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| 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
16 February P 7present invention relates to data communication

devices that are communication tools, such as readers-

writers, each having an antenna driven by a semiconductor

L
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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




2 cash card, an enployee identification (I1D) card, or af®FBbrugg 007
including a club card. Reading information froman IC card or witing
information in the IC card is perfornmed via conmunication wth externa
equi pnment, such as a reader-witer, that is capable of conmunicating with
the 1 C card. However, since the ICcard 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-witer, which - s external equipnent, are received
by an antenna provided in the IC caré a voltage generated at both ends of
the antenna is rectified, and the rectified voltage is supplied to
circuits in the J]Ccard as electric power. Basically, in an |IC card,

carrier GRfe Sadithplale @M Gwieear deitdriala tiead i Dir icpad are Baclidied to
Slpply P Feince or Gt “%raﬁ%”ﬁé’! b a pr Lieiiﬁ‘? and a memory.  Even if
gn I C card i gﬁorpgg&%g& &SH g?ghcgg %ﬁcg asg a Eor%agle devi ce, having

power supp n u e“pd ? stippFy™8f the devi ce.
However , rating.a er-wjter functio an 1 C.card function on
a smglé"n t&ﬁﬁth'Fh@hl Eul é&u@? ﬁgmﬁauﬁﬁgdcgpggnl?ﬁF§ nlntegratlon
R A L T s R S E
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-
ifa“‘ current power supply that is used aé é 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, such

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




3 integrated functions is in w despread use. Connecting!8febBRNeitd f or
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 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 the reader-witer and the IC card are
adj acently provided or a conmmon antenpa i s 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,
Japanese Unexam ned Patent Application Publication No. 11-213111. However,
when el Eeteonkpdt Fengliens sipplh cdidesprend wxe er maPn@eGitrg &uch as a
reader-writer, are received by the adjacent antennas (or conmmon antenna)
for suppPyEmRA BPecihe CCPRART o tee AT A PRERRER ofOT sBheal ¢ etR TGt chup
di sadvant ageousl y occurs. Latchup is a phenonmenon in which a current

conti nues tRF i ?kﬁrbcgjg‘hu?%%n?%%roﬁeW%elc.m%d‘ﬂ% PRAERITS wr i t er
because el ectric signals caused b‘y. the el ectronfgﬂeti C ves are supplied
to a traMeFeRTHY FREHRICIHhF Y HARR -5 T3P THY s°3%62 Hrdbl em caused

by the {.guration of conpl enentary metal oxi de sem conductor (CMOS)
used as” ‘g%%s%i%eoéncgeu%t%]fftc?rr‘cuit in the reader 16 February 2007

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-




- 4 witer. Fig. 1is a. diagramillustrating the effedf Fepruane2®tion of
external electromagnetic waves in an I C nodule 110. Referring to Fig. 1,
the IC nodule 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 IGcard antenna 121 and the -
transnitting 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 ICGcard antenna 121 and the
transmtting and receiving antenna 122 for the reader- witer. As a result,
el ectric signals caused by the electromagnetic waves are supplied to the
reader - Wrilt@F- transmitter circuit 112 causing the latchup in the circuit,
havi ng the CMOS configuration, for the reader-witer. As described above,

|l atchup is afpBendbnbhod @hﬁgé@mbyllﬁﬁérébhﬂggﬁhﬁt?Bﬁeé¥ af cOMOS used as a
sem conduct or |nt%,rated circuit. Fig. 2 shows an exenplary circuit

conf i guFEERBh1GR 8 ?é&&éPaﬁwF@@FtHSW@H&e§1€NEGV€§nFPgGPaFFoﬁ° Réferring to

Fi 2 he t a conn cted to
r;gpect' u Fré ga%?e%ﬁg g Fﬁ g ﬁ@qecéﬁpeéﬁﬁ 4rRg éapigltors
The CWC§§rélgl i%zglﬁaCh Q%g e%—%glﬁggr r%%s%ggzer circuit 112,

and a reader- wrlter 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,

‘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




5 configuration in which the drain D of an N-channel MO36 Februssy 244
(NMOS) having electron carriers is connected to the drain D of a P-channel
MOS transi stor (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 forned between the source
S and drain D and the resistance between the source S and drain Dis
decreased. This corresponds to switching-on. Wen the gate G has a vol tage
| oner than that of the source S (wh_e;bet_he gate Gis negative with respect
‘to the source S), no channel is forrned 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
sour ce Sfvhanrathecogate hish ndyatdrain W tdif rass peothamnehadiGdurce S), a
P-type channel is fornmed between the source S and drain D and the

transi sERDEIFEehe MR Mieing nelegiteors ¢tasr Fex®| tageonietiesd than t hat of
the source S (when the gate Gis positive with respect to the source S),
no chanFd® #8230 Pt avdP 1HanRrehNRS ckransiehes (ENFS). hewinmdiobut put

t hrough the antenna 200 is set with an output Qutl fromthe CMOS 210 and
an out ftRYGR2Zfromthe CMOS 220. An input signal Inl is supplied to the

Febr uc’ir1 S ZBr&%mt%es IN%)@' %"Lfl%%l |aerga réOtG %gos\/\@ V%rl%aa@fg Ihq% ters It%g%l 'n2 16

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




- 6 is supplied to the CMOS 220 fromthe signal suppli er! Feheuary 27t
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 |l evel is output fromthe CMOS 210 (CQutl). Concurrently, an

i nput  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 G\D | evel
is output fromthe CMOS 220 (Cut2)._|$ 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 |l evel is output from
the CMOS 210 (Qutl). Concurrently, an input- signal In2 having the GND

| evel i&ssappbPlégdt bot hbeCMIBS2200 foomutheoaighel PMISpR2drandt@® turn of f
the NMOS 222. A signal having the VDD level is output fromthe CM3XS 220
(Qut 2) . ivRusesiapadulpht syppiésdate sbgueMpFall) setabasgdabn the input
signal. A current is generated at a coil functioning as the antenna 200
based ohPVRELBHt Bt 2BULNVEEERT #RB-CMOS 210 and the output Qut2 fromthe
CMOS 220, and an el ectromagnetic, wave corresponding to the_ input signal is

out put. The TRF pRramt ket r i PRy ST Fect VRF VAR @ enna of an’

~external deyice 55sh:83 80 exLeemgh 59898 AGoEeRiNaly29%, 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,rwhen an input gignal Inl héving 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-levei is

.'output from theVCMOS 210 {Outl). Concqrrently, an input
signal In2 having the GND level is supplied to the CMOS 220

' to_turn on the PMOS 221 and té turn off the NMOS 222. A

iiﬁ -signal having the VDD level ié output from the CMOS 220

(Outl}.

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-




7 witer, ‘and the received signal is transmtted. Fig. J36iRgbgiary 2007 -
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. 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 nay be
set as one area having the identi c_al7 configuration. The configuration
shown in Fig. 3 corresponds to the cross section of the CMOS 210 or the
CMOS 220 shown in Fig. 2. The CM3S includes the N-channel MOS transistor
(NMOS) having electron carriers and the P-channel MOS transistor (PMOS)
havi ng #ol eexaran@rishe Aseckeserd bethrabbvies trathsel M35, when the gate G has
~a voltage higher than that of the source S (when the gate Gis positive
W th respectfito the scura®ss)-seat iNnadperigharmiela iwpierlmddOfet ween t he
source S and drain D and the resistance between the source S and drain D
i s decreerbigumhi soror rBrpdPidRS e ger hewnin VIER. thelp@tedes has a
vol tage lower than that of the source S (when the gate Gis negative wth
respect PNGS t¢RnEhRFERI T #p Brarerel (Ve bl ned! afR T tYRR]| st ance bet ween
t he source S and ﬂégin [)és i ncreased. This,corregggnds to switching-off.
In contFHRItTaLe ¢ eSS4 @ RdNP 20p9nsisting 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
in Fig. 3 corresponds 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
V(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 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 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. 1In contrast, in the PMOS,




8 when the gate G has a voltage |ower than that of the d6iebeaty f¥Hen t he
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 switches on.

" When the gate 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 forned
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-juncti orlv\%i odes are forned in these four

el ectrodes. The PN-junction diode, ich is necessarily structured in the
MOS, is called a parasitic diode. Based on this parasitic diode, the CMOS
has a circuit configuration including three transistors, that is, a PNP
transi sihem (A)e gatd\RN HasarsivstidradeB)]ovaard thaPNRatand] dther squ@)ce as shown
in Fig. 3. It is supposed that latchup is caused in a circuit that is

f or med Salsderorthcheger 431 19 cnegihbies Witlkquespecivhereblel apvhop dteurs

wi || now be described. It is supposed that |atchup occurs through the

f ol | owiend - tatr edhanrerh (1B fagmes) batweamdheamoainsd 1§ ¢ald siggral D s
generated by an external electromagnetic wave in an output part, a forward
cur r entad de fYERSE o sy idehesf Athe dtE the 9alife NEESe® 16 February

2007 :
voltage higher than that of the source S (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




9 (Meell) 251 in the PMOS. (2) As a result, the PNP trar§ifébaey 807pased
on the parasitic diode in the N area (Nwell) 251 swtches on. (3) Wen 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) Wen the NPN
transistor (B) switches on, a currentg flows fromthe 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 Narea (Nwell) 251
‘swi t che§N&aL bl wiit HERdePM@®duction in voltage of the Narea (Nwell) 251.
As a result, a current supplied froma power supply VDD flows fromthe N
area (Nwel | )58 @ mesPtar o RN It)ra%’és(ﬁ@rP-(Mp}éaS@@b%r &b& (Psub) 250)

through the PNP transistor (C)..to .increase the voltage of the P area .
(mell)Paz‘S@zSJ(E%-‘%’ﬁfie Jslbb"s*f%é‘ﬂealz%u@j‘“‘%‘]sld) 2SR @R s equal to the

S8 (35 MR af Ry Begrederts pha ateareen 16
Februarylggg7into 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 diocde in the P area (Pwell)-252 switches on.
| {5) When the NPN transister (B) switcheslon, a current

flows from the N area {Nwell) 251 to the é areé (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 (Nweil}'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 floﬁs 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) — (45 —= (5) = (&) — (3)

—> (4) .. is continuously repeated, so that a current




- 10 continues to flow through the CMOS configuration i AS&eb8RHA Wit er.
As a result, power is consuned in a power supply, 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

i nhi bited. SUMVARY OF THE | NVENTI ON Enbodi nents of the present invention
provide a data communi cation device capable of preventing |atchup
occurring based on a signal externally input. According to an aspect of
the present invention there is proeviled a data conmuni cati on device
conprising: a first antenna; a sem conductor circuit for generating
signals for wuse in outputting comunication data through the first

ant enna i nﬁﬂgg |.f.guit _hayi-Ag §%9§ iguration of a
conbinaFPgE§%§gg]§§c anneh tF%ﬁs?ngrcggn anaﬁggaé%ﬁéﬁ MOS transi stor
on a sipghgeehhpitand alk AR, COBREE! EONCEhEGHLY 1T Oyghyewhi ch the

sem conductor circuit is connected to the first antenna. The

sem conduppdy, ciex udtampicd udes aa pawerySHppl yeedadecdtng MOS . drai n out put
part and a ground-connecting MOS drain output, part with the

pover - sdppeyieorett i MpNDSrawaen aubpimapasigndieiovgpratdpabmigadt of the
P-or N-channel MOS transistor connected to a power supply 16 February 2007
- 11 when 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 of 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 the ground-connecting MOS drain output part being a 18F&Priasy 2He P-or
‘N-channel MOS transistor connected to a ground. The antenna connecti on
circuit has a first electric element for inhibiting a current fromfl ow ng
into the corresponding sem conductor circuit in the power-supply-
~connecting MOS drain output part. The first electric elenment 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 drai n output_payt_ be the drain of the N-channel MOS
transistor. It is preferable that the antenna connection circuit further
include a second electric elenent for inhibiting a current fromflow ng
fromthe sem conductor circuit to the antenna connection circuit in the
gr ound-awhrides | grPrWRE-calid et ing paS phrain sutiputs eeortd beliest | ¢ el enent may
be a diode. It is preferable that the antenna connection circuit further
i ncl udedzigh rehi the | BrentNfdraney it g et eonpsiatege toeduct i on at a
junction between the power-supply- .connecting MOS drain output part and
~ the gr AFREEDBNNELEE RP TR FAMFE GTRPBUCIRGHLT Tee & fddist elefEftiChay be a
connection to a_ground  connection configuration thrqough a diode. It is
pr ef er gbtE I Hat T Thet RS Ghifdtis B cﬁ'gl%%iftl%nige yig007 12

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




further include a limter connected i'n parallel to the filffebrugit#a and

preventing an excessive increase in voltage difference between both ends

of the first antenna. It is preferable that the first electric el enent be

“provided for only one of the respective output parts from the

sem conductor circuits corresponding to both ends of the. first antenna.

The first electric element may be a diode. It is preferable that the

sem conductor circuit include two CMOS sem conductor circuits into which

an inverted signal and a non-inveLt? signal supplied froma signal

supplier are respectively input. It i's preferable that the data

communi cation device have an integrated-circuit card function for

receiving electric power based on an el ectromagneti c wave received by the

first amermr ol wi end anttestnacprondetrd ujraentleb ta Hdd ifFiststant enna.

It is preferable that the data communi cation device have a reader-witer

f unct i FN¥INAwaRd Ry SR OMT i SRCC TR EE | RIS ¥ ofR B &Xhmuni cati on

device vjia data comunication through the first antenna and an integrated-

ci r cui t3 kR IR theor hddeisndyy of ddte i & ponatn on an

el ectromagneti ¢ wave re%gived by a_second an ennagﬁprqyided dj acent to the
cly

Cfirst antenrd 1tnPERECEERE S HARAMNITESR iTdt St HIEETE F2eRt PFder 16
Februaa¥£g¥¥g;d-f§fgonly 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-




witer, having a CMOS configuration according to the predértebryany2is on

the drains of the two MOSS in each of the sem conductor circuits are
output parts, and an electric elenent, such as a diode, for inhibiting a
current from flowing fromthe antenna connection circuit to the

sem conductor circuit is provided in the power-supply- connecting ' MXS
drain output part. Accordingly, even when an electrical signal generated
by an external electromagnetic wave is received by the antenna, the diode
inhibits a current fromflowing rnt®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

realizingitée, rneldial e ci@bacennymt LotdOhdRYcag A6CORdihigdmtenbodi nent s
of the present invention, in the data conmmunicati on device having an
| G- car difvection e tdfadmsr eCethengwel dedys iin pewdr ofaseéd on an
el ectromagnetic wave externally received and a reader- witer, no |atchup
occurs PAMEHROGUEH G CATICUdSedsn AREPUE heartd ectnd @npewerctbased on the
external _ el ectromagnetic wave is_received in the ICcard function part.
" Hence, ?{'erf‘%nt'pcr?ﬁqblaee o GippleovECThen R EPT &Y i 3 yCWiraHe fdora

i.on having both the | Ccard function part and the

fggggpiﬁféy%?gqgg%g%'Fhénf%ngﬁbsa?ﬂ%ﬁﬁ%PQﬁc%qﬁ¥l%r§§eﬁpginvention, no

| at chups gReUs fn il @:20,8keSLr PPBONGLE G 1Y gXteLnalLy,  recei ved, so that

'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




16 February 2007 - 14 the power consunption in a batted§ FeBu@NNE s t he
power supply can be inhibited and the deterioration of the devices is

al so inhibited. The above and ot her aspects, features, and advantages of
the present invention will becone clear fromthe follow ng description of
the preferred enbodi nents taken in conjunction with the acconpanying
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagram
illustrating the effect of reception of external electromagnetic waves in
an 1C nodule having a reader-witerl4unction integrated with an 1C card -
function; Fig. 2 shows an exenplary circuit configuration of a
reader-witer having a typical CMOS configuration; Fig. 3 is a

Cross- segki poRkrVieMs @hpt 1teh r8AGe Wt § seRaVhhdat hend Wiwadd CMOS
configuration; Fig. 4 shows an exenplary circuit configuration of a
reader - woppey tamdte anilrigpiasdaadat ahe ot catdtdndey¥i ke deeter«ing to a
first enbodi ment of the present invention; Fig. 5 shows an exenpl ary
circui t ieontsguirdtitdtedt a reader-witer functioning as a data

communi cation device, according to a second enbodi ment of the present

i nvention; Y aye 6rghehlcan eredpt arfeaivr@s .t aggnpiyartadon of a 16

FebruaRXE%QQZpresent invention will 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 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 to a second embodiment of the present invention;
and

'Fig. 6 shows an exemplary circuit configuration of a




15 reader-witer functioning as a data comnunication devPdEEbruaged¥di ng to
a third enbodi nent of the present invention. DESCRI PTION OF THE PREFERRED
EMBODI MENTS A data communi cati on device according to enbodi nents of the
present invention will be described belowwth reference to the attached
drawi ngs. The data conmmuni cation device of the present invention includes
sem conductor circuits each having a CMOS configuration. The data

conmmuni cat.ion device is applied to. equipnent, for exanple, a
reader-writer, in which an out put —iT accordance with a signal supplied to
a CMXS is transmtted to an antenna ?hrough an antenna connection circuit
and communi cation data is output through the antenna. First Enbodi nent
“Fig. 4 shows an exenplary circuit configuration of a reader-witer

funct i orante zreY 2l o ol worhiaeti g iaoh aledd toe, corauuoraditignt slev ifde,st

embodi nent of the present invention, including sem conductor circuits each
havi ng 3TN DS gurtdtiish eniRrdigigith i dIm prepenthd signfutoport s 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 ar ircuits inside a sem conductor device 16 February 2007 16
Funct i HGUHRI TGN 147 Tl PR AR RN f unct i oni ng

: ‘ 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 having a CMOS
configuration. The data communication device is applied to
equipment, for example, a reader-writer, in which an ontput
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
{é> "Fig. 4 shows an exemplary circuit configuration of a
neaderéwriter functioning as a data communication device,
according to a first embodiment of the presént invéntion,
including Semiconduotor circuits each having a CMOS
Aoonfiguration. |

Referring to Fig. 4, the output pomts‘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




as antenna connection circuits, at the right side, are déMmebawEed26G7 h

out put -pins of the sem conductor device. The CMOS 510 i ncludes a P-channel
MOS transistor (PMOS) 511 having hole carriers and an N-channel MOS
transi stor (NMOS) 512 having electron carriers. The CMOS 520 includes a
P-channel MOS transistor (PMOS) 521 having hole carriers and an N-channel
MOS transi stor (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 NM3Ss_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 i n fwctsinidehdrctasr Heviedulaas Extdmaial cutgsiita Sunsrhicmd sgMOS 511
and a drain output a2 fromthe NMOS 512, and the CMOS 520 has a drain
out put ¥ 2F4eNIAE O 87 G W tdraiat dituti it fSiskat BEeNMOS 522.
Accordi ngly, the sem conductor, device has a total of four ,  outputs. These
four oRRASCTRSE Witdy AR RivutPutths menigondye teanidedidifet or device. In

o o e L Retnel oL E BT Ga0e2 B Sh 205, L hen
W th re?ff%a\;ion& eo].SeoucracreriS r's %%d\*atz%’%e-ac%%%%%‘i' MOSS transis-tor
| (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 frém 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




formed between the source S and drain D and the resi st andé Febetanedd0r he
source S and drain D is decreased. This corresponds to sw tching-on. Wen
the gate G has a voltage |ower than that of the source S (when the gate G
is negative wth respect to the source S), no channel is formed and the
resi stance between the source S and drain Dis 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 Gis
~negative with respect to the source f),_ a P-type channel is forned between
the source S and drain D and the trandi Stor switches on. Wien the gate G
has a vol tage higher than that of the source S (when the gate Gis
positive with respect to the source S), no channel is forned and the.
t ransi $taFitivie cheth oféspeignadihouw putce hi bugn thhet e eriranrsd0 diss set
with an output Qutl fromthe CMOS 510 and an output Qut2 fromthe CMOS
520. Anfqupiff kg gresn | He | sowifpp |3 eand cdxdien Ve 1ithe fresmhstagiagmal
supplier (not shown), and an input signal In2 is supplied to the CMOS 520
from t e efmI thaipiPiese THnd dypin Bjkmatesrgaseppl iBdz o the CMOS 510
is a signal inverted by an jnverter 530. The input signal 1n2 supplied
.to t hE TSRS st FHoh-FmVeF 1 siged . the 76 fy e the Priesent

t he gntenna connection circuit

et e 16 BG4 Sy oot ed, Al gt e, comectl on Sl

inhibi%h‘ %é%ﬂéé%“téréﬂg 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 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, the CMOS 510 is

connected to the antenna connection-circuit'through‘electric




flowing fromone of outputs fromthe CMOS 510 divided i nfi6 Febugry 30 cvos

+ 520 is connected to the antenna connection «circuit through etectric

el ements, such as diodes, for inhibiting a current fromflow ng from one
of outputs from the CMOS 520 divided into two. Specifically, the output al
fromthe drain D of the PMOS 511 in the CMOS 510 is connected to the
antenna connection circuit through a diode 571 that permts only a current
output fromthe CMOS 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 a diode 5 that permits only a current input
fromthe external circuit to the CMOS 510. In addition, a circuit el enent
for preventing excessive voltage reduction, that is, a grounding part

t hr oughe bemi¢ e, 593ch sas pibvdeged Ber alplybet o betswarenthefia di vi ded
outputs _from the CMOS 510 and the antenna connection circuit. Simlarly,

t he out plewbngf EBemt pee dphi eMEreEs t feopnvese @905 | hl§ e Oss! 570°9 s
- connected to the antenna connection circuit through a di ode 581 that
per ni t stBRty - BER Rt 22 Qut HUEORRVFY Eh et ONEES 15 @ PRSI circuit.
The output b2 fromthe frain_D qL t he NMOS 522 in Rgf 5 520 is
connect &t £B1t hEREAL SRS COMRES t § 0P F i TUEhrfi it AF S i 582 t hat
pernits.le%.€dcurregt i nput froggige. ex%ernal cig Lgt t(ﬁg Ix%yts 520. 'In
addi ti o HbEHET 4 eCHRbTHar §F B0 O Gr Ui S i CH B i ode 583
'S prov{ﬁgmkﬁ68a5i6”5§%£ﬁgd 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 outnut a2 from the drain D of the
~ NMOS 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. In
'addition, a clrcuit 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 -
?E)-- 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
~circuit 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. 1In addition, another




between the two divided outputs fromthe CMOS 520 and t hd6 Fghtuann2D07
connection circuit. For exanple, when an input signal Inl having a G\D

| evel is supplied to the CMOS 510, the PMOS 511 turns on and the NMOS 512
turns off. A signal having a VDD level is set as the output al fromthe
PMOS 511, and the output al is supplied to the antenna connection circuit
t hrough the diode 571. Concurrently, an input signal |In2 having the VDD

|l evel. is supplied to the CMOS 520 to turn off the PMOS 521 and to turn on
the NMOS 522. A signal having the G\NDjlevel is set as the output b2 from
the NMOS 522, and the voltage of the “antenna connection circuit is set to
the G\D | evel by a current flow ng through the diode 582. In contrast,
when an input signal Inl having the VDD level is supplied to the CMOS 510,
t he PME@Iding mewf fthemght e R 5388 tis nerarided sitgral ] uratiieg t he GND
l'evel is set as the output a2 fromthe NMOS 512, and the voltage of the
ant enndomRstttiieh e ciitided saitpg g HeraanD he 30Dy 20 and rtéit f1 owi ng

t hrough the diode 572. Concurrently, an input signal In2 having the G\D

| evel iARSHPH iR HIRE CMBB20 to turn on the PMOS 521 and to turn off

the NMOS 522. A signal h vin% the VDD |l evel is_set as the output bl from
the PMOS 52F°Tafd éeouW§§P P QPR SHE8a 1t PthéaVamPeAin&NConnect i on

cireul, (prouah the i ode S8t 16, Febriiary 200,20, TEse, 149, out put
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
. 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

-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 NMOS
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.




the input signal. A current is generated at a coil functlfdebrpnaglithe
antenna 500 based on the output Qutl from the CMOS 510 and the output Qut2
fromthe CMOS 520, and an el ectronagnetic 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- witer, and the
received signal is transmtted. The operation when an el ectromagneti c wave
causing a disturbance is received by the antenna 500 will now be

descri bed. If the antenna 500 recengﬁ an el ectronmagneti c wave causing a

- di sturbance, a variation in voltage O0Ccurs 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

i ncreases, Mheae rowm dutews: towded tare aaqueantdaldly ed PRSEd 501 in the

CMOS 510 owing to the diode 571. Accordingly, an increase in voltage is

i nhi bi t&te atnpie igped - alA cfurirnt PMOISHArakrRd athet Fdkle, an increase in

vol tage at the power supply VDD is inhibited. Wen the voltage at the

~ point (Wnctieragess Bhe@nesnng | PR PatRE R HhowpRu a2 Wil the™wos 512
in the CMOS 510 through the diode 572. However, the current s grounded

t hr oug HE DS B 22T icHeR, ORURHE WHEH  TRET Ve 4005 4te B8 1 (A

._Increaﬁgfécé§gégglegfys$£$%6%§£%£§§gﬁl{X§2€g7the fgput 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




current through the PMOS 511 and the NMOS 512, which are 16h&brugsyddHents in
the CMOS 510, does not occur. Latchup occurs through the follow ng states
from(1l) to (6), as described in "Description of the Related Art" with
reference to Fig. 3. Reference nunerals in the followi ng description are
the sanme as in Fig. 3. (1) Wen an electrical signal is generated by an
external electromagnetic wave in an output part, a forward current flows
fromthe P area 261 of the drain Dto the N area (Nwell) 251 in the PM3S.
(2) As a result, the PNP transistor %@) based on the parasitic diode in
the N area (I\Ivvell) 251 swi tches on. ) 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

vol t agesuroént hiehfougread {ePViMAy IHR amdl titee NMQSy gel Zubgtirct eaedPsiity  250.
(4) As a result, the NPN transistor (B) based on the parasitic diode in
the P a@@wqwﬂ! )i ghes WiMGEhesl bn. dgey nterpadver -NPN transi st or (B)

swi tches on, a current flows fromthe N area (Nwell) 251 to the P area
(Pwell) 252 La(‘1£3hI1’-Pt 3¢|§é’u§t§b§i‘-ﬁé?ﬂléfh( BHgh) cdQy ingr @@gﬁeﬁhérmm P aksi st or
(B) to decrease the voltage of the N area (Nwell) 251. The PNP

transi st®r (3 drasdied the &a%f‘sﬁlt%l% they E}i'@tl@da (Nwah) 251

svmtches n along with the 16 February 2007 22
re erencegko éig.lg. 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)

Loy
Qg

- 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




reduction in voltage of the N area (Nwell) 251. As a resubtFebruanc2id7ent
supplied froma power supply VDD flows fromthe 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 states (3) to (6) are repeated. Wth the circuit
‘configuration of the first enbodinent, even when an electrical signal is
generat.ed 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’%2d'éscri bed -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 antmathectSth i preveded £ Athdobighréhe (Wpel hl | Bhlof RheaChBESubip has
been described with reference to Fig. 4, the CMOS 520 has the sane
- confi g atdwrerdnds uaiileotd asrdm 2 EovENOS L0y Wikh ftllvers viglamgdiealN t he poi nt
(B) increases, no current flows toward the output bl of the PMOS 521 in
t he CIV@STWO(WHQ t20k Heo th e B38. (Bxesddn)diddd y(= drtiviRe ease in vol t age
is inhibi.ted at the out ut bl of the PMOS 521 and, therefore, an increase
in vol RS tata tehel Bfoke pI AN h e MR fte@nawsa® hE) V6l tage at t he
~point (B) increases, a current flows toward the ouzfut b2 of t he NMOS 522

in the ‘S0 %t FRHadre Ot HsbriaFR0Fre 3 type

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




di ode 582. However, the current is grounded through the T1RNEEr&Ere20Hence,
even when the voltage at the point (B) increases, |latchup causing a
current through the PMOS 521 and the NMOS 522, which are the conponents in
the CMOS 520, .does not occur. \Wen, for exanple, the voltages at the
points (A) and (B) are decreased due to an externally input

el ectromagnetic 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 g#e_set such that the voltages at the
points (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
possi bldsidde i 5 bi tHaveeracc whenoer enta i wrentddrbthiermghhéeheem conduct or
devices and the external circuits based on a reduction in voltage at the
poi nt s NMQS S ( Bjendef edvdmgetten Rilg vhltagiedicdhoomedatted B)n parallel to
the antenna 500 is a limter 591 against voltage. The Ilimter 591 is
connectiEFiapdgf akvi el BUD1 i1y comuslanthghadwghy dieaddOd B2dr ence
between both ends of the antenna 500 so as to be not greater than a

predet i ridte MBS A%y 1Wvith angnbbe e qnefitiserinsdhs WMOS ©520%n abnor nal

- voltage, difference between the points (A) and (B) and also inhibits -

----- -dees not QERUhyr yary 2007
' ' 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),
respectively. For example, the diodes 573 and 583 are set
._éuch thatlthe voltages at the points (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 limiter 591 inhibits an abnormal voltage

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




24 . an abnormal increase in voltage at the drains of .t hd6db8esry 28cond
Enbodi nent An exenplary circuit configuration of a reader-witer according
to a second enbodi nent of the present invention wll now be described with
reference to Fig. 5. The sane 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 enbodinent, as in the first enbodi nent, only one of
t he divided outputs is connected to 5Qe_antenna 500 through a di ode.
Specifically, the output al fromthé 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.
Unl i ke atheabno¥iabnbodierse in Heobtrpatab2tiie ohrates of ailre TMISshe NMOS
512 in the CMOS 510 is connected to the antenna connection circuit w thout
a diode. In addition, no grounding part through a diode is provided at the
junction between the two divided outputs fromthe CMOS.510 and t he

ant enna® TR ETRAAER$RNi t, unlike the first enbodi ment. The output part of
t he CMOS 52Q has the sanme .configuration as that. of the CMOS 510. According
to the second &5 r%,c%£9q%¥tQQ?¢%9%ﬁat;Qﬂ-9ﬁ-a-xﬁﬁdﬁr"fgjﬁgﬁfuary 2007

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




25 enbodi ment, even when voltages at the points (A) and16Bebruary 20Qy. 5 are
i ncreased due to an el ectronmagnetic wave causing -a disturbance, 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 the
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 ZEALI now be described with reference
.to Fig. 6. The sane. reference nunerals are used in Fig. 6 to identify the
sane conponents in the first enbodi nent shown in Fig. 4. Al though the
respective outputs fromthe CMOSs 510 and 520 are divided into two in the
third eeffoetiieent, s&vém whrn ¥oksagembudithentpoiontls (e adMOSBE51Gnhas t he
diodes 571 and 572 connected thereto. The output al fromthe drain D of
t he PM3B %110 (3¢ e d 1918 st dihekedt tanagnetdin erave cemead on
circuit ,through the diode 571 that permts a current output fromthe
CVOS 519 TPt T & rti fecahedRpdihaarteama mO0 ditden D of the

NNCS.5#£*%§BQ?@E » 510 is connected to the antenna connection circuit
t hr ougtt e AR pR s e Hhr“?%lrﬁaQ%pﬂft e Au e tegter nal
cireuit, to,the, 6 February, ,2004,,2%1 0 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 ogtput al from the drain D of the fMOS 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 diode 572 that |

permits a current input from the external circuit to the




CMOS 510. In addition, the grounding part through the di dédebargy 207

provi ded at the junction between the two divided outputs fromthe CMOS 510
and the antenna connection circuit. The output part of the CMOS 520 is
structured as a short-circuited output part wthout diodes. Wth this
configuration, as in the first enbodinent, the voltage at the point (A) in
Fig. 6 is increased when the antenna 500 receives an el ectromagnetic wave
causing a disturbance. However, the diode 571 inhibits an increase in
voltage at the output al fromthe P 511 in the CMOS 510 and, therefore,
no current -is generated toward the 510 based on the increase in

vol tage 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

i nhi bi t@05S tH0 occlim raddet béna thangeoindog t pget athtéoegh pohatdid®ie i n t he
CMOS 520 is also inhibited. As a result, an increase in voltage at the
out-put I3 fiprpreelgadsouhe njuneeligMisesRoen sthaht v t dtividéedr eby
preventing the occurrence of |atchup. As described above, in the data
comuni @&ERYHs dEyeRethestiPSas18 paEdEhewsintennah ARNRG c& loMOS igGtitgur at i on
according to_the present invention, even when an el ectromagnetic wave is

teceived by e SR £25the Litdfe LM A biddF at i Yumttdis bet ween t he

sem conductor circujt nd the antenna connection circuits inhibit a
cur r ent KT LT TR g7 S8 Par g thout dicdes.

: 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




flowing into the CMOS configuration. As a result, |atchufd® Fabrugsy 007,
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 ectronagnetic wave
externally received and a reader-witer, no |latchup occurs in the
reader-writer even when the electric pover based on the external

el ectromagnetic wave is received in t2he | C-card function part.
Accordingly, it is possible to inprove the reliability of the data
“comuni cati on device having both the 1Ccard function part and the

reader - e¥ERg Hekeethe @O acen toomoat tani orhslevimeswit + heatprlagent

- invention can be utilized as a reliable device having both the ICcard
functi o paRichm ¢wererades -GPREERUOYR] Y ederr Hret et the QDN has been
described with reference to what are presently considered to be the

pr ef er retr erbodPdeef o1 the PIERPEL iR del @D REIHENT Her §hR &MA%n is not
limted to_the disclosed enbodiments. On the contrary, it w.ll be further
under st TIHE B TR SK9FF RPT i FEE e arBUT haRat Hel D ridli TR & i ption i s

of the dag%efe”ed enbodi ments, of the present invention and that various

change A FHHYFTEGR Fos HE B2 made to the 16 February 2007 - 28

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




invention without departing fromthe spirit and scope tHAEFeBfar#¥7scope
of the followng clains is to be accorded the broadest interpretation so
as to enconpass all such nodifications and equival ent structures and

- functions. 16 February 2007 29 CLAIMs: 1. A data conmunication device
conprising: 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 nation of a P-channel MOS transikgtor and an N-channel MOS transistor
on a single chip; and an antenna connection circuit through which the

- sem conductor circuit is connected to the first antenna, wherein the

sem conductor circuit includes a power supply-connecting MOS drain output
part an@nEelksendyithemeciepyt MOD diseh e pirlphE tandasaepodver - suppl y-
connecting MOS drain output part being a drain part of the P-or N-channel
MOS t r afBPERSF - coRrRcEeeP® 00t patefostpping ckai®ms giduk@-B®nnecti ng MOS
drain outgut 3rt being % drajn of the P-or N-channel MOS transjstor
connect 88CPBAE gF BRI O2FeS WP BR FPTHEA LR e A 2DNFRCEFONREFE A has a

HENEESHEGE e R T O TG DL
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connecting MOS drain output part. 2. The data comuni cat i 16 &pEA £007
according to Claiml, 16 February 2007 30 wherein the first electric
elenment is a diode. 3. The data communi cation device according to Caim1l
or 2, wherein the power-supply-connecting MOS drain output part is the
-drain of the P-channel MOS transistor and the ground- connecting MOS drain
output part is the drain of the NN channel MOS transistor. 4. The data

- conmmuni cation device according to any-ane of the preceding clainms, wherein
t he antenna connection circuit further includes a second electric el ement
for inhibiting a current fromflowng fromthe sem conductor circuit to
the antenna_connection circuit in the ground- connecting MOS drai n output
part. 5. CHAEMYat a conmuni cation devi ce according to Claim4, wherein the
second electric elenent is a diode. 6. The data conmuni cati on device
according to any one of the preceding clains, wherein the antenna
connecti on ci.fcui further includes a. circuit elepent for prevention
excessi ve vdﬁtad%‘#@Hﬁc??TWP%&C%F}%ﬂc@?%ﬁcﬁe?ﬂE%ﬁl§h%gbomer-supply-
connecti ng Nggjgr L@ out put _ part and the ground-connecting MOS drain

out put part. 7. & it & Cohhuni cat i on devi ce according to Claim6, 16

February_zooé.ég&iconductor circuit for generating signals 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,




wherein the circuit element is a connection to a ground '@drabedary 8R07
configuration through a diode. 8. The data comruni cati on devi ce 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 conmuni cati on devi ce according
to any one of the preceding clains,~-wherein the first electric element is
provi ded for only one of the respective output parts from the

sem conductor circuits corresponding to both ends of the first antenna.

10. The I i-Qn i cgording.to any one of the preceding
cJainB,.ﬁﬁgﬁgﬁﬁngﬁg!gg%?%oﬁg%%#%ﬁcgﬁ?gﬂﬁpt ¢Snfr P88 wo CMOS circuits into
whi.ch an inverted signal and a non-inverted signal supplied froma. signal
‘supplier are-respectively input. 11. The data communi cati on device

according to any o f.1he preceding clains, wherein said data
connunication§'dev?§% ééﬁ?:ﬁ? GQF}g?O@ﬁVlQE1§§C°5ﬁlm%t%bﬁaﬁ€ﬁléiP€uit

card fun2i iwerfan m@ebweg—@hmw&m@@e@ﬁgQ@é@dax%anaeu%ﬁe_t%&{j@%%?t ic
ed adj

wave received by the first antenna or a second antenna provi acent

to the fthetdranhesfathd2p-EhandataMeeminaheakiOn dRYI £RaG¢QNHLNY to any

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

channel MOS transistor.
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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,

€f§ 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,




of the preceding clains, wherein said data conmmuni cati on16febiusey ¥ a
reader-witer function for witing and/or reading data in and/or froma
comuni cation device via data comunication through the first antenna and
an integrated- circuit card function for receiving electric power based on
-an el ectromagneti c wave received by a second antenna provided adjacent to
the first antenna. DATA COVMUNI CATI ON DEVI CE = ABSTRACT OF THE DI SCLOSURE
A data communi cation device includessa £irst antenna; a sem conductor
circuit for generating signals for use in outputting communication data
through the first antenna, the sem conductor circuit having a CMOS
configuration of a conbination of a P-channel MOS transistor and an
N-channel MOS transistor on a single chip; and an antenna connection
circuit through which the sem conductor circuits is connected to the first
ant ennahered 1s diec sidigsticr <liemantt id meclamesct ipowere sugptomebnnect i ng MOS
drain output part and a ground-connecting MOS drain output part. The

ant enn&orgemider eendilaauiatitas thifduat ldcidd.c el ement for inhibiting a
current fromflowng into the corresponding sem conductor circuit in the
power - suppl y-connecting MOS drain output part. FIG 4

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.

"fj | 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
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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.

l12. 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 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.






