silicon doped with an impurity element such as phosphorus can be used.
[0234]
15 -Here, a tantalum nitride film is formed as the conductive film 3536, and a
tungsten fﬂm is formed thereover as the conductive film 3538. Alternatively, it is also
possible to form the conductive film 3536 using a single layer or stacked layers of a
tun;gsten nitride film, a molybdenum nitride film, and a titanium nitride film and form
the conductive film 3538 using a single layer or stacked layers of a tungsten film, a
20 tantalum film, 2 molybdenum film, and a titanium film.
[0235] |
Next, the stacked conductive films 3536 and 3538 are selectively removed by
etching, so that the conductive films 3536 and 3538 remain above part of the regions

3504 and 3506, respectively. Thus, gate electrodes 3540 and 3542 are formed (see FIG.

25  21A).



manganese oxi de (LiVh204) or the like is used. Lithiumcobalt oxide
(Li Co02) or lithiumnickel oxide (LiNi02) may al so be used. Next, a
current-collecting thin film3594 to serve as an electrode is forned over
the positive electrode active material |ayer 3593. The current-collecting
thin film 3594 should have high adheséon to the positive 25 el ectrode
active material |ayer 3593 and al so | ow resi stance. For exanple, alum num
98 copper, nickel, vanadium or the |like can be used. [0246] Each of the
above thin layers of the negative electrode active material |ayer 3591,
the solid electrolyte layer 3592, the positive el ectrode active materi al
| ayer 359@23& and the current-collecting thin film 3594 may be forned by
sputtering or evaporation. In addition, the thickness of each %g er is
preferably 0.1 Next,3 tesist Magk 3748 Nesglectively fommped $o asipicaver heegiop PSus
spin-coating nmethod or the like. Then, the resin fi$n1is %%ﬁge%.to forma
cont act hendeancimpuity qlyveat fsdpleoduced wposs gesireqpesition o e Irglen oY 13506 i s
not limted to a resin film and other_fjlnms such_as.an oxj Ll.m formed
by a CVD fhessit o S8 294 B SIEIORE FotaeAsdp it b 4B AR eom e 20T
used in terns of f| ss., Furt her, he caontact. hol ried w t hout

. i . ~t
et chi n¥ MFFW“?%@eﬁgg&ggyaﬁﬁﬁﬂﬁﬁggﬁgﬁkag’F%é?ﬂ#ﬂ X ?ﬁg&ﬁﬁﬁ?%g ayer 3595
is formed over.the interlayer film [2Io{o) 0 y8dM sng 3597.
Thus, an QW@BFPWQAF'%bﬁW%%¥XSWHﬁ? Hagﬁgwfﬁgﬁgfﬁﬁﬁﬁ%ﬁﬂ%ecgndary battery is
secured. impurity element imparting n-type conductivity, phosphorus, arsenic, or the like can be
used. As an impurity element imparting p-type conductivity, boron, aluminum,
gallium, or the like can be used.  Here, phosphorus is used as the impurity element.
10 [0237]

In FIG. 21B, by introduction of an impurity element, impurity regions 3552
which form a source region and a drain region and a channel formation region 3550 are

formed in the region 3506.
[0238]

15 Next, a resist mask 3566 is selectively formed so as to cover the region 3506,
and an impurity element is introduced into the region 3504, using the resist mask 3566
and the gate electrode 3540 as masks, so that impurity regions are formed (see FIG.
Zlé). As the impurity element, an impurity element imparting n-type conductivity or
an impurity element imparting p-type conductivity is used. As an impurity element

20  imparting n-type conductivity, phosphorus, arsenic, or the like can be used. As an
impurity element imparting p-type conductivity, boron, aluminum, gallium, or the like
can be used. Here, an impurity element (for example, boron) imparting different

' conductivity from that of the impurity element introduced into the region 3506 in FIG.
21C is used. As a result, impurity regions 3570 which form a source region and a

25  drain region and a channel formation region 3568 are formed in the region 3504.



[0248] Wth the above structure, the sem conductor device of the present

i nvention can enploy a structure in which transistors are forned on a
single crystal substrate and a thin-film secondary battery is forned
thereover. Thus, an extrenely thin and 20 smal | -si zed sem conductor device
can be manufactured in this enbodi merss nmode. [0249] Note that the’

manuf acturing method of the sem conductor device of this enbodinent node
can be applied to any of the sem conductor devices described in this
specification. That is, according to this enbodi ment node, a sem conductor
device 25 which can transnmit and receive information by détecting a

di fferenf@38kt ween a signal 99 line and a reference line in a signal

waveform so as to generate a dul at i '
gﬁgF?uLgalgn swéﬁﬁﬁl@?ﬁﬁﬁ§ﬁ@Qgﬁ%gfgﬁmgdgg6§%%Bg%ﬁaﬂ?§ﬁ&§%ggﬁg??%% factor
e manufacture 025 Fupt , e ' [
?ﬁ?l Sem)éﬂ]‘li ?@%4 é‘“‘% |t]ben§?te t‘ﬂ?c%% eécegsi‘lﬁgamriu??gié 0 eghg}]ﬁ%??gqggﬁh?gﬁfsn\éml "
(025 119“0%132ng',?3', %%ﬁ%ﬁ%ﬁ&&%ﬁ@ r%&&?%sﬁ%{d 4550 fiYRea e @ rdpgoriyBB04 act ur ed.
[0251] _ rmore, ta sentconduct or devi ce which can detect a
Sty pant ot Seh AR A e B e hased o 1 8¢
ce
SLans carloﬁ)fo]nanuf etured. . p |on ich are based on | SO | EC

S

The insulating film 3572 can be formed in a single layer or stacked layers of an
insulating film containing oxygen or mnitrogen such as silicon oxide (SiOy), silicon
pitride (SiNy), silicon oxynitride (SiOsNy where x >y > 0), or silicon nitride oxide

10 (SiN,O, where x > y > 0); a film containing carbon such as DLC (Diamond-Like
Carbon); or a film formed of an organic material such as epoxy, polyimide, polyamide,
polyvinyl phenol, benzocyclobutene, or acrylic, or a siloxane material such as a siloxane
resin by a CVD method, a sputtering method, or the like. i\Tote that a siloxane material
corresponds to a material having a bond of $i-0-Si. Siloxane has a skeleton structure

15 with the bond of silicon and oxygen. As a substituent, an organic group containing at
least hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used.
Alternatively, a fluoro group can be used as the substituent. Further alternatively, both
a ﬂuoro group and an organic group containing at least hydrogen may be used as the
substituent.

20 [0241]

The ﬁirings 3574 are formed in a single layer or stacked layers of an element
of aluminum, tungsten, titanium, tantalum, molybdenum, nickel, platimum, copper, gold,
silver, manganese, neodymium, carbon, or silicon, or an alloy material or a compound
material containing such an element as its main component by a CVD method, a

25  sputtering method, or the kike. An alloy material containing aluminum as is main



[ 0252] In the sem conductor device of the present invention, power
froma power supply is continuously supplied while a wireless signal is
received; therefore, the 15 sem conductor device can be operated stably.
Further, the sem conductor device can be wi relessly charged; therefore,
shortage of power for transmtting amd receiving individual information,
due to deterioration of a battery over tine, can be conpensated. [0253]
‘Further, a sem conductor device which can generate a denodul ati on signal by
20 detecting a difference between an output of a first bias circuit and an
out put of- a second bias circuit, generate a denodul ation signal stably even
with a sigamgonof cotresphndsoidy fertsxempleadtmiterial whiel pontaipy 4B YdURREE a signal
by reducing influence of noise can be manufactured. [025'445 5Nbr eover, in
the seni crosideompenedeandalsogpatpineniskd carap allox aerighigRet t‘“ﬁ’ﬁ‘}“&“m 100 power
supply is continuously supplied while ,a carrier wave o}) whi ch...nodul ati on
factor i saslicmpis qompehens and wlse capigiog nigkpleandaonecomeAtR £&PO é{# glicthn pe
operated stably. Further, the sem conductor device Cﬁg l]be.wifrgel essly

char ged; Threwitngs 8574 At bigfrmpd OWAYE # 512 s TS P recei’Vi ng
e oo P L8 160 0 90, U AL S, L o oo

manuf act uri ng nethod of a,_.sem ca or__devj i CRynd ieif f t from
that descHFHEYT wlﬁoﬁé&%b%v‘éﬂ’é‘ﬁb%ﬁi B iR o Rolenlolcbigd 110
refer encefiltn'?istaqgin%h%v}?oprge% of [tlgazn?u%, a nitride of titanium, molybdenum, or a nitride of

molybdenum. Aluminum and aluminum silicon are optimum materials of the wirings
3574 because they have low resistance and are inexpensive. When barrier Iéycrs are
10  provided as the top layer and the bottom layer of the conductive film 3413, generation
of hillocks of aluminum and aluminum silicon can be prevented. When a barrier film
formed of titanium which is an element having a high reducing property is formed, even
when there is a thin natural oxide film formed on the crystailine semiconductor film, the
natural oxide film can be reduced and thus the natural oxide film is removed, and a
15 favorablé contact between the wirings 3574 and the crystalline semiconductor film can
be obtained.
{0242} |
| Note that the structure of transistors which is applied to the present invention is
not limited to the structure illustrated in the drawing. For example, a transistor with an
20 inversely staggered structure, a FinFET structure, or the like can be used. A FinFET
structure is pfeferable because it can suppress a short channel effect which occurs along
with reduction in transistor size.
| [0243]
The semiconductor device of the present invention includes a battery capable

25  of storing power, which is supplied to the signal processing circuit. As the battery, a



First, an insulating filmis formed over a substrate 3600. Here, a single
crystal silicon substrate having n-type conductivity is used as the
substrate 3600, and insulating filns 3602 and 3604 are forned over the
substrate 3600 (see FIG 23A). For exanple, 15 a silicon oxide filmis
formed as the insulating film 3602 by7performance of heat treatnent to the
substrate 3600, and then a silicon nitride filmis fornmed over the
insulating film3602 by a CVD nethod. [0257] Any substrate can be used as
the substrate 3600 as long as it is a sem conductor 20 substrate, w thout
i mitation fg.then 5iliGBR ISR FHERIGic BRicHoKaDhk-filt scoghey wrgytal - silicon
substrate having n-type or p-type conductivity, a conpound sem conductor
substrat réfreﬁfély%@ﬂpllﬁ thi@ cFAOFnEHDBbAR aeconBiutibi Beisiths b ahsstonardaN
substratée, a SI'C substrate, a sapphire substrate, or a ZnSe substrate), an
silicon qppigisieadnabrybafdy isatbaivedt e fornmed by a bonding nethod or a
separation by 1 nplanted oxygen (SIMOX) 25 nethod, or the |like can be used.
101 [0258{b2,ﬁj]ternati vely, after the insulating film 3602 is forned, the
insulating film 3604 may be formed by nitridation of the insulating film
3602 by hi gh- den®ii¢ ympbdiment ibématiresdconddor battennis sthckefl Pyen Bei WHLEI | m

provi ded over the substrate 3600 may have a 5 single-layer, structure or a
stacked s3574cdotiicteditotthe erensistoroThe besgrdary bittppr s nsiucting Bhieh & of a
resist mask 3606 is selectively fornmed over the insulati ng %i I m 3604, and
sel ect i vecueieathioligeting finie filoy aeetaiics okgtrodradtive materigdayerA9hd ek so

that recessed portions 3608 are sel.ectivelg formed in the substrate 3600
(see FI G lap3B) positveFdlgctiode agiivernaeriad flaysn An &fcuﬂqﬁt'%ohlﬁgﬂgéplél 5b8and t he

insulating films 3602 and_3604 | a dry etchin an. be f d.
s%quéntia]ly stacked (see FIG. 22B).p Th%re ore, the mateglal o 15 wirlng P94 LRI

10  also has a function of the current-collecting thin film of the secondary battery should
have high adhesion to the negative elecirode active material layer and also low
resistance. In particular, aluminum, copper, nickel, vanadium, or the like is preferably
used.

[0245]

15 'Next, the structure of the thin-film secondary battery is described in detail. A
negative electrode active material layer 3591 is formed over the wiring 3574. In
general, vanadium oxide (V20s) or the like is nsed. Next, a solid electrolyte layer
35§2 is formed over the negative electrode active material layer 3591. In general,
Jithivm phosphate (LisPO4) or the like is used. Next, a positive electrode active

20  material layer 3593 is formed over the solid electrolyte layer 3592. In general, lithium
manganese o:;:ide (LiMn2Oy) or the like is used. Lithium cobalt oxide (LiCoO,) or
Tithium mickel oxide (LiNiO;) may also be used. Next, a current-collecting thin film

| 3594 to serve as an electrode is formed over the positive electrode active material layer
3593. The current-collecting thin film 3594 should have high adhesion to the positive

95  electrode active material layer 3593 and also low resistance. For example, aluminum,



[ 0260] Next, the patterns of the resist mask 3606 are renoved, and then an
i nsul ati ng film3610 is formed so as to fill the recessed portions 3608
formed in the substrate 3600 15 (see FIG 23C). [0261] The insulating film
3610 is formed of an insulating material such as silicon oxide, silicon
nitride, silicon oxynitride (Si O Ny, 99%here x >y > 0), or silicon nitride
oxide (Si N Oy, where x >y > 0) by a CVD nethod, a sputtering nethod, or
the like. 20 As the insulating film 3610, a silicon oxide filmis formed by
a TECS (tetraethyl orthosilicate) gas, using an atnospheric pressure CVD
met hod or a | ow pressure CVD nethod. [0262] 102 of the surface of the
subst r at exopfftickek yiradisirg enthe dikelcddeysek e forned between insulating fil nms
3611 which are fornmed in the recessed portions 3608 of the substrate 3600.
The insulf8246hg fil m 3610 forned over the surface of the substrate 3600 is
removed by grinding treatnent or polishing.trea nt .such so t hat
the 5 insul ati Hachf of g abeveithiy @Yggpgfq?e?fgg@fb‘g%céfgg%? e %Ei;grz%% ive

i nt roduct i f it I t i t] - ' i , -wel |
5615 15 1P hehe sl aBublots e 50 hecpos e R A R ERRH R YiB 3 P

0263 As i L1y..el t i I - fvity, b ,
02031 et e S e APREDT skt GO0 £, boron
into the Irn%gclii%gu, Gejiﬁicﬁgesg Qfe ea!::lgpa%rl i§ E{rcﬁelrﬁmﬁ?&ﬁ to 3 pm. -

[0247]

Next, a resin film is formed by a spin-coating method or the like. Then, the
resin film is etched to form a contact hole and an interlayer film 3596. The iﬁterlayer
10  film 3596 is not limited to a resin film, and other films such as an oxide film formed by
a CVD method may be used as well; however, a resin film is preferably used in terms of
flatness. Further, the contact hole can be formed without etching with the use of a
photosensitive resin.  Next, a wiring layer 3595 is formed over the interlayer film 3596
and connected to a wiring 3597. Thus, an electrical connection with the thin-film
15  secondary battery is secured.
[0248]
With the above structure, the semiconductor device of the present invention can
emiploy a structure in which transistors are formed on a single crystal substrate and a
thin-film secondary battery is formed thereover. Thus, an extremely thin and
90  small-sized semiconductor device can be manufactured in this embodiment mode.
[0249] |
Note that the manufacturing method of the semiconductor device of this
embodiment mode can be applied to any of the semiconductor devices described in this
specification. That is, according to this embodiment mode, a semticonductor device

95  which can transmit and receive information by detecting a difference between a signal



[ 0264] Further, in this enbodi nent node, although an inpurity el enent
is not introduced into the region 3612 because a sem conductor substrate
havi ng n-type 15 conductivity is used as the substrate 3600, an n-well my
be formed in the region 3612 by introduction of an inmpurity el enent
inparting n-type conductivity. As an9npurity elenent inparting n-type
conductivity, phosphorus, arsenic, or the like can be used. [0265] Wen a
sem conductor substrate having p-type conductivity is used, on the 20 ot her
hand, an inpurity elenent inparting n-type conductivity may be introduced
into the region 3612 to forman n-well, whereas the region,3613 y not be
doped wi t tineaamdi ampferdncsylied mrrevignal popdem so gFoEgaepatp 2 demddulitinn | e,
surfaces of the regions 3612 and 3613 provhﬂfd Ln fhf ﬁ% sté§&§w3600 are
oxi di zed g pagtate p dempdiationsyenal, sblynevep ain AcSigRg 5 PR I8 B 3634 can
be formed of silicon oxide filng. Alternatively, the insulating filns 3632
and 3634 fratpr 5 spall earche PYRREEHY stack of a silicon oxide filmand a film
containin&go%ggen and nitrogen (a silicon oxynitride filn) by the steps of
form ng al%38%% con oxide filmby a thermal oxidation method and then

nitriding the rface of. th ilicon oxjde fi i LGkt i eat nment .
[ 0268]5 10Furt hZFrL‘ng?rt %F?ﬂlﬁ%}ﬁ’ﬁ@,‘ dbyiee i hf’a fi?]ré&}'?%{%s S%?@aﬁg&%@ may be
formed by pl asima treat as . [ . . "l idsi con oxi de
£ m or ARy ofsae ‘ﬁﬂf’taﬁiiqgeerg“ g rlﬁ%@%]%&bgg%glgr Sr@c/?ﬁé%ﬁ%gs%%sul at ?”??éés#ailnl ms 3632
and 3634 ﬁgngé%%g&qynce of high-density plasma treatnment to the surfaces of

the regio dnd 3613 provided in the substrate 3600 so as to oxide or
nitride tﬂﬁsiﬁrfaces. Furthernore, after oxidation

Furthermore, a semiconductor device which can detect a signal as to a wireless
10  signal of which modulation factor is 10% and stably perform signal transmission and
reception which are based on ISO/IEC 15693 can be manufactured.
[0252]
In the semiconductor device of the present imvention, power from a power
supply is continuously supplied while a wireless signal is received; therefore, the
15 semiconductor device can be operated stably. Fusther, the semiconductor device can
be wirelessly charged; therefore, shortage of power for transmitting and receiving
individual information, due to deterioration of a battery over time, can be compensated.
[0253]
Further, a semiconductor device which can generate a demodulation signal by
20  detecting a difference between an output of a first bias circuit and an output of a second
bias circuit, generate a demodulation signal stably even with a signal of which
modulation factor is small, and demodulate a signal by reducing influence of noise can
- be manufactured.
[0254]

25 Moreover, in the semiconductor device of the present invention, power from a



15 treatnment is perforned on the surfaces of the regions 3612 and 3613 by
hi gh-density plasma, the surfaces may be nitrided by performance of

hi gh-density plasma again. In this case, silicon oxide films are forned so
as to be in contact with the surfaces of the regions 3612 and 3613, and
then silicon oxynitride filnms are fomwed on the silicon oxide filnms. Thus,
the insulating filnms 3632 and 3634 are each forned to have a stacked 20
structure of the siticon oxide filmand the silicon oxynitride film
Further, the surfaces of the regions 3612 and 3613 may be wdded or nitrided
by high-density plasma treatnment after silicon oxide fil are fornmed on

t he surf apeserbyppdy istentmiousx pubpticdwhites RyEer ‘{VWG’@]WI‘Q‘!}}‘FH%‘{‘? ﬁ?aé’fqrng filns
3632 and 3634 formed over the regions 3612 and 8613 of 4 &p% substrate
3600, r esisdof isedopived;ihrseforsntha serpisensiurtar dgvigei AR bF PrerAled Y o A8 Tor s whi ch
are conpleted later. [0270] Next, a conductive filn1i%%£orned sg.as to

cover t hetherssmicapduséprideyigs capbowifplgssly gipaeed; Hiemiors, hofge EFOUGE o he

regions 3612 and 3613 provided. in. the subsirate 360 r i y (see FIG
24C) . Her Hansmittiag apgresciyias RS ?meaﬁﬂn’c%ﬁ%g?tf"%/°ég¥°|“|°?}§%§@é§%%géﬁd 3638 are
sequentially stacked as the conductive film Needless to say, the

conduc®i vETE; $mPREYB@SH Y ned to have a single layer or a stacked structure

of three noje | aye 10[ 0271] As materials of the conductive
filns 363%53Wﬁ&§%§§¥“%%)elenent of tantalum tungsten, titanium

nnlybdenu&Psgluninunl copper, .chromum niobium or the like, or an alloy
mat eri al conpound material containing such an elenent as its nmain

conponent can b;%é lé%ﬁ-gple AL %agﬁ‘fal:t\ﬂﬁh% mefhodBral sefliddntit®or§ dekitt,Obhich ped by

nitridation of above el enents can be used. Besides, a sem conductor

material LuRl £k 8P ihaPAlstSsNShahd bife Sinftoamientaae Willlte dscibepwriili y el enent
such as phosphorus can be used. [0272] Here, a tantalumnitride film

is fonged gsehdifo arREMphive film 3636, and a tungsten filmis forned
t hereover as the conductive film3638. Alternatively, it is also 20

possi bl e T@x%Prn1the conductive film 3636 using a single |ayer or stacked
| ayers of "a tungsten nitride film a nolybdenumnitride film and a
titani um nitri deirdtj dnhdaleing Gimristihenaiavec subsigaté 360D 35688, usingly ceys®l ngl e
| ayer or stacked layers of a tungsten film a tantalumfilm a nol ybdenum
film and sicbh swbsiraterhivitgm-type conductivity is used as the substrate 3600, and insulating

films 3602 and 3604 are formed over the substrate 3600 (see FIG. 23A). For example,

15  a silicon oxide film is formed as the insulating film 3602 by performance of heat
treatment to the substrate 3600, and then a silicon niiride film is formed over the
insulating film 3602 by a CVD method.

[0257]

Any substrate can be uscd as the substrate 3600 as long 28 it is a semiconductor

20  substrate, without limitation to the silicon substrate. For example, a single "crystal
silicon substfatc having n-iype or p-type conductivity, a compound semiconductor
substrate (for example, a GaAs subsirate, an InP substrate, a GaN substrate, a SiC

| substrate, a sapphire substrate, or a ZnSe substrate), an silicon on insulator (SOI)
substrate formed by a bonding method or a separation by implanted oxygen (SIMOX)

25 method, or the like can be used.



[0273] 25Next, the stacked conductive filnms 3636 and 3638 are selectively
renoved by 105 etching, so that the conductive filns 3636 and 3638 remain
above part of the regions 3612 and 3613 of the substrate 3600. Thus,
conductive filnms 3640 and 3642 which function as gate el ectrodes are forned
(see FIG 25A). Here, surfaces of theewregions 3612 and 3613 of the
substrate 2600 whi ch does not overlap with the conductive filnms 5 3640 and
3642, respectively, are exposed. [0274] Specifically, in-the region 3612 of
the substrate 3600, part of the insulating film 3632 formed bel ow t he
conductive fihn 3640, which does not overlap with the conductive film 3640,
is selectiledly renoved, so that the ends of the conductive film 10 3640 and

the ends of the insulating film 3632 are alnopst aljgped with e other. In
addition, in tuﬁﬁm@@wémz@%&@b@ﬁﬂkﬁ@g&H%é?@%%@”%@@d? S u%%gk%ﬁﬁﬁnsulating

film 3634 fornmed bel ow the conductive fil 6 i.ch do not . .gverlap with
the conduiey s formed bpmitridationsef Eey 1“\7‘5?@%%’%)?’582 \Mgohlgﬁg ns tﬁé’ lagﬁlgs of the
conductive film 3642 and the ends_of the |nsul.ati i al nost

al i gned wiredsmenic hNgierst the msylgmgsiim WOY’ﬁT‘ oL L% Sup f%‘—‘eagp{’éérato%g%%%é%i nsul ati ng

films or the |like which do not, overlapg .w th ’ ductive filnms 3640 and
3642 nRy ﬁ%g$éﬁﬁﬁﬂﬂmﬁ?e?HE“%%%E£?$ 3 émF%gu%&%I tﬁ%n of the conductive

filns 3648P$ 3642. Alternatively, the part of the insulating filpms which
do not ov with the conductive filnms 3640 and 3642 may be 20 renoved

1 e 3640 and k2 B e S e A o R L e acks. [ 0276]
film 3604, and selective etching is performed using the resist mask 3606 as a mask, so
that recessed portions 3608 are selectively formed in the substrate 3600 (seec FIG. 23B).
10 For the etching of part of the substrate 3600 and the insulating fitms 3602 and 3604,
plasma dry etching can be performed.
[0260]

Next, the patterns of the resist mask 3606 are removed, and then an insulating

film 3610 is formed so as to fill the recessed portions 3608 formed in the substrate 3600

15 (see FIG. 23C).

[0261]

The insulating film 3610 is formed of an insulating material such as silicon
oxi&e, silicon niiride,‘ silicon oxynitride (SiO.N,, where x > y > 0), or silicon nitride
oxide (SiN,Oy, where x > y > 0) by 2 CVD method, a sputiering method, or the like.

20  As the insulating film 3610, a silicon oxide film is formed by a TEOS (tetraethyl
orthosilicate) gas, using an atmospheric pressure CVD method or a low-pressure CVD
method.

' [0262]
Next, the surface of the substrate 3600 is exposed by grinding treatment or

25  polishing treatment such as chemical mechanical polishing (CMP). Here, by exposure



Then, an inpurity elenment is selectively introduced into the regions 3612
and 3613 of the substrate 3600 (see FIG 25B). Here, an inpurity

el enent inparting n-type 25conductivity is selectively introduced into the
region 3613, using the conductive film 106 3642 as a mask, whereas an
inpurity elenment inparting p-type comtuctivity is selectively introduced
into the region 3612, using the conductive film 3640 as a nask. As an
inmpurity elenment inparting n-type conductivity, phosphorus, arsenic, or the
| i ke can be used. As an inpurity elenent inparting p-type conductivity,
boron, alumnum 5 gallium or the |like can be used. [0277& Next ,

si dewal | so36B4suniacec hi Hreesibsiraio HEAGL regionh 36k a8d 613 grs frwed Setyerp
conductive films 3640 and 3642 are forned. Specifica%@%,.%he sjdewal | s are
formed i ninsulatingdfileis| 36y bmhish ase Eumed i Hyapcesse PATHORF RPSon: te ﬁ‘i“’rﬁtjasn
inorganic material such as silicon, 10 an oxide onfﬁjliggpt 2 a_nitride of
silicon, 8600a The mselsiemitimmiplanoBrghave haswiscs ofsfie Fubeal 3008 ni ¢ resin.

Then, h ' | at | filmi L ectivel tched b i [ t chi
i 1 e By pE TSR, B PO SoHaR THE %1 HMIAIT S 608 can be
f d to he i tagt wih_t ' f ti

{11 e BoaeaAtniabis Setiom, Gl o Sopeaans BLertals MekRiaaEAL 10

f ' l{ght]y di dr ai LDD) 15 i R ' || s 3654
are | of motHRis S EepEH apbRng prtpe ool FE GRSl LS RObmped R R BN B

filmns forggg(&g%éﬁ%éggﬁﬁﬁgﬂgg%h¥245%Ins 3640 and 3642. [0278] Subsequently,
€ Intro [

an i npuri uce to the regions 3612 and 3613 of  the
substrate(ﬁﬁgg, using the sidewalls 3654 and the conductive filns 3640 and
20 3642 ag ks, so that inpurity regions which each function as a source

region or a draid . el QfnAERmkRr TSR -tfheCcorElivity 0bfn, alunimmy i ty

el enment inparting n-type“conductivity 1S 1ntroduced into the region 3613 of
the syBst LajiEm380H: 1ik5¢0%e B, Here, boron is introduced into the region 3613 as the

impurity element.
[0264]
Further, in this embodiment mode, although an impurity element is not
introduced into the region 3612 because a semiconductor substrate having n-type
15  conductivity is used as the substrate 3600, an n-well may be formed in the region 3612
by introduction of an impurity element imparting n-type conductivity. As an impurity
element imparting n-type conductivity, phosphorus, arsenic, or the like can be used.
[0265}
When a semiconductor substrate having p-type conductivity is used, on the
20  other hand, an impurity element imparting n-type conductivity may be introduced into
the region 3612 to form an n-well, whereas the region 3613 may not be doped with an
impurity element.

[0266]

Next, insulating films 3632 and 3634 are formed over the surfaces of the

95  regions 3612 and 3613 in the substrate 3600, respectively (see FIG. 24B).



sidewal I s 3654 and the conductive film 3642 as nasks, at higher
concentration than the concentrations in LDD regions. Wiereas, an inpurity
el enent inparting p-type 25 conductivity is introduced into the region 3612
of the substrate 3600, using the 107 sidewalls 3654 and the conductive
film 3640 as masks, at hi gher concentgati on than the concentrations in LDD
regions. [0279] As a result, inpurity regions 3658 which each forma source
region or a drain 5 region, |owconcentration inpurity regions 3660 which
form LDD regions, and a channel formation region 3656 are fornmed in the
region 3612 of the substrate 3600. Wereas, inpurity regions 3664 which
forma so@e6d region or a drain region, |owconcentration inpurity regions

3666 which form LDD regions, and a channel formation reghgn 66% are formed
in the regi on Foisxaofple, erfasapef tharesigsdie12 tad potiserpvided '%S\ﬁ% 8i nent

nmode, the inpurity elenments are introduced under t oqg' ﬁpn %hat parts
of the redifrse Gadizedbitihaabreptient; Hethaibe ’E‘}S&‘P@%%]@ﬁhe\%ﬁ?% é@ B Sver | ap
For mat | onforeel oheleessi e ansceA RIERSHE BT e TESTonET012. and
el 1 -ob | gRo@sReiRrRR I Stk e ScoipRcoTreirt it S Hmotuki BB s e o
nitrogen (a silicon oxynitride film) by the steps of forming 2 silicon oxide film by a .
thermal oxidation method and then nitriding the surface of the silicon oxide film by
nitridation treatment.
[0268]
10 Further alternatively, the insulating films 3632 and 3634 may be formed by
plasma treatment as described above. For example, a silicon oxide film or a silicon
nitride film can be formed as the insulating films 3632 and 3634 by performance of
high-density plasma treatment to the surfaces of the regions 3612 and 3613 provided in
the substrate 3600 so as to oxide or nitride the surfaces. Furthermore, after oxidation
15 treatment is performed on the surfaces of the regions 3612 and 3613 by high-density
plasma, the surfaces may be nitrided by performance of high-density plasma again. In
this case, silicon oxide films are formed 50 as to be in contact with the surfaces of the
regions 3612 and 3613, and then silicon oxynitride films are formed on the silicon oxide
fihms. Thus, the insulating films 3632 and 3634 are each formed to have 2 stacked
90  structure of the silicon oxide film and the silicon oxynitride film. Further, the surfaces
:;rf the regioﬂs 3612 and 3613 may be oxided or nitrided by high-density plasma
treatment after silicon oxide films are formed on the surfaces by a thermal oxidation
method.
[0269]
25 The insulating films 3632 and 3634 formed over the regions 3612 and 3613 of



Next, an insulating filmis formed so as to cover the insulating filns, the
conductive filnms, and the |ike which are provi ded over the regions 3612 and
3613 of the 20 substrate 3600, and insulating filns 3677 are formed by
formati on of openings 3678 in the insulating film(see FIG 26A). [0282]
The insulating filnms 3677 can be form®d in a single |ayer' or stacked | ayers
of an insulating filmcontaining oxygen or nitrogen such as silicon oxide
(Si0.), silicon 25 nitride (SiNO silicon oxynitride (SiO'Ny where x >y >
0), or silicon nitride oxide 108 (SiN.Oy where x >y > 0); a film

contai ni ng carbon such as DLC (D anond-Li ke Carban); Pr a.filmfornmed of an
or gani ¢ ntteeubsitatesIAON, reapesiiealy funsdioy japicate nswltipg films © H"E’J‘f‘wrﬁwhl%henol ,
benzocycl obutene, or acrylic, or a siloxane material such as a sil oxane
resin by arecybpletsddder. a sputtering nethod, or the like. Note that a

sil oxane material 5 corresponds to a material having a bond of Si-OSi.

Si | oxane H¥J0h skel eton structure with the bond of silicon and oxygen. As a

an ol kyl gr oup Breck cheddtie i SORiRRO % § ooradE Ry s 35 fla DECP S
ro ; the substit . i il

or oup Sna38% BRghaR oG e Bh s ap Ld 23 e T e Wby R0 8 e
10substi tuent .. [0283 ' i-yey i Sorpmd in th
opent ngs. SAPEEHY TRATIC A Foq Tt el X' Syl LR RoRb B ORIR o

3p82d are 5% 5 AR ofe LORGRANPBLIANG dhoslAbivadul, | eedf fo sy R |0 De

electrica connected 't e’ conductive filns 1.15 3680 (see FI'G 26B).
[0284] The CARBAHCHGaf be FRmaPRADY st 1BRAGHE biavRdlotrk e B6e bo 3682
are formed 1n a single layer or stacked | ayers of an el enent of alum num
tungsten, tddaQigm tantalum nol ybdenum nickel, platinum copper, gold,
silver, manganése, neodym um

10 [0271]

As raaterials of the conductive films 3636 and 3638, an element of tantalum,
tungsten, titanium, molybdenum, aluminum, copper, chromivm, niobium, or the like, or
an alloy material or a compound material containing such an element as its main
component can be used. Alternatively, a metal nitride film obtained by nitridation of

15 the above clements can be used. Besides, a semiconductor material typified by
polycrystalline silicon doped with an impurity element such as phosphorus can be used.
[0272]

— Here, a tantalum nitride film is formed as the conductive film 3636, and a
tungsten film is formed thereover as the conductive film 3638. Alternatively, it is also

20  possible to form the conductive film 3636 using a single layer or stacked layers of a
tungsten nitricﬁe film, 2 molybdenum nitride film, and a titanium nitride film and form
the conductive film 3638 using a single layer or stacked layers of a tungsten film, a
tantalum film, a molybdenum film, and a titanium film.

[0273]

25 Next, the stacked conductive films 3636 and 3638 are selectively removed by



20 carbon, or silicon, or an alloy material or a conpound materi al

contai ning such an elenent as its main conponent by a CVD nethod, a
sputtering nmethod, or the like. An alloy material containing alumnum as
its mai n conponent corresponds to, for exanple, a material which contains
alum num as its main conponent and ak®&so contains nickel, or an alloy

mat eri al which contains alumnumas its main conponent and al so contai ns 25
ni ckel and one or both carbon and silicon. The conductive filns 3680 and
the 109 conductive filns 3682a to 3682d nay be fornmed to have a stacked
structure of a barrier film an alumnumsilicon, fil her filmor
a st ackeetchihg, ot thatahotondugsive Hams BEBGrnch 3038 e AP '{’Talﬁcgfrﬁ*a ?? @Asa titani um

nitride film and a barrier film Note that .thg b r ilgﬁ' -:a thin film
formed o861 4ralrdifof ahansubstrate 36H0- ¢ HBHiCORTUCHE %‘bsg%ét}rsﬁmgr%a g‘g’h‘?‘tri de of

mol ybdenum Al umi num and al umi num silicop.are ppti kirgdignc0f the
conduct i fumcfidd aB2R6 SOCEANES ?‘ﬁéo’é’%ﬁﬁ‘oéiet e%‘%‘ nﬁ%ﬁ%@%@&r beScause t hey
have | ow resi stance and are i nsi ye, n L 8l bANREiS: A Provi ded
as the tapla agﬁe?ﬁléﬁétheﬁéb%@fet%ﬁﬁ%%‘r%g? “‘%/t\ﬁ’g’e% nd{ﬁfé?{eve T11'm 3680,

generation of hillocks of alum num and alum num silicon can be prevented.
When & bap4Q & FFEFPPErHvEd: B SR%P4ni um which 10 is an el ement having a high

reduci ng [;J)roierty is formed, even when there is-a thin natural oxide film
formed of94H crystalline sem conductor film the natural oxide filmcan be

reduced and thys the natural .oxi F ink Qudstrate 8000, 9ekt offhe iukbdvpfilabl e cont act
bet ween t he cog%i,fﬁg%“flﬁfi?résg‘% 'gnd thg gonduc?i ve filns 3682a to 3682d

and the giystallisn InG OGN i BEagnviaen dotainoedvertdpr with tthe
conduct i égfl'?lt?" edSEfgg‘%amrlll 6165 thle conductive filns 3682a to 3682d can be

formed by _sel ks i Beiobiviiynaatea, fythat ByBnieohthe cofdrEw] film ,
Thr ough t lelguacgg%/gﬂﬁgtagps’, a p-ghgnnel transistor forned in the region 3612

of 1N Susbnad Fre G000 1aRlaRng KBABES2 treahsoss nhgneflovitherhch qthehe Regi on 3613
of the substrate 20 3600 can be obtained. [0286] Note that the structure of
transi st Qugiishi fink Se@eRBEES of thet ubstpte 8600, partvaithe drpulaging film 3634

formed below the conductive film 3642, which do not overlap with the conductive film

3642, is selectively removed, so that the ends of the conductive film 3642 and the ends

of the insulating film 3634 are almost aligned with each other.

15 . [0275]
In this case, the part of the insulating films or the like which do not overlap

with the conductive films 3640 and 3642 may be removed at the same time as the
formation of the conductive films 3640 and 3642. Alternatively, the part of the
insulating films which do not overlap with the conductive films 3640 and 3642 may be
20 - removed using resist masks which are left after the formation of the conductive films
3640 and 364.-2 or the conductive films 3640 and 3642 as masks.
[0276]
| Then, an impurity element is selectively introduced into the regions 3612 and
3613 of the substrate 3600 (see FIG. 25B). Here, an impurity element imparting n-type

25  conductivity is selectively introduced into the region 3613, using the conductive film



not limted to the structure illustrated in the drawi ng. For exanple, a
transistor with an inversely staggered structure, a Fi nFET structure, or
the |like can be used. A FinFET 25 structure is preferable because it can
suppress a short channel effect which occurs along 110 with reduction in
transi stor size. [0287] The semisconduct or device of the present

i nvention includes a battery capable of storing power, which is supplied to
the signal processing circuit. As the battery, a 5 capacitor such as a
doubl e-l ayer électrolytic capacitor or a thin-film secondary battery is
preferably used. In this enbodi nent node, a connection be en a transistor
and a . t36HA-4si hmaskc ovidemay dvaimmiy jclempat dnpHEae 4PN ‘\f,&f"rtﬂ’ 3% enbodi nent
nmode, the secondary battery is stacked over th QonﬁgggiX 10 fi.l m 3682d
connecte$dbdﬁmhemﬁbénﬁﬁ§ﬂ@ﬂm1¥ﬁ@“§@%@ﬁﬂﬁ$9m539$ e g(i?%%g?ﬂ?e in which

a current-collecting thin film a negative. el ectrode activ rial |ayer,
a solid ehven mpuiteelpmgn imparting aityne ondyatixity. (?ggspég’?lf’\féseﬁ%t grr tlrﬁg}lﬁf' ayer, and

a current-collecting thin filmare sequentially.s S 26B) .
Ther ef or ecanppasqdnt ésiaalnnB‘F“WﬁngBtﬁHWé%“g@y?q ?%‘%‘é%@ﬁﬁ%ﬁf"g’hﬁg @g as a
function of the current-collgcting thin filmof the secondary 15 battery
shoul & ha&Adivs, §r thedHe AP 1569t he negative el ectrode active material |ayer

and al so dggﬁ resistance. In particular, alumnum copper, nickel, vanadium
or the Ii Is preferably used. [0289] Next, the structure of the thin-film

mat or i al 1 ayer Sesb HSREE R okl AR B lonh DT B gg orone Active

conductive films 3640 and 3642 are formed. Specifically, the sidewalls are formed in

a single layer or stacked layers of a film containing an inorganic material such as silicon,

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

as an organic resin. Then, such an insulating film is selectively etched by anisotropic

etching mainly in the perpendicular direction, so that the sidewalls 3654 can be formed

so as to be in contact with the side surfaces of the conductive films 3640 and 3642.

The sidewalls 2654 are used as masks in doping for forming lightly diode drain (LDD)

15 rcgions.. Further, the sidewalls 3654 are formed so as to be in contact with side
surfaces of the insulating films formed below the conductive films 3640 and 3642.

[0278]

| Subseqﬁently, an impurity element is introduced into the regions 3612 and

3613 of the substrate 3600, using the sidewalls 3654 and the conductive films 3640 and

20 3642 as masks, so that impurity regions which each function as a source region Or a

drain region ére formed (see FIG. 25C). Here, an impurity element imparting n-type

conductivity is introduced into the region 3613 of the substrate 3600, using the

| sidewalls 3654 and the conductive film 3642 as masks, at higher concentration than the

concentrations in LDD regions. Whereas, an impurity element imparting p-type

25 conductivity is introduced into the region- 3612 of the substrate 3600, using the



I n general, vanadi um oxide (V205) or the like is used. Next, a solid
electrolyte layer 3692 is forned over the negative el ectrode active

material |ayer 3691. In general, |ithium phosphate (Li3PO4) or the like is
used. Next, a positive electrode active material |ayer. 3693 is forned over
the solid electrolyte |ayer 3692. Inigeneral, |ithium 25 nmanganese oxi de

(Li Mh204) or the like is used. Lithiumcobalt oxide (Li Co02) or 111
l'i thium nickel oxide (LiN02) may al so be used. Next, a current-collecting
thin film3694 to serve as an electrode is formed over the positive

el et 100 BRI RS TAEI: Bhnd U 3030 T hesayiviagter colcbmationgiay Mhen fil m 3694

shoul d h§ to the positive el ectrode active material |ayer

3693 and al a5y tamaR: For exanple, alumnum 5 copper, nickel,
vanadiunfm%$£#+éy§%ke can be used. [0290] Each of the above thin | ayers of

t he negatgy@ el’'ectrode active material |ayer 3691, the solid electrol yte
| ayer 3655 , !he positive electrode active material |ayer 3693, and the
current - col | eChk RQeduli] Muphtitynegofst3658ywitieh éavh fierth b§OULERUCEIER ChE dgpin
evaporation. 10 In addition, the thickness of each |ayer is preferably 0.1
to 3 pm rkgaﬁlﬂawb@as&antraﬁmeahpmﬁy Iragivrs B@0mwlichyfosm JHPR- &8RS A9ndt hod  or
the like. Then, the resin filmis etched to forma contact hoggqgand an
i Nt er | ayedhakdel FOrR6G rehiva 3G56and Sywmed fin the 135108 3042 Abthe FRFHAYYY- & resin
film and other filns such as an oxide filmformed by . .

Whereas, impurity regions 3664 which form a source region Or a drain regiom,

Jow-concentration impurity regions 3666 which form LDD regions, and a channel
formation region 3662 are formed in the region 3613 of the substrate 3600. .
10 [0280]

In this embodiment mode, the impurity elements ate introduced under the
condition that parts of the regions 3612 and 3613 of the substrate 3600 which do not
overlap with the conductive films 3640 and 3642 are exposed. Thus, the chanmel
formation regiﬁns 3656 and 3662 which are formed in the regions 3612 and 3613 of the

15  substrate 3600, respectively, can be formed in a sellf-aligncd manner with the conductive
fitms 3640 and 3642.
[0281]
| Next, an insulating film is formed so as to cover the insulating films, the
conductive films, and the like which are provided over the regions 3612 and 3613 of the
20  substrate 3600, and insulating films 3677 are formed by formation of openings 3678 in
the insulating-film (see FIG. 26A).

[0282]

The insulating films 3677 can be formed in a single layer or stacked layers of
an insulating film containing oxygen or nitrogen such as silicon oxide (Si0y), silicon

95 nitride (SiNy), silicon oxynitride (SiONy where x >y > 0), or silicon nitride oxide



15 a CVD nethod may be used as well; however, a resin filmis preferably
used in ternms of flatness. Further, the contact hole can be fornmed w thout
etching with the use of a photosensitive resin. Next, a wiring | ayer 3695
is formed over the interlayer film 3696 and connected to a wiring 3697.
Thus, an electrical connection with td8e thin-filmsecondary battery is
secured. 20[0292] Wth the above structure, the sem conductor device of the
present invention can enploy a structure in which transistors are forned on
a single crystal substrate and a thin-film secondary battery is forned

t hereover. Thus, an extrenely thin and small -sized £ 1 canduct devi ce can
be manuf g8MNOgdvtiere & § = MxoalifieneoniniiRg carh@@Sl{@z@sﬁ% ﬁo HJPW%&’fﬂ[‘%e

manuf acturi ng nethod of the sem conductor device of %hi% e'n‘gyodi.ﬁrent node
can be appirba; ¢ra filmyfouhed pfcancBgamORAEEL SRC APOEYS PRIERIEPHEY ™ hi s
specification. That is, according to this enbodi m::tnti I%’chesaas'lﬁ e, conduct or
devi ce 5 polyvity! phanol, pearesrclobykae. 08 Ay G OF AFIPAER PER B At Thy” a

wavef orm
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Alternatively, a fluoro group can be used as the substituent. Further alternatively, both

a fluoro group and an organic group containing at least hydrogen may be used as the

10  substituent.

[6283]
Next, conductive films 3680 are formed in the openings 3678 by a CVD

method or the like. Then, conductive films 3682a to 3682d are selectively formed
over the insulating films 3677 so as to be electrically connected to the conductive films
15 3680 (see FIG. 26B).

[0284]
The conductive films 3680 and the conductive films 3682a to 3682d are

.fon;ned ina singfe layer or stacked layers of an element of aluminum, tungsten, titanium,
tantalum, molybdenum, nickel, platinum, coppez, gold, silver, manganese, neodymium,

90  carbon, or silicon, or an alloy material or a compound material containing such an
element as its.main component by a CVD method, a sputtering method, or the like. An

alloy material containing aluminum as ifs main component corresponds to, for example,

- a material which contains aluminum as its main component and also contains nickel, or

an alloy material which contains aluminum as its main component and also contains

95 nickel and one or both carbon and silicon. The conductive films 3680 and the



15 signal of which nodulation factor is 10% and stably perform signal
transm ssion and reception which axe based on |1SO | EC 15693 can be

manuf actured. [0296] In the sem conductor device of the present invention,
power froma power supply is continuously supplied while a wireless signal
IS received; therefore, the 20 sem corrduct or. devi ce can be operated stably.
Further, the sem conductor device can be wirelessly charged; therefore,
shortage of power for transmtting and receiving individual information,
due to deterioration of a battery over tine, can be conpensated. [0297]
113 bias circuit, generate a denodul atign signal stably even with a signal
of whi ch emodedtive ifbms $682¢ & 3683d seg be foraRd t%ﬂ‘ﬁ&d‘fﬂéffé*a Séi‘“é‘i“b%‘%a B educi ng

i nfl uence of noi se can_be manufact ur.ed,

seni condullms an glupiruse-gificqnydm, ardabarrier %gég%hﬁgg&@§8¥§gﬁP%%BéaﬁP supply is
T0% i & 1 cE MBI AU .2 CHEECNFISNE C0p i ST, ol BB cq 'S
Cher of or cPRFiGRLc bR BBUEnof (PaRnt ST e ARSR RO I o
B

the conductive films 3680 and the conductive films 3682a to 3682d because they have .

low resistance and are inexpensive. When bartier layers are provided as the top layer
and the bottom layer of the conductive film 3680, generation of hillocks of aluminum
and aluminum silicon can be prevented. When a barrier film formed of titanium which
10 is an element having a high reducing property is formed, even when there is a thin
natural oxide film formed on the crystalline semiconductor film, the natural oxide film
can be reduced and thus the npatural oxide film is removed, and a favorable contact
between the conductive films 3680 and the conductive films 3682a to 3682d and the
crystalline semiconductor film can be obtained. Here, the conductive films 3680 and
15 the condﬁctivc films 3682a to 3682d can be formed by selective growth of tungsten by a
CVD method.
[0285]
| Through the above steps, a p-channel transistor formed in the region 3612 of
the substrate 3600 and an n-channel transistor formed in the region 3613 of the substrate
20 3600 can be obtained.
0286]
Note that the structure of transistors which is applied to the present invention is
not mited to the structure illustrated in the drawing. For example, a transistor with an
inversely staggered structure, a FinFET structure, or the like can be used. A FinFET

25  structure is preferable because it can suppress a short channel effect which occurs along



A sem conductor device 2000 to which the present invention is applied can
be used for a variety of itens and systens by utilizing a function capable
of transmtting 15 and receiving an el ectromagnetic wave. As the itens, for
exanple, the followi ng are given: keys (see FI.G 13A), paper noney, coOins,
securities, bearer bonds, certificaté® (such as a driver's license or a
resident's card, see FIG 13B), books, containers (such as a Petri dish,
see FIG 13C), packaging containers (such as wrapping paper or bottles, see
FI GS. 13E and 13F), recording nmedia (such as a disk or video tape),

vehi cl es (such as a 20 hicycle), personal accessories (such as shoes or
eyegl asse¥! §%@C¥ﬂﬂﬁﬂﬁﬁgﬁt‘“$@od clothing, living ware, electronic
applianceﬁggsuch as a liquid crystal display device, an EL di splay devi ce,
a tel evi s[Bf’Hevice, or a portable termnal), and the like. The

sem conduct or vi ce.of ,the prese |nventJon [ to itens
: eosreﬁjécogﬁltcﬁor V]tCﬁ 82 (ghe resent tloﬁ gﬁj a % tt%? a%ﬂ:

of a variety of ove elng enbedded on
T el 8 L5\ bt MO BET,
5 capacitor such as a double-layer electrolytic capacitor or a thin-film secondary battery is
preferably used. In this embodiment mode, a connection between a transistor and a .
thin-film secondary battery is described.
[0288]
In this embodiment mode, the secondary battery is stacked over the conductive
10 film 3682& connected to the transistor. The secondary battery has a structure in which
4 current-collecting thin film, a negative electrode active material layer, 2 solid
electrolyte layer, a positive electrode active material layer, and a current-collecting thin
film are sequentially stacked (see FIG. 26B). Therefore, the material of the conductive
film 3682d which also has a function of the current-collecting thin film of the secondary
15  battery should have high adhesion to the negative electrode active material layer and
also low resistance. In particular, aluminum, copper, nickel, vanadium, or the tike is
preferably used.
[0239]
Next, the structure of the thin-film secondary battery is described in detail. A
20  megative electrode active material layer 3691 is formed over the conductive film 3682d.
In general, vanadivm oxide (V20s) or the like is used. Next, a solid electrolyte layer
3692 is formed over the megative electrode active material layer 3691. In general,
lithium phosphate (LisPOs) or the like is used. Next, a positive electrode active
material layer 3693 is formed over the solid electrolyte layer 3692. In general, lithium

25 manganese oxide (LiMnyO4) or the like is used. Lithium cobalt oxide (LiCoOs) or



[ 0300] Wth the use of the sem conductor device of
_ _ _ t he present
invention, the sem conductor device can be operated while bei er])g supplied
with power froma power 5 supply continuously through wireless
comuni cation. In addition, noise of a carrier wave can be reduced. [0301]
Moreover, with the use of the sem comductor device of the present
invention, power froma power supply is continuously supplied while a
carrier wave of which 10 nodulation factor is 10%is received. In addition
??LZF of _Lg_e cgrr! eL wave can be reduced. This enbodi mrent node can be ’
y comhi ne t h. ot her. enbodi t d [LEnRQei ¢ 15A
‘g’gmﬁ{fﬁu%nfq m.ldﬁ,ﬁglﬁgoé?gg&%%sgﬁi 0e drq%g%iace cgﬂbable%dn§¥tﬁ\§mqggl ess
nto ic ' L. | lad ' I
oper eg%a#%o e 4R AL PR B g e e e |
con r gevic ey i L Mugeiod td
lé%%%r ’lgué \ﬁuggnt-]cgﬁ)ecgﬁ% ﬁ{)u? Begl 39y REhRdaPeRED oil td the ps€dtiveas t he

sem cond € capa W reless communi cation. In each portion in

t he denod Ig,&& ool . i i Cs L . . :
: C 104 Salia198Re AT fHA Ado'16Wirksisténce0 Fuaeedmyple) ahsnioih d
an oscil Iegescoﬁe. R0 an%g:nal og buffer circuit, one illﬁﬂljﬁ]st r at eda: EeFI UGSI "

10A 1 g usg er,[ngé’kgélzanadium, or théliRAEAMRIed. Of each el ement in the
sem conductor’ device used in this embodinent is as follows. In the first
derodul at[bm circuit 154, the first capacitor 602 25is at 10 i

6 : _ ( pF; the second
capacitor 610, 2 pF; the third capacitor 614, 1 pF;, the first 115 resistor
608, 200 kg2; ppch éf@e SBE@MIiN Rgérs bb thebik@ativiOdedtgde petiverTaateal dygT
dempdul ation circuit 156, the first a capacitor 622 is at 10 pF - t he second
capaci t or3g68Ghe olidfelecaoiytct lnger 13692, dhecrsdive elsetr@igpctive ’ﬁFini‘flﬂaWﬁgﬁqg’ rst bias
circuit 158, the capacitor 802A is at 500 pF; the first resistor 804A, 300
kg; and tda@ meaonrdt-caliiteohingiien36940ay keforpmed by sputtering or evaporation. ’

100 Im addition; the thickness of each layer is preferably 0.1 to 3 pm.

[0291]

Next, a resin film is formed by 2 spin-coating method or the like. Then, the
resin film is etched to form a contact hole and an interlayer film 3696. The interlayer
film 3696 is not limited to a resin film, and other films such as an oxide film formed by

15 a CVD method may be used as well; however, a resin film is preferably used in terms of
flatness. Further, the contact hole can be formed without etching with the use of 2
photosensitive resin. Next, 2 wiring layer 3695 is formed over the interlayer film 3696

and connected to a wiring 3697. Thus, an clectrical connection with the thin-film

secondary battery is secured.

20  [0292]

With the above structure, the semiconductor device of the present invention can
cmploy a structure in which transistors are formed on a single crystal substrate and a
thin-film secondary battery is formed thereover. Thus, an extremely thin and

small-sized semiconductor device can be manufactured in this embodiment mode.



5 the second bias circuit 160, the capacitor 802B is at 500 pF;, the first
resi stor 804B, 300 Icg2; and the second resistor 806B, 400 |Ica Resistance
of a resistor included in the , constant current circuit 1003 is at 100 ka
[0304] FIGS. 27A and 27B illustrate a waveform 1400 inputted into the input
portion 10 152 and a waveform 1401 ougputted fromthe output porti-on 166 of
t he denodul ati on signal generation circuit, respectively. Wen the waveform
1400 is inputted into the input portion 152, the waveform 1401 was
outputted fromthe output portion 166. Note that FIG 27B is an enl arged
view of a region 1402 in FIG 27A. [0305] 15FIGS. 28A and 28B illustrate
wavef or ns[0dftich are detected fromthe first input portion 900A and the

second i nput portion 900B of the conparator, 162 when .th v .m 1400 is
inputted into &Npie thepdke ﬁ&“?ﬁa%flﬁ%?‘%dd’toﬁﬁ?ﬁ?@ﬂ@ ok %‘yi%’ \%g\?ﬁel orm 1403

which is detected f the first i i . El BB 4| d:ust rat
el or m ERAIE BRI S WEVEHIOAPD R P BoBEIRNE RSUT ST e t0E. 20
0306] When ¢t he, form 1403 s i t i_nt W ' ti 900A
and Che. vERFERGHIRLAGIF 1% ook Su TR b Pz Aokt crlhaid ey "

f 140 detect.ed f ; [ i t
Toz. 71 G WA FETHapEa el Hiayaish s LB R T ot e

t he wavef prns ,14Q .1404 f. h SR benkifie Reko¥@hiion S¥QN I he
wavef or ms 14 ‘%ﬁ%m%ﬁgl aggi% ﬁ%é@% mn?i thgﬁn116 wavef orm 1406

|| ustrat ggh |0eRG) 20Rnadtathl {61 RG6LOBINAR bNakRuehaim hélland he

wavef orm can tal ned Through the conparator162; thus, such a

si gnal haﬁkﬁ?gQﬁQﬁcgp&gﬁmﬁ§mﬁm@¢waveforn11406 can be obtained. Further, by
conpari son of the waveform 1403 and the waveform 1404, it is apparent from
FIG 29B @9k noise of a

10 Further, a semiconductor device which can demodulate a signal by canceling
noise of each line and reducing influence of noise which results from a carrier wave can
be manufactured.

[0295]

Furthermore, a semiconductor device which can detect a signal as to a wireless
15  signal of which modulation factor is 10% and stably perform signal transmission and
reception which are based on ISO/IEC 15693 can be manufactured.
[0296]
| In the semiconductor device of the present invention, power from a power
supply is continuously supplied while a wircless signal is received; therefore, the
20  semiconductor device can be operated stably. Fusther, the semiconductor device can
be Wirelesslyr charged; therefore, shortage of power for transmitting and receiving
individual information, due to deterioration of a battery over time, can be compensated.
| [0297]
Further, a semiconductor device which can generate a demodulation signal by

25 detecting a difference between an output of a first bias circuit and an output of a second



5 carrier wave is reduced in the waveform 1406. Note that FIG 29B
illustrates an enlarged view of a region 1405 in FIG 29A Simlarly, FIG
32B illustrates an enlarged view of a region 1407 in FI G 32A, and FI G 33B
illustrates an enlarged view of a region 1408 in FIG 33A. [0307] 10As shown
in this enbodinent, with the use of ##¥e sem conductor device of the present
invention, a difference between a signal line and a reference line in a
signal waveformis detected; therefore, a denodul ation signal is generated,
and a denodul ation signal is stably generated even with a signal of which
nodul at i Ofad aREAM, defieratdbd |dedodintibiongioyal siaflpraven ivoih eatigisd ofrehishi tted and
recei ved. 15[ 0308] In the above signal waveforns, noise that exists
in each ofiodigionifanal is kinslk aaddemntdnlate b sigaaidy dusingHaBuonproknmie GBhase. | n
the present invention, denodul ation is performed by conparison of the

si gnal | itwemandactthel.r ef erence |ine. Therefore, the noise of each line is
cancel l ed and, influence of noise, which results froma carrier wave, is 20
reduced; [OB98], a signal can be denodul ated. [0309] Furthernore, with
the use of the present invention, a signal can be.detected stably al so as
to a wrel ess d¥igmener,dn thersemiropdietar SeViEs of he pisernt LVEREAD. ARYCT %él

transm ssion and reception which are based on 1S IhEg\n%S@?% g?%tOQe
per f or medpeveaishgply isremtimonsipsuppHed RS2 FRTEENEHECS M HAPLR B {1

e present
i ol css il e pEAEr U, e RERBfee: SEecak PRl Bt oyt %
mbunt ed oibersasicoptvios et B Bovhae s SERE, FERier ludebor AR o1
transmitting and receiving individual information, due to deterioration of a battery over
10 time, can bé compensated.
(Embodiment Mode 7)

[0299]

A semiconductor device 2000 to which the present invention is applied can be

used for a variety of items and systems by utilizing a function capable of tfansmitting

15  and receiving an electromagnetic wave. As the items, for example, the following are
given: keys (see FIG. 13A), paper money, coins, securities, bearer bonds, certificates
(such as a driver’s license c;r a resident’s card, see FIG. 13B), books, containers (such as
a'Petri dish, see FIG. 13C), packaging containers (such as wrapping paper or bottles, see
FIGS. 13E and 13F), recording media (such as a disk or video tape), vehicles (such as a

20  bicycle), personal accessories (such as shoes or eyeglasses, see FIG. 13D), food,
clothing, IiVin.g ware, electronic appliances (such as a liquid crystal display device, an

EL display device, a television device, or a portable terminal), and the like. The

| semiconductor device of the present invention is fixed or mounted to items of a variety

of forms such as those above by being attached or embedded on a surface. Further, a

25  system refers to a goods managernent system, an authentication function system, a



much stable operation is possible. The present application is based on
Japanese Patent Applications serial no. 2006- 347086 and no. 2006- 350344
filed with Japan Patent O fice on Decenber, 25, in 2006 and Decenber, 26,
in 2006, respectively, the entire contents of which are hereby 10

I ncorporated by reference. 118 CLAIM3 1. A sem conductor device capabl e of
W rel ess communi cation conprising: an antenna circuit; a first denodul ation
signal generation circuit electrically connected to the antenna circuit; a
second denodul ation signal generation circuit which is configured to
denDduIat a 5| naI ng h nodul ation factor is smaller than a nodul ation
fact or %@mﬁe %fg?lon signal generation circuit; and a
selective @k)EUIt whi ch sel ects which of the first dempdul ation si gnal
generatioﬁ uit and the second denodul ati on signal generation circuit is

used when a si g?ﬂh s € qt ' %ﬁgdsewéo%woﬁ Bg\n@emo?%@ p?égélﬁuhﬁcnti‘ﬁfﬂe'h‘%' n the

second denodul ation Si gha generatiron circult incl a conparator, and
semiconductor device can be operated while being supplied with power from a power

5 supply continuously through wireless communication. In addition, noise of a carrier
wave can be reduced.
[0301]
Moreover, with the use of the semiconductor device of the present inventioﬁ,
power from a power supply is continuously supplied while a carrier wave of which

10  modulation factor is 10% is received. In addition, noise of the carrier wave can be
reduced. This embodiment mode can be freely combined with other embodiment
modes.

[Embodiment]
[0302]

15 A waveform of a signal when a semiconductor device capable of wireless
communication to which the present invention is applied is actually operated will be
described with reference to the drawings. The semiconductor device 100 described in
Em_bodiment Mode 1 is used as the semiconductor device capable of wireless
communication. In each portion in the demodulation signal generation circuit, a

20 waveform is obtained using an oscilloscope. As to an analog buffer circuit, one
illustrated in FIG. 10A is used.

[0303]
| A parameter of cach element in the semiconductor device used in this
embodiment is as follows. In the first demodulation circuit 154, the first capacitor 602

25 is at 10 pF; the second capacitor 610, 2 pF; the third capacitor 614, 1 pF; the first



wherein the conparator and a wiring of a power supply potential or a
reference potential are connected through a transistor. 2. A

sem conductor device capable of wireless commnication according to claim
1, wherein the selective circuit conprises an inverter circuit, a flip-flop
circuit, and a selector circuit, 8B5S A sem conductor device capabl e of
wirel ess communi cation according to claiml , wherein the second

dermodul ation signal generation circuit conprises: a first denodul ation
circuit having one input portion electrically connected to an antenna

t dd dul
iéﬁétl h?x?cszﬁéf ?ﬁ%goﬂtﬁg? f@ 3%'58@?5%3&?' %‘?F‘Sé?fe 3. EOE o) o o8B, ©
ation cjr.cui
connect eddgRpdpiEon ﬁfﬁ‘l‘it 15&‘?‘? g‘ﬁpa Cﬁp%g‘%é%%? agquggtﬁggeﬁc%‘ﬂaﬁﬁa@% ﬁgd L% i nput
portion e# vat g conn?ogt@g 1 O%agl? ﬁx‘étﬂ%{tbm‘g%f& {;f\(/lisgfhetc chdrsdbA

denodul at as circuit I nput portion

el ectrlcallqurpgﬁggt&%g (B4 B B0 h't&meeandtra%t&%@ﬂ,%md%atlon

circuit |rst I nput portion and. a second

| nPUt O 1 Qo BEL Eir 1%00t!1%%?ﬁacﬂ&r§0ﬁﬂ@s &fs0b E@ fib e i SOABCODT 1 S

el ectr y connec to f rst 1 nput porfion,
kQ; and the second resistor 806B, 400 kQ. Resistance of a res1stor included in the .

constant current circuit 1003 is at 100 kQ.
[0304]
FIGS. 27A and 27B illusirate a waveform 1400 inputted info the inpuf portion

10 152 and a waveform 1401 outpuited from the output portion 166 of the demodulation
signal generation circuit, respectively. When the waveform 1400 is inputted into the
input portion 152, the waveform 1401 was ouiputted from the output portion 166.
Note that FIG. 27B is an enlarged view of a region 1402 in FIG. 27A.

[0305]

15 FIGS. 28A and 28B illustrate waveforms which are detected from the first
input portion 900A and the second input portion 900B of the comparator 162 when the
waveform 1400 is inputted into the input portion 152. FIG. 28A illustrates a waveform
1'463 which is detected from the first input portion 900A. FIG. 28B illustrates a
waveform 1404 which is detected from the second input portion 900B.

20 [0306]

thﬁ the waveform 1403 is inputted into the first input portion 900A. and the
waveform 1404 is inputted into the second input portion 900B, a waveform 1406 was

| detected from the output portion 912 of the comparator 162. FIG. 29A illustrates the
waveform 1406. FIGS. 32A and 32B illustrate the waveforms 1403 and 1404 for

95  comparison, respectively. When the waveforms 1403 and 1404 are compared with the



wherein an output portion of the second bias circuit is electrically
connect the second input. portion. 4. A sem conductor device capable of
wirel ess communi cation according to claiml , wherein the second

dermodul ation signal generation circui.t conprises: a first denmodul ation
circuit having one input portion elettrically connected to an antenna
circuit; a second denodul ation circuit, which denodul ates an
electric signal having a polarity opposite to an electric signal of the
first denodulation circuit, the second denndulation circuit electrically

connected to the i

por iéretew%fqnpﬁléb&@i‘%aﬁtﬁét o B 28 Blirshof Befileb te w089 aha Pl
enmodul ation ¢ t |
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portion; citcuit electrically conhected to an out put

porti on O ; LREEAPRIA tne WHRKE148A 10N bidteP BORIFIC. BB hitholseilosh bi as

circuit 'y connecte
5 carrier wave is reduced in the waveform 1406. Note that FIG. 29B illustrates an

enlarged view of a region 1405 in FIG. 20A. Similarly, FIG. 32B illustrates an .
enlarged view of a region 1407 in FIG. 32A, and FIG. 33B illustrates an enlarged view
of a region 1408 in FIG. 33A. '
[0307]

10 As shown in this embodiment, with the use of the semiconductor device of the
present invention, a difference between 2 signal line and a reference line in a signal
waveform is detected; therefore, a demodulation signal is generated, and a
demodulation signal is stably generated even with a signal of which modulation factor is
small. Accordingly, information can be transrﬁitted and received.

15  [0308]

In the above signal waveforms, noise that exists in each of the signal line and
the reference line has the same phase. In the présent invention, demodulation is
performed by cofnparison of the signal line and the reference line. Therefore, the noise
of each line is cancelled and, influence of noise, which results from a carrier wave, is

90  reduced; thus, a signal can be demodulated.

[0309]

Furthermore, with the use of the present invention, a signal can be detected

stably also as to a wireless signal of which modulation factor is 10%, and signal

transmission and reception which are based on ISO/IEC 15693 can be performed stably.



first input portion, and wherein an output portion of the second bias
circuit is electrically connected to the second i nput portion. 120

5. A sem conductor device capable of wi reless comunication according to
claiml , wherein the conparator is any one of a differential circuit, a

differential anplifier, or an operatilfnal anplifier. ‘ 6. A
sem conductor device capable of w reless comunication according to claim
5, wherein the antenna is in an annular formor a helical form. 7.

A seni conduct or devi ce capable of wireless communication according to claim
1 , wherein the sem conductor device conprises a battery capable of being
charged vi0Bllessly. 8. A sem conductor devi ce capable of wireless
comuni cation according to claim1 , wherein, th ana fe rcuit
conprises a sodR ¢ ?%P?Q?\ﬂ)é‘?torcﬁ?vd‘iﬁ pf thy Pg%fﬁgttlgﬁ?ﬂ lgﬁ’rP etq fEcliﬁtrlcul%;(%vﬁﬁ'lrand an

t t d
I(:(r)]m n?(r: a%%lprﬁgf ui‘?o‘f?ﬁ?ﬁ“h‘i“ﬁ@ su ﬁloeginva %é ‘é’ﬁ\?/l:%s%??gn PP r@ce%d Nhe%kﬁg’ztrlrlgd ul ati on

si gnal generatl on rcui t M nal of
whi ch nodtftEEq “ct?r Y6F © bec}l’g edssmt%ﬁgnllsg#ﬁegdaﬁtg nglg 90@%&1@3@3?5‘1% han or

caual 10 30%hhery s gpuyfe %&%’&Qm H@%ﬁ&élgbmmengﬁmemw @Brefré,CUI L whi ch

denod I ch m) t1on tor'is greater than or equal to
1. 0% and | ess . ?s:jtﬁjl R 30% and. ‘a selective circuit which
sel ects WG St&lﬁg}t;h?%uf) ot derodul ation si gnal generation circuit and the
second denodul es%htgé]@hcagfoﬂeiﬁ AabdNorf !Idfgﬁkﬁsé Pafent! 2@pllicakions erial gmal is

recei ved thr oug e antenna circuit,

2006-347086 and no. 2006-350344 filed with Japan Patent Office on December, 25, in
2006 and December, 26, in 2006, respectively, the entire contents of which are hereby

10  incorporated by reference.
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EXPLANATION OF REFERENCE

100. semiconductor device, 102. antenna circuit, 104. analog cirpuit, 106.
digital circuit, 108. memory circuit, 110. reader/writer, 112. power supply circuit, 114.
modulation circuit, 116. reader/writer, 118. communication line, 120. control device,
130. analog circuit, 150. demodulation signal generation circuit, 152. input portion, 154.
first demodﬁlation circuit, 156. sgcond demodulation circuit, 158. first bias circuit, 160.
second bias circuit, 162. comparator, 164. analog buffer circuit, 166. output portion, 200.
power supply circuit, 201. demodulation signal generation circuit, 202. demodulation
signal generation circuit, 204. modulation circuit, 206. input/output portion, 208. output
portion, 210. output portion, 212. output portion, 214. output portion, 216. input portion,
218. input portion, 300. first capacitor, 302. rectification portion, 304. smoothing
éapacitor, 306. 308. input portion, 310. first output portion, 312. second output portion,
delay circuit, 400. input portion, 402. first capacitor, 404. first diode, 406. second diode,
408. first resistor, 410. second capacitor, 412. second resistor, 414. third capacitor, 416.
output portion, 500. input portion, 502. first demodulation circuit, 504. second
demodulation circuit, 506. first bias circuit, 508. second bias circuit, 510. comparator,
512. analog buffer circuit, 514. output portion, 518. input portion, 600. input portion,
602. first capacitor, 604. first diode, 606. second diode, 608. first resistor, 610. second
capacitor, 612. second resistor, 614. third capacitor, 616. output portion, 618. circuit,
620. input portion, 622. first capacitor, 624. first diode, 626. second diode, 628. first
resistor, 630. second capacitor, 632. second resistor, 634. third capacitor, 636. output
portion, 638. circuit, 700. n-type TFT, 702. n-type TFT, 704. p-type TFT, 706. p-type
TFT, 708. n-type TFT, 710. n-type TFT, 712. p-type TFT, 714. p-type TFT, 800A. input

" portion, 800B. input portion, 802. capacitor, 802A. capacitor, 802B. capacitor, 804. first

resistor, 804A. first resistor, 804B. first resistor, 806. second resistor, 806A. second

resistor, 806B. second resistor, 808. output portion, 808A. output portion, 808B. output
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boﬁion, 900A. input portion, 900B. input portion, 902. first TFT, 904. second TFT, 906.
third TFT, 908. fourth TFT, 910. fifth TFT, 912. output portion, 914. wiring, 914B.
wiring, 916. TFT, 916B. TFT, 916C. TFT, 918. input portion, 1000. input portion,
1000B. input portion, 1001. source follower circuit, 1001B. source follower circuit,
1002. inverter circuit, 1003. constant current circuit, 1003B. constant current circuit,
1004. inverter circuit, 1005. output portion, 1005B. output portion, 1100. input portion,

1102. input portion, 1104. inverter, 1106. flip-flop circuit, 1108. selector circuit, 1110.

_ output portion, 1112. output portion, 1200. chip, 1201. antenna, 1202, chip, 1203.

antenna, 1204. chip, 1205. antenna, 1206. chip, 1207. antenna, 1208. chip, 1209.
antenna, 1400. waveform, 1401. waveform, 1402. waveform, 1403. waveform, 1404.
waveform, 1405. region, 1406. waveform, 1407. region, 1408. region, 1500.
éemiconductor device, 1800. semiconductor device, 1802. antenna circuit, 1803.
charging/discharging circuit, 1804. battery, 1805. power supply circuit, 1806.
demodulation signal generation circuit, 1807. demodulation signal generation circuit,
1808. modulation circuit, 1809. control circuit, 1810. memory circuit, 1811.
reader/writer, 1812. communication line, 1813. control device, 2000. semiconductor
device, 3400a. thin film transistor, 3400b. thin film transistor, 3400c. thin film transistor,
3400d. thin film transistor, 3400e, thin film transistor, 3400f. thin film transistor, 3401.
substrate, 3402. ‘insulating film, 3403. separation layer, 3404. insulating film, 3405.
amorphous semiconductor film, 3405a. crystalline semiconductor film, 3405b.
crystalline semiconductor film, 3405c. crystalline semiconductor film, 3405d.
crystalline semiconductor film, 3405e. crystalline semiconductor film, 3405f. crystalline

semiconductor film, 3406. gate insulating film, 3407. gate electrode, 3407a. conductive

~ film, 3407b. conductive film, 3408. impurity region, 3409. impurity region, 3410.

insulating film, 3411. impurity region, 3412a. insulating film, 3412b. insulating film,

3413. conductive film, 3414. insulating film, 3415a. conductive film, 3415b. conductive
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film, 3416. conductive film, 3417. conductive film, 3418. insulating film, 3419. element
formation layer, 3420. seat material, 3421, seat material, 3431a. conductive film, 3431b.
conductive film, 3432a. opening, 3432b. opening, 3434a. conductive film, 3434b.
conductive film, 3436a. conductive film, 3436b. conductive film, 3437. resin, 3438.
conductive particle, 3481. negative electrode active material layer, 3482. solid
electrolyte layer, 3483. positive electrode active material layer, 3484. current-collecting

thin film, 3485. interlayer film, 3486. wiring layer, 3489. secondary battery, 3500. |
semiconductor substrate, 3502. insulating film, 3504. region, 3506. region, 3507. p-well,
3532. insulating film, 3534. insulating film, 3536. conductive film, 3538. conductive
film, 3540. gate electrode, 3542. gate electrode, 3548. resist mask, 3550. channel
formation region, 3552. impurity region, 3566. resist mask, 3568. channel formation
region, 3570. impurity region, 3572. insulating film, 3574. wiring, 3591. negative
electrode active material layer, 3592. solid electrolyte layer, 3593. positive electrode
active material layer, 3594. current-collecting thin film, 3595. wiring la.yer, 3596.

interlayer film, 3597. wiring, 3600. substrate, 3602. insulating film, 3604. insulating

- film, 3606. resist mask, 3608. recessed portion, 3610. insulating film, 3611. insulating

film, 3612. region, 3613. region, 3615. p-well, 3632. insulating film, 3634. insulating
film, 3636. conductive film, 3638. conductive film, 3640. conductive film, 3642.
conductive film, 3654. sidewall, 3656. channel formation region, 3658. impurity region,
3660. low-concentration impurity region, 3662. channel formation region, 3664.
impurity region, 3666. low-concentration impurity region, 3677. insulating film, 3678.
opening, 3680. conductive film, 3682a. conductive film, 3682d. conductive film, 3691.
negative electrode active material layer, 3692. solid electrolyte layer, 3693. positive
electrode active material layer, 3694. current-collecting thin film, 3695. wiring layer,

3696. interlayer film, and 3697. wiring.
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CLAIMS
1. A semiconductor device capable of wireless communication comprising:

an antenna circuit;

a first demodulation signal generation circuit electrically connected to the
antenna circuit;

a second demodulation signal generation circuit which is configured to
demodulate a signal of which modulation factor is smaller than a modulation factor of
the first demo(dufation signal generation circuit; and

a selective circuit which selects which of the first demodulation signal
generation circuit and the sccond demodulation signal generation circuit is used when a
signal is received through the antenna circuit,

wherein the sccond demodulation signal generation circuit includes a

comparator, and
wherein the comparator and a wiring of a power supply potential or areference

potential are connected through a transistor.

2. A semiconductor device capable of wireless communication according to
claim 1, wherein the selective circuit comprises an inverter circuit, a flip-flop circuit,

and a selector circuit.

3. A semiconductor device capable of wireless communication according to
claim |, wherein the second demodulation signal generation circuit comprises:

a first demodulation circuit having one input portion electrically connected to
an antenna circuit;

a second demodulation circuit, which demodulates an electric signal having a
polarity opposite to an electric signal of the first demodulation circuit, the second

demodulation circuit electrically connected to the input portion;
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a first bias circuit having an input portion electrically connected to an output
porttion of the first demodulation circuit; and

a second bias circuit having an input portion electrically connected to an output
portion of the second demodulation circuit;

wherein the comparator has a first input portion and a second input portion,

wherein an Qutputlporlion of the first bias circuit is electrically connected to the
first input portion, and

wherein an output poﬂiou of the second bias circuit is electrically connected 1o

the second input portion.

4. . A semiconductor device capable of wircless communication according to
claim I , wherein the second demodulation signal generation circuit comprises:
a first demodulation circuit having one input portion clectrically connected to
an antenna circuit;
a second demodulation circuit, which demodulates an electric signal having a
polarity opposite to an clectric .signal of the first demodulation circuit, the second .
demodulation circuit electrically connected to the input portion;
a first bias circuit having an input portion electrically connected to an outptit
portion of the first demodulation circuit;
a second bias circuit having an input portion clectrically connected to an output
portion of the second demodulation circuit;
a comparator having a first input portion and a second input portion; and
an analog buffer circuit electrically connected to an output portion of the
comparafor,
wherein an output portion of the first bias circuit is electrically connected 1o the
first input portion, and
wherein an output portion of the second bias circuit is electrically connected to

the second input portion,
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5. A semiconductor device capable of wireless communication according to
claim 1, wherein the comparator is any one of a differential circuil, a differential

amplifier, or an operational amplifier.

6. A semiconductor device capable of wircless communication according to -

claim 5, wherein the antenna is in an annular form or a helical form.

7 A semiconductor device capable of wireless communication according to
claim 1, wherein the semiconductor device comprises a battery capable of being

charged wirclessly.

8. A semiconductor device capable of wircless communication according to
claim 1, wherein the analog buffer circuit comprises a source follower circuit, a

constant current circuit, and an inverter circuit.

9. A semiconductor device capable of wireless communication comprising:

an antenna circuit;

a first demodulation signal generation circuit which is configured to
demodulate a signal of which modulation factor is greater than or equal to 90% and Jess
than or equal to 100%;

a second demodulation signal generation circuit which demodulates a signal of
which modulation factor is greater than or equal to 10% and less than or equal to 30%;
and

a selective circuit which selects which of the first demodulation  signal
generation circuit and the second demodulation signal generation circuit is used when a

signal is received through the antenna circuit,
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wherein  the second demodulation signal generation circuit includes a
comparator, and
wherein the comparator and a wiring of a power supply potential or a reference

potential are connected through a transistor.

10. A semiconductor device capable of wireless communication according to
claim 9, wherein the selcctive circuit comprises an inverter circuit, a flip-flop circuit,

and a selector circuit.

11. A semiconductor device capable of wireless communication according to

claim 9, wherein the second demodulation signal gencration circuit compriscs:

a first demodulation circuit having one input portion electrically connected to
an antenna circuit; (

a sccond demodulation circuit, which demodulates an electric signal having a
polarity opposife to an electric signal of the first demodulation circuit, the second
demodulation circuit electrically connected to the input portion;

a first bias circuit having an input portion electrically connected to an output
portion of the first demodulation circuit; and

a second bias circuit having an input portion electrically connected to an output
portion of the second demodulation circuit;

wherein the comparator has a first input portion and a second input portion,

wherein an output portion of the first bias circuit is electrically conuected to the
first input portion, and

wherein an output portion of the second bias circuit is electrically connected to

the second input portion.



125

12. A semiconductor device capable of wireless communication according to
claim 9, wherein the second demodulation signal generation circuit comprises:
a first demodulation circuit having one input portion electrically connected to

an anfenna ci:rcuit;

a second demodulation circuit, which demodulates an clectric signal having a
polarity opposite to an electric signal of the first demodulation circuit, the second
demodulation circuit electrically connected to the input portion;

a first bias circuit having an input portion electrically connccted to an output
portion of the first demodulation circuit;

a second bias circuit having an input portion electrically connected to an output
portion of the second demodulation circuit;

a comparator having a first input portion and a second input portion; and

an analog buffer circuit electrically connected to an output portion of the
comparator,

wherein an output portion of the first bias circuit is electrically connected to the
first input portion, and

wherein an output portion of the second bias circuit is electrically connected to

the second inpul portion.

13. A semiconductor device capable of wireless communication according to
claim 9, wherein the comparator is any one of a differential circuit, a differential

amplificr, or an operational amplificr,

14. A semiconductor device capable of wireless communication according to

claim 13, whercin the antenna is in an annular form or a helical form.
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15. A semiconductor device capable of wireless communication accordmg to
claim 9, wherein the semiconductor device comprises a battery capable of being:

charged wirelessly.

16. A semiconductor device capable of wircless communication according to
claim 9, wherein the analog buffer circuit comprises a source follower circuit, a

constant current circuit, and an inverter circuit.



