16 February 2007 - 1 DATA COVMUNI CATI ON DEVI CE BACKGRIBINEPHary {7
| NVENTION 1. Field of the Invention The present invention relates to data
conmmruni cation devices that are conmunication tools, such as readers-
witers, each having an antenna driven by a sem conductor circuit
i ncl udi ng a conbi nati on of netal oxide sem conductor (MJS) transistors.
More particularly, the present invention relates to a data comuni cation
device configured to prevent Jlatchup in a sem conductor circuit based on
an external magnetic field received by-an antenna. 2. Description of the
Rel ated Art Non-contact integrated circuit (I1C) cards for wireless data
comuni cati on have been utilized in various fields in recent years. IC
cards, which are devices gagh toaliyRtRETRoNCERYE@E Processing unit (CPU)
functioning as data processing neans, a nenory functioning as data storage
means, and data communi cation neans, are applied to various fields. For
exanpl e, ticket information or season-ticket information is stored in a
menory BRAcCRAROONcand @apd thergtongd information is read by using a
reader-writer installed at a ticket gate in a station to perform
ticket - gat er¢antr of basednesnthen read information. Alternatively, an IC
card is used as electronic noney for electronic settlenent or is used as a
' The present invention relates to data communication

devices that are communication tools, such as readers-

writers, each having an antenna driven by a semiconductor

L
Lol

circuit including a combination of metal oxide semiconducter
(MOS) transilstors. More patticularly, the present invention
relates to a data communication device configured to prévent
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
e cehtral prdcessing unit (CPU} functioning as data processing
means, a mémory functioning as daéa storage means, and data
communication means, are applied to various fields. For
example, ticket information or season-ticket information is
_lstored in a memory in an IC card and the stored information
is read bj 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




16 February 2007 2 cash card, an enployee identificati d8Febmpneld, or an
ID card including a club card. Reading information froman IC card or
witing information in the IC card is perfornmed via communication wth
external equi pnent, such as a reader-witer, that is capable of

comuni cating 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

el ectromagnetic waves supplied from.a,reader-witer, which is external
equi pnent, 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 el ectric power .
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‘reader-witer are d to prOV|de a direct- current power supply that
i s used LY RGN for |nternal circuits including a
processor card is |ncorEorated in a device,
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nall device, su
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 from a reader-writer, which
is eiternal'equipment, are received by an antenna provided
in the IC card, a voltage gene;ated at both ends of the
antenna is rectified, and the rectified voltage is supplied
.to circuits in the IC card as electric péwer.

Basically, in an IC card, carrier waves supplied from
an external reader-writer are rectified to provide a direct-
5?3”A current power supply that is used aé a driving power supply

for internal circuits including 4 processor and a membry{
Evén if an IC card is incorporated in a.device, such as a
portable device; having a power'supply, the‘IC-cérdrcannot
use the power supply of the device. However, integrating a
reader-writer function with-én IC card functién on a single.
semiconductor chip can reduce the mounted area. ' This
integration is advantageous to mount in a small device, sqch

as_a_cellular_phone,'and-Such'an IC module having the.




as a cellular phone, and such an | C nodul e havi ng the 16 1A&5Puary28307 3
integrated functions is in w despread use. Connecting an antenna for the
reader-witer and an antenna for the I1C card to the input and output
termnals of the IC nodul e enabl es non-contact conmunication with an
external 1C card or an external reader-witer. In order to nount 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 t reader-witer and the IC card are
adj acently provided or a conmmon antenna i s shared between the
reader-witer and the IC card to inprove the space utilization and reduce
the cost. Such a circuit configuration is disclosed in, for exanple,
JapanesEnteWeseed neenPatemt Wppih catdesrremdivaei onrCNoreqlina 3 1. However,
when el ectromagneti c waves supplied froman external device, such as a
reader -3 FeEHe Ee e rSRP PR A crhtanheermaboy okhe oAkt enna)
for supplying ,electri gomer to the 1C card function, so-called | atchup
di sadvan? aﬂ%%u@%‘bc%‘&f?s.u@%ﬁ%hwm%n%lsph%%o%o%cirﬁom%he.n%?ﬂc?ﬁ rent
continues to rov¥St hr ough, a_sem conduct or devi ce n the reader-witer

i

becaus e P e si YA LR ST By ¢ eane?zéﬁlf%%]ag%ét‘i’%r es?are supplied

E; ?hér§§§g§$§1r¥£é:é i%éitép.the reader-writer. This is a probl em caused

In order to mount an IC module having the reader-writer
function and the IC card function integrated therein in
- devices, such as portable devices, required for being
downsized, twe antennas for the reader-writer and the ic
card are adjacently provided or a common antenna ié shared
between the reader-writer and the IC card to improve the
épace 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 readervwriter, are received by
the adjacent antennas (or common antenna)lfqr supplying
electric power to the IC card function, so—dalied latchup
-.disadvantageously occurs. ZLatchup is a pﬁenomenon in which
- a current'cohtinﬁes to flow through a semiconductor device
‘ in the‘readef?writer becauserelectric 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 ﬁhe reader-




configuration of a conplenmentary metal oxide seni conduct df Fepts?0q(sed as
the sem conductor circuit in the reader 16 February 2007 - 4 witer.

Fig. 1is a. diagramillustrating the effect of reception of external

el ectromagnetic waves in an IC nodule 110. Referring to Fig. 1, the IC
nmodul e 110 includes an IC card circuit 111, a reader-witer transmtter
~circuit 112, and a reader-witer receiver circuit 113. Wen an | Ccard
antenna 121 is provided adjacent to a transnmtting and receiving antenna
122 for a reader-witer or the ICcarg _antenna 121 and the transmitting
and receiving antenna 122 for the reader-witer are structured as one
antenna, electromagnetic waves supplied froman external reader- witer
130 are received in both the ICcard antenna 121 and the transnitting and
recei vi W§1laRtenna 122 for the reader- witer. As a result, electric signals
caused by the electromagnetic waves are supplied to the reader-witer
transmtter Eifculti212 ehacray htushrahipgi Rheneféeekupf, having the
CMOS configuration, for the reader-witer. As described above, latchup is a

phenonehBR®P44S8d Oby S*EREPEINFLEEEPFEATST 18 EROSSus8d8s 1h BeR¢Bnduct or
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- -éard circuit 111, a reader-writer transmitter circuilt 112,
and a reader~writerlreceiver 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, -

‘Rjj . having the CMOS configﬁration; for the reader-writer.

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

Fig. 2 shows an exemplary circuit configuratidn of a
reader~writer having a CMOS configuration. Referring to Fig.
 2, the output ports df CMCSs 210 and 220 are connected to
the réspective'ends of an antenna-ZOO through the

- corresponding capacitors. The CMOSs 210 and 220 each have a




2, the output ports of CMOSs 210 and 220 are connected t d6tHedryassidt i ve
ends of an antenna 200 through the correspondi ng capacitors. The CMOSs 210
and 220 each have a 16 February 2007 5 configuration in which the drain D
of an N-channel MOS transistor (NMOS) having electron 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 higher than that of a
source S (when the gate Gis positive with respect to the source S), an
N-type channel is fornmed between the g source S and drain D and the
‘resistance between the source S and drain D is decreased. This corresponds
to swtching-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 césfigeneti amdin hehiesi shandteabet eeh amal-schameels Mehd drain D.is

i ncreased. This corresponds to switching-off. In contrast, in the PMOS,
when t hiergpg s @haiMO Yol hagend oneectiem cheriers the counest sl (when the
gate Gis negative wth respect to the source S), a P-type channel is

for med thRtderh? theeEcurRectnnnril QS itrrmamis e (FMS) ftavringialfes  on.
When the gate G has a voltage higher than that of the source S (when the
gate GT¥pYeiTive with respect to the source S), no channel is forned and

the transisg&g éﬁg‘ﬁHGEf Wﬁgg'a gate G has a voltage higher than
that of a source 5 (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 ie 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 negative wiﬁh respect to the source 3S),
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 PMCS, 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

N

between the source S and drain D_and the transistor switches
on. When the gate G has. a voltage higher thanlthat 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. |

Aesignal output through_the antenna 20b is set with an
'output Outl from the CMOS 210 and an output OutZ2 from the
CMOS 220. An input signal Inl is supplied to the CMOS 210

~ from a sighal supplier (not shown) and an input signal In2




A signal output through the antenna 200 is set with an datfekuaou®907 r om
the CMOS 210 and an output Qut2 fromthe CMOS 220. An input signal Inl is
supplied to the CMOS 210 from a signal supplier (not shown) and an input
signal 1n2 16 February 2007 - 6 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 |evel is supplied to the CMOS 210, a PMOS 211 turns on and an NMOS
212 turns off. A signal having a VDD %eyel is output fromthe CMOS 210
(Qutl). Concurrently, an input signal In2 having the VDD | evel 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 ‘
contrasis wheplaAdi hputhei gHaF PAD HRavingheheiymdl bepelieés. suPptied to the
CMOS 210, the PMOS 211 turns_off and the NMOS 212 turns on. A signal
havi ng tREUENDLPEZE| INS svpppiedf EanthReCHNVES2290isCat 839n@bncurrently, an
input signal In2 having the GND | evel is supplied to the CMOS 220 to turn
on the PRMBTD94 BHd2RolPUPALEET 2BAe NMOS 222. A signal having the VDD
| evel is output fromithe gycs 220, (Qut2). These two output states are
sequenti al | yg%te’fﬁ%%]oe'orf” TR NPt US| al Anhihamng & §dHerated at a
: coi | 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 from the CMCS 210 (Qutl). Concurrently, an input
signal In2 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 (Cut2).
 In contrast, when an input signal Inl having the VDD
level is supplied to the CMOS 210, the PMOS 211 turns off
_'énd the NMOS 212 turns on. A signal having the GND level is
output from theVCMOS 210 (Cutl). 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
ffj -signal having the VDD level is output from the CMOS 220
(Out2).

These two output'states are sequeﬁtially set based on

the input signal. A current is 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
-electromagnetié wave corresponding to the inputisignal is
coutput. The output electromagnetic wave is received by an

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




functioning as the antenna 200 based on the output Qutl flEdrabryane2@os 210
and the output Qut2 fromthe CMOS 220, and an el ectronmagnetic wave
corresponding to the input signal is output. The output el ectromagnetic
wave is received by an antenna of an external device, such as an external
reader 16 February 2007 7 witer, and the received signal is transmtted.
Fig. 3 1s 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) 2507and an NMOS consisting of a P area

(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 wnetar caandaviegréedwl veldntiged]l configamsmioned The configuration
shown in Fig. 3 corresponds to the cross section of the CMOS 210 or the
CMOS 220 shdWy i B Rigy.a Zrofse @vod angdl udesy tdfe aN-tramedl OMOS t r ansi st or
(NMOS) having electron carriers and the P-channel MOS transistor (PMOS)
havi ng ¢orbigaratier. ABhelcMT beenbbpveationthe RMDS, 3 wHeRl YRS gaite G has
a voltage higher than that of the source Sa%%hen the gate Gis positive
with r TtCPBS i elndurteam)N area (Nl Ehahnkl 1 s2 ForYRRI bet ween t he

source S and drain_ D and é&e resi st ance L
'~ substrate (Psub) 2 and an NMOS consisting of a P area

(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 identicai configuration. The configuration shown

iﬁ Fig. 3 cofresponds to the cross section of the CMOS 210

or the CMOS 220 showﬁ'in Fig. 2.

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

As described above, in the NMOS, when the gate G has a

) - =Voltage higherrthan that of the source 8§ (when the gate G is
positive with respect to ﬁhe source S}, an N—tfpe cﬂannel is
formed between the source $ and drain D and the resistance
between the source 8 and drain D is decreased. This

.éorreéponds to switching—bn.  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 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 the PMOS,




between the source S and drain D is decreased. This corrd§fshtuary 407

swi t chi ng-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 channel
"is fornmed and the resistance between the source S and drain Dis
increased. This corresponds to switching-off. In contrast, in the PMOS, 16
February 2007 8 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 formed between the _source S and drain D and the

transi stor switches on. \Wen the gaté G has a voltage higher than that of
the source S (when the gate Gis positive wwth respect to the source S),
no channel is formed and the transistor switches off. As shown by broken
i nes whef ¢-hed,gdttee Gowscea amnd tayeailowd e dhaodehadf! dathehRMe®uaed t hose of
the NMOS have a PN junction structure, and PN-junction diodes are fornmed
in thése(Wmn Bledatdds. ighee@dtjvacvibn déoplect wad chhessoneees8arily
structured in the MOS, is called a parasitic diode. Based on this

par asi & &-divate, channedMis Hesmedihatinaen ddief ST ¢ anek Iddiing ik hr ee
transistors, that is, a PNP transistor (A), an NPN transistor (B), and a
PNP t r aisl Sthsy tl(aa:)SlSat@rSth?EFlcgl 3 When itd1es Gies &l BAfat® | at chup is

caused in a circuit that is _forned qlsed on the parasitic
voltage higher than that of the source (when the gate G is

positive with respect to the source S}, mo 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

L

(C), as shown in Fig. 3. It is supposed that_latchup‘is

caused in a circuit that is formed bésed on thé'parasitic
- diode.

A sequence whereby latchup occurs will now be described.
It is supposed that latchup occurs through the lelowing
states from (1) to (6). |
{1} When én e;ectrical signal is_gene;ated by an

,exte:nal electromagnetic wave in an output part, a forward

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




di ode. A sequence whereby |atchup occurs will now be desdPifsBepary 2307 g
supposed that | atchup occurs through the following states from (1) to (6).
(1) Wien an electrical signal is generated by an external electronagnetic
wave. in an output part, a forward current flows froma P area 261 of the
drain Dto the N area 16 February 2007 9 (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) Wen the PNP transistor (A) sw tches on,
a current flows into the P area (Pwgl) 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
transi stor (B) based on the arasitic diode in the P area (Pwell) 252
‘swi t che§N@al1ll 52w e transistor (B) switches on a current flows
fromthe N area (Nwell) 251 to the P area (Pwell) 252 = P-t glpe substrate
(Psub) 250) 4 gl (IsENIN (HhEn AR Gran@sptes déér@a@@dt k8 FHet age of the
area (Nwel l% 6), The PNP transjstaor (Vé based on the parasitic diode
|n t he REERRH J(Miw 251 G tiE RPN h&f%wg) th FHEChIRR on i n vol tage
of the N- arﬂ% (%ﬁg %h%?%NﬁN%ran51§¥or switehes on, a current
filows 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 dicde in the P area (Pwell) 252 switches on.
{5) When the NPN transister (B) sw1tches 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 decreaselthe 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) tb
.increase the voltage of the P area (Pwell) 252 (= P-type
Asubstrate,(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) .. is continuously repeated, so that a current




a current supplied froma power supply VDD flows from t hd®Rebare2q0dwel | )
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) ... is continuously repeated, so that a current 16 February 2007 - 10
continues to flow through the CMOS configuration in a reader-witer. As a
result, power is consunmed in a powerlOsupply, for exanple, in a battery and
devices are deteriorated. Furthernore, a normal signal output provided
when the CMOS functions as a reader-witer is undesirably inhibited.

SUMVARchgtIHEeéWg%(%\lctg{%%ggﬁ@te;gﬁ&st BgnPiﬁgﬁ?{ié vant] on provide a

data comruni cation preventi at chup occurring based

on a si gaaheexyeifat] Yy ANRUtre MEYT doRErt 9saBcASRREY Af 4 hewRiesent
invention there 1is provided a data comruni cati on device conprising: a
first anpphpa; fer semmangducirorn Gateirt, hod genetaside signals for use in
outputting comuni cation data through the first antenna, the sem conduct or
ci rcui t dRaeThgrat €MOS Fusdiifirgorat | ennofnal coidniailatdudpusf paoPidbdnnel MOS
tranSIS&g;n the CMOS functions as a reader-writer is undesirably

inhibited.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a data
communication device capable of preventing latchup occurring
based on a signal externally input.

According to an aspect cof the present invention there
is provided a data communication device comprising: 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 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. 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




~and an N-channel MOS transistor on a single chip; and an 16d9PemRg2007
connection circuit through which the sem conductor «circuit is connected to
the first antenna. The sem conductor circuit includes a

power - suppl y-connecting MOS .drain output part and a ground-connecti ng MOS
~drain output, part wth 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 16 February 2007 - 11 and the ground-connecting MOS drain
out put part being a drain of the P- N-channel MOS transistor connected
to a ground. The antenna connection Circuit has a first electric elenent
for inhibiting a current fromflowing into the correspondi ng sem conduct or
circuit in the power-supply- connecting MOS drain output part. The first

el ect riancd|Ememromyd-heonnafitoide MQS idrpirefartgbite peirdt befieg a

power - suppl y-connecting MOS drain output part be the drain of the

P- chanr®aNp £ t el i seto N girnnsad @i%%ﬁmwmn WeTWES tedait® Gut put part
be the drain of the N-channel MOS transistor. is preferable that the

- ant e.nnagl?ﬂi-ifﬂfféct|'33?ffe ARt FUMSREL 9 Gt i §L‘9@oﬁd fdiredt mlecdivdifent for
i-nhibitin current. fromflowng fromthe sem condyctor circuit to the
ant ennd& tFoh BRI & REIHUnERFh e AR MBEC &%& n out put part.

corresponding semiconductor circuit in the power-supply-
Connecting MOS drain output part.
The first electric element ma;{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 output part
be the drain-of the N—éhannel MOS,transistor.
| It is preferable that the antenna cénnectibn 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 diode.

"\_;"

It is preferable that the antenna connectioh‘ciréuit
further include a circuit element for preventing excessive.
voltage réduction 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 is preferable that the antenna connection circuit




"% The second el ectric element may be'a diode. It is prefdf&isPaiaphZi07t he
antenna connection circuit further include a circuit elenent for
preventi ng excessive voltage reduction at a junction between the
“power - suppl y- .connecting MOS drain output part and the ground-connecting
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 16 February 2007 12 further include a limter
connected in parallel to the first_ aptenna and preventing an excessive
increase in voltage difference betweén 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 sem conductor circuits correspondi ng
t o bot Hwridsenfindaide {3 rlsimizirepennatied | ¥stpadaktied cteldmediingy be a
diode. It is preferable that the sem conductor circujt include two CMOS
seni corfitfed®ia ANt LV STV 2T FVER tiEFred ghalh afll @ 3fon- i nverted
signal supplied froma signal supplier are respectively input. It is

pr ef er bt L RIRRCY Retamen iR i oh i dersthantefitd ntegrated-circuit

card functiqn for re eiVEQ% %!ectric ower hased ,on %n eIecEJonagnetic
wave receivé& &f prefera that the first electric element be

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 is preferable that the semiconductor circuit include
two CMOS Semicohauctor circuits into which an inverted
signal and a non-inverted signal supplied frbm a signal

‘supplier are respectively input.
It is ﬁféferable.that the data communication device
have an integrated-circult card function for receiving
- electric power based on an electromagnetic'ﬁave received by
A_the.first antenna dr a second antenna provided adjacent to
the first antenna. |
| . It is preferable that the data communication device
“have a reader;writer'functioh for writing énd/or reading
'data in and/or from a communication dévice via data
© communication through the first antenna and aﬁ integr;ted—
circuit'card function for receiving electric power’based bnr
an electromagnetic wave received by a second antenna
provided adjacent to the first antenna.

In the data communication device, such as a reader-




the first antenna or a second antenna provi ded adj acent t16 Febriary 20051
antenna. It is preferable that the data comruni cati on device have a
reader-witer function for witing and/or reading data in and/or froma
conmmruni cation device via data comunication through the first antenna and
an integrated- circuit card function for receiving electric power based on
an el ectronmagneti c wave received by a second antenna provided adjacent to
the first antenna. In the data communi cati on device, such as a reader 16
February 2007 - 13 witer, havingld CMOS configuration according to the
present invention, the drains of the two MOSS in each of the

sem conductor circuits are output parts, and an electric elenent, such as
a di odewrfosr muwidg ag caosuesent glfoMord |woraihH0abt fige asitARR connect i on
circuit to the sem conductor circuit is provided in the power-supply-
connect ingen M8 dridien doatipust offathe dwecat@aglry caeremfwhees an el ectri cal
signal generated by an external electromagnetic wave is received by the
ant ennaSeRheP iyt Hitsiuis saareupremet froms,| aridhgn silecthecCMOS. As a
result, latchup in_  which a current is continuously generated in the CMOS
" circui t ShIBFUE o4 He Grarasiiode: dfsdeleriki PP i & SHEONMOS To®onf i gur ati on

does no%lgccur Qﬂy%hreaI|Z|ng the reliable data cogggnlcatlon devi ce.

wing 'fr e antennd connectlion circuilt to
semiconductor circuit is provided in the power-supply-
'connecting 'MOS drain output part. Accordingly, even when an
electrical signal generated by an external electromagnetic
wave 1s received by the antenna, the dicde inhibits a
current from flowing intc 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 reaiizing the reliable
data communication device.

According to embodiments of the present invention, in
the data communication device having an IC-card function
part for receiving électric power based on an
electromagnetic wave externally received and a reader-
‘writer, no latchup occurs in the reader-writer éven when the
_eléctric 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.

Acéording to embodiments of the present invention, no
latchup occurs dué to an electromagnetic wave externally

received, so that




According to ermbodi nents of the present invention, in tAh®Fghtugry 2007
communi cati on device having an I C-card function part for receiving

el ectric power based on. an electromagnetic wave externally received and a
reader- witer, no latchup occurs in the reader-witer even when the

el ectric power based on the external electromagnetic wave is received in
the I1Ccard function part. Hence, it is possible to inprove the
reliability of the data comrunication device having both the I Ccard
function part and the reader-witerl4d According to enbodi nents of the
present invention, no |atchup occurs due to an el ectromagneti c wave
externally received, so that 16 February 2007 - 14 the power consunption

in a bather poferVidgs@tot i NOWS bat4RRhY seapilg hohihi ted,and the
deterioration of the devices is also inhibited. The above and ot her

aspect ssuppayucas, banichtddbiartiagas thé dde=prasarion pYephé odewd dds beconme
clear fromthe follow ng description of the preferred enbodi nents taken in
conj unctpodlsw tinhikd tadeconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a diagramillustrating the effect of reception of

ext ernal el et AR FePPE RAVEE FPPRFCAC res,hapingdgarea@y - wi t er

functi 0onf Itq'}ee rraétsee%twitmr}eggi%nc v?ﬂld become clear from the

following description of the preferred embodiments taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTICN OF THE DRAWINGS

Fig. 1 is a diagram illustrating the effect of
reception of external electromagnetic waves in an 1C module
having a reader-writer function integrated with an .1C 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 communicatidn 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 to a second embodiment of the present invention;
and

'Fig. 6 shows an exemplary circuit configuration of a




function; Fig. 2 shows an exenplary circuit configurati or6d®bgiary 2007
reader-witer having a typical CMOS configuration; Fig. 3 is a
cross-sectional view of the reader-witer having the typical CMOS
configuration; Fig. 4 shows an exenplary 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

comuni cation device, according to a-zsecond enbodi ment of the present
invention; and Fig. 6 shows an exenp?ary circuit configuration of a 16
February 2007 15 reader-witer functioning as a data conmuni cati on
~device, according to a third enbodi nent of the present invention.

DESCRI P a0 10R TTHER IPREFERRED IENBED MENRS A ehmmundaahimine sldwieedevi ce
accordi ng to enbodi nents of the present invention will be described bel ow
with refEREag thep thd heitch @b Hmai thgst thee ri@sendomwandsitdron devi ce of
the present invention includes seniconductor circuits each having a CMOS
~configuration. The data comuni cation device is applied to equipnent, for
gﬁgg}): %%ﬁ%ger \gFlstT%rE E;erEF\AéiwﬁRthD aErE\&B%u[g MuEtstl n accordance wth a signal
: ‘ A data 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 havihg a CMOS
configuration. The data communication device is applied to
equipment, for example, a reader-writer, in which an odtput
in accordance with a signal supplied to a CMOS is
transmitted té an antenna through an antenna connection

circuit and communication data is output through the antenna.

‘First Embodiment
if? "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




transmitted to an antenna through an antenna connection 18iRebtlary 20
communi-cation data is output through the antenna. First Enbodinent Fig. 4
shows an exenplary circuit configuration of a reader-witer functioning as
a data communi cation device, according to a first enbodi nent of the
present invention, including 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 O_and 520 at the left side are
circuits inside a sem conductor device 16 February 2007 16 functioning as
an | C nodule. External circuits functioning as antenna connection
circuits, at the right side, are connected with output pins of the

sem condirtororded &8 arhel CVBSIEND. | s tiades la Rrshsirire |EUVOS tomdmsi st or
(PM3S) 511 having hole carriers and an N-channel MOS transistor (NMOS)
512 hadh@PRIEEd PTG Ts  CIpHaridNes 82 0-hen @igdds siglep- @gnnel MOS

transi stor (PMOS) 521 having hol-e carriers and an N-channel MOS transistor
( NMOS) W%ﬁ%d’%%&"rwt RS &fs then sefE coneistoro dg¥d 520, the PMOSs

e R R 5B o DGR RSk 3 TR
511 having hole carriers and an N-channel MOS transisfor
(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
_garriers.

In the CMOSs 510 and 520, the PMOSs 511 and 521 are
power;supply connecting MCSs 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

© gircuilts).

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.

AAccofdingly,‘the Semiconductor device has a tétal of four
outputs. These four outputs are, for example, outpuﬁ 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




The drains of the PMOSs 511 and 521 and of the NMOSs 512 1arebrspe28die set
as outputting parts capable of being connected to the corresponding
external circuits (antenna connection circuits). Specifically, the CMOS
510 in the sem conductor device has a drain output al fromthe PMOS 511
and a drain output a2 fromthe NMOS 512, and the CMOS 520 has a drain
~output bl fromthe PMOS 521 and a drain output b2 fromthe NMOS 522.
Accordi ngly, the sem conductor device has a total of four outputs. These
~four outputs are, for exanple, out;_)uiL pins of the sem conductor device. In
each of the NMOSs 512 and 522, when he gate G has a voltage higher than -
that of the source S (when the gate Gis 16 February 2007 17 positive
wWith respect to the source S), an N-type channel is formed between the .
sour ce sl W ai 1D aegbedie tesist apgercdet ween tthet wriradmr@end drain D
is decreased. This corresponds to swi tching-on. Wen the gate G has a
vol t agefonnsrog Hegen hee ofoutre shiane &rgiheh amd g eraGlistangfative with
respect to the source S), no channel is formed and the resistance between
t he soR&FSHANAr$EW TP IS FHErdzsdy. D hideemasapondid switching-of f.
In contrast, in each of  the PMOSs 511 and 521, when the gate G has a
vol t agIREIPORFHNC R ML R e Wour d e (WP Gdtas G iClidgtive with

reSpeCtlc;[woeJ_I q:%asrg)u{}?aet ng t%ep-sfglLPreceC hgnpv%eril Stlgeorgna?ge bGetiVs\eei\l%gative

- with respect to the socurce 5), no channel is formed and the
resistance between the source S and drain D is increased.
This corresponds to switching-off. In 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 scurce S and drain D and the transistor switcheslon.

- When the gate G has a voltage higher‘thén that of the source
S. (when the gate G is pbsitive with respect to the source §),
‘No channel.is formed and the transistor switches off.

~ A signal outpﬁf through the antenna SQO'is set with an
 output butl 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 In2
is supplied to the CMOS 520 from thé signal supﬁlier. The

-.ihputrsignal 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, fhe CMOS 510 is

connected to the antenna connection-circuit'through‘electric




the source S and drain D and the transistor swtches on. 16Wgbfanhdfate G
' has a voltage higher than that of the source S (when the gate Gis
positive with respect to the source S), no channel is forned and the
transi stor switches off. A signal output through the antenna 500 is set
with an output Qutl fromthe CMOS 510 and an output Qut2 fromthe 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 .inputgsignal Inl supplied to the CMOS 510
"is a signal inverted by an inverter gSO. 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

t hr oughe ket s c J6CFed? UdFgdo9o7ion ginklleheins a subtrent dizdes, for
inhibiting a current from flowng fromone of outputs fromthe CMOS 510
di vi dedfiewdngt ieom TRe MO ERRRES EBpReEhe QS thi ahreriRe cidiffect i on
~circuit through electric elenents, such as diodes, for inhibiting a

cur rent PYP om. FRBWFIGS f P 6% bheCHRnOTEPUL O f Flofen 2RI HRF i M ded i nt o

two. Specifically, the output,al _fromthe drain D of the PMOS 511 in the
s srocrenfEotbetdl The PHb S LG b et (P HRART thitough a df ot

ST ek nRERILL 55 Ol X2 S E0k OB BV LY OB 0, O SHQ.J6L 5, external
the CMOS 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 out?ut a2 from the drain D of the

'. NMOS 512 in the CMOS 510 is connécted to the antenna
‘connection circuit thfough a diQdé 572 that permits only a

current ‘input erm the external circuit to the CMOS 510. 1In
'addition, a.cifcuit element for preventing excessive voltage

'-reduction, that is, a grounding part through a diode 573 is
prévided at a junction between the two divided outputs from -

?ij-' 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

.ci#cuit through a diode 581 that permits only a current

. output from the CMOS 520 to the external circuit. The
“output bz 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 oﬁly a current input from the

external circuit to the CMOS 520. 1In addition, another




NMOS 512 in the CMOS 510 is connected to the antenna corifidebiuary 2007cui t
through a diode 572 that permts only a current input fromthe external
circuit to the CMOS 510. In addition, a circuit elenent 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. Simlarly, the output bl fromthe
drain D of the PMOS 521 in the CMOS 520 is connected to the antenna
connection circuit through a diode ? 1 that permts 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 permits only a current input fromthe

ext er n@draindiyia part Hé oMb 5201idde deftfi tiomprancidratl g Favatdop 2007 19
groundi ng part- through a diode 583 is provided at a junction between the
two di RefetESuttiif SWa chiifeOves Boos dichm Hde ffQhne Corediticoon circuit.
For exanple, when an input signal Inl having a GND |level is supplied to

t he CMESTRAR2 (RIS B FAAFHS on and the NMOS 512 turns off. A signa
having a VDD | evel ig set  as the output al fromthe PMOS 511, and the

out put al i§bISG§6PP28'tHhﬁﬁeaEnﬂgﬁW§ Sanamédt itdt &avedi% & fNSugh the di ode

571 o necxyerlr e:.né lgldpp%r}.ei q:uot t%{eg rBJIO&l> rgld1 ,(’jwtihneg le\&)es \éqq ltet.}/rex'ls on and
the NMOS 512 turns off. A signal having a VDD level is set
as the oﬁtput al from the PMOS 511, and the output al is
SUpplied to the antenna connection circuit through the diocde

. 571. Concurrently, an'input signal InZ2 having the VDD level
is supplied to the CMOS 520 to turn off the BPMOS 521 and to
turn on the NMOS 522. A signal having the GND level is set
as the output b2 from the NMOS 522} and. the voltage of the
antenna connection circuit 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

T
e

and the NMOS 512 turns on. A Signal having the GND level is
.seﬁ as the output a2 from the NMOS 512, and the voltage of
the antenna- connection circuit is setrto-the GND level_by a
-cUrient flowing through the diocde 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 NMOS3
522. A signal having the VDD level is set as the output bl
from the PMOS 321, and the output bl is supplied to the

antenna connection circuit through the diode 581.




is supplied to the CMOS 520 to turn off the PMOS 521 and16d&ebtuann2®H t he
NMOS 522. A signal having the GND |l evel is set as the output b2 fromthe
NMOS 522, and the voltage of the antenna connection circuit is set to the
"GN\D | evel by a current flowi ng through the diode 582. In contrast, when an
i nput signal Inl having the VDD Ilevel is supplied to the CMOS 510, the
PMOS 511 turns off and the NMOS 512 turns on. A signal having the G\D

|l evel is set as the output a2 fromthe NMOS 512, and the voltage of the
antenna connection circuit is set to,Lhe G\D |l evel by a current flow ng

- through the diode 572. Concurrently,“an input signal I1n2 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 from
t he PMOS 52Thesmwd ttwre couftppat s¥kties suppldesmhand ittdd y asttepagecownect i on
circuit through the diode 581. 16 February 2007 20 These two out put

st at es the bpjensiandy. sd Paserhonis theneppied silgrmlcoid current is
generated at a coil functioning as the antenna 500 based on the output

S Qutl fromciien oMo s1thamrisia i Pitbaed on ot RV EUSs B¥8L B an

el ectromagneti ¢ wayve corresponding to the input signal_i og&put. The

out put EreEPmeher3od viehe PetREcdived byomnthe C t%ﬁncfra Bt &P ext ernal

~device, such as an external reader- . . . .
electromagnetfe 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—
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 reeeives ah electromagnetic wave
ceusing a disturbance, a veriation 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)

v‘\.;_',_y"

increases, no current flows toward the output al of the PMOS
511 in the CMOS 510 owing to the diode 571. Aecordingly, an
increase in ﬁoltage is inhibited at the output al of the
PMOS 511 and, therefore, an increase in voltage at the power

A supply VDD is inhibited. When the voltage at the peint (&)
increases, a current flows toward the output a2 of the NMOS
512_in the CMOS 510 through the diode 572. However, the

' current_is greunded through the NMOS 512. Hence, even when

' the voltage at the point (A) increases, latchup causing a




witer, and the received signal is transnitted. The oper dfifeRrugher0n

el ectromagneti c wave causing a disturbance is received by the antenna 500
will now be described.. If the antenna 500 receives an el ectromagneti c 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 sem conductor
device and the external <circuits. For exanple, when the voltage at the
point (A) increases, no current flows toward the output al of the PMOS

511 in the CMOS 510 owing to the di o?if 571. Accordingly, an increase in
voltage is inhibited at the output a 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
NMOS GEd@rient HdlmmthMQﬂJg&ﬂJt tendli e ME HAwevdrich eere dirgent is
grounded through the NMOS 512. Hence, even when the voltage at the point
(A) |nc¢@msenﬁ%tldh@§1&:él}3ﬂﬁwd5@r16i¢€eﬂarmwm - 21 current through
the PMOS 511 and the NMOS 512, which are the conponents in the CMOS 510,
does not ocd@tChum OFEHTEcEBEOUTI Gligh foRd oMenKowitAGest 468 f(Hdmte1) to
(6), as described in "Description of the Related Art" with reference to
Fig. 3.(Refed ﬁ&§QRH¥¥%P§1H?Q%ﬁ?#Rﬂ#QﬂM?ﬁ)tm%§$ﬂﬁﬁQQN9§ﬁwaW%ﬁ?sane as in
Flg. ‘reference to Fig. 3. Reference numerals in the following

description are the same as in Fig. 3.

(1) When‘an'electrical signal is generated by an
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 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‘subétrate (Psub)

+ 250) through the PNP_transistor {A) to increase the voltages

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

Ly
W
Vg

- 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) Z251.
(6) The PNP transistor (C) based on the parasitic diode

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




(1) Wien an electrical signal is generated by an externdP Rebasry digneti c
wave in an output part, a forward current flows fromthe P area 261 of the
drain Dto the N area (Nwell) 251 in the PMOS. (2) As a result, the PNP
transi.stor (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 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) swtches on, a current .flows fromthe N area
(Nwell) 251 to the P area (Pwell) 252 (= P-type substrate (Psub) 250)
't hr oughrdcheciNRiY timansd Stage ¢B)the HeereaséNvdelyvokbage A bheebhatpea
(Nwel I') 251. (6) The PNP transistor (C) based on the parasitic diode in
“the N & ezuyidwe] [urdblli enhi froles groved oreppplivh WiHe flewee binear ycF2007 22
reduction in voltage of the N area (Nwell) 251. As a result, a current
suppl i ergd oiwelgoweds Is uppl iheviD 1 asnvs Bwedrh )t RSN (Zarkedypdwel 1) 251 to the
- Prarea (Pwell) 252 (= P-type substrate (Psub) 250) through the PNP
transi stBstEEta o Pguor tHe il de VR A amsdrsd®q Akel D° 252 (= P-type

increase the voltage of the P area (Pwell} 252 (#'P—type
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 curfent
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 inpuf
through the antenna 500 is prevented. |
| Althbugh thé operation of the CMOS 510 has beén

described with reference to Fig. 4, the CMOS 520_ha§ the
.same configuration and éffect 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 owing to the

. dicde 551. Accordingly, an increaseé in voltaée is inhibited
at the output bl of the PMOS 521 and, theiefore, 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




substrate (Psub) 250). The states (3) to (6) are repeatedd Rabruary B&O7i r cui t
configuration of the first enbodi nent, even when an electrical signal is
‘generated by an external electromagnetic wave at the point (A, no forward
current flows fromthe P area 261 of the drain Dto 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 enbodinent, |atchup caused by an external signal input through
the antenna 500 is prevented. Althou ? t he operation of the CMOS 510 has
been " described with reference to F.% 4, the CMOS 520 has the sane
configuration and effect as in the CMOS 510. When the voltage at the point
(B). i ncreases, no current flows toward the output bl of the PMOS 521 in

t he CMEB &9 84 ng Hovaher, . Wiodeii5&ht Accarmivmgled tdeduntr edse in vol t age
is inhibited at the output bl of the PMOS 521 and, therefore, an increase
in vol (e &2 he Hroves, suppl whedD tihe iwrHitigeedit When poiet @)t age at the
point (B) increases, a current flows toward the output b2 of the NMOS 522
in the ONES SIS 4 QM&HJR HeaWsel e [y (e 200 thrzgighditdge PY9S. Sddwever, the
current |s rounded t hrough the NMOS 522. Hence, even when the voltage at
t he poidftd (IB)e NMRT euses, "iHgthe ke ctéxﬁuqs—@ip@r@ﬂtr%mn o GRSt W& OPMOS 521

- and the, NMOS 522, which are the conmponents in the CMOS 520,
.dees not occur.

When, for example, the voltages at the points (A} and
(B} are decreased due to an externally input eiectromagnetic
wave causing a disturbance,-thé diodes 573 and 583 inhibit
an abnormal reduction in voltage at the points (A) and (B),
respectlvely For example, the diodes 573 and 583 are set
: such that the voltages at the p01nts (A) and (B) exceed =-0.7.
Accordingly, an abnormal reduction in voltage due to a
- signal that is input through the antenna 500 and that is-
-caused by an external magnetic field is inhibited. In.
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
"1limiter 591 is connected to the antenna 500 for controlling
the voltage difference between both ends of the antenna 500
- 80 as to be not greater than a predeterminedithieshold level
-(Vmax)' The llmlter 581 inhibits an abnormal voltage

difference between the points (A) and (B) and also 1nh1bits




.does not occur. Wen, for exanple, the voltages at the pP6iffbsugngOihd (B)
are decreased due to an externally input electromagnetic wave causing a

di sturbance, the diodes 573 and 583 inhibit an abnormal reduction in
voltage at the points (A) and (B), respectively. For exanple, the diodes
573 and 583 are set such that the voltages at the points (A) and (B)
~exceed -0.7. Accordingly, an abnornmal reduction in voltage due to a signal
that is input through the antenna 500 and that is caused by an external
magnetic 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 |imtar By nstcytsaga Thetade it ethgodraingonhecheC@Sahe ant enna
500 for controlling the voltage difference between both ends of the _
antenna 500 so as to be not greater than a predeterm ned threshold | evel
(Vmax). The limter 591 inhibits an abnormal voltage difference between
the poiTRLCTAEBRRA¥ES and al so inhibits - ----- C e 16 February 2007

24 . an abnggnal i ngrease .in voltagf,at t he dra%ns of the CMJSs. Second
Enbodi nent n exemplary circuit configuration of a reader—wrlter

according to a second embodiment of the present 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 throuéh 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 pefmits a current output from the CMOS

510 to the extérnal circuit.

Ptk
R )
At .
e

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 wifhout a diode. In addition, no
grounding part through a diode is provided at the junction

. between the two divided outputs from the CMOS 510 and the
~antenna connection circuit, unlike the first embodiment.
The §utput part of the CMOS 520 has the same configuration
as that of the CMOS 510.

According to the second embodiment, as in the first




An exenplary circuit configuration of a reader-witer adédebrungy 287a
second enbodi nent .of the present invention w Il now be described with
reference to Fig. 5. The sanme reference nunerals are used in Fig. 5to
identify the same conponents in the first enbodi nent shown in Fig. 4.

Al t hough the respective outputs fromthe CMOSs 510 and 520 are divided
into two in the second enbodi nent, as in the first enbodinent, only one of
- the divided outputs is connected to the antenna 500 through a di ode.
Specifically, the output al fron1Lh§5dLain D of the PMOS 511 in the CMOS

- 510 is connected to the antenna connéection circuit through the diode 571
that permts a current output fromthe CMOS 510 to the external circuit.
Unlike the first enbodinment, the output a2 fromthe drain D of the NMOS
512 in emMeotVIES 51 (BVen comTect@tiages Rt M amintoon@actansh @&)rdwi t wi t hout
a diode. In addition, rounding part through a diode is provided at the
j unct i ohlg bet vitleh Jtmzerqa«ﬁﬁ% dieleed AR PR TR iRt iGVYE Y8 Taarsd Nohe

antenna connection circuit, unlike the first enbodi nent. The output part of

the CME GH-HEREGRy %Qoﬁfﬁﬁiﬁﬁ%‘f% b L henAntenngh& VoS %10. Accor di ng
to t he odi as Jjn the first - ----- -- 16 February 2007
rrtfzh‘?cﬂ%?rrﬁfbe’\fg}% %H%@%ﬁ%ﬁ T Pianss AtathmPuEBrt fl
of the PMOS 511 in the CMOS 510 and the diode 581 inhibits
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 embodimeﬁt of the present invention
Cwill now be described with referencé 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.
Aithough the respective oﬁtputs from the CMOSs 510 and
| 520‘are divideﬁ into two in the third embodiment, as in_the
first embodiment, only the‘CMOS 510 has the diodes 571 énd
572 connected thereto. |
The output al from the drain D of the PMOS 511 in the
CMOS 510 is connected to the antenna connection CerUlt
. 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 diode 572 that

permits a current input from the external circuit to the




Fig. 5 are increased due to an el ectromagnetic wave causilfdebgady 280Qf bance,
which is received by the antenna 500, the diode 571 inhibits an increase
in voltage at the output al of the PMOS 511 in the CMOS 510 and the di ode
581 inhibits an increase in voltage at the output bl of the PMOS 521 in

t he CMOS 520, thereby preventing the occurrence of latchup. Third

Enbodi nent An exenplary circuit configuration of a reader-witer according
to a third enbodi nent of the present invention wll now be described with
reference to Fig. 6. The sane refgrggcg nunerals are used in Fig. 6 to
identify the same conponents in the“first enbodi nent shown in Fig. 4.

Al t hough the respective outputs fromthe CMOSs 510 and 520 are divided
into two in the third enbodinent, as in the first enbodinment, only the
CMCS 510M0%sStihe dindeddb7icmndths7@reondeny edatbetetongilheheudpede al from
the drain D of the PMOS 511 in the. CMOS 510 is connected to the antenna
connect?bh &% rewwvided rbughe t hendibee batwedmt tiherave sdividedent out put
fromthe CMOS 510 to the external circuit. The output a2 fromthe drain D
of the MWEBEI2Eremt Hae (MBS 53801 3ndokhec Padenda Ifonngtdna cdasnddt-i on
circuit through the diode 572 that ermts a current input fromthe

external ci rdWH P rebtdi ¢ P206 s eiaEeq ®saddition, the

i art, through the diode ,
ground éﬁ%é&"Ceru{%éh output part without diodes.

With this configuration, as in the first embodiment,
fhe 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 tﬁe PMOS 511 in the CMOS 510
and, therefqre, no current is generated-toward the CMOS 510
based on the increaserin voltage at'the point (A). Since

- the occurrence of a change in voltage at the point (A) due
to the occurrenée 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,

LR
N

an lncrease in voltage'at the'output bl from the PMOS 521 in
the CMOS 520 is inhibited, thereby pfeventing the occurrence
df latchup. |
As described above, in the data communication device,
.such as a reédermwriter, having a CMOS configuration
according to the present invention, even when an
Nelectromagnetic wave 1s received by the antenna, the diodes
provided at the junctioné betwéén the semiconductor circuits

and the antenna connection circuits inhibit a current from




573 is provided at the junction between the two divided 180gdiasy £20&m t he
CMOS 510 and the antenna connection circuit. The output part of the CMOS
520 is structured as a short-circuited output part w thout diodes. Wth
this configuration, as in the first enbodinment, the voltage at the point
(A) in Fig. 6 is increased when the -antenna 500 receives an

el ectromagneti ¢ wave causing a disturbance. However, the diode 571
inhibits an increase in voltage at the output al fromthe PMOS 511 in the
CMOS 510 and, therefore, no current Hs_generat ed toward the CMOS 510

based on the increase in voltage at t2he 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 pofhevwi{my imteheheNMOS20cnEighsatiomi bided ¥esswltesldttchumn increase
- in voltage at the output bl fromthe PMOS 521 in the CMOS 520 is

i nhi bi t¥d, vRheh edyCipresitiat i e el eews ke ngenepitechtighughe AMQfescri bed
above, in the data conmuni cati on device, such as a reader-witer, having a
CMOS cort Fget atPatrd 2 oFtf R ¥ds Hhic pleedaterhvieitd ol der¥hen an

el ectromm )gﬁti Cc wave i s received by the antenna, the diodes provided at

the j urctTohd bRt Rve Fede 2dni Xeridtict bRuTi 82t 1Bl NG Ad'e Hee drtlha
ConneCtéé¥gf%£§ﬁﬂﬁfhé{ﬁg§ﬁ e&&ggrrent from 16 February 2007 - 27

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-card
function part. Accordingly, it is possible to‘improve the
reliabilit?_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
'utili;ed as a reliéble 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 is not limited to the disclosed embodiments. On

- the contrary, it will be Ffurther unde;stood by those skilled
in the art that the foregoing déscription is of the
preferred embodiments of the present invention and that

various changes and modifications may be made to the




flowing into the CMOS configuration. As a result, |atchup® FeRrughi €007a
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 comunication device. According to the present
invention, in the data comunication device having an |G card function
part for receiving electric power based on an el ectromagneti c wave
externally received and a reader-witer, no |latchup occurs in the
reader-writer even when the el ectric,gower based on the external

el ectromagnetic wave is received in the 1Ccard function part.

- Accordingly, it is possible to inprove the reliability of the data
comuni cati on_device having both the |G card function part and the

~reader - WrVeRELOReWE RN O hedepRT Biv® nhiem celte oFP el cen@f SEPRS pr esent
invention can _be utilized as a reliable device having both the |ICcard
funct i oRRPEEPEL andT2PeSFRRReP L WERe eFol iR ing thka HReskht tP v@nti on has been
descri bed m%%h reference to what are presently considered to be the

pr ef er r 8ACRREBHI HRAtRTOFEePs 1REPEPIRLRTEIDRP 13t TP HRPCPRRRTR M i s not
limted tohthe discl osed eandinents Cp t he contrar %t w%ll be further
under st 389" BYCLHoLer SkPTT et i GIEhEALER t%%u%‘ér%r%% i Ny desetiption is
of the preferred enbodinents of the present invention and that various
changes and nodifications may be nmade to the 16 February 2007
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- 28 invention without departing fromthe spirit and scdfdebryfEy 8887 The
scope of the followng clains is to be accorded the broadest
interpretation so as to-enconpass all such nodifications and equi val ent
structures and functions. 16 February 2007 29 CLAIMs: 1. A data
~communi cation device conprising: a first antenna; a sem conductor circuit
for generating signals for use in outputting comrunication data through
~the first antenna, the sem conductar »gjrcuit having a CM3S configuration
of a conbination of a P-channel MOS transistor 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,
wher ei n $HeT¥&hi conductor circuit includes a power supply-connecting MOS
drain output part and a ground- connecting MOS drain output part, said
power - suppl y- connecting MOS drain output part being a drain part of the

P-or N-chann ansistor connected tp a power supply, said
ground-connegklx§§&E§QH%ﬁ?ﬁ%ﬁ&?ﬁﬁl%%fge%%?ﬁ ARFESHIof the P-or

N- channel a€ |stor connected to a ground and wherein the antenna
connection C|rcu Fist

a semiconductor circuit for generating 31gnals for use
in outputting communication data through the first antenna,
the semiconductor circuit having a CMOS'configuration of a
if; 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-
éonnecting MOS drain output part being a drain part of the
P-or N-channel MOS transistor connected to a power supply,
{fg 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 iﬁhibitihg 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,




electric elenment for inhibiting a current fromflow ng i ntedebryasy 2007
correspondi ng sem conductor circuit in the power-supply- connecting MOS
drain output part. 2. The data communi cation device according to daiml,
16 February 2007 30 wherein the first electric elenment is a diode. 3. The
data communi cation device according to daiml or 2, wherein the

power - suppl y- connecting MOS drain output part is the drain of the
P-channel MOS transistor and the grounge €onnecting MOS drain output part
is the drain of the NN channel MOS transistor. 4. The data communi cati on
device according to any one of the preceding clains, wherein the antenna
connect i srcyint, fyrther i ncl ydes ,a _second electric el enent for
inhibitiggeé%ggrﬁg%tfﬁfgﬁlfﬁg&ﬁﬁ% COTERE d&mPci@ietor circuit to the
antenna connection circuit in the ground- connecting MOS drain output part.
‘5. The data communi cati on device according to Claim4, wherein the second
el ectric el engnt i@hgd%%ode. 6. The data_communi cation device according to
any one of the précediPg GAIRELSRLLPRI ACFIRE FFCORARRS dith &3@18n LePEcui t
further EHCWhEkEinaUherpuwér€$&§ﬁ¥¥~dbﬂheﬁkﬁﬂﬁﬂhﬁ@%ﬁ%ﬁﬁeéﬁtﬁﬁt'%%%ggﬁ@.

reduction at a junction between the power-supply- connecting rain
output pahe dedihhefgenund-enanaeli fOsMPBands kB O4hAYELRAL  bund-

connecting MOS drain output part is the drain of the N-

channel MOS transistor.

HE
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4. The data communication device according to any one
of the preceding claims, wherein the antenﬁa connection
circuit further includes é 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.

5. The data communication device according to Claim 4,

éfa 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-
'A comnecting MOS drain output part and the ground-commecting MOS

drain output part.

7. The data communication device according to Claim 6,




7. The data conmunication device according to C aim6, 186Februsst300Z007 31
wherein the circuit elenment is a connection to a ground connection
configuration through a diode. 8. The data conmunicati on device accordi ng
to any one of the preceding clainms, wherein the antenna connection
~circuit further includes a limter connected in parallel to the first
antenna and preventing an excessive increase in voltage difference between
both ends of the first antenna. 9. _The data communi cati on devi ce according
to any one of the preceding clainms, wherein the first electric element 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 communication device according to any one of the preceding
claims, wherein the sem conductor circuit conprises two CMOS circuits into
whi ch amaneigr ttd siigialit aderentonisd rverdametbaiignalts wp@tiend rom a si gnal
supplier are respectively input. -11. The data conmuni cati on devi ce

accor diosgnestamn ewafigfunatd g ddudivah & alirsle wherein said data

conmmuni cation device has 16 February 2007 - 32 an integrated-circuit
card function for receiving electric '

8. 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

L the first antenna and preventing an excessive increase .in

voltage difference between both ends of the first 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.

ij | 10. The data communication device according to any one
bf 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




I

power based on an el ectromagnetic wave recei ved by the filpdebrugiy 8dWa or a
second antenna provided adjacent to the first antenna. 12. The data
comuni cati on device according to any one of the preceding clains, wherein
sai d data comuni cation device has a reader-witer function for witing
and/or . reading data in and/or froma comuni cation device via data

communi 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. DATA
COMVUNI CATI ON DEVI CE ~ ABSTRACT OF THE DI SCLOSURE A data conmuni cati on
device includes a first antenna; a sem conductor circuit for generating
signals for use in outputting comunication data through the first
antenna, the sem conductor circuit having a CMOS configuration of a

conbi n&tt o IR ECHANHHH MR T iR diF dieqeicHash&leas a r ansi st or
on a si [N nt enna connection circuit throuygh ich the
senﬁcoﬁgﬁ%%B?Q%%¥%u! §ﬂ?5ﬁ%xnﬁﬁ§§Q§F %9tWﬂ¥?iﬁ%ﬁaﬁﬁ¥£ﬁﬁhnghgqrét
sem conficliia Wit Ghldecd it | 4iieug RIMREUPRIYs£OREH MM diai n out put
part and- a ground-connecting MOS dral n output” part. The antenna
connectarmeraia.cuit has a first electric el enent for

12. The data communication device according‘to any one

of the preceding claimsg, wherein said data communication

:;‘j - device has a reader-writer function for writing and/or

reading data in and/or from a communication device via data
communication through thé 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 anténna.




inhibiting a current fromflowing into the correspondi ng 16J&E®ruamnd¥t or
circuit in the power-supply-connecting MOS drain output part. FIG 4

- 33 -

DATA COMMUNICATION DEVICE
ABSTRACT OF THE DISCLOSURE
A data communication device includes a first antenna; a

semiconductor circuit for generating signals for use in
outputting comﬁunication 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 circuits is
connected tq'the first antenna. The semiconductor circuit
includes a power-supply-connecting MOS drain output part and
a ground—conﬁecting MOS drain output part. The antenna
connection circuit has a first electric element for.
inhibiting a current from flowing into the correspondirng
semiconductor circuit in the power-supply-connecting MOS

drain output part.

FIG. 4




