WO 2008/ 078661PCT/ 3P2007/ 074603 1 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 transmt and receive information w thout

contact by wdhbok@diseg W rel ess communi cati on. 10 BACKGRGMNZpART01406202]
In recent years, individual recognitiqn technol ogy in which individual

identification information is given to an individual object to clarify
information such as 15 a history of the object has attracted attention. In
particul ar, the devel opnent of sem conductor devices which can transmt and
receive data without contact by utilizing wireless comuni cation through a
radi o wave has been advanced. SudESEEWEGMHuct or devices are referred to as
an IC tag, an RHD tag, and the l|ike, which have begun to be used for
managenent of articles in markets, or the |ike. 20[0003] I n general
many of objects which are referred to as_an RFID tag and the |ike that have

been put into practical us eSEMECOMNPERTORBEMICE o mat i on | ayer and an

antenna | ayer having a circuit forned of a transistor or the like. Such

sem conduct or devices capable of w reless comunication performwreless
conmuni_cat i on .égéﬁ ﬁ reader/witer through an el ectromagneti c wave, so
that tRe Q@ﬁﬁ@ﬁh 6 Bdevices 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.

i0
BACKGROUND ART
[0002]
In recent years, individual recognition techmology in which individual
identification information is given to an individual object th clarify information such as
15 a historjf of the object has atfracted attention. In particular, the development of
semiconductor devices which can transmif and receive data without contact by utilizing
wireless communication through a ;adio wave has been advanced. Such
seﬁiconductor devices are referred {0 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 gcvncral, many of objects which are referred to as an RFID tag 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 like. 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



WD 20081078661PCT1JP20071074603 2 be operated by receiving power froma
power supply and data fromthe reader/witer. In wireless comunication
bet ween the reader/witer and the sem conductor device, in general, a
transm ssion side device (a reader/witer) transmts a nodul ated carrier
wave and a wee@pbisest Si de device (a sem conductor devi ce)r/.gesmdulsat-es the
carrier wave, so Sthat data is extractzed and information is transmtted and
recei ved. [0004] In the sem conduct or devices capabl e of wirel ess
conmmruni cation, there is an anplitude nodul ati on nethod (an anplitude shift
keyi ng (ASK) nodul ati on nmet hod) as one of nethods which nodul ate a carrier
wave. An ASK nodul ation nmethod is a 10 nmethod which transm ts information
by gener abe operafed dydideidnge peecrironamporeusiepbf and dat frplerthoaspeciaiidiose of
this anplitude difference as a nodul ation signal. Here, when an anplitude
in a | ow $r witelegsacoimyndeatine betsendeicasicdvisarnd the SCpIeATdEHTideYide Ipeak) and
a reference line (an _anplitude center) is a and an anplitude in a high
state (a @PFerar pHEBTHSIORSEK devies (rrardarpitery H?Psaﬁ%|ai1¥{$éa“&e%%kf}%‘ﬁaﬁa

reference line (an anplitude center) is. b, a dul ation. factor m can be
expr essed 284 2 F5CEPEQIL AYq {ayicg)(@ SoPpgOR 8%%?4‘?"%%“3%??“%‘{1{@@6 t2‘9icﬁrém{:g@\“’dé‘&i de a

nmodul ation factor by a nethod in accord e Wwth both the transm ssion side
devi ce5anghaf ﬁ@a fséiéﬂ%?t?do?r{rl%ﬁ’ Bnﬂ@\‘}il%‘ém\ﬁﬁ?tgeﬁ aB@”F?CWFﬁQm rel ess communi cati on.

The recept[@g si de device receives a nodul ati on signal of which nodul ation

factor is ! ded by the transm ssion side device, and denodul ates the

20modul ati on St ANAL < hO0BRkior devices hMliEoL BERYTLANAMELRE HEXI €8, Capabl e

of wirel ess conmunication 1nclu Infegrated circuit provi with a

mnut e S e GANANGLANLALENERL (f RIRRIE BB VAL ASK PRIl S 131 | ses and

it has been Icu o manufacture a sem tonductor device havi'ng

25 avor able B Gfduidde \ARA ABkAkK S baser Haey ol ABKSRBUIAAMAUREABI GeYi Ce
having favorable W) 2008107/8661PCT/ H2007/ 074603 _
10  method 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 amplitade in a high state (a difference
between a signal line (an amplitude peak) and a reference line (an amplitude center) is b,
16  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
coﬁmunication.‘ 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 like arises and it has been difficult to manufacture a semiconductor device having

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



3 electric characteristics has nearly been realized wth various

i nprovenents (for exanple, see Patent Docunent 1. Japanese Published Patent
Application No. 2006-268838). [0006] Note that the sem conductor device
capable of wireless communication 5 perforns transm ssion, reception, and
the |ike ofW8&2818¢Ab! i n accordance with a communi cati onr@piirod/hbased on
vari ous standards as conmuni cation thefeof. Wth a communi cati on net hod
which is standardi zed with 1 SO | EC 15693 which is a standard of a
vicinity-type wireless IC card, a 13.56 MHz carrier wave is nodulated in
order to obtain a nodul ation factor of 100% or 10% and data is encoded

i th | < i tjon 10 nodul ati d_whi.ch .identifies, d by ch
of & modul SEs AR R Rishts 1BF St SR P BT P ROPS G| BT
TYPE- A | - : i milar. to | SO 693.

I(SO] Ecﬁmfi%gF%@gé?%%gfﬂi@?ag‘%&?%??%g%gftﬁfit'f"‘q"gh?%w%é’r W&% whi ch "

nodul ati on Obg@]tor is 100%is expressed wth an anplitude of which initial
anpl i tude Qan anplitude in a state without nodulation) is |ess than or

equal 1o 5% 15Nl anknl GnfOSUALE )RR LbAAUSHCYiBlesd NERESIAFRT US 1S

13.56 MHz. Further, various neans can be conhsidered in or doenrmdul ate

X . ; H act i 00 . | P 1
a signa g@mafﬂhmramﬂgé 84, RBediph! Md Iife RO Lf Qrs@féﬁoﬁp aggcgg&zc% Zgglg)rg 20

Docunent Japanese Publ’i shed Patent- Applicati on

DI SCL OSUREdakmi1b4EDT kfethoi®8Q&lon. various standfrdd 89 8drdhuniBatiof G&RLIFONWEIde devi ce
i ncludes an analog circuit having a denodul ation circuit, a power supply

circuit, acomahili@tion hetiodGutiidh is 8A0ddrdiged Wite ISR a56H30kkish isCd dtaidhid
connected to the analog circuit. As an output of the denodulation circuit,
25a denpdudfat vicnitgtypeabirdlas 60 tad) 4 2856 MHR Edhgerandle Qg motlnlatt tin afidr ionput t ed
into the digital W) 2008/ 078661PCT/JP2007/074603 4 circuit. Wen a

carri er weehéainh mvubtiondatid: af it 000 fordO%h andddtd B%nicsdedsich 4 palsyvpostticas s
comuni cation, a state in which an anplitude is 0 (a state in which an
anpl i ti¥de pedilletiondneshadefideleidertifics datadycbarewil R hnembtion pbetion ofs pulel uded.
Therefore, in a sem conductor device capable of wrel ess comunication

whi ch operigsisienhy TheperatlSRJECHES (FOfR-4) and ISO/IEC18000-3 as standards

similar to ISO/IEC 15693, In ISO/IEC14443 (TYPE-A), it is prescribed that a carrier
wave of which modulation factor is 100% is expressed with an amplitude of which
initial amplitude (an amplitude in a state without modulation) is less than or equal fo 5%.
15  Note thét 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 output of the demodulation circuit,

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



5 power supply through a received el ectromagnetic wave, it is difficult to
supply power froma power supply when an anplitude of a carrier wave of

whi ch nodul ation factor is 100% which is used for wirel ess comruni cati on,
is 0. Accordingly, the operation of the sem conductor device is interfered.
In such a seob@enduyat or device, a certain anplitude is maowhedos@@Aas to
supply power with the use of a carriers wave of which 10nodul ation factor is
smal|l (for exanple, a carrier wave of which nodul ation factor is 10%;

t hus, the sem conductor device can be operated. [0008] FIG 4
illustrates a circuit configuration of a general denodulation circuit which
denodul ates a carrier wave of which nodul ation factor is 100% A circuit of
15 FI G 4citadl. uPdsna ¢amigtwati oflehich neelobtidn Sictrdds 1Q0% isrused fassiizless, a
second resistor, a first capacitor, a second capacitor, and a third

capaci t or communieationi, p saletiniWhidisanr aemituderis BI(Tstatg, in Apighgp ATpEYdE 5AK | s
connected to one end of the first capacitor. The other end of the first
capaci t or apda werpreeting aecorditaersh otheR 1§ inclided| ddereirie)in aFempisenduciost  di ode
and a cathode (a second el ectrode) of the second di ode. A catgode (a second
el ect r odeYiowse ¢apable iof stireless epryamnitation SRARSHIB PYBeHARE BNET dIE2 of t he

first resistor, the second reS|sfor and .the seco P cito An_anode (a
first 8l eBPY’BTofé’PPIé’fthTOHéh & desHad glesaemegnetic gﬁﬁedétdlsréggﬁﬂ g‘f Sufpﬂ%' Bter ends of

the first t t th
end of 't hOSULBNE ARSI TG ath bR o PRI E paci tor
d he ot.h d of .the th ded.
Vo 288823%‘@@%1%% 56700 cofbbgepc T 0. AgteRANAN e
i11ustr at %e?mc'::(tnﬁuéog QQVIQEI EEDEI![{’,II‘%}E% aII'F gﬁ({h' g d LOI' VH%'V&Q m% @‘t ion

factor is a carrier wave nmodul’ation factor is
100%, it o€ fd t ﬁrmeea V@/@ HhieWhrdlofMeih at i on
fact or ah@hﬁd@ g%+&dsgfgﬁgggmh§%§g%?ﬁgr waf? of &hﬁgh nodul ati on factor
is 10%. Thigf1atisn ?fcﬁﬁufssﬁnﬁlhg p&m%l %tdaﬁﬂzr Gak € BF wheth shbdalatihn Hadord i@ ge

i nfl uence of noise, which sults’, froma carrier wave, on an anplitude
wavef orm 18a4 (i) &es%icumeremm@eogér%@garded when a nodul ation factor
t hereof is s for exanple, when the nodul ation factor is 10%.
Therefore n0|se can be reduced by enploynent of a 10l owpass filter or

t he Iike or he denodul ation circuit; however, the noise is not
sufficiently resredilus@add}h circuit configuration of a general 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 anodé (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.



Thus, the present invention provides a sem conductor device having a
circuit which can generate a denodul ation signal (a denodul ation circuit
generation circuit) 15 without any problemal so as to a nodul ati on signal

of which nodul ation factor is small (for exanple, a signal of which

nodul at i on Wwagdwenrsee 1099 . [0011] Not e t hat the #@ljromirngsas-e
provided in a circuit configuration prsoposed in Patent Docunment 2: a first
denodul ati on nmeans whi ch regenerates data froma 20 (1S014443-A) 100% ASK
signal (a signal of which nodulation factor is 100%; a second denodul ation
means whi ch regenerates data froma (1S014443-B) 10% ASK signal (a signal

of which nodul ation factor is 10%; and a sel ector neans which sel ects each
of regener@itobn signals. Further, in order to control the sel ector neans, a
nmeans whi ch generates-a selectlve control signal (y i nput of the
regeneration sighbdughribe airast dsesaieds i BIG- < epadonerdulaoa foarist va¥eroul at i on
means is provided. According to the WD 2008/ 078661PCT/ JP2007/ 074603 6
conf i gur atihinh wpditeticantactpp du st (2 exmplea RsCapptrcHaEetfeRich t“é%d“lféi?’é that is

not selected by the selector means _can be said as, a useles cuit in
terns of &isErdt Ikt I&dgﬁ?ﬁiﬁéﬁ’&%@‘é?*eéé@i‘%WaV‘?lo’f)‘é{P]FPG?ﬂdé\ t““i {acf"é appar ent
t hat lif t th | .at
reans. A ChoPal GHE FEIBHC ¢ TP BRSO BOS '%Eﬁaaog?fa«?tgr?%” ”f%nal B uni oh

dul at fact d f
ircurt | b G dedablehn qrtior HG R PR e PETRET BitPhee VSl gl e wi 11

t f the wh d d t

32?2??8@?@%%??%?%%@%@ i it
present | DYEnhIRR B! d&%d@m?%%?&d{g%}eSf es\{ﬂaﬁe)((fop }ngngl@ wgnpgata of a

si gnal of ion tor1s large a S|gna of which

modul at i Or}an 181{ fdc?tar %9 9(%% (Sjl"h%f'ekcﬁgt ﬁgncnts@ganolpeefeﬂﬁéeﬁ%yoémﬁl&ﬁnéﬁfrgf hfier

paul : &
circuit whi cﬁ I'S |ncorpora ed into the second denodul ation nmeans whi ch

regengpat E98R! foPfndMAEEHIIRBM! SEdufiD nbAEHRT the SaokdBis noka si gnal
of V\/meigh Tow dg?égfflﬂgé;r] (%a%t or |s? 1t0/o Is 15 stopged and |ow power |ns consuned.

sufficiently reduced.
{0010}
Thus, the present invention provides a semiconductor device having a circuit
which can generate a demodulation signal (a demodulation circuit gegeratiou circuit)
15 without any problem also as fo & 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 first demodulation means which regenerates data from a
20  (ISO14443-A) 100% ASK signal (a signal of which modulation factor is 100%); a
second demoaulation means which regenerates data from a (1SO14443-B) 10% ASK
signal (a signal of which modulation factor is 10%); and a selector means which selects
each of regencration 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

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



[ 0013] In the neantine, the denodulation circuit illustrated in FIG
4 has a sinple configuration, in which operation of a sem conductor device
is not interfered. Therefore, the denodulation circuit is appropriate as a
denodul ati on signal generation 20circuit for denodul ating a signal of which
nmodul ati on wa@cdoenrssg | arge (for exanple, a signal of whi@hromdutaés on
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 WO

2008/ 078661PCT/ JP2007/ 074603 7 nodul ation factor is large (for exanple,
the case weefiguretionsd §rtant Berumeet e Rensg gbwh regeppterddniabis nphwsieckkdcar ri er
wave of which nodulation factor is 100%.is denpdul ated using. a circuit

whi ch dendduibgtselsclar et Giabr saldsasgRdiselst WENEnisHR 8t PBH2HUCcPoR is 10%
there.is a fear that _ an unnecessary elenent is operated gnd power, is
consuned SGaieadeioy dqviRg5)in particuldr, ﬁh&%,"‘??%’é‘tpg‘é%éﬂta fi’\@@’ﬁt SHitpovi des a

com conduct ot Sey) 1%, 4l SDLEN B BLLSHL L LS Hnel atee, B, eyl on
smal | (5]c OrA asrllé%lafa (a tspg%alc %? ew%e rn‘?od%iaﬁgrg Lija(%})ri W IB%S:[ Oﬁ“hliisf W Oe%) poavsr/]eq
consumed in the amplifier circuit is as large as one which cannot be disregarded as
compared with consumption power of the whole semiconductor device, this will cause
to deteriorate performance-of the semiconductor device.
{0012]

10 Thus, the present invention provides a semiconductor device in which, when
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 regencrates data of a signal of
which modulation factor is small (a signal of which modulation factor is 10%) is

15  stopped and low power is consumed.

[0013]

In the meantime, the demodulation circuit illustrated in FIG. 4 has a simple
coﬁfiguration, 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,

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



10 a circuit which generates a denodulation circuit in the case where a
carrier wave of which nodul ation factor is |arge (for exanple, the case
where a nodul ation factor is 100% are separately provided. Further, the
present invention provides a sem conductor device which can identify a
nodul at i on i@gdoetsegwW tch a circuit which is used depengimgafotsgsodul ati on
factor, stop part of operation of a ciwrcuit which is not 15 used, and
generate a denodul ati on signal which is appropriate depending on a
nodul ati on factor with m ni mum power. [0016] A sem conduct or device
of the present invention includes one or a plurality of denodul ati on signal
generation circuits, and any of the denodul ation signal generation 20
circuits haslulatipn fastor drelaradufcatckomnple the gise whsichm@dwadn Relesisal0R¥aul at i on
signal, a second denodul ation circujit which depodul ates an el ectric signal
(a nodul affeoprasipdharhyn wispisr wae of Weirkmodyladpmissior & 109% Kalewefulgidel ectri ¢
signal in the first depodul ation circuit, and a con ar%%ﬂr, 2 denpdul ati on
si gnal outiBiaE pedcyit whick dempdraies yesmslilatior signd o cthich Mo aliogdadfuf at i on
signal outputted fromthe second 25denodul ati on girc it are each hnputted
Unto an | ABt Gk i5 ol bilat He SERHEEIH (SCT L PRy g POwE IS conStme

2008/ 0786611 TT/ JP2007/ 074603 8 a voltage difference of these denodul ation
signalé i S5EFHI ned. [ 0017] In the above seni conductor device, a
differencT(ﬂ%imeen an anplitude of the signal denodul ated by the first
denndulati% ircuit and an anplitude of the signal 5 denodul ated by the
second denodul atj on.circuj.t js. Id . . - 2l.NG he
anplitude of t ﬁ'iéhllss:'i tghﬁ gfeggdet rlr%d(? ﬁﬁlé;r{j%rghggsdaf E%nlg%?gggﬁﬁgﬁhﬁqghfc?nar&cﬁ%ui t and

the anplitydg g{{le}a'fl% SunaluARRGRLALR b Yol NonE GONiA AIRAU LR Ci rCul t

& .
have t he sane ase, | uence of noise, which results froma carrier wave,

can be redycadb o derRAuAl@r bRGofit, 9 Se %%&Qlaxnodmii%)ﬂa%ior is 10%) and

Al ternatively, a sem conductor device of the present invention preferably

has a jgel QCliicHR wiHidHCtinkrathi Lot RLREDS cRELINBY the chid Wherdl @raagkitr afdvervesi gnal
generation circuit of a second denodul ati on signal generation circuit

dependi ng wHichembBatlat fa@Br /i 1@Ral(fdk @xahplp, thbeat! hikdre danmitidtiah ifamorsisgnal
generation circuit. Specifically, the sem conductor
100%) are separately provided.  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, and 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 demociulation 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 outputted from the second

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



15 device of the present invention includes the follow ng: the first
denodul ati on signal generation circuit which generates a denodul ation
signal froma carrier wave of which nodulation factor is large (for
exanple, a carrier wave of which nodul ation factor is 100%; the second
denodul at i apg sdogorbsigenerati on circuit whi ch generat es gelgamdutass on
signal froma carrier wave of which ngdul ation factor is small (for
20exanpl e, a carrier wave of which nodul ation factor is 10%; and the
selective circuit which selects, depending on a nodul ation factor, which of
the first denodul ati on signal generation circuit and the second

denodul ation signal generation circuit is used. [0019] The

sel ecti ve &Vqllegs diffeisasanfdkesadimggiutation sigasls istobtgineddent i fi es a di fference 25
bet ween nodul ati on factors and a | ogic el enment group that determ nes a
denodul at i I§H17]W0 2008/ 078661PCT/ J1' 2007/ 074603 9 si gnal generation circuit
to be used. [00201 First, in the sem conductor devi.ce of the

present inventi &htherabave serdsondueigatavife: o Ergiea ety rR AMBHIEE OE Het
o g} prafaLbe e R C Aot GR: T 4ot g TSSO Brsts e 1 rst
el o 8y 06 SR, SO BP0 oo
17 TN gL RO LR AGIEE IS B

ci reuit c%gg,?%fgg{t@;sq%gl 40§l d ¥y @@gﬁg@%ﬁﬂam%&k@ hR AAGHR 1S

| arge (for rrier wave o ulation tactor 1s 100%, and

the Secoaﬂthﬁgqgﬂ“e%& QR RiENahiHCRSHA BOR & Lt lwsRD SeTRAMhALe @ carrier
wave of Ich"nmodul ation factor is small (for exanple, a carrier wave of
whi ch noduleafo@RtetRCdiOfald fabhP% . Further, it is not assured that the first
denodul ati on signal generation circuit denodul ates a carrier wave of which
nmodul afol o odfs) factor is small (for exanple, a carrier wave of which

nodul ation factor is 10% and the second denodul ati on signal generation

circuit denodul aliefmafivddhlst@icon@ictr dbvivhbCihe PREE adviettiorf pefetibly Kaslaar ge (for
exanple, a carrier wave of which nodulation factor is 100% . [0021]
selective circuit which selects either a first demodulation signal generation circuit or a
second demodulation signal generation circuit depending on a modulation signal to stop
the other demodulation signal generation circuit. Specifically, the semiconductor
15 device of the present invention includes the following: the first demodulation signal
generation circuit which generates a demodulation signal from a carrier wave of which
modulation factor is large (for example, a carrier wave of which modulation factor is
lﬁé%); the second demodulation 'signal generation circuit which generates a
demodulation signal from a carrier 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



20Iln a digital circuit, the first denodul ation signal is nonitored and, if
the first denodul ation signal is effective, the signal is transmtted to an
anplitude circuit (for exanple, a conparator or the like) which is included
in the second denodul ati on signal generation circuit and the circuit

operation ivwgosdepes. [0022] 25The first denodul ati on sp@n@0@RAREAL T ON
circuit is appropriate for WD 2008/ 0%8661PCTOP2007/ 074603 10 denvodul ating

a carrier wave of which nodul ation factor is large (for exanple, a carrier
wave of which nodul ation factor is 100%9. Ilowever, in a carrier wave of
whi ch nodul ation factor is small (for exanple, a carrier wave of which
nodul ation factor is 10%, there is a carrier wave having an anplitude of a
certai n dedgrebzefitntioesianrpltebe ased5 anpl it ude of which degree is 90% even
during a nodul ated period, as conpared with an anplitude during an
unrmodul at d80%8ri od. Therefore, it is difficult for the first dempdul ation
signal generation circuit to denpdul ate a carrier wave of which nodul ation
factor is smal | Fimihenhéie spmicpadustor gésvirgurht ﬁ136npf§¥e§hdpvﬁf‘é1ﬁ“=béh%éﬁﬁdul at ed
or not is determ.ned using a | ogic el enent &for exanpl e, an i rter), and
ot her si grfimed E’é(‘?rbﬁlgé%laﬁiﬂe@“o% Cé*lc% KCOSTERRPAFYE | 18 %éﬁn’r?éc"é%‘?a?‘{) e cl ock

otonal | o B RELNS, el ALl lo os, 0 onStaling el flial, ol oul
7 SO R0 €8l St 9 Bhap b
g:-IS\rA{:NUIC[], ar%?lan%rﬁt?cyn' S%guct: nrrgsr ,?)fei onrllé 90[ %g%%rvga\% &S V{"ﬁlgh Qloﬁ)lgllt?o%t faEtBr shs?na(ﬁ' gi tal
(a carrier wave of which modulation factor is 10%) outputs a second demodulation
signal. That is, the first demodulation signal generation 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%). Turther, 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 catrier wave of which
modulation factor is large (for example, a carrier wave of which modulation factor is
106%).
[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



Note that "the case where a nodul ation 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 ation factor which is approxinmately greater than or
equal to 10% and |less than or equal to 30%is typically described as "the
case wher e vao Bppeisads on factor is 10% . In addition, a sEn@8ed®br@e:

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
nodul ation factor is 100% . Thus, a nodul ation factor should not be
interpreted as 25being strictly limted to the figures which are descri bed
and all nodulation factors can WO 2008/ 078661PCl AP2007/ 074603 11 be

appl i ed wi f950dulsting & periehwevegd adislomodidgntiadtorgaargre(foreaninply, ofartibe pr esent
i nvention. [0025] V%th t he use of the present invention, a denodul ation
signal of % %%FUWBF dﬁo‘%‘lf’éﬁoﬁrfé?tows W‘i’%h Howeneat inoh ctmsier weve of sehdhl  (f or
exanpl e, a ul atj on S|gnﬁ] of which nodul ation factor is 10% can be

gener at ed. e ERGPE0T  STB gﬁﬁﬁﬁ@@&ﬁ‘HEVPE@m@éﬁéﬂP@‘BPdWPWE1@§@fm
t be operated, eyven when.the nodul atjon nal of which
ESH‘JF Q't fgni‘f@cff%?e P é Céﬁ&r areg %ﬁ%an %mﬁ*ﬂb%%fra tertam %gﬁs\skég CEHUPRIFAAD; s
t I t f I | . Thus, the
com coructi R e bt S0AE Pt argthlfgaBapd & mpased Siher i n a
Sem Conducatnogm ‘I:tlwlecgurmc Iirp%m% gﬁ%g& p%lgf\)éﬁce&f:rc{(ﬁ%nf l u%&?&ﬂf rntg%; Ingfﬂ \ghl Ch

results from carr er ve can

denodul at I&}Hloﬁﬁ ng%?l %ﬁn&ﬁf&?‘lr %ﬁchﬁt %5 ap odul%é[ Q020 0iee waye of Whécth| on

sen conduct or eV|ce 0 resent i nven differéent dénodu

si gnal gengsdiiRR fé%’tcfrqyélﬁzﬁl ar\r@héﬂﬁé?‘i’he' sf &%Oﬁ@ﬁﬁén Qbnad crghalgéf' t'le\%%cdﬂ%y% of ‘whi ch

nodul ation factor is small (for exanple, a carrier“wave nodul ati on
factor is k@ 1s@@Qnalne@ﬁgahgé\%d@&acﬂéntwr%taarﬁﬁﬁg%@H&f&:)f ARt Qher' serlaRr 98 (For

exanpl e, a carrier wave of
10 (for example, a clock signal) is not necessary. The clock signal is a 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
16  which are 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 limited to the figures which are described and all modulation factors can



20 nodul ation factor is 100% . Therefore, as to a paraneter of an el enent
i ncluded in each of the denodul ation signal generation circuits, it is not
necessary to take into consideration even the case where a nodul ati on
factor is different; thus, flexibility in designing the sem conductor
device is iw@ryegssiFurther, in the second denodul ati onpSigaahogeser ati on
circuit, the second denodul ation signal is generated by detection of a
25di fference between an output of a first bias circuit and an output of a
second bias circuit WD 2008/ 078661PCT/ H2007/ 074603 12 in the second
denodul ati on signal generation circuit. Therefore, even with a signal of
whi ch nodul ation factor is small, a denodul ati on signal can be generated
stably. Adbeapgiicighythini afsoopeatliaomiocanothdepartafismi the edeaing pdhwi yweent When a
signal of which nodul ation factor is small is used, power froma power
suppl y i s imwsnti¢muousl y supplied; 5therefore, the sem conductor device can
be operated stably. [0028] Noi se that exists in each of the outputs
of the fidé#25bias circuit and the second bias circuit has the same phase.
In the present invention, the second denodul ation signal is geperated by
conpari son of tWahdhg pistaf the prepnt fipvertionyp femerylatipn signad of Hén%dé‘g“&ﬁ’él 10 bi as

circuit. Therefore, the noise of, eac f the outpu IS cancell ed, and

i nf | uefce Sigpalfdivarch HaTsiondagipt ' Sf“;agﬁf‘)’é eﬁﬁ?ﬂl?’e?r’%ﬁfg‘a%t,m“i Ség"ragﬁt‘ffg‘ah thus, a
signal can he, dempdul at e Consequently, as,to.a wreless,sjgnal.of which
modul at i ofdgf m%'?“'éorslr‘?‘a 4%} £ %gx%ﬁ‘?ﬁ]iaéf}‘ a%E%fP’?Dfeera m’@o%c}m{f\’gi@ﬁmﬁndul ation
factor is 109, .the. signal can. be so det ect ed, st ahl I n
the case Wﬁ%%“’d?}eﬁ ARG Bk %?Peﬁ%%'vg PHRD FIE e gva:i_ﬁég)gi%f'rﬁz}lI‘)f(f.or

exanpl e, twa‘lachc?nso?%l:ﬂ@?e%{ §ad rr_r?sdgllngﬁi f sfe ,Cl;ng(f lﬂo&rm“‘h}@%af o{vvgle s ﬁﬁf jghere a

carrier wave o nodul atiron factor arge r exanpl e,” the case

where a n%?rwen%%érlsggse r??ﬁ%(%@ueﬁnn?l Ot ogg Wilele§OH %réﬁg.p UTRR, @k sbARos@osonduct or

devi ce of on“can be 20redu by swtching the
denodypat idgﬂccfs'ag@@!opgg@@g@m&pn circuit to be used and stopping part of

operation e citcuirt which is not used. [0030]
10026}

Further, 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
facfor 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
each of the ciemodulation signal generation circuits, it is not necessary to take into
consideration even the case where a modulation factor is different; thus, flexibility in

| designing the semiconductor device is improved. 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



According to the present invention, a denodul ation signal is nonitored in
the digital circuit only using the shape of a waveformof the first

dermodul ation signal; 25therefore, the sem conductor of the present
invention can be realized with a sinple W) 2008/ 078661PCT/ JP2007/ 074603 13

circuit coRi{d aaaisk@n W t hout the necessity of a conpligatgdsir@ss t. BRI EF
DESCRI PTI ON OF DRAW NGS [ 0031] 5In the acconpanying drawings: FIG1 is a
diagramillustrating a sem conductor device of the present invention; FIG 2
is a diagramillustrating 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 conductor device of the
present i iwentéond ddbdduitiob signalagedéraigmagincitit! uBharelpiongvea veiding seradgtt or
device of the present invention; FIG. 6Ato 6C ((SC-1to 6C3) are

di agr ans shiah mbtuaionafactoy ia sseHi e otrheduietion signgleCar be HENEHAES SHPLY nvent i on;
FIGS. 7A (7A-1 and 7A-2) and 7B (7B-1 and 713_—%%3 are di agrans.  each

i | | ust r at Asgerdingnindermation ean Hefieasniged aeregeigebntWhenantepdef WEgh G 8 is a

diagramillustrating a sem conductor device of tpe_ present invention;
modulation factor is small is used, power from a power supply 1s contmuously supplied;

5  therefore, the semiconductor device can be operated stably.
{0028]

Noise that exists in each of the outputs of the first bias circuit and the second
bias circuit 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 carrier 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 carrier wave
of which modulation factor is large (for example, the case where a modulation factor is
100%), power consumption 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 first demodulation signal;

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



FIGS. 9A to 9C are diagrams each illustrating a sem conductor device of the
present invention; FI GS. 10A and 10B are diagrans each illustrating
a sem conductor device of the present invention; 20FIG 11 is a diagram
illustrating a sem conductor device of the present invention; FI GS.

12A to 12Evp6 Soo¥oR¥e each illustrating a sem conductor geyvirgfr@fiséhe
present invention; FIGS. 183A to 13F are views each illustrating
an exanple in which a 25sem conductor device of the present invention is
mount ed; WO 2008/ 078661PCT/ JP2007/ 074603 14 FIG 14 is a diagram
illustrating a sem conductor device of the present invention; FI GS.
15A to 15D are views illustrating a manufacturing nethod of a sem conduct or
devi ce t ociitsmfigisatipnesitnt havensssilyRf p sorapliipled ¢7°8E GS. 16A to 16C are
views illustrating a manufacturing nethod of a sem conductor device to
which the present invention is applied; FIGS. 17A and 17B are views
illustrating a nmanufacturin \%{{1&98 of a sem conductor device to which the

present i PERCRIPHRN P8 Rnf;e
[0031]

5 In the accompanying drawings:
FIG. 1 is a diagram illustrating a semiconductor device of the present 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 2 diagram illustrating a semiconductor device of the present invention;
10 FIG. 5 is a diagram illustrating a semiconductor device of the preseﬁt invention;
FIGS. 6A to 6C (6C-1 to 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) are diagrams each
illustrating a semiconductor device of the present invention;
15 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
present invention;
FIGS. 10A and 10B arc diagrams each illustrating a semiconductor device of
the present invention;
20 FIG. 11 is a diagram illustrating a semiconductor device of the present
invention;
RIGS. 12A to 12E are views each illustrating a semiconductor device of the
present invention;
FIGS. 13A to 13F are views each illustrating an example in which a

26  semiconductor device of the present invention is mounted;



FIGS. 18A and 18B are views illustrating a manufacturing nethod of a 10
sem conduct or device to which the present invention is applied;

FIGS. 19A and 19B are views illustrating a manufacturing nethod of a
sem conductor device to which the present invention is applied,

FI GS. 20A two2i&omea views illustrating a manufact uri ngeairbedookoea
sem conduct or device to which the present invention is applied; 15FIGS. 21A

to 21C are views illustrating a manufacturing nethod of a sem conductor
device to which the present invention is applied; FI GS. 22A and 2213
are views illustrating a manufacturing nethod of a sem conductor device to
whi ch the present invention is applied, FIGS. 23A to 23C are
views illustratFieg 14 manaudiagramrillngratieg teo derofcordiR®r sdetice ovfd thet piesedévi ce to
whi ch the present invention is applied,; FIGS. 24A to 24C are views

i |l ustrat imvgnigemranuf act uri ng net hod of a semni conductor device to which the
present invention is applied, . FIGS. 25A to 25C are vi ec\{vs

il lustrating a WeSufdet (o il st Miswsoflugraligsi & opEchrnacreed t¥ i ch the
present invention is applied; 25FIGS. 26A and ZgB are views illustrating a
manuf act uPYHIGORABEINE Bevate ta Whith tioreyent B REIBEIEPPBY Y/ 074603 15 seni conduct or

device to which_the present jnvention_is applied: . Fl 7A and 27B
are wabef orns i Fi0Pst 104t ithgloEadts ﬁ’&WFi’é}HSt@F‘%g %é?ﬁné’&‘faﬂl@go?’etgg‘é/io e?to which

he pr nt jnvention,i | i.ed; . s :
the p esesémljcon ucttor gevmesto%%)ch tl?edﬁresent invention is applied;

FIGS. 17A and 17B are views illustrating a manufacturing method of a
semiconductor device to which the present invention is applicd;
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 198 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 illustrating a manufacturing method of a
scrﬁiconductor device to which the present invention is applied;
FIGS. 23A to 23C are views illustrating a manufaciuring 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 ijllustrating a manufacturing 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



FI GS. 28A and 28B are waveforns illustrating each portion of a
sem conduct or 5device to which the present invention is applied;

FI GS. 29A and 29B are waveforns illustrating each portion of a

sem conductor device to which the present invention is applied; FI G
30 is a di aghadskhisksistrating a sem conductor device of pdtBERELRD3 -
invention; 10FIG 31 is a diagramillgstrating a sem conductor device of
the present invention; FI GS. 32A and 32B are waveforns illustrating
each portion of a sem conductor device to which the present invention is
applied; and - FI GS. 33A and 33B are waveforns illustrating each

portion of a sem conductor 15device to which the present invention is
appl i ed. BaHtoldubior BOR<GARRYILNG: foleBenT ikred tNENGIPOR;[ 0032] Enbodi ment nodes
and an enbodi nent of the present invention will be 20 hereinafter described
wi th reference FI&S BéAasd 3Tpamewiavgiodnailiusigding eoheppetion df eepicesdwtori nvent i on
can be inplenented in various nodes, and it is easily understood by those
ski | | ed i nlevibetoarlticl thapreswd enyentina igleppdiedis t hereof can be nodified in
vari ous ways W thout departing fromthe neaning and the scope of the
present invent i BYS. 7haired ¥R areptprelorasidlysirating ephy RO NS @IseiseRdustor
interpreted as being limted to the description of the
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 iﬁustrating 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 accompanying 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 1imi.ted to the description of the

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



25 enbodi nent nodes and an enbodi nent bel ow. Note that the sane reference
nunmeral WO 2008/ 078661PCT/ JP2007/ 074603 16 is used in conmon to denote the
same conponent in different drawings in structures of the present invention
descri bed bel ow. (Enbodi nent Mode 1) [0033] 5This enbodi nent node wil |

descri be anrRyeX@gmisgsi0f a structure of a sem conductor devigee@hrdshe present
i nvention which includes a denodul ati @ signal generation circuit with

reference to drawings. [0034] FIG 2 illustrates a bl ock diagramof a
sem conductor device of the present 10 invention. A sem conductor device
100 of the present invention transmts and receives data wrelessly to and
froma reader/witer 116 by an el ectronagneti c wave. The reader/witer 116
i s prefer dblseddnnerewpetd daot thosamatonpenent én difforenhirawiies & gowivinsidat i on
line 118. The control device 120 controls communi cati on between the
r eader / wr i thepresenbingediop descsbed kedvduct or devi ce 100. 15[ 0035] The
sem conduct or device 100 includes an antenna circuit 102, a power supply
circuit 11Zmbgdimepllyiede Bircuit 104, a digital circuit 106, and a nenory
circuit 108. The analog circuit 104 has a denodul ati on signal generation
circuit 1389%dd a nodulation circuit 114. The seni conductor device 100 may
i ncl ude not an &Flennﬁﬁput a wrin connect.ing. to _an extef{nal

! R each

0 for
antennd. The wi FPHgCaPRFIPRY Bfer ¥ S‘Wflgﬁnaé‘ FETE TofnEEIBHE® Wi
other. In this case,, the antenna which.is separatel Nnuf red i
connect ed_Ste’(B’mtoﬁ(guc " qerye Og\rﬁﬁco%rﬁ%‘a@ BRI Iln‘?%ﬁF ér%%ﬁé ﬁ%%ng%l r%:j;) whi ch
is electrical |t¥o connect gd tonéet'lgd\r/g“;illﬁ%r}g may be used to connect the wring

and the artenna Eirt Flvétr ,raf?rﬁe sem comduct or device 100 is not limted to
t he above [ﬁégﬁctur e, and may '

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 wirelessly to and from a reader/writer 116 by an electromagnetic wave. The
reader/writer 116 is preferably comnected to a control 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 digital 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 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 100 is not limited to the above structure, and may

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



25i ncl ude a cl ock generation circuit, a central processor unit (hereinafter
referred to as a WD 20081078661PC1131, 2007/074603 17 CPU), or the liKke.

[ 0036] Note that the clock generation circuit refers to a circuit
whi ch generates and supplies to each circuit a clock signal having a

frequency Rggessafysif or operations of the 5 digital cipgeMjphoctR®sei he
menory circuit 108, and the |ike basegy;on an AC i nduced voltage which is

generated in the antenna circuit 102. An oscillation circuit or a frequency
division circuit my be used for the clock generation circuit. [0037] The
antenna circuit 102 preferably having an antenna and a rectifier circuit 10
receives an el ectromagnetic wave, which is transnmtted fromthe
reader/ wr icrar), drks lilend generates an AC induced voltage. The induced voltage
beconmes power froma power supply of the sem conductor device 100 and al so
includes degs]transmtted fromthe reader/witer 116. [0038] 15The shape of
the antenna that can be used for the present invention is not particularly
limited. Ther ef Bpte,tha ihé gloak stweaaton cdroiib nefenstth acbingpipwWhéek geperalse aaft enna
circuit 102 included in the sem conductor device 100 can be_an

el ect r omaghetlics tocadptiraniy arpback stpaldnyiak e dieqnengy Aedcr@ry f@a oRarations akthRod, a
radi o wave nmethod, or the like. The transm ssion neth may be selected as
appr ophi atdégipycirutsd8Githe Memer Giieuip60% ardiba dikabrssh oppn t“ﬁ%‘“???f"éﬁ@é”@e use of

t he device. Thus, an antenna with_an optinum | ength and, shape

provi ded ihigtidscnapes 1%1%%3‘1‘?1’@3 tHISHE %sﬂ%‘ho?Félll‘i%BH cupgt phat %@%

i nvention,  an electrona% c i.nd i on net hod .having a conmuni cation

f r equency FSIgmCiEgit fRay beys 1@?3?& égﬁEQHmﬁ§“?HE si gnal transn155|on

met hod. (0037]

The antenna circuit 102 preferably having an antenna and a rectifier circuit

10  receives an electromagnetic wave, which is transmitted from the reader/writer 116, and
generates an AC induced voltage. The induced voltage becomes power from a power
supply of the semiconductor device 100 and also includes data transmitted from the
reader/writer 116.

[0038]

15 The shape of the antenna that can be used for the present invention is not
particularly Hmited. Therefore, a signal transmission method applied to the antenna
circuit 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
length and shape 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



[ 0039] 25In the case of applying an el ectromagnetic coupling nmethod or an
WO 2008/ 078661PCT/ JP2007/ 074603 18 el ectromagnetic induction nethod (for
exanple, a 13.56 Mz band) as the transm ssion nethod, a conductive film
whi ch functions as the antenna is forned in an annular form (for exanple, a

| oop ant enRfg 2@kndkedie! i cal form (for exanple, a spiral @AtpRs@h7dses Order to
utilize electromagnetic induction thagg occurs with changes in magnetic

density. 5[ 0040] In the case of using a mcrowave nethod (for
exanpl e, UHF band (860 to 960 MHz), 2.45 GHz band, or the like) which is
one kind of radio wave nethods as the transm ssion nethod, the | ength and

shape of the conductive filmwhich functions e_antenna _my .he

det er mi ne8leaE R E P UG gn fr’r‘?th\ggﬁ BJéZ}I@ﬁ?’@nﬁo%oa@ﬁt‘é‘ \%/Ié{@e g%?gf%%#”ﬁ%m o 10
waves used for, the signal transpissiaon. .For. ex t. pve film
whi ch funEFﬂWﬂsaﬁngﬂgmgﬁWéwH ﬁ%@a%ﬁa?gPﬁ%tnP% a ﬁ?ﬁgggn%ggﬁgﬁ%gg exanpl e,
a dipole t enna flat fQrm r : r.the |ike.
Further, %ﬁémgﬁﬁﬁ%a%Fp@ﬂ%ngﬁﬁaﬂé%ﬁeggﬁﬁpﬁ%%ﬁ?@%??h@%??@%@ﬁ'ghfﬁgt%npenna_is
not limted.to,ll gmg%{%‘ﬁ?fndkagdﬂthﬁ%gc&m'tﬁgﬁﬂggihmgﬁédcmcﬂﬁ& be provided in
a curved form  a serpentine form or a form onbini'ng themin 15

considgra@%ﬂb of the wavel ength of the radi o waves. [0041] FIGS. 12A
to 12E ea |}Iustrate an exanpl e of the shape of the antenna provided in

the antenna cirgujd c;402f udill 2 SXRPAR méfod (fdrishipleeOHFbald B601k8As0a | ayout
may be used in which an ant'enna 1201 is di sposed all around a chip 1200

provi ded wiirh), 8482Q8i KR! oPHRALESH WABKGE bedlikind A fadlon@dvevibiiodsass fhb | ust r at ed
in FIG 12B, 'a |l ayout may be used in which a chip 1202 provided with a

si gnal pr aReSkdch BEthéd) e 1bsutle id shapedtahinebnbiyctize filh whicht fenetind 20Be  Fur t her
as illustrated in FIG 12C, a | ayout may be used in which an antenna of
whi ch shapgteiu hiKBe dhainindd Srapanipeiatedn ta305detoion of tel wavetpnpihgif-ridiequency
el ectromagnetic waves is disposed for a chip 1204 provided with a signal
pr ocedsi ngvaR&c igedufot theAlstpmrlnatnswddsion. aFoi kxansgtle,athe dcopducHyGfilm2which | ayout
may be used in which an .
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
15  consideration of the wavelength of the radio waves.
[0041]
FIGS. 12A to 12E each illustrate an example of the shape of the antenna
proiridcd 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 chfp 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

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



WD 2008/ 078661PCT/ JP2007/ 074603 19 antenna of which shape is |ike that of
an antenna 1207 which is 180-degree omidirectional (such that it can
receive signals equally fromany direction) is disposed for a chip 1206
provided with a signal processing circuit. As a further alternative, as

i1 lustratedyd okbfech2E, a | ayout nmay be used in which aapb@neacaf. which
shape is like 5 that of an antenna 12¢9 with a |ong rod shape is disposed

for a chip 1208 provided with a signal processing circuit. The antenna
circuit 102 nmay be fornmed by conbination 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

ant enna 12@%n@r of hehich kéhapes indikepéiat icfubmardnienhd ni20@dwhish lipriglaksg@esi gnal
can be transmtted and received between the chip and the antenna. By giVving
FIG 12A asméfireetiaiap{sech thindt eautreceira si@@lk cgnallytihen ehy pirdc200) ipdispdsddd with a
signal processing circuit are connected to each other by wire bonding or
bunp bondiforg chdp tadhptovided withpasignad fprachssinghiipsuiayApe fwthetjaltpsnagitie.@b ect r ode
to 15 be attached to the antenna 1201. Wth this nmethod, the chip 1200 can
be at t achédstraicd freFih L @Rrralal@o magbe Hsedfie whish apfaniganaef; wieh 89pcisdéfduct i ve
film(hereinafter referred to as ACF). Further, an appropriate |epngth of -
t he anBenmtiat@f o entennad3eh with g leng rohahape iiamesd %fa&h%gil&ﬂgpwﬁe%’ ive. In
general, in _the case where, for exanple, a freq er_lq%he g 2.45 %Iz i s used,
the | engt # %82l PROCEHADS SHA Fray s @SB P ey B ‘? Y fapbingfionfe 20
wavel ength) or appr oxi malt)el y. 30 nm (a quarter of the wavel ength). [0043]
The power téﬁ?ﬁ‘fﬂ“?asc‘i"‘rﬂb@ﬂa VP3RSt i fi es an i nduced vol tage, which is.
gener at ed b(;? ihe antenna circuit 102, by a diode or the |ike, and

stabi | i zed"#4%¢ i nduced vol tage with the use of ‘a capacitor, thereby

adj usting so améawﬁé% 2 as&ab%chE%tg&ghib%lmegﬁyﬁe .Iglg&;:&r&gilﬁepot enti al

difference fro nce poten otential o reference |ine).
Vo 20(1%/ 0{3?()6\9 eﬁc%ﬁ’?ao%ﬁéf7lﬁ§9¢§sing circuit and the antenna 1201 or the like is not

particularly limited as long as a signal can be transmitted and received between the chip
and the antenna. By giving FIG, 12A as an example, the antenna 1201 and the chip
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 o 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 5 signal to receive. In general, in'the 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, thercby adjusting so as to maintain a stable potential having a

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



20 [0044] The digital circuit 106 perfornms the follow ng operations
based on a denodul ated signal: analyzing instructions; controlling the
menory circuit 108; outputting data for external transm ssion to the

nodul ation circuit 114; and the like. 5 The digital circuit 106 may incl ude
a decodi ng v bwblbisssian i nformation judging circuit, or gderbdok@74cd3n
addition to a generation circuit of azgoenory control signal. Further, the
digital circuit 106 may include a circuit which converts part or all of
data extracted fromthe nenory circuit 108, which is transmtted fromthe
sem conductor device 100 to the reader/witer 116, into an encoded signal.
10[ 0045] - The nmenory circuit 108 stores at |east specific data

(1 ndi vi duatod4dlentification informati on) of the sem conductor device 100.
The menory circuit 108 includes a control circuit, which perforns witing
or reading of d#ha digitahcgoniahle paifoimst Wee dpiiving wicratight bRE® oand a
circuit having a menory elenment. The nenory circuit 108 includes 15 one or
nore of adecwpddapd Yembr gnaleingy inshiietiongn goriodiinge dhe mamry ¢OREMVI0S:a static
random access nenory (SRAM, a ferroelectric random access nenory (FeRAM,
a mask re&dtpotiing detanfor exereljransissiangioahramdalapen girgHt 1 4ensthe (‘%‘RO\/) , an
el ectrically programmble read only nenory (EPROV), an.e|lectrically

er asablbe E%&?%‘ﬁﬁ%%@ 1P@ EQY éietufte ﬁ@ﬁW&@EW&W?fOE%‘OBJ?J%F*%Wy. As

|l ong as the 20 nengn content of the .mepor circuit1108 'st ci fic data
(i ndi vi dud®® {lgfeit 2 41%{% foh EFW%‘I"MIF%O@(? FPTY cRYye S’fgn?]lhe gﬁ i'c8fiduct or

devi 100, . I il ich h bei
Supp! 1 ed i ek Op s sttt wBin SBfvefh B orma ot L0 i 2
t enpor ar yéhné:sxggxé%{r 'cmrghjf? g%'vfiﬁ ri? ?r%&s%ﬂ:ﬂ&i Rgxﬁigﬂ{)%%qco%g?&%gdc%ﬁ@lﬁg?{?{'ﬁgf[ or

device 10 ‘ ol'atiTe nmenofy na use rticu y in 25t he
case of a - . i 1.1 whi ch the sem conductor device 100 has
no WO 206%@8%%%%?gg#%§§§%%ﬁ%%%§%%@% 21 battery, a nonvolatile nmenory is
prefergbl yoqysed as the menory circuit 108. [0046] The organi c nmenory
has a structure in which a |layer containing an organic conmpound is

sandw ched bet WweyRrBR) LirQft WRNHIES di\MBast SBHR, daWikddiB@S i@nuilieARh WO 5
advant ages because the 'structure is sinple. One advantage is that a

manuf act U HndHoAf 68 SheCatmhildddisilidvideetboangné haimdr @ir6E6 10€ atides keduced.
The other advantage is that it is easy to reduce the area of the nenory

circuit argntdeHeasvhidh et WalinCaehng 6RdatZziadcaaddncy withhks ggale, it is
preferable to use the organic nmenory for the nenory circuit 108.
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 oi‘ 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 long 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



10 [0047] The nodul ation circuit 114 transmts | oad nodul ation to
the antenna circuit 102 based on a signal fromthe digital circuit 106.

[ 0048] The denodul ation signal generation circuit 150
denodul ates and extracts data 15 included in the induced voltage which is
gener at ed iwotheomatienna circuit 102. [ 0049] | n edwesramocgoiuct or

devi ce of this enbodi nent node, an el ectromagneti c wave fromthe
reader/witer is received and power by the el ectromagnetic wave is supplied
to drive the sem conductor device. Therefore, although a passive-type 20
sem conductor device is described in this enbodi nent node, the present
invention is not limted thereto. As a structure in which a battery is

cont ai ned batei,dachiheatile meoondis orderatls vialas trowepomgjclel®uppl i ed from a
battery to drive the sem conductor device. [0050] 25In the el ectronmagnetic
wave trand¥4ied fromthe reader/witer, a carrier wave WO

2008/ 078661PCT/ JP2007/ 074603 22 having a certain frequency i s nodul ated
from a sub- carr T&g omganie menary duar sHepipdiddwhigh eriaye feredyng & ORave is a

binarized digital, signal which is transmtted {o the_sem conductor device
fromthe reRBEPAs spiiwiched Bepvesn dgaif %t oBANGHEE BISOW}"(‘"’EE&%&? ﬂ’?%r‘w\‘z\/ave,

th |itude shift keyj ASK lati thod whjch ch 5
ol |t e SATACECT PEAHUDS SHPPE ROYIHG: (PRGBREr 3 1Bk tRCRIT UHECh

changes a frequency.. Thi.s empodi ment m)g)’e2 descri bes the case | ich an

el ectr orrad’ﬁoecte%cca\)vé%@"l@&ﬁﬁl alig;@atbtggf%écaﬂ rﬁ‘ﬁl ﬁ#‘a?jﬁl Sr?tthr%? Vgagﬁ%&&ggrm'dul at ed.
[0051] it is easy to reduce the area of the memory circuit and increase in capacitor can be
realized easily. Therefore, it is preferable to use the organic memory for the memory

circuit 108.

10 [0047]

The modulation circuit 114 transmits load 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 mode, an electromagnetic
wa{le from the reader/writer is fccei'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 {hereto. 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 readex/writes, a carrier wave



The denodul ation signal generation circuit 150 included in the

sem conductor 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 wodes/nae denodul ati on signal generation ci rewidrzd®@74soc! udes a
first denmodul ation circuit 154, a secend denodul ation circuit 156, a first
bias circuit 158, a second bias circuit 160, and a conparator 162. Although
these circuits 15included in the denodul ati on signal generation circuit 150
are described below, the present invention is not limted thereto. [0052]
An input portion 152 of the denodul ation signal generation circuit 150

i |1 ustr at ddving appigin Feqyescyismmaivtatad fran apul-epstier Wavet i Ordiggelongpdedia £ r st
denodul ation 20 circuit 154 and_an input portion 620 of the second

denodul at item sebewmEt Wse. isAR Bowirsd disitali sand1ebish Shéapimided denB8ul ati on
circuit 154 is connected to an input, po;%ion 800A of the first bias circuit

158, and AFMISQRGRGIOT ABFiES Bom e cHier PRI s o bR Tedrirtior apgthad afithearier 156 i s
out put - por(ivEribaEe 8h SPRULHE sEtt b (ATIOURoHTgion BoEh NEHESa T o
the. selond H4ER aF ATroury Shpau0R bysbansir PRl Ovhisbs e e
Conmect o2 oA sl bR BBl SR oG SuL P
out put  por s R B BPT s E AU Ao b & Ol Dt "por ti on 166 of ¢ he
denndulatgﬂgﬁiignal generation circuit 150 are preferably connected to each

ot her thr an analog_buffer circuit 164 as illustrated in FIG 30. As
the anal og buff e @érﬁ&idlattioﬁ-l@i_@ﬂaiageﬁ&hﬁ&lecifc@it L OUVB el A iHe, seicORII¥RR Sour ce
[

anplifier circuit, and the e can be given. Noise can be renoved nore
ef f ectipveldvief do@ of @O At in0nthdB Abscribed with reference to FIG. 30. FIG. 30
illustrates a block diagram of the demodulation signal 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 circuit 160, and a comparator 162, Although these circuits
15  included in the demodulation signal generation circuit 150 are described below, the
present invention is not limited thereto.
[0052]
" An jnput portion 152 of the demodulation signal generation circuit 150
illustrated in FIG. 30 is connected to an input 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 input portion
B00A 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 oufput portion 808B of the second bias circuit 160



10can be generated stably by provision of the analog buffer circuit 164.

[ 0054] FIGS. 6Ato 6C (64 to 6C-3) each illustrate an exanple of a
configuration of a denodulation circuit which is used as each of the first
denodul ation circuit 154 and the second denodul ation circuit 156. FIG G6A

i | lustratesvebmshissgt denodul ation circuit 15 154. The fdmstoderaehul ati on
circuit 154 includes the input portiom 600, the output portion 616, a first
di ode 604, a second di ode 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 portion 600 is connected to one end of the first capacitor 602.

The other_end of the first capacit 6 is conpe d fo an .a e of the
first di d8eoBEgchHF %@C%@t1H51&é?°6f°“19ﬁ@52’85%88’#?8mpfg§% 6%%‘?“%“?%3%8@ of the
first diode 604 is connected to each of one en fa i stor 608,
t he secoﬁﬁzd&ﬁB%F?Tﬁm?ﬁﬁﬁ-zdﬁﬁo?ﬁﬁmgé%SﬁauwggP%"§$?%aébﬁﬁﬁ%&g%ﬁégﬁend of the
second resistor 612 is ¢ ected to one end of the third capacitor 614 and
t he outpd?gﬁ'WVFHHU%Tgw“QEBther, an anode of the second di ode 606, each of
t he ot her @gﬂs of the first resistor 608, the second capacitor 610, and the
third cap@ it'or 614 are 25connected to a reference potential (Vss). WO

200810 saelpmﬁoggg]gg&g %%tggli‘ﬁéf”{ %)22&] d%%%,i,mﬁ} {52 BR thé bupttRkem the

second denodul 1 ON CIirCuUl ation circuit 1llustrated in

FIG 613 | % I bnO2Ruit 1158 aRUrRdtabROdohh&redtd@acha f i r st
di ode 624#Q§h§g%§%£ nggg%gggkg#fifgt ?Esis?oﬂh628,ggfsecond resistor 632,

a first ?Lh&atﬁlﬁﬁigﬁ% £H20p RHSCERIG TAPACHhSEatEBH, FENG0a Abithdambg@aci t or
634. The input portion 6%0 is connected to one end of the first capacitor

622. The Qifetir&idhdf » thecd follsken ciledipacdonionsddrde sinplifincdtced, and tle cat hode
of the first diode 624 and an anode of the second di ode 626. An anode of

the firstygi a6ec6adkn SNeRERECbEEniwedanke efetiesidandh demedilitioptsigneki st or

628, the second capacitor 630, and the second resistor 632. The second 10
resi si®r &ddeignaaBhaciipty povisiem oftic ahlog beffetircdit épaci t or 634 and the

out put portion 636. Further, a cathode of the second di ode 626, each of the
ot her endposd) the first resistor 628, the second capacitor 630, and the
third capacitor 634 are connected to a reference potential_ (Vss). [0056]
15Each of the fRIGSt 6AltoE2(BDE fo 6GS) sash diistiaicod exHoBC Oof AEOHigHEfiofPhde 624,

and the '
a demodulation circuit which is used as each of the first demodulation circuit 154 and

the second demodulation circuit 156, FIG. 6A illustrates the first demodulation circuit

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
poﬁion 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

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



second di ode 626 of FIGS. 6A and 6B nay be forned of a diode-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) each illustrate an

exanpl e i n whb@Bomsai rcuit 618, which is 20 part of thefijresbodsaodul ation
circuit 154, illustrated in FIG 6A isiformed using any of the TP Is
illustrated in FIGS. 6C (6C1 to 6C-3). Simlarly, FIGS. 713 (713-1 and
713-2) each illustrate an exanple in which a circuit 638, which is part of
t he second denodul ation circuit 156, illustrated in FIG 613 is forned
using any of the TFTs illustrated in FIGS. 6C (6C1 to 6C-3). In the
circuit ilf¢@sirated in FIG 7A-1, n-type 25 TFTs 700 and 702 are used as

di ode-connected TFTs. In the circuit illustrated in FIG
2008/ 078661 PCT/ Bit 6B7illostmte 3he scoppd Aempdylstins oeys 1904 ?ihmdmué@rf@ﬂused as
di ode-connected TFTs, In the circuit illustrated in FIG 7B-1, n-type TFTs

708 and 7tbcult Blugisaer msFiG 6B dodusien dea bauisporiion p3b the ewpntportiqn &30y at ed in
FIG 7B-2, p-type !Hs 712 and 714 are used 26% di ode- nnectq%g TETs. 5[ 0057]
The first |62 Bseqnd dinde 62642 Sy 1eSHEPr éoﬁ&f’cﬂ@ ot %en? Gi¥cuit 156

, be f d nbi t f th ts ill d FILGS. 6A t
50 (BChT BRI f FoRIS AP RO S0 fgar%&ﬁv%'cﬁacéw b EhemPRRTE o) The
first d l.at t 154 || ystrat ed FI G
7:Ari ang lgé‘le%}r‘lrﬁtc‘liggg’lgﬁﬁ 5?? ohrs i€ %aﬁlt?r &% #gw N dh teﬁescrtﬁcglsfl 238

11 ust rat ed dcflod @gzgmgﬁ ra eg& oF{héfﬂgA_léécZBzﬂgﬂ&égHla%deo& glrcuit 154

havi ng t h&* AT i second denodul ati on

cireut IRgche Al @%ﬁé be 2k bt b5 hydcell Gl BrdorfBis e Used

Alternatlv ation circult aving the circuit 618

illustrat 7 t LUithe k8B phavi ng the
circuit 62&3&,:%1&:&%28 éehg%e%ql&Eh%f%egwgngﬁ{é&q%%ﬂuﬂgggopg efer gb?c?/),n t he

circuish 618;dds 635‘15 RbSfcled tdbife enflorlint ShidSQPadi®f s8dend teSduyfeppgishat i on
circuit 154, and the circuit 638 illustrated in FIG 7B-1 is used for the

second depBeul BirneR aCdaitodt bf #R6ecdnd ABNEHDY, cadPbf the lothePen@ofitht Yipg | F |
have hi gher nobili ty t han those of a p- type TF 1. Therefore, n-type TFTs

are used f@isia! d28THEScbdndldaptedor sB0, Bed ther third depmiied 684i A8 coireeid to and t he
second denodul ation circuit, so 20 that operation performance of the
circuits eébrehe poigatiaM@ds). [ 0058] The first capacitor 602 (or the first
capacitor 622) is provided to conpensate center of a wave anplitude (a
reference@®issg). The first resistor 608 (or the first
15 Fach of the first diode 604, the second diode 606, the first diode 624, and the
sccond diode 626 of FIGS. 6A and 6B may be formed of a diode-connected TFT. A
diode illustrated in FIG, 6C-1, a diode-connected n-type TFT illustrated in FIG. 6C-2,
and 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 circuit 154, illustrated in FIG. 6A is formed using any of
the TPFTs illustrated in FIGS. 6C (6C-1 to 6C-3).  Similarly, FIGS. 7B (7B-1 and 7B-2)
each illustrate an example in which a circuit 638, which is part of the second
' demodulation circuit 156, illustrated in FIG. 6B is formed using any of the TFIs
illustrated in FIGS. 6C (6C-1 to 6C-3). In the circuit jHustrated in FIG. 7A-1, n-type

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



resistor 628) is provided to nmake constant current flow ng through a point
bl (or a point 25b2). Further, the second capacitor 610 (or the second
capacitor 630) is provided to WD 2008/ 078661PCTOP2007/ 074603 26 snooth a
waveform The resistance of the first resistor 608 (or the first resistor
628) is adjwet@eomssiappropri ate dependi ng on the degreerq@firediestsst atic
capaci tance of the second capacitor 630 (or t.he second capacitor 630). Wen
the resistance of the first resistor 608 (or the first resistor 628) is
smal |, an anplitude of the carrier wave is 5 reduced; and when the
resistance is excessive a breakdown phenomenon of the second di ode 606 (or

h h d d
oper Z?é"ﬂ?;r ml F- ?ypeéﬁ*ﬁsaéo%n%i%eﬁﬁ {2 st G, SR EORTIEh OhE Vs e 108 0
resistor am a8 e, ERs d,lwﬁé\@ﬁ% Led S441d Ak ts@aeﬁst &bﬁ?e&ﬁ@&&d i, 634)

function as OW- pass renoves a requency corrponent

10[ 0059] 1 e c,ﬂ,;  Bulddddst 3565 780, SRl frf 7§zcaq,af eyl gy of the

first bias circui e second circuit 160. In a bias circuit

|||Ustrat%ﬂﬂ%Q?ﬁk£E§QT@Q i nput portion 800 (the input portion 800 is
her ei naft er erred to as the input portion 800A and the input portion

800B i g t@ﬁgﬁ rst bias circuit and the second bias circuit, respectively)
is 15 connected to one end of a capacitor 802 (the capaC|tor 802 is

herei nafter refend et YomedulRionaRRcit 1198 802K attnd deapatitioarci@eRBsen t he
first bias circuit and the second bias circuit, respectively). The other

end of thensgapapihal bBodnbifataniekd vt iBtraed pUFIERIGA Enc@C-(tibe out put
portion 808 is hereinafter referred to as the output portion 808A and the
out put poBLEHNaBDIBGEN Mh&7AIlr ahd bTAL) cindc @Bt (Zhtl 4rhie 78eondltsi &isstcircuit,
respectively), 20 and each of one ends of a first resistor 804 (the first
resi stor 8@140@1ﬂattwro§aicuiaﬂiéehavﬁx@tbc ciechit @ Balusarafed ris FIG. §9-5 vt thgGdcandnd a
first resistor 804B in the first bias circuit and the second bias circuit,
r espedfi vékppdatbnairceit bfdhavingithe grcu8 @88 (Hustated GO YBJimayore BoG o s
hereinafter referred to as a second resistor 806A and a second resistor
806B i n t the firstrdgmoghlaBorceircgiilf4 havdng the ciedbiid Hpgmtedjip FIG.(7A-3 aadidet j vel v) .
The other end of the first resistor 25804 is connected to Pomer suppl y
pot ent i al sgogmj demedplation chewbESChyingsthe piEciel3§ilustipied in FIG. 7B-1 may be

2008/ 078661PCT/ JP20Q7/ 074603 27
used. Alternatively, the first demodulation circuit 154 having the circuit 618 illustrated

in FIG. 7A-2 and the second demodulation circuit 156 having the circuit 638 illustrated
156 in 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 TFT have
higﬁer mobility than those of a p-type TFI. Therefore, n-type TFIs are used for all
TEFTs included in the first demodulation circuit and the second demodulation circuit, so
20  that operation performance of the circuits can be improved.
[0058] |
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



resistor 806 is connected to a reference potential (Vss). [0060] The
capacitor 802 is provided to isolate the input portion 800 galvanically
fromthe power supply potential to which the first resistor 804 is
connected. 5[0061] The first resistor 804 and the second resistor
806 are provodedotsesigenerate a difference between pot engdmirssbrsignal s
which are inputted into the first inped portion 900A and the second i nput
portion 900B included in the conparator 162. It is preferable that
resistance RIp, of the first resistor 804A resistance RIB of the first 10
resi stor 804B,  resistance R2A of the second resistor 806A, and resistance
R2B of the second resistor 806B be "(IA = R2B RIB= Rap,. [0062] .

Mal f unct i emooth atvhaeefoonpaFlet rosistdB2 of the Thet repisterctPBder thy Tifsheasigior 648)8 t he
first bias circuit 158 and the second bias circuit 160. 15[ 0063]

FI GS. 9A wrdjugg enebprppiiais depandingroreligrsigeeott dedwsitigrricitage of hhe
conparator 162. The conparator 162 includes two input portiqgns such as a
di f f er ent isedong crpagitar 618 (en the seemelicapaclapdi®i efVhen fheafﬁS*ﬁib‘EFé‘? it st
anplifier, and a circuit having a _function to ¢o ar e two_signals inputted
into the FHAT G98rOF BirstiBhAesHioT (284 s Fwdl @8 Lysr o 45 CaBKT VP JYes t he
first input_ portion 900A, the second .i nput rtion 900B irst Jr 902 to
o it R b Rbene setaes Borerare gredkan e RRenorian &bk fkad ¢ he
first input rtion, 900A i s, connected tq the output rtion f the
first bi adidf RoG e e gon aifR PEERGHE' Prpufe BHPRIAREE R B8 ALt ot 0
t he out put _portion 308 f the second .bj I it E AT i nput
portion 068 atles“ocr:%?%rg'm? %%etr%mre?’ gé:‘t%(:%degt?j?tgglgi%?& rttﬁégg(ﬂl g?%%sftdfl%%) 902, and

e o e dab ;PS40 800, NGRIGH): Bopedh 6 priepils e VO
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 circuit illustrated in FIG. 8, an input portion 800
(the input portion 800 is hercinafter 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  connected 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
(thé output 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
to as a first reéistor 804A and a first resistor 804B in the first bias circuit and the second
bias circuit, respectively) and a second resistor 806 (the second resistor 806 is
" hercinafter referred to as 2 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



second TFT 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

el ectrode of the fifth TP1 910 and one of a source electrode and a drain

el ectrode of the second TFT 904. The other of the source el ectrode and

drai n el ectwod®sofsséthe first 1P | 902 is connected to omerghodnesour ce

el ectrode and a drain electrode of therthird TFT 906, a gate el ectrode of
the third TFT 906, and a gate electrode of the fourth TFT 908. The ot her of
the source electrode , and drain electrode of the third TFT 906 is
connected to a power supply potential (Vinm). One of a source el ectrode and
a drain electrode of the fourth TFT 908 is connected th the power supply
pot enti al 1¢3iton) 806 Thesnotdialto efrefetvacesmiantiel (sdet r ode and drain 10 el ectrode
of the fourth TFT 908 is connected to the output portion 912 and the other
of the sodbPé@dlel ectrode and drain el ectrode of the second 1?2 1 904. A gate
el ectrode of the fifth IFl 910 is connected to a constant current circuit
1003 through a W fapacior 802 iprpsovddaddp isgfate e inpytprBoeWcsataacalbhao™r ai n

el ectrode of the fifth TFT 910 .is_cgnnected to a reference potential (Vss).
Not e that thheowar swnply eriontipklovgicheibe Hi5t resiston 0L 5kerRstEd15current circuit
1003. In FIG. . 9A a sixth IPl 916 is constantly turned on or not provided.
[ 0064] 5 [0061] Qperation when a signal is inputted into the first input

ti 900A t i t ti 900 f th t 162 i
o100, 200 S B SRR R ROt RIS 02
310, "ML MR PR BRI DRABBL Y S BR B 10
0 LT e ALtk bl RERSREDCIAR SRS oo, Ryt e ol

addi tion, j 0of - eagh O}; Il t r.aL L I to 9C is
set Vs. \%%%%/n{ 85}31166 1%%‘&5%/ g‘&zg{ﬁ 0%%%3638%% %%%Gé]@éﬁgmb rklgl—f?g? glﬁ?lte case

W_her €@ d!rtaéiﬁ&egﬁélﬂ?%s@@atﬂc@mzk 2f Qﬂfpkécgﬁh tQistodBob KT and\sBhnEO RA af the
differential pair is described. First, the case where a potential of the

first input.aiidsal s8080 RS, birghemr i bgy,.a potential of the second input
d. A

portion 900B i s considered.
[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
differcntiai amplifier, or an operational 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, 2 first TFT 902 to
a fifth TFT 910, and an output 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

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



5 current which flows through the first TF 1 902 and the second TFT 904 is
expressed in the followng fornmula (1). Here, Vgs is a gate voltage; Vd" a
drain voltage; VIII, a threshold voltage; k, a transconductance
coefficient; and X., a channel |ength nodul ation coefficient. [0067] 10

[ FORMULA 1]wé Goosmrsséi2d = k (V gs -V rh)2 (1 + A Vds) [8068hoororece3- Since
a potential of the first input portioms900A is higher than a potential of
the second input portion 900B in the forrmula (1), the following relation is
formed between 15 Vgs (902) which is the gate voltage of the first TP1 902
and Vg, (904) which is the gate voltage of the second IF 1 904: Vg, (902) >
Vgs (904). The transconductance coefficient k is a val ue uni %ue éa

const ant ) stcond TFEPORi Qe ofs sputce rekrickieds angd agdrainclecapdefihs fisy TFR %8Apaci t ance

of a gate insulating film a channel wdth, and channel| | ength of each of
the TE, | & coapertadiie oapahmenuqecipgtradshyia %rﬁincﬁlfcgagef ¢4t ?Qﬁk‘ ’1%% Siq@ 250 const ant
which 20 is determ ned by manufacturing, processes h.qf the TFTs.

Ther ef or e ONRER seues ¢lpciiede aria draim slaciEBiErof the v ﬁgﬁ@ft ﬁg‘c(ﬂﬁeﬁr‘i’gl | engt h

nmodul ation coefficients X of the first TET d the s nd 11,1 904 are
equi val enthe $opEerlciels #§ FairHscErds 'F’Bfﬁ%%%e%léﬁo?rﬁgggg%?ﬂe 95ft age vds

o el O R,
: . A : . .
'9§8‘i§ Pg;tﬂxﬁ%%?@@ﬁé%@éﬁ%‘%%%ﬁ%ﬁﬁg’bgo Bl P88 PP, e

| ; : : _ . Vds of
fhe 1t opeygtlfef .8 Pl s BRI R b PR IR GBR. Ve
(902) > V?);lelgo?g@)arc{: Q6D de%g.a gﬁﬁrél&ﬁgd@m‘ﬁg fodrfiervebdf &ofectddqo out put

portion 9 uctuat es dependin _
the power supply potential (Vpp). The other of the source electrode and drain

10 electrode of the fourth TFT 908 is connected o 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 connected
to a reference potential (Vss). Note that the wiring 914 is connected to the constant
15  current circuit 1003. In FIG. 9A, a sixth TFT 916 is constantly turned on or not
provided.
[0064]
| Operation when a signal is ifiputted into the fixst input portion 900A and the
second input portion 900B of the comparator 162 is described.
20  [0065]
A cufrent which flows through the fifth TFT 910 which is a constant current
source of the comparator 162 is set I, Here, since the third TFT 906 and the fourth
| TFT 908 form a current mirror circuif, a current of I;/2 flows between the source
clectrode and the drain electrode of each of the third TFT 906 and the fourth TFT 908.

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



on the magnitude relation of potentials of the first input portion 900A and
the second i nput portion 900B. [0070] Next, FIGS. 10A and 10B each
illustrate an exanple of a circuit configuration 10 of the anal og buffer
circuit 164. An analog buffer circuit of FIG 10A includes an input portion
1000, a w nwogoo®drkssia source follower circuit 1001, an pgwgtden76ey Cui t
1002, the constant current circuit 1008, an inverter circuit 1004, and an
out put portion 1005. The wiring 914 is connected to the gate el ectrode of
the fifth TFT 910 illustrated in each of FIGS. 9A to 9C. The out put portion
1005 is connected to the output portion 166 of 15the denodul ati on signal
generation circuit 150. [0071] An anal og buffer circuit of FIG 10B

i ncl udes dA%4Gput portion 1000B, a wiring 914B, a source fol lower circuit
1001B, a constant current circuit 1003B, and an output portion 1005B. The
Wiring 914B is &6indetcasy Viere paiffpamé reteaiédl isouelie tortie ?ﬁpfﬁtw%l_lchf@nn 220 910
illustrated in each of FIGS, 9A to 9C. The output pqrtion 1005B |s

connect ed BEeTEME Bt SeswBrY-i olfr?‘s&él@ GfC Yhde @ Biﬂlé’? therirst igRRL PO ®Rer at i on

i it 1 007 i be. d .eff i vel d
AN TET RN R D S R I S
buf f i it 16 i)l ted, i 10A 4 - WO .

D 50 30005 L P At 51 G
i tted i,nt he digital .ci 114,106, indiwi.du i t.ificati
ot 0 0 B b I 90 oY) SR e

clrcui U 106 by P AEHEH ol Xk BRI oh'hOF BBbAR o OSSHRT 1 the

digital circul
coefficient,

[0067]

10 [FORMULA 1]

I

Ids = ?d
[0068]

= k(Vgs Hth:)2(1+ A .Vds)

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

16 Vg (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 carrier
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 TFTs. Therefore, 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 Vys of the first TFT 902 and the drain voltage Vy, of the
second TFT 904: Vy, (902) < Vs (904). Next, when the case where a potential of the

25 first input portion 900A is lower than a potential of the second input portion 9008 is



5 106 and inputted into the nodulation circuit 114. The nodul ation circuit
114 perfornms nodul ation in accordance with the inputted signal, and
transmts information fromthe antenna circuit 102 to the reader/witer
116. The information received in the reader/witer 116 is transmtted to

t he controlwdexkomsi20 t hr ough the communication |ine 14@&:r2Ql0Quéd -

As descri bed above, a nodul ation signa of which nodul ation factor is snall
is denodul ated stably with the use of a sem conductor device of the present
invention and thus information can be received. Specifically, the-

nodul ati on signal can be denodul ated by detection of a difference between a
signal line and a reference Iine and 15data thereof can be extracted
stably. [O®#8{ered similarlfFge theerbovndhe liofvingheslatioy Anforiedh betaeck Hei &einof t he
reference line have the sane phase. As to the denodul ati on net hod of the
present i rignrgs Ya of denFauTBE Pohandsthp drfimr pkage B elohp 829086 A FETO0¢h¥essi gnal
line and the reference line; therefore, the noise 20 of each line is

cancel ed H8®Ads¥s 04 -he sane phase. Through the above reasons, the

sem conductgr device of the present invention can perform denodul ation

havi ng | ed894%¢ | uence of noise due to a carrier wave. [0076] WO

2008/ 078661PCT/ JP2007/ 074603 32 nperi od. where power _.j.s. not s lied, a
 onal Phaced on s CEBHHILARNE: e BEnSUbEAT R BEbe: S SRRE s JEC

upply. |8 Rt FREBH SRIPLOLPdRPal St ChR oSt Bl BuRRNT fpe ", PO

sem conducitort gx%‘éi E?f the present invention, the sem conductor device-can
oper at e 55?%%Py. ’C odi nent ©Mbde 2)

[0070] -
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 poﬁi0n 1005.
The wiring 914 is connected to the gate electrode of the fifth TFT 910 illustrated in each
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 10018, a constant current circuit 1003B, 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 portion 166 of the demodulation signal generation circuit 150.
{0072}
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.

26  10Aor10B.



[ 0077] Thi s enbodi mrent node will descri be an exanple of a structure
of a sem conductor device of the present invention which includes a
denodul ati on signal 10 generation circuit in a node which is different from
Enbodi ment Mode 1 with reference to the drawi ngs. This enbodi ment node wil |
speci fi cal lwo d@serscdae a sem conduct or device,. in the casewher@r@opl urality
of denodul ation signal generation cirguits are included, and one
denodul ati on signal generation circuit is selected fromthe plurality of
denodul ati on signal generation circuits by a selective circuit at the tine
150f operation. [0078] FIG 31 illustrates a sem conductor device
1500 to n@b@ﬁ the present invention is applied. In FIG 31, the

sem cond devi ce 1500 includes an antenna circuit 102 which receives a

radio vave, an,anglogiGld Gihh K3hoHie hugane! akins deue! 106 aitidpaner 20
supply, froma“srgnal recerved in'the antenna circuit 102, ~and denodul at es

the si gn%hentﬁicﬁiogiih&h?g{'éanm fhe 106 sWRLCH BOMna$ cOEIELOT by ekl Eighalr ti ons,

and a nmenory clircult ch wites/reads data dependi ng on output from

the digi tal,¢ih6H x4, &AQFOLxiMot8 iifbatatiohas stabmdte digitatlexduite 1500 i s
not limted to the above structure, WD 2008/ 078661PCT/JP2007/074603 33

i nt er face; 0iah& Hiphstedintd the motiiatidtirchie 1141 ¢ Thé etbdu[28080ikcuit 114 perfdrms
sem conduct or device capable of wi rel ess conmmunication is roughly

cl assi f i egodyMifan ah a@etdaves Withehannpatrdisipnal, pod atesit ipowestion fpysh Yhe( a power
st or age
antenna circuit 102 to the reader/writer 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 abdve, 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 sigpal 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
phaAse. As to the demodulation method of the present invention, demodulation is
performed by comparison of the signal line and the reference line; therefore, the noise

20 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

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



5 portion) and a passive type which drives by utilization of power of a
radi o wave (or an electromagnetic wave) fromexternal. Further, there is a
type referred to as sem -active which charges a power supply (a power
storage portion) by utilization of power of a radio wave (or an

el ect r omagned bwswmya) from external. This enbodi nent noeergescnidass t he
case where the sem conductor device 1500 is the passive type in which an 10
el ectromagnetic wave is received froma reader/witer 110 and power of the
el ectromagnetic wave is supplied to drive the sem conductor device;

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

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

el ect r onagadid whaapevtriansniuppléd, f sigmitbasedraadernmpricdion mahodwhigh ri er wave
having a certain frequency is nodulated froma sub-carrier wave. A signal

i ncl uded iisstaridardizgt wehrIPOAECHR083 ran be trinpmiticd aad icgVedl HPGrFIPPIRE ch i s
transmtted to the sem conductor device 1500 fromthe reader/witer 110. As
to a nodupewsioRomt BreT GRPRAY éanat iimpeded vehilermwirgless Bengh ISEFeEF IS hi f t
keyi ng (ASK) nodul ation nethod which 20 changes applitude, a frequency
shift keyS#RicomigRipT dgden aft the ProsertnsyenlipT-che 653 clor dPEGUET P URd a phase
shift keying (PSK) nodul ati on net hod whi ch changes a phase. This enbodi nent
nmode descPf®P¥s the case in which an el ectromagneti c wave nodul ated by the
ASK nodul ation nethod, i_.s denodul ated. [0082] 25The antenna circuit 102

i ncl udes @%H§W¥@ﬁﬁgzﬁﬁéﬁa capacitor. The antenna WO ‘

2008/ 0786 %P 73P2007/ 074603 34 circuit 102 receives a radio wave (an
electronag it ¢ wave) which is transmtted fromthe reader/witer 110, and

i nputs the si . o i.ned I Syt | 4 nt f qa circuit
P 9 ufit%tﬁlldngent .axthocﬁ iH h&%{lﬂ)ﬁp 2 ?)?agxﬂall%) 02f 0 a PAWRLurS Uchp!a y

200, a first de 13 on~signal generation c 1, and a second

demodul at | %?mgllgﬂt@ﬁt d890L LA Qe Lhi ﬁx%rkig%%i&{'ﬂcﬂﬁ@éj al RmbB&a@dlRLigeh1 Ci T CUi t

130. Furth e antenna circuit 102 receives a signal of which carrier

wave i dey t DenaRALBELRCs! Gietend 30m FMbdaiARS Wib& a waBponse
signaﬁﬁtg%%#%ﬁﬁgaﬂg%?aﬁiter 110. [0583] o mThe shape of the antenna

that can bg.usedid Ghe GhRviRELSeItis IcRbBMhicaN ndile "ML RPEficaUY addsirilel & t ed.
Therefore, a signal transm ssion nethod applied to the antenna

semiconductor device, in the case where a plurality of demodulation signal generation

circuits 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
15 of operation.
[0078]
FIG. 31 iHustrates a semiconduc?or device 1500 to which the present invention
js applied. In FIG. 31, the semiconductor device 1500 includes an antenna circuit 102
which receives a radio 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 Iimited to the above structure,

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



10 circuit 102 included in the sem conductor device 1500 can be an

el ectromagneti c coupling nethod, an el ectromagnetic induction nethod, a
radio wave nethod, or the like. The transm ssion nmethod may be sel ected as
appropriate by a practitioner in consideration of the intended use of the
devi ce. Thusp 2@sometienna with an optinum | engt.h and shapersreyraessps ovi ded
in accordance with the transm ssion nst hod. 15[ 0084] ~ In the case of
appl ying an el ectromagnetic coupling nmethod O an el ectromagnetic induction
met hod (for exanple, a 13.56 MHz band) as the transm ssion nethod, a
conductive filmwhich functions as an antenna is forned in an annular form
(for exanple, a | oop t.enna) .ofr, lical form (for exanple, a spiral

ant enna) W%Fﬁ@?cuftoorg&ﬁfcﬂ] ebcelfl%lé%r%bnagneti c induction that occurs with
changes igpgﬁpnetic density. [0085] In the case of using a mcrowave
met hod (f xanpl e, UHF band (860 to 960 MHz), 2.45 d |z band, or the

i ke) which is png kiid, ol bALO AN BRI HRMSASohiRnichadiS | SOIMy Mt hod,

the |l ength and 'shape o e conductive filmwhich functions as an 25ant enna

may be de i.ne ORL, 1 j kdel abivensdphl wasrediengd h of
radi o V\D&g%glfp 0@%%ﬂ%%$§ej%g%g%§%i7%§g B]EC’fLItSQWa:i?es uss‘g)g))?gjra pt he si g%dal

transms ﬁ%&ﬂgxg%?ﬁ a%éém,l ©pc WHRh AAREUSH katRadidd &b pekice bf 4 tiiidt Wwanroas an
y or

ant enna dinalinear form (for exanple, a dipole antenna), a

flat for mielRim@xamlc) foRakethabntiRihe) theris & bgelkéfiveed tus sheikactivhe shape
of the conductive filmwhich functions as an antenna is not limted to the

li near f ogmichaneebhe poRadiphivv@ fowki btotagapohienpbp wiitieation of power ofead form a
serpentine form or a formconbining themin consideration of the -
wavel engt fudef wake (6 estetmagapiciic wergpston] 6086H1. This emppd@entimade o 12E
each illustrate an exanple of the shape of the antenna provided in the
ant enna ciésetibds tHd@ise Fbere eheaseplieondator devigs fLH0f ie dhdg prsyiydypa nawhigh pyyout 10
may be used in which an antenna 1201 is disposed all around a chip 1200
provi ted wetthoraagaitimatavpr isc essivedy feom cj readeniwrissn 410 a8y P of 1St rated in
FIG 12B, a |layout may be used in which a chip 1202 provided mth a signal
pr ocessi nglectrameagnttid Waroiy eeppliedindiiyy the SpRiFORHICER MeVIESD3OWEEhtiARr , as
illustrated in FIG 12C, a_ |ayout may be used in which ané a of which
shape i s bickent ipvgntiont isaat Hmiteh Agreiaostiebis. heSemifon Cltﬁfgﬁf”r"’? §‘ﬂ£ﬂ8¥/

be the active type.

[0081]

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

20  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 jncludes an antenna and a capacitor. The antenna



15 el ectromagnetic waves is disposed for a chip 1204 provided wth a signal
processing circuit. Alternatively, as illustrated in FIG 12D, a |ayout may
be used in which an antenna of which shape is |ike that of an antenna 1207
whi ch is 180-degree omidirectional (such that it can receive signals

equal Iy fr apnasmyotegiection) is disposed for a chip 1206e@novecetheyd.t h a
signal processing circuit. As a furthesr alternative, as 20 illustrated in
FIG 12E, a 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 conbination of the antennas with the above shapes. [0087] 25In

FI GS. 12Acheuil PR, reeciesrmnedivivoave et Hedropegwdienvavapwbich ps tasmitnd frate | i ke WO
2008/ 078661PCT/ 3P2007/ 074603 36 provided with a signal processing circuit
and the aticereader/v20dr 16, aitveinpitk ghei sgmbebtpiaed picthisaihy inte aahedf 2 BYegi vi ng

FIG 12A as an exanple, the antenna 1201 and the chip 1200 provided with a
si gnal pr surdsichenic P0G firsh demediiniioatigpal geneationctinerit 26y WM & SH®Rdi ng or
bunp bonding. Alternatively, part of the chip may be,useq @sdﬁp el ectrode
to 5 be atemefideiomsignabeeaptomercd 392 ingraded hihe apalemefEruit A JFHB1 200 can
be attached to the_antenna 1201 with %h .yse of an anisotropi.c conductive
film (Ber dienarensr cirghib L% ppoelpes A siggatp! W Frer vigye ésp’BPg‘B?*F‘giff‘Sml tg‘ﬁgt h of

t he antenna differs _dependi ng on the freque 0 i | to receive. In

general , @HmPﬁgﬁwﬁéégﬂﬁgﬁ@?“%ﬁ?“@%ﬁﬁﬁﬁ ,ggngﬁ%ﬁﬁ%ﬁﬁvﬁ%%ﬂg.45 dlz i's used,

the I engt f.the antenna nay be approximately 60 nm(a half of the 10
90

wavel engt approximately 30 mm (a quarter of the wavel ength). [0088]
The analog circyit 130 i.S, d rib it f e : The..anal og
circuit 130 i nc?lh%éhsap r?és‘%%\%i‘gm‘é u%%l %/Knc&r g%ﬁe[r Ogglge, P{e eélfkﬁeg%ond;g%‘oéul ation
si gnal ge ' [:J.GUI idemoduh at Lok-3i@nd aighgr ation
circuit 28§ﬁ%ghﬁgéﬁ%%h1a P%%%?i%gg?ﬁpggﬁgu%n in%u?%o tSut ppr?ion 206, a
first ,gut RYEuiPIp3 1500 &98in_ e SRR G QUrPEvidR0 $0008um2 8 ran eldcofrd g PUL
portion 212, a ourtﬁ out put portion 214, a first input portion 216, and a

second | nreH\%pzﬁ r;ﬁ.iéﬁéh, 238 1echbRagRal QeublidiC ethod 39 rARN ¥R aRt@dpeMaE supply
voltage, a first denodul ation Signal, a second denodul ation signal, and a

reset signgk frM@Rn@ddRuhciodnal 1f sdditdadt gpfpriaier Bk tprddiZonctia
i nput/out put portion 206 20 is connected to the antenna circuit 102, and

recei ves apgkiddiafsMofithe tt&AEd L& oY Rlevithle THubSin Muédtwifost bpdm288 i s
connected to all the circuit blocks, and supplies the power supply voltages

t hereto. Thetise@eRsheGhyHe pripQddd io Acdidineswitibtheexheanistion mkthod.he circuit
bl ocks, and supplies the reset signals thereto. The third output portion
212 igsconmmaied to a selective circuit in the digital circuit 106, and
outputs the first 25denodul ation signal. The fourth output portion 214 is
connected to thk Skt ecist vef applying an electromagnetic coupling method or an
electromagnetic induction method (for example, a 13.56 MHz band) as the transmission
method, a conductive film which funétions 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



WO 2008/ 078661PCT/ JP2007/ 074603 37 circuit in the digital circuit 106, and
out puts the second denodul ation signal. The first input portion 216 is
connected to the selective circuit in the digital circuit 106, and inputs a
control signal of a conparator 510 into the selective circuit. The second

i nput portiwo 28879661 connected to the digital circuit lQ6yrandorm@ut s
thereinto a response data 5 signal whsxh is nodul ated by the nodul ation
circuit 204. The first denodul ation signal generation circuit 201

denodul ates a carrier wave of which nodulation factor is 100% and the
second denodul ati on signal generation circuit 202 denodul ates a carrier
wave of which nodul ation factor is 10% Further,. th n ul ation

si gnal  geMayest is6h g ey sign d?“f"lﬂléfl%esﬂoé ey e Sghdgae ﬂ%lg&ﬂ?c a signal

nrnput portion in

outputted fromthe 10 digital .cirecuit. 106 15S.d d
rgggratorﬁE??@ﬁFf?“ﬂg??hgkgseg¥¢%u#%¥uﬁ?rP%%G*yﬁghﬁgyagﬁgggﬁ%gﬁﬁgﬁa ri ght

| ace of the anal og ciycui ] I t Welst&re i#on of the
g eni condu @?@Pmﬁlﬁ% g“f%o@attihég@@# a{j’r(ﬁetgegg)kv?fe ?Flgglgg :tﬂf Sgi&r t(?llg ﬁe@%u@f {gp descri bed

Wi th 1 ef eencsidGuliliBng & anhienkisIEEQURAY ik il afPlholcBRlistes a first

capaci tor rec Ication portion 302 provided with two di odes, a

smoot hi ngfiﬁﬁl%ﬂgrﬁ Bfovﬁ:gé in RBEva AEh aVsehlehBM forB 0§ 2X6RY Lol tienone resi stor

and one capacl The power supply circuit 200 snoot hes the output signal

fromthe anieandosbf GHivhvdQZiPsdno8asiatgsetichavaover supply vol tage and the
reset signal of the digital circuit. The power supply voltage is adjusted

so as to p@gm a stable 20potential having a certain potential difference
froma reference potential (a potential of a reference Iine) [0090]
The first denpdeat 19A 161 PEAkachElesate an ceampaidf RO thape mfdibt amtesnalat a
included in an induced voltage which is generated in the antenna circuit
102. The peeed iR Bdemetuh atrduinl(Ri gifel exgouple; at ilostratéd odile. 202 adeimbtul at es
data included in the induced WO 2008/ 078661PCT/JP2007/074603 |
10  may be used in which an antenna 1201 is disposed all around a chip 1200 provided with a
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
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 antemnna 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. Asa further alternative, as
90  illustrated in FIG. 12E, a 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



38 voltage which is generated in the antenna circuit 102. [0091] The
carrier wave which is transmtted fromthe reader/witer 110 is nodul ated
by the nodul ation circuit 204 in accordance with the output fromthe
digital circuit 106, 5and transnmitted to the antenna circuit 102. [0092]
First, the vwiogickatssci rcuit 106 receives the power supplpcvphéagessed he two
systenms of the denodul ation signals, and the reset signals which are
supplied fromthe analog circuit 130, and selects the first denodul ation
signal or the second denodul ati on signal 10 depending on the condition of
the waveform of the first denodul ati on signal, whereby the denodul ati on

ol Foul ¢ TBieYieh e bR SUPEPEPEHIES T BHE PR AE (el 1P ot e df B *
circuits, and. ipformtign on ' i i s f
?Ral og ci ?%‘F“tlarg”olﬁl?“ ur gﬁg V,mg\gﬁk{': E%‘% Ifi%’(r‘:]a%xgﬁ%ﬁﬂgﬁﬁgeg%}@énﬁggg Z%b)t E)Oot)gsat e
e semc uctar, device .1500 | n 1 :
gpedSSIecgg?;HQWB?ﬁV’ fhﬁggﬁdﬁ%¥$$§fg§%€h§§d. Eofhggéﬁgfgg&&ﬁgﬁwﬁiedggﬁtth
ata o e sel ec .de : | Is 6 I
reader/ Wr{"i’%‘}“gf:[ AP %ﬁ&g% gggwn%%e%nﬁgﬁ{oﬁ}ﬁ%:ﬁlgﬁ% bi%%"a,ay?ﬁr\ge%%? Ztoi S

obta ned BYaBERS3 k@gﬂeen.% TBRITD I kS Mbdhod: A @AS11100225 B hitRBed © thhe

nodbl ati on” circui 0093] 20The nenory circuit 108 stores at | east

specific grg&ﬁ;%(ﬂzﬁ'ﬂwh tadsel FeRLhibeRid OndhdafeHmt(heshafdr reRaed esmaconduct or
devi ce 1500. The nenory circuit 108 i ncludes a control circuit, which

per for ms Mjr?' Ry, frepidpsaficdal & thiudareaiRicepwmdily ditbe tegichal i rcui t
106, and a circuit having a menory el ement. The nenory circuit 108 is

simlar tgribendReREtivel 118 WeberdiDS iho chyzbalttirerefot exbingle, 4 fredwent o245 t he
menory content of 25the menory circuit 108 is specific data (individual
i denti fi catzon vk, BcRhED0f Abe tuktendai k@) be approximately 60 nm (a half of the
10 wavelength) or approximately 30 mm (a quarter of the wavelength).
[0088]
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, a 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
supbly voltage, a first demodulation signal, 2 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 portion 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 thereto. 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



WO 2008/ 078661PCT/ 3P2007/ 074603 39 of the sem conductor device 1500, a
nonvol atil e nenory which can store nenory w thout being supplied with power
is preferably used. On the other hand, as long as tenporary nenory used in
processi ng performed by the sem conductor device 1500 is stored, a volatile
menory nay vo@:usedesiParticularly in the case of a so-caldes:passicse 5 type
in which the sem conductor device 15087 has no battery, a nonvolatile nenory
is preferably used as the nmenory circuit 108. Further, in consideration of
security, a, non-rewitable menory is preferably used to store the
specific data of the sem conductor device 1500. [0094] 10The first

denodul ation signal generation circuit 201 included in the sem conduct or
devi ce 15@Bcwf intthd dgigrrodiinEI6 anvouldpitsthd ssrond Hedodulation sighey edbefitss FI G 4.
The first denodul ation signal generation circuit 201 includes an input
portion 40ut aprtiout2dts pormettoh to iie;, selpctive gircudl ivdibe iggital siradicHiel 28 ode 406,
a first resistor 408, a second resistor 412, a first capacitor 402, a
second caprrefstasongaigignghef acomprrapreaP dKe f}tﬁrselfsm’&lcﬁﬁcuﬂi’heﬂ%ﬁ‘ﬁﬂ“%’b\?"‘fi on 400
is connected to one end of the first Qaiﬁgitgr 402, The ot her egd of the
first cap&ertiosrlldgcomrecissindhs dgislsigyt 1fpard spufsHbereiniog e BIe %64 and a
cat hode of, the secqnd di ode 406. A c¢at hode of e first diode 404 is
connecPed StE8leHBRM 3 “B’rﬁi@laécﬁdgy 36)'?3 F‘i‘?gﬁ?tilcfns ‘Emf”éts#@if o&hﬁé st T‘%Odé%agl%d
capacitor 41Q, and.the s resi.stor 412. The_.other e f o he .second
resi st or ii‘igﬁgli gf“@%?ﬂ?e%‘i‘@@%?gg@ﬂ%&éﬂﬁf DFRAS R %%%gaéﬁ cji:%d%ll and t he
out put_porbion, 410,  EUd RSl AloR 008 (0Lo kD 8GR0 Aol A0 cabach of the

ot her end resirstor e second capaclitor 0, and .the

third capqeblof vhid AbRuGRANEELPS 16,2 FEHREAAE S0k WhblariSSiina [ 0095]

One configurational exanp _ secon enodul at1on signal géneration 25

rode i VB S0ER BT PAR B RN GHHLan G AR Sl ok RoRRECH TN

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
sigﬁai from the antenna circuit 102 and generates the power supply voltage and the reset
signal of the digital circuit. The power 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 lhlej.
[0090]
The first demodulation signal generation circuait 201 demodulates data included
in an induced voltage which is generated in the antenna circuit 102. The second

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



described with reference to FIGS. 5 and 6 (6C1 to 6C2). 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 50avoaseseind bias circuit 508, and a conpar at ofciab@eo7o74683t hough
these circuits provided in the secondsgenodul ati on signal generati.on
circuit 202 are described below, the present invention is not limted to
the follow ng , description. [0096] The input portion 500 of the second
denodul ati on signal generation circuit 202 10 is connected to an input
portion 600 of the first denodul ation circuit 502 and an input portion 620
of the seocbang whichod gtretdtetindherantgons soadt 193d t he second input portion 518 of
t he second denodul ati on signal generation circuit 202 is connected to an

i nput pori®@%dh 918 (see FIGS. 9A to 9C) of the conparator 510. An out put

portion 616 of the first denodul ation circyjt 502 i an i nput
portion 800A ofhe ¢rstigrwaye viiichsis @PPWtFé:%%m%%fea A Iaﬁﬁﬁ@? gg)ttoggl%{retgi on 636 of

t he second denodul ation circuit 504 is.caonnect -k ; i on 800B
of the sdydrrnpiwaiiosdreyf @0451531900,5\%31186Wﬂ}ﬁ?hep%lglf“?gfﬁ&g‘{}g%gg?%‘é@? d|jér’st bi as

circuit 506 is connected to a fir & i nput portion 900A of the conparator
510, &nd agﬁtrmﬁthﬁd$qqn&qngﬁgglt(}® the second bias circuit 508 i s connected
to a second input portion 900B of the conparator 510. An output portion 912
of the cd ator 510 is 20 connected to the output portion 514 of the

second demodul %%'gﬁ@;a i ir%ltgféircgﬁ 66 ckOBs %b Fﬁvgértsuglﬁg volt PO two systems  Not e

that the first on circult an second denodul ation circuit

included in, the s liahd QReSiGRR wrIEK SfcafupflitdCirdt Wi ardiygodul at e
el ectric 053?1)’ g"h"é @?a\aﬂﬁé%ﬁﬂg\%dg%posft éggol\gri ties tcJ)l?)lposi te to each other.

VO 2008/ 0%;%9@ fllg){%%‘eeﬂ R200Q7 40 #8 WBmodtad 3081 or the secoldi@néduddtion sggnalut put

portion 9 0 conparator 510 and the output portion 514 of the second

demody at&eggmcﬁﬁgg&?{he%ﬂcﬁ{i@d b0 WakEfdith oR6R fattadeprodflatiabsignat.omredtved t o each
ot her throagh anh anal og buffer circuit 512 as illustrated in FIG 5. As the

5anal og byf fiek oGkt digrl Benefativoiresit tobdeoisaicteobinedii texs indhwrdigitalour ce
anplifier circuit,

circuit 106, the selected signals are transmitted to other digital circuits, and information

on which signal is selected is fed back to the analog circuit 130. Further, an instruction

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

15  content 6f 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 memory circuit 108, the data is obtained by accessing the memory
circuit 108 and transmitted to the modilation circuit 204
[0093]

20 The memory circuit 108 stores at least specific data (individual identification
information) bf 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 circuit 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

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



and the |like can be given. Noise can be renoved nore effectively and a
denodul ati on signal can be generated stably by provision of the anal og
buffer circuit 512. [0099] FIGS. 6Ato 6C (6C1 to 6C-3) each illustrate an
exanpl e of a configuration of 10 a denodul ation circuit which is used as
each of theyd hdosbrsd@nodul ation circuit 502 and. t he seconcgemmdusad i on
circuit 504. FIG 6A illustrates the gdrst denodul ation circuit 502. The
first denodulation circuit 502 includes an input portion 600, an out put
portion 616, a first diode 604, a second diode 606, a first resistor 608, a
second resistor 612, a first capacitor 602, a second capacitor 610, and a

third capggeifolenfiddd dLARY1 5080 PRI b BRI ERGnLS SRBOCSES &l %hd yend of
R L e pamed it

the first capacitor ther end o st' capacitor is

connect ed wifo@bepodenRls ilepdd: St 8&%&9&%3% apd 1R GRENRAR, &f 10hPgs Second

di ode 606. A cathode of the Tirst di ode 4 |s connected to each of one

ends of t&%fo}#ﬁm&@ﬁ §§egﬁr(1j gﬁgessﬁg%eﬁsﬁ%%me%ﬁm{du%?de\ﬁ&dmhqsSecond

resi stor 612. e ot her of the second resistor 612 is connected to one

end of thegofeh] § dole@BICIRRY B be ARCH. t PertiRRIaAPIPUE cRRIJra0B- A& pdstikt her, an
anode of the second di ode 606, each of the other ends of the ?lrst resi stor

608, the s@eandheARAE Ednditoibor advicet TBOOtHAL 16l beBRAG Aok BéBogganect ed to
a reference potential (Vss). [0100] FIG 6B illustrates the second

denodul at peferdily asddt asSH4 . mdhey ddrwic 10AL | PuitheN\Gh 2005dDat BH6ARETIRR2007/ 074603
42 di ode 626, a first resistor 628, a second resistor 632, a first

capaci t or ngR@wrigabde coadoryafagirtforably3@sedand stotehithel spagifici tige 684he The i nput
portion 620 is connected to one end of the first capacitor 622. The ot her
end of t heenficondtctongsatictl6fl.622 is connected to a cathode of the first diode
624 and an anode of the second di ode 626. An anode of the 5 first diode
624 is colti¥8tk ed to each of one ends of the first resistor 628, the second
capacitor 630, and the second resjstor 632, The second resistor 632 is
connet? ed to ondeed@stofemedilatinn, gigedpaerudions sicuin E0thanchideguin pbe ti on 636.
Furt her, a cathode gf,the second di ode 626, each of the other ends of the
first resfedtiehudpger device 1§%%f}f§m@awaeﬁnteak mgdeyis deserivechwith Fferancedp KiGt or 634

o O o 8 By Ane SO e, Gyeley IOLOH) e porigy DL,
G o 20k i P B Tl W S0 AR S T o e
;PeFlecC]iui S%%cmiﬂrﬁ l%gigtogtifgi;, r%%ﬁfstfc%&?c?t&t E(Sjl, %-S%(ydelg C;Lr;%alci ori izﬂof‘s%H éa Eh%% (:ia;r)]ac'i:tlcnrc-:t 60-3
16 414. 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 connecied to each
of 6ne ends of the first resistor 408, the second capacitor 410, and the second resistor
412. The other end of the second resistor 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 oﬂler ends of the first resistor 408, the second capacitor 410, and the third
capacitor 414 are connected to a reference potential (Vss).
 [0095]
One configurational example of the second demodulation signal generation

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



15 FIGS. 7A (7A-1 and 7A-2) each illustrate an exanple in which a circuit
618, which is part of the first denodulation circuit 502, illustrated in
FIG 6A is formed using any of the TFTs illustrated in FIGS. 6C (6C- 1 to
6C-3). Simlarly, FIGS. 713 (713-1 and 7B-2) each illustrate an exanple in
whi ch a ci ngghéosedBs1 Which is part of the second denodup@d i ehdseili t 504,
illustrated in FIG 6B is fornmed usingoany of the |l hls 20 illustrated in
FIGS. 6C (6C-1to 6C3). Inthe circuit illustrated in FIG 7A-1, n-type TE
s 700 and 702 are used as di ode-connected TI? Is. In the circuit
illustrated in FIG 7A-2, p-type Yb Is 704 and 706 are used as

di ode-connected 'IP Ts. In the circuit illustrated in FIG 7B-1, n-type Is
708 and 7Bscaibed withdefasnch ©dEGSoH aed b €6CVE0 602 h@he syvoud termidduligionat ed i n
FIG 713-2, p-type Ms 712 and 714 are used as 25 di ode-connected TFTs. WO
200810786 6iRGT¢hP20GT £DDUCHR induded BORPt input portioph¥0f p seond épayd @PHIcn on
circuit 502 and the second denodul ation eh:cull 504 may be formed by

conbi nat i $A8.0dn putputchordui §54,id fings dergdathtion cEPEES0B A $esoBCdeBEuatiop 6C- 3)
and FIGS. 7A (7A4 and 7A-2) and 7B (713-1 and 713-2). The first 5

denmodul at icFAvE P94 Wi firstbizs BEMINPG Beseednd diast ciwel S0Py ek 3 sprperdiAr s 7A-1
and the second denodul ation circuit 504 having the circuit 638 .il]ustrated

in FI GB 7¥dthoughnipessecifpaity progided 1w the seeondi degiadBlatiom pigel SEPFeA 883 havi ng

the circuit 618 illuystrated in FIG 7A-2 and th eco nmodyl at i on
circuit 5042 hﬁ?i%crki%‘?é ‘&fitl‘?%ufhca‘B?@e“itIIPWIP’étléd“q%nﬁlﬁﬁ?ﬁp%icl%g@ ligﬁ%vnge' used.

Al ternati velc)r/., .the first denodulation circuit 502 having the circuit 618

i |1ustrat &8P n FIG 7A-2 and the second denpdul ation circuit 504 havi ng
the circui QOQ%EB illustrated in FIG 7B-2 may be used. Preferably, the
circuit 6J{. I'Flustrated in FIG 7A-1 is used for the first denodul ation
circuit 502, an e id i o1 Sic for the
second denodul a ?%;r%s%tfdrogt gollﬁt§0g8%§16| Sﬁ&ggtﬁ%@gﬁgm%%rsﬁn gtr %eﬁt%‘aa%%aﬁ#? ?g% TFT have

hi g her]]Orrg g§ !f[ggltn ctéci]@}rﬁnhigglg%oﬂgorﬁﬁdé'éﬂfﬁ’oﬂﬁr FdemotaBkigh &uit 502 dRGn i are used

for al _ s inc in the first dempdulation circuit and the second
denodul at 'p?ﬂioﬁ'é?ﬁﬂf Ihe s8@nl BahoARARIACHEN: ALY, LY MBRGBn@inphior&dd S1gideS can be
i mproved. [ 0103 The first capacitor 602 (or the first capacitor

622) ill uskd @b&th ddhdalifRiod Sk BRAASBNATcER NDE s @hnébtattty il ipbide (2
reference line). The first resistor 608 (or 20 the first resistor 628)

nmakes consiaMiec FUGKEIA td bOYbNEheldBmPli@id: 31001 AW obiput( Sirtién P18 &t thb2hst Furt her,
t he second capacitor 610 (or the second capacitor 630) is provided to

smoot h a wWamelkiBn clieeit 563 isséoanetedah ahhigpt ipbsion BOSA SK die faOBbifxtirduhe first
resistor 628) i.s adjusted as appropriate depending on the degree of
el ect n@st &0 candapanifuepetiont3é bethssewnd dempaditioarciGiid 50ois doheccsectond
capacitor 630). Wen the resistance of the first resistor 25608 (or the
first resiaatigut 628ipniSS0B wéilthe, scaol bitsudeuit SOB.e diic edipuapattioh 8084 bitheesi st ance
i's
first bias circuit 506 is connected to a first input portion 900A of the comparator 510,
and~ 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
20  commected to the output portion 514 of the second demodulation signal generation
* circuit 202.
[0097]
Note that the first demodulation circuit and the second demodulation circuit

included in the second demodulation signal generation circuit demodulate electric

26  signals which have opposite polarities opposite to each other.



WO 2008/ 078661PCT/ 3P2007/ 074603 44 excessive, a breakdown phenonenon of the
second di ode 606 (or the second di ode 626) occurs; thus, the sem conductor
devi ce does not operate normally. Furthernore, the second resistor 612 (or
the second resistor 632) and the third capacitor 614 (or the third

capaci t or 68dYookumetii on as a | ow pass filter which renou@siranchiogies r equency

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 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 10 conf@é®8kd to one end of a capacitor 802 (the capacitor 802 is
hereinafter referred to as a capacitor 802A and a éagicitor 802B in the
first bias circlipte thatthe onow peBive Be &5 thejcorppiator 0&Q Bt the\PEIRY POTRRR ot her
end of the capacitor 802 is connected tqg an, oyt put gor iqﬁ 808 é;ge out put
portion 8@84P‘ﬂﬁéﬂ@@ﬂé@%@@ﬂﬂé¥@¥$@83?ﬁﬁﬁgnPﬁﬁnﬁﬁﬁﬁﬁ PIETETBACBE8A and t he
out put portion 808B in the fiyst hias circuit d the.s i circuit,
respect i vé® y3ch atkergfepugl @h @F{Oéﬂjé‘%hﬁlécu&fg 5 3@"?“@%@“’5?@? %gO%s?i?“ﬁe first
resistor 804 is hereinafter referred ta as a first resistagr. 8Q4A.and a
first Pesi®®t B%E%&B‘ri“ﬁt % 1:?eaf"f"r‘rg'f’ E%E’ﬁ’gr PET EORRG" £ uéces%%thl g 1|n§\lslf”ici rcuit,
respectivel d a second resistor 806 he s i S

her ei naf t 5?3‘/?"‘5?‘3? FaPT 8V 0%%00335‘3 Feg}solvé% ggr%%gﬂxﬂgerﬁ%%gd %g%%‘)n Pdr%(caﬂéi'st or
806B in the first bias, ci I ] I LEC4bt , respectively).
The ot her Sl@ﬁ?jl B E’? R& e]faitérass'ga%we%f @p girsgi)ggf %gg&lﬁésjg @lof?le?lgf(f:%uré?{t 0 a power supply

potential (£)0), and the other end of the second resistor 806 is connected
to a ref er[enc potential (Vss). [0105] The capacitor 802 isolates the

TP PO PRSI a s RS aRplinr (e
[0106]i0  a demodulation circuit which is used as each of the first demodulation circuit 502 and
the second demodulation circuit 504. FIG. 6A illustrates the first demodulation circuit
502. The first demodulation circuit 502 includes an input portion 600, an 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 capacitor 610, and a third capacitor 614. The input
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 one ¢nd 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 resistor 608, the second capacitor 610, and the third capacitor 614 are
connected to a reference potential (Vgs).
 [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



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 portion 900A and the second i nput portion 900B included in the
conparator 510. Resistance 5 RIA of the first resistor 804A, resistance
121B of thevéeoosbrss@si stor 804B, resistance R2A of the secoashhessst or
806A, and resistance R2B of the seconek resistor 806B satisfy RLA v6 R2A and
RIB R2B. Preferably, RLA = R20 and RIB = Rm. Ml function in the conparator
510, which results from noise, can be prevented when the conparator 510 has
the first bias circuit 506 and the second bias circuit 508. 10[0107]

FIGS. 9A to 9C each illustrate an exanple of a configuration of the

conpar at ordigiE0026T hdirgtonpiston o, asskOondnehistde 633 afirst wipaciavidIg asefamdct i on to
conpare two signals, for exanple, a differential circuit, a differenti al
anmpl i fi er capacitano¥pandeithing capasifiri Biter Thaamguapatipn 6RO fsoronsedtgsoiormyet he
operation (which is an operation to stop a current which 15 flows to a

r ef er ence SpBPEWEi capasinrd2donthe ahyshy obde dirt canayitorid icempetakiee 510
includes the first input partion 900A, the second input portion 900B, a
third i np@tthpes of th fitrt giodg 624 png anpaopdapithe aecan%ﬂa@fiﬁﬁgfw godgAfithehe out put
portion 912. |.n the conparator 510, the first input portjon 900A is
connecf’ed]flrﬁ ‘{I?fg’ %ﬁ&?“%?efjitBﬁaé'O@fA‘”lff endfy &F the Gist E?Sgﬁorcdzgcf.}i‘?tse%é, and the

second i nput poriion OB i s connec t he qut put 0. porti 808B of
he second blSt G duf fheosetndRBNer b (et 6508 ReheliBer od t o a
gate electrode, of ,the first Tl,,I 2 - d e second i nput portion
S00E 1 5 cRRent e (g chleblortpasnd B bt FRBSLGR Sl S5 DG " one
.Of a sour cg, ?1%1 %?&Je%qg %@ﬂj o@thgro?ﬁcli] el%seocfttiéé)ﬂl%t pfsisgol;'%Zé,' the Fec Fd lca ?191 (N-type)

i s connected to ohe of & Source el ectrode and & drarn efectrode of the
fifth TE - f a drain

el et ode o The AR ey 8P a0 RS S F I ERRER PRY o

2008/ 0486641/ JP2007/ 074603 46 source el ectrode and drain el ectrode of the
first TFT 902" (n-type) is connected to one of a source electrode and a

drain el ectrodepgd dffige ikt Bddd 804l (ROLcoRY di¥REG06, TrcIREEdiIBAECEIY, ahlemel the
third TFT 906 (p-type), and a gate el ectrode of the fourth TET 908

(p-type) . sdhadddwers2efof HIES SOV ESESR s tHeodananst Aarus calneeitd de. oA the
third TFT 906 (p-type) is 5 connected to the power supply potential (VDD).
One of a sEudeGeuserhied it Pide6@rithfpa dibad-tonataed Hi-06e TET illh@rafedus FIG. '6812,1 908
(p-type) is connected to the power supply potential , (VDD). The other of

t he sour can¢keliddeadenarnd Hiype MFE iHadmeddn FIGH 6@ 3 faptieduivaldnt 2@ &irCyt.t ype) i s
connected to the output portion 912 and the other of the source el ectrode
and dnai n RGECTA oitel abd TAe2)sedoilllstrdie fin O8dnp(ait whieh a chcgiab B, etlddit isode of
the fifth TIT 910 10 (n-type) is connected to a constant current circuit
1003 ( see phit Gf i)t demodulghoraciviviti 568, Bistratcihie FdG.Hek isobridieusspuanyefel ect r ode
and drain electrode of the fifth IF 1' 910 (n-type) is connected to one of
a source dieediisddestraied imFiraion (6Cddn 66D, obimilagy,EIRSTVB (7TB16nd gBtYpe) . The
other of the source electrode and drain el ectrode of the sixth TVI' 916
(p-type) Gwindbsedeta axanfedeivldchat engditaP3],vabich iNopast Phdbe speondi xt h 1141
916 15 (p-type) may be connected so that the sixth 1.1,1 916 (p-type) at

| east condempanlation ircait SOghilkustrptedvin (IG: BB 1 oepeheeng cogmfi the ¥HBm t he

power supply potential. The sixth TF1 916 (p- t_ﬁpe) may be di sposed bet ween
the f&PI oftigatehat [ilen 6k Gr WPof)-t He troriksmitdlisbrtpd gbEdnti4al h@ea wiri ng

17306 (p- tyBesocind GReToreing Ckateu ars A bad S LI UFBLit B of the

Fitn Tv 7 0-PRe (s G 1 43 AR eRBrR A ot Bhiki(te0 the

o1 ect r oae BPURe G A ot AN TREF LA e Wi Rebifn@ubitd TER 01 tho |

of the soft b° SRl BLALA B350 R B pbRCTER The Mo 2 e Y o
25  diode-connected TFIS.

it




25 (n-type) (see a sixth TFT 9168 of FIG 9B). A gate el ectrode of the
sixth TFT 916 WO 2008/ 078661PC1/ 3112007/ 074603 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 conparator 510 is
not |imtedvohesetsos: [ 0108] SHerei nafter, an operation sftTirb@7oomgar at or
510 is described. First, the case whes® the sixth TFT 916 (p-type) is
turned on is described. [0109] A current which flows through the
fifth TFT 910 (n-type) which is a constant current source of the conparator
510 is set 1d." Here, since the third TI41 906 (p-type) 10 and the fourth
TFT 908 (p-type)forma current mrror circuit, a current of 1d/2 flows
bet ween t f@08burce el ectrode and the drain el ectrode of each of the third
TI*! 906 (p-type) and the fourth TH 908 ép-type). In addjtion, a gotenti al
of each of poi ntle first Mpmedwasion Fircwt FPEgnd ¢ segomCdemodpditioygriicpip $99] 15Her e,
the case where a different potential is agjplied,to t wo TFqu \K%&ch forma
di f f er ent MY hsaPrmedsbyesplipation of the dicuity HRiskated MK 04 BAeMT A of the
first input portjaon 900A is higher_than tential of the cond . i nput
bor t1 on 56680 5 HGRddATAR Suf D) vCIS! (b B « N RSt TRT 902
(n-type) and the, second ég:T 904, (n-typ g.'s expr.e %i tcr fol | owi ng
formul 3 (%7‘}10 aijon afguit P& having the gigg 1a(§ ;dh{?&ate_ n&lﬁgﬁ? AZQ% t?‘85‘%‘:;011 th, a
thr €s hol d d\e/xg(l)éu?aqgh cli(rbui?S(Séir}%QEl%%ed&gc%ﬁ%ggilfu%ggt]éé il I*EIE";[ '.7B3nxgayAbe’usgd,%pannel
the first demodulation circuit 502 having the circuit 618 illustrated in FIG. 7A-2 and the
second demodulation circuit 504 having the circuit 638 iHustrated 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. 78-1 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 TFT. Therefore, n-type TFTs are used for all
15-  TFTs included in the first demodulation circuit and the second demodulation circuif, 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 line). 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

25 G608 (or the first resistor 628) is small, amplitude is reduced; and when the resistance is



| engt h nodul ation coefficient. [0111] [FORMJULA 1] = -id = k( -V )2 (1 A )
2V gsth WD 2008/ 078661PCT/ F2007/ 074603 48 [0112] Since a potenti al
of the first input portion 900A is higher than a potential of the second

i nput portion 900B in the fornula (1), the following relation is formed

bet ween Vg,wé¢ 902)7sed1i ch is the gate voltage of the firstcilezde780203and Vg,
(904) which is the gate 6 voltage of #he second 11, 1 904:. Vas (902) > Vg,
(904). The transconductance coefficient k is a value unique (a constant) to
a 1141 which is determned by a carrier , nobility, a capacitance of a gate
insulating film a channel width, and a channel |ength of a channel

for mat i o, f&GLON Pladaeh gﬂénoﬁq@fonT&Tﬁe scaidh i@ SsaBNak stcendtibasprtyl at i on

coefficie i’'s a const whi ch i s detennined by manufacturing processes

of each Qe thﬁ@eihé bcmﬂ:&xdu&bﬁﬂ@fi&r @ocs WOEBpdrite nbfradIBC ORatictanesthe
coefficients k and the channel |ength nodul ation coefficients A of the

first | Isecdnd%s%t&rrmtzx&e&m adtdnd heis®e 681)dnt THe 1804 cfmeitorpd) (artke Bopdi val ent
the following relation is formed between the drain voltage Vas of the first
TFT 902 (dap 5;@{@136343ﬂﬂ;ctdikﬁaiiﬂawrpasm}teagmdidsmoécstah@e’ewmbylCpmpgmfmt (n-type):
Vds (902) < Vds (904). Next, when the case where a potential of the first

i nput gpor{Di@) 900A is 15 lower than a potential of the second input portion
900B is considered simlarly to the above, the following relation is fornmned
bet ween the dr G Svitiustetps avdsanyfle pheceﬁnfxggtauwmnf @@iﬂ(t@qsw@}ﬂ #0frndne drain

vol tage Vas of the second TFT 904 (n-ty Vas_ (90 > Vds (904). [0113]
20As desché keedudibioy eircuitf®8y olnt algjes @fcul’fh S@fﬂleééﬂ E Igt ?IbWPQtlpP“F? uat es
dependi ng

(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
10 connected 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
(the output portion 808 is hercinafter referred to as the output portion 808A and the
output portion 808B in the first bias circuit ana the second bias circuit, respectively),
15  and each of one ends of a first resistor 804 (the first resistor 804 is hereinafter referred
10 as a first resistor 804A and a first resistor 804B in the first bias circuit and the second
bias circuit, respectively) and a second resistor 8(56 (the second resistor 806 is
heréinafter referred to as a second resistor 806A and a second resistor 8068 in the first
bias circuit and the second bias circuit, respectively). The other end of the first resistor
90 804 is connected to a power supply potential (Vpp), and the other end of the second
resistor 806 ié connected o 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.



on the magnitude rel ation of potentials of the input portion 900A and the
i nput portion 900B. [0114] Next, the case where the sixth TP1 916 (p-type)
is turned off is described. W) 2008/ 078661PCT/JP2007/074603 49 [0115]
The sixth TFT 916 (p-type) is turned off; therefore, a point in which there
i s al nrost meocasnises: mobility of the power supply potencdalr260/BD)soand t he
reference potential (VSS) generates iasthe conparator 510. Accordingly,
this point (a node) 5 conmes to be in a floating potential, and the node
whi ch conmes to be in a floating potential is affected by each paraneter,
manuf acturi ng processes, or the like of a device. [0116] Not e t hat
the conparator 510 is not limted to the above configuration, and any
confi gur ati0&¥b}imay be enpl oyed as long as a function similar to the above
can be 10obtained. [0117] Next, FIGS. 10A and 10B each illustrate an
exanpl e of a ci Abuifirst gemftorgiidaanddhe efcond eesitl 99 Bepraidedity graats 2. The
anal og buffer circuit of FIG 10A includes the input portion 1000, the
wiring 914ifferpreedistiveca robmiigaef sigpt hich rop mputiesentt the firgdringyt pegiion 15
1002, the constant current circuit 1003, the jnverter circuit 1004, and the
out put  pord¥frin é’efsﬁccmlwrﬁ%fgm@fl% igclidpdiache Bomerripes i 1 ?ﬁasf@*i% of the
conpar at or 512. ghe out ortjon 05.i s gconnecte 0 the oujput. portion
514 of % h'14&LBH “Ef_éﬁ%ﬁgfluéqq““?‘o FPSStagffaf e 1 IS ISHSEE ‘ﬁ% feség’??e Rb¥e] 2040
anal og bUftLee gechllc! Igelélfs%or %BGX,I a%d r%s?s an!cQ ?{'géﬂ gi? ﬁletsgceonld '}Qslilé[torpfgbréhl s?xgsf% 92 E’ , the
Roa and Ryg = Rop.  Preferably, Ria = Rop and Ryp = Rza. Malfunction 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 S08.
10 [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
15  flows to a reference potential from a power supply potential). The comparator 510
includes the first input portion 900A, 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
comparator 510, the first input portion 900A is connected to the output portion 808A of
the first bias circuit 506, and the second input postion 900B is connected to the output
20 portion 808B of the second bias circuit 508. The first input portion S00A is connected
to a gate clectrode 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 TFT 902 {n-type) is connected to one of a

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

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



Wi ring 914B, the source follower circuit 100113, the constant current
circuit 1003B, and the output portion 1005B. The output portion 1005B is
connected to the output portion 514 of the second denodul ati on si gnal
generation circuit 202. [0119] 25Noi se can be renoved nore effectively and
a denodul atwomesiaal can be WO 2008/ 078661PCT/ JP2007/ &7etadr bsgener at ed
stably by provision of such an anal og4buffer circuit 512 as illustrated in
FIG 10A or 10B. [0120] The selective circuit which processes the first
denodul ati on signal and the 5second denodul ati on 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 bkogke dedrodaanpdniatelcsnodditbofirst EFHEEL (-iyed).is fomedtd Mrrecsél ecti ve
circuit illustrated in FIG 11 includes a first input portion 1100, a 10
second i npubuporikeitonic kad2 dran tlegtsade @i tpuhisg JFT BA (nmﬁ@f aazatceddei@dout put
portion 1112, an inverter 1104, a flip-flop circuit 1106, and a_sel ector
circuit 1968 UEHETHT ?(ﬁ@rtm}taﬂﬂér&ﬁiecﬁﬁcﬁqwfﬁée lonrih dET 808 ﬂbtya?b i A&t portion
of the inverter 1104 and an A termnal of the selector circ 108, and

t he secon@thenghitthsrurscopicdade 4nd dairdetiade b %e ﬁ‘l{deWr?é)ﬁ ftyrt‘ dSsel ect or
circuit 1108. Note that connections to th A% B term nal s,of, the 15

sel ect 8r EPMEGIEE tor O BONFESURBY Ploffﬁ‘?’f‘?le(él’ D‘f’he?@t’“’ &t apawes plegtode Bt 4t ti on 1100

T2 CoRRE G S TP L BeRRL ELBE BAEE  He
rvert or H04, e e, 4SHEIE Lo IRaSRHT S ohe Pt PR v P
flip-flop Cltyrp%}jls counegt%d toa’thgg\'\%ut &}}B& %2%%‘?1{@&2?& O'f The SO gfe@tq)dre(?m@ D

drain electrode of the second TFT 904 (n-type). A gate electrode of the fifth TFT 910

10 (n-type) is connected to a constant curzent circuit 1003 (see FIG. 10A) through a wiring

914. The other of the source electrode 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-type) may be connected so that the sixth TFT 916 (p-type) at least controls a cuzrent

which flow to the reference potential from the power supply potential. The sixth TFT

916 (p-type) may be disposed between the following:r between a wiring of the power

suﬁply 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 electrode of the

20  fourth TET 908 (p-type) (see a sixth TFT 916C of FIG. 9C); between the fifth TFI 910

(n-type) and é wiring of the reference potential (see the sixth TFT 916 of FIG. 94); or

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

| and a 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



20 termnal thereof, and a reset signal is inputted into an XR term nal
thereof. A Qtermnal which is an output portion of the flip-flop circuit
1106 is connected to the first output portion 1110 and an S term nal of the
selector circuit 1108. A Qtermnal which is an output portion of the

sel ector ciwQaes/BEO8 i s connected to the second out putrquoureeon7ddil2. WO
2008/ 078661PCT/ JP2007/ 074603 51 [0122}7 Hereinafter, an operation of
the selective circuit of FIG 11 is described. "H GH' in describing the
operation represents a potential state the sane as a power supply
potential, and "LOW represents a potential state the sane as a reference
5 potential. The selective circuit of FIG 11 nonitors a state of the first
i nput por t(p-tirpel EGONNesisil txcthe thinddnpft peitign LS | Fretwidng Gt Sspirccisdiaens from
the result of the nonitoring, outputs the selected signal to_ the second

out put porCeRARt FurIeat Cisgy @Qg-pLN%feﬁW Bierrapiigration afficcIPTRERIIS 1P & %8| ected to
the first output. portion 1110. The selected signal is outputted to other

di gital ciliEtersttom t he second out put portion 1112, and information 10 on
whi ch si gxg}aghs selected is fed back to the second denodul ati on si gnal
generatio cuit 202 of the analog circuit 130 fromthe first output

portion 1110. f eedhack signal is.H GHd when e first.d ation signal
is sel gct ed, and“¥"¥ %rdalb%qgaéqng‘?épc Py %%d]nlstc{?éc@g%oﬁ%%gle{%%aaﬁati on
signal is _selected that a. relation between a feedback signal and the
sel ected ?ﬁlﬁﬁegﬁefjéfhggﬁtﬁpﬁ?yé)(ﬁ?'tsﬁ‘gpg#%’? Isg%cge%ﬁack signal may 15 be LOW
when them;‘[.bfogﬁ denodul ati on signal is selected, and a feedback signal may

be H GH he second denobdul ation signal is selected. [0123] . Next,

the inverter 11Q4. | ; hr MR Afifth 473 9160A! Wi oGkl LOW or
fromLOWNto H Aﬁuﬁgx%tﬁgﬁﬁfr@fy} np poriti on 1100 connhected tc(): the input 20

portion ofyO¥8hkres ofhOfompRate s s 0 1,1 NBerk QL URE thiACFICaRNPaFpHO an
inverse state froma state just before the output (a signal changes from

LON t qoHI Gl @ fobAMTHITGIS @-thfMormDcirhat alife ciftaitlda cWhai od 152 Goak _
mai ntains HHGH or LOWNVin the first input portion 1100 connected to the

i nput por be@mreRlthd Bsurdendiedtiottt add GHe daih elettide off cabhef ithy eiideTF1 D04
mai ntains a state just before the output w thout being inverted (a signal

25mai nt ai sty Grhdothe E€Mh. TIBY 908 (phiypet | Dnadatidehh Popntpef eych of patedor m stat e
of the first WD 20081078661PCT1JP20071074603

illustrated in FIGS. 9A to 9C is set Vs.

[0110]

15 .Herc, the case where a different potential is applied to two TFTs which form a

differential pair is described. First, the case where 2 potential of the first input portion

900A is higher than a potential of the second input portion 900B is considered. A

curfent which flows through the first TFT 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 modulation coefficient.

[0111]
[FORMULA 1]
Iy =2k, -V A 2 T,)



52 input portion 1100 (whether or not the waveformis one of a signal which
changes fromH GHto LONor fromLONto HHGH in the inverter) is detected.
Not e that an el enent other than the inverter may be used as | ong as changes
fromH GHto LOWor fromLONto HHGH of the signal in the input portion can
be noni t or awo 2&BEOBRA] Next, the flip-flop circuizcikiF@@7icsiaescri bed.
First, the output Q becones LOWby thesreset signal inputted into the XR
term nal. Next, when the output of the inverter 1104 changes to H GH from
LOW (fromH GH to LOWdepending on a circuit configuration), the flip-flop
circuit 1106 transmts a power supply potential (VDD, which 10 is usually
H GH, and-the sane can be said for the follow ng) connected to the D

term nal t@l'%he output Q On the other hand, an output of the flip-flop
circuit 1106 maintains a state just before the out put except when the
output of the |&m@nmtermbaftéﬁﬁﬁgéwumpw@ﬁ]%%ml}wﬁ%B?FPanat}'f% LOW
dependi ng on circuit configuration). That is, the po p potenti al

i s out put tB%Q?n@)FﬂPWME?P PORB thp e @: Hiscioleyine cripEsp ‘\téﬁ‘érmag)é t¥<Pgnal and

th t put th t 1104 ch f HIGHt LOW
e RS o A B B oS AR
oLl b i %a'esafs I T U3 ot L R

| ted t t dt Y.
o Ll cgpst%@e% I B Al 2
terninal Whghd POLEALLA orl pol e Sad B1 Tk lepdedie aﬁdgﬁhﬁﬁgilglﬁtﬁf the B

t erm nal | {’puctap erm termn Here, the

term nal e%h?,ﬁg?@hﬁ& §P£ he c%&x?rtﬂéo'@ﬁfs, bid he%u@f‘finétﬂ%&uﬁa‘ﬁ'bm nal is

sel ected Wever, rel ati on” bet ween a

2o bl RS DA R e o e 0
and cap bendter! yTa&ttord (hé®lhe transconductance cocfficients k and the channel length
modulation coefficients A of the first TFT 902 (n-type) and the second TFT 904 (n-type)
are equivalent, the following relation is formed between the drain voltage Vs of the first
TFT 902 (n-type) and the drain voltage Vg, of the second TFT 904 (n-type): Vs (902) <
Vis (904). Next, when the case where a potential of the first input portion 900A is

16  lower than a potential of the second input portion 9008 is considered similarly to the
above, the following relation is formed between the drain voltage Vg, of the first TFT _
902 (n-type) and the drain voltage Vg, of the second TFT 904 (n-type): Vg5 (902) > Vs
(904).

[0113]

20 As described above, the voltage of the output portion 912 fluctuates depending
on the magnifude relation of potentials of the input portion 900A and the input portion
9008B.

- [0114]

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



The behavi ors of the denodul ation signals and signals |ines in periphery
thereof in the case of a carrier wave of which nodul ation factor is 100%
and the case of 6 a carrier wave of which nodul ation factor is 10% are each
described. [0127] In the case of the carrier wave of which

nodul at i on waedsemnrssa 100% a signal of which nodul ati oredwber/or503100% i s
inputted fromthe antenna circuit 10244¢nto the first denodul ati on signal
generation circuit 201 and the second denodul ati on signal 10 generation
circuit 202 of the analog circuit 130. The first denodul ati on signal, which
is an output signal fromthe first denodul ation signal generation circuit
201, has a waveformthat a signal in the inverter 1104 changes fromH GH to
LOWor frdMidwWto H GH Consequently, the first denodul ation signal is

sel ected as a denodul ati on signal and outputted to other digital circuits.
Further, the infbe sith KT 936 (etyrphiskuimed o ethwf@écfbmn@@ﬁm%v Herolt si gnal
generation circuit 202, the operation of the conparator 510 is stopped, and
wast e of pERREY 10 catippebdisy of [the payer supply pptgntigh Vonk andofhe; FECTERtr i er wave

T0% 1's" i nNTUE (O SEHESA IR e aTREdr > kb2 AKVG e IR RORL 40 8dndul at |
6is in e ul ation
signaligeneration circyit,. 201 anq th econd denodul ati on .signal.. generation
o1 Poui (> 2097gh € Re Shrfalloing ReGe. $35 o Re wbER Ol Rit IR 48 DAl
which is an, o Hpugfs&% ;? fron1th secqn denndulagio ﬁ%gn | gp:gration

i roui t 2G2S S sack el BRgitaod e s R et R I e i e

H GH or Lq%g(ébnsequently, t he second denodul ation signal is selected as a
denodul ation signal and 25outputted to other digital circuits. Further, the

nformatfon i< ke Back LonkRRSS8a0h 1YAAR0RLUMROURRTIARRORY 914603 54

dermodul ation signal generation circuit _ arator 510 is
oper at ed vaom%ﬁo@emﬁ)g e LARASHd dsObRP s %?ﬁﬂ&@dxﬁﬁnﬁﬁr QN eneSEHME IR ale exanpl e

descri bed above, both the carrier wave o

10  obtained.

[0117]

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

156 1002, the constant current circuit 1003, the inverter circnit 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, -the source follower circuit 1001B, the constant current circuit 10038, and
the output portion 1005B. The output portion 1005B is connected 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



5 which nodul ation factor is 100% and the carrier wave of which nodul ation
factor is 10% can be denodul ated, and usel ess power consunption can be
suppressed in the case of the carrier wave of which nodulation factor is
100% [0130] As discussed above, in the case where the carrier wave of

whi ch nodulves p@soBe6if actor is 10% and t he case where t hewwmesrericwsave of
whi ch nodul ation factor is 100% the #lenodul ati on signal generation circuit
to use is switched and part of operation of the circuit which is not used
is stopped, so that power consunption can be reduced. [0131] In addition, a
di fferent denodul ation signal generation circuit is used in each of 15 the
cases of the .car.l.d.ek . i 0GRt 0; 4100 a5 1iBusk@d@ andid he case of
t he carrﬁ%?mﬁﬁig&gﬁb%ﬁlcﬁﬂﬁéﬁﬂﬁg¥g%n féﬁ?%%p?g&?%oqb Therefore, as to a

par anet er;,qf _agzel enent included in each of the denodul ation signal
generation cifcuits, it is not necessary to take into consideration even

t he case wﬁ% e ‘a nodul ation factor is different; thus, flexibility in
designiné t sem conductor device is inproved. Further, 20the

sem conduct or gy k&ective HOSI Atech ploadskas the tihstedmmdulaidB 2ignal and theA

denodul ation signal is nonitored in the digital circuit only using the
shape 0f @coiavehaeén tiagalf isrdkcritedodit! atforencesiogRi. ;11t h@befseiedivet he

sem conductor of the present invention can be realized in a small circuit
size. VQiREOKLAFBEOHRETEIEP2G0i; 1o4603, H5lock1g8)t needed. Hegrinahier, anj n t he
second denodul ati on signal generation circuit, the second denodul ation

si gnal i sexgeplenat eudoye di4 eonitdlodsfandaglpigicankecdids deseiPedn out put of the
first bias circuit and an output of the second bias circuit in the second
denodul atfioozi] :

‘The selective circuit illustrated in FIG. 11 includes a first input portion 1100, a

10 second inpi;t 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

fhe 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 fo the B terminal of the selector 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 comnected to a D

20  terminal thereof, and a reset signal is inputted into an XR terminal thereof. A Q
terminal whicil 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

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

1112,



5signal generation circuit, and a denodul ati on signal can be generated
stably even with a signal of which nodulation factor is small. Accordingly,
information can be . transmtted and received. [0134] Noise that exists in
each of the outputs of the first bias circuit and the second 10 bias
circuit hasvobmssaee phase. In the present invention, therseeondicos:
denodul ati on signal is generated by cenparison 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 froma
carrier wave, is reduced; thus, a signal can be denodul ated. Consequently,
as to a wireless signal of which nodulation factor is 10% the signal can
15be al so[@&lbcted stably. Therefore, signal transnission and reception
whi ch are based on | SO | EC 15693 can be perforned al . 4 0135
Further, in theHeehri@ndharsratige\aiche orlethe ﬁﬁr%’éteﬂjts%s vi]nt1 Sﬁs,‘:“k?ﬂzver froma
power supply is continuously supplied while a wireless signal is received;
t her ef or e, BiGl 2@§%‘@8&&%¥Wd@é‘ﬁeﬁr§s‘3€§n& B‘éte%tﬂ%rsgfeeglesgf@glﬁ.a YEbodi nent
Mode 3) [013 Thi s enbod| pent node wil |l describe an _exanple of a structure
of a sem éﬂﬂ%é‘?@?“ﬂe@’?cgeigsvt ﬁe@r?ff’lét§éanPOtf’ﬁ{?gﬁh?eoﬁhe\Aﬁ%n&%al ﬁcﬁeﬁe €5t a
denodul ati on si.gnal 22&: eneratiQ ircuit.in.a kch .| Liferent from
. t
Enbodi ﬁentpo ta?gs n'?heaﬁa cg‘_/e circuit otnFlta. 1? momtor@ a stgtg%% t}{\@h(r\’sl‘? lﬁp% ﬂb 10
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 signal is
outputted to other digital circuits from the second output portion 1112, and information
10  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 fecdback signal may
15  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
20  portion of inverter 1104, an output of the inverter 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 connected 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

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



WD 2008/ 078661PCT/ JP2007/ 074603 56 Specifically, this enbodi mrent node will
enploy a structure in which the sem conductor device described in

Enbodi mrent Mode 2 is provided with a battery. [0137] FIG 14 illustrates a
bl ock di agram of a sem conductor device of this 5 enbodi nent node. A

sem conductwo 2eewisee 1800 of this enbodi nent node transpiteandrswecei ves
data wirelessly to and froma reader/writer 1811 by an el ectromagnetic ,
wave. The reader/witer 1811 is preferably connected to a control device
1813 through a conmmunication |ine 1812. The control device 1813 controls
communi cation between the reader/witer 1811 and the sem conductor device
1800. 10[0138] Further, the sem conductor device 1800 is wirelessly

suppl i ed vingih ppoiserl160 Grhethseor wadherwavefarmris 0814 2 §HBBYhickisbangendromnduct or
devi ce 1800 includes an antenna circuit 1802, a 15chargi ng/ di schargi ng
circuit 188H g BLWerrylrag (O Watopditell is thplinredér duideteatgds, Nefe fthat o

denodul ati on signal generation circuit 1806, a second denodul ati on signal
gener at | orelamang ather thaw the inverpmpnbe Bivd@p fangiss chagss fram P W1 LW @ui t 18009,
and a storage circuit 1810. The _sem_conductor device 1800 nmay i ncl ude not
an ant ennd™®LOYV (i FIGH of e sigpy! fethe iRyt pYtighcamiedRomiorednt enna. The wiri ng
and the external antenna nmay be 20 connected with each other. In this case,
the antbend2%Hi ch is separately manufactured is connected to the wiring. A

comeeti on eTmael ke eh RaLyeLAR Fousknl ot S0l SEU Cakmgonnect o
e e oSl 454 St AR SrPoh LS AR BRI ey e
(her ei naf Uiflerdef iﬁftirc%gngte? to3F1GH from LOW (from HIGH to LOW depending on a circuit
configuration), the flip-flop circuit 1106 transmits a power supply potential (ij, which
10 is usually HIGH, and the same can be said for the following) connected to the D
terminal to the output Q. On the other hand, an output of the flip-flop circuit 1106
maintains a state just before the output except when the output of the inverter 1104
changes to HIGH from I.OW (from HIGH to LOW depending on a circuit
configuration). That is, the power supply potential is outputted orly 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 circnit selects the A
terminal or the B terminal by a potential of the S terminal, and a potential of the selected
20 terminal is outputted to a Y terminal, For example, in a configuration where a
potential of tﬁe A terminal is outputied 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



25CPU), or the like. WD 2008/ 0786611t T/JP2007/074603 57 [0140] Not e
that the clock generation circuit refers to a circuit which generates and
supplies to each circuit a clock signal having a frequency necessary for
operations of the control circuit 1809, the nmenory circuit 1810, and the

| i ke based vom2asoA@1 nduced 5vol t age whi ch i s gener at ededmirkdve/nasmizenna
circuit 1802. An oscillation circuit s a frequency division circuit may be
used for the clock generation circuit. [0141] The antenna circuit
1802 preferably having an antenna and a rectifier circuit, receives an

el ectromagneti c wave, which is transmtted fromthe reader/witer 1811, and

10 gener at@8eH@ v Honderdn vektagest. The i nduced vol t age beconmes power from
a power supply of the sem conductor device 1800 and al so i ncludes data

transm ttgdadyrom the reader/witer 1811. [0142] The shape of the antenna
that can be used for the present invention is not 15 particularly limted.
Therefore, a simgBabehtvianRsol $&i demadetabion sigoplsi @d $igndhénemire peapheiy cuit 1802
i ncluded in the sem conductor device 1800 can be an el ectromagnetic
coupl i ng firetehbisl, thacese b tarderagpve bf which duciniation faston &dl00% Frddhocasmoe et hod,
or the Iike. The transm ssion nethod may be sel ected as appropriate by a
practi% i onensiemvoe s wiehatddohtiof factee is 19eird etrhulsectibed.t he devi ce. Thus, an
antenna with an optimum 20 | ength and shape may be provided in accordance
with the [0i3Asm ssion nethod. Ln the present invention, an el ectromagnetic
i nduction nmethod having a conmuni cation frequency of.l% §§ VHz Hs
preferably usedn#ls eapeokiherarricn yaisHvdushgRodrklies dactor is 100%, a signal of

which modulation factor is 100% is inputted from the antenna circuit 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. Consequently, 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 into the first

20  demodulation signal generation circuit 201 and the second demodulation signal

generation ci%cuit 202 of the analog circuit 130. The second demodulation signal,

which is an oulput 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 selected as a demodulation signal and

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



[0143] WD 2008/ 078661PCT/ 3112007/ 074603 58 nethod, a conductive film

whi ch functions as the antenna is fornmed in an 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 magnetic
density. [Otd4desdisncit he case of using a mcrowave net hoebxfrosorexaepl e, UHF
band (860 to 960 MHz), 2.45 GHz band, sor the like) which is one kind of
radio wave net hods as the transm ssion nethod, the | ength and shape of the
conductive filmwhich functions as the antenna nay be determ ned as
appropriate in consideration of the wavel ength of radi o waves used for the
signal transm ssion. For exanple, the conductive filmwhich 10 functions as
t he ant endemerjatioe sfeoslrpederhtiorecitcnit 882, ahd thn cofuprratsx AP iscoperatadi pidiost ant enna) ,
a flat form(for exanple, a patch antenna), or the like. Further, the shape
of the cohdogstopedfi|l m which functions as the antenna is not limted to the
linear form and the conductive filmmy be provided in a curved form a
serpenti n€0128fm or a form conbining themin consideration of the

wavel ength of the el ectromagnetic waves, 15[ 0145] Note that the
shape and the cbereling Grrngsiraeerabexample deaerdsA 20MCobthdRf F257C H3¥° Sht enna

circuit 1802 are simlar to those of the antenns h,nﬁl u%gfj dn_the .
seni cohdudbish mednlation fagser i§rLORMHi the ATTIRHAAYS Of \YRiCR ppqdalatipp fadY 4§ e i n

FIG 8. [0146] 20The power sup circuit 1805 rectifies the jnduced

vol t age, WAPERD P%d‘ﬁ’%?ig‘fﬂé?dedmﬁ‘ﬁgle vt 8%5“’35‘%W§mf§w?ss%ym§he 8de or the
i ke, and abilizes the.induced voltage w the use of a capacitor,

t her eby aﬂftﬁ}gf?rﬁﬁr@%Vca?g“fhb(:hﬁﬁ?cﬁ‘?aé’ioﬂfaa?%gtlsaigqegbpotenti al having a certain

pot enti al (g[i Pf erence froma reference potential (a potential of a reference
l'i ne). [Oi 771 25The control circuit 1809 selects a first demodul ation

signal or a Secﬁpgiscussed above, in the case where the carrier wave of which modulation
10 factor is 10% and the case where the carrier wave of which modulation factor is 100%,
the demodulation signal generation circuit to use is switched and part of operation of the
circuit which is not used is stopped, so that power consumption can be reduced.
[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 case of the
carrier wave of which modulation factor is 100%. Therefore, as 10 a parameter of an
element included in each of the demodulation signal generation circuits, it is not
nec.essary 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.



WD 2008/ 078661PCT/ 3P2007/ 074603 59 denodul ati on signal, and data for
controlling the second denodul ati on signal generation circuit 1807 is

out putted when the first denodul ation signal is selected. Further, the
control circuit 1809 perforns the follow ng operations based on the

sel ect ed devmowk/atsed si gnal . anal yzi ng instructions; carmtmebiomngedshe nmenory
circuit 1810; 5 outputting data for external transm ssion to the

nodul ation circuit 1808; and the |ike. The control circuit 1809 nmay incl ude
a decoding circuit, an information judging circuit, or the like, in
addition to a generation circuit of a menory control signal. Further, the
control circuit 1809 may include a circuit which converts part or all of
data extraerdyl fromthe nmenory circuit 1810, which is transmtted fromthe
sem conduct or device 101800 to the reader/witer 1811, into an encoded
signal . [0148] Further, inTihe seeoms yerpodulntipr siBRD sspwation gircuitedha segaéi fic data
(individual identification information) of the sem conductor device 1800.
The nenor ylempduation sigya! is gehaeted by deleriion oif aclifferange, bejyrics fu SePrbehdew i ti ng
or reading of data in accordance with the contraol 15 circuit 1809, and a
circuit hgvstr&g%apxww ap(ogipehef therfecond dvgsycirit dpithe e8e%s f5RINHESR one or
nore of an organic_nenory, a gynanic,randorlaﬁéess nennréggDRAN&, a static
r andomPac 6888 BRHRGR QsrinNgrd aglomaiviaignsiana) canbs paBHtsd S8R PREREM 2 (FerAM) |
a mask read-only nenor , .a progra bl.e read onl mory (PROM, an
el ectri cals¥g§?alpng‘Y}‘a‘Fﬁr&%‘i’C&E"‘r“é’gdfaS'r‘?FW y ‘@E@R&‘gy é‘?‘FXW é’f’eénr ilggal ly
erasabl e programmabl e read only nenory (EEPROM), and a flash nenory. As

| ong as tﬁ@“%@ﬁﬁ;viégﬁp’ﬁt of the menory circuit 1810 is specific data
(individug@uﬁgentification‘infornation or the like) of the sem conductor
devi ce 1800, nonvol atil e nmenory which can store nenory w thout being
Supplicd W Lh PRURE ulsP LS PLARIY SRl HOGGIARIRANGha @5 Long as
tenmporary nenory IS used In processing perforned by the 25sem conduct or

devi cg,18 [ 4 ‘ j I A Bisaudfilo 1N WO
2008/3986%%%6%?%&%%8%?6%5%8%Q%% ?%gﬁgggﬁmg?xgmgggggf?gg passi ve pre in

whi ch t he (am ;¢ gOARGL Oy EfMlaciSonl &R &ﬁ?{ut@@f bRtfeBlas iR BN kbdoad Tenory i s
preferably “used as the nenory circuit 1810.

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 10%, the signal can
16 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 present 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 a mode which is different from Embodiment Modes 1 and 2.



[0149] The organic nmenory has a structure in which a | ayer containing an
organic 5 conpound is sandwi ched between a pair of conductive |ayers, which
has at | east two advantages because the structure is sinple. One advantage
is that a manufacturing process can be sinplified and that the cost can be
reduced. Theo odokersec@dvantage is that it is easy to reduss/trb@7area of the
menory circuit and increase in capaci sor can be realized easily. Therefore,
it is preferable to use the organic nenory for the nenory 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 deggﬁh%ﬁ%%gi;%%%km ERSEAL IO fib £ Bhicu} 8RBy imBE e RemBensuath:

denodul a eneration circui't 1807 denodul ate and extract data

! ncl “dedf'g%fé ?%cx%itﬂ%‘iﬁ%ﬂxb%&%h%ﬁ&%m Ghrdidaenel Abaeni n the antenna circuit

1802. [O sem conduct or device of this enbodi ment node, an

electrogggﬂgﬁiC'ZO wave fromthe reader/witer is received and power by the
el ectromagneti c wave is supplied to drive the sem conductor device.

Therefore, althayoly anRasss VEe-tiydRe dhgrihc @ da cemicoddwiaedéscedes dhisbed in
this enbodi nent node, the present invention is not limted thereto. As a

St T UCtUT €1iadMHnE hhofe. DA Edkivoridactoniivitien a0 bhtistentiodana riode travatir  devi ce,
power may be supplied froma battery to drive the sem conductor 25device.
and receives data wirelessly to and from a reader/writer 1811 by an electromagnetic .
wave. The readex/writer 1811 is preferably connected to a control device 1813 through
a communication line 1812. The control device 1813 controls communication
between the reader/writer 1811 and the semiconductor device 1800.
10 [0138}
Further, the semiconductor device 1800 is wirelessly supplied with power from
the reader/writer 1811,
{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
1816. The semiconductor device 1800 may include not an antenna but a wiring for
connecting to an external antenna. The wiring and the external antemna may be
20  connccted 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
elecirically 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.



WO 2008/ 0786611 TT/ JP2007/ 074603 61 [ 0153] The el ectromagneti c wave
transmtted fromthe reader/witer is a carrier wave having a certain
frequency which is nodulated froma sub-carrier wave. A signal included in
the sub-carrier wave is a binarized digital signal which is transmtted to
the 5 sem cvnduetdssidevi ce fromthe reader/witer. As tecwurnmdobabi-on

nmet hod of the carrier wave, there aresan anplitude shift keying (ASK)

nodul ati on net hod whi ch changes anplitude and a frequency shift keying
(FSK) nodul ati on nmet hod whi ch changes a frequency. This enbodi nent node
descri bes the case in which an el ectromagneti c wave nodul ated by the ASK
nodul ation nmethod i s denodul ated. 10[ 0154] The first denodul ati on signal
generati of0kicuit 1806 and the second denodul ati on signal generation
circuit 1807 included in the sem conductor device 1800 of the present

i nvention are sNpfelthat the cloble gétieration dérawt idfers ito cdicyih athidesrdemtes @Rd ci rcui t
201 and the second denodul ati on signal generation circuit 202 included in
the 15 sesirrdinslioceer cithuitiaciock sEnslliarng 4 TEqerasy PPIsEd 197 ERASYIRRENEC Mode 1.
Therefore, the detailed descriptions are omtted in this enbodi ment node.
[0155]  control Girgwit il 80% dhromematyedirciil 10AS Fdriae bk hewd % FonCsiPgist
generation circuit 1806 and the second denn%%{ation SH%nal generation
circui P 1804agsrwhirh 5y gEsERish o HBteRBh LRI 5877 ACUPTEEDR CHPHUPY/ dual
identification information or. the Iikﬁ taged iB t he wenory circuit 1810 by
the cont r SEIRPFR GiviSiongdigult agRe pigd e ee}ﬂ FREER FE'ed information is
encoded ig%%ﬁ? control circuit 1809 and inputted into the nodul ati on
circuit 1 ~4The nodul ation circuit 1808 perforns nodul ation in accordance

with the ©oputlefl SR oy R LARSEL Radlf 8 HRLLANLE ARAAE ABLENNa

circuit 1802 to e reader Information received in the

reader/ wrif e  d81diliRnlLRARRW AL ShibRisthBafR0d HiBl HEMLE&/WIBA31811, 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 applicd to the antenna
circuit 1802 included in the semiconductor device 1800 can be an eleciromagnetic
coupling method, an electromagnetic induction method, a radio wave method, or the
Iiké. 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 invcﬂtion, an clectromagnetic 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

25  electromagnetic induction method (for example, a 13.56 MHz band) as the transmigsion



WO 2008/ 078661PCT/ JP2007/ 074603 62 through the comunication |ine 1812.

[ 0156] The power supply circuit 1805 in FIG 14 supplies power to
each circuit included in the sem conductor device 1800. In addition, the
battery 1804 is charged by 5 an external wreless signal which is inputted
fromthe anvepmaomissicuit 1802 through the rectifier cireude2gnowusged in the
antenna circuit 1802, and each circuits 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 obtained fromthe antenna circuit 1802 of the sem conductor
devi ce 180f:thad, & hendeaise fillvewksicia fwstonsris diza dndmng issformereiniag aastlerige.
Therefore, the sem conductor device 1800 can be operated. Accordingly, a
sem condudfoo exateplé, @ doapfantempa)sr @ Selival forp £ior Prnnian spisal oplenne E0derddl y with
certainty. _{_0157_] 15In addition, the antenna circuit 1802 may have a

pl ur al i t y uifizeglectiemagnetiTirdugierelhiti LCAHs WH changee magreicAs8Hi% ~ and recei ve
data to and fromthe reader/witer can be separately provided from an

ant enna WHP¥] suppl i es power when the antenna circuit 1802 has a plurality

of antennas. Further, a radio wave or the Jike which_ js tr mtted from
other fhan the FeleErr/f PiiRs? T’S“f‘iw‘(v&q:\‘ﬁgoc}é%rd@f BF@?@WZ@ '8t ecei ved
shen e iBead SRR, BuncH b YARAES Bl i b R ROBRR el
5888; g%géf\%%%%%%ﬁ%ﬁaifﬁ%@%}lﬁﬂ Enlmy shlél]gei <|)f thE gonfdgcrtiv%(?ﬁ\ﬁ rwhsiéf'npi%lné(tiong Qslég ‘ VO
antenna may be determined as appropriate in consideration qf the wavelength of radio
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), ox 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 fo those of the antenna included in the semiconductor
device 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 1o maintain a stable potential having
& certain potential difference from a reference potential (a potential of a reference line).
[0147}

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



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 o ehesged and di scharged such as a ni ckel 5 pm@atabochytigide
battery or a nickel cadm um battery nsy be used, or a capacitor having high
capacity or the like may be used. [0159] As descri bed above, a

nodul ati on signal of which nodulation factor is small is denodul ated stably
with the use of a sem conductor device of the present invention and 10 thus
informati on can be received. Specifically, the nodul ation signal can be
denodul at edmbduldiehahalpmdofatafodedriieling e doednisiemodul atgurt sl phhemtibi r st bi as
circuit and an output of a second bias circuit and data thereof can be

ext ract ed.cirf U BO) iNoutpeticdabenetie Sirg demodulgtiorosigndhéds selacipdt stheF,HéBf irst

bias circuit and the second 15 bias circuit has the sane phase.

denodul at icortroletitroit 380% terfpressdhe fpheveingi eperationpeapest rhad thy Sé’@ﬁﬁﬁ‘érl son of
the outputs of the first bias circuit and the second bias circuit.

Ther ef or e dempdulgies] signalk awabyringf insstiongg |cﬁ5PF1§01i13§8 c‘ﬁﬁc‘é@’éﬁyb’é‘%ﬂsé ke noi se
has the same phase. From the above reasons, sem condg tor .ce of the

presenf i WHEAIIRGHatadar edemplirangmision &9 ﬂ??o‘i“%‘éulatml Cé‘}‘i“’t‘é jgd eo % carrier
wave, so that the 20si can be d ul at ed Further,. a rele

si gnal of MRAF ‘frﬁ‘&ﬁ‘a]%pgﬁ‘aﬁ’d’éﬁl‘&ﬁqgafg% E‘é‘i‘l‘“ai“i H@E’é‘é@% W‘{Itl\ilm ‘t he 3:e
of the r nt.inve Ther ef.or e, t.hout passin throu h r| od wh
power S r%ﬁl é’&ﬁ'plpl 3‘5}“0%*03? gisratipn Skt o(f{ aa{n%%ﬂ %(gtsfgtl)l % ﬁﬁeﬁ Whi ch 25€|r g

ghggf’gf g'f 28 8holichbil 0 RS 1RRRAT 2 (@ PERih AL B @8 S i N0°

from the memory circuit 1810, which is transmifted from the semiconductor device
10 1800 to the reader/writer 1811, into an encoded signal,
[0148]
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), a ferroelectric random access
memory (FcRAM), a mask read-only memory (ROM), a programmable read only
memory (PROM), an electrically programmable read only memory (EPROM), an
20  electrically erasable programmable read only memory (EEPROM), and a flash memory.
As long as thé memory content 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



WO 20081078661PC1/ JP2007/ 074603 64 power from a power supply is not inpeded
while a carrier wave of which nodul ation factor is 10%is received in the
sem conduct or device of the present invention, the sem conductor device can
operate stably. [0162] 5The sem conductor device of this enbodi nent node
i ncl udes avbatdognssit herefore, shortage of power for trgngivedctiiigoand
receiving individual information, duesto deterioration of a battery over
time, can be conpensated. In particular, 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 nDde because the 10
conparator consunmes hi gh power. [0163] The s cQ ﬁ tor devi ce of
this enmbolt cntof aodeahalypispict tiths 38 Wit Hiei Sle?“‘ES’Pd‘éﬁth ﬁ% 1% bj %5 P21 essly
receiving power for the battery. Therefore, the batte or supplying power
for drivibageryrenosestitdo MEmOTDS PEEGR RIS usedris fie ‘E%‘i‘%@ﬂa}i{%&h external 15
el ectromagnetic wave, wthout directly connecting the sem conductor device
to a chadg®¥?] As a result, unlike a conventlonal active-type RFID tag, it
i's not necessary to check re |n|n aC| ge
i heoreene TSomey RO o0 Thih ey Bhkfle B of AT

batteries, so fl cont be used for

ol A - R %ﬂgﬁ%?%%f"? ohflcPes Rl Fostgor G 1ving

ored attery, so 20 that

S e Vel o0 S 00 SECPUSGhugEY S8 SFabauaig ned o o

comuni cad nare nd the sem conductor device

can be | np%(%gss (%91 be thﬂp?'%]ed Y na QRS LA( BRGRER L2 Gﬂ%/cﬁ)l?cﬁl @@dnfage is that

it is easy to reduce the area of the memory circuit and increase in capacitor can be

realized easily. Therefore, it is preferable to use the organic memory for the inemory
10 circuit 1810.
10150]
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

20 wave from the readerfwriter 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

| not 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.



i nstead of the battery. Although various capacitors can be used, a snal
and hi gh-capacity doubl e-layer electrolytic capacitor or a small and

hi gh-capacity stacked-|ayer ceram c capacitor is preferably used.
Alternatively, both a battery and a capacitor may be provi ded as the power
storage pomo oms/oBp@A165] Not e that thi's enbodi nentiredeotiarns be

i npl emented in conbination with ot heréenbodi mnent nodes in this

speci fication. (Enbodi ment Mode 4) [0166] 10This enbodi ment node will
descri be an exanple of a manufacturing nethod of the sem conductor device
descri bed in Enbodi nent Mbde 1 with reference to the drawi ngs. This
enbodi ne de will describe a structure of the sem conductor device in
whi ch an*antenna, a battery, and a signal processing circuit are forned
over the sane %@gcgraﬁlg%wh& v ab b Gankmanaf frémtiid Raddriwrittriansksitowaviot e t hat
mniaturization can 15 be achieved by formation of an antenna, a battery,
and a si ghg) Qr&ﬁﬁﬁsﬂrégger@yr\ﬁhibﬁ iOvRidulard fSubst sbt@ridwravher A dgriab

enbodi ment nbde wi || describe an exanple in which a thin filmsecondary
battery isiieeth @s sitharhatwaeys a phi6zl dird signa vdégieis eportiehipdbe 3403 i s
formed over one surface of a substrate 3401 20 with an insulating film 3402
i nt er pos eghicheneRetvaefronatd rédderiweter.i msubatoaiylation medwd 2 Hsi®HIF unct i ons
as a base filmand an anor phous sem conductor fjlm 3405 &f r exanple, a
fil m contaivei there amomphapktuge hiforeyingr @S5 aaeddptioR SpebRe tﬁgecéa’ﬁeéa' 15A) .
Note that the insulating film 3402, the separation Igyen 3403, the

i nsul at i agpfiikdenaddQ4ircqamatyt $héft Seying dRak poAulationfosthes WU FRAIEST Aed
consecutively. Note that the separation |ayer 253403 is.not necessarily
for med wienuaeparBts embodimpmst mﬁ‘g‘c desgbsy the \RgseigoBHIS @8&%%??’35?%%7/ 074603
o0 wave modulated by the ASK modulation method is demodulated.

10 [0154]

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
201 and fhe 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

90  circuit 1809, individual identification information or the like stored in the memory
circuit 1810 By the control 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 jnformation from the antenna circuit 1802 to the reader/writer 1811. The

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



[ 0168] The substrate 3401 is selected froma gl ass substrate, a
quartz substrate, a netal substrate (for exanple, a stainless stee
substrate), a ceram c substrate, a sem conductor substrate such as a
silicon substrate, or the like. Alternatively, a substrate such as 5

pol yet hyl eneo t@sephdihal at e (PET), pol yet hyl ene napht hal mtrer¢@EM 5030l yet her
sul fone (PES), or acrylic, which is aéplastic substrate, may be used. Note
that the separation |ayer 3403 is provided over the entire surface of the
substrate 3401 with the insulating film 3402 interposed therebetween in the
step shown in FIG 15A; however, a pattern may be formed by a

phot ol i t hography nethod after the separation |ayer is provided over 10t he
entire surthrgegh thé carpgunioddion e 819401. [0169] The insulating filnms 3402 and
3404 are forned using an insulating material such as silicon oxide, silicon
nitride, 49156ton oxynitride (SiO'Ny, where x >y > 0), or silicon nitride
oxi de (Si NxOy, where x >y > 0) by a CVvD nethod, .a sputtering nethod, 15 or
the |ike. For ekdpPecr Gpel e&uwH ﬁﬁwtﬁbFF%§@1§HWH@;P WﬂthQEg AXHt3404 s

f d to.h 2t wo- | ; t t i i, itri i fi b

o e 5o AR b Rt RUnd WER e BoShGomn bR fort b B °°

f d d.i lLating. fi.l Al t tivel i Jd itride fil

o oo hedeael SR Bk M R FAR S B R By be”

formed as a_ second insulﬁg&qgeéi m_ The. Q&?%ﬁ&%qgl&k%ﬂ%%é%@sﬁ%&&HnCtiOns
prev y

. | i
as a bl ocKFRG™ St R e et 160509 SreL et Bhla In the

substr at e g0 Jd WMPELRY ol ¥ftlr) MR £ RaRER lHkh @Y RhardftBRistharBhf TNt S

formed
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  obtained from the antenna circuit 1802 of the scmiconductor device 1800 in the case
where a communication distance is extended. Therefore, the semiconductor device
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
1802 has a plurality of antennas. Further, a radio wave or the like which is transmitted
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 o 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

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



t hereover. The insulating film 3404 functions as a bl ocking |ayer which
prevents an inpurity el enent contained in the substrate 3401 and the
separation |layer 3403 frombeing m xed into el enents forned over the
insulating film3404. In this manner, 25 providing the insulating filns
3402 and 340dwkumheif unction as the bl ocking | ayers canrciVi®2007/074603 -

2008/ 078661PCT/ 3P2007/ 074603 67 prevent adverse effects on the el enents
formed over the separation |ayer 3403 or the insulating film 3404, which
woul d ot herwi se be caused by an al kali netal such as sodium or an al kaline
earth netal contained in the substrate 3401 or by the inpurity el enent
contained in the separation |ayer 3403. Note that the insulating filns 3402
5 and 3404hareajtelye &oi txaspld, rihe batteracavaisemadiesreallpn avithzthe gsqigled lithdumhe
substrate 3401. This is because an al kaline netal and an alkaline earth
met al ar e badary,queferablyenilithipra polymenbatiers uieg p geldike dacolyterdithispaioat i on

| ayer 3403 may be formed using a metal film a stacked 10 structure of a
metal fil keigs o theokiea  Slatwelly pnbatisty eapeeusbas thg batterpaalongiaf i g singl e
| ayer or stacked |ayers are forned using an el egent, of tungsten,

mol ybdenursfargsablenialiy, tnda Bt WHEB BRLPR clitgeh apd SEgkEed SIST FLORREh 2i nc,
rut heni um rhaodi.ym, pal | adi u osmum,. or iridju or an alloy material or
a conplundreiidrindg balisht o hpivke! SHERUERbAPEERY i"élrégeidt S Cl&%ﬁﬁ&’ﬁg nt.

Furt her, §§&2 nateri&J .can be f%rned by a sputtering 15 nethod, various
CVD net hod & <RI E ST ESWQ§W§ EW5°met hod, or the like. A stacked structure
or a netal L; m and a netal oxide filmcan be obtained by the steps of
form ng tﬁ% g ove-described netal film performng plasma treatnent .thereto

under an oxygen {;gtdgs%gﬁ’&?{b%vg " 1R5ulEn P RRER R %B @J&qug?]rgﬁﬁfs

treatnent there ndef  an Gxygen at nbSphere or an at nosphere, and

t hereby T qpal, zggﬁ( gtgltﬂa HithY E%ej[({f lhdemQbndR1d: E@vi@@&ﬁhe blebd ?ﬁeﬁt% gmtal film

For exanpl e, ngsten filmis provided as a netal m by a

sput t i NG JEeidRgGhatitn Q4R BBt RAGvedOr $36ifchie. e MB&AtioRX s@Rall bdinpkor med of

tungsten oxide can be fornmed on the surface of the tungsten film by

subj ect i n@ekb@uIhtHN B li&Betfon| oM dFrePdn@s BBweELRT SR of BESH BRS cirbf andxanpl e,
after a netal film{(for exanple, a tungsten filn) is forned, an insulating

filmfornedipef ofd deb&@biaddideit 2B GtQBre6l cah be extidedmay be fornmed over the
metal filmby a sputtering nethod, and al so
[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, Thercfore, the noise of each of the outputs is canceled because the noise has
the.same phase. From the above reasoms, a semiconductor device of the present
invention reduces influence of noise, which results from a carrier wave, so that the
20  sigsal can be demodulated.
{0161] |
Further, a wircless 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

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



WO 2008/ 0786611 TT1JP20071074603 68 netal oxide (for exanple, a tungsten,
tungsten oxide filmover a tungsten film my be fornmed over the netal
film Further, for exanple, high-density-plasna treatnment nay be perforned
as plasma treatnment. Besides the netal oxide film mnetal nitride or netal
oxyni tri de wayookersbar ned. In this case, the netal fil mwpayirbersubyected to
plasma 5 treatnment or heat treatnent ender a nitrogen atnosphere or an

at nosphere containing a m xture of nitrogen and oxygen. [0171] The
anor phous sem conductor film 3405 is formed with a thickness greater than
or equal to 10 nmand |l ess than or equal to 200 nm (preferably greater than
or equal 10 to 30 nmand | ess than or equal to 150 nm by a sputtering

met hod, arPoWRCUBmME Pyt supplp ineerdmened metileadcaridar wave of idech podutation

Next, the anorphous sem conductor film 3405 is crystallized by |aser |ight
i rradi ati dactomist B% Hateceivad dr i gamigopgugteindeyicet pleths mspsshlolasesdR Hisnduct or
film 3405 15 may. be perforned by a nethod conbi ning any of |aser |ight

i rradiati CRPUCNAYTET FEYICE $aRaPETafs PRI on met hod using a rapid ther nal

anneal i ng ﬁ A) or an annealing furnace, or a thermal crystallization

met hod usil §£5 nmetal elenent that pronotes the crystallization. After that,
t he obt_ai ned cr¥ﬁtalllne sem onducfﬁt film.is etc&%gﬁhﬁ#Psde i red shapes,

wher eby cryst al FPhSCTEPMFALETEE 5 TS eshesmen) 3 PoPHEE> 20 Then
te i | at i fil 406 i,s_f £, ..th talli
2em condudliior PherlasThERYes' S sEEMuE Sl R SaB At SRR "
f ble t , . ion. of th { I 1 t fil
P have a ¢ aTiioR 68 CRRPIAD T GBPpE ShpBdT, TETERAM L L™

formed fa"s%ﬁ?hé’uc aBaul whépﬁeé’eﬁl?{u@&ti%ﬁﬁpe%-a cklf?:é?x%lor, ﬁ@g%reg,%o‘%iéi&s&' ating

film3406 1s formed using an*insulating nater suc
a battery is extremely effective as described in this embodiment mode because the

10 comparatof consumes 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 elcctroniagnetic wave, without directly connecting the semiconductor device to a
charger. As aresult, unlike a conventional active-type RFID tag, it is not necessary to
check remaining capacity of a battery or change batterics, so that the semiconductor
de\fice 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

20  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



WD 2008/ 078661PCT/ JP2007/ 074603 69 silicon oxide, silicon nitride, silicon
oxynitride (SiO' Ny, where x >y > 0), or silicon nitride oxide (SibkOQy,
where x>y > 0) by a CVD nethod, a sputtering nethod, or the like. For
exanpl e, when the gate insulating film3406 is forned to have a two-I|ayer
structure, vaosikomesnn oxynitride filmmay be forned as apdigrséovionsed ati ng
filmand a silicon 5 nitride oxide fed mnmay be forned as a second
insulating film Alternatively, a silicon oxide filmnmay be forned as a
first insulating filmand a silicon nitride filmmy be forned as a second
insulating film [0O] 74] An exanple of a manufacturing process of the

crystalline sem condquctor f,i| ns .10 3405a ta, 340 ef | esgr i bed

bel ow. Fin&fad gf tg‘?r%ﬁﬁf‘féfus ﬁglé‘ﬂi’tchoﬁa’lﬁ%uts FPAPIOR I hggll%le uggdf ha{c ﬁfeis%ﬁof 50 to
60 rimis [forned, by th u ng ni ckel
whi ch is Yebst Fltyeldé’l’fgﬁtl %re n%r{%l q&g}t&}s]eoql i 5"3‘?&& o%dc?gugpt ?‘Lﬁ{e}ﬂd on the
am)rphous g onduct or. |1

' oat mont T BB St e B e P et

(550C foﬁagg&i&{ﬁ%?‘g?%ﬁ’gﬁ)"?ﬂm owé}sgréég%gﬁhkdnn_e sem conductor filmis

f or med I ne sem conductor filmis irradiated with | aser
light b @) otollthography met hod and etched, so that the crystalline
sem condu tor filnms 3405a to 3405f are forned. Note that crystallization of

the anmor phous s&jid aRNGMS tediboliinldi MRMc Ren perihpldimsttedninycombitasisr rwith ght
irradiation without performng thermal crystallization which uses a netal

20el enent o haknHanRkERt 5d&Ny Shiddgebifiaiionn. [ 0175] As a |aser oscillator used
for crystallization, a continuous wave |aser (a CWIlaser) or a pul sed | aser
can be usgabofismént MRge#r) t hat can be used here, a | aser beam emtted
fromone or plurality of the follow ng can be used: gas |asers such as an
Ar | aser, [(2B66] Kr | aser, and an exciner |aser; a |laser in which
si ngl e- crystal line YAG YVO4i
10 ThIS embodiment mode will describe an example of a manufacturing method of
the semiconductor device described in Embodiment Mode 1 with reference to the
drawings. This embodiment mode will describe a structure 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 achieved 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 a
thin film secondary battery is used as the battery.
[0167]
First, a separation layer 3403 is formed over onc surface of a substrate 3401
20  with an insulating film 3402 interposed thercbetween, and then an insulating film 3404
which functions 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
| .thc 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

25 3403 is not necessarily formed when separation is not necessary.



WO 20081078661PCT1JP20071074603 70 forsterite (Mg2Si 4), YA103, or GIVO4 or
polycrystalline (ceramc) YAG Y203, YVO4, YAL03, or (VD4 is doped with
one or nore |aser media of Nd, Yb, C, Ti, Ho, Er, Tm and Ta as dopant; a
gl ass laser; a ruby laser; an alexandrite laser; a Ti:sapphire |aser; a
copper vapovoba@serssetand a netal vapor |aser. \Wen irradr@virosiosiegper f or med
with the 5 fundanmental wave of such aéd aser beam or the second to fourth
har moni cs of the fundanental wave, crystals with a large grain size can be
obt ai ned. For exanple, the second harnonic (532 nn) or the third harnonic
(355 nm of an Nd: YVO4 |aser (the fundamental wave.of 1064 nm) can be used.
In this case, a |laser power density of approximtely 0.01 to 100 MWcm 2
(preferabll§i6§ieater than or equal to 0.1 MNcn2 10 and | ess than or equal
to 10 MWcn2) is necessa@/, and irradiation is perfor rredbvmth a scanni ng
speed of about The $u§stptod 0y sedsetediprme glags subHile, 3 983113 O A metal
single-crystalline YAG forsterite (I\{gZSi ), YAIO03, or &dVOA or .

pol ycryst AMsrale ({8 srample)a sfaedessysbaghsubiiyaty), a GapRys substrats) USEmIcendY6I98d wi t h
one or nore |aser dia of Nd, Yb, Cr , Er, Tm d Ta dopant; an
Ar ion Iaéléti’sffa@rsu&ﬁr% as3iionsi obstralis & t&%;k%n%é"’%lé’&lyag SEQWI HERAS \wher eas
M B R e

| ocki ng, he |ike. n.a laser .beam w repetitl [ reater than
or equal ?%Estl)ﬂo IV1% Wué‘%‘df‘ aiptlﬂslg(é S‘;l)bg’ggl R é F %?Scéi' sgltr?#ecgg% tljl?:? %)‘r%ra%f)?m to be
irradi ate i t 3 ri } j i i he

sem condug%y\g}r E)’L_#‘bly’l ]%%lr%?dr%loggdﬁgﬁ%%%ﬁf%e 05?%&“@%@?%@%%% \Qggﬁﬂ&}‘ Ei ed.

Ther ef or e g abk entR6:cAaRGR B IR ABULIRGD ASE! 1 MR bOWEh@RET T LT 0N
rate, a solid-Irqurd intertface in the semconductor tilmcan be

conti nuouglay, b@%&f&d,bm%omﬁ%gfagﬁy SERLAD SHAMBERLNBNG BYQWNpe0HEd BiRUS] Y TN
the scanning direction can be obtained. [0176] 25The gate insulating film
3406 nBy bR dfifdRekVoroNd dibdaltd Dm1or nitridation of WO

2008/ 078661PCTOP2007/ 074603 71 the surfaces of the crystalline

sem condugtmo] fil ms 3405a to 3405f by the above high-density-plasnm
treatnment. For exanple, plasnma treatnment with a m xed gas of a rare gas
such as He, Ar, T inslatinfefilnanBi0Qxanged¥04 nird foaged using da, inqilaviagi Matextl t r ogen,
hydrogen, or the like is used. Wen plasma is excited by the introduction
of 5 m cr evshvassiligohasite, vilitdn witrldoysiBtoncixnyoirideefRi@Ngt whereans yh+ gh oel ect ron
density can be generated. Wth oxygen radicals (there is a case where CH
radi cal s ailieon nitdidededde (SiN. Ot wivgen >ryad Drby 8 CMIhaethod,sa sputtersy mdibods NH

radi cal s are included) which are generated by the high-density plasma, the
surf adés of the tike.s efvrepmuplie tvarenfeading tirainstiging{ilas 342 oxd 3404 isifdeatd 10 0[ 0177

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
20 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 elemenis 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 mannes,

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



By such high-density-plasma treatnent, an insulating filmwth a thickness
greater than or equal to 1 nmand | ess than or equal to 20 nm typically
greater than or equal to 5 nmand |less than or equal to 10 nm is forned
over the sem conductor filnms. Since the reaction in this case is a

sol i d- phasevo e@stisesl, i nterface state density between lErirb@7insed-ating
filmand the sem conductor filns can be extrenely | owered. Since such

hi gh-density-plasma treatnment directly oxidizes (or nitrides) the

sem conductor films (crystalline silicon or polycrystalline silicon), the
insulating filmcan be formed to have a thickness with extrenely little
unevenness, which is ideal. In addition, since crystal grain boundaries of
crystal | i peevent] ddvense affecthon thstalamgits/foonediovesdhe agparsiion &ayer j4(Fr eftdéeabl e 20
state is obtained. That is, by the solid-phase oxidation of the surfaces of
the seni cdérselatingdilii 3404, wiichiwldiesrvige e pandtivedt Alkal MHilcHch $8descri bed
here, an insulating filmwth a uniformthickness and | qw interface state
density céapdipe qramnakeline erdumelsk seyeingh inothe $abstal 94X ?béfrfh‘ét*mi“ﬁéycr yst al

grain boundaries. [0178] 25As the gate jnsulating film 3406, o an
i nsul at i n§erephfeinghinghe serprabion daxsy %@Pgﬁ“ﬁ &288‘?/ BdEHg ﬁl*f’ﬁn’u&

hi gh- densi ty- sma .t reat nent y be used, or a stack | ayer ich is

obt ai n&d 893 c’f@é‘g&aﬁb&ﬁ“&}#‘g@w TURR 31 T e?iﬁ“ﬁﬁ*%tfc?ﬁegé‘szgﬁ f“%‘ﬁaﬁ%%‘? e, silicon
oxynitride,.or ,silicon nifride on the jnsulatjng filmb D, met hod usin

pl )altsma or e[P’FFe’IS rpgf:auls%ggtap%hnenwtaggn# 8¢ ﬁg&ﬁnﬁ ﬁarg‘i ’gﬁtgir aE a“so)é ,Cglg%Fdaﬁnslas't or )
whi ch i ncl udes insul ating filmfornmed by 5hi gh-density-plasm treatnent

[
in part o™ r{f)ﬁtee' of the gate insulating film can reduce vari ation of

char act erigg’ fs, [0179] _ Further, the crystalline sem conductor filns
3405a to §4 g , Which are obtained by scanning of the sem conductor filmin
a

one di r ection 1 gy SLkslAh 126r 493 SEH GeNGHALPLSAQ f Wl Wi & aiddi at i ng

sem conduct or fi h a conti nuous wave | aser beamor a l[aser beam

osci | ljat et R aERA LI 28 2Rl REdcYBmVbE heNikBDT s » Gifal @AW LREET
crystals in the | aser beam scanning direction. A transistor Is arranged so

that its ehapsediadkeBléls diceiddRingGincBAlchOSF thisith] Bblybadnhg ismit@y e When a
channel formation region is fornmed) is aligned with the scanning direction,
and the akovgudahRbivasubiatd, nebhik,| Firdofivgg Ndihd)edthtining Rhddienm C patitiad, i ne
sem conductor film so that a thin filmtransistor with high electron
osmium, or iridium, or an alloy material or a compound material containing such an
element 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
atmosphere or an N>O atmospherc or performing heat treatment thereto under an
oxygen atmosphere or an NoO atmosphere, and thereby forming oxide or oxynitride of
20  the metal film on the metal film. For example, when a tungsten film is provided as a
metal film b;I( 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 freatment. Besides, for example, after a metal

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

25  (Si0Oy) or the like may be formed over the metal film by a sputtering method, and also



field-effect nobility and few variations in characteristics can be

obt ai ned. [0180] Next, a first conductive filmand a second conductive film
are stacked over the gate insulating film 3406. Here, the first conductive
filmis formed with a thickness 20 greater than or equal to 20 nmand | ess
than or equwed 2d080k6Q nm by a CVD nethod, a sputtering maetihwdio7orsizhe |ike.
The second conductive filmis formed wath a thickness greater than or equal
to 100 nmand | ess than or equal to 400 nm The first conductive film and

t he second conductive filmare formed with an el enment of tantal um

tungsten, titanium nolybdenum alum num copper, chrom um niobium or the
like, or an alloy 25 material or a conpound material containing such an

el ement ameta sxidaifior compbneftgsiib ROGEATFEEIPCIPEE 1UEH 9 §AH3Y
Alternatively, the first conductive filmand the second conductive film may
be for nedfamed osartheuaglBlor Fuahes folexynelh Iﬁéh”sﬁi}s%‘ﬂ’i}é‘?éltrle?t.ﬂ’gms‘?lf‘:f con

i nparting conductivity by being doped with an jmurity el.enent such as
phosphor ube peEormed asiplpsne FegH? -arﬁqséleﬁ)fhetl?ﬁéﬁﬂ‘% iRqh ‘f‘{;‘g(’f Pﬂ#and t he
second conductjve fil a cgaﬁt l.umnitri dg 11;%',1I m ang) a ﬁ‘]ttu(?g)stﬁleg ;i lm a
tungst en AFYHEde M3y be SoHReG IBAYS 8% PRIRTE S HbRD A& ERCRTT 1 BES T I m and a
mol ybdenum film and the |ike, can.be given.., Tungsten t . nitride ,
have hPghPREREN @dedEAent $hds 81;18}%%?93%08?%%%19 nlarqlsntogpg’grr?d%g{ag\]/ i mand

t he second .condtfcti ve filmare fornmed, thermal treatnent can be applied

thereto fBPXFRSBINOSELPIT YRt activation. In addition, in the case where

a three-lgﬁﬁg]structure is enployed 10i nstead of a two-layer structure, it
is prefer to enploy a stacked structure in which :

The amorphous semiconductor film 3405 is formed with a thickness greater
than or equal to 10 nm and less than or equal to 200 nm (preferably greater than or equal
10 to 30 nm and less than or equal to 150 nm) by a sputtering method, an LPCVD method,
a plasma CVD method, or the like.
[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 laser light irradiation, a thermal
crystallization method using a rapid thermal annealing (RTA) or an annealing furnace,
or a thermal crystallization method using a mefal element that promotes the
cryétallization. After that, the obtained crystalline semiconductor film is etched intb
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 34052 t6 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 using an insulating material such as



an alumnumfilmis interposed between nol ybdenumfilns. [0181]

Next, a resist nmask is formed by a photolithography nethod, and etching
treatnment for form ng gate el ectrodes and gate lines is performed. Thus,
gate 15 el ectrodes 3407 are formed over the crystalline sem conductor filns
3405a to 3406Rooskisee, a stacked structure of a first comdurReorer4epd m 3407a
and a second conductive film 3407b i s¢shown as an exanple of the gate

el ectrodes 3407. [0182] Next, the crystalline sem conductor filns 3405a,
3405b, 3405d, and 3405f are 20 doped with an inpurity elenent inparting
n-type conductivity at a | ow concentration, using the gate el ectrodes 3407
as masks by an ion doping nethod or an jon jinplantation nethod. Then, a
resi st nasklifog exdfcestlicor pijtide sivisen Byymtrign §816)Ne Nogeap Ry reDnheasilietid t he

crystalline sem conductor filmnms 3405c and _3405e are doped with an inpurity
Gl brent | MBREIRGOR Ny Be TESFRIEE! 701 5 AL B GO SHEPBES BHEOASTME | hpur | Ly

LT S W R RO A R b Sant ™
L 00 S AOPSES L TR BT B i e
conducty vt I aghEEH Kk L LTS BB BRI DB .
contai ned 'dﬁiﬂf%ﬂ{a&fb%tfoﬂﬁ‘e% &4 %g@iﬁéﬂ%ﬁﬂé;ﬂe& fa?rd%i sgj_%%%ﬁgg%fig}?gﬁay Jrpurity

regi ons 34 avi ng’ n-type conducti vit or e oron is

used as angl ARyl t aﬁMQﬁEﬁhn%ﬁHﬁrting p-type conductivity, and is
selectively Introduced into tThe crystalline sem conductor films 3405c and

3405e so agyygte contained at concentrations of 1 x 1019 to 1 x 1020/cnb.
Thus, inpurity regions 3409 inparting p-type conductivity are forned (see

FIG 1510). 10[ &k83kmple ofarﬁ&m&ﬂuﬁ@gkdbcssadf thaeyktaliihd gertibdiauier fipssTed so as
to cover the gate insulating film 3406 and the gate el ectrodes 3407. The

i nsul at6 ng340ih B B&OSTds WEEkY dedadivel BelGh.NGFist,| Ay @fiorplious tsamkoetddctyreiim of a
filmcontaining an inorganic material such as silicon, an oxide of silicon,
or a nitrildeingfa diitkinesnot $U ta 60 invmisc fumied by g plasmo Kyan inetlodt efThal, ssuch as
solution containing nickel which is a 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 houwrs). 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 semiconductor films 34052 to 3405f are formed. Note
thai crystallizatién 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,,



15 an organic resin or the like by a plasma CVD nethod, a sputtering

met hod, or the like. Next, the insulating filmis selectively etched by

ani sotropic etching (mainly in the perpendicular direction), so that
insulating films 3410 (also referred to as sidewalls) which are in contact
with the siwessnfsamaes of the gate el ectrodes 3407 are ramsresrofibe
insulating films 3410 are used as doping masks for formng lightly doped
drain (LDD) 20regions. [0184] Next, the crystalline sem conductor filns
3405a, 3405b, 3405d, and 3405f are doped with an inpurity elenment inparting
n-type conductivity at high concentration, using the resist mask fornmed by

a photolithogra th I . 1 | at i
(il 34107 ﬂ;@?ﬁéﬁ%@% L SRRl SRS
s used adAe Py Dt § B o A b B T B T

sel ecti vel y, 1 dgeM LR HNERGLYSLALL LISuRBE RRACTHAppilild Rr3052

3405b, 3405d, as to be contained at concentrations of 1 x 1019

to 1 x 10200 enB  TIUS, afd§ nftid ¥RSor IRRHT iWer RRALRNS Rddedfolayd wahahdi gher
5concent r atron ?ﬁan that of the ?ﬂﬁurity r%gions 3408 aPe f or med. [8185]

Through the1aROVE WivePSH sueh G aRfeheahhon td bdtbdd anSewtholamddiddar tBA00D,
3400d, and 3400f, and p-channel thin filmtransistors 3400c and 3400e are
formed (sggakih&Gital baPh, cryed@liO%88]a large grain size can be obtained. For example, the .
second harmonic (532 nm) or the third harmonic (355 nm) of an Nd:YVO, laser (the
fundamental wave of 1064 nm) can be used. In this case, a laser power density of
approximately 0.01 to 100 MW/cm? (preferably greater than or equal to 0.1 MW/cm®
.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 (MgSiOs), YAIO;, or GdVO, or polycrystalline
(ceramic) YAG, Y203, YVOq YALO,, or GdVOy is doped with one or more laser media
of Nd, Yb, Cr, Ti, Ho, Er, Tro, and Ta as dopant; an Ar ion laser, or a Ti:sapphire lasex
15 can be ﬁsed as a CW laser, whereas they can also be used as pulsed laser with a
repetition rate greater than or equal to 10 MHz by being combined with a Q-switch
operation, mode locking, or the like, When a laser beam with a repetition rate greater
thaﬁ or equal fo 10 MHz is used, it is possible for a semiconductor film to be irradiated
with the next pulse after during the period in which the semiconductor film is melted by
20  the previous laser and solidified. Therefore, unlike the case of using a pulsed laser
with a low répetition rate, a solid-liguid 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



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 inmpurity region 3411 which forns
a source region or a drain regionis formed in a region of the crystalline
sem conductwo 2dehTs@405a whi ch does not 15 overl ap w t hedrzgab sl ect r ode
3407 and the insulating film 3410; andi 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 i pRUfaYes 0INRNGySAlidc atmichaduemd filmst v@Sa-te HHOAL by tthe mbbid m

transi stors 20 3400b, 3400d, and 3400f. [0187] In the p-channel thin
fil m trangighldensits40eea teamleanndlor branse,ipsmedgitmen withermixdd ges ef a egi on

whi ch overlaps with the gate el ectrode 3407, and the inpurity region 3409
whi ch f or mBe gassaith @e HeggiroKr,on Xe, dmdionygeag nirogers ofige.ngnpma,aniffegfon of t he
25crystal line sem conductor film 3405c which does not overlap with the gate
el ect r odehydie20 08/tb7 %6 1BOTed P2 FOiRN0nia8 w8 is7 xdd 7by dhgritntggdugtiony ok hannel
formation region and the inpurity region 3409 are forned in the p-channel
thin f4l muicemsiestPrsog40tie2 1o ckectrel mpaghraand bgh clegireih d481th 622 Por ned in
the p-channel thin filmtransi stors 3400c and 3400e,, %n LDD %fgSon may be
provi ded Benerated. p ithapmyarn rasiqalsr(thers 1Sraasrss SgrecOH Jrdics pre Jaetedsd) §F thout an

LDD region, Smay be applied to the n-channel thjn filmtransistors, [0188]
Next, a sPitgee: ragicals (@Frﬁs‘ﬁ ACREIVIES Téﬁgmg?caléﬁrq Wgﬁfiﬁbivﬂ’g}d’f TP P78 or med so
as to cover the crystalline sem conduyctor f.il 3405a t 0,340 the gate
o1 Gt r ode by ShecHe-SeRay ST gB TGRS P TR HE ST 4% Sraked Pha Py
connected tQ the inpurity regions 10 3409 and the inpurity régions 3411
whi ch eacA¥%9m t he source region or the drain region of the thin film

trans& tohﬁﬁz400a to 3400f are formed over the insulating film(see FIG
16A). "The Llating filmis formed in a single layer or in stacked | ayers,

using an inor galgi GudiBd ﬁ'd%ﬁ@ﬁ%%ﬁ@?;&g“%: %ﬁ@{élaﬁhé IFGANW R adhfelhdst de of

silicon; an ordgahic naferra 0 pol yam de,

benzocyc! ghul ey cPER] i1 nBlarARBXiany SIAKARE kD ypRf hics Bfnlobe | ke by

a CVD net a sputtering net an SOG nmet hod, a droplet discharging

met hod, a SGEGeALRLRTdDthal®h BQE P10 LSis ibrkRd okeT t8e sdrhiorddsig Blnksdg filmis
formed to have two layers such'that a silicon nitride oxide filmis forned

as a firskioa @idiog if itidRa3d k2asAthhBscSiehdtioRNn@MES $titk denshty bewesa f or med as
a second insulating film3412b. Further, the conductive filnms 3413 each can
for m 35 sowGes@life H:Adad &le Bmitioallkttor films can be extremely lowered. Since such

high-density-plasma treatment directly.oxidizes (or nitrides) the semiconductor films

(crystalline siticon or polycrystalline silicon), the insulating film can be formed to have

a tﬁickncss with ‘extreme}y 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.r films by high-density-plasma treatment which is desciibed 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 an insulating film formed by



20el ectrode each of the thin filmtransistors 3400a to 3400f. [0189]

Note that heat treatnment may be applied for the purpose of recovery of the
crystallinity of the sem conductor filns, activation of the inpurity

el enment whi ch has been added into the sem conductor filmnms, or hydrogenation
of the senmwomisictses: fil ns 25before the insulating fil neci3didacames -3412b
are formed or after one or both of themare WD _

2008/ 078661PCT/ 3132007/ 074603 77 formed. As the heat treatnent, a thernal
anneal i ng net hod, a | aser annealing nethod, an RTA nmethod, or the |ike may
be applied. [0190] The conductive filnms 3413 are forned in a single |ayer
or stacked layers of an 5 elenent of alum num tungsten, titanium

t ant al um hightdebsigmlmmanircitetnt mdyvabs nsedy oc o ppeked pdrdwhish s ebtainpdRfanese,
neodym um carbon, or silicon, or an alloy material or a conpound materi al
cont ai ni ngepsitionant @l asdptingaflng suchnes flieonpedentilitep exyaiiistowyr HdiFon a
sputtering nmethod, or the like. An alloy materjial containing . alumnum as
its nain edrpopethe ipwatag fbndy a 6VDrBethed usipg Blasya aathermal reariPt M3k ont ai ns
alum numas 10 its_nmai n conponent. and al so contains _njckel, _ or 35 al | oy
material kRiferedonImpitier spsent AGRSIEST WhSh dagvdes SRpBsAne T BreEd B¥nt ai ns

ni ckel and, one or both carbon, and silicqﬁ. ﬂ?e cond givglfilns 3413 may be
f or med 5t o MighvdensitysplaTeEralpe it RATEFT e Whale pf ‘égatFi“iSﬁ%?“ & THTRU si 1§ con
film and a. barrier filmor a stacked structure of a barrier film an

al um num SATFHOBPL FRA9HCTSUES t anium nitride film and a barrier film' Note 15
that the ?ﬁ@@'er filmis athin filmformed of titanium a nitride of

titani um I}bdenunl or a nitride of nolybdenum Al um num and al um.num
silicon are optym MRl &04AlS. Qhildf.aa e blos b shds FhlP.RebauRa L hey
have | ow resi stance and afe I nexpensi ve. en barrier layers are provided

the t | the.: . . ' fi ' .
as the Oﬁ)y Os?%ﬁhgﬁdgglkcs gﬁg&gﬁﬁ&&] MRS rog@tiu&&i%n GOBINGHZY eheflsbinfBordiks

generatio um num and alum num Sil1con can be prevented.

20 W‘% a fﬁﬁr&f-ﬁﬁr irfahiap}ég £ it @RREB HCRith S RRtiflREBHve Nt Behnd ohlgh

reduci ng property Is med, even when there is a thin natural oxide film

formed on 1%;@?@%&3&&5%@@%&9@%&% 10N of Berd)dirlgly 1Bt Bsthlsl m can be
reduced and thus the natural oxide filmis renmpbved, and a favorabl e contact

bet ween t hgeaRdbEdahVRafdihdBire3dds adadshorGs yedngbd soaisehanntieagthr film
can be obtai ned.
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. IHere, 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 me-thod, 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,

titanium, molybdenum, aluminum, copper, chromium, niobium, or the like, or an alloy

25 material or a compound material containing such an element as its main component.



WO 2008/ 078661PCT/ 3P2007/ 074603 78 [0191] Next, an insulating film
3414 is forned so as to cover the conductive filnms 3413, and conductive
films 3415a and 3415b each electrically connected to the conductive film
3413 which forns the source electrode or the drain electrode of the thin 5
filmtransived sowsnB400a or 3400f are fornmed. | n additiomecraremnduedsi-ve film
3416 electrically connected to the comductive film 3413 which forns the
source el ectrode or drain electrode of the thin filmtransistor 3400b or
the like is forned. Note that the conductive filns 3415a and 3415b and the
conductive film 3416 may be formed using the sane material in the sane
steps. The conductive filns 3415a and 3415b and the 10 conductive film 3416
may be forviehatisilyghafiyst ofndottere fBovandrthe sachad cardiettvel{ds waehe fuewed i bed for

t he conductive filnms 3413. h'[410192] Subsequently, a conductve film 3417
whi ch f unef 2 onmicasdugtor aptteriah sudhsast pedyrsyptadkincaslicon impaging COPFUCHITY PEonnect ed
to the conductive film 3416 (see FIG 16B). 15[0193] The insul ating

fi | m 3414 beiag dppedivsithasdinipyrity elgmagt 819h 25 BROspROTES. o ASAICImRjRAON SRample
insulating filmcontaining oxygen or nitrogen such as si.ljc T OXIde (SlO")
5111 con nplFedecaite i edf g it e e 3 2

I trid d fil ta b
such 28 Bk@%%ta?gﬁ%ka?mgwen 2! %%’ﬂmmd‘aavréatw M ?a&&%bﬁ?eﬁl?lﬁ‘wﬁ? é}%ﬁ"‘” .

t I d
o SHE R SRR e Th e B NET R R B RO e o

b t t .

i1 oxans HAEs Pagﬁ‘?w orrdpBhathEoR dlFLBE ook B8 %@"‘%@ & @é ;
Si | oxane h Sdu%tn? egrgi%or?r}cd%ﬁérﬂ{a?%rgﬂtﬁlgnttcgﬁ bpgﬁ:ﬁxegfthe? th kG9Re ﬁ\ﬂ'??s‘a)@f gen As a

subst it uefit, Uan. of gan rou arnin east ydroge or exanpl e,

2‘8 Og} 537/13 6%5@'&# g{glé)g ;}P% (g‘iy %%@EQQ r&he‘ré a%ﬁﬁguiaycy\Qructurc is exﬁployed
10 instead of a two-layer structure, it is preferable to employ a stacked structure in which
an aluminum film is interposed between molybdenum films.
[6181]
Next, a resist mask is formed by a photolithography method, and eiching
treatment for forming gate electrodes and gate lines is performed. Thus, gate
15 electrodés 3407 are formed over the crystalline semiconductor films 3405a to 3405%.
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 crystalline 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 3405¢ and 3405¢ are doped with an impurity

element imparting p-type conductivity at high concentration. As an impuzity element

25  imparting n-type conductivity, phosphorus, arsenic, or the like can be used. As an



Alternatively, a fluor group can be used as the substituent. Further
alternatively, both a fluoro group and an organic group containing at | east
hydrogen nmay be used as the substituent. [0194] 5The conductive film 3417
can be fornmed of a conductive material by a CVD nethod, a sputtering

met hod, a pve pemtpssret hod such as screen printing or griEAlPeso7opIceNti ng, a
dropl et dischargi ng nethod, a dispensihg nethod, a plating nethod, or the

| i ke. The conductive film3417 is forned in a single |ayer or stacked

| ayers of an elenent of alumnum titanium silver, copper, gold, platinum
ni ckel, palladium 10 tantalum or nolybdenum or an alloy material or a
conmpound material containing such an elenment as its main conponent. [0195]
For exanpl@puriihslementinensringc-xpe corduatiaiyg borap drmiume rlgRe. asthgdikant enna i s
formed by a screen printing nethod, the conductive film 3417 can be

provi ded’ 55" besissd| Jfdery BhGSPRGES g udsd 28 %ﬁ@ﬁ&fﬂ@éﬂﬁﬁgt@%m&m@ﬁe

conduct e BALULE) S5 Wadl otk aTShg S S MR TR o ©
ticles, t f I i cl f sil. | d , nickel,
e oL, LR 85, i TSP RS She S AR BORREY (1L
il hal | de; dj i tid be. . F her.,. th i
oL Lver oo 08 0kl YR 0BRE e SR RN as PRy S S0 ¢
o L 8 TSN e B S NER hgnesatn oot

such as a A ! J b r-esi R,.C, I es. In
fa%;gcﬁl?ﬁegatg gﬁ% s %@féa@ley Ikoﬂu% BT B8 the APsthfindisUBRofRicRX 3R

addi ti on, refera erforme er the conductive paste is

appl i ed. Rags xRAMI8e sd Bs (6 EancRlat LshdadiloRe oPaN! i §¥ 651 (f a/Zrexanpl e, a
grain dianmeter greater than or equal to 1 nmand | ess than or equal to 100

WO 2008/ 0BQE 1Rty Rathé BATARGA B éﬂ?%e ERAL@IVNy B BihatRGeMG IST)Main
conponent as a material of the conductive paste, the conductive paste is
baked jand ji@sglened at tenperatures approximately 150 to 300C, so that the
conductive filmcan be obtained. Alternatively, it is also possible to use
fine particles ssibqichily)@nsimduling diml iedemictlae sabdeverabe ights inmiatingonponent .
In this case, fine 5particles with a grain dianeter |ess than or equal to
20 p. m ar €ilprabe ambihy pats etkctr@tes G407,  The insulating filim is formed to have a single
layer or stacked layers of a film containing an inorganic material such as silicon, an
oxide of silicon, or a nitride of silicon, or a film containing an organic material such as
15  an organic resin or the like by a plasma CVD method, a sputtering method, or the like.
Next, the insulating film is selectively etched by anisotropic etching (mainly in the
perpendicular direction), so that insulating films 3410 (also referred fo as sidewalls)
which are in contact with the side surfaces of the gate electrodes 3407 are formed. The
insnlating films 3410 are used as doping masks for forming lightly doped drain (LDD)
20  regions,
[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 2 photolithography method, the gate electrodes 3407,

25  and the insulating films 3410 as masks. Thus, impurity regions 3411 having n-type



and | ead-free sol der have the advantage of |ow cost. [0196] The
conductive filns 3415a and 3415b can function as wirings which are

el ectrically connected to a secondary battery included in a sem conductor
device of the 10 present invention in a later step. In addition, in formng
t he conductWw&etBstsnei3417 which functions as an ant enna, P@npéngnraenducti ve
filmmay be separately forned so as t@ be electrically connected to the
conductive films 3415a and 3415b, so that the conductive filmcan be
utilized as the wiring connected to the secondary battery. [0197] 15Next,
an insulating film3418 is forned so as to cover the conductive film 3417,
and | ayer goiduehwei 79 tdrhedt Nirgref pHospHonANS usddodsSanI4 PR diyt Qe Ghpartihe
conductive film 3417, and the |like (hereinafter referred to as an "el enent
f or mat i onpligyeeeondddRity, aleisseprfiadlehifdlorad he sibaystatise 3dbitonddeoe, af ter
openings are fornmed in the elenment formation layer 3419 excluding the

regi on of fihe340%an3405bNB405aNHidSI4DEE sS40 Dabe onBARf atlypnicatations iof it x 20
irradiation (for exanple, W/ light), the elenent formation |ayer 3419 can
be separatield br om t108/@iibs fhad, eth8 40 paviithugityy sigbab 481 clewinghe hgsar at i on

| ayer 3403 nmay be sel ectively renoved by introduction of etchant into the
openi n§s bedentativh ¢haeltenrohithe iropurity ragfons 3§ argformeils separated fromthe
substrate 3401. As the etchant, a gas or a |liquid containing hal ogen
fluori de ¢9188h interhal ogen conpound is used. For exanple, 25chlorine
trifluoride is used as the gas containing hal ogen fluaori t he

>

el ement WD 200"8&@@6@&MVAPMW@PM@HBiiimdfaﬁﬁﬁtio@r?"ﬁé%/gﬁc%b4%5%n be
ted fromthe substrate 3401. Note that t | tion |

2ab3 1s et Bl gd makarhin gt iy M0 o a0 s e Gt ik &

consunption_of the etchant can be suppressed and process tinme for renoving
t he separéépl)n | ayer can be shortened. Therefore, the throughput is

inprovgd 3(5]1;% }he cost 5 is reduced. Further, even after the separation
| ayer 184038488 renoved, the elenent formation |ayer 3419 can be hel d over

LD puseLrate SAO g, AP iy akHE 248, 2 U P B | o
reduced. [ft())r::Ln%g]m a region of the crystalline semiconductor film 3405a which overlaps with the
gate electrode 3407; the impurity region 3411 which forms a source region or a drain
region is formed in a region of the crystalline semiconductor film 3405a which does not
15  overlap 4with the gate eclectrode 3407 and the insulating film 3410; and a low
concenfration 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, channel formation regions, low concentration impurity
tegions, and the impurity regions 3411 are formed in the n-channel thin film transistors
20 3400b, 3400d, and 3400L,
[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

25  crystalline semiconductor film 3405¢ which does not overlap with the gate electrode



10The insulating film 3418 can be fornmed in a single | ayer or stacked

| ayers of an insulating filmcontaining oxygen or nitrogen such as silicon
oxide (Si0,,), silicon nitride (SiN. ), silicon oxynitride (SiO Ny where x >
y > 0), or silicon nitride oxide (Si NxOy where x >y > 0); a film

cont ai ni ng waedosmrsssich as DLC (Di anond- Li ke Carbon); orp@ferdommfsessred of an
organic material such as epoxy, polyimde, polyam de, 15 polyvinyl phenol,
benzocycl obut ene, or acrylic, or a siloxane material such as a sil oxane
resin by a CvD nethod, a sputtering nethod, or the |ike. [0199] In
thi s enbodi nent node, after the openings in the elenent formation |ayer
3419 is forned by laser light irradiation, a first sheet material 3420 is
att ached t3g0bnesidfayerfchomebformitiongtginennd fhorimptiitymegiony 3409314 orpuele sur f ace
where the insulating film 3418 is ex osegé, and then the el ement formation
| ayer 3419nitke pehamak tin filmnyankistos JRdAer atisrxl48hoyshern FPE regim) is 109200] WO
2008/ 078661PCT1JP20071074603 82 both heat treatnent and pressurization

t [1 eat men: f?f$!€|é 11;51(25113"&1158?‘?1 fmlgtftlf_éraﬂﬁlﬁ@{sd@ﬁﬁ“e@T@_%‘W@%i ) Lb%QZEE‘%ﬂmggé second
sheet materia , hot-ne ms an

The Tt PEfialod IAbSPIRITEHT iR PP SEcOTRISEIBEE Al DBASFONa {11 m on
which antistatic treatnment for preventing static electricity or the like
has beén é‘i‘)aﬁlqeé'ﬁpl(eﬁé?&eﬁa‘fh%?elﬂg‘fgwEﬁnsfsgo’%[s an antistatic filn) can be
used. As P[élaf%ﬂ)' es of the antistatic film a filmin which an antistatic
materi al | Pspersed in a resin, afilmto which an antistatic material is
attached, and t i ke can be givyen, The, film pr.ovi. i th

antistatic mat e&g’gf a lgﬁieggéyeéo?la Cﬁr(]e(\i/\nialyﬁme?rfl an Slufs%lglg% %lgrggﬁeﬂg%fl% parstj)tgi ded over
one of its r.f a or.a.fil P [ ' terl i.ded over
cach of i P08 PRzl bAoA 0 i R Rl Blos Y, S

provi ded qyef; e(_)nqgg% n&%ﬁ’e"ﬁ% ?iﬂﬁse§?lg§éi%%?ﬁ%aﬁigt«%ﬁﬁb%%d§9 th BhpuridP réink St at i ¢

material is place i nner s filmor the outer side of the

I 'hLm 16he 3306 Ld alel wmpiBlyelchRhs BBY REicR'AM B58 QY Qbukd Bt bi Mesiiihace of

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
inséiating 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

20 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

25  before the insulating filims 34122 and 3412b are formed or after one or both of them are



15 film or over part of the film As an antistatic material, a nmetal or
indiumtin oxide (I TO which is a conductive material, or a surfactant such
as an anphoteric surfactant, a cationic surfactant, or a nonionic
surfactant can be used. In addition, as another antistatic material, a

resi n mat erwabkoosdrisedt contai ns a cross-1inked copol yner mavirag7aree boxyl
group and a quaternary ammoni um base onh its side chain, or the |like can be
20 used. Such a material is attached, m xed, or applied to a film so that
an antistatic filmcan be formed. By sealing of the element formation |ayer
3419 wth the antistatic film the sem conductor el enent can be prevented
from adver se . ef t siipbigetRi® 6 ldsbCirnyalitigei:tied, ng deal t
with as gor%%mj?‘gﬁlgﬁc%;{%gtﬁ?&%F%gglgﬁn%m:ge that a storage capacitor of a

power su i | L hSHECRRESS it the WO 2008/ 078661PCT/ JP2007/ 074603
83 condug&@/ﬁé‘%ﬁﬂ% 3415a aﬂﬁ 3415b of the thin filmsecondary battery.

Connecti @]bgla?t ween the secondary battery and the conductive filnms 3415a and
3415b ma$ e perfornmed before the elenent formation |ayer 3419 is separated

from the subst §8 8yndd@ibe (s 848 St dgmed i asinglatiadr pnstiked lyes wden16C) ,
after the element formation [ayer 3419 is 5 separated fromthe substrate
3401 at cjdaRndlofGRunhihhmstvngdtey titmihGrantihay, motybdénver, niskel.cpladdt f or mati on
| ayer 3419 is sealed with the first sheet material and the second sheet
mat eri al chaser! o, silegenmbmone, neody@in,7@)bon et sdicaprir @ AHRY BalCHY %BRemrent
formati on layer 3419 and the secondary battery are formed to b onnect ed
i s expl aicapgotrel matenal bontzfieg ende an glmags as s Amaingcopsre PYFR &P 19A and
19B. 10[0203] In FIG 16B, conductive filns 3431a and 3%31b whi cp are

el ect ri cahdtiod; anpetrieg metod e tediktuc BMHOY PRiEa PRI YUBPPEL?S 1S
respectively are forned at the sane tine as the_conductiv f‘iIIrIr;a417 whi ch
funct i onsnas camperent PATEESDOPHE 10, TOThexapIRiy R AR4HF! FTINGR RS AV PBFRET so as to

cover the conductive film 3417, 3431a, and 3431b, 15 f f or mati on
of " opteni HigemEHGSU BRI GOHNER WS SO PaBEY BRRRE s

aluminum as its main component and also contains nickel and onc 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 bartier film or a stacked structure of a
barrier film, an aluminum silicon film, a titanium nitride film, and a barrier film. Note
15  that the Barricr film is a thin film formed of titanivm, 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 resistance and are inexpensive.
Wﬁcn 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.
20  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.



conductive filnms 3431la and 3431b are exposed. After that, openings are
formed in the elenent formation | ayer 3419 by laser light irradiation, and
the first sheet material 3420 is attached to one surface of the el ement
formation | ayer 3419 (the surface where the insulating film 3418 is
exposed), swotbdabrstdie el ement formation |ayer 3419 i s separadedr436f rom t he
substrate 3401 (see FIG 18A). [0204] 78 Next, the second sheet materi al
3421 is attached to the other surface of the elenment formation | ayer 3419
(the surface exposed by separation), and the element formation |ayer 3419
is separated fromthe first sheet material 3420. Therefore, a 25materi al
with | ow Mé\c)%sity is used as the first sheet material 3420. Then,

conducti ve 2008/ 078661PCT/ JP2007/ 074603 84 fil ms 3434a and 3434b which

are el ectrical hi,CARNeGiAds romtJa84 Go tetthet isvas frb lcveer IS tendankih 343D,
respectively, through the openi ngs 3432a and 3432b are selectively fornmed
(see Fl G3448Bhnd [BRERIivS Fas caanskichd vat15b | axsh 3AdtivabincboBadiey tr ¢hef or ned
with a conductive material by a CVD nethod, a sputtering nmethod, a printing

met hod s ugad@sive 6l 8a1 ihioh foigs Gre sgnaw aleetrgsieion therdgain gle_gtmy@@tthedp@c har gi ng
met hod, a di spenser nethod, a plating nethod, or the like. The conductive
filnms 343 anskiddlHdoas er addiearei formedi Ayl alditgper epdugtise der PAPers of an
el enent of alum num titanium silver, copper, gold, platinum nickel,
electrically connected to the conductive film 3413 which forms the source electrode or .
drain electrode of the thin film transistor 3400b or the like is formed. Note that the
conductive films 3415a and 3415b and the conductive film 3416 may be formed using
the same material in the same steps. The conductive films 3415a and 3415b and 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
50 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 layer or stacked layers of an
jnsulating film containing oxygen or nitrogen such as silicon oxide (SiO,), silicon
n‘itfide (SiNy), silicon oxynitride (SiO:Ny where x > y > 0), or silicon nitride oxide
(SiNxOy 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 phenol, 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 8i-O-8i.  Siloxane has a skeleton structure

with the bond of silicon and oxygen. As a substituent, an organic group containing at

25  least hydrogen (for example, an alkyl group or aromatic hydrocarbon) is used.



10 palladium tantalum or nolybdenum or an alloy material or a conpound
mat eri al containing such an elenent as its main conponent. [0206]

Not e that the exanple shown here is the case where the conductive fil s
3434a and 3434b are formed after the elenent formation |ayer 3419 is
separ at ed Wwomos/imsest5 substrate 3401. However, the el emenurtormamtison | ayer
3419 may be separated fromthe substr#te 3401 after the conductive filns
3434a and 3434b are forned. [0207] Next, in the case where a
plurality of elenments is formed over the substrate, the elenment formation
| ayer 3419 is cut into individual elenments (see FIG 19A). A laser 20
irradi ation apparatus, a dicing apparatus, a scribing apparatus, or the
|i ke can Wdtemséisely,orfuom gionp carley wsed anide substiment y Forthes plisraativelss Bothed over
one substrate is separated fromone another by laser |ight iryadiation.
[0208] W@ 0B ErYRE8d PEPFSPEOPNDIMENIg st kad hygeeehpakibe grehts the power
supply circuit, in which a current-collecting thin film a negative

el ect r ode SHR¥HUFBL nat erial layer, a solid electrolyte layer, a positive

el ectrode §Ct4lve material |ayer, and a current-collecting thin filmare
sequent i all ]59 tacked. [0209] 5Conductive filns 3436a and 3436b are forned

f d ' i al D d ' d inti
et hod Ssuch as. 38 SHCRRET T g kot e g Rl BT B ar i no
t hod, di t h |_at i : Lke. ducti
i o 34 PRl R0naf £ Mool & o108, blffe dBRE08TL" 1 V2

S[ﬂe e ugprﬁliygﬁanmmt S ARIHD mEhbd & disRRARE e & plaBh@ i) oftreke! .
like. The conductive film 3417 is formed in a single layer or stacked layers of an
element of aluminum, titaniom, silver, copper, gold, platinum, nickel, pailadium,

10 tantalum, or molybdenum, or an alioy material or a compound material containing such
an element as its main component.

[0195]

For example, when the conductive film 3417 which functions as an antenna is

formed by a écrecn printing method, the conductive film 3417 can be provided by

15 selcctivé printing of a coaductive paste in which conductive particles with a grain

diameter of several nm to several tens of um are dissolved or dispersed in an organic

resin,  As the conductive particles, at least one of metal particles of silver, gold, copper,

nicicel, 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 resing

which function 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 and less than or equal to 100



10 tantalum or nolybdenum or an alloy material or a conpound naterial
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 | ow resistance. In particular, alumnum copper, nickel, vanadium or
the |ike i swvpresenedl y used. [0210] 15The structure of Hdrespeder/mmbasl m
secondary battery is described in furgther 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
electrolyte layer 3482 is forned over the negative el ectrode active
material |ayer 3481. In general, Iithiumphosphate (Li 3PO4) or the like is
used. Nextip) eontoeing silnsr ef 88 mebdeongpnent 2 ¢anaieriab of Hie CAPHVEREE: e ¢ or eg
over the solid electrolgte | ayer 3482. In general, Ii qg§n1 anese oxide
3t€‘té’i 6%?8‘53

( Li M1204) candugtive ppstkis baked apd diardenedit (FRREGIAFE 2RPXPIE ¥4 thium

e oS oo B e vedt s s ebiony T b B SbER S8 B,
'S I'tive electrode

active material |ayer 3483. The _current-collectin hi n fi 484 shoul d

ZShave i BHaES S Silenar FRERET T3 8 £F pufclonbiedl nin b Bt 1 °50gs

and al so | ow ) 2008/ 078661PCTQP2007/ 074603 86 resi F | e,

alunt m PESEBEP PERL S b SR P R BTNt TR R o

e above thin, | aye the i trode active material |

3481, the? %F?dd}reé%é’%fef gﬁvﬁtﬂge ?dg%g?ée:’?ﬁ%‘?kfsﬁe positive el ectrode ac??{\e/(ra

mat eri al hﬁ 3483, 5 and the current-collecting thin film 3484 may be

formed by'sputtering or evaporation. In addition, the thickness of each

R
electrically connected to a secondary battery included in a semiconductor device of the

10 present invention in a later step. In addition, in forming the conductive film 3417
which functions as an antenna, another conductive film may be separately formed so as
to be electrically connected to the conductive films 3415a and 3415b, so that the
conductive film can be utilized as the wiring connected to the secondary battery.

[6197]

15 . Next, an insulating film 3418 is formed so as to cover the conductive film 3417,
and layers including the thin film transistors 3400a to 34001, the conductive film 3417,
and the like (hereinafter referred to as an “element formation layer 34197 are separated
from the substrate 3401. Here, after openings are formed in the element formation
layer 3419 excluding the region of the thin film transistors 3400a to 3400f by laser light

90  irradiation (for example, UV light), the element formation layer 3419 can be separated
from the subétrate 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 etchant, a gas or a
liquid containing halogen fluoride or an interhalogen compound is used.  For example,

25  chlorine triftuoride is used as the gas containing halogen fluoride. Thus, the element



met hod or the |like and etching an interlayer film 3485. The interlayer film
3485 is not 10 limted to a resin film and other filns such as an oxide
filmfornmed by a CVD nethod may be used as well; however, a resin filmis
preferably used in terns of flatness. Further, the contact hole can be
fornmed witHAREPEEINg with the use of a photosensiti vePGEHRMTIRERY | a
wiring layer 3486 is forned over the Bhterlayer film 3485 and connected to
t he conductive film 3436b. Thus, an electrical connection with the
thin-film l5sécondary battery is secured. [0213] Here, the conductive filns
3434a and 3434b which are provided in the elenent formation | ayer 3419 are
connect edfdrmatiduelagwidi® tinvke eparated3uae sheanyssasde0l. r dofethel heWholani ch
serve as the connection termnals of the thin fil m secopdar tfat%ery 20
3489, whi sdpafation byer34Pdde sphrempyeshbul paethercot pay E5de | BUrENAHES ¢ an

el ectrical connection between the conductive filnms 3434a and .343@{2 or an

el ect ri catonsempiée Pofehdelnsksan fe WBPETEY 308 FP%eRS V8435 'ERV3938% i s

per formed by gressure bondi ng

it d i t.eri al
ani sot r opfePatsHeR lryen o be ﬂlqﬂeeﬂ\gF)Tq‘@?e?%f% tgﬁﬁé‘}/}fﬁhl’) ilg%%ﬂiﬁ“tsi’g@?\} 3 %‘%Qt e (ACP)
interposed th bet . Here, th l e | I Swhi
Iconnet??isgﬁ Teé‘?{‘i’gr 1? bt geﬁ'g’?%‘ erch??ﬁ?f@%(ﬁ%{g“ E"’ﬁlfg"is ?%ﬁg}é@g@f@geén@’ﬂf?%ﬁ?ﬁ an WO
2008/ 078661PCT/ JP2007/ 074603 .87 adhesi i h34 . )
conduct | RS S 0 Fange 4o ROERR BRI AL dbs BRLNELY . B

te; der_ j.oint, t he .| t .
Rt e: 2ObtSho o BP0 AP By RRg PSS MRl Mphedite
cost can be reduced,

[0198]

10 The insulating film 3418 can be formed in a single layer or stacked layers of an
insulating film containing oxygen or nitrogen such as silicon oxide (Si0y), silicon
nitride (SiN,), silicon oxynitride (SiO,N, where x > y > 0), or silicon nitride oxide
(SiN,Oy 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 polyviny‘zl phenol, 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

20  surface of the element formation layer 3419 (the surface where the insulating film 3418
is exposed), a.nd 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



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

whi ch a pl 0¥@R4ogy786d1 transi stors are connected in seri gCHB2@IOUEed. Wen
a multi-gate structure is enployed, v#ious 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 stor operates in the saturation regi ?n, a fluctuation of current
bet ween t Rethdpeat Howmert rgdRedFaAR tepimegt (Ser &dey H@g' cgﬁt féflfsédg‘?,ﬁéd, and
thus flat characteristics can be obtai - and the like. ~A.ternatively, a
15 st ruct a&reh34dh ¥ Yaseroad é%ﬁl; 8@5§3Q$%1f E‘?tﬁﬁ‘dt ﬁ%ﬁlﬁndatﬁﬁ l%glcf?ﬁvtbﬁ channel
may al so be enployed. When the structure in which gate el ectrodes are
formed abd¥& and bel ow a channel is enpl oyed, the channel region is

enl ar ged Z[g%% 2he anount of current flow ng therethrough can be increased.
Thus, a d i on | ayer can be easily fornmed and the subthreshold swing (S

val ue) _.can be r dH’%%%Ftns\éhﬁﬁg%:%&g?8%?%1%&?%?%?% &e@?&%ﬂal@.@i’,ea 20apH below a

channeF, a structure i transistors i s connected in

paral | el kﬁli&r&\g%tgg%F%%%%r preventin statik@ie@g\,\ﬁhg loPhe BWVhRbebgpdiRh ! OWi ng

structures may a structure in Ith a gate electrode is forned

above a chg | SHeLjic BIRf daHOE WER. | As\WRibfleLSRnI Rl BBk ect r ode
is formed e?g%tegp%%éﬁﬁgﬁséxgrﬁ%t itl%n r)tegai on; a staggergg structurae; and WO

2008/ 0786G3RCT kB2 Qb A7 ACHBisBBc Batdrial RI BedscS HRYIQNEA Blid CKBLE an Fur t her
a structure, 1n which a channel formation region is divided into a

pl ural i ty ,9fstdiROhABSal A eitdch&, dhd itdesks @giRngvar e Themdagheddddwhrnral | el or
in series, may be enployed. Further, a channel formation region (or part

t her eaf) RBYstAEhAEaah bean SBhRGH & eaistatidenaéria pilrvdded @leeohe ofidts \When a
structure in 5 which a channel formation region (or part thereof) overl aps
wi th a sout€eecgl @Ci riiiglewiih @ artiialic eheeial qoevidsl engl eywkdyf #¥ ewdaces char ges
can be prevented from being accunulated in part of the channel formation
regi on andutthatstharfilmnsitiabh eniigeicabitena! paovided greevendbils surfacedniay bon, a
lightly doped drain (LDD) region may be provided. Wien an LDD region is
provi ded, atddhed sir thetrthe ewtistatie nragaiatisgplacthen thictiprst sidel of ik fidiy or 8fc qubrs
transistor 10 can be increased, so that the reliability is increased; and
even i f asidelof thydilipet oeantistatic aiaterial mey bo piovided cserdbueniise ayrtese phte
fluctuates when the transistor operates in the saturation region, a

f1uct dati itmoér evee patt of thebiowe i athantiglatis magariabar wefel amrdivme s oidee

el ectrode can be reduced, and thus flat characteristics can be obtained.
[0216] 15K veleltis g lsandpaivs meleTal Mg SYER¢oY seeh 5178 2PAPIEUHSIECEPL Bevi ce of
this cationic surfactant, or a nonionic surfactant can be used. In addition, as another

antistatic material, a resin material which contains a cross-linked 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 a filim, so that an antistatic film
can be formed-‘ 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



enbodi mrent node can be applied to any of the sem conductor devices
described in this specification. That is, according to this enbodi nent
node, a sem conductor device which can transmt and receive information by
detecting a difference between a signal line and a reference line in a

si gnal wavéef@ratameEs to generate a denodul ati on si gnalECT2@anndoyerter at e a
denodul ati on signal stably even with 8 signal of which nodul ation factor is
smal | can be manufactured. [0217] Further, a sem conductor device
whi ch can denodul ate a signal by canceling noise of each |ine and reducing
i nfluence of noise, which results froma carrier wave, 25 can be

manufactured.. VO 2008L078661RETiIME0iH Hifd6ODndardDaftér3 18 onnection

Fur t her n8P€, 4" sent conduct or devi ce whi ch can detect a si gnhal as to a

Wi rel ess, sj Shichpmdubat bencdndedtie filsms 1DUEandd SHaEH yoayebd or m si gnall
transnisgﬁ%ﬁgggﬁq%gcepﬁ?on aﬁich are based on |1SO | EC 15693 can be

manuf act n%%ne@{)é}%%%e clement fbatibielagaridad ickepdrated frow the sktratad4Qk esent
inventioh, power froma power . supply is continuously supplied while a
Wi T el eSS (.3 N Rl gelifusi@RRiiY PG, ToBeraiio),exftet the cawint SrnaleroleyeielAleds can be
operated stably. Further, the sem conductor device can be wrel essly

char ggd; sd-haraf @6, the bstrages4ot (pohestapoillusirend i FIG AgAaneF P ng
10i ndividual information, due to deterioration of a batter&@g&gr time, can
be conpepsakatornARaMyer 3419 is faaled Indth, the fissesHeeloneeidd grd HEF $°tH can
generate a denodul ati on signal by detecting a djffere cexggtmeﬁg an out put
of a fir satcbiaR@t dierstagctshawnl RGO TRt AT SRIPECHHT® BIcaLoBY UM *Yenerat e a
denodul ati on signal stably even with a signal of m@éch od beloy
Jayer 3419 and the secondary battery are formed Yo be connected is explained below
with reference to FIGS. 18A and 18B and FIGS. 19A and 19B.
10 [0203]
In FIG. 16B, conductive films 3431a and 3431b which are electrically
connecied to the conductive films 3415a and 3415b, respectively are formed at the same
time as the conductive film 3417 which functions as an antenna. Then, the insulating
film 1918 is formed so as to cover the conductive film 3417, 3431a, and 3431b,
15 followed 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
element formation layer 3419 by laser light irradiation, and the first sheet material 3420
is éttached fo 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

20  from the substrate 3401 (sce FIG. 18A).

[0204]

Next, the second sheet material 3421 is attached to the other surface of the
| element formation layer 3419 (the surface exposed by separation), and the element
formation layer 3419 is separated from the first sheet material 3420. Therefore, a

o5  material with low viscosity is used as the first sheet material 3420. Then, conductive



15 nodul ation factor is small, and denodul ate a signal by reducing

i nfl uence of noise can be manufactured. [0221] Mor eover, in the

sem conduct or device of the present invention, power froma power supply is
continuously supplied while a carrier wave of which nodul ation factor 20 is
10% i s recavyoaus/oshdr ef ore, the sem conductor device carh@2@perdsarsed
stably. Further, the sem conductor de¥d ce can be w rel essly charged,;

t herefore, shortage of power for transmitting and receiving individual
information, due to deterioration of a battery over tinme, can be

conpensat ed. WD 2008/ 0786611 TT/ JP2007/ 074603 90 (Enbodi nent Mvde 5) [0222]
Thi s enbodi nent node will describe anot her exanple of the nprnufacturing

met hod of fime36¥aiapd At whick av dectriplinponmgcted i B soRAusH et 1fode with

5 reference to the drawings. In this_ enbodinment de, a structure_ in which
an ant ennd®d 24 8¢ regpegtivedn gh’&“%‘] ibA QPE%‘F%@ég%"i g %‘ﬁgglé Nihed Se}eﬁ%‘f%ﬂ%ﬁ“ﬁ% a

sem conduc(\to%ggeéi ce are fornmed over the sane substrate will be descri bed.
Not e t hat %&h ¢t ﬁ}la, a battery, and a signal processing circuit are forned
at once orf @ fi ngl e crystal substrate, using transistors in which channel
formationly 8 ons are fornmed. Wen transistors are fornmed on a single

10crys[FaI substﬁ%t(%hd@%t%g%gg%ﬁ%ta% 3%4\@ %gf(?%\réjrimg‘gthtwgh&mr&atéﬁag h few

el ectrical characterrstic vari ons“can I's preferable. In
o1 o b7 CUBTRAR Al s SRR oLy e o e
in a sem %&lelé(i)trﬁ{iné ﬂ%&ﬂi&td?scﬁaﬁggg method, a dispenser method, a plating method, or
the like. The conductive films 3434a and 3434b are formed in a single layer or stacked
layers of an element of aluminum, titanium, silver, copper, gold, platinum; nickel,
10 palladium, tantalum, or molybdenum, or an alloy material or a compound material
containing such an element as its main component.
[0206]
Note that the example shown here is the case where the conductive films 3434a
and 3434b are formed after the element formation layer 3419 is separated from the
15  substrate 3401. However, the element formation layer 3419 may be separated from the
substrate 3401 after the conductive films 3434a and 3434b are formed.
[0207]
| Next, in the case where a plurality of clements is formed over the substrate, the
element formation layer 3419 is cut into individual elements (sec FIG. 19A). A laser
20  irradiation apparatus, a dicing apparatus, a scribing apparatus, or the like can be used for
cutting. Heré, the plurality of clements formed over one substrate is separated from
one another by laser light irradiation.
[0208]
Next, the separated elements are electrically connected to the secondary battery

25  (sce FIG. 19B). In this embodiment mode, a thin-film secondary battery is used as the



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 exanple shown here is the case where a single crystal silicon substrate
havi ng n-t yYe2@eRtedti vity is used as the seni conduct orP@&Euraaorat4er33500, and
a p-well 3507 is fornmed in the regi on¥8506 of the 20 seni conductor
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 conpound

sem condyct or e Jolwef s Ic@it, i vidadsa subsit-calleslingthil Slnsubstrate, a
GaN substra ee?a%ga%?éﬁsuggtrat‘g)?ﬁ?}sapphi re substrate, or a ZnSe WO

2008/ 078&%@:&@ NP2007 L0460 3erif Lagiubs balat ecirolyts ldyer anpashive ekagiradeor  (SOT)
substrate™orned by a bondi ng nethod or a separation by ir’g)l anted oxygen
ed.

(S| MOX) 1t b adreraf tafd ikl akerreanohetiug e filpd2@5pquentially stacked. The r egi ons 3504
and 3506 can be forned by a local oxidation of silicon 5 (LOCOS) nethod, a
trench i@bgfion met hod, or the like. [0226] In addition, the p-well
3507 formed 1n the region 3506 of the sem conductor substrate 3500 can be
formeg by sel acdridi@iveaingG4d6a artie34S6rateoioted of 2 SOBNCHYE BASEEPYE th an
inpurity elenment inparting p-type conductivity. As an jnpuri tX el enent

10i npar t OVD pethyde spomdisgtmerhadya ptietingrmetbdd sich ahfrFR PR or™ e 1 i ke can
be used. [0227] In this enbodi nent rmdg, eilthou%{; q{QFthr %gj:on 3504 is
not dopegrimitigha droplehpischiatgniehehts BPERGERCROSEHT UORIUETY strate having
D o e a5 e Shiioy S BRI Shof, 5P (i 3@ oran n-vel

an element of aluminum, titanium, silver, copper, gold, platinum, nickel, pzﬂladium,

10  tantalum, or molybdenum, or an alloy material or a compound material containing such
an clement as its main component. The conductive material should have high
adhesion to a pegative 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 peneral, vanadium oxide (V20s) or the like is used. Next, a solid
eleétrolyte layer 3482 is formed over the negative electrode active material layer 3481.
In general, lithium 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 (LiMn;O4) or the like is used. Lithium cobalt oxide
(LiCo0O) or lithjum nickel oxide (LiNiO;) may also be used. - Next, a

| current-collecting thin film 3484 to serve as an electrode is formed over the positive
clectrode active material layer 3483. The current-collecting thin film 3484 should

96  have high adhesion to the positive electrode active material layer 3483 and also low



15 introduction of an inpurity elenent inparting n-type conductivity. As an
inpurity elenment inparting n-type conductivity, phosphorus, arsenic, or the
| i ke can be used. When a sem conductor substrate having p-type conductivity
is used, on the other hand, the region 3504 nay be doped with an inpurity
el ement i nya0 e4oRG78R61t ype conductivity to form an n-wel IRCTUR@I@a%IGI3he regi on
3506 may not be doped with an inpurit$ el ement. 20[ 0228] Next ,
insulating filnms 3532 and 3534 are forned so as to cover the regions 3504
and 3506, respectively (see FIG 20B). [0229] WO

2008/ 078661PC / JP2007/ 074603 92 3532 and 3534 can be fornmed of silicon
oxide filnms. Altegrnatively,. t i | I Be BiRda3 p34sgdmy be each
formed by*¥ER- o mé“@?ﬁfﬁ%ﬁn%§P6§%¥H?#?%%ﬁhgkgﬁﬁﬁﬁgontaining oxygen and

ni trogen ilicon oxynitride film by the steps of formng a silicon

oxi de fil a thermal oxidation nethod and then nthiding the surface of

the 5silicon oy - Ye it TdvERtdrQRe héRBVEBREU0deQ:2B0] material laleir t her
alternatively,¥% eofﬁggpgt?né f#lns 3532£§nd 3534 nmay be fornmed by plasma

treatment £5GiEd DEGrROMSer Fa8D, 18X PO, cl@tbild harivn noxdridblaléd I88y a
silicon H???i@e ??1n1cgﬁnbe?forned agﬂ?%e insulating filns 3532 and 3534 by

per f orgranga f chRnikQlcdRngid H#inpBagnaay beddmea byaputtdiag surehgoesion! t he
regi ons 3504 and 3506 provided in the sem conductor substrate 3500 so as to

oxi de or Wiukings, thh@ickuésk acemh Idyer & pesferable 0.1abBem.oxi dation treatment is
performed on the surfaces of the regions 3504 and 3506 by high-density
plasma trpatzent, the surfaces may be nitrided by performance of _
hi gh-density plasma treatnment again. In this case, silicon oxide filnms are
formed so as 15Nexq ab@niant baaisbimed bhfametiguef aswss Bim bhe Sp@gioaWdE 3504 and
3506, and then silicon oxynitride filns are formed on the silicon oxide
films. Thmsthod bethe hike ket ételgng a1 interi3B3 Jiln 34835 Shhedpigtlat HIm 5FomlE %00 have a
stacked structure of the silicon oxide filmand the silic 0X i%ride
fi | m 10Fur timised tosi febin gdmosadgharifilig syahyes 98 oxige dily fernedhy %ﬁ?P&Bégo f the
regi ons 3504 and 3506 by a thermal oxidation t hod and the U{faces may be
200xi ded may Mietustdiasl Wil RPYtiLeach EFsiny Tl i Reiers iy digh i *ﬁffﬁszﬁﬁf‘a ness.

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 connection with the thin-film

15 secondary battery is secured.

[0213]

Here, the conductive films 3434a and 3434b which are provided in the clement
foﬁation layer' 3419 are connected to the c'()nductive 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 between 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 paste (ACP) intexrposed thercbetween. Here, the example is shown, in

95  which the connection is performed using conductive particles 3438 included in an



The insulating films 3532 and 3534 forned over the regions 3504 and 3506 of

the sem conductor substrate 3500, respectively, function as gate insulating

films of transistors which are conpleted later. WO

2008/ 078661PCT/ 3P2007/ 074603 93 [ 0232] Next, a conductive filmis

formed so a¥OeWseWeEr the insulating filns 3532 and 353UCHEAHRNOEGE f or med

over the regions 3504 and 3506, respedtively (see FIG 20C). Here, an

exanple is shown in which conductive filns 3536 and 3538 are sequentially 5

stacked as the conductive film Needl ess to say, the conductive filmnmay be

formed to have a single |layer or a stacked structure of three or nore

| ayers. [0233] . As materials of the conductive filns, 3536 and 3538, an

el enent  ofdhesive 2psitn34¢ [ingSartively 2 APRAVCUI O RIPSHER SHRE &) BT a2 Copper

chromium niobium or the like, or.10 an allo terial or a conmpound

material CORACAPHINE" SEREMP HISE S@H@ﬁl‘mﬁé‘”ﬁ?@ﬂ?‘?‘a‘%’aﬂ Ig%B?‘F‘SOnent can be used.

Alternatiégh% a netal nitride filmobtained by nitridation of the above

el enent s be used. Besi des, a seniconductor material typified by

pol ycrystalline,siljicon doped wt n_J rl . A% sphor us
e]ggé?]tfla‘i g]ﬁesgrg&ugs \[Masl;,#h ?randmr{cr))r? cﬁr} Ye ﬁrﬁ@@ﬁth@% %%gg%g@g? he

can be used. [O alumnitride mis

conduct i ve, G| 10 3838, A0 o bHNORKShlohflok 5ok TRY ARHEON BBk he

conducti ve ernatirvely, 1t 1s SO posSsi to formthe
conductiv ' [ ' 1 | $ nffiti-datk Ungst en
nitride f?ﬁr%*&‘?hﬁg‘?‘gﬁﬁgﬁg%“ﬁf B %Ee%}r%’?‘?én%?ﬁge ShARGEH, RHAY & ufli gab oS! o

form the % tié ¥&ipfolrbdNadRaBuitSin\Ghith ShaddbiErehdSire PonSdct@kiadetiayier s of a
tungsten fi1lm a ZOPantaIunlfllnl a nolybdenumfilm and a titaniumfilm

[0235] rovid¥@Xtnerctd?€ aSta6iRAn GARAWUGHIWRLyTof kiFsiREr3 Greaddn@Bd8n adrks
selectlvePy removed by etching, so that the conductive filnms 3536 and 3538

remai n abeygroeaie. OWHERNS mADI-GIRS sbdde A0 Enphiied, vaRpeativanedgys cdinbs, gate
el ectrodes 3540 and 3542 are forned (see FIG
10 obtained in that off-current can be reduced; withstand voltage of the transistor can be
increased, so that the reliability is increased; even if a voltage between a drain electrode
and a source clectrode 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  structure 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 cuirent flowing
ther.cthrough can be increased. Thus, a depletion layer can be easily formed and the
subthreshold swing (S value) can be reduced. When gate clectrodes are formed above
90 and below a channel, a structurc in which a plurality of transistors is connected in
parallel is provided.
[0215]
In addition, any of the following sfructures 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



2521A). WD 2008/ 078661PCT/ JP2007/ 074603 94 [ 0236] Next, a resist
mask 3548 is selectively fornmed so as to cover the region 3504, and an
inmpurity elenment is introduced into a desired position of the region 3506,
using the resist mask 3548 and the gate el ectrode 3542 as nasks, so that
inpurity ré&¢gangodsd formed (see FIG 21B). As an i npurhGryredosmneings, an
inpurity elenment inparting n-type conguctivity or an inpurity el enent
imparting p-type conductivity is used. As an inpurity elenment inparting
n-type conductivity, phosphorus, arsenic, or the |ike can be used. As an
inmpurity elenment inparting p-type conductivity, boron, alum num gallium
or the like can be used. Here, phosphorus is used as the in¥urit el enent .
10[ 0237] an inverselypstygeged BUBCtulsy FREIHRIBIIHHSON HHCh Arirmey Iumaheht |

i mpurity regions 3552 which forma sourcg region.and a drain regi.on and a
channel ~ f &Ry 1S shvifesyingh2 PhBeity of reemegd it ’H@gpéﬁglﬁ‘?‘? aé%@%‘?neftﬁgé%] 15Next ,

and an | mBiRSPPaR aFRRL L O APRITEL o FED SRR FO O R S5t G R the
i ons AR ERTTRCuan VA Sy Fe Sk Erd e BPr T BRSO B 1)
o~ typescontiite Rt [ERGUEERENE UrdolnRierfYreePBHEd ¥ s EBEHAERL  T0
clomont 1 g fPARRR R HTond SEAHE vodfles UF oL RFe T ol WS R ppMuRey TP

| 1 ke can l?]?%&f?&th Eﬁﬁgel f&&a&i?ﬁé&?io&%ﬁn@i@gﬁﬂhn&éﬁé oﬁ%ﬁ%'cﬁn F@ﬁe@&ﬂe& nparting

di fferent conductivit rom the inmpurity el ement introduced into

the regiof, 38860d,™ fikiy opSiBaill YEBD)ASeidn MASUWd probRBET | Wier 8QiIIS 3570
which forma source region and a 25drain region and a channel fornmation

regi on 356&iH 8 FrNidRd offltutBR da8 BeQBiudd04he wiiktand voltage of the transistor
2008/ 078661PCT/ J1' 2007/ 074603

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.
f0216] -

15 -Note that the manufacturing method of the semiconductor device of this
embodiment mode can be applicd to any of the semiconductor devices described in this
specification. That is, according to this embodiment mode, a semiconductor device
whi.ch can transmit and receive information by detecting a difference between a signal
fine 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,

25  can be manufactured.



95 [0239] Next, an insulating film3572 is formed 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 regi ons 3504 5and 3506, respectively,
are formedvoveoes/stsesli nsul ating film 3572 (see FI G 22A)RCTR240774503e
insulating film 3572 can be forned in%%a single |ayer or stacked | ayers of
an insulating filmcontaining oxygen or nitrogen such as silicon oxide
(SiOx), silicon nitride (SiNx), silicon oxynitride (SiO Ny where x >y >
0), or silicon nitride oxide 10 (Sil'hOy where x >y > 0); a film
cont ai ni ng carbon such as DLC (D anond-Li ke Carbon); or a filmfornmed of an
organi c Pl al such as epoxy, polyinide, polyanide, polyvinyl phenol,
benzocycl obut ene, or acrylic¢, or a siloxggﬁ mat.eri al i | oxane

. ) .such as a_ si |
resin by a CVD HaWRERPIC.4 SPIROPISHSoHEs WEIFR caF deiRd 2151808l \B e KAt a
sil oxane naterial ,corresponds to, teri havi ng a haond of .Si-OSi.
Si | oxane Kl pf highes “slgtf tiar & 15° \?Wc{ F\tg{’lﬁé’eb%’ﬁlg 6t ngﬁn?rglgﬁ&éﬁﬁd oxygen.

As a substituent, ,gn organic taining af | east hydrogen (for
exanpl e, é‘f?e%ffwh"g’r%ﬁ G Olé}sg?{gw&&%?/&?%g%r"cB?If%d}lrg&used. Alternatively, a

fluoro grgﬁﬁgﬁan be used as the substituent. Further alternatively, both a

quorosgr nd an organic group containing at |east hydrogen may be used

as the substitugng, fsglgl%:géﬁéc%%ytl@%yo%itﬂ@ﬂ?ra@&l%n@énﬁoﬁ,oﬂo%gﬂo% a pigl e layer

or stacked layers o al umnum tungsten, titanium tantal um

ol ybdenu q&%{;‘,} K Ehntinb A @fé&fﬂlieﬁ: QRAR a viRKds siinhV & rocHRET NS Re,NBOAY M UM
rsi or an I

carbon, o i con, oy material or a conpound material containing

such an elsgmept adr idcd BinbeCHTRARERNbIRY RureMDiHERRMbnd@ctor device can

be wirelessly charged; therefore, shortage of power for transmitting and réceiving
10 individual information, due to deterioration of a battery over time, can be compensated.
[0220]

Further, a semiconductor device which can generate a demodulation signal by
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

15  modulation factor is small, and demodulate a signal by reducing influence of noise can
be manufactured.
[0221]
| Moreover, in the semiconducior device of the present invention, power from a
power supply is continuously supplied while a carrier wave of which modulation factor
20 s 10% is received; therefore, the semiconductor device can be operated stably.  Further,
the semicondﬁctor device can be wirelessly charged; therefore, shortage of power for
transmifting and receiving individual information, due to deterioration of a battery over

time, can be compensated.



25sputtering nethod, or the like. An alloy material containing alum num as
its main WD 2008/ 078661PCT/ JP2007/074603' 96 conponent corresponds to, for
exanple, a material which contains alum numas its nain conponent and al so
contains nickel, or an alloy material which contains alumnumas its nmain
conponent awal2@Bgms@ont ai ns ni ckel and one or both car barr/epe7etdescon. The
wirings 3574 may be fornmed to have a %tacked structure of a barrier film
an 5 alumnumsilicon film and a barrier filmor a stacked structure of a
barrier film an alumnumsilicon film a titaniumnitride film and a
barrier film Note that the barrier . filmis a thin filmformed of
titanium a nitride of titanium nolybdenum or a nitride of nolybdenum

Al um num €irebogiment Made S} | i con are optimum materials of the wirings 3574
because t&§¥ have | ow resi stance and are inexpensive. Wen barrier |ayers
are 10 pr&i#ded as the top layer and the bottom | ayer of the conductive

film 3413, at i f hillock f al um d al um i ] b
HIGEREOE QU RHY S R R T
havi hi gh duci . ty is f d, i i
12110, e SRR Yol DRLIT: e DSRABARSE ok e

natural ode, Ll AR g, | SUSCH A LAUSdD (RRE B wRKh SR alibhih | ©

or cont ac ween the wrings 3574 and the

crystalli n%at?c?g}ag??g#g%lg{r%c{@ésli%&%ﬁﬂ B RRE ] DEDmicdA2é8] device are fordld € that

the structure I is applied to the present invention is

not limt g%rﬁ?%gagﬁ, gg%sﬁjﬁt%t\ﬂﬁ%eidl‘:écﬁ%i atefe it dheudhaw Rflerylaid AxaRPl €, a

transistor w inversely staggered structure, a FinFET structure, or
the like %ﬁﬁﬁgt&%&h o EIGET oftd BShWiRld GyRiahaiabl, asibgtansdork tin can
shor

suppress channel effect which occurs along with reduction in
transi st OyhithZBandePRMation\MELidR0B¢ Boihes.1 | When B200TdrO 7¢G0Ied on a single
10 crystal substratc, a semiconductor device having tramsistors with few eclectrical
characteristic variations can be formed, which is preferable. In addition, an example in
which a thin-film secondary battery is used as the battery will be described.
[0223]
First, regions 3504 and 3506 are formed in a semiconductor substrate 3500
15  after an element 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 the 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 IoP substrate, a GaN substrate, a SiC substrate, a sapphire substrate, or a ZnSe



capacitor such as a double-layer electrolytic capacitor or a thin-film
secondary battery is preferably used. In this enbodi nrent node, a connection
between a transistor and a thin-filmsecondary battery is described. [0244]
5In this enbodi mrent node, the secondary battery is stacked over the wiring
3574 connedsY@ebos/@7ssdie transi stor. The secondary batt er PdTa82@7/8M6&sCt ure in
which a current-collecting thin film?®%a negative el ectrode active nateri al
| ayer, a solid electrolyte |layer, a positive electrode active nmateri al
| ayer, and a current-collecting thin filmare sequentially stacked (see
FIG 22B). Therefore, the material of the wiring 3574 which 10 al so has a
function of the current-collecting thin filmof the seconda battery

‘ it bGrERR, Bt

shoul d hawstiiteh aaukeesi enisyaiohSABgabsnE Erged Py de Fidl iayer
and also low resistance. In payticular, alumnum c er, nickel, vanadi um
or the Ii%‘@aﬁaﬁ‘mb?ﬁéwa&’é‘?dfxﬁg@oﬂsw@ggSf]cﬂf’gr\%riﬂl‘? Hlfeh‘?“g’? Bﬁeéit ure of the
thin-filmsecondary battery is described in detail. A negative el ectrode
active mat®erhl | ayer 3591 is formed over the wiring 3574. |In general,

\égggd: :sJ rr} gi(irrgg %ﬁﬁgg{oﬁ%gﬁiggﬁ ég(%e%;%bt’]?ggé eaEi c%kgi \a/elgcrfa;?) (%irdlgté{ﬁl thi%‘?é”éfsgll a?/ﬁr
. Lithi ( Li 3P 4 ] i d. Next, iti
gﬁgg[ ?%detfa(é&)wngtg&ﬁpﬁ&%%é% la%latfogﬁ%th%ggm?é&%bfn;ag g\s/:r t hexgol ?deSI e

el ectrol y[d?laﬁyer 3592. In general, |ithium manganese oxi de (Li Mn204) or
the like ed. Lithiumcobalt oxide (Li Co02) or lithiumnickel oxide

(LiNi02) may algq, he.HShd ]p-v&é?lxi 07%ofHd Bilthe SQidreg306NgE thdbdhnibbldit@h94 to

serve as an el ectro?e S ormad5 over the positive electrode active materi al

| ayer 3593;cThE 368 ERNe 168hddEst 4@t didhidd dMhd5@dicotihuiot sitauge B5gh adhesi on

to the positive 2belectrode active material |ayer 3593 and al so | ow
resi st ancgith FRr iRxaAP | cRmedt am]gagu p-WR 200BEAARO6 MEGH IHRRA08Y (AEh03. 98
r e

copper, nickel, vanadium o i ke can be used. [0246]
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 inay be doped with an impurity clement 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

25  semiconductor substrate 3500 are oxidized by heat treatment, so that the insulating films



Each of the above thin layers of the negative electrode active materi al

| ayer 3591, the solid electrolyte |ayer 3592, the positive el ectrode
active material layer 3593, 5 and the current-collecting thin film 3594 may
be formed by sputtering or evaporation. In addition, the thickness of each
| ayer is pvedznaisgi0. 1 to 3 ' Am [0247] Next, a resin Hdareiogotseraned by a
spi n-coating nethod or the like. Then$2the resin filmis etched to forma
contact hole and an interlayer film 3596. The interlayer 10 film 3596 is
not limted to aresin film and other filns such as an oxide filmforned
by a CVD nethod may be used as well; however, a resin filntis preferably
used in terns of flatness. Further, the contact hgol e can be forped w thout
et chi ng wib3 a4 eandre farmsdf sdigem prifls Blose s Alerniiayaly: the 1js g f111§§/er 3595

is formed over the interlayer film 3596 and. co nected t 3597
Thus, an 8PEcend a4 aMinlec E3BNnioFPEh b¥ &k nitnd £ 1°ﬂ? f%é‘@c’g]ﬁhﬁm@ er yis

secured [0248] ‘Wth the above structure,, t C nd cto deV|ce of the
present i ROENPIRG P& and %We&fé‘ﬂécf)f‘t?éyﬂ édq fﬂ"&ﬁy té%gf %€ %re forned

on a single S. bstrate a thi sec b r f or med
thereover'““‘*ﬁ;‘i’t‘hé"lé ﬂh§§yﬁe Pﬁ‘ﬁ“ﬂﬂﬂd ﬁJ S|zeaé§§§?§%§d¥c %r devi ce

can be many facture nt nDde. [0249] Note that the
nanufaétuP Bfﬁ%?% Ha%*m?ﬁau%eﬁ$%%gguctor devi ce of this enbodi nent node
can be apE to any of the sem conductor devices described in this

speci fi cati That is, according to this enbodi nent node, a seni conduct or

device 25 W“' Cthﬁﬁt@r Eﬁ&ﬁ%ﬁ%ﬁr AR AL BA R s 585 HRE 13854 By dR! Rehéd 18y 2

di fference between a
plasma treatment as descnbed above. For example, a silicon oxide film or a silicon

pitride film can be formed as the insulating films 3532 and 3534 by performancc of
10 high-dcnsity plasma treatment on the surfaces of the regions 3504 and 3506 provided in
the semiconductor substrate 3500 so as to oxide or nitride the surfaces. Furthermore,
after oxidation treatment is performed on the surfaces of the regions 3504 and 3506 by
high-density plasma trecatment, 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 ecach formed to have a stacked structure of the silicon oxide film and the
silicon oxynitride fitm. Further, siticon oxide films may be formed on the surfaces 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 Iater.



WO 2008/ 078661PCT/ 3P2007/ 074603 99 line and a reference line in a signal
waveform so as to generate a denodul ation signal, and generate a
denodul ati on signal stably even with a signal of which nodul ation factor is
smal | can be manufactured. [0250] 5Further, a sem conductor device which
can denodul V4P av0g08egnal by cancel i ng noi se of each |i nePGRiP29088TGSHING

i nfl uence of noise which results fronfa carrier wave can be manuf act ured.

[ 0251] Furthernore, a sem conductor device which can detect a
signal as to a wireless 10 signal of which nodulation factor is 10% and
stably perform signal transm ssion and reception which are based on |1SQO | EC
15693 can’?e Eanufactured. [ 0252] In the sem conduct or device of

t he preseﬁ Z32hvent i on, power froma power supply is continuously supplied

ﬁg‘n" ﬁezoé“'eizl i ?if{d“iﬁz"rﬂ{fﬁ%‘rei%\fefﬁ’@dtégﬁ?r bR BRI ol cesl y
; f or ™ €

“nd ot dual Phidiars BRRendes 8¢ dlidR st 130 bR EEE 0he? can be

conpensat g, LR%§§+plg§J £@grngg%@@ﬂlggag&§§ {ifthys 484 Gy W¥Ch. CaoipilGr ate @

denodul ati"on”’si gna ence between anm output of a

first Bi aitaeﬂcerd%kﬁel c%gg'%@ﬁ@e ﬁuﬁ.p%&ies@m%%gqa@@g@ﬁ!fﬁ:ﬁ% 'hedBIRIdAbE 2

denodul ati on signa y even wth a si‘gna iC dulation factor is

smal |, an ! , : i Lot ce of noise can be
%ageq%}%!% aﬁ}r& @ 2 R0A sthR¥uf SHUGEEDG: heE aBR

manuf act ur ed.
[0233]

As materials of the conduciive 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. Alternatively, a metal nitride film obtained by nitridation of
the above elements can be used. Besides, a semiconductor material typified by
polycrystalline silicon doped with an impurity element such as phosphorus can be used.
[0234]
i5 .Hcrc, a tantalum nitride film is formed as the conductive film 3536, and a
tungsten film is formed thercover as the conductive film 3538.  Alternatively, it is also
possible to form the conductive film 3536 using a single Jayer or stacked layess of a
tunésten 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, a 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 (sec FIG.

25 21A).



25Mor eover, in the sem conductor device of the present invention, power
froma WD 2008/ 078661PCT/ H2007/ 074603 100 power supply is continuously
supplied while a carrier wave of which nodul ation factor is 10%is
received; therefore, the sem conductor device can be operated stably.
Further, theos@mbmertduct or devi ce can be w rel essly charqrmroeriewse or e,
shortage of power for transmtting an® receiving individual information,
due to deterioration of a battery over 5 tine, can be conpensated.

(Enbodi nent Mode 6) [ 0255] An exanpl e of a manufacturing method of
a sem conductor device, which is different fromthat described in the above
enbodi nent node, will be described with 10 reference to the draw ngs.

[ 0256] [0236]First, an insulating filmis formed over a substrate 3600.
Here, a single crystal silicon substrate having n-type conductiyity is used
as the subst rat NcHedersishmash FrdGiassierdvely fagned Z‘Sé‘?\B‘P‘?Bg& rﬁ¥‘8“f3§¢ d over
the substrate 3600 (see FIG 23A). For e an%ilre,.lS ghsl I i.CO{g Qg(i de filmis
formed as 4phed iTRRGIA LRGN fHcdRess 1By apcg:rglf PrsioR o5 feERPT PP EU ' EBRt to the
substrate 3600, an hen silicon nityride filmis.for over

i nsul at i nd% 1P %§g§%6§a %@atﬁﬁfeﬁ%‘#c :{%ﬁzjgﬂnaﬁ?ysostt}}ﬁtslfn Eﬁﬁg r\é Irclm{)%gused as

t he substrate 360 ng,as it s sem conduct on rate W thout
li i ta‘?’i oﬁow_diﬁeg%gﬁls%l?g'n %%%Wpé’tr@ g%gnrn_e%é?% e eéenie?lrtlg@ cﬁlf;]ggygf silicon
substrat e Bakl-Ngol YR ImBlul) oGy SRBEHGE pVisby cofnCARBPRNECACTAC RAUCt Of

substratecf’?or_ exanp trate, ubstrate, a GaN
SUDSL 2 IS o SRR SRR, e sttt . o
separationshy i APl AR asnl SnMiifhe p-type conductivity, boron, aluminum,
gallium, or the like can be used. Here, phosphorus is used as the impurity element.
10 [0237]
In FIG, 218, 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.
21C). 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, gailium, or the Iike
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

26  drain region and a channel formation region 3568 are formed in the region 3504.



25met hod, or the like can be used. WD 2008/ 078661PCTOP2007/ 074603 101

[ 0258] Alternatively, after the insulating film 3602 is formed, the
insulating film 3604 may be forned by nitridation of the insulating film
3602 by high-density plasnma treatnment. Note that the insulating film

provi ded owen 2dokverssaibst rate 3600 may have a 5si ngl e- | aymTI/gtioact4aasse or a
stacked structure of three or nore | afers. [0259] Next, a pattern of
a resist mask 3606 is selectively fornmed over the insulating film 3604, and
sel ective etching is perforned using the resist nmask 3606 as a mask, so
that recessed portions 3608 are selectively fornmed in the substrate 3600
(see FIG_ 23B). 10 For the etching of part of the substrate 3600 and the
insulatiﬁ@z¥ﬂlns 3602 and 3604, plasma dry etching can be perforned. [0260]

et the Pl e sp s lie AR 2 W A0 EovepR VAR A dessoan

insulating fil 0as to e recessed portions 3608

formed in h?ﬁ%?ﬁéhﬁ%}g&e%@&%a& aé%earﬁl £3433C0 hed, QdBidds 3574, whidtealensul ati ng

film 361" an’insu Ing material such as silicon oxide,
silicon nitridg, sill g A8i0hSh492MMd 33EfoBmed A the Rgidhs 3304 silicon
nitride d§?ﬂwm?%9%w89%9§ﬁg%%ﬂ¥19}ygg 0) by a CVD nethod, a sputtering

met hog, of Like .20 ASrded bitsWeahdungink fim3364 Qee HIGRLAX ON oXide film
is fo%’necllmg?g%"fé&w(vt ’trraet hyl orthosili cgt e) gas, using an atnospheric
pressure @Mgﬂnethod or a | ow pressure CVD net hod. .

The insulating film 3572 can be formed in a single layer or stacked layers of an
insulating film containing oxygen or nitrogen such as silicon oxide (SiOy), silicon
nitride (SiN,), silicon oxynitride (SiO.Ny 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
tesin by a CVD method, a sputtering method, or the like. Note that a siloxane material
corresponds to a material baving a bond of Si-0O-Si. Siloxane has a skeleton structure

15  with the bond of silicon and oxygen. As a substifuent, 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 ﬂ.uoro group and an organic group containing at least hydrogen may be used as the
substituent.

20  [0241]

The Wirings 3574 are formed in a single layer or stacked layers of an element
of aluminum, tungsten, titanium, tantalum, molybdenum, nickel, platinum, copper, gold,
silver, manganese, neodymium, carbon, or silicon, or an alloy material or a compound
material containing such an element as ils main component by a CVD method, a

25  sputtering method, or the like. An alloy material containing aluminum as its main



[0262] WO 2008/ 078661PCT/ JP2007/ 074603 102 of the surface of the substrate
3600, regions 3612 and 3613 are formed between insulating films 3611 which
are formed in the recessed portions 3608 of the substrate 3600. The
insulating film 3610 formed over the surface of the substrate 3600 is
removed by Vo@ R0siDIsGIt r eat ment or pol i shing treatment suBH/&0GNASSO t hat
the 5 insulating filns 3611 are obtathed. Subsequently, by selective
introduction of an inpurity elenent inparting p-type conductivity, a p-well
3615 is formed in the region 3613 of the substrate 3600 (see FIG 24A).
[ 0263] As an inpurity elenment inparting p-t ype conductivity,
boron, alum num 10gallium or the_like can be used boron.is
i nt r oduc eEPMIANEN PRETCHRAF 10- F67 SXAY ‘?=k?emiaﬁ’5‘61r FVHPhe‘TOQWEﬁt ai“’[‘ﬁ’fﬁhfs its
Further, in_this enbodi nent npde, t hou p kﬁ%’ i S not
1t T 0dUG BRI APERONER FRLIET oS AREa 1o S0 T ERII SR EPIRER havi ng
n-type 15 condugtivity i d as . the s eﬁstrate3 may be
forned i n2t K& %FW%‘GTZ“%W%%%WCW% ag8 OfR o &’ﬁg]r ﬁeﬁﬁ%n N par ti ng
n-type coiguct|V|t r| ele n nductivity,
phosphor us;'® FFSE %5740?‘a¥ ﬁ‘é f?’%?g enﬁgceaé @Frg‘[ﬁ% &\/@b%ﬂ%sﬁﬁ}ﬁ glgnduct or
subst rg t ealu%\{ﬁurr]xgsiﬁlc w B ?m Bdug 1'*1f\,/r' fﬂ¥n bPa "éﬁa%ged &HIC{LPg of a barrier film, an
aluminum silicon film, a titanium nitride film, and a barrier film. Note that the barrier .
film is a thin film formed of titanium, 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 léyers 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 titanfum which is an clement 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
15  favorable 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 Hmited 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 preferable because it can suppress a short channel effect which occors 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



20 other hand, an inpurity elenent inparting n-type conductivity may be
introduced into the region 3612 to forman n-well, whereas the region 3613
may not be doped with an inpurity elenent. [0266] WO

2008/ 07866 7/ 074603 103 [ 0267] . For ex I surfaces of
t he region§ﬁ§%%%5§%§ 3613 provi ded ing}he substrate 36gggéﬁ@m3§TﬁVEed by

heat treatnment, so that the insulating filns 3632 and 3634 can be forned of
silicon oxide films. Alternatively, the insulating filns 3632 and 3634 nay
5 be each forned by stack of a silicon oxide filmand a film containing

oxygen and nitrogen (a silicon oxynitride film by, the ste of formng a
silicon osdpaeitor sighasy deublpdsvenslectiol ds CrRAT R RSk Fer Sﬁﬁgﬁa&is*{a??féﬁ*%g t he

surface of the silicon oxide filmb itridatjon treatnent. [0268
10Fur t her praferabdn asgdy e iy thi prabodipagpt é%ngga FP?%"%%%WS%%AS‘{%V%HL f or med
by plasma treatnent as described above. For exanple, a silicon oxide film

or a sili bgnihe secoriery Patencis 4e3585%%r med as the insulating films 3632 and

3634 by pg@fggnance of high-density plasma treatnment to the surfaces of the
regions 3 4hbnd 3613 provided in the substrate 3600 so as to oxide or

nitride the surfaces. .Furth f i i t -
piar f Ior d on ;J H@aigﬁr%béjéén%lﬁ rn%%r%efrhggf%oﬁg ar%ﬁfg@xynlg%%%%& Egéhtlﬂg h%-n&{é%si ty

I T ; , it  dirghs i1y pi
a1 ot naBaE I, Bk | (Ao OhaRETREARRES, SO SRS Y D Fact

W th the a;{-fe%&g&cﬁé ﬁk}leﬁ 01,005 St ArRd 3R kdater i thybh) 8 Rolkd dibGRMyOXYNI tri de
(N]% e Si de filnms. T

films are torne I cCOn OXI hus, the insulating fitlns

3632 and ﬁ?%éaq;ogt@@efecm{e%ﬁve RafdBHlaerS hRC K earaf-coBdokibe iR gil@faré he
silicon oxrde filmand the silicon oxyhitride film Further, the surfaces

of the r e&!qg&ﬁiaﬁﬁ $AcRdYs3GE0. Tmy. DEhRXOHE theGhatdtidl bf hedvillyg Bighwiiensi ty
pl asma treatnment” after silicon oxide filns are formed on the surfaces by a

ther mah oxisslahd ©PuddBbMOf thel A26R]coRETiE thiRSilkadt the sédohdmy 3662y ahahl®634
formed over the regions 3612 and 3613 of
have high adhesion to the negative electrode 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 used. Next, a solid electrolyte layer
3592 is formed over the negative electrode active material layer 3591. In general,
lithium phosphate (LizPO4) 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 oz;cide (LiMn304) or the like is used. Lithium cobalt oxide (LiCoOy) or
lithium nickel oxide (LiNiQ,) may also be used. Next, a current-collecting thin film

| 3504 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

25  electrode active material layer 3593 and also low resistance. For example, aluminum,



WO 2008/ 078661PCT/ V2007/ 074603 104 the substrate 3600, respectively,
function as gate insulating filnms of transistors which are conpleted |ater.
[0270] Next, a conductive filmis fornmed so as to cover the insulating
films 3632 and 5 3634 which are fornmed over the regions 3612 and 3613

provi ded i AVQ HW8/ATEESt rat e 3600, respectively (see FI G FAAEP200HEH6YS gn
exanmpl e i s shown in which conductive 1 ms 3636 and 3638 are sequentially
stacked as the conductive film Needl ess to say, the conductive filmnmay be
formed to have a single layer or a stacked structure of three or nore

| ayers. 10[ 0271] As materials of the conductive filns 3636 and 3638,
an elenment of tantalum, tungsten, titani,um nolybdenum alum num copper,
chr oni um C%P%F%’V@PEH’%’ ?I?%el?keocrang%u% loy material or a compound materi al
containins)ﬁ ch an elenment as its main conponent can be used.

Al ternati V& @, a metal nitride filmobtained by nitridation of 15 the above

el ement s can DG RO mDAREUn 1A ACH HONAKOTIBERS bdtive biRirlal afcby

pol ycrystal Il ine” st T con dop an rnpurity elenment such as phosphorus
can be us lyte 1498F §592¢htE RBLiRTdEkAHAE LelRefrhdteridl SayboB3pBd as the
conduct i vggélf Fh%?sé%%glfa’Ctéonsgeads}t@ungsfen%fill mis formed thereover as the

CO”dUC§ vey €h|a M3638011dMih S HRAEIM S5V miab be Fohedby2Putt@agsirivepdratichor m t he
conductive T1Im3636 using a single |ayer O stacked |ayers of a tungsten

nitride fil MaiRn Bk HIGS844BE Bhduth e isfprdfBrabBid @ A jhani um nitride fil-m and
formthe conductive film 3638 using a single |ayer or stacked |layers of a
tungst en (95417] a tantalumfilm a nolybdenumfilm and a titaniumfilm
[0273] 25Next, the stacked conductive filnms 3636 and 3638 are sel ectively
removed by 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 ihterlayer
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
flainess. 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
em;.ﬂoy 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
20  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 semiconductor device

95  which can transmit and receive information by detecting a difference between a signal



WO 2008/ 078661PCT/ 31P2007/ 074603 105 etching, so that the conductive filns
3636 and 3638 renai n above part of the regions 3612 and 3613 of the
substrate 3600. Thus, conductive filns 3640 and 3642 whi ch function as gate
electrodes‘aéﬁjggﬁgpd (see FIG 25A). Here, surfaces of_ the regions 3612
and 3613 of 8 dtrate 2600 which gpes not overlap\ﬁQWW?%E ttduct i ve
films 53640 and 3642, respectively, are exposed. [0274] Speci fically,
in the region 3612 of the substrate 3600, part of the insulating film 3632
formed bel ow the conductive film 3640, which does not overlap with the
conductive film 3640, is selectively renoved, so that the ends of the

conduct i v kb, #}mééé%réqg als}RaeRAR s MR th BeMkat hrgnbiliMe3e3.are al nost

aligned with each other. In addition, in the region 3613 of the substrate

3600, par tan@];%eﬁé}ﬁeianwcﬁﬁﬂaﬂ&l fslphtid 46:3¢ ot wag deipaw shenepnsmtdise film

3642, which do not overlap with the conductive film 3642, is selectively
renoved, $fidhatmdih@n®pdsnefactiitd, conductive fil m 3642 and the ends of the
insulating film 3634 are al nost aligned with each other. 15[0275] In
this case[otdug part of the insulating filns or the |ike which do not
overlap with the conductive filnms 3640 and 3642 may be renpoved at the sane
time as the forBRatlcgn @hitdnduaandhuie iwidch cdondenBeidBicandigBB84R. cadddiisgnat i vel vy,
the part of the insulating filns which do not overlap with the conductive
filns 36400&adf 864 Enerand teducQy iefloaned olmmiisegviriels restltsrfeaik 8 covniechaveraan| ef t

after the formation of the conductive filns 3640 and 3642 or the conductive
filns 3640camguBéidzdas masks. [0276] Then, an inpurity elenent is
selectively introduced into the regions 3612 and 3613 of the substrate 3600
(see FIG.[égﬂk). Here, an inpurity elenent inparting n-type 25conductivity
is selectively introduced into the region, 3613, using the conductive film
VO 2008/ 078661 PEFtennere, aseagernductor device which can detect a signal as to a wireless

10  signal of which modulation factor is 10% and stably perform signal transinission and
reception which are based on ISO/IEC 15693 can be manufactured.
[0252]
In the semiconductor device of the present invention, power from a power
supply is continuously supplied while a wireless signal is received; therefore, the-
16 semiconductor device can be operated stably. Further, 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 cutput 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



106 3642 as a mask, whereas an inpurity elenent inparting p-type
conductivity is selectively introduced into the region 3612, using the
conductive film 3640 as a mask. As an inpurity elenment inparting n-type
conduct i Vi ty orus, arsenic, or the like can be , 0 .npurity
el ement inﬁg?ggﬁgﬁﬁgtype conduct i vi t y,,,boron, aluninunﬁﬁggg?ﬁ?ﬁﬁgm%r t he

| i ke can be used. [0277] Next, sidewalls 3654 which are in contact
with the side surfaces of the conductive filnms 3640 and 3642 are forned.
Specifically, the sidewalls are formed in a single |ayer or stacked | ayers
of a filmcontaining an inorganic material such as silicon, 10 an oxi de of
silicon, @owdr sppKiidleomihuGisly BpflicdOIhiR o dakior GRRE BF Whith nAuRLGARichr At er i al
such as an organic resin. Then, such an insulating filmis selectively

et ched by iali% o reeypved; Biteturd) ghesainidoyididiortdeeicp ermpengetitddatabbii r €atthedn, SO
that the sidewalls 3654 can be forned so as to be in contact with the side
surfaces dlic tchdcadndocddvice dan lbasvidhatly aharg8G4Rereibhng shorthgpall Ipsw2ibtd are used
as masks in doping for formng lightly diode drain (LDD) 15 regions.

Furt her, tihesmittibgveat reeB8dndriduilcrivedatin, dis toaletsaioiation oht bdterywdteh si de
surfaces of the insulating filns forned bel ow the conductive filns 3640 and
3642. Pp0278ie, can be comgepssleduent |y, an inpurity el ement is introduced into
the regions 3612 and 3613 of the substrate 3600, using the sidewalls 3654
and the cébabedimert Nodefy 3640 and 20 3642 as masks, so that inpurity

regi ons which_each function as a source region or a drain region are forned
(see FICi[@%%ﬂ. Here, an inpurity elenent inparting n-type conductivity is
i ntroduced into the r&g%?n 3613 of, the su ggrate 3600, gsLng &h sidewal | s
3654 and the coffdg&¥P AIARg E491riRg mRRqasof 4, ferpieuptor BRden A% B t han

Lhe, conceniall 5 1 OSSR T P B SRR A {0
3600, siqgi%q%t‘ r0\%%/078661PCTC1_32007/074603 107 sidewal | s 3654 and the
COﬂdU&pIV FIPH]%?%%?%S fasks, at hi gher concentration than the
concentraT&ﬁﬁf in LDD regions. [0279]
First, an insulating film is formed over a substrate 3600. Here, a single crystal
silicon substrate having n-type conductivity is used as the substrate 3600, and insulating
films 3602 and 3604 are formed over the substrate 3600 (see FIG. 234). For example,
16  a silicon oxide film is formed as the insulating film 3602 by performance of heat
treatment to the subsirate 3600, and then a silicon nitride film is formed over the
insulating film 3602 by a CVD method.
[0257] '
Any substrate can be used as the substrate 3600 as long as it is a semiconductor
20  substrate, without limitation to the silicon 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 InP substrate, 2 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.



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 fornmation region 3656 are fornmed in the region 3612
of the substrate 3600. Wereas, inpurity regions 3664 which forma source
regi on or aVARHBMATSEgi on, | owconcentration inpurity reRiTBR03EGGOANI ch
form LDD regions, and a channel fornmat%on region 3662 are formed in the
region 3613 of the substrate 3600. 10[ 0280] In this enbodi ment node,
the inmpurity elements are introduced under the condition that parts of the
regions 3612 and 3613 of the substrate 3600 which do not overlap with the
conductivgg%% nms 3640 and 3642 are exposed. Thus, the channel fornmation
regions 3 nd 3662 which are formed in the regions 3612 and 3613 of the

e e T i
e R S T
substat e, 36l A8 ARSIl L pROLRER LR ENAEAT DT |

| nsul abi ngibllyiR 30/CTuE 81 REIERLARAE B ArctlofC hger or stacked | ayers of

an insul ati g m cont al ni ng oxygen or nitrogen such as silicon oxide
(Sio"), sk@kgpn 25nitride (SiNx), silicon oxynitride (Si OxNy where x >y >
0), or silicon nitride oxide WD 2008/ 078661Mr/31' 2007/ 074603 ' 108

(S11\1,, Oy wher gext, #ptetn 8 a redisf mbdR 0Bt ENENATeIG IR Ve the asculkiby
(Di anond- Li ke Carbon); or a filmfornmed of an organic material such-as

epoxy, pPolfiyh B60E, anP elyave dehinpQd yarforynkd REeH te, refig 1zRR BeOOMIU Batk, sOF

acrylic, or a siloxane material such as a siloxane resin by a CVD nethod, a
sput t er i nthaedchsgel] pationstBE0R iateaseledidiety fomatd m the kubsane 3680 @ed BIG. 33B)r r esponds
to a material having a bond of Si-OSi. Siloxane has a skeleton structure
with tihe Pontheadfichéig ofcmmt afindle onbpgein. 3608 apd shebissuilatingrfilms $602rydh B6Q4, gr oup
containing at |east hydrogen (for exanple, an al kyl group or aromatic

hydr ocar belyma drystedng eantbe peeieringdl y, a fluor group can be used as the
substituent. Further alternatively, both a fluor group and an organi c group
cont ai ni n{0?%40] | east hydrogen may be used as the

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
oxiﬁe, silicon nifride, silicon oxynitride (SiOxN, where x > y > 0), or silicon nitride
oxide (SiN,Oy, where x > y > 0) by a CVD method, a sputtering method, or the like.

20  As the insulating film 3610, a silicon oxide film is formed by a TEOS (iciraethyl
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



10substituent. [0283] Next, conductive filns 3680 are fornmed in the
openi ngs 3678 by a CVD nethod or the |ike. Then, conductive filnms 3682a to
3682d are selectively forned over the insulating films 3677 so as to be

el ectrical lwoeesnecied to the conductive filnms 15 3680 fsSebihfeL6B) -

[ 0284] The conductive filnms 368 and the conductive filns 3682a to
3682d are fornmed in a single |layer or stacked |ayers of an el enent of

al um num tungsten, titanium tantalum nolybdenum nickel, platinum
copper, gold, silver, manganese, neodym um 20 carbon, or silicon, or an
alloy material or a conpound material containing such an elenment as its
mai n conpafieht stoyaca d@ViDe mebdiatk, 36005 pegivier BHIG amt BGLB awr forined befk@en An al | oy
material containing alumnumas its main conmponent corresponds to, for
exanpl e, dnswatieg fifms dfiilowhicl atedormsedainuht rmepssed portionn 3008 dfdhperetizteand al so
contains nickel, or an alloy nmaterial which contains alumnumas its main
conponent 340 alhsoinedatingi filst 3610 ferefl qatl thenaurfsee whtthe cubsisa 3098 i8i 1 i con.
The conductive filnms 3680 and the WO 2008/ 078661PCT/JP2007/074603 109
conduct i vaePPYehgd 33682%}“% dre3EePy greRPlisling Jreteent suphie @MEt sl $Eructure
of a barrier film, an alumnumsilicon film and _a barrier fil

stacke®@ stRHeting &g 3511355% |0 V“"Fiil m& %ﬁi’ﬁ“&F%Wu?ﬁl“s‘inl"? dgFPdprtion © r%ia’c‘i t ani um

tride fi.l fi.l a thi fil
Mormedof Hpph eftanb et e bt cotRhbi bab LAt st i Be' ey e o |

nmol ybdenu licon are optinmum materials of the
conducti v?‘s}ﬁl’ﬂ#’g‘ %’g’étﬁa%%g%ﬁlt ﬁee@lg’r%%%tl ve filnms 3682a to 3682d because they
have | ow rg%%l tance and are inexpensive. Wen barrier |layers are provided
as the torg aier and the bottom | ayer of the conductive film 3680,

generation of hilloc #g’g] n Q{;F vent ed.
When a barrier a‘ﬁ F%pun%)& 0 I?@h?ﬁﬁg%ﬂ@@%%ﬁh@t&itﬁoﬁgr&@ 2 a\%lleng a high
reduci;gg RLGRSS Bﬁ’thb ﬁk% P B ise®V s font :Q%{tﬁ;dhc?ed%ntmhé‘regﬁh%?é afppbde film
formed onthe ¢rystalline sem conductor film the natural oxide filmcan be

reduced angptfiyieietdg. natural oxide filmis reaned and a favorabl e contact
bet ween the conductive films 3680 and the conductive films 3682a to 3682d
and the crysyal | i ne sem conductor filmcan be obtained. Here, the
conductive filnms 3680 and the conductive filnms 3682a to 3682d can be forned
by sel ective grpwitar,Ofh thin@sbedintd)t anodyDaltleiugRtan [BAGH) element is not

introduced imto 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 infroduced 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

25  regions 3612 and 3613 in the substrate 3600, respectively (see FIG. 24B).



Through the above steps, a p-channel transistor fornmed in the region 3612
of the substrate 3600 and an n-channel transistor forned in the region 3613

of the substrate 20 3600 can be obtai ned. [0286] Not e that the
structure okotewamsicet ors which is applied to the preseniciad@nihRms i s not
limted to the structure illustrated i@ the drawi ng. For exanple, a

transistor. wwth an inversely staggered structure, a Fi nFET structure, or
the like can be used. A FinFET 25structure is preferable because it can
suppress a short channel effect which occurs along WO

2008/ 078661PCTOP2007/ 074603 110 with reduction in transistor size. [0287]
The seni cd¥itt or device of the present invention includes a battery

capabl e of storing power, which is supplied to the si_&naj rocessi ng
circuit. As theFtaremply, sufases dfdpneisions 361k mndad613 raeudnden| thy aybseatect rol yti c
capacitor or a thin-filmsecondary battery is preferably used. In this
enbodi ment3ofbae oxidized hx detti tralopatie dipt e ingaingtidms AP 3% HA-cep Pen
secondary battery is descrjbed. [0288] In this enbodi nent npde, the
secondar y fergtet &f yiliren %}E‘g%féliﬁs- of%{mtaﬂé‘ll&dﬂw&lﬁw Hipst I8 maab 893 Ba¥nect ed to
the transistor. The, secondary battery. h a strycture in which a

ur enb. oBFIBE FOREIed YAk e AbRubaYe d el § S feide T fad 1 ayer. a
solid electrolyte .|.ayer posi tive el ectrode active. material layer, and a
cur r ent - caitReq (g ieorpiBe B YEUR TS R mBF ai60isOF Sl Ay R
Therefore r] f e i ' whi ch . al as a
function (’gl?etr%{ﬁle&%%a?ifﬂén e-ﬂgoo %“gc?‘?’ﬁggﬁfﬁ%’%\ﬁfﬁ %dnr’%aggf %fﬁédséﬂé@g n‘%é%yﬁl%k gBat.t ery
shoul d hayge.hi@h«3dhesi on to the negative el ectrode active material |ayer
and al so 'ow resistancé. In particular, alumnum copper, nickel, vanadi um
or the likedgp preferably used. |

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 s0 25 to be in contact with the surfaces of the
regions 3612 and 3613, and then silicon oxynitride films are formed on the silicon oxide
films. Thus, the insulating films 3632 and 3634 are cach formed to have a stacked

20  structure of the silicon oxide film and the silicon oxynitride film. Further, the surfaces
61‘ the region.s 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



[0289] Next, the structure of the thin-filmsecondary battery is described
in detail. A 20 negative electrode active material |ayer 3691 is forned
over the conductive film3682d. In general, vanadi um oxi de (V205) or the

li ke is useslo20extsssia solid electrolyte layer 3692 is frripdyu@Neikot he
negative el ectrode active material |awer 3691. In general, |ithium
phosphate (Li 3PO4) or the like is used. Next, a positive el ectrode active
material |ayer 3693 is fornmed over the solid electrolyte |ayer 3692. In
general, lithium 25 manganese oxi de (Li Mh204) or the like is used. Lithium
cobalt oxide (LiCo02) or WD 2008/ 078661PCTOP2007/ 074603 111 1ithium nicke
oxi de (Li Nh@sybsirety 380% gedpectivslydfuniiéon as gate insnketing fbhd efctransigtorhivhichi | m 3694
to serve as an electrode is formed over the positive el ectrode active
material |#&yemE@oBlatethe current-col lecting thin film 3694 should have high
adhesion tg the positive electrode active material |ayer 3693 and al so | ow
resi st ancdV2 ¥y exanpl e, alum num 5copper, nickel, vanadium or the |ike
can be used. [0 of the above thin Ia{ers of the negative

el ectrode acti MiEEN &PrdRPiiYe %‘i_s 3eged spie IS evPhthe relapips fiftes Peipend3692, the
Post e BBl RS, CBLPATEN Bl SO0 i) e ikt 6Bl oot no
respectively (see FIG. 24C). Here, an example is shown in which conductive films .
3636 and 3638 are sequentially stacked as the conductive film. Needless to say, the
conductive film may be formed to have a single layer or a stacked structure of three or
more layers.
10 [0271)

As materials of the conductive films 3636 and 3638, an element of tantalum,
tungsten, titanium, molybdenum, aluminum, copper, chromium, 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 elements can be used. Besides, a semiconductor material typified by
polycrystalline silicon doped with an impurity element such as phosphorus can be used.
{6272]

| 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 nitride film, a 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 titanjium film. |
[0273]

25 Next, the stacked conductive films 3636 and 3638 are selectively removed by



10l n addition, the thickness of each layer is preferably 0.1 to 3 gm
[ 0291] Next, a resin filmis formed by a spin-coating nethod or the
i ke. Then, the resin filmis etched to forma contact hole and an

interlayer WohiwdR9ga. The interlayer film 3696 is not |adqfp8sh7io9ees reSin
film and other filns such as an oxidgsfilmformed by 15 a CVD net hod may
be used as well; however, a resin filmis preferably used in terns of
flatness. Further, the contact hole can be formed wi thout etching with the
use of a photosensitive resin. Next, a wiring |layer 3695 is fornmed over the
interlayer film 3696 and connected to a wiring 3697. Thus, an electrical
connect i erchitg} ko thaetht ibnddclivarfibecdifdaany 3638 renajn pbovedrwitrddhe Kgjwo2)

Wth the above structure, the semiconductor device of the_ resgn}l i nvention
can enpl Gflaasdt BELY off the ismbsithiecI600.r aRyissemduciye dilms Baae 35423}” Yle crystal
substrate and a thin-fil msecondary battersy is _forne th%retﬁovet. Thus, an
ext r enel Yutdiion aagate shrairpdes japefpraedises Fidcody- dEFmecE ST B iR Sct ured in
this enbodi mrent node. WO 200810786_61PCT1JP2007107.§@g3 1 tFOéqg%

Not e t hat368henddHdradchasubpigrterdedonhigh ea5enol avRTRB R PL FOETEE BF thi s
enbodi mrent node can be applied to any of the sem conductor devices
descri5bec§55ﬂ?|a%qﬁ@fzsfﬁﬁf@F‘FYe@éF’ie&ﬁPos?ﬁat is, according to this enbodi ment

node, a sem conductor device 5 which can transm.t and receive information
by detectlPhffla difference betvieen a signal line and a reference line in a

Gerpaul ati on- s PBTSICNLAB 1S TBIRR GI T Bpain 2 SR AR LC O i
S R R A e
i nfluence of ROL 3, WakE Ns KASUIER fhBUAR s& M MRS criti8\68 116cAEbnBEctiveTact ur ed.
10 3640 and the ends of the insulating film 3632 are almost aligned with each other. In
addition, in the region 3613 of the substrate 3600, part of the insulating 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 insulatin-g 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 - yemoved using resist masks which are left after the formation of the conductive films
3640 and 364ﬁ 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 (sce FIG. 25B). Here, an impurity element imparting n-type

25  conductivity is sclectively introduced into the region 3613, using the conductive film



[ 0295] Furthernore, a sem conductor device which can detect a
signal as to a wireless 15 signal of which nodul ation factor is 10% and
stably perform signal transm ssion and reception which are based on 1SO | EC

15693 can bgormpudisaet ured. [ 0296] In the sem co%«;\{l,%mg%\é'fe of the
present invention, power froma powerygupply is continuously supplied while

a wreless signal is received; therefore, the 20 sem conductor device can
be operated stably. Further, the sem conductor device can be wrelessly
charged; therefore, shortage of power for transmtting and receiving

i ndi vidual information, due to deterioration of a battery over tine, can be
conpensat 8642 [P 20 Alask, WBh&@MS A ABHOARCRIEMPR0 Qi HFTuEd @3y Sotduabviey ricui t,
generate a denodul ati on signal stably even with a signal of which

nmodul at i oselécsigtiprinticglusaninto, tha nagichedtd dulsirtgetha ceidgntate iy dei@uesiamgasknf | uence
of noise can be manufactured. [0298] 5Moreover, in the sem conductor device
of the présentmpuritgianent imewing f-fypencendootiity, Bhnsployus, srsemint ¢rribo tike v
supplied while a carrier wave of which nodulation factor is 10%is

recei ved; cattiErustdr eAs arhimnpyaii donht Separtinin fpe certiciatyo pepatadinigtnp| v
Further, the sem conductor device can be wirelessly charged; therefore,
short afe &¥liysyrihe Hec qapdpdsidtti ng and recei ving individual information,
due to deterioration of a battery over 10 time, can be conpensat ed.

(Enbodi meH¥7fbde 7) [0299] :

Next, sidewalls 3654 which are in contact with the side surfaces of the

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 perpendicuiar 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 regions.. 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]

| Subseqﬁcntly, an impurity element is introduced into the regions 3612 and

3613 of the substrate 3600, using the sidewalls 3654 and the conductive filins 3640 and

20 3642 as masks, so that impurity regions which each function as a source region or a

drain region érc 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

concenirations in LDD regions, Whereas, an impurity element imparting p-type

25  conductivity is introduced into the region- 3612 of the substrate 3600, using the



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

exanmpl e, theohaklwing are given: keys (see FIG 13A), Mﬁ?oo%ﬂ?b@ coi ns,
securities, bearer bonds, certificategy(such as a driver's [icense or a

resident's card, see FIG 13B), books, containers (such as a Petri dish,
see FIG 13C), packagi ng containers (such as wrappi ng paper or bottles, see
FI GS. 13E and 13F), recording nmedia (such as a disk or video tape),

vehicles (s v@gégéﬁﬁndi bln%¥cl e)fﬂag gi}i?%nn%skglagﬁ%g éo%enﬁx%ﬁ&btth as gahoes or

eyegl assedde war e ronic
appl i ances (suc uid crystal display device, an EL display device,
a tel evisf e“é‘é@?‘lféniglrd gglﬁrolsrtabl e terninal), and the like: The

sem condu&tg%} device of the present invention is fixed or nounted to itens
of a vari of forms such as those above by being attached or enbedded on

a surface. Furtpe ds @68 Snich e8ci0RRdS: BRa br S¥@kEM an
aut henti cati on uf{lg' |6n g&}é?&%%g WO 200§/ 078661PCT/ JP 007/r074603 114

di striput g Bdn3 do%s\‘/ EceRatb Sndphiki&- rebB3OBk60 which forl 1IDD hegivtse apd o he

sem conduc Ice of the present invention, the sem conductor device can

be oper at aﬁnx\éﬂlfb&m*aeh @gglew@@ie 86 Minidd iAW Feafd0RB1a JONE EulBRURTAN0.
continuously through wirel ess conmunication. In addition, noise of a

carrier WenMgreaRMNmpRrifyedpedd. 3¢da30hich form a soddoe eeyiern , orvk tdnalhh@glos,e of the
sem conduct or devi ce of the present invention, power froma power supply is

cont i NUOURkYcoabRhiiel impirkte ragiosy Bé6r whizhiefonfi MPDclegiof) amddallchaningh fact or
is 10%is received. In addition, noise of the carrier wave can be reduced.
Thi s enboghinaein regice3@Emrbtorficé sl the cgivbi3abtofiht ubstrite F6@hbodi ment nodes.
10 [0280]
In this embodiment mode, the impurity elements are 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 channel
formation regibns 3656 and 3662 which are formed in the regions 3612 and 3613 of the
15  substrate 3600, respectively, can be formed in a self-aligned manner with the conductive
films 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 (sec 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 (SiOy), silicon

25  nitride (SiN,), silicon oxynitride (8iO:Ny where x > y > 0), or silicon nitride oxide



[ Enbodi nent] [0302] 15A waveform of a signal when a sem conductor device
capabl e of wireless comuni cation to which the present invention is applied
is actually operated will be described with reference to the draw ngs. The
sem conductyp 26le¥ise& 100 descri bed in Enbodi ment Mde lpds;aed.as: t he

sem conduct or device capable of wrelggs conmunication. In each portion in
t he denodul ati on signal generation circuit, a 20waveformis obtai ned using
an oscilloscope. As to an anal og buffer circuit, one illustrated in FIG
10A is used. [0303] A paraneter of each elenment in the

sem conductor device used in this enbodinent is as follows. In the first
denodul at ($iN,0] wbedetx 54,> Oher filmi shnempacedion 608 RIPECHDidBongtlike t he
second capacitor 610, 2 pF;, the third capacitor 614, 1 pF;, the first WO
2008/ 0786 €1:PGH); HP2 Gildw/fOTFEEAS all bipaniesnaeon s@h8is oLy, pelf2ridarpdlabrédes econd
resistor 612, 100 Ica In the second denodul ation circuit 156, the first a
capaci t or péiginykphanolligenpeyclohetcnre oorrdylisapraciilosmegaeriad sysi-as g sdoxape third
capacitor 634, 1 pF. In the first bias circuit 158, the capacitor 802A is
at 500 pFresithy 4 CVBrmetbey, atspyttegog methgdorideplikea n fotaibataciigripeigder® or 806A,
400 1c52. In 5the second bias circuit 160, the capacitor 802B is at 500 pF;
the fipst cpmaspaidsio soptsriabeyinespbongipf SiuSk e Silpwencder 2 shlclgpsmc™a0 k52.

Resi stance .of a resistor included i}{l the . constant .current circuit 1003 is
at 100 kg?"_ﬂh the bond of silicon and oxygen. As a substituent, an organic group containing at .

least hydrogen (for example, an alkyl group or aromatic hydrocarbom) 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
10 substituent.

[0283]

Next, conductive films 3680 are formed in the openings 3678 by a CVD
method or the like. Then, conductive films 3682a to 3682d are seclectively 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
foﬁned ina singlle layer or stacked layers of an element of aluminum, tungsten, titanium,
tantalum, molybdenum, nickel, platinum, copper, gold, silver, manganese, neodymium,

20  carbom, 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 its 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

25  nickel and one or both carbon and silicon. The conductive films 3680 and the



[0304] FIGS. 27A and 27B illustrate a waveform 1400 inputted into the input
portion 10 152 and a waveform 1401 outputted fromthe output portion 166 of
t he denodul ation signal generation circuit, respectively. Wen the waveform

1400 is i npydbedoetsgd0 the input portion 152 t he wavef ogm, $4Q30 V85
outputted fromthe output portion 1664Note that FIG 27B.is an enI arged

view of a region 1402 in FIG 27A [0305] 15FIGS. 28A and 28B illustrate
wavef orms which are detected fromthe first input portion 900A and the
second i nput portion 900B of the conparator 162 when the waveform 1400 is
inputted into the input portion 152. FIG 28A illustrates a waveform 1403
whi ch i s detdectiedilfis@ilare 3682dsmay plvimabiothiaona 9RO sEL@ire28B batrleust rat es a
wavef orm 1404 which is detected fromthe second i nput portion 900B.

20[ 0306] Vitresuntdheninemedlgomiild08d iadairieplity eda stadked stustire pa barrignfilmpor ti on
900A and the waveform 1404 is inputted into the second input portion 900B,
a wavef or ptt Bh@Enym siliten dimed tiandrm wifdde flputndobeitshfign2 Yetetthet thonpar at or
162. FIG 29A illustrates the waveform 1406. FIGS. 32A and 32B illustrate
t he wavef bpmgr filpp 3 fn filpgdormsd of Sitanbymp ar piisls, of Akt YlEbdenumpena t he
wavefornms 1403 and. 1404 are conpared with the WO

2008/ 07 86 8in¢erel) polybdemyny g @dumipyp and aluminum silicon are optimum materials of

the conductive films 3680 and the conductive films 3682a t6 3682d because they have .
low resistance and are inexpensive. When barrier 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 natural 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 condﬁctive 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 limited 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

256 structure is preferable because it can suppress a short channel effect which occurs along



waveform 1406 illustrated in FIG 29A, a difference between the waveform
1403 and t he waveform 1404 can be obtai ned through the conparator162; thus,
such a signal having | ess noise as the waveform 1406 can be obt ai ned.
Further, byy&ampaskgaon of the waveform 1403 and the waviglonm3404; |t is
apparent fromFI G 29B that noise of a;§ carrier wave is reguced In

waveform 1406. Note that FIG 2913 illustrates an enl arged vi ew of a region
1405 in FIG 29A Simlarly, FIG 3213 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] 10As shown in this enbodiment, with the use
of the semittonduitiboin ikexiseesiod. t he present invention, a difference between
a signal line and a reference line in a signal waveformis detected;

t her ef or e,[0287denodul ati on signal is generated, and a denodul ation signal is
stably generated even with a signal of which nodulation factor is small
Accor di ngly, i nftbe paeiceniuetandiyécet ofdhs picsend dnventdor cludeset battehy] 6geBl

In the above signal waveforms, noise that exists in each of the signal Iine
and the r &f §108RS @OVPH¥hiAdS ﬁwhgfaﬁae*hﬁﬁ%él PIPgEsEipg Cigtudls e s thnbasises en,
denodul ation is perforped b npari son of the signal line and the

r ef er efice SRPASHOT SpRlbALH @R"@Ie YR§ Cﬁﬁ‘ir%léﬁ(b?apé%@ﬁ of ¢ Hén-fitm secapdary baiternig,
ults froma carrier wave, isS 20reduced t hus,

i nfl uence of_  noi se,
a signal @é"ﬁefﬁ'é‘yd@ﬁ%mﬁﬂa 1&& f’i‘)‘%@ mg‘% a CODFEH“PH@P%’P% a tggosistor g4 Ase of t he

pr esent e i C detected stably also as to a wirel ess
si gnal ofnmﬂq@ ﬁﬁﬁﬁ? Pgﬁﬂyﬁ(@ﬁﬁ$ f's 109% and signal transhission and
reception @%@;h are based on | SO | EC 15693 can be performed stably. WO
2008/0786é / JP2007/ 074603 117 [0310] In the sem conduct or device

of Le present e ahmAPHRC L ABRIENCSYPRLIAS. GUL LAUGURLY

supplied while a wr I's recei've em conduct or

devi cqqCan e eReERhedeSloahl bfans!: Wt PBle seBshaSiiBMerdyhaETROM TR B wiRAE

a current-collecting thin film, a negative electrode active material layer, a 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
16 battery should have high adhesion to the negative electrode active material layer and
also low resistance. In particular, aluminum, copper, nickel, vanadium, or the like is
preferably used.
{0239]
Next, the structure of the thin-film secondary battery is described in detail, A
20 negative clectrode active material layer 3691 is formed over the conductive film 3682d.
In general, vanadinm oxide (VoOs) or the like is used. Next, a solid electrolyte layer
3692 is formed over the negative electrode active material layer 3691. In general,
lithium phosphate (LizPOq4) 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 (LiMnzOu) or the like is used. Lithium cobalt oxide (LiCoO,) or



52, a battery is nmounted on the sem conductor device of the present

i nvention; therefore, nuch stable operation is possible. The present
application is based on Japanese Patent Applications serial no. 2006-347086
and no. 200603&R8%4dsfiled with Japan Patent OFfice on Deegibgforae 1N 2006
and Decenber, 26, in 2006, respectively, the entire contents of which are
hereby 10 incorporated by reference. 118 EXPLANATI ON OF REFERENCE

100. sem conduct or device, 102. antenna circuit, 104. analog circuit, 106.
digital circuit, 108. nmenory circuit, 110. reader/witer, 112. power supply

circuit, 114. nodulatjon. circuit, 116. reader/witer, 118. ) ni cati on
line, 1204thEhaicky! of i@@\,?‘OZ)SmiBGI.SO iﬁ Ay gﬁ?‘% & ﬁuﬁeﬁ%@ﬁeggﬁgﬁﬂn@ﬁ on si gnal
generatiop circuit, 152. input. portion, 154. fi.rst .denmodul ati circuit,
156. secony dRABYLIST %?F“@H?&ﬁo ed gt the ipPﬁvaeb?lgczmg Fie hvietn,la-eféggygrecond bi as
circuit, . arator, 164..anal buf f I CU| : . A, portion,
200. povve%&éu pgﬁgp‘ﬁ‘?‘ “ﬁ(f}‘{e?u%@.nafglén rr:g(%ﬁ Isa?'figﬁa‘g&l lgﬁg%&fﬁsel?]ﬁg?oa%?ghﬁg‘?cr cuit,
202. denodul at,i on. si i i i 4. ' Lrcuit, 206.
nput / out e b e Bb A BEI B AR 1 Gk ks, SBPEkA AhbET L 2
out put,. poLti : faf . I nput portion, 218. input
porti&%, é%%8§?$§%ﬁmg§g%gﬁ%éggﬂ%ﬁ%&b?é%?ification portion, 304. snoothing
capaci torgy,gf6. 308. input portion, 310. first output portion, 312. second
out put pOFtI n, delay circuit, 400. input portion, 402. first capacitor,
404. first di oggen 40he RGO M diyReflor HhOBepdive Slechbs SHOE mafekd] 158€0N
capacitor, 412. second resistor, 414. third capacitor, 416. 15 output
portion, 5@Q; theREEM B0 hyeS0R2, fhb paiitivtesindiviabitie miterlidyer #94, second
denodul ation circuit, 506. first bias circuit, 508. second bias circuit,
510. conpaidathecur:dd-2olicating adn bt 3694 miay duiférmed 4. spotdrpigtor peatoraion. 518.

i nput portion, 600. input portion, 602. first capacitor, 604. first diode,
606. s®Conchdditiodghe tifknessiof sichiast Stpmferad§ 0.1 teégond capacitor, 612. second
resistor, 614. third capacitor, 616. output portion, 618. circuit, 20 620.
i nput por[G28H, 622. first capacitor, 624. first diode, 626. second di ode,
628. first resistor, 630. second capacitor, 632. second resistor, 634.
third capaci t orlNexg36esio dilpuis fogyowed ibyrs, speRSpating metliod or tigpliken- e theel 702.
n-type 11,1, 704. p-type TEL 706. p-type TEL 708. n-type TFT, 710. n-type
TEl, 712. repintfiipes Fichad toFoun a gontgesdotprmd agdwarlasien fle 3pYr t 1ha IntgbeB. i nput
portion, 802. capacitor, 802A. capacitor, 802B. capacitor, 804. first

25r esi st ofilm 86645 neti Himitedrta giresinFilm, gpd ether filmssuch asinseyide Hgpigrmedhinnd
resistor, 806A. second resistor, 80613. second fesLstqr, 8Q8. output

porti &n, B6YR m@tggcb@@y B@pqqd@ﬁ Weg,’dgg{evgu{a st film is preferably used in terms o

flatness. Further, the contact hole can be formed without etching with the use of a
photosensitive resin. Next, a wiring layer 3695 is formed over the interlayer film 3696
and connected fo a wiring 3697. Thus, an electrical connection with the thin-film
secondary battery is secured.
20  [0292]

Withlthe above structure, the semiconductor device of the present invention can
employ 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,



119 portion, 900A. input portion, 900B. input portion, 902. first904.
second IF 1, 906. third 1141, 908. fourth 1141, 910. fifth TFT, 912. out put
portion, 914. wiring, 914B. wiring, 916. I1 1, 91613. TFT, 916C '11,1,

918. i nput WObkskOMe::1000. input portion, 1000B. input pgFt i@ oLQet. source
follower circuit, 1001B. source follower circuit, 5 1002. inverter circuit,
1003. constant current circuit, 1003B. constant current circuit, 1004.

i nverter circuit, 1005. output portion, 100513. output portion, 1100. i nput
portion, 1102. input portion, 1104. inverter, 1106. flip-flop circuit,
1108. selector circuit, 1110. output portion, 1112. output portion, 1200.
chi p, 12010293ht enna, 1202. chip, 1203. antenna, 1204. chip, 1205. antenna,
1206. chip, 1207. antenna, 1208. chip, 1209. 10 antenna, 1400. waveform
1401. wavef or m Nowohat hgvetworiagturing Siethpd \aff the nsentig@guctoiadesfiesr of 105,

regi on, 1406. wavef orm 1407. regi on, 1408. region, 1500. semni conductor device,
1800. senicBGAHIERIOPORR Oe appigd 2o amnefdhngenarendyster deyggg described in this

charging/disgha[gin%pirpuit,1804.battery,1805. ) .
specification, That. is, according to this embodiment mode, a semiconductor device

5  which can transmit and receive information by detecting a difference between a signal
line and a reference line in & signal waveform so as to generate a demodulation signal, .
and generate a demodulation signal stably even with a signal of which modulation
factor is small can be manufactored.

{0294}

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

156 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 wireless signal is received; therefore, the

20  semiconductor device can be operated stably. Further, the semiconductor device can
be wirelessiy‘ 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



power supply circuit, 1806. denodul ation signal generation circuit, 1807.
denodul ati on signal generation circuit, 15 1808. nodulation circuit, 1809.
control circuit, 1810. nenory circuit, 1811. reader/witer, 1812.
conmuni cat iv9o 20ds/@fk6611813. control device, 2000. sem conglgi@ki-AexhLe,
3400a. thin filmtransistor, 3400b. thin filmtransistor, 3400c. thin film
transi stor, 3400d. thin filmtransistor, 3400e. thin filmtransistor,
3400f. thin filmtransistor, 3401. substrate, 3402. insulating film 3403.
separation layer, 3404. insulating film 3405. 20 anor phous sem conduct or
film 340 : t L Seln t i $thCHh Ve | :
senicondu?g%r&%¥?h?&gﬁ%§gﬁg%?ﬁ%?%@?f%%mgékggbﬁﬁﬁit3r fi%%?léﬁggggi
crystal | i peqgmfh:s oy ft@anf iddAeni iR a ﬁ%ﬁ/a? bakddubiag SEcf@ SURiQlcak i | M
34051 crystalline sem conductor film 3406. gate insulating film 3407.
gate el echkgidgufzadRda. conductive film 3407b. conductive film 3408.
inpurity region, 3409. inpurity region, 3410. 25insulating film 3411.
impurity f@gepn, 3412a. insulating film 3412b. insulating film 3413.
conductive film 3414. insulating film 3415a. conductive film 3415b.
conducti ve 120Mbidomar, d4AEsenticonducibi davidei dfnke Fdskrt ingemidbucpawee fford m  3418.
insulating film 3419. elenent formation |ayer, 3420. seat material, 3421,
seat mat epoabr, sufds Iacontowmaskytsipdicflivihite a348idh wagoaliubich wwdfiialion fagwg2a.
openi ng, 3432b. openi ng, 3434a. conductive film 3434b. conductive film
3436a. cofrdlidh iswecefvielyther886 Bic scoirdudicior€lefics ean beppgrated sgbly, Burgsr, 5
conductive particle, 3481. negative electrode active material |ayer, 3482.
sol i d el ettersmjoadpaigredevicg48B be paxelessly changed: ttheeferca shqripge phpeveaior | ayer,
3484. current-collecting thin film 3485. interlayer film_ 3486. wiring
| ayer, 348onsmillinggadepeiRingtindiyiduadeformation; disria delclpradomat 3 batlery 252,
insulating film -3504. region, 3506. region, 3507. p-well, 3532. insulating
filn11@53%?“iﬁ§6@§?@ﬂ6“¢?'n1 3536. conductive film 3538. conductive 10
film 354§%H§%fe ehgc rgde, 3542, gate el ectrode, 3548. resist mask, 3550.
channel f Rent ‘ﬁ%g , 3552, inmpurity region, 3566. resist nmask, 3568.
channel ff ion region, 3570. inpurity region, 3572. insulating film
3574. wir %%3}3591. negative el ectrode active nmaterial |ayer, 3592. solid
el ectrolyte | ayer, 3593. Si.ti | ect rode tiy terials. | 3594.
current-col | ect‘fgﬁ%micﬂ?usﬁcpgﬁ?ﬁlc%@g% v‘ﬁ%ﬁhﬁgc P%;g/eélﬁ 7 5{:{{3’6‘ ® fﬁﬁl}eﬁ{%éﬁ%yer film
3597. wiring, . e t il o ting
fiim 60l ctigtRapioig dpRbaERE: oi3g oy RHE Alleldy antP Byl BN, 1D
3611. .ins i.0g: fi 20,00, ; | 213032,
Cnsui & né"“f?ﬁ‘:%gm%éé}.‘“??‘é 5‘%1?%9 i |‘%ﬁ6 &‘gé@@g’gﬂc‘:’gﬁxﬁﬂé’?‘%égﬁ fb}a}éﬁ}kd%aég&
conducti ve: fil C ugtL.l I - 36 Teyovy) i i : 4,
EW%‘%-GI:EBYS ﬁ&éq?IG ?%?)ﬁgﬁﬂe\‘ Endrlel, MMoin g%gréﬁ&, dueld vat| deMirnic3Re

si dewal |, =3 channel” thon region, Impurity region,
(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, sce
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, liviﬁg 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 management system, an authentication function system, a



20 3660. | owconcentration inpurity region, 3662. channel formation region,
3664. inpurity region, 3666. |ow concentration inpurity region, 3677.
insulating film 3678. opening, 3680. conductive film 3682a. conductive

film 3682dyoemuaiesi ve film 3691, negative el ectrode gekjpig/i8d6s 1 al
| ayer, 3692. solid electrolyte |ayer,;;3693. positive electrode active

material |ayer, 3694. current-collecting thin film 3695. wiring | ayer,
253696. interlayer film and 3697. wiring. 121 CLAIM5S 1. A sem conductor
devi ce capabl e of wirel ess comruni cati on conpri sing: a first
denodul ation circuit having an input portion electrically connected to an
5ant enna cdistobition systenfarflstliikdenodul ation circuit is configured to

denodul ate a first electric signal; a second denodul ation circuit,
which is d8A$tlgured to denpdul ate a second el ectric signal having a
polarity opposite to the first electric signal, the second denodul ation
circuit el ectri ¢¥th yhec 8ottt seicopductos pdavigsopk ithen prese yvendienpilgs circuit
having an i nput portjon electrically connected to an output portion of the
first denoBBYeRRfserdeyicscin be operated yhile bgiRg spipdisd SyihROMCT HATE HHOUSH i nput
portion electricall onnected. to an output, portiqn. .of the second
denmodul®at i YRPY iCPEtﬂﬁ‘%‘,’Sq&ﬁH" c%ﬁﬂﬁﬁsactoﬂ}m%‘i?f‘ﬁ‘g ai[“fa?ia N5 PS5 Tt En and a
second i nput por 5wherein an output portion of the first bias circuit

i 0
is elect ri%aeﬁelcﬁn%%??ﬁ{écc? ed to the
[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 meodulation 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]
i5 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
Emi)odimcnt 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 I;"IG. 10A is used.
10303}
| A parameter of each 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



first input portion of the conparator, and wherein an out put portion
of the second bias circuit is electrically connected to the second i nput
portion of the conparator. 202. A sem conductor device capable of wreless

communi cat ivpg 2@eea%el Nng to claim 1, wherein the conpar a,t(pfr,‘n,iz&m%rpﬂ)émone of a
differential circuit, a differential ggplifier, or an operationa

anplifier. 122 4. A sem conductor device capable of wrel ess
comuni cation according to claim1, wherein the sem conductor device
conprises a battery capable of being charged wirelessly. 5 5. A

sem conduct or device capable of w rel ess conmunication conprising: a first
denodul at iresistaxi K08)i 20thdn2;ngndarthd rpednd pasisioo N6, ellor keal | In denmesdd to an
antenna circuit; a second denodul ation circuit, which is

conf i gur edemodulgimmdirceit &5 thedireict Fapacitt062d ignal0 pgvhagpcendombanitor §3hpposi t e
to an electric signal denodul ated by the first denodul ation circuit, the
second derudiped tho thixs qapagitor e3edFi chl thy figso hineeirad 158, thteapaeipiBOpdrt i on;

a first bias circuit having an input portion electrically connected to an
out put porit #tSA0 8F; thiyErst rasistor §ewb AP0 &£3: and tie seagnd resipiy 89@%&9& kgd.adncircuit
havi ng an jnput portion electrically Connected to an output portion of the
second deMsdisrand; s cdrcpis 469, ;the capacitor 802B is at 500 pF; the first resistor 804RB, 300

k€2; and the second resistor 8068, 400 kQ. Resistance of a resistor included in the .
constant current circuit 1003 is at 100 k€.
{0304}

FIGS. 27A and 27B illustrate a waveform 1400 inputted into the inpuf portion

10 152 and a waveform 1401 outputted 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 outputted from the output portion 166.
Note that FIG. 27B is an enlarged view of a region 1402 in FIG. 27A.

[0305]

15 FIGS. 2BA 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]

Wheﬁ 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 ouiput portion 912 of the comparator 162. FIG. 29A illustrates the
waveform 1406, FIGS. 32A and 32B illustrate the waveforms 1403 and 1404 for

25 comparison, respectively. When the waveforms 1403 and 1404 are compared with the



a conparator having a first input portion and a second i nput portion; and
an anal og buffer circuit electrically connected to an output portion of the
conpar at or, 20wherein an output portion of the first bias circuit is

el ectrical o enposeded to the first input portion of thgGpapasaLer. and
wherein an output portion of the secofyg bias circuit is electrically

connected to the second input portion of the conparator 123 claimb5,
wherein the conparator is any one of a differential circuit, a differential
anplifier, or an operational anplifier. 7. A sem conduct or

devi ce capable of wireless comunication according to 5 claim6, wherein

t he ant enmavéfern idnillasiratidain FIGr AQbra giffseneechytweegy thp waveform 1483 apd

sem conduct or devi ce capabl e of wrel ess comrunic on accordinqaio claim
BE

at |
5, wher ei thet wevefusn FOATER thyr otgaingd Brughdhg §%‘§Paéat8’&§#;eﬁh9‘s=c3&ﬁ]éﬁl bei ng
charged wirel essly., 9. A m con t ' bl f _wrel
Commini cabFoRE BECHiIE ¥t LR 400 RO ARG dRINSQbDaPRRSER Phui ¢ o

COMpri Ses 48 S othots 1404 b RS wivdrSi 1404% SOSE AN Sl FIE BB thdi Gblst or 219 A7
5  cartier wave is reduced in the waveform 1406. Note that FIG. 29B illustrates an
enlarged view of a region 1405 in FIG. 29A. 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 a 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 transzﬁitted 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 present invention, demodulation is
pcrformed by coinparison 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

20  reduced; thus, a signal can be demodunlated.

{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.
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[0310]

In the semiconductor device of the present invention, power from a power
supply is ‘ continuously supplied while a wireless signal is received; therefore, the
semiconductor device can be operated stably. Further, as shown in Embodiment Mode
2, a battery is mounted on the semiconductor device of the present invention; therefore,
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 Office on December, 25, in
2006 and December, 26, in 2006, respectively, the entire contents of which are hereby

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. readerfwriter, 118. communication line, 120. control device,
130. analog circuit, 150. demodulation signal generation circuit, 152. input portion, 154.
first demodulation circuit, 156. second 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
cap.acitor, 612. second resistor, 614. third capacitor, 616. output portion, 618. circuil,
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, bircuit, 700. n-type TFT, 702. n-type TFT, 704. p-type TFT, 706. p-type
TFT, 708. n-type TET, 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, 8048, first resistor, 806. second resistor, 806A. second

resistor, 806B. second resistor, 808. output portion, 808A. output poriion, 808B. output
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I‘mnion, 9C0A. input portion, 900B. input portion, 902. first TFT, 904. second TET, S06.
third TFT, 908. fourth TFT, 910. fifth TFT, 912. output portion, 914. wiring, 9141.
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.
éemioonductor 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 gemeration circuit,
1808. modulation circuif, 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.
sub.strate, 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 scrﬁiconductor 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, imsulating 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 {ilm, 3437. resin, 3438.
conductive particle, 3481. negative electrode active material layer, 3482, solid
electrolyte layer, 3483. positive clectrode 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. impurily 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 laﬁer, 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. xegion, 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. inapurity 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
clectrode active material layer, 3694. current-collecting thin film, 3695S. wiring layer,

3696. interlayer film, and 3697. wiring.
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CLAIMS

1. A semiconductor device éapablc of wireless communication comprising;:

a first demodulation circuit having an input portion electrically connected to an
antenna circait, the first demodulation circuit is configured to demodulate a first electric
signal;

a second demodulation circuit, which is configured to demodulate a second
electric signal having a -polarity opposite to the first electric signal, 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;

a second bias circuit having an input portion electrically connected to an output
portion of the second demodulation circuit; and

a comparator having a first input portion and a second input portion,

wherein an output postion of the first bias circuit is electrically connected to the
first input portion of the comparator, and |

wherein an output portion of the second bias circuit is electrically connected to

the second input portion of the comparator,

2. A semiconductor device capable of wireless communication according to
claim 1, wherein the comparator is any one of a differential circuit, a differential

amplifier, or an operational amplifier.

3. A semiconductor device capable of wireless communication according to

claim 2, wherein the antenna is in an annular form or a helical form.
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4. A semiconductor device capable of wireless communication according {o
claim 1, whercin the semiconductor device comprises a battery capable of being

charged wirelessly.

5. A semiconductor device capable of wireless communication comprising;:

a first demodulation circuit having an input portion electrically connected to an
antenna circuit;

a second demodulation circuit, which is configured to demodulate an electric
signal having a polarity opposite {0 an electric signal demodulated by 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;

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 zmalég 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 of the comparator, and

wherein an output portion of the second bias circuit is electrically connected to

the second input portion of the comparator

6. A semiconductor device capable of wireless communication according to



- 10

claim 5, wherein the comparator is any one of a differential circuit, a differential

amplifier, or an operational amplifier.

7. A semiconductor device capable of wireless communication according to

claim 6, wherein the antenna is in an annular form or a helical form.

8. A semiconductor device capable of wireless communication according to
claim 5, wherein the semiconductor device comprises a battery capable of being

charged wirelessly.

9. A semiconductor device capable of wireless communication according to
claim 5, wherein the analog buffer circuit comprises a source follower circuit, a constant

current circuif, and an inverter circuit,



