10

15

20

25

[Rs -y s

*]1LO180*

-1 *@00002* TITLE OF THE | NVENTI ON RADI O

COVMUNI CATI ON DEVI CE, RADI O COMMUNI CATI ON METHOD Al
NON- CONTACT | C CARD READER/ WRI TER DEVICE BACKGROUNmmmw
OF THE I NVENTION 5 The present inventi

radio communi cation device, a radio connunlcatlon

met hod and a non-contact | C card reader/witer devi ce *Goooo2*
for transmtting informationtad a-+adi o communi cation

phone 10 and recei ving intormation from t he raco MMM
communi cati on nedi unTIThEr @EefilEy&HVENTAOYON- cont act

| C card available in non-contact has been w dely used

i n t 8ARE CofCONMUNAEHTIIOYN SEVIkEer MRHILon CANYIUNICATION METHOD
conveni ence in car%ylng 15 A technl%&e in relation to

a noﬁN@oHp§6FONTﬁp it CORDr BEARERSWRILIERy DEWILS Eki nd

of non-cont act i S xanple
Jpn. Pat. No. 3, 57@%@%\&3 @aﬁ%"@y

Publ i cat i 94785 20 Faor. Xa | e .
reader/wr ﬂ{%éer pﬁreos\?’%fe&nveznhtlon srlenlgal m(gcop anr’(aednlnoa
Shar%@mhﬂn& %Qﬁ%hS%%QQCQQda radio communication method and

a non-contact IC card reader/writer device for

transmitting information to a radio communication
medium such as a non-contact IC card and a cellar phone
and receiving information from the radio communication
medium.

In recent years, a con-contact IC card available
in non-contact has been widely used in terms of a
security of information and a convenience in carrying.
A technique in relation to a non-contact
information/reception using this kind of non-contact IC
card is disclosed by, for example, Jpn. Pat.

No. 3,579,899 (Jpn. Pat. Appln. KOKAI Publication
No. 8-194785).

For example, a reader/writer provided with a
single loop antenna shared in transmission and
reception is known. A resonant frequency of this kind
of loop antenna shared in transmission and reception is
uniquely decided by a capacity (circuilt constant) of a
capacitor connected to this loop antenna.

A control unit and the loop antenna of the

reader/writer are connected with each other by a cable
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reception is known. A resonant frequency of this kind
of | oop antenna shared in transm ssion and reception
is uniquely decided by a capacity (circuit constant)
of a 25 capacitor connected to this |loop antenna. A
control unit and the | oop antenna of the

reader/witer are connected with each other by a cable
with two lines through a conrector - Thereby, the
reader/witer can comunicate with the IC card through
the | oop antenna. An object of the above nentioned
readetfhwtwerlisesSthooadhust cbhreatdb ennarnesenant the
frequency by adjusting a value of the capacitor
connegd@rir {oriber| cop apmeunacashavethi bher ddsodsgi bhrough
and reception and secure a stable conmunication
prope?re y1 el an@ea conmuni cation area (excel |l ent

comuni cation property in assunmed and 10 prescribed, ,
comuni cabPofPafea) OWi FRet ABOVE BaRrBIONEgdr FRAfCr4gWriter is
reader/witer provided w ant enn

| macRRrtaht St ofhe TPERRIT SEPORaRn BroRECeRt, oK, 2diusting 2
ESRRELALELY g BIONE DR GRIR0RL L EALCIE Ohsenna
decl sty Hoecesuseiuof Ahe cpesgellersnqniecied o

ant et fOr c s REERIEHNL bS ﬁﬁéégﬁgybyndtQewﬁé@aébﬁﬂuﬁication
the capacitor connected to the loop antenna. 20 Both

of tdwed orgoataplénd comtdeni atienSpfOpentyt 1ANSSEGHEQNand
and a reception have their objects to adjust the

ant enness cesopdntoimegleacies andaseeitle the IC card.

Further, a reader/writer provided with two loop
antennas independent for a transmission and a
reception, respectively, i1s known. The resonant
frequency of this kind of loop antenna for a
transmission is decided by the capacity of the
capacitor connected to. And the resonant frequency of
this kind of loop antenna for reception is decided by
the capacity of the capacitor connected to the loop
antenna.

Both of the forgoing two reader/writers for a
transmission and a reception have their objects to
adjust the antenna resonant frequencies and secure the
stable communication properties and the wide
communication areas (excellent communication properties
in assumed and prescribed communication areas) with the

IC cards.

The above-described reader/writer can be



stabl e communi cation properties and the w de

comruni cati on areas (excellent comuni cation

properties 25 in assuned and prescribed comruni cation
areas) with the 1C cards. The above-descri bed
reader/witer can be conpatible, by fixed antenna
resonant frequencies, wth such specific IC cards in
atraffic systemfor a statiron3operation and an

el ectronic noney systemand for IC cards different in
resonant frequency on IC card 5 sides w thin narrow

r angesng&xilend, tloy seivesadl agdogena kkHzgoamdt cAneqbéacheanp with
excel | ent communi cation property. However, the expand
use dich Gracdsihabl btaught inaboutafhecfoysoamngor a
situations. 10 (i) IC cards made by and issued froma

pl urslid e foremmuf et yr@saangl ¢glersc PeRpEcsY§EEY, and
are used for the sanme system (ii) Shared IC card are

used 9or1G ﬁm%|qi%§f%¥en%yé$eﬁ%sor1%n¢ nff?ﬁlgency on“IC card
t t dt to
S0 Vet Rt R RS S n T REERE T hRuEaLy on
thecﬂ%ﬁﬁ? N%btﬁﬁ?ségﬁ gté %egntgxégflég% §§$H§nlcatlon
g

havin féren enna resonant requencr es
(seyv hupdred kHz- several MHz), such a 20
rea rIMW|ter cannot obtain performance (excell ent

comuni catbwévdFf PPeRt YexhoRdanst Coeard €hrdBaMhBIb2ought
di fferent resonant frequency fb even by adjusting an
ant eatnautci tleali fo Choweimdt s i audesonant frequency, etc.
(1) IC cards made by and issued from a plurality of
manufactures and issuers, respectively, are used for
the same system.
(ii) Shared IC card are used for a plurality of
systems.

In this situation, we are faced to a new problem
to be solved. Because of the antenna resonant
frequency on the reader/writer side is fixed to the IC
cards having largely different antenna resonant
frequencies (several hundred kHz-several MHz), such a
reader/writer cannot obtain performance (excellent
communication property) for an IC card (b) having a
different resonant frequency fb even by adjusting an
antenna circﬁit constant, a resonant frequency, etc.,
thereof so as to make the property excellent for an IC
card (a) having a resonant frequency fa. In contrast,
in the case of an adjustment on the reader/writer side

for the IC card (b), since the IC card (a) 1is
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thereof so as to nake the property excellent for an IC

25 card (a) having a resonant frequency fa. In

contrast, in the case of an adjustnment on the
reader/witer side for the IC card (b), since the IC

card (a) is deteriorated in conmunication property, it

is hard for the reader/witer to set both IC cards in
order to get excellent properti4es- The reason of the
above-nentioned problemconmes 5 fromthe fact that

the card antennas having different resonant
freqdeneresrattd eachomhbirt ceauspSppupeaty, i hdutki BArd for
with the |l oop antenna of the reader/witer to cause

st r oblge coaptie ngwbyt eaktngsbot hotbopCantednasnf ordea to get
and a reception be resonant antennas to have the 10
resoPaftl i pRrpuURRRpSrEé8Pectivel y, and an area in which

reception_signals fromthe IC cards are suppressed and
brought i ht8 &°98PPagé FBFeRPPHBoYSIble"e8 RERBUGRaremes

th [ {ed. [t, th icati .

por {oFTBRGES oF o€ et PEBEPF v P Far P EeRRTBr Por SR EaUL EFgrent
BRI Y. ENTI.ON An_object of th

or eSERT I et TSR LTIt o bul cBe e ¥ oiFD SO BAFFBh

deVifﬁdu@tI@gi@iﬁﬁnyygif@é#ogntgﬁﬁgogfagﬁearea%?g/%Fiter to

non-contact 1 C card reader/witer device capa

preventiags desegi O@bl PRy i By CREARUAE CBLERN1 80 antennas for
performance. A radi o confruni cati on device of an

exanpl eno@fathecePt e6€Nbe | NYEBLLON b5t ONCa§aPabhevef the
communi cating with a plurality of kinds of radio

comugs ead nonf negiienchavragpetct fesenf sedomanirea in which
frequenci es, conpri sing:
reception signals from the IC cards are suppressed and
brought into a voltage level impossible to demodulate
them is generated. As a result, the communication
performance of the reader/writer is deteriorated.
BRIEF SUMMARY OF THE INVENTION
An object of the present invention is to provide a
radio communication device, a radio communication
method and a non-contact IC card reader/writer device
capable of preventing deterioration in communication
performance.
A radio communication device of an example of the
present invention is one capable of communicating with
a plurality of kinds of radio communication media
having different resonant frequencies, comprising:
transmission means having a first resonant fregquency

tuned to and resonated with resonant frequencies of the

radio communication media in prescribed communication
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25 transm ssion neans having a first resonant
frequency tuned to and resonated with resonant
frequencies of the radio conmunication nmedia in
prescri bed comuni cation ranges with the radio
conmuni cation nmedia to transmt signals to the radio
comruni cati on nedia; and reception neans having a
second resonant frequency not rgsonrated w th the
resonant frequencies of the radio 5 conmunication
media in the prescribed conmuni cation ranges with the
radi ea g@8BURL €At B8 PBEI3 tOmhBREEYEioRi @Baks thOoBYEAGMit
radi o communi cation nedia. A radi o commrunication
met hotgod 1 antexandl eadiot bemmphesediohnveAl 8Pnahd8 8BEeption
capabl e of communicating with 10 a plurality kinds of
r adi e @osmiuay cag | anseednd havbngntdifégquentyresvnaatonated
frequencies, conprising: transmtting signals to the
pr eset Fibethe abe 9o 2ptmiineaaenoheaedf athe peeéseri bed
conmuni catjon ranges wth the radi o comunication
medi GOHRE toRE+ON (TAGIA 1B FRORARECFHRRBeREYMBRigation
ransn1SS|on/rec€€t|on antenna for_receivin SI gnal s

from THESPrisCr i bRY Tadt o CCBRHBATCEE PonTRatral Porgostve
P LAt T RRON Ao | £ SRS C b e L0n A gopnat o

r esona requency ki nds

Of each rﬁd%&a? ggHHhﬁﬁE&QBlgﬁth%oéoog' ghi Qgﬁfr@g%ngf the

the prescri 0 conmruni cation ned

of reeeived §h@@ﬁ{§o$r9§7$ﬁg @5§§Eléb§§ céﬁﬂhglcatlng with
comruni cati on nedi a through

trans rp.&s:tamitfﬁCEpﬂidi@noﬁnfﬁdilD@, camdus 0B84t 0bhi REdt B€having

resonant frequency of the transm ssion/reception 25

ant ehnaf eretther bssnhsna firsguaction, resmptising:
transmitting signals to the prescribed radio
communication media in prescribed communication ranges
with the radio communication media and controlling a
resonant frequency of a transmission/reception antenna
for receiving signals from the prescribed radio
communication media to a prescribed resonant frequency
tuned to and resonated with each resonant frequency of
the plurality kinds of each radio commuﬁication medium;
distinguishing the prescribed radio communication media
on the basis of received signals from the prescribed
radio communication media through the
transmission/reception antenna; and controlling the
resonant frequency of the transmission/reception
antenna on the basis a distinction result.

A non-contact IC card reader/writer device of an

example of the present invention is one for performing
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A non-contact |IC card reader/witer device of an

exanpl e of the present invention is one for performng

a transm ssion and a reception of data to and from an

IC card by radio to perform prescri bed data

processing, conprising: transm ssion neans having a

first resonant frequency tuned to and responded wth

a resonant 5 frequency of the 1@ card in a prescribed
communi cation range with the IC card to transmt

signals to the IC card; reception neans having a

secoadt resonantiohr egueacyedeptriesonat edes tb &h@ from an
resonant frequency in the prescribed conmunication
rangeCweahdthe radio 10 penfonncatesoriedidadébarececeesing,
signals fromthe IC card; and control neans for

per f PP PYS L he: { £ 2SN ESH RN na@ns heaveegpti bhreot rpeonant
data_to and fromthe I1C card through the transm ssion
nmeanSt aRECR RE ?%%%%t?%naﬂ%aﬁ%SP%P¢% i b1 EBnfruAEEarABR

device of an ex l e t he resent jnvention is

one ﬁa%%%cxw@?ﬁ%nf{%a?%@ WLt DESPEGIEFT soRTHALCation
of connunlcat n_ne havi n |ffere

resonan?efre e%%?egg %n%rgglﬁﬁan%mhgduf%?a Eﬁ?tlc

for gpdyl a%é@%ﬁi&ﬁ‘%éﬁé Oﬁ‘af’f‘ﬁﬁodﬁ ec8 &F’Pé %Qﬁﬁe

circuit for outputting signals ate

nDdeﬁéﬁ@@n@¥r§&ttre@oﬁ&@@@”&§§hoﬂﬂéeE@Q&hQﬂtaﬁigaﬁéncy in
for transmtting the signals fromthe output |ine

Circthé poedbeibed ComtPERLEL€abhO0Rangéi @idRdthe radio
receiving signals fromthe radi o communi cati on nedi a;

an iog@utuhioet con cuedid otoi npoetvagstiheassghabe £henicC

25 the transm ssion/reception antenna; a phase contro

ci rceaxdf oandopeniordl nyephasesr opesfgrmisgf thhen thensmission
and the reception of the data to and from the IC card
through the transmission means and the reception means.

A radio communication device of an example of the

present invention is one capable of communicating with
a plurality kinds of radio communication media having
different resonant frequencies, comprising: a
modulation circuit for modulating transmission data; an
output line circuit for outputting signals modulated by
the modulation circuit; a transmission/reception
antenna for transmitting the signals from the output
line circuit to the radio communication media and
receiving signals from the radio communication media;
an input line circuit for inputting the signals from
the transmission/reception antenna; a phase control

circuit for controlling phases of signals from the

input line circuit; and a demodulation circuit for
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input line circuit; and a denodul ation circuit for
denodul ati ng an output fromthe phase control circuit.

A non-contact I C card reader/witer device of an

exanpl e of the present invention is one for performng

a transm ssion and a reception of data to and from an

5 1C card, conprising: a transmssion circuit for

modul ating transmn ssion data-to7the | C card; an

antenna wunit having a first resonant frequency tuned

to and resonated with a resonant frequency of the IC

car ddémodul pt esgrabedutpohufircat tha pange wbhbrdheciouit.
card to 10 transnmit an output fromthe transm ssion
circuit; & nphasentantrdf cirduiktafier/wnpuetri dgvace of an
reception signal fromthe IC card received through

t he @ftBRha ehi €N oPrpeehbr A PRASECR RS r ohe shoaspabforming
to be resonated, to the resonant frequency of the IC

car of | N HEHT BERT | HRY ﬁSr%%ﬁHEh?%a?goﬁaF%n@% EnLFAR an

| C card; tion. circujt for. denpdul ati
out put 175 {HETBRASENS CoRt FORRET ST 21 aS: Fecept F Ok

datQﬁo&ﬁﬁgfﬁﬁgg%f?%%ﬁfégioﬁpﬁaggrégiﬁ%gg QS?rd; an antenna

I
transm ssi on recepti on of da 0 and

fromife 4l £ da thL pogh,Lhs, 20; t g%‘ H%ﬁ%' o@ur?;é%c;gé)tand

and the reception circuit to per ¥esc e

dat ar 8 OCL68d N t A4l £ 05Rhn ODF £64 5909 Sdvant agescffd in a
the invention wll be set forth in the description

wWhi adrd od + ivesqd  @drtinuh e pat dn Wrdhgdew Db i o feopatheto
description, or may be 25 | earned by practice of the

i nveramsmitThe objleetts fnon Hdyantagesioficmecircuit; a
invention may be realized and obtained by neans of

t he Bhste WrROMEE0 Y t$eecyhlg for inputting a reception signal

from the IC card received through the antenna unit to
perform phase control so as not to be rescnated to the
resonant frequency of the IC card in the prescribed
communication range with the IC card; a reception
circuit for demodulating an output from the phase
control circuit as reception data; and a control unit"
for performing the transmission and the reception of
the data to and from the IC card through the
transmission circuit and the reception circuit to
perform a prescribed data processing.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The objects and
advantages of the invention may be realized and

obtained by means of the instrumentalities and
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conmbi nations particularly pointed out hereinafter.

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG

The acconpanyi ng draw ngs, which are incorporated in

and constitute a part of the specification, 5

illustrate enbodi nents of the invention, and together

with the general description given above and the

detai |l ed description of the enbagdi rents gi ven bel ow,

serve to explain the principles of the invention. FIG

1 is a block diagramshow ng a schematic 10
confegupahdohont pareadel AW it poinegar difghapeexaipke .

of a radio communi cation device of the present

i nvenBRGBF PEGCRZPISOH VIEFeWHENSWVEGRAA IESIS e©Fampite DRAWING
a configuration of a radio circuit and an antenna

unit of 1Betphecewpderingi tepwishown WhiEhGarg; 1BEGrp®rated

is a view showing a relation between a resonant
freqh%n%%dfqo%%HlEPF%s%n@ﬁftf@éqﬁbﬁc§p¢915tcatNQN,
readE£ witer shown and a resonant

1
frequ §t¥%F%n%m%9?%£%%EﬁtofrEH%ehEVe?BlBF'aﬁn@CtES?Fher
20 h
exart & o485t ral o Bafie 166 T LRERT 5PER “antehha
and ébf@ff%ﬁ'&@s?ﬁf%@fgg’oflgﬁe ehSo 1M%§¥%SQQ$%ngglow,

second exanple o 5 arrangenen

transei-$si0h S eANa and Isflfndﬁf@@tb?ntﬁ@t ERPant b6
6 is a view show ng a second exanpl e of

con{ugurarxgn ofishe pagdtr €iagubh §nglH§ QnE@HQﬁatlc

- configuration of a reader/writer regarding an example
of a radio communication device of the present
invention;

FIG. 2 is a view showing a first example of a
configuration of a radio circuit and an antenna unit of
the reader/writer shown in FIG. 1;

FIG. 3 is a view showing a relation between a
resonant frequency fl and a resonant frequency f2 of
the reader/writer shown in FIG. 1 and a resonant
frequency fa and a resonant frequency fb of an IC cart
to be a target;

FIG. 4 is a view showing a first example of an
arrangement of a transmission antenna and a reception
antenna;

FIG. 5 is a view showing a second example of the
arrangement of the transmission antenna and the

reception antenna;

FIG. 6 is a view showing a second example of the
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of the reader/witer showmn in FIG 1; FIG 7 is a view

for explaining control of a swtching circuit

(hereinafter, referred to as SW by a 5 SWcontrol

signal; FIG 8 is a view showing a third exanpl e of

the configuration of the radio circuit and the

antenna unit of the reader/witer shown in FIG 1

FIG 9 is a flowhart for explaioni rRg an exanple of 10
switching control of a plurality of SW of the
reader/witer showmn in FIG 8; FIG 10 is a view
showcogfaghrasiorxanptreotadior eadeniwr bher thekehyehfa unit
cause an incommuni cable area; FIG 11 is a view

showhgthe secaddr énairpee showheidSrieader/ witer

likely to cause the incommunicable area; FIG 12 is a

vi ew showfFhg-an iLAcanifiAWcabrecdpéainéadsednbyost péng
coupling;. FIG 13 is a view for explaining an
eIin?%h%?%hn%fCl¥ﬁ%lFnéBﬁﬁﬁhPéﬁBPéfaF@ﬁeFBe%et@naS SW) by a
effe f the present 20 invention, FIG 14 is a

bl ock” df AGF ARt shOWAY’ a schenmatic configuration of a

reader/w pher fegardipg g (QUILh, exaiple ol Lher adi o,

conmuni cati on device o e “pre I'nv

H(acééfi u?a@?&% g%ag @P}§g9$‘89r9u§€hgﬂgt£ﬁ?i??genna unit

configuration of a reader/witer regarding a

exanpr ecpé 4L A L1 COPMYRLEAL L QNFeEVi g of the 10
present invention; and

FIG. 9 is a flowchart for explaining an example of
switching control of a plurality of SWs of the
reader/writer shown in FIG. 8;

FIG. 10 is a view showing a first example of a
reader/writer likely to cause an incommunicable area;

FIG. 11 is a view showing a second example of the
reader/writer likely to cause the incommunicable area;

FIG. 12 is a view showing an incommunicable area
caused by strong coupling;

FIG. 13 is a view for explaining an elimination of
the incommunicable area to be an effect of the present
invention;

FIG. 14 is a block diagram showing a schematic
configuration of a reader/writer regarding a fourth
example of the radio communication device of the
present invention;

FIG. 15 is a bock diagram showing a schematic
configuration of a reader/writer regarding a fifth

example of the radio communication device of the
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FIG 16 is a view show ng a schematic configuration
of a reader/witer likely to cause an inconmmuni cabl e
area in a communi cabl e area. 5 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Herei nafter, enbodi nents of the present
invention wll be described by referring to draw ngs.
FIG 1 is the block diagram showi ng the schematic
configuration of the reader/witer {non-contact IC
card 10 reader/witer device) regarding the exanple
of the radio communi cation device of the present

i nveptésant AsvehowaninakbdG 1, a reader/witer 1
conducts radio conmunication with an IC card 2 and
has a confi6l utpits alyviewr abbowicigr auischédaand an
antenna unit 13. 15 Further, the radio circuit 12 has
a nodenhigenatieeubt alpeadad/wrdeavdiiselpntei ceuse an
122. FIG 2 is the view showng a first _exanple of a
conf + JErBFFRRCHP1lE PABROIRI RcOGPIMERigAllanasAtenna
unit 13 of t %Faggder/mwiter shown i

FIG 1. As
shown in 20 F EDh BERARE AR O CE %@Eh&§V§N§ﬁP§nna
131 , | i.l with t f ,
o amamoRg e Bl eRek O Rkl E] Al RN ERE SLhE IR he son
e ) .
CPLLbLlhod abgeolBol BYCUEBCY:hg LboaRRAThat! SO NS

a capacitprgC 25i 600ReChedckoqanteAnasapdsngf thBeschematic
transm ssion antenna 131. The value of the capacitor

C sedsnfheuresoomndf fhequeagyrfhrotethenbaoposOhkbtofic card

the transm ssion - 11 antenna 131. The capacitor C

my beadechpaci¢y device) regarding the example of the
radio communication device of the present invention.
As shown in FIG. 1, a reader/writer 1 conducts radio
communication with an IC card 2 and has a cohtrol unit
11, a radio circuit 12 and an antenna unit 13.
Further, the radio circuit 12 has a modulation circuit
121 and a demodulation circuit 122.

FIG. 2 is the view showing a first example of a

configuration of a radio circuit 12 and an antenna unit
13 of the reader/writer shown in FIG. 1. As shown in
FIG. 2, the antenna unit 13 has a antenna 131 composed
of a loop coil with a resonant frequency fl and a
reception antenna 132 composed of a loop coil with a
resonant frequency f2 (resonant frequency fl<<resonant
frequency f2). The radio circuit 12 has a capacitor C
connected to antenna ends of the transmission antenna
131. The value of the capacitor C sets the rescnant

frequency f1 of the loop coil of the transmission
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vari abl e capacitor and a capacity fixed capacitor. The
capacitor Cis not connected to antenna ends of the
reception antenna 132. In this way, the resonant 5
frequency f2 (a value extrenely larger than that of

the resonant frequency fl, for exanple, a value not

less that 10 tines of the resonant frequency fl) of

the loop <coil of the receptioniantenna 132 is set.

The reader/witer 1 receives a variety of commands 10
froma host device 3. The control unit 11 of the
readentwhhkensl.gengeatepadi eopmengait banantaphent

data) for the IC card (radi o comruni cation nediun{ 2
basedaohabibhecepeeived endmandapdbeétpodtkati eapactiedirt, The
121 of the reader/witer 1 nodul ates the command
(trapspisston C5idana) fonneheefiCtoardtennaceaddantethe
with a prescribed nodul ation nethod. The transm ssion

ant ehfgeR810onganeeatas1dZraghet Lhipi BRY, bhAeansophnt

the Loop coil _with the resonant frequency f1. At this

ti mefTPEUEREY E6ndftTBhYCi AXWAPBARLIYhé2FE6p EBRN Whek of the
t he resonan% %O frequengi flLL and the Ioog cogl of an

ant ehRa°23" bf TEREUSTEY chtd 2°Cafige™RbBualP YAJHEL PR iL&SS
satisfied fif. r lL.s.Lh prescribed
conn%%%ga%éo%l#§%9§§(?%%ggéF%naaﬁigﬁgégﬁﬁﬁ¥i553i8ﬁ the loop

ef f egyi yepessnks [ i gn) 4,0f .t
reader/mwite?h%]fégégﬁgﬁglg?ggﬁggi%%%difr%§$fhe 25

antenna 13fei seh@eei/vedtthoughethevant gniar22t9f ottheommands
IC card 2. The control unit 21 of the IC card 2

out pfitsmaa 1Rost edpohse Bn respossattelavhecepti en ehe

t he command from
reader/writer 1 generates a command (transmission data)
for the IC card (radio communication medium) 2 based on
the received command. The modulation circuit 121 of
the reader/writer 1 modulates the command (transmission
data) for the IC card in accordance with a prescribed
modulation method. The transmission antenna 131
generates a magnetic field by means of the loop coil
with the resonant frequency fl. At this time, if the
conditions in which the loop coil with the resonant
frequency £l and the loop coil of an antenna 22 of the
IC card 2 cause mutual induction is satisfied [if IC
card 2 is in a prescribed communication range (range in
which communication effectiveness is assumed in design)
of the reader/writer 1], a signal transmitted from the
antenna 131 is received though the antenna 22 of the IC

card 2.

The control unit 21 of the IC card 2 outputs a
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the reader/witer 1. In other words, the antenna 22 of

the 1C card 2 outputs the response. The reception

antenna 132 of the reader/witer 1 receives this 5
response through the |oop coil with the resonant

frequency f2. The denodul ation circuit 122 denodul ates

the reception signal in accordance with the prescri bed
denodul ati on method to transaitiphe-denodul at ed

reception signal to the control unit 11. The contro

10 unit 11 conducts a variety of determ nations on the

basi sesponeeephi easgahaet 8ot bapshhbttiBe det endl BakQRd from
result to the host device 3. As nentioned above, by

conf ther ragdehéwrtitansii. ssiancandrr @eepki 0ORhank@nBasa 22 of
131 and 132 15 i ndependently with each other, the

recepif ohCafeeAnd otBRubecbhesraeppesenanThénoeception
generati on of strong coupling) to the resonant .
freqieheynadf lpRecf Cthar geadphr/waiseat @ rhaeivhe this
transm ssion antenna 131 is tuned_and resonated to

and WERCLRE FREBHERL EPPedBeRcGObE Vhéh|€220r@apaa2t
i ' i.th.th h he IC, 2.(in, a
St b epSe kot t o EPR 988Red at IR’ Gobmunr sapredeRodulates

2000001 -4 06oE EOFOLLUEL ) o TORREDN, L Ly DEEETBS e

possible for t reader/writer

t he §ér¥1é@&i%iéﬁ%efﬂ@&dégcmgr'éﬁ(sj}n{‘ﬁr@ﬂéegefﬁgéﬂigggg

form 25 the strong coupling and a reception Signha

vol tegeept 2yl signsupps esadcbyc dotanfieriand e control
reception. signal becones inpossible to be

denmoshd @t BU. cdeduet $ ya 13ridr gapacié o rii hst coORBEsH edhe
to the reception antenna 132
basis of reception data to transmit the determination
result to the host device 3.

As mentioned above, by configuring the
transmission and reception antennas 131 and 132
independently with each other, the reception antenna
132 becomes nonresonant (no generation of strong
coupling) to the resonant frequency of the IC card 2 in
a state that the transmission antenna 131 is tuned and
resonated to and with the resonant frequency of the IC
card 2 involving with the approach of the IC card 2 (in
a state that the IC card 2 enters the communicable
range of the reader/writer 1). Thereby, it becomes
possible for the reader/writer 1 to sufficiently avoid
the situation that impedance is increased resulted form
the strong coupling and a reception signal voltage
level is suppressed by a carrier and the reception

signal becomes impossible to be demodulated. Actually,
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for matching. For exanple, assum ng that the resonant
frequency f1l is approximately 13.56 MHz, the resonant
frequency f2 is not |ess than several hundred MHz. 5

FIG 3 is a view showing a relation between the

resonant frequency fl of the transm ssion antenna 131

and the resonant frequency f2 of the reception antenna

132 and a resonant frequency-faigf an IC card (a) to

be a target and a resonant frequency fb of an IC card

(b) 10 to be a target. As nentioned above, the
resonaptpatiequency sf 2ohsestbdneb kass rhaptseveraltenna 132
hundred MHz to the resonant frequency fl of

appr 6rirmabekbni08.. 56 FhHz e xAnpdedi aglsymiagswhang thikatresonant
the resonant frequency fa of the I1C card (a) to be

t he tapgeenry filsigpppexicramelyly6 LRHD61VHE, Mdheangsonant
the resonant frequency fb of the IC card (b) to be the

t ar geFeAYeNgYpféx it falBly L $8SMHRang SpMer alh s updeept Mo -

ant enna 1%@ bgcones nonresonant to the 1 C cards‘(a) N
and (b). R&Rt, Sex8nfl 84S8f SBPVARGeferfd 3df ophoetween the

/ . d th | i
135 SerpBgE GESGFRREN By Phr EPFi hasroTRraros aRdoRra 131
5. Asnghouwn  LB.RLG 4+ ansnhgoe PSE'tRE.EQ8ﬁ$%E%Bt5$@enna
antenna 132 1S arrangea I nsi de glnner Ci Fcunt er ence

of theol 9n@ aCQEEOQEnEh?rEé?QﬁHyS§EOBfaﬁkeﬁ@acé§é-(a) to be
That is, the 25 capacitor for resonance I's connected

to opposedeendsd af rébenhnepreeylieatyt lip bEARSNTIESEARG (b)

antenna 131 arranged outside (outer circunference)

t he toopecai tanfet. 14Ast henteorptli ahoant enha 132onéht

as shown in FIG 5, the
frequency f2 is set not less than several hundred MHz
to the resonant frequency fl of approximately
13.56 MHz. Accordingly, assuming that the resonant
frequency fa of the IC card (a) to be the target is
approximately 16 MHz-17.5 MHz and the resonant
frequency fb of the IC card (b) to be the target is
approximately 18 MHz-19 MHz, the reception antenna 132
becomes nonresonant to the IC cards (a) and (b).

Next, examples of arrangements of the transmission
antenna 131 and the reception antenna 132 will be
described by referring to FIG. 4 and FIG. 5. As shown
in FIG. 4, the loop coil of the reception antenna 132
is arranged inside (inner circumference) of the loop
coil of the transmission antenna 131. That is, the
capacitor C for resonance is connected to opposed ends

of the loop coil of the transmission antenna 131

arranged outside (outer circumference) the loop coil of
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| oop coil of the reception antenna 132 is arranged
inside (inner circunference) the | oop coil of the
transm ssion antenna 131. That is, the capacitor C5
for resonance is connected to opposed ends of the | oop
coil of the transm ssion antenna 131 arranged i nside
(inner circunference) the |l oop coil of the reception
antenna 132. FIG 6 is the viewléhow ng the second
exanple of 10 the configuration of the radio circuit
12 and the antenna unit 13 of the reader/witer shown
in FEBe tecepsishowntennkl G326, the ast eadanuiint FI8. 5, the
has an antenna shared in transm ssion and reception
133 ¢éonposedlobfathkoopcepitionTheteadho 182r ¢si frk2nkhas!
t he capaC|tor C 15 and a switching circuit SW The
capatéNféfec(isnegoppsctadersncne &hg dpopheoant ednghe
133 and the switching circuit SWis connected to the
otheFr@Ham6FSlPﬁeaﬁﬁFgﬁﬁa 1333, Fhetcapacitér ceraaytps C
a va%lab g..5a aci tance cap $C|t§ﬁdand may, be a

capacitanca’"2 cgaﬁchP8Pe PERPRG cFPgﬁlesgﬁe Loop
SmAtEQ?? E?eﬁﬁgeE% Fﬁ9g518ko Egng%h?3ilr B.ﬁggide

basis o con nal ron1 é con

11. Tbﬁﬁ@?yCl§$hﬁ§EkQHce EaHi § oW conneg StHE reception
Separat es the CapaC|t0r to or 2 romthnhe antenna

endsapfehhge anppenna 133. When the capacitor Cis

connected to the antenna ends of the antenna 133 by

means of Fhe.sei tehthg €ikGUsho®Whgt helSecaBhanaaakpde of

becones to be conposed of the | oop coi
the configuration of the radio circuit 12 and the
antenna unit 13 of the reader/writer shown in FIG. 1.
As shown in FIG. 6, the antenna unit 13 has an antenna
shared in transmission and reception 133 composed of a
loop coil. The radio circuit 12 has the capacitor C
and a switching circuit SW. The capacitor C is
connected to one end of the antenna 133 and the
switching circuit SW is connected to the other end of
the antenna 133. The capacitor C may be a variable
capacitance capacitor and may be a fixed capacitance
capacitor.

The switching circuit SW switches the opening and
closing of a circuit on the basis of a SW control
signal from the control unit 11. Thereby, switching
circuit SW connects or separates the capacitor C to or
from the antenna ends of the antenna 133. When the

capacitor C is connected to the antenna ends of the

antenna 133 by means of the switching circuit SW, the
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with the resonant frequency fl. Wen the capacitor C

is separated fromthe antenna ends of the antenna 133,
the antenna 133 becones to be conposed of the | oop

coil 5 with the resonant frequency f2 (resonant
frequency fl<<resonant frequency f2). As stated

above, even if the reader/witer 1 adopts the antenna
133 which is an antenna shared LA transm ssion and
reception, the loop coil of the 10 antenna 133 has the
resonant frequency fl tuned to and resonated with the
r esopabenhpedid8nbg cofmetshé ol Gecaothp? seidnwd \tiheg Iwicch coil
the approach of the IC card 2 by connecting the
capati-tbr toet ephaaait asauendy ofl -t h&@heanttéensapd@iiter C

a period of a data transm ssion. By 15 separating the
capa&?tﬁ?pérPF8Q1?H@maﬁpénﬁ§t§ﬁ@aoﬁ“@ﬁeo afténgatessa 133,

I f th
ant RS 133°BBE0ndS PECRAVE £hRobPeSRRREEY | éq&é’f%c}ofog’ coil
t | t
T osoRBRl FPEqUeRRTar FRETPENE A2 T RAN Sebency

cont £ok<LBEohlReSWLEGNEAGCIEDGUT | SW by the sw

control signal w e ex Ialned by referring to FIG

7. The conkr gkaidBidt abbvRut RYes (N6 AWM i¥er 1

signal before (just before) starting the transm ssion
25 ohdbpassfhsshafedataldndwsteps icOah) ahkhensW coRtde@d in

signal after transmtting (after conpletion) the
transmassmonsdahaandheeebptidul i nget heokr avdm 85 ameof
16 the transm ssion data, the switching circuit SW
antenna 133 has the resonant frequency fl tuned to and
resonated with the resonant frequency of the IC card 2
involving with the appréach of the IC card 2 by
connecting the capacitor C to the antenna ends of the
antenna 133 in a period of a data transmission. By
separating the capacitor C from the antenna end of the
antenna 133 in a period of a data reception, the loop
coil of the antenna 133 becomes to have the resonant
frequency f2 nonresonant (does not cause strong
coupling) to the resonant frequency of the IC card 2.
Next, the control for the switching circuit SW by
the SW control signal will be explained by referring to
FIG. 7.
The control unit 11 outputs (ON) the SW control
signal before (just before) starting the transmission
of transmission data.and stops (OFF) the SW control

signal after transmitting (after completion) the

transmission data. Thereby, during the transmission of
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connects the capacitor C to the antenna ends of the
antenna 133 and nakes the |loop coil of the antenna 133
have the resonant frequency fl1. That is, the | oop coi

5 of the antenna 133 enters a resonant state to the

loop coil of the antenna 22 of the IC card 2 when the

IC card 2 enters the conmuni cable area of the
reader/witer 1. After the conpl&ti-on of the

transm ssion of the 10 transm ssion data, the IC card
enters a data reception waiting state of reception

dat achdhergeshi otidgni dadd, €8t sRUEshi AgSEOpcOEFYWt he
SWcontrol signal until the conpletion of the
recepbnoncod the cepepiton data.thdhenebynadandagofhehe
data reception waiting state and 15 during the
receptionnafliheandcepkéontidat hpopheoiswptchhagantenna 133
circuit SWseparates the capacitor C fromthe antenna .
endsh@dfet hze ahe eppant3Braadenakesl t heThdbpleoi Fhepofoop coil
the aptenna 133 hav$ %he r esonant frequengg f2. Thag

is, The*Toop toitaof 3¢ he" Bt 8nfa 1337 BREoTERCE 5O the loop

of " TRELIE oS S EOaS aherE nblF CEaF S Zntre the IC

C oMt a?'@n?éfé Qﬂet98m£§§98££réi%géalofTPﬁecontr°

unit detects the conpletion o reception of
the regeptyppidata;to determ ne the 25 necessity of
the transm ssion of the next transm ssion data. Then,

the contrpktepi thdlcoMpputSoh DE the BYan6RNEERbn of the

signal before (just before) starting the 17

transnémsmbmsbénthstéranBaiseiomrdaéﬂtand stopsa( EEEyption
waiting state of reception data. The control unit 11
continues to stop (OFF) the SW control signal until the
completion of the reception of the reception data.
Thereby, during the data reception waiting state and
during the reception of the reception data, the
switching circuit SW separates the capacitor C from the
antenna ends of the antenna 133 and makes the loop coil
of the antenna 133 have the resonant frequency £f2.
That is, the loop coil of the antenna 133 becomes a
nonrescnant state to the loop coil of the antenna 22 of
the IC card 2 even when the IC card 2 enters the
communicable area of the reader/writer 1.

The control unit 11 detects the completion of the
reception of the reception data to determine the
necessity of the transmission of the next transmission
data. Then, the control unit 11 outputs (ON) the SW

control signal before (just before) starting the
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the SWcontrol signal after transmtting (after
conpletion) the transm ssion data. Assum ng that the
control unit 11 cannot detect the conpletion of the 5
reception of the reception data, the control unit 1
continues the reception waiting state of the reception
data until it is determned that the transm ssion of

the transm ssion data is necessldry.—- O herw se stated,

the control unit 1 continues to stop (OFF) the SW10
control signal. Wth repetition of the foregoing
contrdnpshhesiamt efinahshiar @adsmihs $ i ansdassi andanatops (OFF)
reception 133 allows the reader/witer 1 to switch

t he thesodiancethonl segonbnezttéortraeshiitand 2afher
transm ssion/reception 15 thereof. FIG 8 is the view
skmw@@@?l@ﬁ#@%]r@h%xﬁﬁﬁm%mb$51@hed%bﬁflgﬁﬁaﬂmbﬂgth@ﬁethe
radio circuit 12 and the antenna unit 13 of the
readedtwr?t ern sl Shotneh deFert stheneo@Rt hhaufft the

13 h h h d 20
ecORTTON 135 ConpBEct ot het | Gbpe" Sﬁ"ﬁl? “eSRe P harpit 1
cir cllde 4,085 10" DL 8GRE 113 £RRACT LOLEChe CRe recBrion

and pi eces 0 Ing Ccircu

SWh. dJ@@ CRPELI 1 Or 85 Ghet E2mined @naﬂayh@etY§ﬁéﬂPE§lon of
capaci tance capacitors and fixed 25 capacitance

capagid of sandhes Sapaciios &b h&c€9ae¢t edotReBREsENFtated,
of the antenna 133 and the switching circuit SW is

connged ecbnt A8l dhet ol hesnehdued tbesaopenOBFL38he ThE
sw t chi ng
control signal.

With repetition of the foregoing control, the
antenna shared in transmission and reception 133 allows
the reader/writer 1 to switch the resonance/non
resonance for the IC card 2 in transmission/reception
thereof.

FIG. 8 is the view showing the third example of
the configuration of the radio circuit 12 and the
antenna unit 13 of the reader/writer. As shown in
FIG. 8, the antenna unit 13 has the antenna shared in
transmission and reception 133 composed of the loop
coil. The radio circuit 12 has “n” pieces of
capacitors Cl, C2, -, Cn and “n” pieces of switching
circuits SW1, SWZ; -, SWn. The capacitors C1l, C2, -,
Cn may be variable capacitance capacitors and fixed
capacitance capacitors.

The capacitor Cl is connected to one end of the

antenna 133 and the switching circuit SW1 is connected
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circuit SWL switches the opening and cl osing of the
circuit on the basis of a SW control signal fromthe
control unit 11. Thereby, the control unit 11 connects
5 or separates the capacitor Cl1 to and fromthe

antenna ends of the antenna 133. The capacitor C2 is
connected to the one end of the antenna 133 and the
switching circuit SW is connet8ed-to the other end

of the antenna 133. The 10 switching circuit SW2
switches the opening and closing of the circuit on

t he basi stivér aeSWPofohheoknsegnal 138r onThheswdhthohg
unit 11. Thereby, the control unit 11 connects or
sepa@hf@@ith%WbaﬁﬁétﬁbﬁsCQh@ooﬁﬁdiﬂ@oﬁﬂﬂhéloéﬁﬂénﬁé the
ends of the antenna 133. 15 In sinilaritX
capaeiferinonsteenheeiedofor 8He enater tﬁégaﬁtleﬁﬁam the

133 and t t._SW ted
ot heroBhAC DT SR Bt an 55%%§YrTﬁaésg§ﬁ?2§ nghEEr b fonnects

on 1% beer 2 6% PRERRRETEPE P EnaY 38% oG RhE brenna

signa fromt

cont Lok Ukt Ad. aJ@gﬁng13§he control unit 11

connects or separates the capacitor Cn to and fromthe

antenna efgds efphherapt €nNasl3ddnnEeke8XaBPkBe bR end of
control wunit 11 outputs (ON) both SW control signha

and €V¥ £enérinh sBgnahdt enst opit&hbhg 35rthetS¥R2 is
control signal. Thereby, the capacitors Cl, On are

connecthesctodt he antevhheendsdobft hbeanhennaalld33.anlthe

the capacitors C, On decide the resonant frequency 19

of téelitobpngotirofith8Wansehhahe33the opening and closing
of the circuit on the basis of a SW2 control signal
from the control unit 11. Thereby, the control unit 11
connects or separates the capacitor C2 to and from the
antenna ends of the antenna 133.

In similarity, the capacitor Cn is connected to
one end of the antenna 133 and a switching circuit SWn
is connected to the other end of the antenna 133. The
switching circuit SWn switches the opening and closing
of the circuit on the basis of a SWn control signal
from the control unit 11. Thereby, the control unit 11
connects or separates the capacitor Cn to and from the
antenna ends of the antenna 133.

For example, the control unit 11 outputs (ON) both
SW1 control signal and SWn control signal to stop (OFF)
the SW2 control signal. Thereby, the capacitors Cl, Cn

are connected to the antenna ends of the antenna 133

and the capacitoré Cl, Cn decide the resonant frequency
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For exanple, in a period fromthe start of

transm ssion to the conpletion of transm ssion of the
transm ssion data the control unit 11 outputs (ON) 5
several control signals anong the SWL control signal
and SW2, -, SWh control signals. In a period fromthe
reception waiting of the reception data to the
reception conpletion of the reckption data, the
control unit 11 stops (OFF) the whol e outputs of the
SW 10 control signal and SW2, -, SWh control signals.
Therebythehéoepntrol ofi thélavamnswi idA.to the
resonant antenna to resonate with the IC card 2 in
transm ssFBA SXABPIRIt éR BoPekdodofresonant saarened
not to respnate wth the ICcard 2 in reception. It

i s pbEdNBPesSFeP150t hBeceRTPARLLANt Of1tEangRieeRopoof the

th t t [ th [ [

(e FESRDATL, AR, EYSTLLRARS LSCEPLLOn R Ly (o

t S | ' I d =, S\

oL oP5SISEE) Bt 0Ey I ERRLT ghosdl S5R!920;SMEron: o5Ms,

expl aj gi the e of, . wi t ¢hi ng At [0
e T A TR R s

FI G r8cedbeorierdet ingi ber the(coBEpOL oHNBEtA1 oSEhE the
out puts of each control signal fromthe SW contro

si gna¢capti SMcompl SWoa0BEr eheSkrgbapsiba HAthkl akhédScontrol
val ues, respectively (ST 1). Thereby, the resonant
frequencylbf stbpsanOeRhati83whsleontitplitedofothn SW1

aver aged resonant frequency (may be not an strictly 20
averagredrohl segnphyabe &WRrequeBdy tontesdnatenailsh

Thereby, the control unit 11 can switch to the resonant
antenna to resonate with the IC card 2 in transmission
and switch to the nonresonant antenna not to resonate
with the IC card 2 in reception. It is possible for
the control unit 11 to switch to the resonant antenna
even in the receptioﬁ in accordance with combinations
of outputs (ON) and stops (OFF) of the SW1l control
signal and SW2, -, SWn control signals.

FIG. 9 is the flowchart for explaining the example
of the switching control of the plurality of SWs of the
reader/writer shown in FIG. 8.

The reader/writer 1 (control unit 11) sets the
outputs of each control signal from the SW1l control
signal and SW2, -, SWn control signals to initial
values, respectively (ST 1). Thereby, the resonant
frequency of the antenna 133 is controlled to an

averaged resonant frequency (may be not an strictly
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resonant frequency of 1C card with highest utility
ratio, in short, may be initially prescribed val ue)
tuned to and resonated with each resonant frequency of
5 a plurality kinds of IC cards to be targeted by the
reader/writer 1. Next, the reader/witer 1 transmts a
polling command to the IC card 2 so as to obtain a

uni que nunber of the IC card-2 28T 2). . Wen the
reader/witer 1 receives the response 10 fromthe IC
card 2 to the polling command (YES, in ST 3), the
readevévwngtdrvdldet enhy bheaufirgueenugber ekschiBeel Gith
card 2 included in the reception data (ST 5) to

det erafpeanhefkeadeneycof &Ff thedl €ichrbighesttheility
basis of the unique nunber of this IC card 2 (ST 6).
Wientd51fot 1PegBPYEngmeePredpohisalivorrereriEecaralae)
to the gollin command éNQ n ST 3) and timng out

( YESTUPRY &9 23? FRECPELEEr Fir 't BRCE FREASANES fERguency of
pol I'in co nd, to.the_IC card 2 ajn (ST 2). The
read%rﬁ%FF?gE?X FbPRoSE ggv?égdé)%gtbﬁegaagF Edzgyoﬁhe
opti frequ Les r h ki f the | .
car e AREPL e L RRRL T R ¢ BRER R Br  Loge R bo 3
resop@miﬁ%eeaﬁﬂgxdoey pHE €@ thky bCsgand 2 Ogbyé‘?i a
basi's of the determ nation result of the klngs 0 tﬁe

| C cafidgu@. nlkibeFeadet har rtekatgcontgel g)out puts 25
(control of OV OFF) of the SW control signal-Sw
control siWpeal thevesa@brghratsirngl ecSWiard ewnen r@¥pdhse

a conbination of a plurality of SW are within realm

of 2iromposkebiCi tygydahdteetbet helieésgnanmmbndqy&BRsy adh

the ST 3), the reader/writer 1 detects the unique number of
the IC card 2 included in the reception data (ST 5) to
determine the kind, etc., of the IC card 2 on the basis
of the unique number of this IC card 2 (ST 6). When
not receiving the response from the IC card 2 to the
polling command (NO, in ST 3) and timing out (YES, in
ST 4), the reader/writer 1 transmits the polling
command to the IC card 2 again (ST 2).

The reader/writer 1 (or host device 3) stores data
of optimum resonant frequencies for each kind of the IC
cards 2. That is, the reader/writer 1 can read out the
resonant frequency optimum to this IC card 2 on the
basis of the determination result of the kinds of the
IC cards 2. The reader/writer 1 controls outputs
(control of ON/OFF) of the SW1l control signal-SWn

control signal (even ON of a single SW and even ON of a

combination of a plurality of SWs are within realm of
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| oop coil of the antenna 133 to the resonant frequency
optimumto the I1C card 2 (ST 7). The setting of the
resonant frequency may be sanme 5 or different for the
transm ssion and the reception. In the case of

setting of the resonant frequencies in sanme with each
other for transm ssion and for reception, there is no
need to set again until the —-cofbhuntcation with |C

card 2 cones to the end. In the 10 case of setting of
the resonant frequencies in difference wth each

ot hepofsibitangin ssoneandther resecepti dmeqikecyontfr ahe
unit 11 re-sets at every transm ssion and reception
peri édopnepilt pé thenmnhkeoaki dA3wkpPhthRere€opangd Zrequency
cones to the end, 15 The reader/witer 1 sets the

r esoRBREMAFel0ehBY 6F CRRE FodpTcdil of the ant enna

133 to the reson frequency for transm ssi on
optinun1tgh?héeF%legr8fz%5§Tr¥fonéﬁén IeMEDA Daghe same

Connggddigféhg ;g ST 8 Ss?%;eregoggle%%g Elon

transm SSi on O connan

readfalw§ét§55% sft§e£9§n%3§%oeﬂetﬁggggaﬁﬂcxrgaugﬁ%les in

| oop col e antenna € resonan

freqyeneywoEn 866Rt bORe PPELIURYEASKAGs ibE 6aRdFE (ST
9). Wen receiving a signal fromthe IC card 2 (YES

in Sfed@)tibhp traderiwr hbeheddptecessesqga2h theil the

reception signal (ST 12). The reader/witer 1 repeats

t he tomegoiongtsent whghufiCi barbe2coopkst tontht ehbe In the

conmuni cation with the IC card 2 and when the 22

commoaseadfonetbiarg 06 the eado(¥ES, fraqa8%nt3ks in
difference with each other for transmission and for
reception, the control unit 11 re-sets at every
transmission and reception period until the
communication with the IC card 2 comes to the end.

The reader/writer 1 sets the resonant frequency of
the loop coil of the antenna 133 to the resonant
frequency for transmission optimum to the IC card 2
(ST 7), then, transmits the command to the IC card 2
(ST 8). After completing the transmission of the
command to the IC card 2, the reader/writer 1 sets the
resonant frequency of the loop coil of the antenna 133
to the resonant frequency or reception optimum to the
IC card 2 (ST 9). When receiving a signal from the IC
card 2 (YES, in ST 10), the reader/writer 1 processes
the reception signal (ST 12). The reader/writer 1

repeats the foregoing setting until the completion of

the communication with the IC card 2 and when the
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prepares for processing of the next IC card (ST 14).

In other words, the reader/witer 1 (control unit 11)
sets the outputs of the SW control signal, and SW2, 5
SWh control signal to the initial values,

respectively. Next, the problem of the occurrence of
the incommuni cabl e area caused by the strong coupling
and the elimnation of the #ncabmuni cabl e area, which
is the effect of the present invention, will be
described 10 by referring to FIG 10-FIG 13. FIG 10
and &b@nuidicaaienvcemesshowthg thed sgREepathcsT 13),
configurations of the reader/witers |likely to cause

t he Pnepanuni €abl prareasinpesdl tbd hesmn Thecstrdon§T 14) .
coupling. FIG 12 is the view show ng the _

i ncoRfUALRaB| osfea EhassgapgryEiserong (EonEsapl bpgt 11)

FIG 13 is the view for. explaining the_ elimnation of
t he PREBnHURI e4bPETAr 4, LR el li soph&Clepfane lof anReSW2, -

[ tion, As in,FlLG, 10, .
Fcada P PP oF OhaUiAGSE £81 aPeLrbos>AntBRHASsharageFHively-
tfans”‘SSNtha”Qh%OBE88§Bﬁ'8%-tIQeoE%%%%%%%ef%%q%g%cy
of such a oo ant énna“sharéd in transm ssion an

recephtofnigi cHBigugl¥,degi ded Bg @h@aeﬁgbkﬁsggugling and
0o shown i'n

capacitor connected to this ant enna.

FI G tid, eaineader bwr btetnbavhBeniWRicdB1koareant GRAAS is
respectively independent for transm ssion and for

recephé oaf fdbe ve€sohanprésefuenayentisuchwalll Bepdescribed

antenna for transmssion is decided by the 23

capakyt yetennecgetot BIEhi $0+806. ahBenn&@Ior 10 and FIG. 11
are views showing the schematic configurations of the
reader/writers likely to cause the incommunicable areas
resulted from the strong coupling. FIG. 12 is the view
showing the incommunicable area caused by the strong
coupling. FIG. 13 is the view for explaining the
elimination of the incommunicable area, which is the
effect of the present invention.

As shown in FIG. 10, a reader/writer having a
single loop antenna shared in transmission and
reception. The resonant frequency of such a loop
antenna shared in transmission and reception is
uniquely decided by a capacity of a capacitor connected
to this loop antenna.

As shown in FIG. 11, a reader/writer having two
loop antennas respectively independent for transmission
and for reception. The resonant frequency of such a

loop antenna for transmission is decided by the
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transm ssion. And the resonant frequency of a |oop

antenna for reception is decided by the capacity of

the capacitor connected to this |oop antenna for

reception. 5 The reader/witer shown in FIG 10 and

FIG 11 can be conpatible wth the antenna resonant
frequencies fixed for the IC cards different in

resonant frequency on the € cagd sides within narrow
ranges (extent to several dozen kHz) and can obtain
comuni cation 10 properties excellent to sone extents,
respegpayety. cohlhweved, tbnthhe case ahtkfnaards

|argely different (several hundred kHz-several MHz)

i n antensalsesonant Anflr eqaenesesansi ficegtikecanbénnaa Loop
resonant frequency on the reader/witer side is
fixedntenear éatereGrPtepnl15scdnnbdedbbsi hhexcebpeaty of the
per f or mance %excellent conmuni cati on property) for an

| C cafe¢hyohavPREeatedi FPeFRAF FeSBnaRteRPeqlieAcyersrtion.

esonant a?#%é%é%@ﬁ?%r%?ﬁ”?ﬁs?vé&%‘%%@?”Eb%@ﬁ@ﬁe 11 can
£ I C 20 [ .
PesorbrtoTREGtate, 8 Bha’ Frc3aBR: Patfhalf FRdsdangies

of aﬁié@&“?&Peﬁﬁeofca%?£8§d35%2§kéﬁ£ §hd§e285akgeF%gquency

card (b), since the | car I's deteriorate

commaii €ié i o0 PEPREE Yes! ithenhARE EQN rhABes (extent to
reader/witer to set both IC cards in a 25 state of

gettsenge0d1 edcedh ertiz pr opar thgSobtdNg EeAsAAi6hHtERE
above-nenti oned problemcones fromthe fact that the

car daopennass havcaplent f eoentme 2Atenespnabsbpectively.

frequencies with each other causes nutua
However, in the case of IC cards largely different
(several hundred kHz-several MHz) in antenna resonant
frequencies, since the antenna resonant frequency on
the reader/writer side is fixed, the reader/writer
cannot obtain excellent performance (excellent
communication property) for an IC card (b) having a
different resonant frequency fb even by adjusting an
antenna circuit constant, a resonant frequency, etc.,
thereof so as to make the property excellent for an IC
card (a) having a resonant frequency fa. And in
contrast, in the case of an adjustment on a
reader/writer side for the IC card (b), since the IC
card (a) 1is deteriorated in communication property, it
is hard for the reader/writer to set both IC cards in a
state of getting of excellent properties,.

The reason of the above-mentioned problem comes

from the fact that the card antennas having different
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i nduction with the | oop antenna of the reader/witer
to cause strong coupling because of making both | oop
antennas for transm ssion and for reception be
resonant 5 antennas to have the resonant frequency and
an area is generated, wherein reception signals from
the 1C cards are suppressed and brought into a

vol tage | evel inpossible to-defbdutate the reception
signals. As a result, the incommunicable area (refer
to FIG 12) is 10 generated in a conmunicabl e area,

t henresbpantofmanueaties pethoemehcethkrt bauses mutual
read/ witer is deteriorated. As shown in FIG 13, the
i ncoimtnttabhevakb thm beopemantesda( pdshbd oebjefrvomiter to
the comuni cabl e area by 15 setting the value of the

r esofi@REef FEG§ABACYORRLONIt Recanggpoéompkénat Reth loop

rece t|on antenna 132 to one not |less than 10 tines
of tABCGANAE bPTtREAPERSASHPTf PBRUEREY TRESPEEOPNES| §EFOonant

| h 1
FenddfrpTer 18 BREne By SEERDA haRERORNs, 2By an area is
sett Qﬂeggté?e ﬂgyglﬂfrggg ?88”@?%ngﬁgq9?ﬁﬁytké QE cards
the corT’ durrng srgnar Fecep e antenna
133 SQe09§p?9555533§n8h59058Htthﬁgé vaBh%a&é'yéveﬁ

t he resonan frequency fl of the [ oop coil "during

Si gnahpb €€EPLEORo B¥mbha1aRtenna 133ephabRdsighals. As a
transm ssion and 25 reception of the reader/witer 2.

Her eraafil ef , thpet atbmnanabdbetf ecea nesgktki ng Fram 12) is

the reader/witers in the first to the third exanples

25 ofenbeapedsent ai nuentindonabilel abeadesbenpethe
communication performance of the read/writer is
deteriorated.

As shown in FIG. 13, the incommunicable are can be
emitted (pushed out) from the communicable area by
setting the value of the resonant frequency f2 of the
loop coil of the reception antenna 132 to one not less
than 10 times of the value of the resonant frequency fl
of the loop coil of the transmission antenna 131 of the
reader/writer 2 of the present invention, or by setting
the value of the resonant frequency f2 of the loop coil
during signal reception by the antenna 133 to one not
less than ten times of the value of the resonant
frequency f1 of the loop coil during signal reception
by the antenna 133 shared for transmission and
reception of the reader/writer 2.

Hereinafter, operations and effects resulting from

the reader/writers in the first to the third examples
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Approxi mations of coils resonating wth each other
cause coupling, and becom ng strong of the coupling

i ncreases i npedance to make reception voltage | evels

of 5 the reception signals fromthe I1C cards close to
zero volts. And the incomuni cable areas in which the
reader/witers cannot denodul ate the reception signals
or reception accuracy is deteridvated are generated,
even if the IC cards are present in the comuni cabl e

10 areas on the antennas of the reader/witers (refer
to ¢fGhdPreJoerefoventbyni ndlvi deatkycanded.
separately installing the | oop antennas used for

t ransni sshppraxndmatopnpeeéptirdns rheosecdng woapl eagh other
is prevented from 15 being generated between the | oop
ant eFMES$ of OVREEDT i oA ARECPHENENEERARI 0P Tt RBS| EOBRLANT

not having the, resonant frequency with each_other, As
2 r TIPS | FIRERERCE 0P bR ERoE FRBLT ARoHARLEISatevals of

t he currence. of the stro coupl i hardly occur
e re%eeég:’?lon glgnais PJgOIa #ﬁe ?8 rgs C?OFeO?b zero

a
20 the rea Wi ter?can” avoi e vol?age | eve

the &@P@QFiQﬁnﬁigﬁé'iﬂé@ﬂhﬁﬁfcéﬁiéaégfég bg QﬁggghEhe

into one so that the reception signal cannot

denpei &b ey ri £ § N8 nn &t PRENSAENQP (PHL! BREPLRBAOR) gnals
in which the reception signal cannot be denodul ated

or the resception £5c@§§@%a§§ tetdet erhpeat gdehgedbyated,
occurs, the incomunicable area making the

denoshgrati Hntlod Ihecaresept e oprssgnal innphsscbhrudoesble
not occur and the - 26 reader/witer can achi eve the
exceltems conphuei eateonas of the reader/writers (refer to

FIG. 12).

Therefore, by individually and separately
installing the loop antennas used for transmission and
for reception, the strong coupling is prevented from
being generated between the loop antenna for reception
and the antenna of the IC card not having the resonant
frequency with each other.

As a result, a situation to increase the impedance
at the occurrehce of the strong coupling hardly occurs,
the reader/writer can avoid the voltage level of the
reception signal from the IC card to be brought into
one so that the reception signal cannot be demodulated.
Further, a phenomenon (null phenomenon) in which the
reception signal cannot be demodulated or the reception
accuracy 1is deteriorated hardly occurs, the
incommunicable area making the demodulation of the

reception signal impossible does not occur and the
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property. Wen there are several kinds of IC cards
which are significantly different in antenna resonant
frequency, 5 if the reader/witer uses a resonant
antenna for a reception, it becones hard to secure
excel l ent comuni cation properties for all 1C cards
by using the set resonant frequency. It is considered
that the reader/witer does-not6oceur the strong
coupling with 10 sone kinds of I1C cards but occurs the
strong coupling wth the remaining several kinds of
| C caedlderfhenteancant enhacuai thesegonfilgutedosnuascation
not to cause the strong coupling with any I C card by
usi ngraPenbrr esonant antenna as the reception antenna
on the 15 reader/witer side. As a result, as stated
above, thBhPBaBBRFGr PEEr SC¥gRaAcKiB8¢E PAelC cards which are
comuni cat| on operty by which the voltage | evel of
the TE8®p %Sﬁngién“i?f%(%r%‘f}{? oRe2RhFPBRZ FESHBRNSUTFSARENCY!
for d latin hereof and the_20 inconmunicab
o eat Folhin P dSr i ELERE ARCanAaraah  exBErPang Tor o
co j ' p r | uralj f S
i chear Bt 9 BF SPEE ¥ 8 ndrl ETLELYD kel FaRe
frequsntyni bl CORLpAShert Rebheocage10tcusg 86 Lheusing the
shared 25 antenna to switch it for transm ssion and
recepét OfesoMhhh H86qQEnaysW tehiBgcehemBatetiOLEYLt ERe
it at transm ssion and reception, the reader/witer
can re2dergmrichrtbeeshavedoantienthet stkbrgr esapanhg with
antenna in

some kinds of IC cards but occurs the strong coupling

with the remaining several kinds of IC cards.

Then, an antenna unit is configured so as not to
cause the strong coupling with any IC card by using a
nonresonant antenna as the reception antenna on the
reader/writer side.

As a result, as stated above, the reader/writer
can achieve the communication property by which the
voltage level of the reception signal is not one which
is not suitable for demodulating thereof and the
incommunicable area is not caused, and can obtain an
excellent communication property for a plurality of IC
cards which are largely different in antenna resonant
frequency.

In contrast, in the case of use of the shared
antenna to switch it for transmission and reception,
with use of a switching element to switch it at

transmission and reception, the reader/writer can
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transm ssion or to the nonresonant antenna in
.reception. Being provided with a single of the shared
antenna, the reader/witer can obtain the effect 5
simlar to that one nmentioned above. As shown in FIG

8, with use of a plurality of switching elenents, in
addition to swwtch the transmssion into the

resonance and the reception +ntad7 the non-resonance as
descri bed above, it al so becones 10 possible to switch
the antenna to one having a plurality of resonant

fr egarenctlestieor shaaasnasseonaanhd theceptsboantFanthena in
it becones possible to use an antenna set for the

r esohpamshiegliencyr opei Auen honrrebenaspeanteenpCloar d.

15 The reader/witer uses the antenna shared in

t r ansPFSRE AN andBeéegpprenidednpttbed aippleaPft yhef shared
switches in addition to above-mentioned switches to

deci et @A dpt FR&iINT &RABF NAF I BRT of 2BWPPERSE FBF gAERCEC
card in.fdva ce sets, t I mum conbi nati on at

htEen he gptb
20 tFE AR tRathe eOPE:%SPElgPS t§.88ﬁﬁunication.
Ther eby, ggesﬁsaﬁeﬁém@&&?.fe?aaigﬁt 858 8Bt LMhiraticy of

communi catTon properties’in’conformty to

cards, FLGhid4 £8chbRc B! ogk dhageaphshewspgithetne
schematic configuration of the reader/witer

(nont egnsacEsi&ncantlo Eher eadenbiEkt ghddeMCepception into
regardi ng the fourth exanple of the present invention.

As stioannon-Fe&onddcet B8 desadébbdr ebervehastaalso becomes

reader/witer control unit la, a 28 connecting unit

2a, modgsablantensaitoht tBa. antenna to one having a
plurality of resonant frequencies for transmission and
reception. Further, it becomes possible to use an
antenna set for the resonant frequency optimum for the
specific IC card.

The reader/writer uses the antenna shared in
transmission and reception, comprises a plurality of
switches in addition to above-mentioned switches to
decide an optimum combination of switches for each IC
card in advance, then, sets the optimum combination at
the time that the IC card starts communication.
Thereby, the reader/writer can obtain optimum
communication properties in conformity to each IC card.

FIG. 14 is the block diagram showing the schematic
configuration of the reader/writer (non-contact IC card
reader/writer device) regarding the fourth example of

the present invention. As shown in FIG. 14, the

reader/writer has a reader/writer control unit la, a
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The reader/witer control unit la has a contro

circuit lla, atransmssion circuit 12a, a reception
circuit 13a, a phase control circuit 14a, transm ssion

5 signal lines 15a, reception signal |ines 16a, and a
connector 17a. The reception circuit 13a has a

rectifying circuit 131la, a lowpass filter circuit

132a, a reception signal anmptif3gdng-circuit 133a, and

a digitization circuit 134a. The phase contro

circuit 10 14a has capacitors Cla and C2a between the
recepdnodct shgnahiti pgs 46a andahbengaoundtngacircuits
141a, 142a, and has a capacitor C3a between the

recepti onTségnabdekinestéBacolheot¢onnétt imghasi & 2antrol
has connectors 2l1a, 22a, 15 transm ssion signal |ines
23a @nUCMBteb1$onastgﬁ@$m1$$h@§ QlécthelaﬁteﬁnéeGﬁPFlon
3a has a | oop antenna 3la, a capacitor COa a '
connet¥erigradarhe BAREANECRRFPL3GITFElE éﬂﬁchFaPSmﬁéSlO“

t d, at I

%BZ%% e R N T S L Atr L tRet TPar aARS”
t t t 3 d

capl S4RTo0eR The coffererRgEERT: cbacRik spReRaSorus,
the frapspl §§%091r§hgga&3gane§ 158_aLescennested; Lo ;¢

t he oppose ds o | oop antenna 31a through a

connegiOr 17g.£LpansAl §85RR1ShEPRL FQUhBUEikbD€t 133a, and a
circuit) of the reader/witer connecting unit la, a

conngcyoriZ2dai&h 29rctine conaect TR pAbke2@on8rol circuit
connector 22a of the
l4a has capacitors Cla and C2a between the reception
signal lines 16a and the grounding circuits 14la, 142a,
and has a capacitor C3a between the reception signal
lines 1lé6a.

The connecting unit 2a has connectors 2la, 22a,
transmission signal lines 23a and reception signal
lines 24a.

The antenna unit 3a has a loop antenna 3la, a
capacitor COa and a connector 32a. The antenna unit 3a
is a circuit to be tuned at a frequency approximately
13.56 MHz by the capacitor COa.

The reader/writer control unit la and the antenna
unit 3a are connected to a four-poie cable through the
connecting unit 2a. In other words, the transmission
signél lines 15a are connected to the opposed ends of
the loop antenna 3la through a connector 1l7a
(transmission signal output line circuit) of the

reader/writer connecting unit la, a connector 2la of
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connecting unit 2a and a connector 32a of the antenna
unit 3a. The two-pol e reception signal lines 16a of

the reader/witer are connected with branching from

the 5 opposed ends of the |oop antenna unit 3a through
the connector 17a (reception signal input |ine

circuit) of the reader/witer control unit la, the
connector 2la of the connectid&Punit 2a, the

connector 22a of the connecting unit 2a and the

connector 32a of the antenna 10 unit 3a. Put

ot herhvé seonhdet ieqdeniwr 24 eracontnettani 22&a0fi she
configured to separate the transm ssion signal |ines

and chrnectEpy i oniti gnakndi aegonnervpaudkpyof Thee antenna
reader/witer can vary (control) the phase_of the i%
receprioniai gndie oY 9 BYLEhECFRREEPT ORI ENPLUL L NEFgL0a Of
by adjusting the values of the capacitors, Ca, 6 C2a

and €45, TaRRCBHLF b FonsTof CPRRSF braol hor RRAAE PRRPL GFOm the

il b | ai d_bel 20 Th der / i
uni tOPRORFG TR At onia LORPt235c0re Shibe b chnfRULR oL he
the 59H5%§9$§ £a l?r@%éﬁtigﬁcgigﬁgfrinﬁﬂg §hgel POPcuit) of
ant enna a of the antenna uni als a resonant .

circuhd Payhog/fhectesepantolf ngarensy theb¥onranscef21a of
the capacitor COa. The 25 reader/witer conmuni cates

W t ht Be ptomabet Yoki B85t 0Pa) Ccheaedanéeadir022a of the
conmuni cati on nmedi a) having different resonant

frequenceéesing tiatgeRs. afbdethesooantc86r BRequénthet entenna
tune and resonate to and with the resonant
unit 3a.

Put otherwise, the reader/writer control unit la
is configured to separate the transmission signal lines
and the reception signal lines individually. The
reader/writer can vary (control) the phase of the
reception signal only by the reception circuit side
by adjusting the values of the capacitors Cla, C2a
and C3a.

The operations of the forgoing reader/writer will
be explained below.

The reader/writer control unit la and the antenna
unit 3a are connected through the four-pole cable with
each other, and the loop antenna 3la of the antenna
unit 3a is a resonant circuit having the resonant
frequency fl1 by means of the capacitor COa. The
reader/writer communicates with a plurality kinds of IC

cards (radio communication media) having different

resonant frequencies as targets. The resonant
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frequencies of these radio conmunication nmedia is the
foregoi ng resonant frequency fl1. The phase contro
circuit 14a provided with 5 capacitors Cla, C2a and
C3a has the far away resonant frequency f2 (for
exanpl e, a resonant frequency f2 apart not |ess than
several hundred MHz fromthe resonant frequency fl of
13.56 MHz) and does not affect3®n the antenna tuning
frequency (resonant 10 frequency fl). The
reader/writer of the present inventionis not Iimted
to theegoaficgutat toneshodnresofbhGe t4, abdt wop the resonant
configured as shown in FIG 15. FIG 15 is the block
di agf aewstoniag chetBehermaeitocepmingniattdpanomedsar e the
reader/witer regarding the fifth exanple of the
r adi BOERHPLMAY chEFORadbyf EBIBENEHe L pr esent i nventi on.
O herwi se_stated, as sho in FlG . the . .
reader/mw??%rpHﬁ§eb€OEEEgﬁgﬁﬁ§8uﬂS i?én?ﬁoyﬁged with
reception,. lines,l6a.fromth ransngsi i
of tREP2D FekaerHir | CoF BB raf RSt 5. ke Brgpi saonent
of n he i [ r
the SFeoRehelier; oo hng 2R afT f SPP5RarE] FFpgauney 22
| ncogpupt CABL €1 858ar REnaBe0bLgEt nQhakBE PHESERbm the
invention wll be described as follows. FIG 16 is the
25 vieybshew ngetiensghemabicc16066i gHEAL bad abekhaot
reader/witer likely to cause the incomruni cable area
i n théfeommuni thbl enaeraa tuBlngAsrshoenciyn (EeGondBt a
reader/witer provided wth

frequency f1).

The reader/writer of the present invention is not
limited to the configuration shown in FIG. 14, but may
be configured as shown in FIG. 15. FIG. 15 is the
block diagram showing the schematic configuration of
the reader/writer regarding the fifth example of the
radio communication device of the present invention.
Otherwise stated, as shown in FIG. 15, the
reader/writer may be configured to branch the reception
lines 16a from the transmission lines 15a of the
reader/writer control unit la.

The problem of an occurrence of the incommunicable
area caused by the strong coupling and an elimination
of the incommunicable area as an effect of the present
invention will be described as follows. FIG. 16 is the
view showing the schematic configuration of the
reader/writer likely to cause the incommunicable area

in the communicable area.
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a single | oop antenna shared in transm ssion and

reception is assuned. A resonant frequency of this

type of |oop antenna shared in transm ssion and 5

reception is uniquely decided by the capacity of the
capacitor connected to this |oop antenna. The | oop

antenna and the reader/witer control unit are

connected with the two-pole €abBg wirth each other. The
reception circuit of the reader/witer control unit

has 10 hi gh i npedance, so that it is configured in a

manner asAsi Bhotni $nnETGecoAveched eboetrie riirtans pirssiiged with
circuit by viewing fromthe transm ssion circuit

si dea bibnever Loopt ansepoaf shared Lo tukasalsisgeal and
(including noise, etc.) fromthe transm ssion circuit

vi si BEEeByionehfngs3snefom fhécFepapti dneareegivt ofi gbis

The reader/witer showm in FIG, 16 can be, cqonpatible

wi t ht¥RE aﬁ?iﬂﬂa PBESHQﬁtSPPEGQeﬁEiE§aPF%éaslggraPﬁe

I C cards different in resonant .freguen on_the, |

car GC8PARE LI HEnCRARFEAYr RGeS reRYannt, S BBaFHI S0 the
dozeg. k) 80d6aR.ADLAT 8ot bR 8xegbLenhceARIIN 64kl 9Bop
property. wever, the reader/writer cannot obtain

perf ohEBARS LRYCEhEERL 0@RTHRE LI @BnREBRELNY L Bk an

IC card (b) having a different resonant frequency fb
evenchinadieat WhghaBhant@Bhgotkr eblleC@AshaBbchaoZher. The
resonant frequency, etc., thereof so as to make the
propeetypexcel bentufar c@nth€ eandefdyvrhaerngoatrol unit has
resonant frequency fa. In contrast, in the case of an

32 hipbsimeatiannea seatbrtwikt és sodéifjorethen @ panger as

(b)’if it is not connected to the transmission circuit by
viewing from the transmission circuit side. However,
it is configured to make a signal (including noise,
étc.) from the transmission circuit visible by viewing
from the reception circuit side.

The reader/writer shown in FIG. 16 can be
compatible with the antenna resonant frequencies fixed
for the IC cards different in resonant frequency on the
IC card sides within narrow ranges (extent to several
dozen kHz) and can obtain the excellent communication
property. However, the reader/writer cannot obtain
performance (excellent communication property) for an
IC card (b) having a different resonant frequency fb
even by adjusting an antenna circuit constant, a
resonant frequency, etc., thereof so as to make the
property excellent for an IC card (a) having a resonant

frequency fa. In contrast, in the case of an
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since the IC card (a) is deteriorated in conmunication
property, it is hard for the reader/witer to set both

| C cards so as to get excellent properties. 5

Wavefornms (a)-(g) of an upper side of FIG 13 are

vi ews show ng phase variations of a reception signa

at "A" point of the reader/witer shown in FIG 16
exanpl e. As shown at the upper 32de-of FIG 13, a

phase i nversion point is generated within a 10

conmuni cabl e area in the antenna shared in

t r ansdl sstroent aod & ecepiieonwandetrheil€ €ardthéhafC ctard (b),
an incomruni cable area (refer to FIG 12) by which a
receptnon shgndC cantiotabeldedetaravedtadciunatepupgcation
caused in a conmmuni cable area. As a result, the 15
reade¥?ReTEer Lhohh hardl &oribhperoadsrinpossrbre gt both
obtain an excell ent comuni cati on grg erté in sonme

condtt i oHE3S ARBNGS waVeF BF nBXEa}1 el OPRELUBPer side
f FIG 1 f f d . '
ol gnal SBEVRBAENFn (ahodPor RE e BRGer SiHE OF FaR-add 2T

M | ' o oo
V) M BB R S orat e C LR b e 8 PePUnstan et ot
wavel 0F s, ofi ¢ (8F ARd £ 48F 2w WAVEL OL B FARADEEGOT 16

being converted Into "1" and "0" signals through the

25 dighhhzatli ofsCEhEWht anehbehpgedegndul akedrthongygh

the control unit. The waveformof (d) indicates the

phasgha s et svons 338nppohht and gegeahtaaphitude bhecone

into a state close to
communicable area in the antenna shared in transmission
and reception and the IC card. That is, an
incommunicable area (refer to FIG. 12) by which a
reception signal cannot be demodulated accurately is
caused in a communicable area. As a result, the
reader/writer shown in FIG. 16 becomes impossible to
obtain an excellent communication property in some
conditions.

Among waveforms (a)-(g) on the upper side of

FIG. 13, waveforms of (a) and (g) are reception signal
ideal in. waveform. The waveforms of (a) and (g) are
those capable of surely determining “1” and “0”
compared to threshold levels. In other words, the
waveforms of (a) and (g) are waveforms capable of being
converted into “1” and “0” signals through the
digitization circuit and being demodulated thorough the

control unit.

The waveform of (d) indicates the phase inversion
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zero V. This state is a phenonenon which occurs in the

case that the antenna shared in transm ssion and

reception of the reader/witer and the antenna of the

5 1C card approach with each other to the extent to

cause an electromagnetic induction. When the waveform

of (d) 1is generated within the conmuni cabl e area, the
reception signal cannot be accutatety denodul ated at

the generation spot of the waveform (d). That is, the

10 reader/witer in FIG 16 is likely to generate the
wavebormt ofind dyigmahi amp het gdembacoabl éndpea, sthér, close to
cannot obtain an excellent conmunication property at

t he geherdti ohhspostatacbimanPeabpPeenpBaynorht pecurs in the
waveform (d). 15 The wavef orns of,(a%-(g) on a | ower

si deCdte Hhet Re RRLGRRASSRABRANG ahreRaMPFELBR BREse

{eader Tt 8h Showkcl orres/dhe ap 2B bebng ERENS of the

! ' d f th
Feader T roRs SRR e B B qe Pty Bngepientere cause
can yary) eonbhoblet acWANELOE AT ayBbANBhel REGLY¥EEM of (d)

fromthe 1C card” through the | oop antenna 3la.

Ther ebyqdRerat €AAQLLMAht Bhe CABMRUAiOHb1ENErBRAASEhe
i nversion point (incommunicable area) outside the

conmuédt§ebl én ag €gnsD 25nAbtopeaastabheetondunbaalbead at

i nsi de the communi cable area. O herw se stated, the

r eadehié wjetheracaon spoti oat eheéheavatomuiid¢abl Ehateas, the
fromthe communicable - 34 area of the reader/witer,

as areadetfwrapeexte| FéAt 16 is likely to generate the

waveform of (d) within the communicable area, then,
cannot obtain an excellent communication property at
the generation spot (incommunicable area) of the
waveform (d).

The waveforms of (a)-(g) on a lower side of
FIG. 13 are views showing an example of phase
variations of a reception signal an A point of the
reader writer shown in FIG. 14. By adjusting the
values of capacitors Cl, C2 and C3 of the reader/writer
shown in FIG. 14, the reader/writer can vary (control)
a waveform of a signal received from the IC card
through the loop antenna 3la. Thereby the
reader/writer can put out the phase inversion point
(incommunicable area) outside the communicable area to
allow a stable communication inside the communicable
area. Otherwise stated, the reader/writer can

eliminate the incommunicable area from the communicable
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comuni cation property can be exhibited. Hereinafter,
operations and effects of the reader/witer regarding
the forth and fifth exanples of 5 the present

invention will be described collectively. The
reader/witer of the fourth exanple of the present
invention is configured to bring about the

transm ssion signal lines and thé reception signa

i nes i ndependent with each other and separate the 10
transm ssion circuit and the reception circuit with
eachapeheof Fhet herderéyrihercapackt oesuCta, aGaxardlent

C3a are inserted between the reception signal |ines
and cemeugieahdPngreppedtyscandbbeewbéhithe . recepti on
signal lines. Thereby, w th adjustnment of these

capaC|tor§e£§l€P§te€2a°§ﬁéa€38nstﬁ@drééééFFWrOﬁthéan

adj ust the, communi cati 0

c.{cﬁ??d?r/wgéF?r ESORCFoaHer) %%éFLréa TEER kemples of
f our and flehlnexagEIes o&lt resenEe nvg? [

shif he®phRase 6t “20™ the"t recep oﬁsgféna g??ﬁévely

the recep%hgnrébﬁég/krﬁﬂgr 8?'EB§ Eg%ﬁEﬁa§§ah !%r%%o%he

poi nt (incomuni cable are out si de the communi cabl e

areapéégeﬁ@nlﬁ§éﬁghbﬁh15h%on@@ﬂﬁEQaC%B|Sr%héaaﬁght the
i ncludi ng the i nconmuni cable area. 25 Wth7insertion

of cepackhossibhasigralandnedaantineher eadeptbht ghgaan

adj ust the matching between the antenna shared in

t ransimssi ondapdndeneptwioh aadht beher35nd separate the
transmission circuit and the reception circuit with
each other. Furthermore, the capacitors Cla, C2a and
C3a are inserted between the reception signal lines and
the grounding circuits and between the reception signal
lines. Thereby, with adjustment of these capacitors
Cla, C2a and C3a, the reader/writer can adjust the
communication property of the reception circuit it
self.

Each reader/writer regarding the fourth and fifth
examples of the present invéntion shifts the phase of
the reception signal entering the reception circuit and
shifts the phase inversion point (incommunicable are)
outside the communicable area and can establish the
communicable area not including the incommunicable
area.

With insertion of capacitors Cla, C2a and C3a, the
reader/writer can adjust the matching between the

antenna shared in transmission and reception and the
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reception circuit can prevent the cable of the
reception lines frombecom ng an antenna by decreasing
i npedance on the reception side and can obtain an

ef fect of suppression of noises radiated fromthe 5
cabl e. Additional advantages and nodifications wll
readily occur to those skilled in the art. Therefore,
the invention in its broader-aspects is not linmted to
the specific details and representative enbodi ments 10
shown and descri bed herein. Accordingly, various

nodi feceptbos chychétnade prekiont tepartbhg Pfothehe
spirit or scope of the general inventive concept as
def i redebyienel dppenfedncharasiagdanhenkeagai val escgeasing
36 WHAT-1S CLAIMED I'S: 1. A radi 0 conmuni cati on device
capabTRSSFNEeBnALinF &t FREERFLANaSpP8r PPt ¢2Bf OREAAS 6
radi o._.co ication nedia hav n di ff ent sonant 5
fr equERErbos L CORBPF B RECh PanbhT S8R oRoaaRE e PR the
first gesonant frequency tuned to and resonated mnth
resonant " frequencies of the radio comunication nedia

in presCA&Q?QlSHHTUQHQQEkQBeEaHQQSmWUEQlkg%16%@'%1§q
conmmuni cation nedia to trandmt signal s to the radio

comMmugigat y oObcHBHI 8o BRIsEesRpPlien MRaRgchavikNg &herefore,
second resonant frequency not resonated with the

resoneatifivequessi es otstbeocasadi aspesrEnieahbenlirdicad to
in the prescribed
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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15 communi cation ranges with the radi o communi cation
nmedia to receive signals fromthe radi o communi cation
media. 2. The radi o comuni cation device regarding to
claim1, wherein the second resonant frequency is a
frequency not 20 less than 10 tines of the first
resonant frequency. 3. The radi o conmuni cati on device
according to claiml, wheretrn Bhe transm ssion neans
conprises: a nodulation circuit for nodul ating

transm ssion 25 data; a transm ssion antenna conposed
of a loop coil for tramdiAT tichgl&Id{EghalS :nodul at ed by
the nodulation - 37 5 circuit to the radio

comuni catli-on®nEdiddo geamandgeadioroderdice @Ry o of
each resonant frequency of each radio connunlcatlon

nedlﬁﬁwmﬁﬁacﬁﬁénﬁeﬁéﬁpl6np&€5ﬁ§155nﬁﬁl§é§ Saoﬁe€€ﬁﬁ|on

antenna co

P PR R RRR S R o B R g e RS st S

circ podul ating.signals received through the
rece%%ggn an?gnhag %Br gl%ﬁé radi o communi cation

devi ce aceonding <k9 onChdlaMs3na¥herein fihe d QR Qi of

t he receptlon antenna I s arranged at an 1 nner

ci rceptgnhenes ehinkhetbogpdcekkoabttBewith resonant
frequencies of the radio communication media in
prescribed communication ranges with the radio

communication media to transmit signals to the radio

communication media; and

reception means having a second resonant frequency

not resonated with the resonant frequencies of the

radio communication media in the prescribed

communication ranges with the radio communication media
to receive signals from the radio communication media.

2. The radio communication device regarding'to
claim 1, wherein

the second resonant frequency is a frequency not
less than 10 times of the first resonant frequency.

3. The radio communication device according to
claim 1, wherein

the transmission means comprises:

a modulation circuit for modulating transmission
data;

a transmission antenna composed of a loop coil for

transmitting a signal modulated by the modulation
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transm ssion antenna. 15 5. The radi o conmmuni cati on
devi ce according to claim3, wherein the | oop coil of
the reception antenna is arranged at an outer
circunference of the loop coil of the transm ssion
antenna. 20 6. A radi o conmuni cati on devi ce capabl e of
communi cating with a plurality kinds of radio

conmuni cati on nmedi a having diff®Fent resonant
frequencies, conprising: transm ssion/reception nmeans
for transmtting 25 signals to the radi o conmunication
medi @i roupt es6r thedragosnuomeahi eat Langrednat hahbe
radi o communi cation nedia and receiving signals

t her ef or np anda88tocombrokuneags tboeaconttesbinang frequency
resonant frequencies of the transm ssion/reception
meansfteaahfradior egonantcattequeAadyuinunaddt o and
resonated with the resonant frequency of the radio
communi catPBn*REAPAIPR RSBBEI 6@MP51EESFransnit signal s
to the radi o conmuni cation nedi a

t hrough th .
 ransmi s oRPFEREBONOATHEARS SRAPCSGHL POl Fi GoPhEoLl for

resonant . frequenc f the ansni,ssion/re ' L
reanboUst 4t B4 SRR BoRARD CPFoRenRy COPCHGeaharBymedia
with the resonant frequencies 10 of the radio

comuni cation nedia in a period to receive signals
fromthe padbRoa@mEYAbLAALE@BuARdIFR !t BEAYAR 1EREng signals

transm ssion/reception nmeans. 7. The radio
compatEaté@ntHeyi§R 8660FEEBPLEON antenna.

4. The radio communication device according to
claim 3, wherein

the loop coil of the reception antenna is arranged
at an inner circumference of the loop coil of the
transmission antenna.

5. The radio communication device according to
claim 3, wherein

the loop coil of the reception antenna is arranged
at an outer circumference of the loop coil of the
transmission antenna.

6. A radio communication device capable of
communicating with a plurality kinds of radio
communication media having different resonant
frequencies, comprising:

transmission/reception means for transmitting
signals to the radio communication media in prescribed
communication ranges with the radio communication media

and receiving signals thereform; and
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claim®6, wherein 15 the transm ssion/reception neans
conprises: a nodulation circuit for nodul ati ng

transm ssion data; a transni ssion/reception antenna
transmtting a signal nodul ated by the nodul ation

circuit to the radio 20 communi cati on nmedi a and

conposed of a loop coil for receiving signals from

the radi o communi cati on nedi&a; 2hd -a denodul ati on

circuit for denodulating the signals received through

the transm ssion/reception 25 antenna, and the

control meansrcbmpeasesfoa capacbidinforesbhanti fgequencies
tuning to each resonant 39 frequency of each radio

comafi tlat | bnanewi spi candeacBhi pehinfgnei Eeupt figet resonant

connecting the capacitor to the ,

t r anSHESSPRY r eeepti bR AREeRRACNATEIL FARSNTSS| §RSonant
period of signals through the transn ssion/reception 5
a

nt ePFRAARRCE epar P ngathe EAPRENEGRTFPBfiEAdd 10 & period

L anel poL OO POEERASR LoN0R, L1cRe BERRLIED.RELhOHecsa

oL ilonly THE LPSAOrTUL ERLLOR. Becaphanate o i m

conngghefot pi hherntr aBsphaat orkEgGEREL,OBraRhenna; and

a plurality of swtching circuits connected to these

pl uretah¥mDésCapAceEeBsion means to a second resonant
frequency not resonated with the resonant frequencies
of the radio communication media in a period to receive
‘signals from the radio communication media through the
transmission/reception means.

7. The radio communication device according to
claim 6, wherein

the transmission/reception means comprises:

a modulation circuit for modulating transmission
data;

a transmission/reception antenna transmitting a
signal modulated by the modulation circuit to the radio
communication media and composed of a loop coil for
receiving signals from the radio communication media;
and

a demodulation circuit for demodulating the
signals received through the transmission/reception
antenna, and

the control means comprises;

a capacitor for obtaining tuning to each resonant
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9. A radio communi cation device capable of 15

communi cating with a plurality kinds of radio

comuni cation nedia having different resonant
frequencies, conprising: transm ssion/reception nmeans
for transmtting signals to a prescribed radio
communi cation nedia and 20 receiving signals fromthe
prescri bed radi o comuni cati-on ®edia; and contro

nmeans for controlling a resonant frequency of the
transm ssion/reception neans to a prescribed resonant
f r egfieegyehapedf t @aandradsonatedumi tht tachm@81inesoaadt
frequency of each radi o comrunication nmedi um and

di sti ngui 8hewgtchenpr escchbédfpadronaeahiinbcihpogapacitor

medi a on the basis of the signals received fromthe -
40 B?e%%?lbéﬂn¥%ﬁﬁ%l%6ﬁﬁﬁﬁ?65%96naﬁﬁﬁpaathPoﬂgErﬁﬁémlSSlon
transn135|on/rece resona

|
( eqtehEge of TRty ?}é%Zg%éﬁﬁmﬁaﬁgg%e?ﬁetm
t Th
comanfiafs chitcsehathelii dhhe £addi 5PE E8hrens 1
the fpgﬁéﬂi?g?ﬁﬁﬁfranéEbgﬁ.Qﬂgeﬁﬁgtiﬁl EQSegE?éHn?EEiod of

freqguency o m Ssi on/ recepti on mean

bas'§1§$a§sdt§£b@§ﬁ'Qﬂer@?Hﬁgmigsﬁoﬁy§@§Qb§§b9naﬁgenna
period of signals™to the prescribed rad

communi cagi onthaedhaibheeqalini Betion accordlng to claim 7,
transm ssion/reception nmeans and a reception period

of thershgnatsmprositfe prescribed radio
comruni cati on nedi a through the

a plurality of capacities connected to the
transmission/reception antenna; and

a plurality of switching circuits connected to
these plurality of capacities.

9. A radio communication device capable of
communicating with a plurality kinds of radio
communication media having different resonant
frequencies, comprising:

transmission/reception means for transmitting
signals to a prescribed radio communication media and
receiving signals from the prescribed radio
communication media; and

control means for controlling a resonant frequency
of the transmission/reception means to a prescribed
resonant frequency tuned to and resonated with each
resonant frequency of each radio communication medium

and distinguishing the prescribed radio communication

media on the basis of the signals received from the
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transm ssion/reception nmeans. 15 11. The radio

comruni cati on device according to claim?9, wherein
the transm ssion/reception means conprises: a

nodul ation circuit for nodul ating transm ssion data;
20 25 a transm ssion/reception antenna transmtting a
nodul at ed signal by the nodulation circuit to the
prescribed radi o comuni cation #&dia and conposed of a
| oop coil for receiving signals fromthe prescribed
radi o communi cati on nmedi a; and a denodul ation circuit
f or peawdulla¢d ngadignabsmunécetved mhdoaghhthegh the

‘transmi ssion/reception antenna, and 41 the contro

meansr ZoHpE F seen/ BePERE APNt PeanschpacPRbiSlf bhe resonant
obtaining tuning to each resonant frequency of each
r adi BrRERPRAY cafi Bhe REANEW. 6F 1PRETBFAPALPRYMERNRI RYs the

f h, radio_5 | cati i d switchi

Cir TSt of Boffectin or Separating of che

t | ssi gn/ LQt . f -
capac tor 12, AT G316 CORUN SRETof neCHod capSEre gF t°
10 copnupi gatingruihh a plurality kinds of radio

conmuni cat 1 on nmedi a having different resonant

the control means switches and controls the
resonant frequency of the transmission/reception means
on the basis of a distinction result in a transmission
period of signals to the prescribed radio communication
media through the transmission/reception means and a
reception period of the signals from the prescribed
radio communication media through the
transmission/reception means.

11. The radio communication device according to
claim 9, wherein

the transmission/reception means comprises:

a modulation circuit for modulating transmission
data;

a transmission/reception antenna transmitting a
modulated signal by the modulation circuit to the
prescribed radio communication media and composed of a
loop coil for receiving signals from the prescribed
radio communication media; and

a demodulation circuit for demodulating signals
received through the transmission/reception antenna,

and
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frequencies, conprising: transmtting signals to the
prescribed radio comunication nedia in prescribed
comuni cation ranges 15 with the radi o communi cation
medi a and controlling a resonant frequency of a

transm ssicn/reception antenna for receiving signals
fromthe prescribed radio communication nedia to a
prescri bed resonant frequency 4lned to and resonated
with each resonant frequency of 20 the plurality kinds
of each radi o conmuni cation nmedi um di stingui shing

t he prescthbedonadbd meanuncoapiranesmedi a on the basis
of received signals fromthe prescribed radio

comuni cagi phupediayt Afoaghathéors for obtaining tuning to
transm ssi on/reception antenna; and 25 controlling the
r esoPARE ¥?%ﬁ%@ﬂ%yféﬁqﬁﬁécyt@5n§ﬁ?§s¥6ﬁ%?e€@6ﬁP8ncatlon

ant enna. on t basi dj sti
e e R SR LB S PR ke B de P Bt Erdim 12,

further co S ontrolllng the resonant frequency
of t%omm¥?5n%%%23|o%$ ep?lon antenna on the basis of

the 5 dis%k'%%h?ﬂgé@%Ekg EQ r@BﬁHEé%&R B%r%%gggatlng of

signal s SCri I 0O conmunli C tion

through £P§nsﬁ[§Q§8ﬁ?§é88§£§8§95h98n§5t€8n§nan€rbﬁ 8ach
reception period of signals fromthe prescribed radio

comuapgat t&p. nedi a through the transm ssion/reception
10 antenna. 14. A non-contact |IC card reader/witer
devi ce 12. A radio communication method capable of
communicating with a plurality kinds of radio
communication media having different rescnant
frequencies, comprising:
transmitting signals to the prescribed radio
communication media in prescribed communication ranges
with the radio communication media and controlling a
resonant frequency of a transmission/reception antenna
for receiving signals from the prescribed radio
communication media to a prescribed resonant frequency
tuned to and resonated with each resonant frequency of
the plurality kinds of each radio communication medium;
distinguishing the prescribed radio communicatiocon
media on the basis of received signals from the
prescribed radio communication media through the
tranemission/reception antenna; and
controlling the resonant frequency of the

transmission/reception antenna on the basis a

distinction result.
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for performng a transm ssion and a reception of data
to and froman IC card by radio to perform prescribed
data processing, conprising: 15 transm ssion neans
having a first resonant frequency tuned to and
responded with a resonant frequency of the IC card in
a prescribed comuni cation range with the 1C card to
transmt signals to the IC card;2 26 recepti on means
havi ng a second resonant frequency not resonated with
the resonant frequency in the prescribed

communi cati’n rAngecadid ddrendrG catt bt anettlee®i ¥€cording to
signals fromthe IC card; and control neans for

per f erldiing Ut2he furdrierm ssimgr isichg 25 the reception of
the data to and fromthe I1C card through the

transm ssiEM HEEnsl Hhd-ther e et ofr szercy 168 e
radlo connunlcatlon devi ce capabl e of 43 connunlcatlng

W th aﬁ’lstmrla?ﬁlt%ﬁ /FeIERTdLCY a?dﬁ?ml?orﬁmrﬁ}l?atk?aoﬂw ahe

havi n %}ff r.ent res ant  fr.eqguenci es, Q%a . 1
oAUl A G PR ot Mot At HE I S0 S Taraonals
an O%Ep%% %ﬁ%ﬂ¥%§4 Jégléngdﬁﬁédfgéé;éH“Hedia through the
nDduIated ationcirc

tr an%@a%%'mq@/s 1RGER U AL i, tarr?a*%rqqtat [FTe opmeoon

S|gnals fromthe output line circuit to the rad
commppiGafd QF rAding 1Nt FRC&ind - daled fremd he

radi o communi cation nedi a;
communication media through the transm1551on/receptlon
antenna.

14. A non-contact IC card reader/writer device
for performing a transmission and a reception of data
to and from an IC card by radio to perform prescribed
data processing, comprising:

transmission means having a first resonant
frequency tuned to and responded with a resonant
frequency of the IC card in a prescribed communication
range with the IC card to transmit signals to the IC
card;

reception means having a second resonant frequency
not resonated with the resonant frequency in the
prescribed communication range with the IC card to
recelve signals from the IC card; and

control means for performing the transmission and
the reception of the data to and from the IC card
through the tfansmission means and the reception means.

15. A radio communication device capable of
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an input line circuit for inputting signals from the
transm ssion/ recepti on antenna; a phase contro
circuit for controlling phases of is signals fromthe
input line circuit; and a denodul ation circuit for
denodul ati ng an output fromthe phase contro
circuit. 16. The radi o conmuni cati on devi ce according
to claim15, wherein 20 the-phdsSe econtrol circuit
controls its own resonant frequency to a second
resonant frequency which is different froma first

r esog@mmunieqidmgy wiftht e plturanisin s s fork iredse pta dio
antenna tuned to and resonated wth resonant

f r eqGOFEVES. CEHT ite Megdico heorimenididtfienie s rRsinahd
which is not resonated with the resonant frequencies
of t A& SRFESG IES MR SoMdredi a. 17. The radio

connunlcatlon vi.ce accordi 0 44 claiml15, , ,
wherein t K ST A e ARG rangpiesion
dispg% d .between the input line circuit and the

deno Iatlon circuit. 5 18. The radi o conmruni cati on

devi ce aC%Qf@dﬂbJﬂ)lfHé“éﬂﬁéhl@wﬁgﬁ' Judhe ehase 51gnals

control circuit 'includes a capacitor dlsposed bet wee

the bt alcieldie 61 e incRRd dthen dammdulgtion circuit;
and capacitor disposed between 10 the |ine input

circuit anrdtaagraind ing MagdptionlAntldrend afh® transmitting
comuni cati on device according to
the signals from the output line circuit to the radio
communication media and receiving signals from the
radio communication media;
an input line circuit for inputting signals from
the transmission/reception antenna;
a phase control circuit for controlling phases of
signals from the input line circuit; and
a demodulation circuit for demodulating an output
from the phase control circuit.
16. The radio communication device according to
claim 15, wherein
the phase control circuit controls its own
resonant frequency to a second resonant frequency which
is different from a first resonant frequency of the
transmission/reception antenna tuned to and resonated
with resonant frequencies of the radio communication
media and which is not resonated with the resonant

frequencies of the radio communication media.

17. The radio communication device according to
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claim15, wherein the output line circuit and the

input line circuit conprises connecting units to

whi ch the 15 transm ssion/reception antenna freely
detachable. 20. A non-contact |IC card reader/witer
device for performng transm ssion and reception of
data to and froman IC card, conprising: a

transm ssion circuit for nodual aténg-transm ssion 20
data to the 1C card; an antenna unit having a first
resonant frequency tuned to and resonated with a
resondatinf 1équeheyedhh the |1C card in a prescribed
comuni cation range with the IC card to transmt an
out put fr dinet pdatseamromitysilore 25 witr duialude plragmcitors
control circuit for inputting a reception signal from
t he PCseasgdr besivges ﬁ%ﬁoe@@wthél@@t eAFEWUs @aict the
perform phase control so as not to be resonated to

the FEEGAEAETAPBqFREYLGF the 1C card in a prescribed

comuni cati,on range w.th the | C car.d; a reception .
circui t 1 0F derbIuEALt Sy EHTRISHE §7F FSiche Jhaeaing to

cont ClRGUI reception data; and a control unit
for %g%%grgﬁhgbpgzﬁéﬁission and reception of the data

to and frome healse @ AT Uy itcthg {J13RRIE $Siibacitor

circuit and the reception circuit to performa
presghispededabatpeeeespendnpl@® 4ineThe RNtcem@ehd C

card reader/witer device according to claim 20,
furt BemogQALi®nN@ircuit; and capacitor disposed between
the line input circuit and a grounding circuit.

19. The radio communication device according to
claim 15, wherein |

the output line circuit and the input line circuit
comprises connecting units to which the
transmission/reception antenna freely detachable.

20. A non-contact IC card reader/writer device
for performing transmission and reception of data to
and from an IC card, comprising:

a transmission circuit for modulating transmission
data to the IC card;

an antenna unit having a first resonant frequency
tuned to and resonated with a resonant frequency of the
IC card in a prescribed communication range with the IC
card to transmit an output from the transmission
circuit;

a phase control circuit for inputting a reception

signal from the IC card received through the antenna
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a connecting unit for freely detachable the antenna
unit, the transm ssion circuit and the phase contro
circuit.

- 45 -

unit to perform phase control so as not to be resonated
to the resonant frequency of the IC card in a
prescribed communication range with the IC card;

a reception circuit for demodulating an output
from the phase control circuit as reception data; and

a control unit for performing transmission and
reception of the data to and from the IC card through
the transmission circuit and the reception circuit to
perform'a prescribed data processing.

21. The non-contact IC card reader/writer device
according to claim 20, further comprising:

a connecting unit for freely detachable the
antenna unit, the transmission circuit and the phase

contreol circuit.



