1 DATA COVMUNI CATI ON DEVI CE BACKGROUND OF THE I NVENTION 1. Field of the

I nvention The present invention relates to data conmuni cati on devices that
are comruni cation tools, such as readers- witers, each having an antenna
~driven by a sem conductor «circuit including a conmbination of metal oxide
sem conductor (MOS) transistors. Mre particularly, the present invention
relates to a data communi cation device configured to prevent latchup in a
sem conductor circuit based on an external magnetic field received by an
antenna. 2. Description of the Related Art Non-contact integrated circuit
(1C) cards for wreless data conmini cati on have been utilized in various

fields in recent years. | %§$%%Mﬁﬁuf3hf¥5ﬁ 'f&ﬁ each including a
Cg@) I'onihg ‘as da

central processing unit ( unc d processing neans, a
menory functioning as data storage neans, and data comunication neans,
are applied to various fields. For exanple, ticket information or

season- t igkatchddthes T |0k | Syviief®g in a nenory in an | C card and the

stored information 1Is read by using a reader-witer installed at a ticket
gate in g stpidop 40 PeL faradd cleet - gate control based on the read

information. Alternatively, an IC card is used as electronic noney for

el ectroni ¢ seteemdseoit i1HvesR@d AS r@lates to data communication
devices that are communication tools, such as readers-
writers, each having an antenna driven by a semiconductor
circuit including a combination of metal oxide semiconductor
(MOS) transistors. More particularly, the present invention
relates to a data communication device configured to prevent
latchup in a semiconductor circuit based on an external
magnetic field received by an antenna.
2. Description of the Related Art

Non-contact integrated circuit (IC) cards for wireless

data communication have been utilized in various fields in
recent years. IC cards, which are devices each including a
central processing unit (CPU) functioning as data processing
means, a memory functioning as data storage means, and data
communication means, are applied to various fields. For
example, ticket information or season-ticket information is
stored in a memory in an IC card and the stored information
is read by using a reader-writer installed at a ticket gate
in a station to perform ticket-gate control based on the
read information. Alternatively, an IC card is used as

electronic money for electronic settlement or is used as a



cash card, an enployee identification (ID) card, or an ID card including a
club card. Reading information froman IC card or witing information in
the IC card is perforned via communication wth external equipnent, such
as a reader-witer, that is capable of communicating with the |IC card.
However, since the IC card itself has no power supply provided therein, it
operates with electric power externally supplied. Specifically, an IC card
is structured such that electromagnetic_waves supplied froma
reader-writer, which 1is external equipnent, are received by an antenna
provided in the IC card, a voltage generated at both ends of the antenna
is rectified, and the rectified_volta%e is supplied to circuits in the IC
card as ER&Bt FrEdpoRer eMBASYESl Lplenitd fTigatdorarldD) cgarder oWadds I8uppl i ed
from an external reader-witer are rectified to provide a direct- current
pover sufpF§ th&tufdngsé&dcasba C&FﬁV|ng power supply for internal circuits
i ncl udi ng a processor ven_if an_ IC card is incorporated in
a devi ce, suc%eﬁglﬁg bBE?ﬁ%?Elﬁﬁv¥E%m ﬂ%v?ﬂgcﬁrﬁoﬁérw§h5b?9 t he IC card
cannot % t he _power, S%Bg %O ge devi c % ﬁp inte ratln
r eader - mﬂP 8FmFﬁﬁ8P|6H h gnCP§ cédeﬁﬁ o6 Shfa SRy cat conductor
chip can u S teqr t|on adv t geous to
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nmount in a sma evi c€ one §tsuc PC nodul e
havi ng tggpable of communicating with the IC card. However, since

the IC card itself has no power supply provided therein, it
operates with electric power externally supplied.
Specifically, an IC card is structured such that
electromagnetic waves supplied from a reader-writer, which
is external equipment, are received by an antenna provided
in the IC card, a voltage generated at both ends of the
antenna is rectified, and the rectified voltage is supplied
to circuits in the IC card as electric power.

Basically, in an IC card, carrier waves supplied from
an external reader-writer are rectified to provide a direct-
current power supply that is used as a driving power supply
for internal circuits including a processor and a memory.
Even 1f an IC card is incorporated in a device, such as a
portable device, having a power supply, the IC card cannot
use the power supply of the device. However, integrating a
reader-writer function with an IC card function on a single
semiconductor chip can reduce the mcunted area. This
integration is advantageous to mount in a small device, such

as a cellular phone, and such an IC module having the



integrated functions is in w despread use. Connecting an antenna for the
~reader-witer and an antenna for the IC card to the input and out put
termnals of the IC nodul e enabl es non-contact conmunication with an
external 1C card or an external reader-witer. In order to mount an IC
nodul e having the reader-witer function and the IC card function
integrated therein in devices, such as portable devices, required for
bei ng downsized, two antennas for the,reader-witer and the IC card are
adj acently provided or a conmon antenna is shared between the
reader-writer and the I1C card to inprove the space utilization and reduce
the cost. Such a circuit <configuration is disclosed in, for exanple,
JapaneseinthexahiededupaténnsAppl ivavidasPubkhdcatkon Nonngétt2n81an. However,
when el ectromagneti c waves supplied froman external device, such as a
. reader - wAPEBRNAgfeTr 688 ¥eEABY VWrhEcAdpadeAn antennasipsr thenEbncantenna)
for supplyin electric power to the IC card function, so-called |atchup
disadvanFQgEgﬁsFQPHEcéFg.OEﬁPéﬁuEeF§1§a&ﬁeﬁ§nEH6nIanﬂﬁPéﬁ cpaphpfent
continues to flow through a sem conductor device _in the reader-witer
because BP@EFPPEagFgHQWEuEéGQEHOByWPFQ aB| E¥FFoRagnéti EaREveE &Pe suppl i ed

to a transgittiig circuit .%n the reader-witer. This is a problem caused
by the CORFFYaraFFeASEFYE1EShpl enentary metal oxi de semi conductor ( CVOS)

used as the Sfﬂ1893ggcégrmgﬁ£€uéﬁ & ﬁggu{gaggéing the reader-writer

function and the IC card function integrated therein in
devices, such as portable devices, required for being
downsized, two antennas for the reader-writer and the IC
card are adjacently provided or a common antenna is shared
between the reader-writer and the IC card to improve the
space utilization and reduce the cost. Such a circuit
configuration is disclosed in, for example, Japanese
Unexamined Patent Application Publication No. 11-213111.
However, when electromagnetic waves supplied from an
external device, such as a reader-writer, are received by
the adjacent antennas (or common antenna) for supplying
electric power to the IC card function, so-called latchup
disadvantageocusly occurs. Latchup is a phenomenon in which
a current continues to flow through a semiconductor device
in the reader-writer because electric signals caused by the
electromagnetic waves are supplied to a transmitting circuit
in the reader-writer. This is a problem caused by the
configuration of a complementary metal oxide semiconductor

{CMOS) used as the semiconductor circuit in the reader-



-4 witer. Fig. 1is adiagramillustrating the effect of reception of
external electromagnetic waves in an I C nodule 110. Referring to Fig. 1,
the 1C nodul e 110 includes an IC card circuit 111, a reader-witer
transmtter circuit 112, and a reader-witer receiver circuit 113. Wen an
| C-card antenna 121 is provided adjacent to a transmtting and receiving
antenna 122 for a reader-witer or the |ICcard antenna 121 and the
transmitting and receiving antenna 122, for the reader-witer are
structured as one antenna, electromagnetic waves supplied from an external
reader- witer 130 are received in both the ICcard antenna 121 and the
transmtting and receiving antenna 122 for the reader- witer. As a result,
el ectricwsigdals caused by the electromagnetic waves are supplied to the
reader-witer transmtter circuit 112 causing the |atchup in the circuit,
havi ng the CNGSI cohfifyud aliadram okl bt Fadaed -t tekfeds @fescri bed above,

| atchup is a Ehenonenon caused by the configuration, of a CMOS used as a
seni condb@FBPTLPRt €Fr B¥EATRRE cBL ECT EPHRIDCEhEWEAERS eXBPPaty BPHELPL

conti ayrgl hon oL ca.. [eade pritof MeLngce, SR cpnll aurglion Felerring to

respectiye, §nds ohi 801 20t e0NA 200, LALOHAR 08 cnitter circuit 112,
and a reader-writer receiver circuit 113. When an IC-card
antenna 121 is provided adjacent to a transmitting and
receiving antenna 122 for a reader-writer or the IC-card
antenna 121 and the transmitting and receiving antenna 122
for the reader-writer are structured as one antenna,
electromagnetic waves supplied from an external reader-
writer 130 are received in both the IC-card antenna 121 and
the transmitting and receiving antenna 122 for the reader-
writer. As a result, electric signals caused by the
electromagnetic waves are supplied to the reader-writer
transmitter circuit 112 causing the latchup in the circuit,
having the CMOS configuration, for the reader-writer.

As described above, latchup is a phenomenon caused by
the configuration of a CMOS used as a semiconductor
integrated circuit.

Fig. 2 shows an exemplary circuit configuration of a
reader-writer having a CMOS configuration. Referring to Fig.
2, the output ports of CMOSs 210 and 220 are connected to

the respective ends of an antenna 200 through the

corresponding capacitors. The CMOSs 210 and 220 each have a



correspondi ng capacitors. The CMOSs 210 and 220 each have a 5 configuration
in which the drain D of an N-channel MOS transistor (NMOS) having el ectron
carriers is connected to the drain D of a P-channel MOS transistor (PMOS)
having hole <carriers. In the NMOS, when a gate G has a voltage hi gher than
. that of a source S (when the gate Gis positive with respect to the source
S), an N-type channel is forned between the source S and drain D and the
resi stance between the source S and_drain D is decreased. This corresponds
to switching-on. Wen the gate G has a voltage | ower than that of the
source S (when the gate Gis negative with respect to the source S), no
channel is fornmed and the resistance between the source S and drain Dis

i ncrease@onfhpyradipaspondbich Shet dhphg- Bf o apnNcehepasd, MPR t he PMOS,
when the gate G has a voltage |ower than that of the source S (when the
gate G i&TABgafFoe (WMPR)rB3PéBE BLSFRECBOGREELISFS ASPCPPRECEREANABI is
formed between the source S and drain D and the transistor switches on.
Wien t hetB8t eT&tRa8 8fvel FagBeRPgheCPhER2PAAEEEF {REOSE0lR¥ENS PRABN the

gate Gis gositive with respect to the source S), no channel is fornmed and
the tranSPSTOFTSwi tches off. A signal output through the antenna 200 is

set with an putpul \d 100 the, Q% 310, and, 80 QUL AL Xt 2. om the
that of a source S (when the gate G is positive with respect
to the source S), an N-type channel is formed between the
source S and drain D and the resistance between the source S
and drain D is decreased. This corresponds to switching-on.
When the gate G has a voltage lower than that of the source
S (when the gate G 1s negative with respect to the source S),
no channel is formed and the resistance between the source S
and drain D is increased. This corresponds to switching-off.
In contrast, in the PMOS, when the gate G has a voltage
lower than that of the source S (when the gate G is negative
with respect to the source S), a P-type channel is formed
between the socurce S and drain D and the transistor switches
on. When the gate G has a voltage higher than that of the
source S8 (when the gate G is positive with respect to the
source 5), no channel is formed and the transistor switches
off.

A signal output through the antenna 200 is set with an

output Outl from the CMOS 210 and an output Out2 from the
CMOS 220. An input signal Inl is supplied to the CMOS 210

from a signal supplier (not shown} and an input signal In2



CMOS 220. An input signal Inl is supplied to the CMOS 210 from a signal
supplier (not shown) and an input signal In2 is supplied to the CMOS 220
fromthe signal supplier. The input signal Inl supplied to the CMOS 210 is
a signal inverted by an inverter 230. For exanple, when an input signal

Inl having a GND level is supplied to the CMOS 210, a PMOS 211 turns on
and an NMOS 212 turns off. A signal having a VDD level is output fromthe
CMOS 210 (Qutl). Concurrently, an inpug _signal 1n2 having the VDD level is
supplied to the CMOS 220 to turn off a PMOS 221 and to turn on an NMOS
222. A signal having the G\D | evel is output fromthe CMOS 220 (Qut2). In
contrast, when an input signal Inl having the VDD |evel _is supplied to the
CMOS 210}StﬁEPP&ESd2£Q EQenSMeff 22AndreRetMOSignalt GHABLSAT - A Ehgnal
having the G\D | evel is_ output fromthe CMOS 210 (Qutl), Concurrently, an
i nput siBREF PASNRAVIRG FHEPEREA| EQeFPsCNUpplLtEd ot REIBRES 220 to turn
on the PMOS 221 and to turn off égs NMOS 222. A signal having the VDD

| evel i sTBUEPHESf PEnPRRENERERS526°0¢cut2). These two output states are

iall based he i ' | . 1 d
coil Tunct] GTho AR A e’ dFREh SO0 BaSBUP b« KL OUt RS GU T Py om ¢ he

OVDS 210, apd, g Qubpyt QuL2 LLOMMAE OYRS 220u08ng: 3N, ehechhomRgneti c
ponding € rnput srgnal “i's

an NMOS 212 turns off. A signal having a VDD level is
output from the CMOS 210 (Outl). Concurrently, an input
signal InZ having the VDD level is supplied to the CMOS 220
to turn off a PMOS 221 and to turn on an NMOS 222. A signal
having the GND level is output from the CMOS 220 {Out2).

In contrast, when an input signal Inl having the VDD
level is supplied to the CMOS 210, the PMOS 211 turns off
and the NMOS 212 turns on. A signal having the GND 1evel-is
output from the CMOS 210 (Outl). Concurrently, an input
signal In2 having the GND level is supplied to the CMOS 220
to turn on the PMOS 221 and to turn off the NMOS 222. A
signal having the VDD level 1is output from the CMOS 220
{Out2).

These two output states are sequentially set based on
the input signal. A current 1s generated at a coil
functioning as the antenna 200 based on the output Outl from
the CMOS 210 and the output Out2 from the CMOS 220, and an
electromagnetic wave corresponding to the input signal is
output. The output electromagnetic wave is received by an

antenna of an external device, such as an external reader-



out put. The out put el ectromagnetic wave is received by an antenna of an
external device, such as an external reader - 7 witer, and the received
signal is transmtted. Fig. 3 is a cross-sectional view of a typical CMOS
configuration. The CMOS configuration in Fig. 3 includes a PMOS consisting
of an N area (Nwell) 251 on a P-type substrate (Psub) 250 and an NMOS
consisting of a P area (Pwell) 252 on the P-type substrate (Psub) 250.

Al t hough the P-type substrate (Psub) 250 is shown as distinct from the P
area- (Pwell) 252 in Fig. 3, the P-type substrate (Psub) 250 and the P area
(Pwell) 252 may be set as one area having the identical configuration. The
configuration shown in Fig. 3 corresponds to the cross section of the CMOS
210 or whetenosapdotbhowacehvefgsignaThésCMoBnEmELtEEs the N-channel MOS
transi stor (NMOS) having electron carriers and the P-channel M35
transistor (FMDS)3 havidhEHIT RFrienal Wil rd e 3V M the NVOS,
when the gate G has a voltage higher than that of _the ourci g %mhen t he
gate G iSOonpbanepleont t nTRespéef tenfheusshtieR 5%, Fad- Nt yPELRASANBI s
formed between the source_S and drain D agg tgs resistgnge bet ween t he
source SPMHE 8PAFASBINY AfcPBa¥edreFhit¥vedd) ré2hofBs?t 6 5%¥PEchi ng-on. When

the gat e G 12S.2.VPbLaBF 258 hat DR cBhalUB1R|EE5AS HhED (he oate G
(Pwell) 252 on the P-type substrate (Psub) 250. Although
the P-type substrate (Psub) 250 is shown as distinct from
the P area (Pwell) 252 in Fig. 3, the P-type substrate
(Psub) 250 and the P area (Pwell) 252 may be set as one area
having the identical configuration. The configuration shown
in Fig. 3 cofresponds to the cross section of the CMOS 210
or the CMOS 220 shown in Fig. 2.

The CMOS includes the N-channel MOS transistor (NMOS)
having electron carriers and the P-channel MOS transistor
(PMOS) having hole carriers.

As described above, in the NMOS, when the gate G has a
voltage higher than that of the source S (when the gate G is
positive with respect to the source S), an N-type channel is
formed between the source S and drain D and the resistance
between the source S and drain D 1s decreased. This
corresponds to switching-on. When the gate G has a voltage
lower than that of the source S (when the gate G is négative
with respect to the source 8), no channel is formed and the
resistance between the source S and drain D is increased.

This corresponds to switching-off. 1In contrast, in the PMOS,



with respect to the source S), no channel is fornmed and the resistance
between the source S and drain Dis increased. This corresponds to
switching-off. In contrast, in the PMOS, when the gate G has a voltage

| ower than that of the source S (when the gate Gis negative with respect
to the source S), a P-type channel is fornmed between the source S and
drain D and the transistor swtches on. Wen the gate G has a voltage

hi gher than that of the source S (whenythe gate Gis positive with respect
to the source S), no channel is formed  and the transistor switches off. As
shown by broken Iines in Fig. 3, the source and drain electrodes of the
PMOS and those of the NMOS have a PN junction structure, and PN-junction
di odes awkefothedgéhe Ehkse &ouplébeet Lodes. tithe Phefunét Fba dbvdes which
is necessarily structured in the MOS, is called a parasitic diode. Based
on this pafebeni ehai gdée ﬁhéSCN@Saﬁ&§eaWéﬁ@cﬁeﬁpeéﬁhﬁﬁgdﬂ%&|%ﬁﬂﬁQRﬂ$ﬁﬁ ng
three transistors, that_is, a PNP_ transistor (A), an NPN transistor (B),
and a PNP ?rEﬁE?sFBanFé31S §OEZRBANPPRVEFR. TR F?quesﬁpBBQeﬁthatDlatchup
is caused in a circuit that is forned based on the gargs tic diode. A

sequenceaﬂﬂeFE%thﬁPEﬁEEOBCEHFECRFFIOHOM/HQeHeEE?lgé afs@supposed t hat
latchup nggééetﬂlgﬁgg Eganfgha bE thgtggggcér W%Antghg6%ate G is

positive with respect to the source S), no channel is formed
and the transistor switches off.

As shown by broken lines in Fig. 3, the source and
drain electrodes of the PMOS and those of the NMOS have a PN
junction structure, and PN-junction diodes are formed in
these four electrodes. The PN-junction diode, which is
necessarily structured in the MOS, is called a parasitic
diode.

Rased on this parasitic diode, the CMOS has a circuit
configuration including three transistors, that is, a PNP
transistor (A), an NPN transistor (B), and a PNP transistor
(C), as shown in Fig. 3. It is supposed that latchup is
caused in a circuit that is formed based on the parasitic
diode.

A sequence whereby latchup occurs will now be described.
It is supposed that latchup occurs through the following
states from (1) to {(6).

(1} When an electrical signal is generated by an
external electromagnetic wave in an output part, a forward

current flows from a P area 261 of the drain D tc the N area



(1) Wen an electrical signal is generated by an external electromagnetic
wave in an output part, a forward current flows froma P area 261 of the
drain Dto the N area (Nwell) 251 in the PMOS. (2) As a result, the PNP
transistor (A) based on the parasitic diode in the N area (Nwell) 251
switches on. (3) When the PNP transistor (A) switches on, a current flows
into the P area (Pwell) 252 (= P-type substrate (Psub) 250) through the
PNP transistor (A) to increase the volgages of the P area (Pwell) 252 and
the P-type substrate (Psub) 250. (4) As a result, the NPN transistor (B)
based on the parasitic diode in the P area (Pwell) 252 switches on. (5)
When the NPN transistor (B) switches on, a current flows fromthe N area
(Nwel |) 2Bweid)tRelpiarehe( PMEFE) 252 (= P-type substrate (Psub) 250)

t hrough the NPN transistor to _decrease the voltage of the N area

(Nwel 1) 251. (%) Ahed F#\?FWH&«&SBT%%GE ofNR st on the patedien R ode in
the N arBA"tRHELF) d384e K ERFoNLRFea” AMGI one LuBBLFEacF 18 a pover -
. Typb subst Fa dIPRULIS 235 L FRetn The PRt SRR (B (9T St her ease
the voltage 9f ;108 Pndr 82 LEURbhe?2? 652P(LYBE BUPSLEEE EaLES 1BLLEYD) -
250) through the PNP transistor (A) to increase the voltages
of the P area (Pwell) 252 and the P-type substrate (Psub)
250. |
{(4) As a result, the NPN transistor (B) based on the
parasitic diode in the P area (Pwell)-252 switches on.
{5) When the NPN transistor (B) switches on, a current
flows from the N area (Nwell) 251 to the P area (Pwell) 252
(= P-type substrate (Psub) 250) through the NPN transistor
{B) to decrease the voltage of the N area (Nwell) 251.
(6) The PNP transistor (C) based on the parasitic diode
in the N area (Nwell) 251 switches on along with the
reduction in voltage of the N area (Nwell) 251. As a result,
a current supplied from a power supply VDD flows from the N
area (Nwell) 251 to the P area (Pwell) 252 (= P-type
substrate (Psub) 250) through the PNP transistor (C) to
increase the voltage of the P area (Pwell) 252 (= P-type
substrate (Psub) 250).
The state (6) is equal to the state (3). The change of
states in the order of (6) — (3) —= (4) — (5) = (6} = (3)

— (4) .. 1s continuously repeated, so that a current



The state (6) is equal to the state (3). The change of states in the order
of (6) -+ (3) - (4) -* (5 - (6) -* (3) ->(4) ... is continuously
repeated, so that a current - 10 continues to flow through the CMOS
configuration in a reader-witer. As a result, power is consuned in a
power supply, for exanple, in a battery and devices are deteriorated.
Furthernore, a nornal signal output provided when the CMOS functions as a
reader-witer is undesirably inhibLt%%._SUNNARY OF THE | NVENTION | n order
to solve the problens descri bed above, it is an object of the present
invention to provide a data conmunication device capable of preventing

| at chup occurring based on a signal externally input. The present

i nvent i oRcpEdvigestoi flevethspeeh, thedalas cenfiancation dBvice including a
first antenna; a sem conductor circuit for generating signals for use in
outputt|ﬁ@aééﬁﬁﬂﬁﬂ§§FronAaaFarFﬁPéEghPPﬂérfFFSFOBﬁP@ﬁ alnt AePO¥8Hi conduct or
circuit having a CMOS configuration of a conbination of a P-channel MOS
tran3|stéPpEﬁEraﬁoﬂ-Eﬁaﬁﬁ%P' NﬁsatP§H§P§Y0?n3nd§V§Fﬁ§I@rﬁhlp and an

t t th h which t duct
Connoct elCREL PRACPRr ot FHRE BRRAS IneooBRTEONABLEr LcPPEBFE PROPIHES o

pover - suppLy- eRANERELENGLNER: Gh8! DOUt RUL4RACL 808,21 9 QHAdS: rap1y

inhibited.

SUMMARY OF THE INVENTION

In order to solve the problems described above, it is
an object of the present invention to provide a data
communication device capable of preventing latchup occurring
based on a signal externally input.

The present invention provides, in one aspect, a data
communication device including a first antenna; a
semiconductor circuit for generating signals for use in
outputting communication data through the first antenna, the
semiconductor circuit having a CMOS configuration of a
combination of a P-channel MOS transistoer and an N-channel
MOS transistor on a single chip; and an antenna connection
circuit through which the semiconductor circuit is connected
to the first antenna. The semiconductor circuit includes a
power-supply-connecting MOS drain output part and a ground-
connecting MOS drain output part with the power-supply-
connecting MOS drain output part being a drain part of the

P-or N-channel MOS transistor connected to a power supply



connecting MOS drain output part with the power-supply- connecting MOS
drain output part being a drain part of the P-or N-channel MOS transistor
connected to a power supply - 11 and the ground-connecting MOS drain

out put part being a drain of the P-or N-channel MOS transistor connected
to a ground. The antenna connection circuit has a first electric elenent
for inhibiting a current fromflowing into the corresponding sem conductor
circuit in the power-supply- connecti MOS drain output part. The first
electric element may be a diode. It i§ preferable that the

power - suppl y-connecting MOS drain output part be the drain of the
P-channel MOS transistor and the ground-connecting MOS drai n output part
be the deafintbe¢ gheundchannertMDS ¥@andrainroutputspprefleeahdeat hat the
antenna connection circuit further include a second electric elenment for
i nhi bi ti Agadn efir Feat Presnit Foannglftom trensertesnaeriefrtedreai? to the
antenna connection circuit in the ground-connecting MOS, drain output part.
The secoﬁHO%F@ctr?EeeF%H%ﬂFanﬁ?nB%CElBFoﬁércP%t Bapraf et abF et REE Tt Re

ant enna cgnnectl n circu further |ncluge a g%rcult el ement for

pr event i AGCEREES ?yelnbb$%sgagradEEFraﬂt o fheYTBA bREReERet he
pover - suppl Yo < SORASSL! 09, ME5,9h8 orOERPcu;LQa!L% hd L0g.graypds gonnecting
connecting MOS drain output part.

The first electric element may'be a diode.

It is preferable that the power-supply-connecting MOS
drain output part be the drain of the P-channel MOS
transistor and the ground-connecting MOS drain ocutput part
be the drain of the N-channel MOS transistor.

It is preferable that the antenna connection circuit
further include a second electric element for inhibiting a
current from flowing from the semiconductor circuit to the
antenna connection circuit in the ground-connecting MOS
drain output part.

The second electric element may be a diocde.

It is preferable that the antenna connection circuit
further include a circuit element for preventing excessive
voltage reduction at a junction between the power-supply-
connecting MOS drain output part and the ground-connecting
MOS drain output part.

The circuit element may be a connection to a ground
connection configuration through a diode.

It 1s preferable that the antenna connection circuit



MOS drain output part. The circuit elenment may be a connection to a ground
connection configuration through a diode. It is preferable that the antenna
connection circuit - 12 - further include a limter connected in parallel
to the first antenna and preventing an excessive increase in voltage

di fference between both ends of the first antenna. It is preferable that
-the first electric elenent be provided for only one of the respective
output parts from the semi conductor_giycuits corresponding to both ends of
the first antenna. The first electric elenment may be a diode. It is
preferable that the sem conductor circuit include tw CMOS sem conduct or
circuits into which an inverted signal and a non-inverted signal supplied
from a sifgnshersapplide ardimgdspsceprpaegtedpin. PRrraldepr 6PekhBl E1CBAL t he
data communi cation device have an integrated-circuit card_function for
recei vi ngntepeet pPRe pERERPTHABEd2BNCERSEF&EEr ORAGRBFPc1RaVElFa88i ved by the
first antenna or a second antenna provided adjacent to the first antenna.
It is preféfgbPBCEhREtYRENRPR cERAGNPEtNENTdEFECBNERRVE - a reader-witer

function for witin r.r in in r.fr ni i on
function for witing and/ar fepdipo,, data lp apgler;froma, compuni catio

provided for only one of the respective output parts from
the semiconductor circuits corresponding to both ends of the
first antenna.

The first electric element may be a diode.

It i1s preferable that the semiconductor circuit include
two CMOS semiconductor circuits into which an inverted
signal and a non-inverted signal supplied from a signal
supplier are respectively input.

.It is preferable that the data communication device
have an integrated-circuit card function for receiving
electric power based on an electromagnetic wave received by
the first antenna or a second antenna provided adjacent to
the first antenna.

It is preferable that the data communication device
have a reader-writer function for writing and/or reading
data in and/or from a communication device via data
communication through the first antenna and an integrated-
circuit card function for receiving electric power based on
an electromagnetic wave received by a second antenna
provided adjacent to the first antenna.

In the data communication device, such as a reader-



comuni cation through the first antenna and an integrated- circuit card
function for receiving electric power based on an el ectromagnetic wave
recei ved by a second antenna provided adjacent to the first antenna. In the
data communi cation device, such as a reader - 13 witer, having a CMOS
configuration according to the present invention, the drains of the two
M3Ss in each of the sem conductor circuits are output parts, and an

el ectric elenment, such as a diode, L inhibiting a current from flow ng
from the antenna connection circuit t the semiconductor circuit is

provi ded in the power-supply- connecting MOS drain output part.

Accordi ngly, even when an electrical signal generated by an external

el ectromeghnetic hamiegi 3 C¥QR| vedfbyutheiant appardihe tooteei phébeéns a
current fromflowng into the CMOS. As a result, latchup in which a
current isvewhidnuotBeydyahesartdiha the MES ieieeahtobatkd on the
parasitic diode existing in the CMOS configuration does not occur, thus
real i zi ngeRheOR@REEOY eCLHGEHL & 0RRENPEEPRBNPAEVF cean¥ ARcotEFhEi€o t he
present invention, in the data_ commrunication, device having an | Ccard
funct i on®p&REDF or SUFRCRFVEnglefRct FPE b%ﬂkPlBh%%daoﬁuﬁﬁeﬁFeE¥?%nagnet|c

wave externally received and a reader-witer, no Iatchug occurs
flowing from the antenna connection circuit to

semiconductor circuit is provided in the power-supply-
connecting MOS drain output part. Accordingly, even when an
electrical signal generated by an external eleétromagnetic
wave 1is received by the antenna, the diode inhibits a
current from flowing into the CMOS. As a result, latchup in
which a current is continuously generated in the CMOS
circuit based on the parasitic diode existing in the CMOS
configuration does not occur, thus realizing the reliable
data communication device. )

According to the present invention, in the data
communication device having an IC-card function part for
receiving electric power based on an electromagnetic wave
externally received and a reader-writer, no latchup occurs
in the reader-writer even when the eleciric power based on
the external electromagnetic wave is received in the IC-card
function part. Hence, it is possible to improve the
reliability of the data communication device having both the
IC-card function part and the reader-writer.

According to the present invention, no latchup occurs

due to an electromagnetic wave externally received, so that



in the reader-witer even when the electric power based on the external

el ectromagnetic wave is received in the IGcard function part. Hence, it
is possible to inprove the reliability of the data comuni cati on device
having both the 1C-card function part and the reader-witer. According to
the present invention, no | atchup occurs due to an el ectronmagnetic wave
externally received, so that - 14 the power consunption in a battery
serving as the power supply can be"iqqigited and the deterioration of the
devices is also inhibited. The above™and ot her objects, features, and
advantages of the present invention will becone clear fromthe follow ng
description of the preferred enbodi nents taken in conjunction wth the
acconpanyhagrdvani angasuBRt £Fn DESCR| PIT OBIr OF s THFL DRARE NGSe FPgvwel i s a
diagramillustrating the effect of reception of external electromagnetic
waves i nSuRPlE @adube inhibhged seddehRewlpteripLAELPBNOEntBYr ABBHCRKFt h an
|C card function; Fig. 2 shows an exenplary circuit configuration of a
reader - wi-Pt 8t SRa¥PRgPat€Fpi cal COMOS configuration; Fig. 3 is a
cross-sectional view of the reader-witer haviqg t he typical CMOS

confi gur at i ont R POV R P BxPIEFSr FFRTHEETomPYRAFRIADS a

of the present invention will become clear from the
following description of the preferred embodiments taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illustrating the effect of
reception of external electromagnetic waves in an IC module
having a reader-writer function integrated with an IC card
function;

Fig. 2 shows an exemplary circuit configuration of a
reader—writer.having a typical CMOS configuration;

Fig. 3 is a cross-sectional view of the reader-writer
having the typical CMOS configuration;

Fig. 4 shows an exemplary circuit configuration of a
reader-writer functioning as a data communication device,
according to a first embodiment of the present invention:;

Fig. 5 shows an exemplary circuit configuration of a
reader-writer functioning as a data communication device,
according teo a second embodiment of the present invention;
and

Fig. 6 shows an exemplary circuit configuration of a



reader-writer functioning as a data conmuni cation device, according to a
first enbodi mnent of the present invention; Fig. 5 shows an exenpl ary
circuit configuration of a reader-witer functioning as a data

communi cation device, according to a second enbodi ment of the present
invention; and Fig. 6 shows an exenplary circuit configuration of a - 15
reader-witer functioning as a data communi cati on device, according to a
third enbodi nent of the present invqnéioq. DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS A data communi cati on devi é according to enbodi nents of the
present invention will be described belowwth reference to the attached
drawi ngs. The data communi cation device of the present invention includes
sem conduetderewrttersfeachibaihggaa €MIStaconfinguiattbon dheidat a

comuni cation device is applied to equipnent, for exanple, a
reader - watecerding whi shthhrduepbedimanicesdr thacereasehtalsvgnaiosupplied to
a CMXS is transmtted to an antenna through an antenna connection circuit
and comruni cation data is output through the antenna. First Enbodi nent Fig.
4 shows an exenEIary circuit configuration of a reader-witer functioning

as a dat REE6RAHATEHt PEnTHEYFREFERBELOEYPAGIMENAST | rst embodi ment of the

present invquiég%a communication device according to embodiments of
the present invention will be described below with reference
to the attached drawings.

The data communication device of the present invention
includes semiconductor circuits each having a CMOS
configuration. The data communication device is applied to
equipment, for example, a reader-writer, in which an output
in accordance with a signal supplied to a CMOS is
transmitted to an antenna through an antenna connection

circuit and communication data is output through the antenna.

First Embodiment

Fig. 4 shows an exemplary circuit configuration of a
reader-writer functioning as a data communication device,
according to a first embodiment of the present invention,
including semiconductor circuits each having a CMOS
configuration.

Referring to Fig. 4, the output ports of CMOSs 510 and
520 are connected to the respective ends of an antenna 500
through the corresponding capacitors. The CMOSs 510 and 520

at the left side are circuits inside a semiconductor device



i ncl udi ng sem conductor circuits each having a CMOS configuration.
Referring to Fig. 4, the output ports of CMOSs 510 and 520 are connected
to the respective ends of an antenna 500 through the correspondi ng
capacitors. The CMOSs 510 and 520 at the left side are circuits inside a
sem conductor device - 16 functioning as an I C nodule. External circuits
functioning as antenna connection circuits, at the right side, are
connected with output pins of the sem,conductor device. The CMOS 510

i ncl udes a P-channel MOS transistor ( ) 511 having hole carriers and an
N-channel MOS transistor (NMOS) 512 having electron carriers. The CMOS 520
includes a P-channel MOS transistor (PMOS) 521 having hole carriers and
an N-chafnettMosingaasi snoiC(mMdB)es22ERAGrRglerdecohs EUnEFePBingn t he
CMOSs 510 and 520, the PMOSs 511 and 521 are power-supply connecting MOSs
connect e@dSt 8NpERBR SOPPEFEZONVEDECHAHSt hatNMIBsT 53Dt afddsp 225 e
ground-connecting MXSs. The drains of the PM)Ss 511 and 521 and of the
NMOSs 518CBRECt89oWAER SBEPHE BubpuPfi hEeparPsCRRBYBFET ofeBeffg connect ed

Lo e, correspondgg, xlprnal, chiou 5 (entenna semection oo LaweR).

al fron‘%?? EQ§§nglﬁoT2dc§r95%EQ gH&ng N-channel MOS transistor
(NMOS) 512 having electron carriers. The CMOS 520 includes
a P-channel MOS transistor (PMOS) 521 having hole carriers
and an N-channel MOS transistor (NMOS) 522 having electron
carriers.

In the CMOSs 510 and 520, the PMOSs 511 and 521 are
power-supply connecting MOSs connected to power supplies
VDDs and the NMOSs 512 and 522 are ground-connecting MOSs.
The drains of the PMOSs 511 and 521 and of the NMOSs 512 and
522 are set as outputting parts capable of being connected
to the corresponding external circuits (antenna connection
circuits).

Specifically, the CMOS 510 in the semiconductor device
has a drain output al from the PMOS 511 and a drain output
a2 from the NMOS 512, and the CMOS 520 has a drain output bl
from the PMOS 521 and a drain output b2 from the NMOS 522.
Accordingly, the semiconductor device has a total of four
outputs. These four outputs are, for example, output pins
of the semiconductor device.

In each of the NMOSs 512 and 522, when the gate G has a

voltage higher than that of the source S (when the gate G is



a2 fromthe NMOS 512, and the CMOS 520 has a drain output bl fromthe PMOS
521 and a drain output b2 fromthe NMOS 522. Accordingly, the

sem conductor device has a total of four outputs. These four outputs are,
for exanple, output pins of the sem conductor device. In each of the NMOSs
512 and 522, when the gate G has a voltage higher than that of the source
S (when the gate Gis - 17 positive with respect to the source S), an
N-type channel is formed between the_source S and drain D and the
resistance between the source S and drain D is decreased. This

corresponds to switching-on. Wen the gate G has a voltage |ower than that
of the source S (when the gate Gis negative wth respect to the source
S), no chaasneliveswibhnedspadtthe thesksttaneeShet mreN-thepesobaseey aad drain
Dis increased. This corresponds to switching-off. In contrast, in each of
t he PMOS§oBmédahdtBeen thensohecgafea®lhdsaanvbl eagethewesesishancehat of
the source S (when the gate Gis negative with respect to the source S), a
P-type charwepnj sheopasdcpebwerd drheénsBuieedscandsafai nTDiand t he
transistor switches on. Wen the gate G has_a vol tage higher than that of

t he sour ERIrSSPRRER FReSHaEEhE'P5CPosi FeB GPenhdrEspechagoat Kelsddfce 9),
no channel is formed and the transistor swtches off. A signal output

t hrough tR¥SANtBARatBH6 PE §BE RPBRCENS ég%ﬁﬂttéﬁtgaF?oﬁ1? eefPRI8%0 and

an Outpu&igﬁt%eg£8g%tgg the source S), no channel is formed and the

resistance between the source S and drain D is increased.
This corresponds to switching-off. 1In contrast, in each of
the PMOSs 511 and 521, when the gate G has a voltage lower
than that of the source S (when the gate G is negative with
respect to the source S), a P-type channel is formed between
the source S and drain D and the transistor switches on.

When the gate G has a voltage higher than that of the source
S (when the gate G is positive with respect to the source S),
no channel is formed and the transistor switches off.

A signal output through the antenna 500 is set with an
output Outl from the CMOS 510 and an output Out2 from the
CMOS 520. An input signal Inl is supplied to the CMOS 510
from a signal supplier (not shown), and an input signal InzZ
is supplied to the CMOS 520 from the signal supplier. The
input signal Inl supplied to the CMOS 510 is a signal
inverted by an inverter 530. The input signal In2 supplied
to the CMOS 520 is a non-inverted signal.

According to the present invention, the CMOS 510 is

connected to the antenna connection circuit through electric



CMOS 520. An input signal Inl is supplied to the CMOS 510 from a signal
supplier (not shown), and an input signal In2 is supplied to the CMOS 520
fromthe signal supplier. The input signal Inl supplied to the CMOS 510 is
a signal inverted by an inverter 530. The input signal In2 supplied to
the CMOS 520 is a non-inverted signal. According to the present invention,
the CMOS 510 is connected to the antenna connection circuit through
electric - 18 elenents, such as diod _for inhibiting a current from
flowi ng fromone of outputs fromthe 510 divided into two. The CMOS
520 is connected to the antenna connection <circuit through electric

el enents, such as diodes, for inhibiting a current fromflow ng from one
of out puedehenirs, t hecMIS 820ddsyi fled inhdbiwbngSpecifieak| §romhe out put al
fromthe drain D of the PMOS 511 in the CMOS 510 is connected to the

ant enna tbawénui 6nowi poei oTt ArbpyhsatdpodehesMOENAE Opdimitsdoanyca current
output fromthe CMOS 510 to the external circuit. The output a2 fromthe
drain D &%t heThRIVMEMOB1520nisheounestsdotpsthenaBEERAAL 6ORRBCAAPENNA
connection circuit through a diode_ 572 that permts only a current input
fron1thecé§FE%EthéPP6B|Fl?StFHG eveBests, FHCha68|9FBHesa éPEcuit el enent
for preventing, excessive volt iductlo that is nd|n part

thr ough. SP0F BAE L3955 SUrpEi JRaaf TAVLORCEFBR BEEWBEnCREE R0 aPY ded

outputs %BgnkMOS 520 divided into two. Specifically, the output al
from the drain D of the PMOS 511 in the CMOS 510 is
connected to the antenna connection circuit through a diode
571 that permits only a current output from the CMOS 510 to
the external circuit. The output a2 from the drain D of the
NMCS 512 in the CMOS 510 is connected to the antenna
connection circuit through a diode 572 that permits only a
current input from the external circuit to the CMOS 510. 1In
addition, a circuit element for preventing excessive voltage
reduction, that is, a grounding part through a diode 573 is
provided at a junction between the two divided outputs from
the CMOS 510 and the antenna connection circuit.

Similarly, the output bl from the drain D of the PMOS

521 in the CMOS 520 is connected to the antenna connection
circult through a diode 581 that permits only a current
output from the CMOS 520 to the external circuit. The
output b2 from the drain D of the NMOS 522 in the CMOS 520
is connected to the antenna connection circuit through a
diode 582 that permits only a current input from the

external circuit to the CMOS 520. In addition, another



the CMOS 510 and the antenna connection circuit. Simlarly, the output b
fromthe drain D of the PMOS 521 in the CMOS 520 is connected to the
antenna connection <circuit through a diode 581 that permits only a current
output fromthe CMOS 520 to the external circuit. The output b2 fromthe
drain D of the NMOS 522 in the CMOS 520 is connected to the antenna
connection circuit through a diode 582 that permts only a current input
fromthe external circuit to the CMOS,520. In addition, another 19
grounding part through a diode 583 is ™provided at a junction between the
two divided outputs fromthe CMOS 520 and the antenna connection circuit.
For exanple, when an input signal Inl having a GND level is supplied to

t he CMOSgB20Nding PROB Shiowghng dncdAd>8BhesNvosvidedt aEng pERCTACBI gnal
having a VDD level is set as the outgut al fromthe PMOS 511, and the

out put abPetyeesyphpi Edot 8ivhdedneBhRAt8ohRERt EBA €VMPEuPZ0t ARBuBheSt he di ode
571. Concurrently, an input signal In2 having the VDD level 1is supplied to
the CMOS2B961P8 FAPREEFLORhELPMAEL521 and to turn on the NMOS 522. A

signal having_the G\D Jevel is set, as the oufput b2 fromthe NMOS 522, and
the vol tage of°t he¥aBiten i PTo MR ctRRA C?Jr‘i‘:rﬂﬁi f%l %V%%gt%eG@\ID | evel by a

current Lot ng tr.ough e, dLRde Bl kB, centr ibs MENATALNBY! aghone!
the NMOS 512 turns off. A signal having a VDD level is set
as the output al from the PMOS 511, and the output al is
supplied tc the antenna connection circuit through the diode
571. Concurrently, an input signal In2 having the VDD level
is supplied to the CMOS 520 to turn off the PMOS 521 and to
turn on the NMOS 522. A signal having the GND level is set
as the output bZ from the NMOS 522, and the voltage of the
antenna connection circult is set to the GND level by a
current flowing through the diode 582.

In contrast, when an input signal Inl having the VDD
level is supplied to the CMOS 510, the PMOS 511 turns off
and the NMOS 512 turns on. A signal having the GND level is
set as the output a2 from the NMOS 512, and the voltage of
the antenna connection circuit is set to the GND level by a
current flowing through the diode 572. Concurrently, an
input signal In2 having the GND level is supplied to the
CMOS 520 to turn on the PMOS 521 and to turn off the NMOS
522. A signal having the VDD level is set as the output bl
from the PMOS 521, and the output bl is supplied to the

antenna connection circuit through the diode 581.



| evel is supplied to the CMOS 510, the PMOS 511 turns off and the NMOS 512
turns on. A signal having the GND level is set as the output a2 fromthe
NMOS 512, and the voltage of the antenna connection circuit is set to the
G\D | evel by a current flowi ng through the diode 572. Concurrently, an

i nput signal In2 having the G\D | evel is supplied to the CMOS 520 to turn
on the PMOS 521 and to turn off the NMOS 522. A signal having the VDD

| evel is set as the output bl fron1t5 PMOS 521, and the output bl is
supplied to the antenna connection CIFCUIt t hrough the di ode 581. -20
These two output states are sequentially set based on the input signal. A
current is generated at a coil functioning as the antenna 500 based on the
output Qutl fTmsetiiec GNIDSBI 0sate s herouspaneTut 2L Xy oPe 't ea GMDP520, and
an el ectromagnetic wave corresponding to the input signal is output. The
out put eFbket iBRE§nELEBahaveRi SUFEEBEveE B?nﬁﬁatﬁﬂt a8hna 6P14n external

devi ce, such as an external reader- _witer, the received signal is
transni t EBBCt¥AB1BEePAL FBR AREANEA épecpﬁéﬁagﬁét FEemﬁvEPE‘EugPﬁé grom

di sturbance i s received b{athe ant enna scrihed. If the

antenna 588 FHE8i véf gnd EtPBFEBEeQPEgmg§8m EQESFHBS 5gﬁstﬁp afite, a

Ygrlgtl?gégg ¥8£%%%8t98cﬁggeaéor?géﬂ%ﬁdiﬁgmgob¥héA%n g ngnaT Fgg. 4, that

output. The output electromagnetic wave is received by an
antenna of an external device, such as an external reader-
writer, and the received signal is transmitted.

The operation when an electromagnetic wave causing a
disturbance is received by the antenna 500 will now be
described.

If the antenna 500 receives an electromagnetic wave
causing a disturbance, a variation in voltage occurs at
points shown by (A) and (B} in Fig. 4, that is, at the
junctions between the semiconductor device and the external
circuits. For example, when the voltage at the point (A)
increases, no current flows toward the cutput al of the PMOS
511 in the CMOS 510 owing to the diode 571. Accordingly, an
increase in voltage is inhibited at the output al of the
PMOS 511 and, therefore, an increase in voltage at the power
supply VDD is inhibited. When the wvoltage at the point (A}
increases, a current flows toward the output a2 of the NMOS
512 in the CMOS 510 through the diode 572. However, the
current is grounded through the NMOS 512. Hence, even when

the voltage at the point (A} increases, latchup causing a



junctions between the sem conductor device and the external

circuits. For

exanpl e, when the voltage at the point (A) increases, no current flows

toward the output al of the PMOS 511 in the CMOS 510 owing t

o the di ode

571. Accordingly, an increase in voltage is inhibited at the output al of
the PMOS 511 and, therefore, an increase in voltage at the power supply
VDD is inhibited. Wen the voltage at the point (A) increases, a current

flows toward the output a2 of the N 512 in the CMOS 510 t

hrough t he

di ode 572. However, the «current is grounded t hrough the NMOS 512. Hence,
even when the voltage at the point (A) increases, latchup causing a - 21

current through the PMOS 511 and the NMOS 512, mhich are the

conponents in

the CMOScBtoentoesraeyhotibar PMQEt Bhipandctihe FHPBUGh2 ¢ hehich| anenghet at es
from(1l) to (6), as described in "Description of the Related Art" with
referenc@Om@OF$@tSSlDR@m@r%M@% hlfrer @pssi pothecFert owi ng description are
the sane as in Fig. 3. (1) Wen an electrlcal signal is generated by an

external el ect3 HIYHATUERVE T TN Gin pfﬁ Waing s%asmrrore et f 1 ows

fromthe P area 261 of the drain D {

1 in the PMOS.

(2) As alPbsup®, d eﬁer%ﬂﬂedt+lansPe%6Fl?*A}°Bae€d€}aﬁ %%%at%%rfaghn& 1tftode in
he N Neel 1) 25 h Wh
t he ar ea é ) 8n%19' ge eﬁegereﬁgé en_the PNP_t aggiftor &A)

smntchesr%ﬁ rengar b numerals in the

description are the same as in Fig. 3.

(1) When an electrical signal is generated by an

OwWln

external electromagnetic wave in an output part, a forward

current flows from the P area 261 of the drain D to the N

area (Nwell) 251 in the PMOS.

{2) As a result, the PNP transistor (A} based on

the

parasitic diocde in the N area (Nwell) 251 switches on.

(3) When the PNP transistor (A) switches on, a current

flows into the P area (Pwell)} 252 (= P-type substrate

{Psub)

250) through the PNP transistor (A} to increase the voltages

of the P area (Pwell) 252 and the P-type substrate (Psub)

250.

(4) As a result, the NPN transistor (B) based on the

parasitic diode in the P area (Pwell) 252 switches on.

{(5) When the NPN transistor (B) switches on, a current

flows from the N area (Nwell) 251 to the P area (Pwell) 252

(= P-type substrate (Psub) 250) through the NPN transistor

{B) to decrease the voltage of the N area (Nwell) 251.

(6) The PNP transistor (C) based on the parasitic diode

in the N area (Nwell) 251 switches on along with the



flows into the P area (Pwell) 252 (= P-type substrate (Psub) 250) through
the PNP transistor (A) to increase the voltages of the P area (Pwell) 252
and the P-type substrate (Psub) 250. (4) As a result, the NPN transistor
(B) based on the parasitic diode in the P area (Pwell) 252 sw tches on.
(5) When the NPN transistor (B) switches on, a current flows fromthe N
area (Nwell) 251 to the P area (Pwell) 252 (= P-type substrate (Psub) 250)
through the NPN transistor (B) to Qeéreqse the voltage of the N area
(Nwell) 251. (6) The PNP transistor ( f based on the parasitic diode in
the N area (Nwell) 251 switches on along with the - 22 reduction in
voltage of the N area (Nwell) 251. As a result, a current supplied froma
power suppbycvDEnf iowsofiteget hé NheaNeareRweNwel2a51 254 .t hé\sP aarszsyPwel | )
252 (= P-type substrate (Psub) 250) through the PNP transistor (C) to

i ncreaseat hervehtagerpliefef Pomr @apePac| Fyppby VBDPLigpe fsobsthatB (Psub)
250). The states 3% to (6) are repeated. Wth the circuit configuration of
the firsereabé¥vaehi, 25even WhenPaAarepedFrrédl 3PgnaF FPstyeferated by an
ext er nal electronagnetic wave at the point gA%, no forward current flows
from t hespPogEsateosiFerly hd5h) aFhrered gh@ RNBr e52PRMEFPY 251 FR the PMOS,

unli ke the state (1) deseribed, aRove-.f3.2 (bEsth] 5bh° (2t glegpl ) to (O

substrate (Psub) 250). The states (3) to (6} are repeated.

With the circuit configuration of ‘the first embodiment,
even when an electrical signal is generated by an external
electromagnetic wave at the point (A), no forward current
flows from the P area 261 of the drain D to the N area
(Nwell) 251 in the PMOS, unlike the state (1) described
above. As a result, the states (1) to {6) do not occur.
According to the circuit configuration of the first
embodiment, latchup caused by an external signal input
through the antenna 500 is prevented.

Although thé operation of the CMOS 510 has been
described with reference to Fig. 4, the CMOS 520 has the
same configuration and effect as in the CMOS 510. When the
voltage at the point (B) increases, no current flows toward
the output bl of the PMCOS 521 in the CMCS 520 owing to the
diode 581. Accordingly, an increase in voltage is inhibited
at the output bl of the PMOS 521 and, therefore, an increase
in voltage at the power supply VDD is inhibited. When the
voltage at the point (B) increases, a current flows toward

the output b2 of the NMOS 522 in the CMOS 520 through the



According to the circuit configuration of the first enbodi ment, |atchup
caused by an external signal input through the antenna 500 is prevented.
Al t hough the operation of the CMOS 510 has been described with reference
to Fig. 4, the CMOS 520 has the sane configuration and effect as in the
CMOS 510. When the voltage at the point (B) increases, no current flows
toward the output bl of the PMOS 521 in the CMOS 520 ow ng to the diode
581. Accordingly, an increase in voLtgge_is inhibited at the output bl of
the PMOS 521 and, therefore, an incre&se in voltage at the power supply
VDD is inhibited. Wien the voltage at the point (B) increases, a current
flows toward the output b2 of the NMOS 522 in the CMOS 520 t hrough the -
23 di odeibs82. 58bwevBowethe, ctiheenatirrenygr bandeduttiedughrohgh tMES 522.
Hence, even when the voltage at the point (B) increases, |atchup, causing
a curren¥MPfrbagh t Hene®pSeBen whad the WvDsage2atwhhehpaiatt KB) conponent s
in the CMOS 520, does not occur. Wen, for exanple, the voltages at the
poi nts (ArcamdseeB)larehdpcreuséngdaecusrantekbepnahl fhenptfes 21
el ectromagnetic wave_causing a di sturbance, the diodes 573 and 5B3 inhibit
an abnor#8f EeeuB¥P8N52A, vEhighease the POTRPEETAF ARATEB) CMOPe3pBcti vely.
For exampl e, the diodes 573 and 583 are set such that the voltages at the
poi nts (APeANBCEBPCEREeed - 0. 7.
When, for example, the voltages at the points (A) and

(B) are decreased due to an externally input electromagnetic

wave causing a disturbance, the diodes 573 and 583 inhibit

an abnormal reduction in voltage at the points (A) and (B),

respectively. For example, the diodes 573 and 583 are set

such that the voltages at the points (A) and (B} exceed -0.7.

Accordingly, an abnormal reduction in veltage due to a

signal that is input through the antenna 500 and that is

caused by an external magnetic field is inhibited. 1In

addition, it is possible to inhibit the occurrence of a

current between the semiconductor devices and the external

circuits based on a reduction in voltage at the points (A)

and (B).

Referring to Fig. 4, a device connected in parallel to

the antenna 500 is a limiter 591 against voltage. The

limiter 591 is connected to the antenna 500 for controlling

the voltage difference between both ends of the antenna 500

so as to be not greater than a predetermined threshold level

(Vmax). The limiter 591 inhibits an abnormal voltage

difference between the points (A) and (B) and also inhibits



Accordi ngly, an abnormal reduction in voltage due to a signal that is input
t hrough the antenna 500 and that is caused by an external nagnetic field
is inhibited. In addition, it is possible to inhibit the occurrence of a
current between the sem conductor devices and the external circuits based
on a reduction in voltage at the points (A) and (B). Referring to Fig. 4,
a device connected in parallel to the antenna 500 is a limter 591 agai nst
voltage. The Ilimter 591 is connecte% to the antenna 500 for controlling

t he voltage difference between both e ds of the antenna 500 so as to be
not greater than a predetermned threshold level (Vmax). The limter 591

i nhibits an abnormal voltage difference between the points (A and (B) and
al so i nhiebi ebnor@4l ancabasenmah vnitegeeainthel Hagénat ofhehdr @MAEsoef the
CMOSs. Second Enbodi nent An exenplary circuit configuration of a
reader-writer according to a second enbodi nent of the present invention
w Il now be described with reference to Fig. 5. The sane reference

nuner al s5aFendsEAPPAIMERE 5 to identify the same conponents in the first
enbodi ment shown in Fig. 4. Although the respectiye outputs fromthe CMOSs
510 and 520 %?ee%l?lvﬁ’%l%ﬁyl?&%mﬁ% Font HRu LY %ﬁrb%d?%‘?ﬁr“‘&%l?%rt he

first engggbr ing %glg gggogg tmgog&%gg%do%u%ggtgrggent invention
will now be described with reference to Fig. 5. The same
reference numerals are used in Fig. 5 to identify the same
components in the first embodiment shown in Fig. 4.

Although the respective outputs from the CMOSs 510 and
520 are divided into two in the second embodiment, as in the
first embodiment, only one of the divided outputs is
connected to the antenna 500 through a diode. Specifically,
the output al from the drain D of the PMOS 511 in the CMOS
510 is connected to the antenna connection circuit through
the diode 571 that permits a current output f£rom the CMOS
510 to the external circuit.

Unlike the first embodiment, the output a2 from the
drain D of the NMOS 512 in the CMOS 510 is connected to the
antenna connection circuit without a diode. 1In addition, no
grounding part through a diocde is provided at the Jjunction
between the two divided cutputs from the CMOS 510 and the
antenna connection circuit, unlike the first embodiment.

The output part of the CMOS 520 has the same configuration
as that of the CMOS 510.

According to the second embodiment, as in the first



connected to the antenna 500 through a diode. Specifically, the output al
fromthe drain D of the PMOS 511 in the CMOS 510 is connected to the
antenna connection circuit through the diode 571 that permits a current
output fromthe CMOS 510 to the external circuit. Unlike the first

enbodi nent, the output a2 fromthe drain D of the NMOS 512 in the CMOS 510
is connected to the antenna connection circuit wthout a diode. In
addition, no grounding part through %Eprde is provided at the junction
bet ween the two divided outputs fromtte CMOS 510 and the antenna
connection circuit, unlike the first enbodi nent. The output part of the
CMOS 520 has the sane configuration as that of the CMOS 510. According to
t he secoaubedibpdhteneyeaswhant meltpges at2sheepbodiaedd) avedn (Bhehnvol t ages
at the points (A and (B) in Fig. 5 are_increased due to an _

el ect ronBigfet PcaWgveneaa3rag duedist anbaheetramrERSLsCr va¥RvEdLBYNghe
antenna 500, the diode 571 inhibits an increase in voltage at_ the output

al of tRedPREBTB2RCEn VRACEMDS 5E0SaNECt RE BPSdénSBTnPnﬁaﬁit§hean i ncrease

in voltage at the output bl of the PMOS 521 in the CMOS 520, thereby
preventi%bogﬁegaic&PEgH&EsoPnléFEHGﬁ?eTHPrHOEFﬁBHiﬁEthﬁnoﬁﬁgﬁﬁléﬂy circuit

confi gurati o] r er-wjte C din a third odj nent of the
present P%ngFi%HSS g? 1nm@he EMOE g?ﬁ ang Ege diode SSTbln ggl%s
an increase in voltage at the output bl of the PMOS 521 in

the CMOS 520, thereby preventing the occurrence of latchup.

. Third Embodiment

An exemplary circuit configuration of a reader-writer
according to a third embodiment of the present invention
will now be described with reference to Fig. 6. The same
reference numerals are used in Fig. 6 to identify the same
components in the first embodiment shown in Fig. 4.

Although the respective outputs from the CMOSs 510 and
520 are divided into two in the third embodiment, as in the
first embodiment, only the CMOS 510 has the diodes 571 and
572 connected thereto.

The ocutput al from the drain D of the PMOS 511 in the
CMOS 510 is connected to the antenna connection circuit
through the diode 571 that permits a current output from the
CMOS 510 to the external circuit. The output a2 from the
drain D of the NMOS 512 in the CMOS 510 is connected to the
antenna connection circuit through the diocde 572 that

permits a current input from the external circuit to the



wi |l now be described with reference to Fig. 6. The same reference
nunerals are used in Fig. 6 to identify the same conponents in the first
enbodi ment shown in Fig. 4. Although the respective outputs fromthe CMOSs
510 and 520 are divided into two in the third enbodinent, as in the first
enbodi nment, only the CMOS 510 has the diodes 571 and 572 connected
thereto. The output al fromthe drain D of the PMOS 511 in the OCMOS 510 is
connected to the antenna connection circuit through the di ode 571 that
permts a current output fromthe 510 to the external circuit. The
output a2 fromthe drain D of the NMOS 512 in the CMOS 510 is connected to
the antenna connection circuit through the diode 572 that permts a
current THPEt51Pem Theaddibionl thecareurdingeparkethomognste dhoddditi on,
the grounding part through the diode 573 is provided at the junction

bet ween PR f@ordPvided abuthat SUREBAPRhBSENEBNSEDE ahCt AeVAAE@nna
connection circuit. The outgut part of the CMOS 520 is structured as a

short - ci PEEPEEE 6HPPuULNEaltORi PROUCTE Sdes ANRATRA PRSI YUr@iBHtas in
e first el menl . LIE voliae s dRe polnt (AL IR P 0 1o inoreased
disturbange. tbmevgt t he gioﬂe 57%Ckggkbi sdggdgg9rease in voltage at the
output aPPPFERFLREYANEE BHTPHH PAE S
With this configuration, as in the first embodiment,

the voltage at the point {(A) in Fig. 6 is increased when the

antenna 500 receives an electromagnetic wave causing a

disturbance. However, the diode 571 inhibits an increase in

voltage at the output al from the PMOS 511 in the CMOS 510

and, therefore, no current is generated toward the CMOS 510

based on the increase in voltage at the point (A}. Since

the occurrence of a change in voltage at the point (A} due

to the occurrence of a current toward the CMOS 510 is

inhibited, the occurrence of a change in voltage at the

point (B) in the CMOS 520 is also inhibited. As a result,

an increase in voltage at the output bl from the PMOS 521 in

the CMOS 520 is inhibited, thereby preventing the occurrence

of latchup.

As described above, in the data communication device,

such as a reader-writer, having a CMOS configuration

according to the present invention, even when an

electromagnetic wave is received by the antenna, the diodes

provided at the junctions between the semiconductor circuits

and the antenna connection circuits inhibit a current from



and, therefore, no current is generated toward the CMOS 510 based on the
increase in voltage at the point (A). Since the occurrence of a change in
voltage at the point (A due to the occurrence of a current toward the
CMOS 510 is inhibited, the occurrence of a change in voltage at the point
(B) in the CMOS 520 is also inhibited. As a result, an increase in voltage
at the output bl fromthe PMOS 521 in the CMOS 520 is inhibited, thereby
preventing the occurrence of Iatchqp27A§ descri bed above, in the data
conmmuni cation device, such as a readér-witer, having a CMOS configuration
according to the present invention, even when an electromagnetic wave is
received by the antenna, the diodes provided at the junctions between the
seni cond@i¢pwingi ivbpt theafifOBheonhtennationnechbon tepulitslrhhhbbt a
current from- 27 flowing into the CMOS configuration. As a result,

| at chup iRnvwihrBhaacetreehnt 1FscephinnaBasyyIgeRerEeddinnthReCERBS circuit
based on the parasitic diode existing in the CMXS configuration does not
occur, tRu3CRéhl P2FRE PRethe| PABRELtdSt diedfnbBRieatngniBethee™@Ecording to
t he present _invention, in the data co ni cation, device haying an | Ccard
functi onCPREESEEATIPRCEPFFNGCEI BEFHT e "Hﬁerrsaééalaﬁ LheeF&LtRBAEgNet i C

wave exteEnall%mreceiged agd a reader-witer, no |latchup occurs
data co unication evice.

According to the present invention, in the data
communication device having an IC-card function part for
receiving electric power based on an electromagnetic wave
externally received and a reader-writer, no latchup occurs
in the reader-writer even when the electric power based on
the external electromagnetic wave is received in the IC-caxrd
function part. Accordingly, it is possible to improve the
reliability of the data communication device having both the
IC-card function part and the reader-writer. Hence, the
data communication device of the present invention can be
utilized as a reliable device having both the IC-card
function part and the reader-writer.

While the present invention has been described with
reference to what are presently considered to be the
preferred embodiments, it is to be understood that the
invention i1s not limited to the disclosed embodiments. On
the contrary, 1t will be further understood by those skilled
in the art that the foregoing description is of the
preferred embodiments of the present invention and that

various changes and modifications may be made to the



in the reader-witer even when the electric power based on the external
el ectromagnetic wave is received in the I1Ccard function part.
Accordingly, it is possible to inprove the reliability of the data
conmmuni cation device having both the 1Ccard function part and the
reader-writer. Hence, the data comunication device of the present
invention can be utilized as a reliable device having both the I Ccard
function part and the reader-witer. Vaile the present invention has been
described with reference to what are presently considered to be the
preferred enbodi nents, it is to be understood that the invention is not
limted to the disclosed enbodiments. On the contrary, it will be further
under st od8VBYLEABsEisRPREedePpRLiRg AFEMt BhRE ﬁﬁériérégﬁlﬁgoﬁéscrlptlon is
of the greferred enbodi nents _of the Eresent i nvention and that various
changes Hﬁrﬁﬁgifigaﬁi5H§Pﬁa9behﬁa§@ {B¥LRE C1agms| AGehPi BR wi t hout
departing froglthe serlt and sco ge thereof. The scope of the foiiomﬁng
clai ms i S°FBTHEY 5BEoPdRAIRAE BPb HB§FtFE%8PpF8taF|BH §B6-8¥PEg eficonpass

all such no

a |o ,and eﬂ i val ent stg %ure and fugc% ﬁ 29
CLAI M5 "€ é &8 AP CaflBncHBY Y 2LsR FEF gres«2ptr sPRg %SHﬁa;



* sem conductor circuit for generating signals for use in outputting
comuni cation data through the first antenna, the sem conductor circuit
having a CMOS configuration of a conbination of a P-channel MOS transi stor
and an N-channel MOS transi stor on a single chip; and an antenna
connection circuit through which the sem conductor circuit is connected to
the first antenna, wherein the senicgnggcgor circuit includes a power

suppl y-connecting MOS drain output part and a ground- connecting MOS drain
out put part, said power-supply- connecting MOS drain output part being a
drain part of the P-or N-channel MOS transistor connected to a power
supply, $aiddMFr:ound-connecting MOS drain output part being a drain of the
P-or N-channel MOS transistor connected to a ground and wherein the antenna
connection circuit has a first electric elenment for inhibiting a current
fromflowing into _the correspondi ng sem conductor circuit in the
pover - suppl y- ConnécfliPh§ FERTHRCRtdGpGEVE&et COMPIMSENGEt a comuni cati on
device according_.to Claim1, - 30 wherein the first electric elenent is a
di ode. .3. The 8afar&&nfihFERGon device according to Jaiml or 2, wherein

t he power-supply-connecting MOS,drai,n qutput part is the drain of the
P- channel MOS ?rﬁﬁ?ﬁgPBFugﬂartﬁérgPéﬁn or generating signals for use

in outputting communication data through the first antenna,
the semiconductor circuit having a CMOS configuration of a
combination of a P-channel MOS transistor and an N-channel
MOS transistor on a single chip; and

an antenna connection circuit through which the
semiconductor circuit is‘connected to the first antenna,

wherein the semiconductor circuit includes a power-
supply-connecting MOS drain output part and a ground-
connecting MOS drain output part, said power-supply-
connecting MOS drain output part being a drain part of the
P-or N-channel MOS transistor connected to a power supply,
said ground-connecting MOS drain output part being a drain
of the P-or N-channel MOS transistor connected to a ground
and

wherein the antenna connection circuit has a first
electric element for inhibiting a current from flowing into
the corresponding semiconductor circuit in the power-supply-

connecting MOS drain output part.

2. The data communication device according to Claim 1,



connecting MOS drain output part is the drain of the N channel MOS
transistor. 4. The data conmuni cati on device according to any one of the
precedi ng cl ains, wherein the antenna connection circuit further includes
a second electric element for inhibiting a current fromflowng fromthe
sem conductor circuit to the antenna connection circuit in the ground-
connecting MOS drain output part. 5. Fhgpdata communi cation device
according to Claim4, wherein the second electric elenent is a diode. 6.
The data communi cation device according to any one of the preceding

claims, wheyreln. ntenna connection.circuit further includes a circuit
el enent for %#%b%n |%n£%§%€s%$$8§r§gl?éage?gdhét?oﬂl gea junction between
t he power-supply- connecting MOS drain output part and the
ground-connecting MOS drain output part. 7. The data conmuni cation device
according to Cdaim - 31 whereip the circuit elenment is a connection to
a ground conne 'ion535%FP§8r§PW@Hn%?ﬁ?ﬁRﬂ1Q$W&F§dé9cg¥d@%%fﬂh@%alm 1 or

conmuni catd, opheevi serns 0@5@%@@ 130¥:0RAECt ﬂ{g ey Bfr%ﬁﬁdbﬂgp&é 2555% \gn erein

the antenna connection <circuit further includes a limter connected in

paral l el tihe tdveafn rst @meﬂs\n@l&@ﬁeprﬁwn{;}m@sf&%cgﬁéi¥r?e‘8568§ ein
vol tage difference between both ends of the first antenna.
connecting MOS drain output part is the drain of the N-

channel MOS transistor.

4, The data communication device according to any one
of the preceding claims, wherein the antenna connection
circuit further includes a second electric element for
‘inhibiting a current from flowing from the semiconductor
circuit to the antenna connection cirecuit in the ground-

connecting MOS drain output part.

5. The data communication device according to Claim 4,

wherein the second electric element is a diode.

6. The data communication device according to any one of
the preceding claims, wherein the antenna connection circuit
further includes a circuit element for prevention excessive
voltage reduction at a junction between the power-supply-
connecting MOS drain output part and the ground-connecting MOS

drain output part.

7. The data communication device according to Claim 6,



9. The data conmuni cation device according to any one of the preceding
clains, wherein the first electric elenent is provided for only one of the
respective output parts from the sem conductor circuits corresponding to
both ends of the first antenna. 10. The data conmuni cati on device
according to any one of the preceding clains, wherein the sem conduct or
circuit conprises two CMOS circuits iznta which an inverted signal and a
non-inverted signal supplied froma signal supplier are respectively
input. 11. The data communi cation device according to any one of the
precedi ng clains, wherein said data conmuni cation device has - 32 an
integrated-circuit card function for receiving electric power based on an
el ectromagnetic wave received by the first antenna or a second antenna
providedeQFaéEth@oC%ﬁéuitr§@em@ntehﬁaa gonnFpbidat aocangunitedt i on devi ce
according to any one of the preceding clainms, wherein said data

communi caPTBACt deyi eenfagurateaderhupigbr af gaedon for witing and/ or
reading data in and/or froma comuni cation device via data conmmunication
through the first antenna and an integrated- circuit card function for

receiving electric power based on, an_el ectromagnetic _wave received by a
second ant enné- The data communication device according to any one

of the preceding claims, wherein the antenna connection
circuit further includes a limiter connected in parallel to
the first antenna and preventing an excessive increase in

voltage difference between both ends of the firgst antenna.

9. The data communication device according to any one
of the preceding claims, wherein the first electric element
is provided for only one of the respective output parts from
the semiconductor circuits corresponding to both ends of the

first antenna.

10. The data communication device according to any one
0of the preceding claims, wherein the semiconductor circuit
comprises two CMOS circuits into which an inverted signal
and a non-inverted signal supplied from a signal supplier

are respectively input.

11. The data communication device according to any one
of the preceding claims, wherein said data communication

device has



provi ded adjacent to the first antenna.

an integrated-circuit card function for receiving electric
power based on an electromagnetic wave received by the first
antenna or a second antenna provided adjacent to the first
antenna.

12. The data communication device according to any one
of the preceding claims, wherein said data communication
device has a reader-writer function for writing and/or
reading data in and/or from a communication device via data
communication through the first antenna and an integrated-
circuit card function for receiving electric power based on
an electromagnetic wave received by a second antenna

provided adjacent to the first antenna.



