WO 2010/032594PCT/JP2009/064898 1 DESCRIPTION SEMICONDUCTOR DEVICE 5 TECHNICAL
FIELD [0001] The present invention relates to a semiconductor device which can transmit and
receive infoM B/ MARAYLL contact by utilizing wireless communication, an®¢dlidf284404488%d on which
the semiconductor device is mounted. 10 BACKGROUND ART [0002] In recent years, individual
recognition technology in which individual identification information is given to an individual object to
clarify information such as 15 a history of the object has attracted attention. In particular, the
development of semiconductor devices which can transmit and receive data without contact by
utilizing wireless communication through a rBEHSURIPITAN been advanced. Such semiconductor
devices are referred to as an IC tag, an RFID tag, and the like, which have begun to be used for
management of articles in markets, or the like. 20 [0003] In general, many of objects which are
referred to as an RED tag and the lISEMICGN® bEEHQRIMEY prd:tical use include an element
formation layer and an antenna layer each having a circuit formed of a transistor or the like. Such
semiconductor devices capable of wireless communication perform wireless communication with a 25
readerdwritaiBCENKHBAIN BIBEIlomagnetic wave, so that the semiconductor devices can be operated by
receiving p@%‘aiirom a power supply and data from the reader/writer. In wireless communication
between th er/writer and the semiconductor device, in general, a transmission side device (a
reader/writer) transiitspaeseatlinatetianreletey tve samlicondueptiote sicke whivit eaia tsamsizidaddctor
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a card on which the semiconductor device is mounted.

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

In general, 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 each 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
be operated by receiving power from a power supply and data from the reader/writer.
In wireless communication between the reader/writer and the semiconductor device, in
general, a transmission side device (a reader/writer) transmits a modulated carrier wave
and a reception side device (a semiconductor device) demodulates the carrier wave, so
30 that data is extracted and information is transmitted and received.
[0004]

In the semiconductor devices capable of wireless communication, there is an



WO 2010/032594PCT/JP2009/064898 2 amplitude modulation method (an amplitude shift keying
(ASK) modulation method) as one of methods which modulate a carrier wave. An ASK modulation
method is aWRABHRAT transmits information by generation of a differenBE THBIHHHEIDT a carrier
wave and use of this amplitude difference as a m@dulation signal. Here, when 5 an amplitude in a low
state (a difference between a signal line (an amplitude peak) and a reference line (an amplitude
center) is a and an amplitude in a high state (a difference between a signal line (an amplitude peak)
and a reference line (an amplitude center) is b, a modulation factor in can be expressed as in =

(b-a)1(b+aymphit FARRIMIHRIM BidenOe (HLaaaslidRIIGRIE mmga(lmmﬂiodmtammﬁthddhaaccordance
with both the 10 transmission side device and the rec¥§tlon sid V|ce ch perfﬁrﬁ ereless
a

communicefoRf TRehads G i YualEArEREAGE 2 o d (M8t g‘ﬁ'gfl clJOsIé Medafation factor is

decided by {hadaansmissianssiae devienatat Biemadmaias tieanditiedatinnisignelifed0if 15However,

since the semiconductor device capable |reI S communicatjon includes an integrated circuit
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electrical characteristics, Thus, a micon uctor vice ha favoraple, electrical eristics by
various 20’%?8%#1%‘?1@%3@5% epFSB'S’ge{f o x%\%%@ eR‘efgarEleh % g%gé?%lt?t%tethat the
semicond ey da i ceopapate af wilpliradeqssald) unmatrefemd@tms (transnpiésion ceetapiion, and the
like of a signal in accordance with a communic rlous standards.
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to obtain a modulation factor of 100 % or 10 %, and data js encoded with a pulse positi

10  transmission side device and the reception smf evice which % Wireless
communication. The reception side device receives a modulation signal whose
modulation factor is decided by the transmission side device, and demodulates the
modulation signal.

[0005]

15 However, 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 of element characteristics arises and it has been difficult to
manufacture a semiconductor device having favorable electrical characteristics. Thus,
a semiconductor device having favorable electrical characteristics by various

20  improvements has been proposed (for example, see Reference 1).

[0006]

Note that the semiconductor device capable of wireless communication
performs transmission, reception, and the like of a signal in accordance with a
communication method based on various standards as communication thereof. With a

95 communication method which is standardized with ISO/IEC 15693 which is a standard
of a vicinity-type wireless IC card, a 13.56 MHz carrier wave is modulated in order to
obtain a modulation factor of 100 % or 10 %, and data is encoded with a pulse position
modulation method which identifies data by change of a modulation position of a pulse
position. There are ISO/IEC 14443 (TYPE-A) and ISO/IEC 18000-3 as standards

30  similar to ISO/IEC 15693. In ISO/IEC 14443 (TYPE-A), it is prescribed that a carrier

wave whose modulation factor is 100 % is expressed with an amplitude whose initial



modulation method which identifies data by change of a modulation position of a pulse position. There
are ISO/IEC 14443 (TYPE-A) and ISO/IEC 18000-3 as standards 30 similar to ISO/TEC 15693. In
ISOREC 14WAB20H¥E323M) it is prescribed that a carrier wave whose modulB§i&AT2edPe48280 % is
expressed with an amplitude whose initial WO 2030/032594PCT/JP2009/064898 3 amplitude (an
amplitude in a state without modulation) is less than or equal to 5 %. [0007] Thus, various methods
are considered in order to demodulate a signal whose modulation factor is 10 % (for example, see
Reference 2). 5[References] [0008] Reference 1: Japanese Published Patent Application No.

2006-268 RIGSRRC G H@%ﬂﬁ%&t&oﬁﬁh@dﬁﬁmﬁtaﬁaﬁ}wm fNgn 30OG:AIBS0% 10
DISCLOSURE OF INVEN ION [0009] In general, a reception side device includes an analog

circuit hawWé’%?liemodulatlon circuit, a power supply circuit, a modulation circuit, and the like, and a

digital circuit connagigd taifiR AN drarit chsrReatRIbaIdh eolempdulation sigaultwifpse
demodulation signal is output from the analog circuit and input into the digital circuit. When a carrier

wave whogeogidaiisasstesdsotlda oney oSFEREFIFE Ammunication, a state in which an
amplltgdeﬁgfg%ﬁ@ |n which an amplitude peak and a reference line accord with each other) is
included. Therefore, in particular, in a semiconductor device which operates by generating power from

a power sdﬁﬁ@ﬁihrough
Reference 1: Japanese Published Patent Application No. 2006-263338

Reference 2: Japanese Published Patent Application No. 2000-172806

10 DISCLOSURE OF INVENTION
[0009]
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,
15  a demodulation signal is output from the analog circuit and input into the digital circuit.
When a carrier wave whose modulation factor is 100 % is used for wireless
communication, a state in which an amplitude is O (a state in which an amplitude peak
and a reference line accord with each other) is included. Therefore, in particular, in a
semiconductor device which operates by generating power from a power supply through
20  a received electromagnetic wave, it is difficult to obtain power from a power supply
when an amplitude of a carrier wave whose modulation factor is 100 %, which is used
for wireless communication, is 0. Accordingly, the operation of the semiconductor
device is interfered. In such a semiconductor device, a certain amplitude is secured so
as to supply power with the use of a carrier wave whose modulation factor is small (for
25  example, a carrier wave whose modulation factor is 10 %); thus, the semiconductor
device can be operated.
[0010]
FIG. 5 illustrates a circuit configuration of a general demodulation circuit
which demodulates a carrier wave whose modulation factor is 100 %. The circuit
30 illustrated in FIG. 5 includes an input portion 400, an output portion 416, a first diode

404, a second diode 406, a first resistor 408, a second resistor 412, a first capacitor 402,



20 a received electromagnetic wave, it is difficult to obtain power from a power supply when an
amplitude of a carrier wave whose modulation factor is 100 %, which is used for wireless
communicali¥? 28 @03RE¥ordingly, the operation of the semiconductor devicBGE/ RRGRASH Y such a
semiconductor device, a certain amplitude is securéd so as to supply power with the use of a carrier
wave whose modulation factor is small (for 25 example, a carrier wave whose modulation factor is 10
%); thus, the semiconductor device can be operated. [0010] FIG. 5 illustrates a circuit
configuration of a general demodulation circuit which demodulates a carrier wave whose modulation
factor is 109 Qécoﬁh&:ﬁﬂﬂtﬂbﬁ@iltﬂ;simtedﬂﬁr&l@p&ﬁmm aibninpescprodtiviild&tsted mukdGt portion 416,
a first diode, 404, a secand % e 406, a f| t resistor 4(%6%11 (iond re |st 24121,a fbrt%t gaggmtor 402,

WO 2010/035 8B B fééﬂgggﬁf’a e S BT R GRS (i capamtor F414. In the
circuit illustofitgd fixdt Iﬁp&lthezum)m parhicnedQo :mczmndemiﬁdhd&dmteimdd H4rmndisscthpdeiodr 402. The
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example, a carriér wave whose mo Nation Tactor 15 It is difficult to demodulate a carrier wave
whose mod:@mméatﬁdno&snfaih(ﬁmmﬁanmﬂe(\ésg)arner wave whose modulation factor is 10 %).
15[0012] s the following are provided in a circuit configuration proposed in Reference 2: a first
demodulati n m ans which regenerates data included in a type A (ISO 14443-A) 100 % ASK signal (a
signal whose modultisonghctior gre¢@0 ) stretadaisifHal Pewadembdate i caBéaonavdaiioselation

means Whigh (SARISIHET AT NENASL CRiDe RS AUSRAAHSEEA de A3l (mpional

whose modufation factor is e sl y the coll; and a selector means which
selects regébjeiatsddsitjoalis td-detheduliatora@atdaowaot tvbasel entouiadem$aciaoistsshatiedns which

ﬁg?%?#%%f%%lﬂi%??ggﬁg%%? aiﬁ)g%g%té‘i%ﬁgre{ae gpl%r%e%)eignal and a transmission signal of the
15 [0012]

Thus, the following are provided in a circuit configuration proposed in
Reference 2: a first demodulation means which regenerates data included in a type A
(ISO 14443-A) 100 % ASK signal (a signal whose modulation factor is 100 %) from a
signal received by a coil; a second demodulation means which regenerates data included

20 inatype B (ISO 14443-B) 10 % ASK signal (a signal whose modulation factor is 10 %)
from the signal received by the coil; and a selector means which selects regenerated
signals. Further, in order to control the selector means, a control means which
generates a selection control signal by input of the regenerated signal and a transmission
signal of the first demodulation means is provided.

256 [0013]

Then, the regenerated signal of the first demodulation means or the regenerated
signal of the second demodulation means is selected by the selector means. In addition,
the selector means is controlled by the control means, so that it selects the regenerated
signal of the second demodulation means (or the first demodulation means). When the

30 first demodulation means detects regeneration data, the selector means selects the

regenerated signal of the first demodulation means (or the second demodulation means)



Then, the regenerated signal of the first demodulation means or the regenerated signal of the second
demodulation means is selected by the selector means. In addition, the selector means is controlled
by the contrHIA?EEHB 2584 hat it selects the regenerated signal of the secon& EMBMIA i means (or
the first demodulation means). When the 30first defnodulation means detects regeneration data, the
selector means selects the regenerated signal of the first demodulation means (or the second
demodulation means) WO 2010/032594PCT/JP2009/064898 5 from then. [0014] In Reference 2,
the selector means is usually set so as to select the regenerated signal of the second demodulation
means (or fhedithenlemodulation means). The 5 regenerated signal of the first demodulation means
(100 % ASﬁ)@'ﬁﬁal regenerated by the first demodulation means) is input to the control means, and a
selection control'signal for selecting the regenerated signal of the first demodulation means (100 %
ASK signal regeneiatBdfoyetive fiyshelsehadotatieamsnisassilly setpotdsdmstiect trtnsigensartsdo the
selector means., W the selection trol signal is jnput toth lection means th lector
means selécts %é) Egggnseel% %§ sf@mngcii?%)TfaEhoerl fig%%ad'esz 8§Ef‘aeti§rﬁs(?n%%nﬁ§ Pgarlr{lﬂfﬁerrﬁ{e\i}%)g)n’ tr?@%structure,
the regeneraedstgodisifiieofirdicdint ituibar anss€160t66 AR signa] evgamevined the coll
receives a signal transmitted to a reader/wrjter agaip, the signal is not demodulated again. [0015]
15Howevera]%1 ﬁﬁﬁt ﬂ%&?ﬁ@aﬂ%m‘a&i lﬁeé’ﬁé’}éﬁ? e ?vﬁ rgtrlg)g %A s?g%%f’%ﬁ%hg?sn trreoéeived by
the coil is iRpitatofdhediestidg theduiRiiernivesimafta tiefiicg dantmied tignataigieolr$b deSKodulation
means is selected by selection means, the data included in the 10 % ASK signal cannot be

rege nerateﬁﬂﬁ‘?%@ﬁ?gﬁféﬂj(ﬁd'u@?iBlﬁsﬁfiﬁé’ﬁ%da\l'ﬁ%fé‘?f‘rgﬁéﬂé]rﬁ@gtagfiﬁ?l‘agh%%%trgﬁ%36}(‘? MK signal.
In addition tgyeBl2dovhasaibe dwiesintydetbitidhecdftivl Aigiabigriapis eghassiéetoinacko ASK
signal is not guaranteed to be successively and stably r ergted due tq the variation |

charaleristts SGFIRTSREEPS SR 4 ﬁ‘?@ﬁﬂf&ﬁt‘?ﬁi fﬁéﬂfs%ﬁc%&%ﬁﬁlgﬁm%‘ltﬁwg f’@?)afé]kl?r? Reference
2, when a ttaaismiveioNthigrahfeane atbare: jeweradesigiilescisthe first demodulation means is

selected; therefore, even when the coil receives a signal transmitted to a reader/writer
again, the signal is not demodulated again.
[0015]

15 However, in the structure disclosed in Reference 2, when a 10 % ASK signal
which is received by the coil is input to the first demodulation means after the
regenerated signal of the first demodulation means is selected by selection means, the
data included in the 10 % ASK signal cannot be regenerated in the first demodulation
means which regenerates data included in a 100 % ASK signal. In addition, even

20  when the data included in the 10 % ASK signal is regenerated, the 10 % ASK signal is
not guaranteed to be successively and stably regenerated due to the variation in
characteristics of transistors which are included in the first demodulation means.

[0016]
In Reference 2, when a transmission signal from a card to a reader/writer is

25  generated, the regenerated signal of the second demodulation means (or the first
demodulation means) is selected by the selector means which is controlled by the
control means. Then, in accordance with the selected regenerated signal, a read/write
control means reads and writes data from and td a nonvolatile memory such as an
EEPROM.

30  [0017]

By the communication method which is standardized with the ISO/IEC 15693,



25 generated, the regenerated signal of the second demodulation means (or the first demodulation
means) is selected by the selector means which is controlled by the control means. Then, in
accordanceWRRtHE3E Rt ted regenerated signal, a read/write control mearRGEERRW S RPles data
from and to a nonvolatile memory such as an EEPROM. 30[0017] WO
2010/032594PCT/JP2009/064898 6 as an anti-collision measure in the case where a reader/writer
and a plurality of cards (or chips) transmit and receive data to and from each other, a data
communication region is set to be divided into a plurality of regions at given time intervals and data is
set to be tragpamitieiccaniditeceivedieyiathe casaflibe dividderfegienanBy flisadiamnofwaidation method,

data is transmitted and recejved by the other cards in spme cases in a region which_is different from a
regon Whe B AP L NG S ARL TR SHEh Tihieg daih copmmcd el rufon 00
disclosed igeReféredbaddsiniceat piuretipnef atgihaigaagiokthtise dotedvdlsnaod wlatics saetnbgor the first

demodulation means) is selected.using a 10 signal transmijted by the ath]or hip) by sglection
means, thetrgmﬂ?gnaé}ﬁsiﬁeecg lt‘)’f/cllrj%)é' c%%l ?8? c‘%?p% ?s%‘gtc%ér%e Ulkte y {%%ge]gﬁudj }(/%r%géldulation
meanss(or thetlivd; detadd ulaiiomitted ans) eeeivedby the cibgratdsdeie seucagmirs. il earsghiie, signals
transmitted from the.other cards Eior chips),to the reader/writer are.received and demodulated by the
second delwg{‘frl%é i%‘ohngtt ﬁ%lgn%’ or ﬁeegfﬁﬁ dltlaer%eoadﬁ%%% Cr%reéz;tﬁ%'},snfé{ W néhr]é c)elt % %%{r% might be
disabled orf@@aBjinction. [0019] In view of the foregoing problems, an object of one embodiment of

the present inventigf de-PraviAe 3 SERNCANINEION e GR e SaRdIRRS I AUEhIESS¥afata to and
from a reader/writer WIROUL mterruplilllon ot operation by & fransmission signalto 20 the réader/writer,
and a card ¢bthehspydisi/itemntivelstioncorenc(or tevivst {eoRslulatiommetdision, sstesthdrushigat of one

= cardeth o . tioh a o
recen e L D o cnips)

on which 2Basér(icoridpytor detvidemaodatateth brartbeiesnddataaslelatior maank Ao tHee réagter/writer

are moumec%nggg%lla]tion means) even when the signal is received again. Meanwhile, signals

transmitted from the other cards (or chips) to the reader/writer are received and

demodulated by the second demodulation means (or the first demodulation means),
15  whereby the card might be disabled or malfunction.

[0019]

In view of the foregoing problems, an object of one embodiment of the present
invention is to provide a semiconductor device which can transmit and receive data to
and from a reader/writer without interruption of operation by a transmission signal to

20  the reader/writer, and a card (or chip) having the semiconductor device.
[0020]

In addition, another object of one embodiment of the present invention is to
provide a card (or chip) which can stably transmit and receive data to and from a
reader/writer even in the case where there is a plurality of cards (or chips) on which

25  semiconductor devices that can transmit and receive data to and from the reader/writer
are mounted.
[0021]

According to one embodiment of the present invention, a semiconductor device

includes an antenna circuit, a first demodulation signal generation circuit, a second
30  demodulation signal generation circuit, and a logic circuit which selects a demodulation
signal from the first demodulation signal generation circuit or a demodulation signal

from the second demodulation signal generation circuit. Specifically, the



According to one embodiment of the present invention, a semiconductor device includes an antenna
circuit, a first demodulation signal generation circuit, a second 30 demodulation signal generation
circuit, and ¥RgH¥IBRI4which selects a demodulation signal from the first tfeBataRe#%gnal
generation circuit or a demodulation signal from th& second demodulation signal generation circuit.
Specifically, the WO 2010/032594PCT/JP2009/064898 7 semiconductor device includes the first
demodulation signal generation circuit which generates a demodulation signal from a carrier wave
whose modulation factor is 100%, the second demodulation signal generation circuit which generates

a demodulagtiansi@nealratevaceanignavavideviinselenastiuhiion feigion igehedtiamdiaco#ridrivkave whose
5 modulation factor is 100 %, and the Iogic circuit to which a demodul iion signal fronmtgl%first

demodulat®eiesAGsRAdRIBHAR Sigh AT SR SGASE Q) P\téoéle?@(?% Hemodi

utation

signal gengratign Gyt AsainRd Ansonhiche-aalacs eithanoithr il emedulasion dgnalsld0622]
10Further, when the antenna circuit receives data from the reader/writer, the |ogic circuit selects the

demodulatREnsighartd FRIFET SWash & Beth saeilaioRifcietisntd alothdi A CAETRFE AV Y A€ nna circuit
e R FRd T A IO GG SRR SR Bl TG

demodulation signal generation circuit. [0023] 15Note that the logic circuit refers to a circuit formed of
a plurality dheifinsttslevnichilatioproigedgenorationsienibvad ectemadiition sieeabigra cheuit, in this

specifcation, 00243 Noia 13k 1, #P56 ARER DRAYRIARRSIR iridh6iand e capmahere a 20

modulation factor Is ed In this specification; however, a range of a modulation factor
which is grdemesdiation Bgnalbto 10 % and less than or equal to 30 % is typically described as "the
case wherggsgpdulation factor is 10 %". In addition, a range of a modulation factor which is greater
than or equal to 95 % and less than or equal to 100 % is typically described as "the case where a

modul&tion factor iFutitesewiEs sy tares Fifp tEcerises ABSdRoR s raad sl wailsh HGdAgn, a

semicondugir, de\iees the demodulation signal from the second demodulation signal generation
circuit. When the antenna circuit transmits data to the reader/writer, the logic circuit
selects the demodulation signal from the first demodulation signal generation circuit.
[0023]

15 Note that the logic circuit refers to a circuit formed of a plurality of circuits
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

20  modulation factor is 100 % are described in this specification; however, a range of a
modulation factor which is 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 greater than or equal to 95 % and less than or
equal to 100 % is typically described as “the case where a modulation factor is 100 %”.

25 [0025]

According to one embodiment of the present invention, a semiconductor device
includes a first demodulation signal generation circuit which demodulates a carrier
wave whose modulation factor is 100 %, a second demodulation signal generation
circuit which demodulates a carrier wave whose modulation factor is 10 % and a carrier

30 wave whose modulation factor is 100 %, and a logic circuit which selects a

demodulation signal from the first demodulation signal generation circuit or a



includes a first demodulation signal generation circuit which demodulates a carrier wave whose
modulation factor is 100 %, a second demodulation signal generation circuit which demodulates a
carrier waveNP9d&/&ddlation factor is 10 % and a carrier 30 wave whosePbdBrtPe#Ee3or is 100
%, and a logic circuit which selects a demodulation&ignal from the first demodulation signal
generation circuit ora WO 2010/032594PCT/JP2009/064898 8 demodulation signal from the second
demodulation signal generation circuit. The semiconductor device can demodulate both the carrier
wave whose modulation factor is 100 % and the carrier wave whose modulation factor is 10 %. [0026]
5Further, wiencailatibansgeitcfiid tha tsmitsoladad ensign it denvigndhtgehbyatioa fichtdizmdbhdation
signal generation ciycyit i selectedog the logic circuit, and. when the antenng circuit receives data, a
signal demGHTHSPR IS ASAE RiP SO mOTE ol dhe A S s s o B R ogic
circuit. Thergfo%, sdahedaericihe semiboschciondevict credi/es % transmission signal to the
reader/writ(ir&tféeglo transmission signal is not demodulated again, so that the operation of the
semicondu P vice is not hindered by the transmission signal. Thus, in a card (or chip) on which the
semicanductor deviegribeiouiriechihimeard eirdie tpaasaitiedategm biging disabiudacsdmaifilirctioning

due to the card iself, data can be stably transmitted and yeceived to and from the reader/writer.
1510027] . R R R (e kPR R LA DI TR TRy W frt
demodulatiantsigaaligaieraitdvesidusi, is sigledtdennydilletdddiy cheydcant dehrldletiantsignal circuit
receives data, thet.s‘iégnal de{nodulaéeq %/ he i}?colnd.demodutlatio,ﬂ sill%gal generatioqlcirc%ﬂt is
selected byg(??gﬁ%é? it THer& Sfeceven i fhe WSe Withte 20 tHER ﬁﬁjer%liw of cards (or
chips) othes¢hdcoadirtdrondeviiieh tleecesniconduatatiskdvicesigmbutiie dhihereidedteritefertbed to as one
card) 2 rande where e ong e3rds oneraterl by.2 magnelie faid dhat isgenerated by e
reader/writer, tranSmissich signals from e othercards are not Jemodulted even w en%e
transmissiodesigedésnat ehindeid i o yhth anetaion ApratdinGhusthia anexch(drcdnpeprebérited from

being 25_di blegnPr If ne ior}'n .dyne th)lttkHe {?lthegr acrézlnsbwhrereebr}{e%af%l%a&%e s&lasggiet(ria&smitted
and receive etgeangc%rrloﬁwc%: e reé’a%ﬂg%?wn?élr. ed the e © prev g
malfunctioning due to the card itself, and data can be stably transmitted and received to
and from the reader/writer.
15 [0027]

Further, when the antenna circuit transmits data, the signal demodulated by the
first demodulation signal generation circuit is selected by the logic circuit, and when the
antenna circuit receives data, the signal demodulated by the second demodulation signal
generation circuit is selected by the logic circuit. Therefore, even in the case where

20  there is a plurality of cards (or chips) other than a card on which the semiconductor
device is mounted (hereinafter referred to as one card) in a range where the one card is
operated by a magnetic field that is generated by the reader/writer, transmission signals
from the other cards are not demodulated even when the transmission signals are
received by the one card. Accordingly, the one card can be prevented from being

25  disabled or malfunctioning due to the other cards, whereby data can be stably

transmitted and received to and from the reader/writer.

BRIEF DESCRIPTION OF DRAWINGS
[0028]

30 FIG. 1 illustrates an example of a semiconductor device according to one
embodiment of the present invention.

FIG. 2 illustrates an example of a semiconductor device according to one



WO 2010/032594PCT/JP2009/064898 9 embodiment of the present invention. FIG. 3 illustrates an

example of a semiconductor device according to one embodiment of the present invention. FIG. 4
illustrates afVExHEHINE28%4 power supply circuit of a semiconductor 5 devicQECEAINY ¢d38%e
embodiment of the present invention. FIG. 5 illustrates an example of a first demodulation signal

generation circuit of a semiconductor device according to one embodiment of the present invention. FIG
6 illustrates an example of a second demodulation signal generation circuit of a semiconductor device
according to one embodiment of the present invention. 10 FIGS. 7A and 7B each illustrate an example
of a first angdrapeRsaes demedtianisiistibal a semiconductor device, and 7C to 7E each illustrate an

example of a semiconductor device according to one embodiment of the. present invention. FIGS. 8A
and 8B each illustrdEChr e IAHHES 3 RIS fﬂgtadéﬁ%‘ﬁﬁfrhq}’(%oiéjﬁ F(%it%?ﬂﬁ@&%gﬁlgogﬁy of the

IF1's illustrajg@daiféabef tAcpmdséhs iakeh®onand 8D each illustrate an example of part of the second
demodulation circuit formed using any of the if Is i}glaustrated in &fS.,?D,an 7E according. to one
embodiment of the bI&séhtSHAISHAR exampRc0lod) PRYSEL BRI LA He Br 4 BFANTE Pcﬁll%tgf a

semiconducierieeyizsathacewainglsoansspidratipesicat iheeptieent invention.  FIG. 10 illustrates
an example of a comparator of a semiconductor. device,acc r(iin to one embodiment of the.present
HGASH dujato {6

invention.  FIGS tstiies 2B RRTRS QT AT IS IR me 0§50 BEREAUGR GHGHLO
semiconducigedRisauresoddingtacons B ki embotiihe mres et praseatitnebiolG. 12 illustrates an

example of a selecigy el of & semiconductor deyice qcordiig 10,015, SITBOUIMEN o g present
of a semiconductor device according to one embodiment of the present invention.

10 FIGS. 7A and 7B each illustrate an example of a first and a second
demodulation circuit of a semiconductor device, and 7C to 7E each illustrate an
example of a semiconductor device according to one embodiment of the present
invention.

FIGS. 8A and 8B each illustrate an example of part of the first demodulation

15  circuit formed using any of the TFTs illustrated in FIGS. 7D and 7E, and 8C and 8D
each illustrate an example of part of the second demodulation circuit formed using any
of the TFTs illustrated in FIGS. 7D and 7E according to one embodiment of the present
invention.

FIG. 9 illustrates an example of a bias circuit of a semiconductor device

20  according to one embodiment of the present invention.

FIG. 10 illustrates an example of a comparator of a semiconductor device
according to one embodiment of the present invention.

FIGS. 11A and 11B each illustrate an example of an analog buffer circuit of a
semiconductor device according to one embodiment of the present invention.

25 FIG. 12 illustrates an example of a selector circuit of a semiconductor device
according to one embodiment of the present invention.

FIGS. 13A to 13E each illustrate an example of the shape of the antenna
provided in the antenna circuit of a semiconductor device according to one embodiment
of the present invention.

30 FIGS. 14A to 14F are diagrams of the present invention each illustrating
Embodiment 3.

FIG. 15 illustrates an example of a semiconductor device according to one



FIGS. 13A to 13E each illustrate an example of the shape of the antenna provided in the antenna circuit
of a semiconductor device according to one embodiment of the present invention. 30FIGS. 14A to 14F
are diagram¥@R2tHeHRS8ént invention each illustrating Embodiment 3. FIG. BGTHE3ML B E8 example of
a semiconductor device according to one WO 20104032594PCT/JP2009/064898 10 embodiment of the
present invention. BEST MODE FOR CARRYING OUT THE INVENTION [0029] 5Hereinafter,
embodiments will be fully described by way of embodiments with reference to the accompanying
drawings However, the present invention can be implemented with many different modes, and various

changes ang, mostiicat spaiopihiemades:and details thereof will be apparent to those skilled in the art

unless such changes and modifications depart from the spirit and scope of the present invention.
Therefore, 10 the present invention should not be interpreted as being limited to what is described in the

embodimenyg:4¢sefives pelRVcAGORPINEhotimentive 3@ bodiment, an example of a structure of
a semiconductor device will 15 be described with reference to FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG 5, FIG.

6, FIGS. 7A®2H, FIGS. 8A to 8D, FIG. 9, FIG 10, FIGS. 11A and 11B, FIG. 12, and FIGS. 13A to 13E.
5 Hereinafter, embodiments will be fully described by way of embodiments with

reference to the accompanying drawings. However, the present invention can be
implemented with many different modes, and various changes and modifications for the
modes and details thereof will be apparent to those skilled in the art unless such changes
and modifications depart from the spirit and scope of the present invention. Therefore,
10  the present invention should not be interpreted as being limited to what is described in
the embodiments described below.
[0030]
(Embodiment 1)
In this embodiment, an example of a structure of a semiconductor device will
15  be described with reference to FIG. 1, FIG. 2, FIG. 3, FIG. 4, FIG. 5, FIG. 6, FIGS. 7A to
7E, FIGS. 8A to 8D, FIG. 9, FIG. 10, FIGS. 11A and 11B, FIG. 12, and FIGS. 13A to
13E.
[0031]
A semiconductor device of this embodiment is illustrated in FIG. 2. In FIG. 2,
20 a semiconductor device 100 transmits and receives data wirelessly to and from a
reader/writer 110 by an electromagnetic wave. Further, the semiconductor device 100
is wirelessly supplied with power from the reader/writer 110.
[0032]
The reader/writer 110 is preferably connected to a control device 120 through a
25  communication line 118. The control device 120 controls communication between the
reader/writer 110 and the semiconductor device 100.
[0033]
The semiconductor device 100 includes an antenna circuit 102, an analog
circuit 104, a logic circuit 106, and a memory circuit 108. The analog circuit 104 has a
30  demodulation signal generation circuit 150, a modulation circuit 114, and a power
supply circuit 112, The logic circuit 106 includes a selector circuit 109.
[0034]



[0031] A semiconductor device of this embodiment is illustrated in FIG 2, In FIG. 2, 20 a
semiconductor device 100 transmits and receives data wirelessly to and from a reader/writer 110 by
an electrom¥gh&ti8/M33 Further, the semiconductor device 100 is wirelesBiyTSIZENYANMAN power
from the reader/writer 110. [0032] The readedvriter 110 is preferably connected to a control
device 120 through a 25 communication line 118. The control device 120 controls communication
between the reader/writer 110 and the semiconductor device 100. [0033] The semiconductor
device 100 includes an antenna circuit 102, an analog circuit 104, a logic circuit 106, and a memory
circuit 108. The anaAdgmintiyitl§,0thé asmiGtdimctod diation sifhdberenetdtioludirenitabfEdna nagdulation

circuit 114, ower supply circujt 112. The logic circuif 106 includes, a selectoy circuit 109. [0034]
W0 2010/ ISR SRR e b d o A i RS ek e o
include an awhtshria sapaddely imalude ciudding arsedctodctnthecy iden exXteamalatienteaningh({s case, the

antenna Wf’{%i epalplelyyman fa tlirg{j.is gonnecte the wiring. A connectigq termina{ (a

terminal electroglg; W%c%] #s )e%cltré#]cé I(f/ connec e%??g?ﬁg&v?/ﬁ?%%er%vgﬁge%a elcjletgsgongecgtn Bhe wiring

and thé antdarvar{a93asd the ddearthat the semiconductor device 100 is not limited to the above

structure, aﬂﬁ entral processor unit (hereinafter referred to as a CPU), a sensor element, an -
cul

interface circuit, a clock generation circuit, or the like may be included.
Note that the semiconductor device 100 is not limited to the above structure,

and a central processor unit (hereinafter referred to as a CPU), a sensor element, an
interface circuit, a clock generation circuit, or the like may be included.
10  [0036] .

Note 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
logic circuit 106, the memory circuit 108, and the like based on an AC induced voltage
which is generated in the antenna circuit 102. An oscillation circuit or a frequency

15 divider circuit may be used for the clock generation circuit.
[0037]

A semiconductor device capable of wireless communication is roughly
classified into an active type which incorporates a power supply (a power storage
portion) and a passive type which drives by utilization of power of a radio wave (or an

20  electromagnetic wave) from external. Further, there is a type referred to as semi-active
which charges a power supply (a power storage portion) by utilization of power of a
radio wave (or an electromagnetic wave) from external. This embodiment describes
the case where the semiconductor device 100 is the passive type in which an
electromagnetic wave is received from the reader/writer 110 and power of the

25  electromagnetic wave is supplied to drive the semiconductor device; however, this
embodiment is not limited thereto. That is, the semiconductor device 100 may be the
active type.

[0038]

In the electromagnetic wave transmitted from the reader/writer 110, a carrier

30 wave having a certain frequency is modulated from a sub-carrier wave. A signal
included in the sub-carrier wave is a binarized digital signal which is transmitted to the

semiconductor device 100 from the reader/writer 110. As to a modulation method of a



10[0036] Note 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 logic circuit 106, the
memory circif® 208/t 4he like based on an AC induced voltage which is &R/ Me4BB antenna
circuit 102. An oscillation circuit or a frequency 15di%ider circuit may be used for the clock generation
circuit. [0037] A semiconductor device capable of wireless communication is roughly classified into
an active type which incorporates a power supply (a power storage portion) and a passive type which
drives by utilization of power of a radio wave (or an 20 electromagnetic wave) from external. Further,
there is a typeriefemact idl@sesemi-actarsplihidh shifirdeying QASKSuppijulatpovaetdtodagdipbrtion) by
utilization ofﬁ)é)nwer of a rpt#g?éyi\/%\ée L{gﬁcans 1Eciétroma ic wave Erom eﬁ}legggéh]' is,embodiment

describes tfie CASe W el}él semiconductor device snfﬁeup%slgflvlél?ype in V\]/Fnc%hgrﬁges 2

electromagfretivenayerisl re gdissed shrifirktydnge Qi) ritetul bandetowew bicth eh2b gele atphazag netic
wave is suppligd to driv semiconductar.device; however, this embaodi t is,not limited thereto.
That is, the@eﬁ%cgﬁ%gﬁéggté\%%gfﬁf) l%gv;}lbe t%neezli%%%oenf%g? d%%\jeln %@%}eegrb(}’m{g%n%{g% wave
transmitted froduldtonanctbod/itdehddphiedrisale80ibale having a certain frequency is modulated from
a sub-carrig, !e. A signal included in the sub-carrier wave is a binarized digital signal which is
transmitted to the semiconductor device 100 from the reader/writer 110. As to a modulation method of
a WO 2010/032597hR€ Tiere0cifsisd821 indarte ravaud s tingrarat e arapaniptitudd shifinkayiag (ASK)

which ehan e R kR RS0
phase. In tHenhodiatentytiterchbd andvinplutathelsignohriyaisiid wathisniotu iatectsshthé thGK 5
mOdu!ﬁ‘)tionﬂgﬁg}oglﬁ)ﬂﬁmpgﬂ{aﬁg,isadﬁl%?r@e%qodulaﬁon signal generation circuit 201, and a
second demodulation signal generation circuit 202 included in the analog circuit 104
(see FIG. 3). Further, the antenna circuit 102 receives a signal whose carrier wave is
modulated from the modulation circuit 114, and transmits a response signal to the
reader/writer 110.
15 [0040]

The antenna circuit 102 preferably having an antenna and a rectifier circuit
receives an electromagnetic wave, which is transmitted from the reader/writer 110, 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

20  reader/writer 110.
[0041]

The shape of the antenna that can be used for this embodiment is not
particularly limited. Therefore, an electromagnetic coupling method, an
electromagnetic induction method, an electromagnetic wave method, or the like can be

25  used as a transmission method of a signal for the antenna circuit 102 included in the
semiconductor device 100. 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 length and shape may be provided in accordance with the transmission
method. In this embodiment, an electromagnetic induction method having a

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

[0042]



[0039] The antenna circuit 102 includes an antenna and a capacitor. The antenna circuit 102
receives a radio wave (or an electromagnetic wave) which is transmitted from the reader/writer 110,
and inputs tROSYABBAIned at this time into each of the 10 power supplyRGEER249%206489 8t
demodulation signal generation circuit 201, and a 98cond demodulation signal generation circuit 202
included in the analog circuit 104 (see FIG. 3). Further, the antenna circuit 102 receives a signal
whose carrier wave is modulated from the modulation circuit 114, and transmits a response signal to
the reader/writer 110. 15[0040] The antenna circuit 102 preferably having an antenna and a
rectifier circuit receilnestbe alasstromiagpplignga\as, velhichositrgmestinittecufying theethaderdwritar 110, and

generates induced voltage. The.induced voltage b ower from.a power supply of the
semicondu%?géper\r}ﬁ,%li?&lgn%%%%%% l?ge Dath tre n%r%ﬁ[e’égﬁc?[nﬁfheaﬁégrgﬁé&ﬁe#ﬁﬁse@ fé).n[OOM]
The shape wkthedanteomdutiae dambehisk duitetibis esrthedintemiissrotpadituter anhrdite torfherefore,
an electro ' pling method, an electro netic. induction method, an electromagnetic wave
method, o?@g%nﬁg%ng# bieﬂgg‘;pugsﬁge ggsia? fréajgr{rlﬁ@s?gﬁr?n %ro#%%gl&ganséﬂl 3% néeglﬁ%ﬁ%gr(%%uit 102
included in thutdérmidendomiagndtviveltGiomthettoansrsissib chmegho thmagistic diosiey as appropriate
by a practitj ggin 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 this embodiment,
an electromagneticlinthectisn ofiaiting hmiingvea86 methed (i ziomirky UEHIE pafd 66 M tis
preferably %%adaﬁpp é}}%@@ﬁ%ﬁﬁﬁ,"ﬁ%@ MY i X ohe WR A YRR &Jﬁ%ﬁg%%@‘m% 13

In the case of g an electromagnetic coupling method or an electromagnetic induction method

(for exam p@mmﬁemhﬁndﬁdsltﬁ@ ﬂ@hshamnﬁihn@@mca’%ﬁ&uoﬂhiﬂilfnmﬁﬁm fartbeions as the
anteni@ is fimed R AN RNYIaE f%@?@?fﬁﬁ{fk@ﬁsﬁeﬁ%ﬁ%‘?ﬁlé%%élé?%ﬁgﬁé R QLGEample, a

spiral antenna) in ordér 5to utilize ele iCl [

romagnetic induction that occurs wi anges In magnetic
density. [008{l for the signal transmission. For example, the conductive film which functions as

an antenna can be formed into a linear shape (for example, a dipole antenna), a flat
shape (for example, a patch antenna), or the like. The shape of the conductive film
which functions as an antenna is not limited to a linear shape, and the conductive film
15 which functions as an antenna may be formed in a curved-line shape, a meander shape,
or a combination thereof, in consideration of a wavelength of an electromagnetic wave.
[0044]
FIGS. 13A to 13E each illustrate an example of the shape of the antenna
provided in the antenna circuit 102. For example, as illustrated in FIG. 13A, a layout
20  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. 13B, a thin antenna
1203 may be arranged all around a chip 1202 provided with a signal processing circuit.
Further, as illustrated in FIG. 13C, a layout may be used in which an antenna whose
shape is like that of an antenna 1205 for receiving high-frequency electromagnetic
25  waves is disposed for a chip 1204 provided with a signal processing circuit. Moreover,
the shape of an antenna may be arranged like that of an antenna 1207, which is
omnidirectional (can receive signals from any direction) in 180°, with respect to a chip
1206 provided with a signal processing circuit, as illustrated in FIG. 13D. As a further
alternative, as illustrated in FIG. 13E, a layout may be used in which an antenna whose
30  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.



In the case of using a microwave method (for example, UHF band (860 MHz 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 thé" AR HIm which functions as the 10 antenna may be setBsTaBBRIpHetEHh
consideration of the wavelength of radio waves uséd for the signal transmission. For example, the
conductive film which functions as an antenna can be formed into a linear shape (for example, a
dipole antenna), a flat shape (for example, a patch antenna), or the like. The shape of the conductive
film which functions as an antenna is not limited to a linear shape, and the conductive film 15 which
functions afl@Antenna may be formed in a curved-line shape, a meander shape, or a combination
thereof; in CO“S'derﬁf'M.ﬁﬁ’g\fS'?ﬁﬁt%%f AN IS AIRARSHS ave) Ogﬁfﬁ 1200 E?.ﬁie to 13E
each illustrate an example of the shapé of t?we antenna provided in the afteRnd circuit 102. For
example, apiivisiedteitn Fleignd Apradessing 28rawdty oul udedantennicHL20laote tiea HRO Isisndisposed all

around a chin.320Q ' i i i ircuit. Alternativel illustrated in.FIG. 1313,
a thin antenna 120%%%%%%%%2?@%95?%%?%%%éﬁ%&t’%&gﬁ%%?jc\?\}%t;ﬁ%%&k%eaepgr%c%%ging circuit.
Furthep, asaidsthatenteniRlG. Bggivingyd( hiddx be arsesampiti¢heammtemen A 204 Hosk thhapépis like that
of an ante byl ighyf AV ' es. is disposed for a chip 1204
provided wniitgha6 sig n\;flggri%%lts\ﬂsri?gﬁgrﬁh ﬁﬁgh%!g%?g{\%elﬁ?%@ g?g&%%%gcr?egﬁé né:maacshmgy %rege?r' r‘é’ﬁg ed like that
of an anterRndgOR P iBemdinRliredlisredticely, rput vt thiylils frepnbanyselirestoreléntisle, with

respect {0 et Az0R P8 lehYINR1 i9112] WRASHR A% th Sl SBPAINE! (il Ry 60 @ further

alternative, as illustrated in FIG. 13E, a layout may be use In whi h'an antenna whose 30 shape is
like that of Hi¢ antenrm12HAoWiHHLe lBsyalbensiipeiepiispmsigtive &ilehitherd@ firovidfedadith a signal
proceﬁgsingagigg@\if?The antenna circuit 102 may be formed by combination of the antennas with the

above shapes. O 2010/032594PCT/JP2009/064898 14 [0045] In FIGS. 13Ato 13E, a
connection[f{¥®bd between the chip 1200 or the like provided with a signal processing circuit and the

antenna 1201 or thedikeis ARt RFGHAY e 33 1909 aaemIgNalEas %ﬁ@{&@ﬁgﬂsﬁ 3fd received
between the chip 5 and the antenna. By giving FIG. 13A as an example, the antenna 1201 and the

chip 1200 preAigeaRAfirsigadopieseddaindtvee Rastevdapetar atemeplenofrrausyaring Bdading or

bump bonding; Aterativaly 18R obheChiRenaY aawsedas%aﬁﬂaeigp% Mf{laaﬁéﬁ*@dtﬂa the
antenna 1201. With this method, the chlg 1200 can be attached to the antenna 1201 with the use of

an anliSotropiy eRatRARRFPTBAlsha AR mBtdA aaatc1 ofdboneavelpoatiBl  Further, an appropriate
length of tt{@@m nna differs depending on the frequency of a signal to receive. 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 15 wavelBrigi#) HrthpROXFh PRI B EisHit Aldusatfior arcindrsibgliage, which is

generated in the antenna circuit 102, by a diode or the like, and stabilizes the induced

voltage with the use of a capacitor, thereby adjusting so as to maintain a stable potential
20  having a certain potential difference from a reference potential (a potential of a

reference line).

[0048]

The logic circuit 106 performs the following operations in accordance with a

signal demodulated by the demodulation signal generation circuit 150: analyzing
25  instructions; controlling input and output of data in the memory circuit 108; outputting

data to be transmitted to the outside to the modulation circuit 114; and the like. The

logic circuit 106 preferably includes a decoding circuit, an information judging circuit,

or the like, in addition to a circuit which generates a signal for controlling the memory

circuit 108.  Further, the logic circuit 106 may include a circuit which converts part or
30  all of data extracted from the memory circuit 108, which is transmitted from the

semiconductor device 100 to the reader/writer 110, into an encoded signal.

[0049]



[0047] In FIG. 4, 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, tERMIUMEE g so as to maintain a stable potential 20having aREHETRPY AR difference
from a reference potential (a potential of a referendé@ line). [0048] The logic circuit 106 performs the
following operations in accordance with a signal demodulated by the demodulation signal generation
circuit 150: analyzing 25 instructions; controlling input and output of data in the memory circuit 108;
outputting data to be transmitted to the outside to the modulation circuit 114; and the like. The logic
circuit 106 preferabfiringlthde bgideadadinglOécutteaveintopoatiensiusding citgys!, vdhig ke dft addition

t ircuit which t [ f trolling th ircuit 108. Furt the logic circuit
106 may inSTTER T BN RN oo £ B S5 B I LAH SRR HEMCHICATC OBy Bt 108,
which is tramsmittestdtasigtiab sdolc ane woipliddvicend QB atlatopeaiteniwrites. 1 1henfalan fcoded

signal. [0049] WO, 2010/032594PCT/JP20Q9/064898 15. irst,.the logic circuit 106 recejves a
ovior supTUBTRGHOR SRR et TN SR AL SRR Tk ioR SFRar i becond
demodalatitdosigretoriadce reiskitbegemiditivahofithswapbfehtian theefasademottelatidd dighhkn, the first

demodulation signal or the second demodulation signal js.selected by the selector circuit 5 109 in
ecrdanes e eREP Ser e e AR RE el sOETIGR Shelf o pe

demodulatiosedignddtiranintdte d&veod thetdemsidulatige seratioseleictudtitp the sdectos dietaitrifed. Next,

the demodula{ion sig{na& §elect by the. eIe?t%r &ir.cu&ll 9is transmitf&gl to gnother circuit included in
. 1S {%@ te O _another :circuit mgciudaed 1n € 0%(]‘(- circuit . and an, mstru 6)61
the logic cirCui , and an instruction which'is given so t he semicoriductor device operates

in accordarvekichitls thiy <0 scothtanthef saticoclucied detive dfle aiperdesnimdatatednsignatiis éxecuted. For

example, when the canient of data included in selected demodulation signalds to "reply to the
ool 0 st Ko R GE G  Ge CBC S
circuit 108 ahdtrdresroittedt tf datacidoladiethivitbuis2Ozaed0dS50pdulation signal is to “reply to the

reader/writer 110 with data in the memory circuit 108”, the data is obtained by
accessing the memory circuit 108 and transmitted to a modulation circuit 204.
[0050]

15 The memory circuit 108 includes a memory element and stores at least unique
data (individual identification information or the like) in the semiconductor device 100.
Writing and reading of data in the memory circuit 108 are controlled by a memory
control circuit 132 (see FIG. 1) included in the logic circuit 106.

[0051]

20 The memory circuit 108 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 (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

25 (EEPROM), and a flash memory.

[0052]

An organic memory has a simple structure in which a layer including an
organic compound is interposed between a pair of conductive layers; therefore, it has at
least two advantages. One is that a manufacturing process can be simplified, which

30 allows cost reduction. The other advantage is that it is easy to reduce the area of the
memory circuit and increase in capacitor can be realized easily because a stack which is

easily downsized is used. Therefore, it is preferable to use the organic memory for the



15The memory circuit 108 includes a memory element and stores at least unique data (individual
identification information or the like) in the semiconductor device 100. Writing and reading of data in
the memoryWEd015858&te controlled by a memory control circuit 132 (see PE&/I2HEI0e#888in the logic
circuit 106. [0051] 20The memory circuit 108 includés 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
programmatlemeadooiyt h@dnory 25 (EEPROM), and a flash memory. [0052] An organic memory has
a simple str, in which a layer including an organic compound is interposed between a pair of
conductive tayers; therefore, it has at least two advantages. One is that a manufacturing process can
be simplified, whlch%OIaﬂgvmcdﬁ rextuotiyn chitendtodr ﬁntvamd:&gnr}iset‘rmdntsieasyitmwedmtae the area

of the mem %ﬁ)g alihere Orégta e lnfaggﬁggrocrqﬂe TS e[g S\sm\{cgn&flc %(%ee stackm@lch Is easily

downsized Is use 6 ItIS pre e to use the rganlc memory for
2010/03259R@T4diR2 639106y 888 X6 cae rstory oraniiry0Fithout being supplied w1th power is

preferably used. On the other hand, as long as temporary memory used in processing

performed by the semiconductor device 100 is stored, a volatile memory may be used.

Particularly in the case of a so-called passive type in which the semiconductor device

100 has no cell, a nonvolatile memory is preferably used. Further, in consideration of
10  security, a non-rewritable memory is preferably used to store the unique data in the

semiconductor device 100.

[0054]

The analog circuit 104 has the demodulation signal generation circuit 150 and

the modulation circuit 114. The demodulation signal generation circuit 150
15  demodulates and extracts data included in the induced voltage which is generated in the
antenna circuit 102. The modulation circuit 114 transmits load modulation to the
antenna circuit 102 in accordance with a signal from the logic circuit 106.
[0055]
The analog circuit 104 in FIG. 2 is described in detail with reference to FIG. 3.
20  The analog circuit 104 includes the power supply circuit 112, the first demodulation
signal generation circuit 201, the second demodulation signal generation circuit 202, the
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, and an input
portion 218.
25 [0056]

The analog circuit 104 generates a power supply voltage, a first demodulation
signal, a second demodulation signal, and a reset signal from an output signal of the
antenna circuit 102. The input/output portion 206 is connected to the antenna circuit
102, and receives and transmits a carrier wave. The first output portion 208 is

30  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 the selector circuit



[0053] As long as the memory content of the memory element is unique data (individual
identification information or the like) in the semiconductor device 100, a 5 nonvolatile memory which
can store mBASAIARB being supplied with power is preferably used. OrPfHEJBRISY/ HEASES as long as
temporary memory used in processing performed bY the semiconductor device 100 is stored, a volatile
memory may be used. Particularly in the case of a so-called passive type in which the semiconductor
device 100 has no cell, a nonvolatile memory is preferably used. Further, in consideration of 10
security, a non-rewritable memory is preferably used to store the unique data in the semiconductor
device 1001{B05#ludedTinetrandd@ir atiatiit108b hasl thetplee doutiiod aignbill gdore sigio. cirfhi 150 and
the modulation gircyit 114.The odulation signal, generation circuit 150 15 demodulates.and
extracts dal A HE POEAA D SRASR I eE Gorara e e B8 e
modulationaiiraiit 106! dreihsmjistio e nsechrdtidentodinatintesigaatircUlicl dpirt poctivaales \sith a signal
from the Io%((): circtui& 06thL0(i)551iThe an dﬁg circ&Ji}nloztlSi hlé{G. IS describedsin gqt%"zlh\{\é h.reference
to FIG. 3. 2 %%Caenagg Circ ot (ﬂrfﬁlclﬁu es the pO\k)/lelr supp?}l/nc‘i)rcaui{eﬂ%stﬁe Y&t démsduation signal

generaiion mioduiall bhthsanodal aléon oclutaitoPOdigndhg efstadien axlndaitodOfigtiad peodtdtition circuit
204, an input/outpyt portion 206, a first output portion 208 ond_oytput portiop 210, g,third output
portion 21 B Ao AL SO o Ak A U SAE AR 10k 1 AT offbicut 104
generates adqeoneidsodlatidinggnalfigshelatimduiation 2gnédm delamschdemiukaiienvaigsal, and a

reset signal from an output signal of the antenna circuit 102. The input/output portion 206 is connected
to the anter/PRAEAHAR ﬁ?ﬁﬁglpe ARSI A S %&H@R‘A)&U n1é) %rﬁ &mpﬂtp 86 208 is 30

connected thadlh e it hiaeks BRGSUERHES, ietRoWes SRy Yeledes 1herpigldheserond output

portion 210 is connected fo all the circuit blocks, and supplies the reset signals fhereto, The third
outpu%%onml?fﬂgcaa&ﬁéaféar%&ﬁ%%%*Pé‘a%s#‘aﬁeaﬁra\% B R ISORSH IS8 N80 17 100

included in @stgic circuit 106 and outputs the first demodulation signal. The fourth output portion 214
is connected to the_selector cjrcujt [ ed in the lpgic circyit 106.and outputs the second
demodulation signa;ﬁh?ﬁ\%gfﬁ ﬁﬂftcﬂgrig??‘?@l%{g 86@1@%?9%%91&%&Bb%ﬁ’rﬂ‘ﬁ’?fllb%%ﬁeﬁl&qﬁﬁﬂéghereinto a

response signalieBi¢scircuit 106 includes the selector circuit 109, a control circuit 131, and the

memory control circuit 132.
15  [0058]

A demodulation signal (hereinafter also referred to as a first demodulation
signal) from the first demodulation signal generation circuit 201 and a demodulation
signal (hereinafter also referred to as a second demodulation signal) from the second
demodulation signal generation circuit 202 are input to the selector circuit 109. The

20  selector circuit 109 is controlled by the control circuit 131 through a selection line.
The selector circuit 109 selects the demodulation signal from the first demodulation
signal generation circuit 201 or the demodulation signal from the second demodulation
signal generation circuit 202, and outputs the selected demodulation signal to the
control circuit 131.

256  [0059]

The memory control circuit 132 generates an address signal in accordance with
an enable (EN) signal which is input from the control circuit 131, and writes data to the
memory circuit 108 and reads data from the memory circuit 108 through an address
line.

30  [0060]

The control circuit 131 generates a signal to be transmitted to the modulation



5 modulated by the modulation circuit 204. The first demodulation signal generation circuit 201
demodulates a carrier wave whose modulation factor is 100 %, and the second demodulation signal
generation HRFRYE32FModulates a carrier wave whose modulation factoPiSHEP20%H& 8 arrier wave
whose modulation factor is 100 %. Note that a regdiétor circuit, a limiter circuit, or the like may be
added to a right place of the 10analog circuit 104 in order to stabilize the operation of the
semiconductor device 100. [0057] The logic circuit 106 of FIG 2 will be described in detail with
reference to FIG. 1. The logic circuit 106 includes the selector circuit 109, a control circuit 131, and the
memory cofitreii¢iréitin 3ecargpmos syith datalehtedethtivrasigsshgHbecinafioriaticuéfdN®d thhas a first
d_emoduIatiggﬂml)ﬁgo&gl{g&fyﬁgg?w%@%%g%aggﬂgr@'ﬁx Circelillitaz 10%?du95 dtecfgqgglatio_n
signal (hereinafter also referred to as a second demodulation signal)rom the's ond démodulation
signal genefaBArEiceniraozirawd ki3ut to the selector circuit 109. The 20 selector circuit 109 is
controlled hygagicontrol circuit 131 through a selection line. The selector circuit 109 selects the
demodulation signal from the first demodulation signal generation circuit 201 or the demodulation

signal ftom the secdh@ dentsriuRitimt sigiamaendrsliete circdicod?, cirmiio it tiiecodiectta
ool QB FA R 130288 o, TURTIGIIAT SOl 15! 35 generates

an address signal in accordance with an enable (EN) signa IS Input from the control circuit 131,
and writes d&mBodndom sigerl epmuiha serand demedulation signid czoneration ciswit 208,thremgh an

address e, aRI00RRL NG 2RA03ESTAR G REAIUACHRIR.H Al APAR Shidaes wih data

obtained by accessing the memory circuit 108. In addition, the control circuit 131 generates’an enable
(EN) signaltBpguitplLieitauis 434 mamingiudmaniefrmiation jpdgsE] ertwitcuhiehl virdyred 3ndnay
includga daggse %C;ﬂkﬁfdaﬁ&ldﬁp%e&mﬁ&%ﬁﬂLﬂﬁél%ﬁwﬁﬂé&'@ighﬁﬂ'fS&ﬂS%%HFﬂ%S'gﬂa'
generation circuit 201 or the demodulation signal from the second demodulation signal generation
circuit 202, 18ASRSAEEHE BrEdRVEHGY i drneyotheskig (SR thinstnmwhigciden@esn addition,
the control giggridriddisnaydciude an information judging circuit which analyzes and

[0062]
An operation of the logic circuit 106 of FIG. 1 is described below. The
15  selector circuit 109 is controlled by the control circuit 131 so as to select the
demodulation signal from the first demodulation signal generation circuit 201 or the
demodulation signal from the second demodulation signal generation circuit 202.
“HIGH” in describing the operation below represents a state that the selector circuit 109
is controlled so as to select the demodulation signal from the first demodulation signal
20  generation circuit 201. “LOW?” in describing the operation below represents a state
that the selector circuit 109 is controlled so as to select the demodulation signal from the
second demodulation signal generation circuit 202.
[0063]
When the semiconductor device 100 exists in a range where the semiconductor
25  device 100 is operated by a magnetic field that is generated by the reader/writer 110, the
control circuit 131 is fixed to LOW, and the semiconductor device 100 receives a signal
from the reader/writer 110. Next, when the semiconductor device 100 receives an end
of frame (hereinafter referred to as EOF) signal which indicates termination of an
instruction from the reader/writer 110, the control circuit 131 is set to HIGH, and
30  counting of the EOF signal is started using a reference clock.
[0064]

Next, when a count value of the EOF signal reaches a given value, the control



10 judges an instruction in accordance with the demodulated signal. The information judging circuit
may have a cyclic redundancy checking (CRC) function which identifies a transmission error. [0062]
An operatioV 8 2#¢/l8gRtircuit 106 of FIG. 1 is described below. The 15 sBeEAB2eH #3959 is
controlled by the control circuit 131 so as to select e demodulation signal from the first demodulation
signal generation circuit 201 or the demodulation signal from the second demodulation signal
generation circuit 202. "HIGH" in describing the operation below represents a state that the selector
circuit 109 is controlled so as to select the demodulation signal from the first demodulation signal 20
generation circuiit P11 is'k€ V¢ TuO 8 saribihg dhmiopadation deliny 160rexentssa stiatetfadiththselector
circuit 109 irsezg(?er}l}rollgg gg as to select the demodulation signal from the second demodulation signal
generation circui Wolivi [ %3] When the semiconductor device 100 exists in a range where the
semicondu¢@®3]5 device 100 is operated by a magnetic field that is generated by the reader/writer

110, the control cirquit 131 is.fixed to L(?W acPd he se '{:on ctgr devh;le 00 receives a signal from
. %ge]ﬁ, specifications of stan ad' S arc Cfﬁg CIC L%fi WECI € {rans 18%_1 n 0L a .
the reader/writer 110. " NeXt, when the semiconductor device 100 receives an end of frame (hereinafter

referred to EOEGighalignidh whinhicndveates iosminadioiatifiafadstisd@h%ramithe teadearivsiver 110, the

control circuit 131 is set to HIGH, and 30counting of the EQF sjgnal is start ing a reference clock.
10064 WOPSGTOBAS ST SO R Tr R L 15 O O I ncctor

device 100 reneniss 2 wishial dieau iR W 100 X2 Qs [Phfalital HysprGésatinpate $iw)dards are

different between the transmission of an 5 EOF ;Enal with a carrier wave whose modulation factor is

100 % and RREQFWEIRIsEanshashed bebirsa tharkQEsigankirapsmitisd dirm dhetrsd sBEtes 10 %.
When the B@F signalevheaserordyistion dastonisdOthojsitangmitiedky theateadestyriiead 10, a

period which is sandwiched between the EOF signal transmitted from the reader/writer 110 and the

next BOF stslatdaiesprits e SepsesRondiitet ReTipdardiih Aoageessary for response from
the semiconductor device 100) plus 323.3 ps.  On the other hand, when the EOF signal

whose modulation factor is 10 % is transmitted, the slot needs a period which is

necessary for transmission of a start of frame (also referred to as SOF) signal (the period

corresponds to a period which is necessary for part of response from the semiconductor
15 device 100) plus 323.3 us.

[0066]

Whether the count value of the EOF signal reaches the given value is
determined by measurement of the standard respomse time. During the standard
response time, a signal of the first demodulation signal generation circuit 201 is selected.

20  Accordingly, even when a transmission signal (response signal of the semiconductor
device 100) from the semiconductor device 100 to the reader/writer 110 is received by
the semiconductor device 100, the transmission signal is not demodulated again. In
addition, even when transmission signals from the other cards (chips) are received by
the semiconductor device 100, the transmission signals are not demodulated by the

25  second demodulation signal generation circuit (or the first demodulation signal
generation circuit). On the other hand, a carrier wave whose modulation factor is 100
%, which is transmitted from the reader/writer 110, can be demodulated by the first
demodulation signal generation circuit 201.

[0067]
30 After the standard response time, the signal of the second demodulation signal

generation circuit 202 is selected until the next EOF signal is received by the



10 standard response time (corresponds to a period which is necessary for response from the
semiconductor device 100) plus 323.3 [is. On the other hand, when the EOF signal whose modulation
factor is 10 YQALAASAREed, the slot needs a period which is necessary forRfanBraSiM+98a start of
frame (also referred to as SOF) signal (the period &8rresponds to a period which is necessary for part
of response from the semiconductor 15device 100) plus 323.3 vs. [0066] Whether the count value
of the EOF signal reaches the given value is determined by measurement of the standard response
time. During the standard response time, a signal of the first demodulation signal generation circuit
201 is selectedicaOddcmardavidy, Hien Wherfakabstin its @arsignadafre sporssansignhit wint iactor

ducto 1 0) f th duc 100t t 110 db
the Somicontttuch BV FO0Gh B0 TSE A AHFU R BPBe R ACH SR IFRLBIEH, even

when transtigsitie stgaadssiroen 1ho ethee cridsddatpg) are received by the semiconductor device 100,
the transmiiaé%g signals are not demodulated by the 25 second demodulation signal generation circuit
(or the first (Jdulation signal generation circuit). On the other hand, a carrier wave whose
modulation factor isAk:Séxibda albds dy ains seitigaitictdh d s eied @f whiteniddilicrntia dedeo thdated by

the first de tion, s nal gener tion circuit 201. ]0Q&7] r.the dard response time, the

Clonal of (B RS AR S AT AN L T Bt ot (RO EWF signl i
received byvihiese/Mid RAGHISARAAAC TOIPZOWB0R4508 2ehaninieass yinkidgsmeea(ion. clisetefore, both
the carrier wave whose modulation factor is 10 % and the carrier wave whose modulation factor is 100

% which ar@faH&iRhdePASIRLHRS R SRrEish a1 YBass MR et At isd8e® ks iedtifBed above,
the semicorgietopivicsoahitinarResimenbingudas the fsgidemesuiaio alonalagpeiation circuit

201 which demodulates a carrier wave whose modulation factor is 100 %, the second demodulation

signall@endeawetiatemt penelyiren dbenBer deazodWatioar siena wenssation dincHib 2Pcesrt8e10 % and
a carrier W%W&ﬁ%dﬂ'@%ﬂ'ﬁ@ﬁ?ﬂi@rsb%&x@cfén@ﬂ\ﬁ&ﬁ@d%@éﬁﬂ'@ﬂé&ggwi%hﬁgl?fts g 10

demodulation signal from the first demodulation signal generation circuit 201 or the demodulation

signal from Yeieiserdiirdoa sierdas efitrsssgrradimsat sa8 flemraduiatnbathdhseparsiss Ftaste MdsRe of this
embodimen, can AR YRR R I gBaHILWRYSWNORBose modulation factor is 10 %.

[0069]

15 In addition, when the antenna circuit 102 transmits a signal to the reader/writer
110, a signal demodulated in the first demodulation signal generation circuit 201 is
selected, and when the antenna circuit 102 receives a signal from the reader/writer 110,
a signal demodulated in the second demodulation signal generation circuit 202 is
selected. Therefore, even when the semiconductor device 100 receives a transmission

20  signal to the reader/writer 110, the transmission signal is not demodulated again, so that
the operation of the semiconductor device 100 is not hindered by the transmission signal.
Thus, in the card (or chip) on which the semiconductor device 100 is mounted, the card
can be prevented from being disabled or malfunctioning due to the card itself, and data
can be stably transmitted and received to and from the reader/writer.

25 [0070]

In addition, when the antenna circuit 102 transmits a signal to the reader/writer
110, the signal demodulated in the first demodulation signal generation circuit 201 is
selected, and when the antenna circuit 102 receives a signal from the reader/writer 110,
the signal demodulated in the second demodulation signal generation circuit 202 is

30 selected. Therefore, even in the case where there is a plurality of cards (or chips) other

than a card on which the semiconductor device 100 is mounted (hereinafter referred to



modulation factor is 100 % and the carrier wave whose modulation factor is 10 %. [0069] 15In
addition, when the antenna circuit 102 transmits a signal to the reader/writer 110, a signal
demodulate® th2HEM#3temodulation signal generation circuit 201 is selecR&/&4e+3%e antenna
circuit 102 receives a signal from the reader/writer210, a signal demodulated in the second
demodulation signal generation circuit 202 is selected. Therefore, even when the semiconductor
device 100 receives a transmission 20 signal to the reader/writer 110, the transmission signal is not
demodulated again, so that the operation of the semiconductor device 100 is not hindered by the
transmissias sigaalarihus, antrgcanider thipjmenoahicis ihysesredidonduntagmieici dieldGhist nsounted,
the card can be r%vgnt%ld fro b/einoﬁ dizigletd or malfunctionigsg Tgue t%theﬂgzarda{} elf rgr}% data can
be stably tr%'?%? ﬁ?ed nd FeCevad (o and Trom tha Teadernriter. gfﬂd 6]0 “4ITa gliﬁon, Wthen the
antenna cirdentddi2ateginemitssdeigtiel tatheisadesigniiar dd Qethiy sighpthe omedcdaded Fhttse first
demodulatign signal generation circuit 201 is select nd when.the antenna,circuit.102 yeceives a
signal from eeo}?—:'ea%aer Wi j?el%%%ﬁéeéfg?ﬁ%lpd%%n&ﬁ%%@g m%fé%%%:%ﬁp rc’ilélt%cc)lg G I%?i(%lrlles?é%%rl
generation cirdsidi2eisy3Dse leutde. stitdpefiarsnetted andheceassl whand freneths sepleralitytaf cards (or
chips) other than a card on which the semiconductor device 100 is mounted (hereinafter referred to
WO 2010/ 94PCT/JP2009/064898 21 as one card) in a range where the one card is operated by a

magnetic figdd7hht is generated by the reader/writer 110, transmission signals from the other cards are

not demodulated exenaan (e ransiission sidnals, predecsived Piing 20 cardh T e one
card can be prevente fromlgelng Isabled or malfunctioning due to Pe other card%s, whereby data
can be stallyct@nsnuipadteth d yerenseneticafidlfr shatthie geacterédritetid Ocddo7wfiter Ndethieat in the

18D B A e ecing o
signal of theigedgedaetooditativ2@gnal generation circuit 202. [0072]
[0072]

An example of the structure of the power supply circuit 112 of FIG. 3 will be

described with reference to FIG. 4. The power supply circuit 112 includes a first
15  capacitor 300, a rectification portion 302 provided with two diodes, a smoothing

capacitor 304, and a delay circuit 306 provided with a resistor and a capacitor. The

power supply circuit 112 smoothes the output signal from the antenna circuit 102 and

generates the power supply voltage and the reset signal of the logic circuit. The power

supply voltage is adjusted so as to have a stable potential having a certain potential
20  difference from a reference potential (a potential of a reference line).

[0073]

The modulation circuit 204 modulates a carrier wave transmitted from the
reader/writer 110 in accordance with a signal which is output from the logic circuit 106,
and transmits a response signal to the antenna circuit 102.

25  [0074]

The first demodulation signal generation circuit 201 demodulates data included
in a 100 % ASK signal included in an induced voltage which is generated in the antenna
circuit 102. The second demodulation signal generation circuit 202 demodulates data
included in a 100 % ASK signal and data included in a 10 % ASK signal which are

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

[0075]



An example of the structure of the power supply circuit 112 of FIG. 3 will be described with reference
to FIG 4. The power supply circuit 112 includes a first 15 capacitor 300, a rectification portion 302
provided willY @¢818{6H8%¢ a smoothing capacitor 304, and a delay circuit 30B/ERAOEUWGABASa resistor
and a capacitor. The power supply circuit 112 smodthes the output signal from the antenna circuit 102
and generates the power supply voltage and the reset signal of the logic circuit. The power supply
voltage is adjusted so as to have a stable potential having a certain potential 20difference from a
reference potential (a potential of a reference line). [0073] The modulation circuit 204 modulates a
carrier wave transmtieekfiaplalod teasensivie of g ifiracdomzhdatinitisigsiy gahevhi isimuiput from

the logic cirgit JOfr R ATRIS AUEIRARS R AR R o TRy bR Gl T

demodulation signal generation circuit 201 demodulates data inc ina al included
in an induc8EngEtiRe Gisislh )b dnedralesdthe tipeinperiienciilithooupue pextond4énibduliasion signal
generation giiuiig02 lemannielesaifenelLdeg Raa0ls ARK iR includggjn a 10 %
ASK signal which are 30included in an ir_u’:luced voltage Whic%’ﬁlségj%%%r@te%%@%ﬁ%é%nﬁ%ﬁmuit 102.
[0075] S\WOC2RAReRSSY Acseramgd gaposasd b0z and tha thisdaansieitor thietstructure of the first
demodulatigipsignal generation circuit 201 of FIG. 3 will be described with reference to FIG. 5. The

first demodulation signal generation circuit 201 includes the input portion 400, the output portion 416,
the first diode 404, e $eRgrRpHion<d06s aearreicotsinae 408 ofhdeéssncrpasitonr22, tHesfirst

Scapacitor 43y @ﬂmﬁ%{%@a@g&@b‘}%ﬂ@%ﬁﬁe@w {PRPSHOE OGS dioad B64IRHLPOrtION

400 is connected to one end of the first capacitor 402. The other end of the first capacitor 402 is

connected f8thpdsRSdheoTasnd dicdrtiRo4 0 artha de sk fiptidiods i eaarta] m eachode of the
first diode 43%bif copRenteRkIERALARDPUORE BEdsRhNefitRtiRsiNer ARBuibe &AL GaRacitor 410,

and the second resistor 412. The other end of the second resistor 412 is connected to one end of the

third capacftbf-415bsnethse erd ik sraerrnd gresisiondl isaromecttdnie sopadirfdbadsreach of the
other ends @fptistdirst e sisdomd QRihe prepaditaPasitomdl Onalh G ceRafitalohidase

connected ;[:gc% g?ﬂgno%ﬁeecg[gc%tig% gg Slfst resistor 408, the sec i i
) ond capacitor 410, and the third
capacitor 414 are connected to a reference potential (Vss).
15 [0077]

An example of the structure of the second demodulation signal generation
circuit 202 of FIG. 3 will be described with reference to FIG. 6. Note that FIGS. 7A to
7E, FIG. 9, and FIG. 10 are also referred to for description. The second demodulation
signal generation circuit 202 includes an input portion 500, an output portion 514, a first

20  demodulation circuit 502, a second demodulation circuit 504, a first bias circuit 506, a
second bias circuit 508, a comparator 510, and an analog buffer circuit 512. Although
an example of these circuit configurations provided in the second demodulation signal
generation circuit 202 is described below, this embodiment is not limited to the
following description.

25  [0078]

The input portion 500 of the second demodulation signal generation circuit 202
is connected to an input portion 600 of the first demodulation circuit 502 and an input
portion 620 of the second demodulation circuit 504. An output portion 616 of the first
demodulation circuit 502 is connected to an input portion 800A of the first bias circuit

30 506, and an output portion 636 of the second demodulation circuit 504 is connected to
an input portion 800B of the second bias circuit 508. An output portion 808A of the

first bias circuit 506 is connected to a first input portion 900A of the comparator 510,



15[0077] An example of the structure of the second demodulation signal generation circuit 202 of
FIG. 3 will be described with reference to FIG. 6. Note that FIGS. 7A to 7E, FIG. 9, and FIG. 10 are
also referredV{® 310483 Hption. The second demodulation signal generatiorPEFAREPIPBdes an
input portion 500, an output portion 514, a first 20 d&@modulation circuit 502, a second demodulation
circuit 504, a first bias circuit 506, a second bias circuit 508, a comparator 510, and an analog buffer
circuit 512. Although an example of these circuit configurations provided in the second demodulation
signal generation circuit 202 is described below, this embodiment is not limited to the following
description 228 [@078ipthpdriput fbHorf B0sofend biassingwthiiddaletimmesiethtt gsnevaddnpuircuit 202 is

connected 16,AthinBbRTAN, SO0 AL e deRAdAIE GHEMISO 360 pHLAQTYgH R20 of the

second de ation circuit 504. An output portion 61 modulation circuit IS
connected gyrmeitipdittpothio wSPOA pittienfitdidbiefs ihieceiraadsdenadul ativousigitab qztineT8 88 of the
second derpg): ' 'circuit 504 is connected to an input portion 800B of the second bias circuit 508.
An output portion 808A of the first bias circuit 506 is connected to a first input portion 900A of the
compafatol 8471 WO 2010/032594PCT/JP2009/064898 23 and an output portion 808B of the second

bias circuit 508 is ceppedied (R ﬁ?&%&ﬁ%{%ﬂfﬁ%ﬁ@&&ﬁ?%ﬁ theiCamPARRS %gnébod%h Hiput portion

912 of the comparator 510 is connected to the output portion 514 of the second dem ation signal
generation eirewit Y0P asjdngjled inNesaprndisemestultiine sigaabecoirtalios rewit 208, sadond

demodulatppigiiey bhdcaie et adid ifaerarad AP UIRNAN 8L ASAFSHNAN Sligulle02 and a

polarity of electric signal demodulated in the first demodulation circuit 502 is opposite t0 that of electric

signal deméithated degidcstsarldiemerbtatediontbir seondalemodulation circuit 504.
10  [0080]

Note that the output portion 912 of the comparator 510 and the output portion
514 of the second demodulation signal generation circuit 202 are preferably connected
to each other through an analog buffer circuit 512 as illustrated in FIG. 6. As the
analog buffer circuit 512, a source follower circuit, a common source amplifier circuit, a
15 constant current circuit, and the like can be given. Noise can be removed more
effectively and a demodulation signal can be generated stably by providing the analog
buffer circuit 512.
[0081]
FIGS. 7A to 7E each illustrate an example of a structure of a demodulation
20  circuit which is used as each of the first demodulation circuit 502 and the second
demodulation circuit 504 of FIG. 6. FIG. 7A illustrates the first demodulation circuit
502. The first demodulation circuit 502 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 capacitor 610, and a third capacitor 614.
25  [0082]
The input 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
30 612. The other end of the second resistor 612 is connected to one end of the third
capacitor 614 and the output portion 616. Further, an anode of the second diode 606,
each of the other ends of the first resistor 608, the second capacitor 610, and the third



10[0080] Note that the output portion 912 of the comparator 510 and the output portion 514 of the
second demodulation signal generation circuit 202 are preferably connected to each other through an
analog buffé¥Y @il 33P4s illustrated in FIG. 6. As the analog buffer circuit BT RYEBNESTSllower
circuit, a common source amplifier circuit, a 15 corfétant current circuit, and the like can be given.
Noise can be removed more effectively and a demodulation signal can be generated stably by
providing the analog buffer circuit 512. [0081] FIGS. 7A to 7E each illustrate an example of a structure
of a demodulation 20 circuit which is used as each of the first demodulation circuit 502 and the second
demodulatierpeitoittddars camiceted . azmfihasocapetetikit¥isgemodulation circuit 502. The first
demodulatigm)g%guit 502 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 capacitor
610, and a third cap&GitorB1dleaiaes2the stemnéhplampettibitienodsavhridited tdhonswaendf the first

capacitor 6§y JhaQihe rc%'&éiﬁ%ﬁ?iﬂ&%&&%ﬂ%ﬁ%ﬁgﬁr’g@m‘é &f?ﬁfﬁ%ﬁﬁggﬂ giode 604

and a catho@e of the secon ode 606. A cat ) e 60 o0 each of one
ends of thedipsierégibior Geennediedo i 6apatiittrBydtaantibe sscecormiiressitior 3688, 2. fiteé other end

of the secopgheqiFIe612 IS.CORISAIHB:CE%S Ak %rﬂ“%%qﬁéﬁ@?%@ﬁ?“fﬂé’%%?%ﬂ%po”ion

616. Further, an anode of the second diode 606, each of.the her ends of the firs istqr 608, the
second cap@itéy ceunetieditie el ewdoD ok sonmdor 62 odlbessberomdaphthorfaiy are

connected {qa fgfgrepse;palantial Y59/ ARk o iR AR{RMRtEs s, SemPAd Semaduation circuit

504. The second demodulation circuit 504 includes the input portion 620, the output portion 636, a first

5 diode 624¢cep8d ipdedidfie 628, adistaklietrsbd®ds s2ddngaranisted §BoachitsorapasReOf 622, a
secongh cangeiins6Qistdsashitl sepsfdterRRfod BSNRKE RRIIQLARSFABEed R QRR£nd of the

first capacitor 622. The other end of the first capacitor 622 is connected to a cathode of the first diode

624 and ancBA&ddhsrserondEevisiendde Bmecinddacnt el mitheithisdornasitsfiddared theeach of
one ends OBuiﬂd%Ji{éh 56 o0RR4Rethe SRR s aRaci BP0l ¢ 3R SeaUIdHE IRl &Rk The

other end of the second resistor 632 is connected to one end of the third capacitor 634 and the output

portion 636°FHienEFst Teaiten O b seern fapre o 688etied the dhiet sprRCKPENE3f i fesistor
628, the seg&ﬁgggg)@@ig%fégm@g%mﬁtmi@g@pacitor 634 are connected to a reference potential

(VSS)'15 [0084]
The first diode 604 and the second diode 606 of FIG. 7A, and the first diode
624 and the second diode 626 of FIG. 7B may be formed of diode-connected TFTs.
[0085]
A diode illustrated in FIG. 7C, a diode-connected n-channel TFT illustrated in
20  FIG. 7D, and a diode-connected p-channel TFT illustrated in FIG. 7E are equivalent as a
circuit. FIGS. 8A and 8B each illustrate an example in which a circuit 618, which is
part of the first demodulation circuit 502, illustrated in FIG. 7A is formed using any of
the TFTs illustrated in FIGS. 7D and 7E. Similarly, FIGS. 8C and 8D each illustrate
an example in which a circuit 638, which is part of the second demodulation circuit 504,
25  illustrated in FIG. 7B is formed using any of the TFTs illustrated in FIGS. 7D and 7E.
[0086]
In the circuit ﬂlustrated in FIG. 8A, n-channel TFTs 700 and 702 are used as
diode-connected TFIs. In the circuit illustrated in FIG. 8B, p-channel TFTs 704 and
706 are used as diode-connected TFTs. In the circuit illustrated in FIG. 8C, n-channel
30 TFTs 708 and 710 are used as diode-connected TFTs. In the circuit illustrated in FIG.
8D, p-channel TFTs 712 and 714 are used as diode-connected TFTs.
[0087]



15[0084] The first diode 604 and the second diode 606 of FIG. 7A, and the first diode 624 and the
second diode 626 of FIG 7B may be formed of diode-connected I Is. [0085] A diode illustrated in FIG
7C, a diode¥O ¢ BaN4channel TFT illustrated in 20 FIG. 7D, and a diod®ebdRAEOHEhannel TFT
illustrated in FIG 7E are equivalent as a circuit. FI&5. 8A and 8B each illustrate an example in which a
circuit 618, which is part of the first demodulation circuit 502, illustrated in FIG. 7A is formed using any
of the TFTs illustrated in FIGS. 7D and 7E. Similarly, FIGS. SC and 8D each illustrate an example in
which a circuit 638, which is part of the second demodulation circuit 504, 25 illustrated in FIG. 7B is
formed using any ottthqltdﬂieltucu@ﬁnatﬁdli&EJ@SS(?Da@ﬂdtHeEséeeﬁ&]demdauﬂlaa'mirmamuwated in FIG.
8A, n-channel TFTs 700 and 702 are use&i s diode-cQ necteg FL % CII’ it ill din FIG.
8B, p- chanWéV'ﬁﬁ'lfQIWilé’Hac‘?Hé%l% géec%%‘e ) ttséé%e ith Qrcaif it 1'iil:aéed in FIG.
8C, n- Charﬂl@|t3@l'§FT$l7€Qﬁt§ﬂd'eM@lrzﬁluﬁQﬁi@ﬁtC50ﬂermﬁgemedﬁﬁi'élﬂnﬂmtmledltnIlEiKﬁrated in
FIG 8D, p-channgl TFTs 4 are ysed iode-cgnnecte
2010/032584584 /ip /%é “g%“"n CHigaT; ﬁ‘ﬁ@m‘&‘&} t.sﬁceﬁ %?8658 ra8{ glne SR
demOCleattea;ptfewte‘i%mny ﬁﬁ;fQYéﬁﬁﬁltﬁlﬁtﬁmmbmﬁm(ﬂﬁ)bflmengrdwtsntbuﬂtl@imdllusﬁkﬁﬁ A to 7E
and FIGS. first de duI n.circuit 5 (?:? the ircui %J rated in FIG 8A and
the seconﬁ@nﬁ% P};-fi cﬁﬁ?ﬁﬂ ﬁni’\% Eaélﬂ?ecéﬁ?gg% é’iﬁ 2{% cu@l’é%é ljajmia)c/1 Be Used, or the
first demomallmcm@ylﬂﬁoﬁsb&wnglthﬁmmfw&,ahS ﬂmtr&ﬂd)dmlﬁt@naﬁrand 02 decdimgl themodulation
circuit 504 having rcuit 638 |Ilglsér d in.FIG. 8C Alternativ. the firs
demodulatdFFRite ﬁﬁrgv?ﬁ ? t%]fiBtlTFus?ra(&led |elﬁ ion i£§n$ dem &a?Jlatlon
circuit 504 gigstiiopdseiltirsivit&aBih |HtIGtr8itledmy Bt@sa8D nihyﬂamhbemmwﬁaﬁm {Hestiatrdti6 18
illustr G. 8A gg fII’St d modulatlo cuit n i llystrated in
éaé L?'Sléaéz gsg(&s fjij)l' ge II’S Lﬁmtlon CII’CUI it gﬁ%pﬁﬁ é (] QIIQUEP% (ﬁlllﬁts géd

FIG econ mo h géneral, carriers o an n-channel TFT have
higher moliliy, tB@nithssed 66 thecherumel ddrioduiteiefoiscnit3nellT FEEscand, setefsradllaiFTs
included in th flrst d%rp?dtll#atloﬂ %{cwt 5%1!2:}%, the ﬁecon%{c)jgs OQHJEBQP (I‘,tﬁwt ﬁql%ragrtpat
operation per Stmance of the cireuits can e |mprove

n-channel TFTs are used for all TFTs included in the first demodulatlon circuit 502 and

the second demodulation circuit 504, so that operation performance of the circuits can
15  be improved.
[0088] l
The first capacitor 602 illustrated in FIG. 7A (or the first capacitor 622
illustrated in FIG. 7B) compensates center of a wave amplitude (a reference line). The
first resistor 608 (or the first resistor 628) makes a constant current flowing through a
20 point b1 (or a point b2). Further, the second capacitor 610 (or the second capacitor
630) is provided to smooth a waveform. The resistivity 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
resistivity of the first resistor 608 (or the first resistor 628) is small, amplitude is
25  reduced; and when the resistivity is excessive, a breakdown phenomenon of the second
diode 606 (or the second diode 626) occurs; thus, the semiconductor device does not
operate normally. Furthermore, the second resistor 612 (or the second resistor 632)
and the third capacitor 614 (or the third capacitor 634) function as a low-pass filter
which removes a high-frequency component.
30  [0089]
FIG. 9 illustrates an example of a structure of the first bias circuit 506 and the

second bias circuit S08 of FIG. 6. As for a bias circuit illustrated in FIG. 9, an input



The first capacitor 602 illustrated in FIG 7A (or the first capacitor 622 illustrated in FIG. 7B)
compensates center of a wave amplitude (a reference line). The first resistor 608 (or the first resistor
628) makesaQ&HHEERHrrent flowing through a 20 point bl (or a point b2) BEH2POME4R8ond
capacitor 610 (or the second capacitor 630) is pro¥ifled to smooth a waveform. The resistivity 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
resistivity of the first resistor 608 (or the first resistor 628) is small, amplitude is 25 reduced; and when
the resistivippiticax Gessivefter bedelted o gshihe dnpe gomioth €34 dna disstebE86c{muthersketiend diode

626) occurs; t | uctor deyi 0es operate narmally. Furthermore, the, second
resistor 61§n€%)nryt?g%%§§%§iﬁﬁggt%rsg§ ga%%ghgrtﬂ?ﬁ clsgggm oF gﬂl?oérgr%ﬁee le Pg%lﬁggﬁ%lrt%@
function as(hdminplesriifiaredtichsrecapaciar BifiAfie queficst bos poneittaBD0OSRLIMIGB02B

201010325945 TIRRANI0%8S% B dalaues 1 a5 pyt poriop BQOA n a frt

26’?9”&9 (Ihe]{ i
bias circuit and the input portion %’OB ina se%:o?u?b Girctiit) is cohnected fo oné end of & capacitor

(hereirfafteendfepfed foshgesistpabicoriBoex irefitrectirst bims Eirsuitsintha 3Rditah80128 indhe second
bias circuit).. r f pagiiar i n t C e be f & first resistor
(hereinafte)rmri%%roe}g%oaeazﬂﬁ‘iféﬁsgs%s%ﬁrﬂgoﬁiﬁgth% Irst b%aﬁégc?é%hﬁ;nan ? f?s%%@s??toge%gﬁg in the
second biaéhendnitfieinteteed dodsesisramiheesistaft80péfdndbktbizss bizeconditresibws808A in the first
bias circuit S isto in:the d hiasgircui is.conn t tput
portion (he%?rf]gatlfstrer% r@egfgrjrggsfgéaé t%e(isl @u?é%gt 6?)%?2%?’8(%% }% t%%%?%azoc%%uﬁﬁa{lﬁ% t%éarlgf%};ut 10
portion 808Bareitfiseceisareslde aitdtputiig pehtiee 888K indlfirSirse bigroeircwiv ané thecdbwspatpower

supplypotsiiabiV R i e olbss e IgseeonaeHar s enictiedias elgigpae potental

(Vss). [009 The capacitor isolates the input portion galvanically from the power supply
15potentialcRisied R mawes spphiPetsmieb @thpeod]the otfies end: o6 thstopcand meistetsnd resistor

are provided 19 Qeaerate aiifiste g%ﬁ%y\@e potentials of signals which are input into the first input
portion 900A and the second input portion included in the comparator 510. Resistivity Rip of the

first 20 redi810804A, resistivity RIB of the first resistor 804B, resistivity R2A of the second resistor

806A, and resistivityiR 280l ths 3690 1aeisiBWRisAUISH IR 806 RIB pRea %[%ﬁggﬂb'y, RIA

= R25 and RIB = Rik. Malfunction in the comparator 510, which results from noise, can be prevented

whenlthe cBfpiiakén which shefiestiretipiasisisennestigland the second bias circuit 508.
[0091]

The first resistor and the second resistor are provided to generate a difference
between potentials of signals which are input into the first input portion 900A and the
second input portion 900B included in the comparator 510. Resistivity Rya of the first

20  resistor 804A, resistivity Ryg of the first resistor 804B, resistivity R4 of the second
resistor 806A, and resistivity Rop of the second resistor 806B satisfy Rja = Ry and Rip
# Rop. Preferably, Rja = Rop and Rig = Roa.  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 508.

25  [0092]

An example of the structure of the comparator 510 of FIG. 6 will be described
with reference to FIG. 10. The comparator 510 includes a circuit having a function of
comparing two signals, such as a differential circuit, a differential amplifier, or an
operational amplifier. The comparator 510 includes the first input portion 900A, the

30  second input portion 900B, a first TFT 902 (n-channel), a second TFT 904 (n-channel),
a third TFT 906 (p-channel), a fourth TFT 908 (p-channel), a fifth TFT 910 (n-channel),



25[0092] An example of the structure of the comparator 510 of FIG. 6 will be described with reference
to FIG. 10. The comparator 510 includes a circuit having a function of comparing two signals, such as
a differentia™@rélit/BHterential amplifier, or an operational amplifier. The BEHPRAAYPFEMBincludes
the first input portion 900A, the 30 second input po#tion 900B, a first TFT 902 (n-channel), a second
TFT 904 (n-channel), a third TFT 906 (p-channel), a fourth TFT 908 (p-channel), a fifth TFT 910
(n-channel), WO 2010/032594PCT/JP2009/064898 27 and the output portion 912. [0093] In the
comparator 510, the first input portion 900A is connected to the output portion 808A of the first bias
circuit 506, andlhespod pdridpud partion 900B is 5 connected to the output portion 808B of the second
bias circuit The first input portion 900A is connected to a gate electrode of the first TFT 902
(n-channel),ﬁ%)%a the second input portion 900B is connected to a gate electrode of the second fF1 904
(n-channel). One oflm Seuwom pleaivo détaribeafdstimmie podite STOMY firsoliFlc@R? (o-tieanuigh)tis
connected to Qne o ource electrode and a drain electrode of the fifth 10, TET 910 (p~¢channel) and
one of a sob o T T S R O TS T ot S e o e
sourcebelectondectatt tthéhdraipeleptndide OB 6f shd KdcoNR Pime lnaens! PRScorflectadttmpnie of a

lect drain el f the third TFT 906 (- lest f the third
TFT 006 (PoRATIogl ol SonmeE e bl el lBltc b Hi P SIS L) 0 B o ource
electrode 1$ecomiltlhepdtapontiectBOHE df thentitpted Ao 806 0-cherinel} isfctirmeatedddIRE Bodver supply

tential (VDD). f d drain el f 1) i
potentia ixaﬁ’ﬂ‘ej\f ‘i‘)ﬁ@“&?ea%&}é? (%%g%% aad A &%ﬁﬁ?%?e&fré'&% 8f‘iﬁl E(fre&a%@ annel) 1

connected {0 the power supply potentia he other of the source electro e drain
electrode ofittebfovel) FEDOE8tE-thaneel) issourteeciedrtulthimd utgntiportéstraieadibietidtbther of the

sourcgeleciippo AYUBRAIAN ARREAd 8L 1P aesen TET 286 (b enenaal o fete.agode of

the fifth TF annel) 1s connected to a constant current circuit 1003 of an analog buffer circuit

(see FIG. 1TRY 8P4 tonbeanthurrdiiecitbeitof0he (euwdedectrody) ancbthehdzain tler@ade Fhthether of the
;ggéﬁﬁael'(e\%@?}@f‘gdﬁ LRI RIA R RERREIE Tt d BFa A ENRAAAR B EANEHSELLRsuEeterence
of the third TFT 906 (p-channel), a gate electrode of the third TFT 906 (p-channel), and
a gate electrode of the fourth TFT 908 (p-channel). The other of the source electrode
15  and the drain electrode of the third TFT 906 (p-channel) is connected to the power
supply potential (Vpp). One of a source electrode and a drain electrode of the fourth
TFT 908 (p-channel) is connected to the power supply potential (Vpp). The other of
the source electrode and the drain electrode of the fourth TFT 908 (p-channel) is
connected to the output portion 912 and the other of the source electrode and the drain
20  electrode of the second TFT 904 (n-channel). A gate electrode of the fifth TFT 910
(n-channel) is connected to a constant current circuit 1003 of an analog buffer circuit
(see FIG. 11A) or a constant current circuit 1023 (see FIG. 11B) through a wiring 914.
The other of the source electrode and the drain electrode of the fifth TFT 910
(n-channel) is connected to a reference potential (Vss).
25 [0094]
Hereinafter, an operation of the comparator 510 is described.
[0095]
A current which flows through the fifth TFT 910 (n-channel) which is a
constant current source of the comparator 510 is set Is. Here, since the third TFT 906
30  (p-channel) and the fourth TFT 908 (p-channel) form a current mirror circuit, a current

of 14/2 flows between the source electrode and the drain electrode of each of the third

TFT 906 (p-channel) and the fourth TFT 908 (p-channel).



25 [0094] Hereinafter, an operation of the comparator 510 is described. [0095] A current which
flows through the fifth TFT 910 (n-channel) which is a constant current source of the comparator 510
is set |d. HeY¥) 3HE&IR¥4hird TFT 906 30 (p-channel) and the fourth TFT 9BEPIEAEHMEBform a
current mirror circuit, a current of 1d/2 flows betwe&$ the source electrode and the drain electrode of
each of the third TFT 906 (p-channel) and the fourth TFT 908 (p-channel). WO
2010/032594PCT/JP2009/064898 28 [0096] Here, the case where a different potential is applied
to two TFTs which form a differential pair is described. First, the case where a potential of the first
input portiofOYGA is higher than a potential of the second input portion 9008 is considered. A5
current which flow hrou h the fir t 111 l);and th annel) is
expressed by the fo r% fg?rsnu‘i% f’B 3—%&%1(9}1{;, |s%ng§ elsva %%@eé rain vo%agen{?ﬁ a
threshold vdifﬁgenkaltqmlsmdchadbabe @sﬁlﬂEmaMharchehtmhmm(ﬁﬂﬂtanpm qmueffmlent [0097]
10[Formul + A V S) 98 inc tentlal first input
portion 908,96\6%) ‘%llgsghheligqt]ﬁar%ag%otgntlaﬁ aflt e g‘ec%)n Illr[%% 'lt m% (?Igbn theﬁ%rmuﬁa ?1) %
followirig retatientisvivichdibbstwleengh the first TFT 902 (n channel) and the second TFT 904

(n-channel) is expressed by the following formula (1). Here, Vg is a gate voltage; Vs,
a drain voltage; Vi, a threshold voltage; k, transconductance coefficient; and A, channel
length modulation coefficient.
[0097]
10  [Formula 1]
I
I s = _2,1_
[0098]

= k (Vgs th ) (1 + A’ Vds ) (1)

Since a potential of the first input portion 900A is higher than a potential of the
second input portion 900B in the formula (1), the following relation is formed between
15 Vg (902) which is the gate voltage of the first TFT 902 (n-channel) and Vg (904) which
is the gate voltage of the second TFT 904 (n-channel): Vg (902) > Vg (904). The
transconductance coefficient £ is a value unique (a constant) to a TFT which is
determined by a carrier mobility, a capacitance of a gate insulating film, a channel width,
and a channel length of a channel formation region of each of the TFTs, and the channel
20  length modulation coefficient A is a constant which is determined by manufacturing
processes of each of the TFTs. Therefore, when the transconductance coefficients &
and the channel length modulation coefficients A of the first TFT 902 (n-channel) and
the second TFT 904 (n-channel) are equivalent, the following relation is formed
between the drain voltage Vg, of the first TFT 902 (n-channel) and the drain voltage Vs
25  of the second TFT 904 (n-channel): Vs (902) < Vg5 (904). Next, when the case where
a potential of the first input portion 900A is lower than a potential of the second input
portion 900B is considered similarly to the above, the following relation is formed
between the drain voltage Vg, of the first TFT 902 (n-channel) and the drain voltage Vg
of the second TFT 904 (n-channel): Vg (902) > Vs (904).
30  [0099]
As described above, the potential of the output portion 912 fluctuates



15 Vg, (902) which is the gate voltage of the first TFT 902 (n-channel) and Vg, (904) which is the gate
voltage of the second TFT 904 (n-channel): Vg,, (902) > Vgs (904). The transconductance coefficient k
is a value uNQUEITYBBA%tant) to a TFT which is determined by a carrier moBHHAPAEA98¢8nce of a
gate insulating film, a channel width, and a channekfength of a channel formation region of each of the
IF Is, and the channel 20 length modulation coefficient A. is a constant which is determined by
manufacturing processes of each of the TFTs. Therefore, when the transconductance coefficients k
and the channel length modulation coefficients k of the first TFT 902 (n-channel) and the second TFT
904 (n-charslegpndia e quitkdemaghisudd ovlinipnetdtipndstiaisneiithe inpen jbricnadnyaliage (as of the
first TFT 902, ﬁf‘ﬂ?ﬁ’ﬁ&?a(ﬁ’@ the drain voltage Vds 25 of the second TET 904 (n-channel): Vas (902)
< Vds (904). Next, when the case where a potential of the first input portion 900A is lower than a
potential of 08k cond input portion 900B is considered similarly to the above, the following relation is

formed between th%@%ﬁf%@%;}@%@ﬁ%ﬂ%&'ﬂ,ﬁ% 8(33(];‘ an (eél(?fnd %%’g!rf%i% ¥;I age Vds of the

second TFT 904 (n-channel): Vds > Vas 09/064898
29 dependifePéigurtionagiitube whnlopedf polentals of fhadtiput giorian BOMA abovihiedapbé portion
900B. [010@}tainegNote that the comparator 510 is not limited to the above configuration, and any 5
configuration mai/ be employed as long as a function similar to the above can be obtained. [0101]
Next, an e of the circuit configuration of the analog buffer circuit 512 of FIG. 6 will be described

with reference to FiGS¢ LA a0dtd Br ol cireyit of HIG. 11A includ ipput
portion 1000, a Wirir]g 1006, a _sopl]}rc@e_f{cl;)élalce)cvf\?’e&]}?i él%ﬁ#%%r(ﬁggr? fnﬂl/%rzfrelarﬂg & .ﬁ)ﬁﬁ?‘ﬂ% fgﬁﬁam
current circhCLE0 ¥R P desesibadciithostiranct dn GUpSt pbAtiandl Q0B THheviriatp s connected

to theywiringiRld: frtheconBRaAIIRd O THELR ortian 1005 is ¢ cted to the.qutput portion
514 of the second demodulation signal Selngra on cwcé?%%ZBOf %f@ﬁ)@?@& %ﬁogﬁ%ﬁofg& 'Eo 1y circuit of
FIG. 11B irfdfG8Es188n g0t oRTEn Tireoital@iin dheoeenast weoednl| civerititOds,102 intket@onstant

current circgidch @2 0andNausg 193119865 Thenwitn is connected.to the wiring 914 of the
comparator 510. The output portfglril? 025 is connected to t é%%@%ﬁt%é‘ﬁ%‘%@i%%f Te second
20demodul&tbRidRegaMSanSh Girchiiexosppe pogon 1005 is connected to the output portion

514 of the second demodulation signal generation circuit 202.
15 [0102]

An analog buffer circuit of FIG. 11B includes an input portion 1020, a wiring
1026, a source follower circuit 1021, the constant current circuit 1023, and an output
portion 1025. The wiring 1026 is connected to the wiring 914 of the comparator 510.
The output portion 1025 is connected to the output portion 514 of the second

20  demodulation signal generation circuit 202.
[0103]

Noise can be removed more effectively and a demodulation signal can be
generated stably by providing such an analog buffer circuit 512 as illustrated in FIG,
11A or 11B.

25  [0104]
The selective circuit 109 which processes the first demodulation signal and the
second demodulation signal is described with reference to FIG. 12.
[0105]
The selector circuit 109 illustrated in FIG. 12 includes a first input portion 1100,
30 asecond input portion 1102, a third input portion 1110, and an output portion 1112,
[0106]

The first input portion 1100 is connected to an A terminal of a selector 1108,



Noise can be removed more effectively and a demodulation signal can be generated stably by
providing such an analog buffer circuit 512 as illustrated in FIG 11A or 11B. 25[0104] The selective
circuit 109 WHRRROHHEE&¥es the first demodulation signal and the second d&AbABMAEYPO&RIRal is
described with reference to FIG 12. [0105] Th¥dselector circuit 109 illustrated in FIG 12 includes a
first input portion 1100, 30a second input portion 1102, a third input portion 1110, and an output
portion 1112. [0106] WO 2010/032594PCT/JP2009/064898 30 and the second input portion 1102 is
connected to a B terminal of the selector 1108. Note that connections to the A and B terminals of the
selector 116ddaties rsettimitégptihgratidon A& gt inpuiqutstian 21BGenainblecfoisesiedito HOB terminal

o e seleoli R AR A RARP AR e SRS e ATl S
terminal whitgtrdtoan Thepfitganjorn gotteseléotbmiA0®ds aomneeitddothiee B utputipdrtadntid 12. [0107]
e cperg RS M e B e
potential stite shkectamtlas.a rEiertnak ipptepiaki¢o 108 00s eafrectightl ahtBSetéinstinapof poetion 1100
and a Signasle?gc%]? 568" d J/det terminal which is an output portion of the selector 1108 is
connected to the output portion 1112.
[0107]
The operation of the selector circuit 109 of FIG. 12 will be described.
10 “HIGH” in describing the operation represents a potential state the same as a power
supply potential, and “LOW?” represents a potential state the same as a reference
potential.
[0108]
One of a signal of the first input portion 1100 and a signal of the second input
15 portion 1102 is selected in accordance with a potential state (“HIGH” or “LOW?”) of the
third input portion 1110, and the selected signal is output to the output portion 1112.
The selected signal is output from the output portion 1112 to another logic circuit.
[0109]
Next, the selector 1108 is described. The selector 1108 selects the A terminal
20  or the B terminal by a potential of the S terminal, and a potential of the selected terminal
is output to the Q terminal. For example, in a configuration where a potential of the A
terminal is output to the Q terminal when a potential of the S terminal is HIGH, a
potential of the B terminal is output to the Q terminal if a potential of the S terminal is
LOW. Here, the terminal A is selected when a potential of the S terminal is HIGH and
25 the B terminal is selected when a potential of the S terminal is LOW; however, a
relation between a potential of the S terminal and selection of the A terminal or the B
terminal is not limited to the above and can be freely set.
[0110]
As described above, the semiconductor device of this embodiment includes a

30  first demodulation signal generation circuit which demodulates a carrier wave whose

modulation factor is 100 %, a second demodulation signal generation circuit which



15 portion 1102 is selected in accordance with a potential state ("HIGH" or "LOW") of the third input
portion 1110, and the selected signal is output to the output portion 1112. The selected signal is output
from the oul¥@® 1980t3A524.12 to another logic circuit. [0109] Next, the selectBf TAB/Be$fbed. The
selector 1108 selects the A terminal 20 or the B teffhinal by a potential of the S terminal, and a
potential of the selected terminal is output to the Q terminal. For example, in a configuration where a
potential of the A terminal is output to the Q terminal when a potential of the S terminal is HIGH, a
potential of the B terminal is output to the Q terminal if a potential of the S terminal is LOW. Here, the
terminal A idessbdolettsvherrdep otentiathnistha &l tdationdhcsdr IS Hatach 25 dhenitide mavealibaselected

when a potential, of. the_S terminal is. | OW; however, a relatign between a potential .of the S terminal
0 selactGTPUPIECR, BFITR i 6o ArEHe FSCHRANCD SHESDA EPLLEN G HEBH) sot

[0110]  fréw desclibtedtalodviatibe semicantdietiondarias of thitkaviadingRidnsl as amaofirst
demodulation si | generatjon circuit which demodulates a carrier wave whose modulation factor is
100 %, a SSEET Rr RS Sl gmeration SFEUtwhidly GGEHSPRYIESS sEAEtE P3P H6h0/064898

31 demgodutaiBs dhfigitienvasacnnse boas uiatiarriesintie Whisandauraisrrmieiwoseggmodulation
factor is 100 %, and a logic circuit which selects a demodulation signal from the first demodulation

signal generafidhe GREGF Sray ekessunaitation Adioristh@ %econd demodulation signal generation
circuit. Therggmiponductor device of this 5 embodiment can demodulate both the carrier wave whose
modulation factor is 100 % and the carrier wave whose modulation factor is 10 %. [0111] . In

addition, when the Ehasditiogirvhen 81 @aicsnasiEcuib haP isamanitn signalte thegeadsiaiter
demodulated dn {RefiEstaaH@sEtaYon HI9 FRLORRESALILRGH Sihis dg@ﬂﬁﬁﬁgn Je@r&ﬁf’i!"ﬂﬁé&@f} antenna

circuit 102 receives a signal from the reader/writer 110, a signal demodulated in the secon
demotfulatiBPisiien Bermisina eiretit O3drecivgs rridsBrbEoB s FradrinaisehiCondistdt device

receives a HaRsmission signattostigreadadyaiipridhe disnamissiensianaliienet dergekilaed again,
so that the operation of the semiconductor device is not hindered by the transmission signal. Thus, in

the card 151FERE ST hEhessiSARlENT RKiss iEersbifted therissiPratismal it hted from
being disabiediaywmalinEdeningEusH0 dha Nachtsdinanridaia sanhe s easpities and

received to and from the reader/writer.
the semiconductor device is not hindered by the transmission signal. Thus, in the card
15 (or chip) on which the semiconductor device is mounted, the card can be prevented
from being disabled or malfunctioning due to the card itself, and data can be stably
transmitted and received to and from the reader/writer.
[0112]
In addition, when the antenna circuit 102 transmits a signal to the reader/writer
20 110, the signal demodulated in the first demodulation signal generation circuit is
selected, and when the antenna circuit 102 receives a signal from the reader/writer 110,
the signal demodulated in the second demodulation signal generation circuit is selected.
Therefore, even in the case where there is a plurality of cards (or chips) other than a
card on which the semiconductor device is mounted (hereinafter referred to as one card)
25  in a range where the one card is operated by a magnetic field that is generated by the
reader/writer, transmission signals from the other cards are not demodulated even when
the transmission signals are received by the one card. Thus, the one card can be
prevented from being disabled or malfunctioning due to the other cards, whereby data
can be stably transmitted and received to and from the reader/writer.
30  [0113]
(Embodiment 2)



[0112] In addition, when the antenna circuit 102 transmits a signal to the reader/writer 20 110, the
signal demodulated in the first demodulation signal generation circuit is selected, and when the
antenna circ¥f 200/Péeies a signal from the reader/writer 110, the signal BEMSPIUAEH$%he second
demodulation signal generation circuit is selected.3Bherefore, even in the case where there is a
plurality of cards (or chips) other than a card on which the semiconductor device is mounted
(hereinafter referred to as one card) 25 in a range where the one card is operated by a magnetic field
that is generated by the reader/writer, transmission signals from the other cards are not demodulated
even when the trariBhisssitsodigrals wilh deseiibedabyettrenpie daadcktiictscthé nnencamhdectdie

prevented from being disabled or, malfunctjoping due to t ther cards, where %c .pe stably
transmitte gﬁlc?erelc%ivaedlfg‘gen&)v f}rlécr:{ﬁwlt I3 %?85%%@#3 Bj%fﬁ Irlr%bs'(;lblimer"?te R e
2010/03258#BadindE200810648RE 32struciiinisie mthachniketseniicestiche sledsardederibed structure of
a semiconcB.[Jc or devi%elin a m\pgeedwhﬁh ig ifferent from Embodiment 1. Specifically, this

embodimen n\}wﬂdélrlﬁ%lfoy £ Srciure Th which thé' semiconductor device described in Embodiment 1 is

providéd wibilddhattery. 5[0114] A semiconductor device of this embodiment is illustrated in FIG.

15.In FIG 15, a senicondugiof davies 1899 Iﬁ%”g%ﬁﬁ% I{F{%ef'ﬁﬁétr‘%%‘ M ii@lﬁsﬂw glﬂcfiom a
reader/writer 1811 by an efec romagne]tlc wave. Further, the semiconductor device 1 IS wirelessly
supplied with,posesnifrondution dadimevitSi) 181smitO o Biceived ldetrewitelpasiyetol 81dl firopreferably

connected {0 g control j 8 icatign line. 1 iGe 1813
controls cofﬁéﬁﬁﬁ%g{%n etivvelé%n%t%etgi Fggggglrﬁ%sri%{%l %Ll\}lg'an%mtl g%’er%%eczosﬁ l%%dg%%&lfeagl{g%% [0116]
15The seml&oAdsistoeldesliceuppliodveitivesyen ote thrrcadertvider 18hlanalog circuit 1824, a logic
circuitléIJBO Oixlg*]emory circuit 1810, and a battery 1804. The analog circuit 1824 includes a charging
and discharging-circuit 1803, a power supply circuit 1805, a first demodulation signal generation circuit
1806, a second defRlexdukaisn/ witeal §8Heristioneéirebly 180mMentw attnadghmion desiine18883 The logic

circuit 180%hrough a communication line 1812. The control device 1813 controls communication
between the reader/writer 1811 and the semiconductor device 1800.
[0116]

15 The semiconductor device 1800 includes an antenna circuit 1802, an analog
circuit 1824, a logic circuit 1809, a memory circuit 1810, and a battery 1804. The
analog circuit 1824 includes a charging and discharging circuit 1803, a power supply
circuit 1805, a first demodulation signal generation circuit 1806, a second demodulation
signal generation circuit 1807, and a modulation circuit 1808. The logic circuit 1809

20  includes a selector circuit 1814.

[0117]

Alternatively, the semiconductor device 1800 does not include an antenna but
does include a wiring used to connect to an external antenna. In this case, the antenna
which is separately manufactured is connected to the wiring. A connection terminal (a

25  terminal electrode) which is electrically connected to the wiring may be used to connect
the wiring and the antenna.

[0118]

Note that the semiconductor device 1800 is not limited to the above structure,
and may include a clock generation circuit, a central processor unit (hereinafter referred

30  toas a CPU), or the like.

[0119]

Note that the clock generation circuit refers to a circuit which generates and



20includes a selector circuit 1814. [0117] Alternatively, the semiconductor device 1800 does not
include an antenna but does include a wiring used to connect to an external antenna. In this case, the
antenna whiv® A EEpRAely manufactured is connected to the wiring. A cof$&HN AT (a 25
terminal electrode) which is electrically connected & the wiring may be used to connect the wiring and
the antenna. [0118] Note that the semiconductor device 1800 is not limited to the above
structure, and may include a clock generation circuit, a central processor unit (hereinafter referred 30
to as a CPU), or the like. [0119] WO 2010/032594PCT/JP2009/064898 33 supplies to each circuit a
clock signakinepling ta tashusrmitredeskaigial foyangticiisquetivy fogikssiryferigeatioeseéthory circuit
1810, and the like.base a ' ed. hich.s,generated in the ant jreyit 1802. An
oscillation c{k%git%ﬁ%gﬁreggggh%%%%gé}grgb}@rﬁ%%\g’u@e%% ti}?egc%g &gglrlle%q%?ciﬁgg%{%[mzm

In the semivohdgetohithvisegt8o@tef thns thenbottime rtiramiie [H¥Fom dgn eseilintion feinenitheraader/writer
1811 is recgj | i | rive the semiconductor
device. Theﬂgi%f%ﬁfﬁﬁyﬁﬁﬁﬁﬁégg ggr%ﬁ:%%ﬁ%@:‘%r%i%ﬁ%?ﬁ egqétirllbed in this embodiment, this
embodimer[0E2Abt limited 10thereto. As a structure in which a cell is contained inside the
semiconductor devige yRowgHBhaaH ABURS fiamhha Gelk By s apdsipldeNice. [0121]
In the electromagnetic wave transmitted from the reader/writer 1811, a carrier wave having a certain
frequency isaveditmebcfisader/sutitaatfigt wavecinedigndipower by the electromagnetic wave is

supplied to drive the semiconductor device. Therefore, although a passive-type

semiconductor device is described in this embodiment, this embodiment is not limited
10  thereto. As a structure in which a cell is contained inside the semiconductor device,

power may be supplied from the cell to drive the semiconductor device.

[0121]

In the electromagnetic wave transmitted from the reader/writer 1811, a carrier

wave having a certain frequency is modulated from a sub-carrier wave. A signal
15  included in the sub-carrier wave is a binarized digital signal which is transmitted to the

semiconductor device 1800 from the reader/writer 1811. As to a modulation method

of a carrier wave, there are an amplitude shift keying (ASK) modulation method which

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.
20  This embodiment describes the case in which an electromagnetic wave modulated by

the ASK modulation method is demodulated.

[0122] A

The antenna circuit 1802 includes an antenna and a capacitor. The antenna

circuit 1802 receives a radio wave (or an electromagnetic wave) which is transmitted
25  from the reader/writer 1811, and inputs the signal obtained at this time into each of the

charging and discharging circuit 1803, the power supply circuit 1805, the first

demodulation signal generation circuit 1806, and the second demodulation signal

generation circuit 1807. Further, the antenna circuit 1802 receives a signal whose

carrier wave is modulated from the modulation circuit 1808, and transmits a response
30  signal to the reader/writer 1811.

[0123]

The antenna circuit 1802 preferably having an antenna and a rectifier circuit



15 included in the sub-carrier wave is a binarized digital signal which is transmitted to the
semiconductor device 1800 from the reader/writer 1811. As to a modulation method of a carrier wave,
there are arMMIRURIBNIft keying (ASK) modulation method which chang@$ AR 489%equency
shift keying (FSK) modulation method which changfés a frequency, and a phase shift keying (PSK)
modulation method which changes a phase. 20 This embodiment describes the case in which an
electromagnetic wave modulated by the ASK modulation method is demodulated. [0122] The
antenna circuit 1802 includes an antenna and a capacitor. The antenna circuit 1802 receives a radio
wave (or arelscsamagaatinagetcowhics, iwhichéntireshdtetddmiththegaaderiwtitar 1811, anf inputs the

signal obtained at this time. into. each.of the rgi ' %é ireul r supply
circuit 180§? )é%?rss? laémoﬁ@%ﬁﬁ%gﬁ%#g:#&%g%%ﬁ&gﬁ gg%r%%@%é%%%%%ﬁnp%%&ion signal
generationsepplitdfS0E. seortrenthtadsnesn Bl amiBaza dodivdss alsigrisinsmdsedapmethvave is
modulated from the.m tion circuit 1808, and transmits a response 30signal to the reader/writer
1811. [012r3¢‘ja ({%év 6ef 594PCT/JP2009/064898 34 receives an electromagnetic wave, which is

transnditteddt@d the reader/writer 1811, and generates an AC induced voltage. The induced voltage

becomes power frgm a r y [ ugtor, [ nel ata
transmitted from tr?gﬂfeg%%ﬁ/fsvﬁ?:?%]%t%%f;%} F%'ﬁl'hgggﬁgg% ﬁ%@nﬁ%@%&t&ggg i%o?Jsed for
this embodimtatliariyotipateituldrhetafited aTHgnefdransmisgioal retiedissiplichéond apismed to the

antenna cigghit 48 neluded injinesequeendiian KR 808F P s A BkimadRRlk coupling

method, an electromagnetic induction method, a radio wave method, or the 10 like. The transmission

method mayudisgleettwdsaapgestivmegneticomdiniismemietheshsideadigoy aferiaeiitth fidthke of the
devicg, Thyg. an-alepna wilkian ARIMUTHENGD and-aheee MYBaREVedimasendanre with the

transmission method. In this embodiment, an electromagnetic induction method having a

communic&tosidestfitoned tre1mmsadatizse pichka slsnicrse iy thanspgieneam i de ORHBRbd.
15[0125] 1en%m*aﬁ&9§£p9mp&i dFHE I RIRERRIC CRE IO G ANGHISd S ABiRIRCtramagyetic

induction method (for example, a 13.56 MHz band) as the transmission method, a conductive film

which funceshedimens antelsaaompsmata industiommetbas baymeck sATPRUBIFaEIRRESNARr a helical
form (for example; RrRhISaLAEARR) IScaaeHR gl s Sl GmABARIE induction that ocours with a
iel

change of the electric fie
15 [0125]

In the case of 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 functions as the antenna is formed in an annular form
(for example, a loop antenna) or a helical form (for example, a spiral antenna) in order

20  to utilize electromagnetic induction that occurs with a change of the electric field
density.
[0126]
In the case of using a microwave method (for example, UHF band (860 MHz to
960 MHz), 2.45 GHz band, or the like) which is one kind of radio wave methods as the
25  transmission method, the length and shape of the conductive film which functions as the
antenna may be set as appropriate in consideration of the wavelength of radio waves
used for the signal transmission. For example, the conductive film which functions as
an antenna can be formed into a linear shape (for example, a dipole antenna), a flat
shape (for example, a patch antenna), or the like. The shape of the conductive film
30  which functions as the antenna is not limited to a linear shape, and the conductive film
which functions as the antenna may be formed in a curved-line shape, a meander shape,

or a combination thereof, in consideration of a wavelength of an electromagnetic wave.



density. [0126] In the case of using a microwave method (for example, UHF band (860 MHz to 960
MHz), 2.45 GHz band, or the like) which is one kind of radio wave methods as the 25 transmission
method, theWéhitHP A %hape of the conductive film which functions as the rt@RAY Y388 set as
appropriate in consideration of the wavelength of radio waves used for the signal transmission. For
example, the conductive film which functions as an antenna can be formed into a linear shape (for
example, a dipole antenna), a flat shape (for example, a patch antenna), or the like. The shape of the
conductive film 30 which functions as the antenna is not limited to a linear shape, and the conductive
film which fi(Ndns as the antenna may be formed in a curved-line shape, a meander shape, or a

combination thereofip.Gansiferatior of vake/sRothf; ro etic wave.o\WO
2010/032594PCT/JP2009/064898 35 [0127] No@ﬁ%qeﬁs?&gpeEo%ﬂtshaecgﬁ’t‘é\(neﬁ%‘ygroa‘\%%é‘d in the
antenna cirBiittPedor sAENSGHBE D alD IoTiteetivdia & hignat gviviedsimighciraignal dticessingacircuit and

the antennae TGOS O AR YR ARIYEHD 1R ARISINAS UL AGR fgludopn the S

semicaonductor device 100 of Embodiment 1'(see FIGS. 13A to 13E). Therefore etailed
descriptionSeENERAeder idatice B o Frabedones] 1 (san BidifidaAlte A3Rnndbiiird 802 may have

a plurality afeniieadesertaRIaRIaMRIC SRR ARSIt and receive data with respect to an
electromagpetic 10 wave from the reader/writer 1811 can be separately provided from an antenna

which sup wer with respect to an electromagnetic wave from the reader/writer 1811 when the

antenna circuit 1808 harmieiy it AMCARAR: TH0DGhad RYI0 WaNE-04{NSHIkG Which isffansmitted
ffid .

from other than the reader/writer 1811 (other readers/writéers or the like) can be received when the

antenna ciffifP80BHC is HRsdAR tHmSRL mdsTeeciRe atenvity tesnegtbarais elsetioaiemnstis each

differeat framaeneanotiercdhereiog. iBeragdio M&J&%&Eﬁﬁﬁwﬁé&'h%ﬂiéﬁdaiﬁéﬂ%"%é%ﬂpp'y-
[0129] The gower supply circuit 1805 rectifies the induced voltage, which is generated in the

antenna cifSP1B0POBG bt Het i slegisomnanetareairifian thsitaepsler/writer 1811

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 or
the like) can be received when the antenna circuit 1802 has a plurality of antennas of
15  which frequency bands to receive are each different from one another. Therefore, the
radio wave can be efficiently utilized for power supply.
[0129]
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
20 with the use of a capacitor, thereby adjusting so as to maintain a stable potential having
a certain potential difference from a reference potential (a potential of a reference line).
[0130]
The logic circuit 1809 selects a first demodulation signal which is output from
the first demodulation signal generation circuit 1806 or a second demodulation signal
25 which is output from the second demodulation signal generation circuit 1807. Further,
the logic circuit 1809 performs the following operations in accordance with the selected
demodulated signal: analyzing instructions; controlling input and output of data in the
memory circuit 1810; outputting data to be transmitted to the outside to the modulation
circuit 1808; and the like. The logic circuit 1809 preferably includes a decoding
30  circuit, an information judging circuit, or the like, in addition to a circuit which
generates a signal for controlling the memory circuit 1810. Further, the logic circuit

1809 may include a circuit which converts part or all of data extracted from the memory



20 with the use of a capacitor, thereby adjusting so as to maintain a stable potential having a certain
potential difference from a reference potential (a potential of a reference line). [0130] The logic
circuit 1809%¥@1&818/83%%4 demodulation signal which is output from the firstF§ridBRIUbeATBignal
generation circuit 1806 or a second demodulation #gnal 25 which is output from the second
demodulation signal generation circuit 1807. Further, the logic circuit 1809 performs the following
operations in accordance with the selected demodulated signal: analyzing instructions; controlling
input and output of data in the memory circuit 1810; outputting data to be transmitted to the outside to
the modulatiesuitiragit(l, 868iieinditherlikemitied |dgimcitbeitst8ioprefetrabldeirichudeida decdikéng 30

circuit, an information judgi ircuit, or the like, in addition to a circuit which generates a signal for
ey S a7 e el

controlling tR er, the Togic circuit 1809 may include a circuit which converts
part or all giodaig extracted from the memory WO 2010/032594PCT/JP2009/064898 36 circuit 1810,

which is transmitted.from the semj uctor device 1800 to the reader/writer, 1811, int ncoded
signal. [0131] 1q. & 18gic %ﬁ‘éﬁﬁém %f(?gﬁlsseglmgéi |H°1%tr?faﬁa%5§r%?ﬁd§us}éuslﬁ%i€%#%} t%ﬁ%éfathe 5
logic ccuiliddi6 df duiniodinfchmbodineefdre, Terfiatlcdddsilpdalescaiptionsitted omitisldmbodiment.
[0132] Ihe m%mEP{Me%l cuit 1810 includes a memory element and stores at least unique data
(individual |8%Sn?ﬁ}c ion infommtion or the like) in the semiconductor device 1800. 10 Writing and

rea_ding of.wIaZ]l the memory circuit 1810 are pontrollgd by a memory control circuit inclluded in the
cynemis ranciom ad Ao R T A el
random acdets(individual F&RANR Mk neatib ool theekio)yir HE Mynicprdyeton deatite 1880 only
e A SRS s ey s
control circuit included in the logic circuit 1809.
[0133]
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
15 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.
[0134]
20 An organic memory has a simple structure in which a layer including an
organic compound is interposed between a pair of conductive layers; therefore, it has at
least two advantages. One is that a manufacturing process can be simplified, which
allows cost reduction. The other advantage is that it is easy to reduce the area of the
memory circuit and that an increase in capacitance can be realized easily because a
25  stack which is easily downsized is used. Therefore, it is preferable to use the organic
memory for the memory circuit 1810.
[0135]
As long as the memory content of the memory element is unique data
(individual identification information or the like) in the semiconductor device 1800, a
30 nonvolatile memory which can store memory without being supplied with power is

preferably used. On the other hand, as long as temporary memory used in processing

performed by the semiconductor device 1800 is stored, a volatile memory may be used.



20An organic memory has a simple structure in which a layer including an organic compound is
interposed between a pair of conductive layers; therefore, it has at least two advantages. One is that a
manufacturM@pfdedsdsean be simplified, which allows cost reduction. The BHEIRRA0HPRARNS is that it is
easy to reduce the area of the memory circuit and #fat an increase in capacitance can be realized
easily because a 25 stack which is easily downsized is used. Therefore, it is preferable to use the
organic memory for the memory circuit 1810. [0135] As long as the memory content of the memory
element is unique data (individual identification information or the like) in the semiconductor device
1800, a 30 Rertigulatile iméheorgswioich sencadtodepassivioty pwitihowrhivirtbessqppiced duittopdurdcds
preferably ‘i%%-h%d#@%e‘ff,h%%gﬂ%ﬂaéﬁ?@%Eﬁrtf”ﬁ?%?é?éﬁlmﬁéé‘&ry FSGHD prostsangdRe tgrmed by
the semiconductor device 1 Is stored, a votatile memory may be Used:

2010/032584¢uTiTy.) P 20097061883 T ety Uiknyefierdhdyc asedofoastore dlle dipapsiviatyge ihavhich the
semicondugg%ig&y&%taﬁggv%sl%&eII, a nonvolatile memory is preferably used. Further, in
consideration of security, a non-rewritable memory is preferably used to store the unique data in the
semicdnduf€dBéibvice 1800. 5[0136] The first demodulation signal generation circuit 1806 and the

second demodulationcsigngl apAREAAMCHCUbAEO LdRmadals, e SHiRCtaRadIeded the

induced voltage which is generated In the antenna Circuit T emodulation signal
generation ¢mgitul g sign e € erasationddraeid d Bibdesigdal ate apshevaadretecinicluged iwiich are
included in thig,seMmgoRALCta rieNTcR LBBRAl S AT BRI Are altler 1adhe rghdlempgulation
signal generation circuit 201 and the second demodulation signal generation circuit 202 which are
included in drerediitiondsicia deviesation aiewtstiledid Ehtodiorht denodiriatioe, siendetailed

descripgfions af& AioilEd NS EMPRANNGRLidMAL3 4h the semiconductor device 1800 of this

embodiment are similar to the first demodulation signal generation circuit 201 and the

second demodulation signal generation circuit 202 which are included in the
semiconductor device 100 and described in Embodiment 1. Therefore, the detailed
descriptions are omitted in this embodiment.
15  [0137]
The modulation circuit 1808 transmits load modulation to the antenna circuit
1802 in accordance with a signél from the logic circuit 1809.
[0138]
Signals demodulated in the first demodulation signal generation circuit 1806
20  and the second demodulation signal generation circuit 1807 are input into the logic
circuit 1809, individual identification information or the like stored in the memory
circuit 1810 is extracted by the logic circuit 1809, and the extracted information is
encoded in the logic circuit 1809 and input into the modulation circuit 1808. The
modulation circuit 1808 performs modulation in accordance with the input signals, and
25  transmits information from the antenna circuit 1802 to the reader/writer 1811. The
information received in the reader/writer 1811 is transmitted to the control device 1813
through the communication line 1812.
[0139]
The charging and discharging circuit 1803 in FIG. 15 supplies power to each
30  circuit included in the semiconductor device 1800. In addition, electricity is stored in
the battery 1804 using the charging and discharging circuit 1803 by an external wireless

signal which is input from the antenna circuit 1802 through the rectifier circuit provided



The modulation circuit 1808 transmits load modulation to the antenna circuit 1802 in accordance with
a signal from the logic circuit 1809. [0138] Signals demodulated in the first demodulation signal
generation HRAHEEES2H and the second demodulation signal generation BfdiiPA8O/Pe4R88nput into
the logic circuit 1809, individual identification inford&ation or the like stored in the memory circuit 1810
is extracted by the logic circuit 1809, and the extracted information is encoded in the logic circuit 1809
and input into the modulation circuit 1808. The modulation circuit 1808 performs modulation in
accordance with the input signals, and 25 transmits information from the antenna circuit 1802 to the
reader/writer h31dntdhe: icfasmnalisoesedvpdvirttiar drdsupptitel Btids taasiitséetoahsicontrol
device 1813 through

the com ication line 1812..][0139] T.he charqging and.dischasging.circuit 1803 in
g e OIS S S e S et e
elecltricity iﬁhst?dsexéﬂ ﬁwﬂewm‘&$rma8h@min@()ms chalgidsg(;?ﬂgdmri:mﬁgihgcamiﬁtlﬁgémjymg e(;(ternal
wireless signhal which is input from the antenna circuit 1 thr e rectifier circui jded WO
2010/0325%’419&&%@3%%4%% A e an élr{l gvgﬁrcﬁ?tnfgg§?a%géar})%gvéeg]gg]n{%%u&%p |z({ed to each
circuitaisingjeawerssres tite teniatirdy ¢80 4 ¢hiou d RO e chbegimgeandiatis ch angimguoicatien 803. By
using the pgwer with whjch the battery 1804 is charged..the po u circuit 18 be supplied
with power STaRCRHE PRI Rt V%Xrﬁ}:raehr;d&% bs 0 t%lllrtllélﬁ??P Sl BB Al be e

rom the antenna 5 circuit 1802 of the
semicondustenetivige, Behiivthdwase dehie of toinmuipiditiont distaheesisbéxtepriewdTwbhefore, the
semiconductqgr device 1800 can be operated. Accordingly, a semiconductor device of this embodiment
can be staﬁ?)’ft%lﬁl ated with certainty. [0140] 10Note that a battery in this specification refers to a cell
which can fet¢dpr a continuous using time by charging. Note that a sheet-like cell is preferably used

as ihggatiery. For QURMBi- SIS Ratel i SsadaismalierDieusiaalihingelaiglerably a

lithium”polymer cell using a gel-like . um ion cell, or the like. Naturally, any cell can be
used as thedmitenussdopgiasibyahsgivpargédiedhat a s celileiieh isaprefereblyryerd asdhgischarged

such as a pickel metal hydride cellor 3 ickel GRATIUR.CRI BRANAE Hpeskifk 2 CRRAGHPTRAYINg high
capacity or fhe Tike may be used. [‘(.})154 fl
preferably a lithium polymer cell using a gel-like electrolyte, a lithium ion cell, or the
like. Naturally, any cell can be used as the battery as long as it can be charged, and a
15  cell which can be charged and discharged such as a nickel metal hydride cell or a nickel
cadmium cell may be used, or a capacitor having high capacity or the like may be used.
[0141]
As described above, in the semiconductor device of this embodiment, when the
antenna circuit 102 transmits a signal to the reader/writer 110, a demodulation signal
20  from the first demodulation signal generation circuit is selected, and when the antenna
circuit 102 receives a signal from the reader/writer 110, a demodulation signal from the
second demodulation signal generation circuit is selected. Therefore, even when the
semiconductor device receives a transmission signal to the reader/writer, the
transmission signal is not demodulated again, so that the operation of the semiconductor
25  device is not hindered by the transmission signal. Thus, in a card (or chip) on which
the semiconductor device is mounted, the card can be prevented from being disabled or
malfunctioning due to the card itself, and data can be stably transmitted and received to
and from the reader/writer.
[0142]
30 In addition, when the antenna circuit 102 transmits a signal to the reader/writer
110, the signal demodulated in the first demodulation signal generation circuit is

selected, and when the antenna circuit 102 receives a signal from the reader/writer 110,



As described above, in the semiconductor device of this embodiment, when the antenna circuit 102
transmits a signal to the reader/writer 110, a demodulation signal 20 from the first demodulation signal
generation dHRFR1Y&RR%ted, and when the antenna circuit 102 receives a SighdPHEMOfHH898
reader/writer 110, a demodulation signal from the $8cond demodulation signal generation circuit is
selected. Therefore, even when the semiconductor device receives a transmission signal to the
reader/writer, the transmission signal is not demodulated again, so that the operation of the
semiconductor 25 device is not hindered by the transmission signal. Thus, in a card (or chip) on which
the semicoftfutigha demmedulatedindbe srecant denpdplativavdimnel seomatiom gitiuitifesplscted.

malfunctioning,drsdodhie arehitselfe apfeatagands siabli fosé%?rgo@%f elyed @ang from the

reader/writer. [0142] 30In addition, when the antenna circuit 102 transmits a signal to the reader/writer
110, the sigfﬁ'é‘[i' qemdichdhsessnisamiuctar devinn asiswenied(eppimafipirelieoiod fo s8leetertrdnd when

the antenngCif GHifLORHACEINE DR IRALS r&ﬁ@rﬁ?@drﬁ?qefﬂ‘ﬁgﬁgﬁé HUa\W: is generated by the
2010/032594PCT/JP2009/064898 39 the sgnal demodulated in the second gemodulatlon signal

generation GrEEH e ikendsraamission i emals Bamhthseothasecorie asametelpnodlatesty vincadra (or chips)
other than #aidiibish hgnsRmironeusiedsyieRSmOUed (et alepieleiaddp as,0ne card

in a range where the one card is operated by a magnetic field that is generated by the 5 reader/writer,

transmissidf&ghsd from bsingislsdieramalisreliongiie tpehernthne saads: rekrsahigglst signals

are receiveghRbéNeaBRE fEniliE Snth R Q9 sATR RIRVRAIRIHAEbeing disabled or
malfunctioning due to the other cards, whereby data can be stably transmitted and received to and

from the reb¥etAhriter. [0143] 10Similarly to a conventional semiconductor device, the semiconductor
devicegof this embasiiientynslidesrRasialysdheisiarishasiass aloQuasdradansaaiiind.and

receiving unigue information, due to deterioration of a cell over time, can be compensated. In

particular, inth&BRAGBRIEIP RS RoBad et tBrrelomrmeitage h Porses i Ern Fraitias 38fge amount
of power isrpeeiged imifeesenimnehdisemaduIalieR SigsABRN RO Al ChifeViRIE D ihisgaghly
effective tOC%ngg%%a?eH?tteIg %gr%ggﬁlrri’b?g iphghissegl?lggglilrgt%?t'device of this embodiment, a
comparator which needs a large amount of power is provided in the second
15  demodulation signal generation circuit, whereby it is highly effective to provide a
battery as described in this embodiment.
[0144]
The semiconductor device of this embodiment may include a plurality of
antennas for wirelessly receiving power for the battery. Therefore, the battery for
20  supplying power for driving the semiconductor device can be charged with external
electromagnetic waves without directly being connected to a charger. As a result,
unlike a conventional active-type RFID tag, it is not necessary to check remaining
capacity of a cell or change cells, so that the semiconductor device can be continued to
be used for long periods of time and over the long term.  In addition, power for driving
25  the semiconductor device is constantly stored in a battery, so that sufficient power for
driving the semiconductor device can be obtained and a communication distance
between a reader/writer and the semiconductor device can be increased.
[0145]
Note that a battery is described as an example of a power storage portion in this
30  embodiment; however, the semiconductor device can be formed using a capacitor
instead of the battery. Although various capacitors can be used, a small and

high-capacity double-layer electrolytic capacitor or a small and high-capacity



[0144] The semiconductor device of this embodiment may include a plurality of antennas for
wirelessly receiving power for the battery. Therefore, the battery for 20 supplying power for driving the
semiconducty ae\k@é2&&h be charged with external electromagnetic wavesRyRRSEPHRedE8being
connected to a charger. As a result, unlike a convhtional active-type RFID tag, it is not necessary to
check remaining capacity of a cell or change cells, so that the semiconductor device can be continued
to be used for long periods of time and over the long term. In addition, power for driving 25 the
sem@conductor device is constantly stored in a battery, so that sufficient power for driving the
semicondygigdeniger cambrcOhipitRer an grafenibiyusicatiofltistatios ) éikerbatteadaraiter and the
semiconductor device C%be mcreis%%%%[&%ﬁ? Notet‘ that agglt%ry is described as an example of a

power stof3BBHSRIBA% A AdSEEM WV 285 SEMiconductor device can be formed using

a capacitojorssgad of the battery. Although various capacitors can be used, a small and high-capacity
double-layer electrolytic capacitor or a small and high-capacity WO 2010/032594PCT/JP2009/064898
40 stackedH ic capacitor is preferably used. Alternatively, both a battery and a capacitor
may ajso be provigdedkasaitindamsar dtotagevdddiorns [datbif¢EmeddbpenpBy bt senmvicvhdbetor device

e RO % AR IS g s o
a semiconggictesdaiice 2000 usindvany ofiteadoreguitig entyesimefisampierunied whdlustrated in
FIGS. 14Asg%1}<§)%ductor device 2000 using any of the foregoing embodiments is mounted are
illustrated in FIGS. 14A to 14F.
10 [0147]

As items having the semiconductor device of any of the foregoing
embodiments, the following items are given: keys (see FIG. 14A), paper money, coins,
securities, bearer bonds, certificates (such as a driver’s license or a resident’s card, see
FIG. 14B), books, containers (such as a Petri dish, see FIG. 14C), packaging containers

15  (such as wrapping paper or bottles, see FIGS. 14E and 14F), recording media (such as a
disk or video tape), vehicles (such as a bicycle), personal accessories (such as bags or
eyeglasses, see FIG. 14D), food, clothing, livingware, electronic appliances (such as a
liquid crystal display device, an EL display device, a television device, or a portable
terminal), or the like. The semiconductor device of any of the foregoing embodiments

20 is fixed by being attached to the surfaces of the objects having various shapes as
described above, or being embedded into the objects.

[0148]

Further, a system having the semiconductor device of any of the foregoing
embodiments refers to a goods management system, a system having an authentication

25  function, a distribution system, or the like.

[0149]

Note that this embodiment can be implemented in combination with

Embodiment 1 or Embodiment 2.

30 This application is based on Japanese Patent Application serial No.
2008-241436 filed with Japan Patent Office on September 19, 2008, the entire contents

of which are hereby incorporated by reference.



10[0147] As items having the semiconductor device of any of the foregoing embodiments, the
following items are given: keys (see FIG. 14A), paper money, coins, securities, bearer bonds,
certificates (such as a driver's license or a resident’s card, see FIG. 14B), books, containers (such as a
Petri dish, see FIG. 14C), packaging containers 15 (such as wrapping paper or bottles, see FIGS. 14E
and 14F), recording media (such as a disk or videaiawe), vehicles (such as a bicycle), personal
accessories (such as bags or eyeglasses, see FIG. 14D), food, clothing, livingware, electronic

appliances (such as a Hquid cgﬁﬁg&wa& uc%gfcgzé\%ﬂjﬁzﬁgy device, a television device, or a

portable terminal), or the like. emicon y of the foregoing embodiments 20 is

fixed by being attached to the surfaces of the objects having various shapes as described above, or
being embedde@ASTHPSHRLRY &Eg]ansmltsp%rjﬁﬁgg’aé(%%% having the semiconductor device of
any of the foregoing embodiments refers to a goods management system, a sistem having an

authentication 2&fifiseflemosdmtan splsgenerati on Gecuitecquiagped tog @it LeRBotPAzENt can
be implemgriad RLanehiDaURsY HbG TR FRed 1< EP R B bduad A6 H8RRPICRIS i Rgsed on

Japanese Patent Application serial No. 2008-241436 filed with Japan Patent Office on September 19,
2008, theedlr® d8Rténts of which are hereby incorporated by reference. 41 CLAIMS 1.A
semiconductor device comprising: an antenna circuit which transmits and receives data; a first
demodulation sigrsatgehestiotiutaticurit sgnfiggead at are cinmid atenéi giged itéralentbdubatte arsgriat uit,
‘éVhose mﬁ%%%ﬂ%“arf?é%ﬁé 8 %L?Et%h%‘s%”r%@?&%r%‘} Lo Andess than of %L”a?'@’&s%"é?ﬁd e Second
emodulation signal generation’ circuit configured to demodulate a signal from the antenna circuit,
whose mitndnlaticegéaCtonr K0¥eatad thagoal eljoal théds5hteana tessithavhose uadu@ti?9scodia signal

from the §g%9eigrn ﬁrgpgql\ﬂvalh?g%%gr%}%\tﬁ%ﬁtgg 'e% l%let%tﬁb%‘?gn qr equal to 10% and less than or
equal to 0, an

a logic circuit configured to select one of the signa demodulated in the first
demodulation signal generation circuit and the signal demodulated in the second

demodulation signal generation circuit to modulate the signal selected by the logic circuit,

wherein the logic circuit is configured to select the signal demodulated in the first

demodulation signal generation circuit when the antenna circuit transmits data, and

wherein the logic circuit is configured to select the signa demodulated in the second

demodulation signal generation circuit when the antenna circuit receives data.

2. The semiconductor device according to claim 1,
wherein the logic circuit includes:

a selector circuit configured to select one of the signal demodulated in the first
demodulation signal generation circuit and the signal demodulated in the second

demodulation signal generation circuit; and

acontrol circuit configured to control the selector circuit.

3. The semiconductor device according to claim 1, further comprising a memory

circuit and a modulation circuit,



a logic circuit configured to select one of the signal demodulated in the first demodulation signal
generation circuit and the signal demodulated in the second demodulation signal generation circuit to
modulate the signal selected by the logic circuit, wherein the logic circuit is configured to select the
signal demodulated in the first demodulation signal generation circuit when the antenna circuit
transmits data, aéraferrinoge ieiq GireHitis.configured to select the signal demodulated in the
second demodulation signal generation circuit when the antenna circuit receives data. 2. The

semiconductor de cQr lector: circuit
configured to se%e%%%%r%?o trhag|ri gré%@i%emoéﬁlat ﬁ %grst% gP%Fﬁlatlon signa gzﬁlg%trgflé{cwcun
and the Sﬂgﬁlﬂ@@ﬁ@ﬂul&m|ngﬁeeéﬁbﬁhdcﬂembdw@trdh%@mabeﬁ@m@@ﬂ%ﬁ@um atitba 889009 circuit
confrgure&iell;ﬁocira[g{%lntgeﬁ &L% ' uit'3' The semiconductor device according to claim 1, further
comprising a memory circuitand a mo u(fatrbn circuit, 42 wherein the logic circuit includes: a
selector circuit configured to select one of the signal de Iated in the first demodulation signal
eneration circu EFE Sl CESHRATAICH Pt SELORG HEIOR BN Y i G dation creuit o
memory control circuit configured to read data from the memory circuit; and a control circuit
configured to coh@eNtiet sEREtFANfHIeshEPtReNtialntbR el Eifeuit, asuthe MigRePBNGRRErebntrol
circuit is eRpfjgusrd to generate a signal to be transmitted to the modulation circuit in accordance with

the data read from the memory circuit. 4. The semiconductor device accordrng to clarm 1, further

comprising a batter o in %hrc ele trrcrt |s stor nal w |ch s |n rom the acrrcurt 5.
ﬁ ontr scon %uy %Fn % Bansmit

A card on which {he eemicondudt evrce accordin S8 unted

modulation circuit in accordance with the data read from the memory circuit.

4, The semiconductor device according to claim 1,

further comprising a battery in which electricity is stored by a signal which is input

from the antenna circuit.

5. A card on which the semiconductor device according to claim 1 is mounted.

6. A semiconductor device comprising:
an antenna circuit which transmits and receives data;

afirst demodulation signal generation circuit configured to demodulate a signal from
the antenna circuit, whose modulation factor is greater than or equal to 95% and less than or
egual to 100%;

a second demodulation signal generation circuit configured to demodulate a signa
from the antenna circuit, whose modulation factor is greater than or equal to 95% and less
than or equal to 100% and a signa from the antenna circuit, whose modulation factor is

greater than or equal to 10% and less than or equal to 30%; and



6. A semiconductor device comprising: an antenna circuit which transmits and receives data, a first
demodulation signal generation circuit configured tﬁ’ demodulate a signal from the antenna circuit,
whose modulation factor is greater than or equal to 55% and less than or equal to 100%; a second
demodulation signal generation circuit configured to demodulate a signal from the antenna circuit,

whose modulatign fgféotircdite i@ 16 dstdbd0 8hE0aINthiessgiandehesipdtte 100 heni< signal

from the antenpa circuit, whose modulation factor is greater than or equal to 10% and less than or

equal to SETRAYRIo S9Nl GRNEIALAD cGHIRYUred ' dBfecPBRd oFEMPdH ARy dmhotiRafegaRthe first

demodulgépvsigarirs gastencirshtardithe sloaakteapghaptashinibartaqsnd daiodulation signal
generation circuit to modulate a signal from the antenna circuit, wherein the second demodulation

signal generatiof iUt iRcUdes M&&%Mﬁﬁ&ig&%ﬁ& dg5adulation circuit; and a

comparator electrically connected to the ation circuit and the second demodulation circuit,
wherein a polarity .of electric signal demodulated in the first demodulation circuit is opposite to that of
electric signal d@ﬁ\%éﬁﬂﬁ’&? SHEHD demodulation circuit, wherein the logic circuit is
configured to select the signal demodulated in the first demodulation signal generation circuit when the
antenna circuit SRSPRRIARAWAION CikgWéraiflthe logic circuit is configured to select the signal
demodulated in the second demodulation signal generation circuit when the antenna circuit receives
data. 7. The seancopmuhretor decideaigcootimeytian diaithedi ishdesnodbletsaT civduile amolditia secoadnal
generatio&eﬁ:{(r)%ﬂit includes: a first bias circuit electrically connected to the first demodulation circuit

and the compara o'ﬁna%(rfu't’ a second bias circuit electrically connected to the second demodulation

circuit and the comparator. 8. The semiconductor device according to claim 6, _ o
wherein a polarity of eectric signa demodulated in the first demodulation circuit is
opposite to that of electric signal demodulated in the second demodulation circuit,

wherein the logic circuit is configured to select the signal demodulated in the first
demodulation signal generation circuit when the antenna circuit transmits data, and

wherein the logic circuit is configured to select the signal demodulated in the second

demodulation signal generation circuit when the antenna circuit receives data.

7. The semiconductor device according to claim 6,
wherein the second demodulation signal generation circuit includes:

a first bias circuit electrically connected to the first demodulation circuit and the

comparator; and

a second bias circuit electrically connected to the second demodulation circuit and the

comparator.

8. The semiconductor device according to claim 6,

wherein the second demodulation signal generation circuit includes an analog buffer

circuit electrically connected to the comparator.



44 9. The semiconductor device according to claim 6, wherein the logic circuit includes: a selector
circuit configured to select one of the signal demodylated in the first demodulation signal generation
circuit and the signal demodulated in the second demodulation signal generation circuit; and a control
circuit configured to control the selector circuit. 10. The semiconductor device according to claim 6,

further comprising a memohsiceHHLRESH aavied atadbpd s es'thayherein the logic circuit includes: a
selector circuit configured to select one of the signal demodulated in the first demodulation signal

generation CirC%t@g mﬁe?ig@@éd&mmﬁ&c{g%in the second demodulation signal generation circuit; a
nfigured to read data

memory control circuit co e “from the memory circuit; and a control circuit
configured to control the selector circuit and the memory control circuit, and &Vége.rei the control
circuit is configUFeR§hriaFEHl QI ES e rarSh Bt W HRISRBIPH Rt RS Hice with
the data tatbiigiaite sighabryekeeitonl lcilduit senticahdusignale\demad@areingrio tHainzdgond further
comprisin %éa}?m%w in.which electricity is stored by a signal which is input from the antenna circuit.

12. A car %@Mg&ﬁéﬂgfb imb ccording to claim 6 is mounted.

acontrol circuit configured to control the selector circuit.

10.  The semiconductor device according to claim 6, further comprising a memory

circuit and amodulation circuit,
wherein the logic circuit includes:

a selector circuit configured to select one of the signal demodulated in the first
demodulation signal generation circuit and the signal demodulated in the second
demodulation signal generation circuit;

amemory control circuit configured to read data from the memory circuit; and

a control circuit configured to control the selector circuit and the memory control

circuit, and

wherein the control circuit is configured to generate a signal to be transmitted to the

modulation circuit in accordance with the data read from the memory circuit.

11.  The semiconductor device according to claim 6,

further comprising a battery in which electricity is stored by a signal which is input

from the antenna circuit.

12. A card on which the semiconductor device according to clam 6 is mounted.



