TITLE OF THE INVENTION RADIO COMMUNICATION DEVICE, RADIO
COMMUNICATION METHOD AND NON-CONTACT IC: CARD
READER/WRITER. DEVICE BACKGROUND OF THE INVENTION 5 The
present invention relates to a radio communication device, a 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 10 and receiving information from
the radio communication medium. In recent years, a con-con,-act IC card
available in non-contact has beenwidely used it fermsrafoar security of
~information and a convenience in carrying. 15 A technique in relation to a

non-corftact! inforMiatioivieteptidh H&iHg this KtPAfhSIEURIAEERT @i METHOD
s isloge . orexanpl, Jon et No.3.570.898 . Pt Appin

KONA Publication or example, a reader/writer

provided with a single loopsanienna sharedrin tiansmission ang rece_ption
is known. A resonant frequency of this kind of -loop antenna shared in

Jransmission ahf teceptiornis dnigaely decidedlyta sapacity (cirddiv _
constan% of a 25 ca}g?citor conpected ro this loop antenna. A co ..rol unit

and the TO8p Ant&nina of the® Yeadervirits PAre corHERtH (ith £ath Bifigrod and

by a cablergon-contact 1 card reader/writer device for
transmitting information to a radio communication
medium such as a non-contact IC card and a cellar rhone
10 and receliving 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.
15 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).
20 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 (circuit constant) of a
25 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



with we lines t hrcuah a connector. T'-nerebv the reader/writer can
communicate with. t'r:e IC card Through the loop antenna. An object o-"
the above mentioned reader/ writer is 5 - to adjust the antenna resonant
frequency by adjusting a value of the capacitor connected to the loop
antenna shared in transmission and reception and secure a stable
communication property and a wide communication area (excellent
communication property in assumed and 10 prescribed communication
area) with the C card. Further, a reader/writer provided with two loop

antennas independentfos attransmissian andra ¢eeeption] respectively his
known. The resonant frequency of this kind of loop antenna for a 15 }
transmisSRIFIS dECidetthy the CGHEERY bf tHe® capaditdrednhéctedts. through
And the resonant freque N of this kind of loop antenna for reception is
decide?j;‘by thﬁgéap%cﬁy%f the capacitor connected to the loop antenna.

20 Both of therforgaing two readeriwriiers.for actransmissionanda /yriter is
reception have their objects to adjust the antenna resonant frequencies

> and seéreahgustabldcormmunivation propertiesfambthernwideby adjusting a
commuyiclationoafregﬁéexcellent,communication properties 25 in assumed

and prestribed Communicalici ares) meﬁgt@c%s‘%'ﬁelo‘)p antenna
above-dasaribed;readerwiizer can he fomaalis . by fixed antenng, . 4

resonant frequencies, with.
stable communication property and a wide communication

area (excellent communication property in assumed and
10 prescribed communication area) with the IC card.
Further, a reader/writer provided with two loop
antennas independent for a transmission and a
reception, respectively, is known. The resonant
frequency of this kind of loop antenna for a
15 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.
20 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
25 in assumed and prescribed communication areas) with the
IC cards.

The above-described reader/writer can be



such specific IC cards in a traffic system for a station ::perat_ror, and an
electronic money system and for IC cards different in resonant frequency
on IC card 5 sides within narrow ranges (extent to several dozen kHz)
and can obtain an excellent communication property. However, the
expand use of IC cards has brought about the following stuations. 10 (1)
IC cards made by and issued from a b:_urality of_manufactures and
issuers, respectively, are used. for the same system. (ii) Shared IC card
are used for a plurality of systems. 15 In this situation, we are faced to a
new prebieps td be splved. Begause efttherantennaoresepant figguenc s, with
on the reader/writer side is fixed to the IC cards having largely different
antenn& Y&sonart Freguenties(several huadred kHziseveraltMiHzy o sueh
a 20 reg@er{vi/riter cannot abtain %%!'formange ((rexce-lent communication
it

property) for an 1C-card by RAviAg @ diffeFerit Tessiant fRAYuRkey fi5 66&n @nd
by adjusting an antennagireuit canstant, aﬂ@é@%@@%ﬁf%@@&&%ﬁuon IC card
thereof so as to make the property excellent for an 1C 25 card (a) han-ng
oa resonahtifrequencyila. i contrastaiythe daserefran adjustwent-an the
reader/writer side or the IC card (b), s_nce the IC card (a) is . .
dozen kHz) and can obtain an excellent communication
property.
However, the expand use of IC cards has brought
about the following situations.
10 (1) IC cards made by and issued from a plurality of
manufactures and issuers, respectively, are used for

the same system.

(11) Shared IC card are used for a plurality of

systems.
5 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
20 reader/writer cannot obtain performance (excellent
communication property) for an IC card (b) having a
different resénant frequency fb even by adjusting an
antenna circuit constant, a resonant freguency, etc.,
thereof so as to make the property excellent for an IC
25 card (a) having a resonant frequency fa. 1In contrast,
in the case of an adjustment on the reader/writer side

for the IC card (b), since the IC card (a) is



- 4 .. deteriorated in communication.property, it is hard for the
reader/writer to seL both IC cards in order to geL excellent properties.
The reason of the above-mentioned problem comes 5 from the fact that
the card antennas having different resonant. frequencies with each other
causes mutual induction with the loop antenna o= the reader/writer to
cause strong coupling by making bo-.I loop aptennas for a and a
reception be resonant antennas to have the 10 resonant frequency,
respectively, and an area in which reception signals from the IC cards are

suppressedeand brought intoca veltage-levelimpessible-to,demedulate, , 4 ror
them is generates. As a result, the communication performance of the
reader/iwhiferti§ BefFiOratedS 15-BRIER SUMMARY OFITHEINVENHON© get

: . S . ; ication
An Obleé:}{gg Afe%rgsent invention is to provide a radio communica

. o recies
device, a radio comniunication” method and a non-contact IC card

reader/writer deyice-capable of preventing deterioration, incormmunication .

20 performance. A radio communication device of an example of the
Spresentfinvantidreis onetcapable oheomawmicating withs anplurality ofi f ferent
kinds of radio communication media having different resonant

frequencied’ CBMprisiry wE raRsmission Meahs Aaffg. & fitst restanta 1
frequengyfuned p apdyresopated, yithfesonant frequencies of the radio - |
communication media in prescribed communication

cause strong coupling by making both loop antennas for

a and a reception be resonant antennas to have the
10 resonant frequency, respectively, and an area in which
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.

15 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
20 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 freguencies, comprising:

25 transmission means having a first resonant frequency
tuned to and resonated with resonant frequencies of the

radio communication media in prescribed communication



ranges with the rac'.o communicalL-on 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 5 communication medial n the prescribed communication ranges

with the radio communication media to receive signals from. the radio
communication media. A radio communicatien method of an example of

the present invention is one capable of communicating with 10 a plurality

kinds of radio communication media having different resonant
frequencies;comprising: transmitting signals: to-thepreseribedsradio + ransmit
communication media in prescribed communication ranges with the radio
commuiiéatidhmediatdiit Eorticling asréseriam fregeehay opad reception
transmijssion/reception antenna for receiving signals from the prescribed

radio &%&ﬁn%ﬁ%&ﬁ Médiato 8np<§e§cerﬁ)%lagrréé%r%r?tcﬁleeqrb%ﬁci} Yunégscnated
and respnated with-eachresenantdraquency. of dhe plurality kinds of each

radio communication medium; 20 distinguishing the prescribed radio

S commurigationimediac onitikel basisrof téeeivet: signalsdfromdheunication

10

20

25

prescribed radio communication media through the . .
transmissiohTredeption” Qﬁteﬁﬁa}gn(‘f%‘ﬁh%ﬁﬁ@?@%w fﬁeﬁuéﬁ&? 1ve

of the transmission/rerention 23 antenna on the hasis g djstinetion result.

A non-contact I' card reader/writer device of an example of the present
invention -s ore forqpesforming.a tcansmissias enda ecepan Of datd of the
a_ind from an

present invention is one capable of communicating with
a plurality kinds of radio communication media having
different resonant 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 communication media
on the baéis 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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IC card by radio to perform prescribed data processing, comprising:
transmission means having a first resonant frequency tuned to and

responded with a resonant 5 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 cognmunication range with the

radio 10 communication media to receive signals from the IC card; and

control means for performing the transmission and the reception of the

data tosand-fromrithe dCaoard rtireughethedransmission meanscandthef rom an
reception means. la radio communication device of an example of the 15

present imvention i oré dapabié df eommitieatie Wit S8 pRirditty Riffrgess ing,
of radio. 88@3”1@%%{l0nt@§9@ﬂasvs'i{‘gnd- féag%nsj[ resonant freq en%igskesonam .
C - a TSy

comprising: a modulation circuit for modulating transmission ajfe{; an

output fine gireuit forautpuiting signalsrmegulatediby i20.the medulation

circuit; a transmission/reception antenna for transmitting the signal from

the outptie dineriréuft fo tHeerablio eemuicationiaediaidrel receivingication

signalsrfgométhe.ralgiot%om nicatigntmeq:ia; an input line circuit for
inputting the signals from 25 the fransmissior f&8ep-ion &iténia; wphdde ¢
controlgireuit for copt; rollingephases of signals framthe input ling, -

circuit; and a demodulation circuit for 7 demodulating an output front t2e

chase éontrolengouinot resonated with the resonant frequency in
the prescribed communication range with the radio
communication media to receive 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 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
recelving signals from the radio communication media;
an input line circuit for inputting the signals from
the transmission/reception antenna; a phase control
circult for controlling phases of signals from the

input line circuit; and a demodulation circuit for



H non-contact IC card reader/writer dev'ce of an example of the present
invention is one for performi-.g a transmission and a reception of data to

and from an 5 IC card, comprising: a transmission circuit for_ modula-ing
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 'co 10 transmit

an output from the transmission circuit; a phase control circuit for

inputting a reception signal from the IC card received through the antenna

unit to gperforprase control sagnot £ode resenatedde th-enreseonant rcuit .
frequency of-he C card in the prescribed 15 communication range with the

IC card; a re_cé\ptib?P EﬁS@iFPo?He%&ﬁéﬂ%grﬁéﬁﬁbﬁWﬁéﬁ?ﬁh%s@e of an
control SUCHIL a5 reception %attg;s?en a control unit for performflg% trgjeer forming

e
transmission and the reception of the data to and from the TC card

through: the-20: transmissionseircuit and-thedreseption eirguit toopakfern 2o an
prescribed data processing. Additional objects and advantages of the

Sinventiolr Wifl béset $6E insthedte seriptiom whichsfottows, 1ard: it partwill

be obvious from the description, or. may be 25 learned by practice of the
inventi(I)nr(lj.gl"lnrlat adp AV ERtaGEs Of Hie invehtich %Téyciferl%'ali?éld antenna

e oﬁjrégtstd:n
and ohtainedibymegns of thedpstrumentaliies and ; & combinations , 4
particularly pointed out here rafter.
resonated with a resonant frequency of the IC card in a
prescribed communication range with the IC card to
10 transmit an output from the transmission circuit; a
phase control circuit for inputting a reception signal
from the IC card received through the antenna unit to
perform phase control so as not to be resonated to the
resonant frequency of the IC card in the prescribed

5 communication range with the IC card; a reception
circuit for demodulating én 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

20 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
25 learned by practice of the invention. The objects and

advantages of the invention may be realized and

obtained by means of the instrumentalities and



BRIEF DESCRIPTION C THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated it and constitute a

part of the specification, 5 illustrate embodiments of the invention, and

together with the general description given above and the detailed

description of the embodiments given below, serve to explain the

principles of the invention. FIG. is a block diggram showing a schematic

10 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 examiplereta cconfigurationudfzacradie citeutitand an antenmanunit ef- .

15 the reader/writer shown in FIG, |; FIG. 3 is a view showing a relation

between & fésonant freqendfi ahd Bessrdftifdquehey $2 of tREE DRAWING
reader/writer nin FIG. 1 and a resonant frequency fa and aresonant
frequency fb gﬁg%v:(aﬁggg?g 20t be'a %égﬁ HE 41 égv?eﬁ gﬁovﬁfh%oé: porated

first exampleref atvagrangement opa transmissien aptennasand-a o,
reception antenna; FIG. 5 is a view showing a. second example of the 25

S a-rangermentafithé ¢rarrshission antennd antethenreception antenhat, &gl her
6isa vie.v% h%\ﬁ/ing a second (?gample of the configuration of the radio
circai_twc%lng the SnfennaUhit 3F e reBaenriter Showrin FGaad the

detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a block diagram showing a schematic
10 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
15 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
20 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 1s a view showing a second example of the
25 arrangement of the transmission antenna and the
reception antenna;

FIG. © 1s a view showing a second example of the
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FIG. 7 is a view for explaining control ¢* a switching circuit (hereinafter,

eferred to as SW( by a 5 SW control signal; FIG. 8 is a view showing a
third example of the configuration of the radio circuit and the antenna unit
of the reader/writer shown in FIG. FIG. 9 is a flowchart for explaining an
example of 10 switching control of a plurality of SWs of the reaaer/writer
shown -n FIG. 8; FIG. 10 is a view showing afirst example of a
reader/wri_-er likely to cause an incommunicable area; FIG. 11 is a view
showing a second example of the 15 reader/writer likely to cause the
incomnumicaltile lared;0FlG.f12 isea view shawing antincommunicable areas unit
caused by strong coupling; FIG. 13 is a view for explaining an elimination

of the PicoMHUMCANIE &réa i BE ahf&ttEet bPthltesént 20 invention:;

FIG. 14 is. a blg%gjiggrq@ showing, afscpematicja%onn{ilgur%ié)gt%f a4 f 4

reader/writer regarding a fourth exampcfe of the radio communica ion

device sftheciptesent invention; (22 FIG na 5 isrhockdiagramyshewing &) by a

scnemati._c configuration of a reaaer/writer regarding a fifth: example of

the a -o*Bomitin @liof deviee of the -- 10 - present: invent on; ws ,d FIG.

16 is a view s%\gi.ngaa ?Lc:sheén%tiicew showing a third example of the
configuration of the radio circuit and the antenna unit
of the reader/writer shown in FIG. 1;

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



configuration of a reader/hr -er kely to cause an incommunicable area in
a communicable area. 5 DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, embodiments of the present invention will be described by
referring to drawings. FIG. 1 is the block diagram showing the schematic
configuration of reader/writer (non-contact IC card 10 reader/writer
device) regarding the example of the radio copnmunication device of the
present invention. As shown in FIG. 1, a reader/writer _ conducts radio
commun-cation with an IC card 2 and has a control unit 11, a radio circuit
12 and mncaretennai unit 18105 Fusther, the radio circuit 12 has a
modulation circuit 121 and a demodulation circuit 122. FIG. 2 is the view
showing a firstexamplé of & ofifiGuraficr of-& eadio eifeaira2iand an

antenn% &Qg 1%% 82 he reag%r/\év-ltreer show/rlegiFg g.r 116? §%%¥:€?:;?F%HEI§.5“

2, the antenna unit 3has & antenng(_j@i composed 0

resonantfreguency dhiand a. reception-antenna; 132 somposed of a 'loop
coil with a resonant frequency f2 (resonant frequency fl<<resonant

Sfrequency -'2). The rAid:Eikélit 2X4Ra CAPALitop T 28 CONNEERT TON
antenna ends géthe transmission antenna 131. The value of the capacitor

C sets the resbiant-freqiiéricy ff 8P i B6p of theftrdfismigsherc invention
antenng 131. The ¢apacitar & may be A.GapaGHty ¥an bl capacitor and a

capacity fixed capacitor. The
FIG. 1 is the block diagram showing the schematic

configuration of the reader/writer (non-contact IC card
10 reader/writer 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 control unit
11, a radio circuit 12 and an antenna unit 13.
15 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
20 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

requency f2). The radio circuit 12 has a capacitor C
25 connected to antenna ends of the transmission antenna
131. The value of the capacitor C sets the resonant

frequency fl of the loop coil of the transmission



caoaci_tor C is not connected to antenna ends of the reception antenna
132, 'r. this way, the resonant 5 frequency f2 (a ,aue extremely larger than
'tha'n c-,' the resonant frequency fl, for example, a value not less that 10
times of the resonant frequency fl) of the loop coil of the reception

antenna 132 is set. The reader/writer | receives a variety of commands 10
from a host device 3. The control unit 11 of the reader/writer | generates a
command (transmission data) for the IC card (radio communication
medium) 2 based on the received command. The modulation circuit 121

of the readenwsitar3 modutates thexeammand (frapsmission-1p gata) for
the IC card in accordance with a prescribed modulation method. The
transmié&ibnantEn2 B3 T Igérierafed @maghatic figldbymeanseithecor. The
loop coll _wit;;..the resonant frequency fi. At this time, if the conditions |
which trélg\g{oaocplgﬁfwﬁh the Péi%n%cﬁp )é(? (frtegger%)y flahd'thée Ioeonpégoiloo the
an antensa22 otthea G eard:2 cause mutualinduction is satisfied:, f1G

card 2 is in a prescribed communication range (range in communication
Seffectivéress israssufied in design) eftheamader/writeyd], abignalthat of the
transmitted from the 25 antenna 131 is received though the antenna 22 of

the IC &5/ 2 Tive EORTSITHIY 21 OF thEE Gifd Foutpufs & 32 Ufe :pBise ©5°
in respense: to;3 cegylian of the: gartry Inc from. the,read wter 1, in other; loop

words, the antenna 22 of
coll of the reception antenna 132 is set.

The reader/writer 1 receives a variety of commands
10 from a host device 3. The control unit 11 of the
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
15 data) for the IC card 1n 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
20 frequency fl 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
25 antenna 131 is received though the antenna 22 of the IC
card 2.

The control unit 21 of the IC card 2 outputs a



the 1C card 2 outputs the response. The recco_io antenna 132 of the
reader/writer 1 receives this 5 response through the -c -op, coil with the

resonant frequency f2. The demodulation circuit 122 demodulates the

reception signal in accordance with the prescribed demodulation method

to transmit the demodulated reception signal to the control unit 1" _. The

control 10 unit 11 conducts a variety of getef@inqtions on the basis of

reception data to transmit the determination result to the host device 3.

As mentioned above, by configuring the transmission and reception
antennas:33band 132 1% independently-with eagh otherotheteeepli®hnand from
antenna 132 becomes nonresonant (no generation of strong coupling) to

the resonghtFEdfiRAcY bf -hE 1C car2 in- hestatecthasthettransmissiona 22 of

antenn%l3lé§tucn§]g dgr&d resonated to and with the resonant frequency

of the 20 card 2 involvinig With the approgch of the IS card 2'(in & Stalte ™

that theslC:eard=2 enters the.gemmuinicable, range of theseader/writgr 1).
Thereby, it becomes possible for the reader/writer 1 to sufficiently avoid

Sthe situagie thatempedanceistihereased resultedform 23the strongant
couplin% and a reception signal voltage level is suppressed by a carrier

and the recapiidiy %sigral becbmedSMposdiblelorb& démedl-ated. demedulates
Actually, 3.30aeio) = 13 COPRECIE 10 the Y, QeRr.on ant, o for oy oy
matching. For examp-c, assuming than the resonant frequency t7i§
approxitzately 356 dMHzdbase.senaiiransmit the demodulated

reception signal to the control unit 11. The control
10 unit 11 conducts a variety of determinations on the
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
15 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
20 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
25 the strong coupling and a reception signal voltage
level is suppressed by a carrier and the reception

signal becomes impossible to be demodulated. Actually,



frequency f2 is not less than several hundred MHz. 5 -G. 3 is a view
showing a relation between the resonant frequency f1 of." _he
transmission antenna 131 and the resonant frequency f2 of the reception
antenna 132 and a resonant frequency fa of an IC card (a) co be a target
and a resonant frequency fb of an IC card (0) 10 to be a target. As
mentioned above, the resonant frequency f § 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 targeiis: d5capproximately 6 MHz-1"75 Milz mg@tr§§9néﬂttenna 132
frequency fb of the IC card (b) to be the target is approximately 18

Mfiz-19 WHztheteéastion dittenra 821 becemesinonresohant torthet€sonant
cards (ai) and gb% Nex%lexamples of ar,rangements of the transmission 20

antenna 13T and e reception antennd 135 will be -deschbaéd b%/}}%fe‘frﬁﬁﬁ”ant
to FIG. 4.and; G- €. AS shown,dn FlG 4, theslaop.co,1 of mﬁ{%cggt'ﬁ?;z :

antenna 132 is arranged inside (inner circumference) of the loop coil o
Zthe transmissiéi @antehna< 34. Thawissthe25 gapacitor £-fosresenanceris + he
connected to opposed ends of the loop Coll of he transmission antenna

131 arrangedBiltsidé Toer Eircumfe?éndé)tné foopsgeiistitn thetenna 131
antonna 132 5 Sranea, R Toar A ouhiTorthcs) the 161 eall o (767"
132 and a resonant frequency fa of an IC card (a) to be
a target and a resonant freguency fb of an IC card (b)
10 to be a target. As mentioned above, the resonant
frequency £2 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
15 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
20 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
coll of the transmission antenna 131. That is, the
25 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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-ransmission antenna 1'.31. That is, the capacitor 5 for_ resonance is
connected to opposed ends of the loop coil of the transmission antenna 1
31 arranged inside (inner circumference) the loop coil of she reception
antenna "32. FIG. 6 is the view showing the second example of 10 the
configuration of the radio circuit 12 and the antenna unit 13 of the
reader/writer shown in FIG. As shown in_FIG, 6, the antenna un-- 13 has

an antenna shared in transmission and reception 133 composed of a

loop coil. The radio circuit 12 has the capacitor C 15 and a switching
c..rcuit SW. The: eapagcitor £&nisceonnected to ane ead of theyantenna 33 5, the
and the switching circuit SW is connected to the other end of the antenna
133. THPCapacitdr Cohay b a ¢ardable Capatitaitescapatitds and maysed

be a fixed capacitance 20 capacitor. The switching cjrcuit SW switches
e Sl oh the asis b1 & SW cotiol Signal’®

the opening and \c]kr)lsr}refglgf of & circu  Of ¢
from the contrak unit I} Ehereby..sw t1ch_ngneircuit:SW.eennects ok + o ¢
separates the capacitor C. to or 25 from the antenna ends of the antenna

13.3. Wiieh theseapgaciter Cs sconnecteddo the aptennacerasiaf thé the loop

antenna 133 by means of the switching circuit SW, the antenna 133 ‘
ggﬁl%%&&f D tHE 150p il Wit tHetreSonaRtFéssity s L de

. i
‘heroine® o bé o

When the:papaciiarC s sepatated fomLthe antenna ends of fhe gtenpg ;o ,
133, the antenna '133 becomes to be composéd of the loop col
antenna 132.

FIG. © is the view showing the second example of
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 1s connected to the antenna ends of the

antenna 133 by means of the switching circuit SW, the



5 with the resonant frequency f2 (resonan- frequency fl<<resonant
frequency f2). As staled above, even if the reader/writer | adopts the
antenna 133 which is an antenna shared in transmission and reception,

the loop coil of the 10 antenna 133 has the resonant frequency fl tuned to
and resonated with the resonant frequency of the IC card 2 involving with
the approach of the IC card 2 by connecting the capacitor C to the

antenna ends of the antenna 133 in a period of a data .ransmission. By

15 separating the capacitor C from the antenna end of the antenna 133 in

a perio@of adata teceptionptreslodp doof tenantendad33thecomestocoi 1
have the re on%nt freguenc f2 nonresonant (does not cause strong

coupling) {0 the teséiiatt trétuehey SFHEE Card 2.756 Next dhe eBafrdicor ©

for the switching cirewiSW by, the SW, control signalwill:be explained by, 5+
referring to FIG. 7. The control unit 11 outputs (ON!) the SW control

signal beferea(just hefore} stasting thestransmissionmb o transmissionl oop coil
data and stops (011) the SW control signal after transmitting (after

> completion)the  frah§midH d&tas THERBY, ddring BRoramsmiSSioa bt 6Y
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t'.-he transmission cots, t]IE‘%eSV‘ﬂteCHiC”Q cérfrzjit SW connects the _cu-,acitor

to the antenna ends of the antenna 33 and makes the loop coil of the

antenna 133 havesthewegonantfeequensy fL. fThatds, the Jeap/gell ter 1
adopts the antenna 133 which is an antenna shared in
transmission and reception, the loop coil of the
antenna 133 has the resonant frequency fl1 tuned to and
resonated with the resonant frequency of the IC card 2
involving with the approach 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
coll of the antenna 133 becomes to have the resonant
freguency 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



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 communicable
area of the reader/writer 1. After the completion of the transmission of the
10 transmission data, the IC card enters a data reception; waiting state of
reception data. The control unit 11 continues to stop (OFF) the SW

control signal until the completion of the recgption of the recep-_ion data.
Thereby, during the data reception waiting state and 15 during the

reception of the reception data, the switching circuit SW separates the
capacitoh€ fromrthe.ianténna eads pf the-antennai133andimakes they

loop coil of the antenna 133 have the resonant frequency f2. That is, the
loop coit OF & Afitenna 133Fecomes & 20chdntescrisrtt state 6 fife fobpthe
coil of tQ%@ %%nai%% of nth rkC }gggd_ %ﬁVeD vg%enctoh%elllco%ard 2 enters the
communicable area of the readeriwriter 1. Tﬁehcon_frm unit

Cmﬂpbﬁéﬂéﬁﬂh%r@@%@KHHﬂtE@é%@ﬁH@V(ﬁﬂatpﬂﬁgﬂnﬂ@qﬂﬁ%%5loop coil
necessity of the transmission of the next transmission data. The--, the

11 Gefecisthe” *7°

>control @hlitTsutputss(ON) the SWneentrol sigreesoefere (jastdiefore) the loop
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starting the - 1 7 Lransr.tissior of the _ransm,ss,".on data and stops (0537

the SWcortrol 'sighal &t6& 7 traRsm? ting (aftér ‘corpiatior) thaer the 1C
transmisgion data,pssumingthatihe.canizel unit.11 cannot defect the

completion of the

reader/writer 1.

After the completion of the transmission of the
transmission data, the IC card enters a data reception
walting 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 1is, the loop coil of the antenna 133 becomes a
nonresonant state to the loop coilil 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



5 reception of the rec ptlon data, the control unit | continues the reception
waiting state of the reception data until it is determined that the
transmission of the transmission data is necessary. Otherwise stated, the
control unit | continues to stop (OFF) the SW 10 control signal. With
repetition of the foregoing control, the antenna shared in transmission
and reception 133 allows the reader/writer 1 4o sw-tch the resonance/non
resonance for the IC card 2 in 'transmission/reception 15 thereof. FIG. 8
is the view show'-rig the third example of the configuration of the radio
circuit 12 andthe sintenner unit 43 of thesreaderiters As showninsGs 8(orr)
the antenna unit 13 has the antenna shared in 20 transmission and
recepti6i @ 38Conspdsedlof theToon @bilSThe radicoircuit 12 has fier
pieces oggt\:ﬁpa%_itors Cl, C2, -, Cn and "n" pieces of switching circuits SWI,
n

SG12, <, N ﬁ(éncép{égl ors ‘GBS 25 R Ay ba variabiR Capatithhce the

capacitors,and fixed 125 capacitapse capagitars.The capactor Clis o ¢ e
connected to one end of the antenna 133 and the switching circa Sl41 is

Sconnected:-¢8ttherothér end of trierantennal=33z Therswitchingr circuib it 1
SW'_ switches the opening and closing of the circuit on the basis of a

SW1 cOMror'Sighit ot the® CBRtroPinit'/ 1Treéreby the Sonfroftisit 1Eception

Conne%@ta until it is determined that the transmission of

the transmission data is necessary. Otherwise stated,
the control unit 1 continues to stop (OFF) the SW
10 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
15 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
20 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 SWl, SW2, -, SWn. The capacitors Cl1, C2, -,
Cn may be variable capacitance capacitors and fixed
25 capacitance capacitors.

The capacitor Cl is connected to one end of the

antenna 133 and the switching circuit SWl is connected



5 or separates the capacitor C to and from the antenna ends of the
antenna y33. The capacitor_ C2 is connected to the one end of the
antenna -33 and the switching circuit SW2 is connected to the other end
of the antenna 133. The 10 switching circuit SW2 switches the opening
and closing. of the circuit on the basis of a SW2 control signal from the
control unit 11. Thereby, the control unit-11 1ggnnects or separates the
capacitor C2 to and from the antenna ends of the antenna 133. 15 In
similarity, the capacitor On is connected to one end of the antenna 133
and a switching eircuitrSWe 5 dcommeeteddorthe other endrof the antennag
133. The switching circuit SWn switches the opening and closing of the

circuit &1 tHe Basis Bf a BWh Control Signa st i tﬁ@‘éoﬁﬁr@ﬁ&ﬁiﬂlff the
ThQEb¥i¥@U¥¥“g%u@ﬁélbggqgag%055@%¥a§§&p%§?p%§§ﬁé%nP%OF the

and from the antenna ends of the antenna 133. For examp e contro

unit 11 @uitputs (O both ISW1contrebsignal-and-SWinr-eantrel signal teonnects

stop (OFF) 25 the SW2 control signal. Thereby, the capacitors 01, On are
Sconnectéd fFtartefind BAdS Pt anterina 133 and the eapaditors Pt enna

On dec{i%%ed%he rlgsgp%nt frez%urgengyﬁ-é\gof the loop coil o:_ the antenna ;33.

For example, Ina perloarfrom the start'of transmission to Lite completion

of transmission;af the, transmission data thergontrolynit 4194 PUIsON) 4 o ¢
the antenna 133 and the switching circuit SW2 is
connected to the other end of the antenna 133. The

10 switching circult SW2 switches the 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.

15 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 circult on the basis of a SWn control signal

20 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)

25 the SW2 control signal. Thereby, the capacitors C1, Cn ”

are connected to the antenna ends of the antenna 133

and the capacitors Cl, Cn decide the resonant frequency



5 several :ontro__ signals among the SW1 ccntro-_ signal, and SW2, -,
SWhn control signals. In a period from the reception waiting of the
reception data to the reception completion of the reception data, the
control unit li. stops (OFF) the whole outputs of the SWI 10 control signal
and SW2, -, SWn control signals. Thereby, the control unit 11 can switch
to the resonant antenna to resonate with the dC card 2 in transmission
and switch to the nonresonant antenna not to resonate with the IC card 2
in reception. It is possible for 15 the control unit 11 to switch to the
resonaft-anteana ceverrinithe séceptionan taeooraihéé with combinations
of outputs (ON) and stops (OFF) of the SW1 control signal and SW2, -,
SWhn control sighal$ FHEP 95 the flewElTHrt for e%%fﬂwi%&ﬁh@%%(é};npffé

20 of the.switching. egRtrol ofhe plurality of s gfthe, Leaderwriter, ¢ e
shown in FIG. 8. The reader/writer 1 (control unit li) sets the outputs o™
each control signad from ther SW icontroh signal and SW2, -,.SWn:contral; )
signals to initial 25 values, respectively (ST | . Thereby, the resonant

5 frequeri&y6ttRe aRfaling’ 133 isdohtolledes an taverayed vesonant signal,
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frequenc (r@%/ be not. an strictly 20 -avera egjvalue may be a ‘requenc
to resoﬁg% Wltf% ’resénﬁqrecq%%%f:? of ic %%Fa with hlig%egst Ufility Or%ti%,r f)r?m the

short, ray-bgtinitiallysprescribed valug) twaed to-ang respnated withe

each. resonant: frequency of ,
reception completion of the reception data, the control
unit 11 stops (OFF) the whole outputs of the SWl1
control signal and SW2, -, SWn control signals.
Thereby, the contrel 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 reception in accordance with combinations
of outputs (ON) and stops (OFF) of the SWl 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 controcl
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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5 a plurality kinds of IC cards no he targeted by the reader/writer 1. Next,
the reader/writer 1 transmits a polling command to the IC card 2 so as to
obtain a unique number of the IC card 2 (ST 2). When the reader/writer 1
receives the response from the IC card 2 to the polling command (YES, in
ST 3), the reader/writer 1 aetects the unique nurrber of the IC card 2
included in the reception data (ST 5) to_determine the kind, etc., of the IC
card 2 or. the basis of the unique number of this IC card 2 (ST 6). When

15 not receiving the response -rom the IC card 2 to the PC) ling
command:(NQ¢eim SE yanditimingout (YEScneST W) therreaderwriter it h
transmits the polling command to the IC card 2 again (ST 2). The

readerMiteF 1 tor A&t devite 3)Store's data 20V of-Gptimamaasomdnt! 1ty
frequencies for qachding of the - ieards 2. that s, te (eaderfwriier d,
is'IC car

can read out the resonant frequency optimum to t on the

basis of e detesminationgesult ot the.kinds etithe K& sards2. The=quency of
leader/writer 1 controls outputs 25 (control of ON/OFF) of the SW1 control
signal-S\Wr- ¢8atrdltsigrial {ever? ON 6f & sifigfe SW hAd eveaONof Ay the
comb-nation of a plurality of SWs are within realm of possibility) and sets .

the -es%%%%?&%]é#ée:f of the 106p coil ofthé aRtEHNA" 133 fo 'hé transmits a
resongn fraqueneyeptimumdothe 1G €ard,24ST 7). The setting;of the, .

resonant frequency may be.. same 5 or different for the transmission and
the receptigne number of the IC card 2 (ST 2).

When the reader/writer 1 receives the response
from the IC card 2 to the polling command (YES, in
ST 3), the reader/writer 1 detects the unigue 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
rescnant freqgquency 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 SWl 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



in the case of setting of the resonant frequencies in same with each other
for transmission and for reception, there is no need to se-_ again unt.il the
communication with IC card 2 comes to the end. In the 1C case of setting
of the resonant frequencies in difference with each other for transmission
and for reception, the control unit il re-sets at every transmission and
reception period until the communication with the_IC card 2 comes to the
end. 15 The reader/writer 1 sets the resonant frequency of the loop coi of
the antenna 133 to the resonant frequency for transmission optimum to

the IC card 2 (ST 7}, ther transaiits thecconmmand ta therkSicand (8T the
8). After completing the transmission of the 20 command to the IC card 2,

the read@firitet 1's&tS thé Sedorantifeqliency 6f fEFlobp Tl f thet reduency

antenng 133, g, the resppantfrequency oy kecepfion optimum to the iC
card 2 (Si' 9). When receiving a signal from the IC card 2 (YES, in ST 10),

the reader/wrird processes 25 thenreceptiom signak (St dhenay be same
_reader/writer 1 repeats the foregoing setting until the completion of the
> commutficatiohiWile the [E°&art B and Whenithe 171 conntdicatioicept ion.

omen ti)II;th 1,@Qdé\a(SEeS, (i)a_;tr STelh;é)ihgr%%arg%&fiorlrprocessigg.?f the next IC
card (ST 14). In‘other words: the readeriwr.iter I(coRtal it 1Tf1'siEthe® 7
outputssafithe:S\V%1cantrobsigaal, 89d SW2n=h: S\Wiheondrgl signal to
the initial values, respectively.

reception, there is no need to set again until the

communication with IC card 2 comes to the end. 1In the
10 case of setting of the resonant frequencies 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.
15 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
20 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 freguency 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
25 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



Next, the problem of the occurrence of the incommunicable area causoo
by the strong coupling and the elimination of the incommunicable area,
which is the effect of the present invention, will be described 10 by
referring to FIG. 10-FIG. 13. FIG. 10 and FIG. 11 are views showing the
schematic configurations of the reader/writers _i.kely to cause the
incommunicable areas resulted from the strong coupling. FIG. 12 is the
view showing the incommunicable area caused by the strong 15 coupling.
FIG. 13 is the view for explaining the elimination of the incommunicable
area, whichnisthe zeffect of thespresenttinvertion. Astshownind=IG 10, a
reader/w=-e-- having a single loop antenna shared in transmission and 20
receptidrt. SRe fdsohaht frEqUETTS/ 6F Sueh albep rantenAé snared ifST 14) .

transm%sliogt%nd recept'on isd%miqfuel decide a capacity of a ,
capacitor conngcrtegotodtﬁfs I6op an'?é%(rj}ael.r)@rs gévlﬁ in 'FS@hfod wnit 11)

reader/wgiter having twe, 25:pel anteanas respactively independentfor oyn -
transmission and for receptior_. The resonant frequency of such a looo

Santenn&%or transmissionlis detided bylthe 231 tapdcityeconnectedtodist ively .
loop antenna for transmission. And the resonant frequency of a loop

antenna for reception is' Gedidét by the dapaeity Of tHe pac £6r Connetfed |
this loop-atenna.far teqention. Thedeaderief sown I EIG- 10.apd; g ang
17--G. '7 car. be compatible with. the antenna resonant frequencies
the elimination of the incommunicable area, which is
the effect of the present invention, will be described
10 by referring to FIG. 10-FIG. 13. FIG. 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
5 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
20 reception. The resonant freguency of such a loop
antenna shared in transmission and recepfion is
uniquely decided by a capacity of a capacitor connected
to this loop antenna.
As shown in FIG. 11, a reader/writer having two
25 loop antennas respectively independent for transmission
and for reception. The resonant freguency of such a

loop antenna for transmission is decided by the



fixed for the -C cards different in resonant frequency on the IC card sides
within narrow ranges (extent to several dozen kHz) and can obtain
corum,nicaton _0 properties excellent to some extents, respectively.
However, in the case of IC cards largely different (several hundred
1Hz-several MHz) in antenna resonant frequencies, since the antenna
resonant frequency on the reader/Writer sing-s fixed, the reader/writer 5
cannot obtain excellent performance (excellent communication property)
for an IC card (b) having a different resonant frequency fb even by
adjustingeare caintennaveireuitteonstant a resanant freguengys ete, - thereof
so as to make the property excellent for an IC 20 card (a) having a
resonartfréGienty ¥&7And fif Soitrast: nsthieacase fof adtedjustment enlaoop

reader/writer side for the IC card. (b), since, the, | rd (a).is deteriorated
ok BED S A A or B sSERBIIGY O the

i rece 3 eCcl
in ccnuunication property, it "SThard for the &8

cards in-a25cstaterofgatting-ekexoelent.properiss,. thereason ofthe. .o v s o1,
above-mentioned problem comes from the fact that the card antennas

Shaving differerit2¢ - resolant fregencies with éachrother causesimumgal 11 can
inductign with. the lIgop antenna of the reader/writer to cause strong

coupling becalisé bf aking idth 106p Hhthras fof EritsTTissisR aneater s
recepﬂqqQ@&e§9nané§éﬂﬂ%nQ%&%%ﬁ%%ﬁéﬂ?{&%%“%ﬂ%W99g89§%9”9§£5uency

arealson the IC card sides within narrow ranges (extent to
several dozen kHz) and can obtain communication
10 properties excellent to some extents, respectively.
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
15 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 freguency, etc.,
thereof so as to make the property excellent for an IC
20 card (a) having a resonant freguency 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) 1s deteriorated in communication property, it
is hard for the reader/writer to set both IC cards in a
25 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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generated, wherein reception signals from the IC cards are suppressed
and brought into a voltage level impossible to demodulate the reception
signals. As a result, the incommunicable area (refer to FIG. 12) is 10
generated in a communrcab-e area, then, the communication
performance of the read/writer is deteriorated. As shown in FIG. 13, the
incommunicable are can be emitted (pushegsout)-from the communicable
area by 15 setting the value of the resonant frequency f2 of the loop coll

of the reception antenna 132 to one not less than 10 times of the value of
the resbRaRtfrEqueney Il of thecldop €bll of the trarismissionstenma 184 1
of the 5%%duer/writer % f%he %res?nt invention, or by setting 20 the va

ue .
of the resonant fraquehay 2 of the IoBp Eait e&m%goﬁg&ﬁﬁeégﬁtﬁ)ﬁgw&]eter Lo
antennazl33to.ane et lessthan tentimes of the~value of the fresnant.

frequency f] of the loop coil! during signal recept-or by the antenna 133
sharedsfot ransmisSion anth25reception aiithe eaderariter2.on be resonant
Hereinafter, operations and effects resulting from the reader/wrirers in the

f~.rst t6 tHe thirdexamples 6f the preSen AR htic R aesciibeden area is
Approx,aialions gfcollsfesonaing. wilh eagh olhier cause.coypling.and
becoming strong of the coupling increases impedance to make recepfion
voltageslevelsuprhrties rroeption signals;fremithe dCcards eloge ta geko
volts. And the incommunicable areas in which the
impossible to demodulate the reception signals. As a
result, the incommunicable area (refer to FIG. 12) is
generated in a communicable area, then, the
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 f£2 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 fl 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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reader/writers cannot demodulate the reception signals or reception
accuracy is deteriorated are generated, even if the IC cards are present
in the communicable 10 areas on the antennas 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 15 being generated between the loop antenna for
reception and the antenna of the IC card not having the resonant
frequency with each ocher. As a result, a situation to increase the
impedantcet attheroecearrence of thei strongicouptingdasdly ioeears, 20 the
reader/writer can avoid the voltage level of the reception signal from the

IC card to be BEOUGRETHIS forfeso fhat fifelretepticiv SRyhANCarhdt becach other
demodulaied. Edtiher aphenomenon v, phenomenon) nwhichihg ;o
ion si ! e reception bgtne

reception signal cannot be demodulated or t 5 accuracy =s

deteriorated dardly: ocewrs: the-dncommunicab-e &rea Makind thege 1evels of
demodulation of the reception signal impossible does not occur and the
26 readefwritstoar aehievédthelexcélient cord nith ratiols propesty. to zero

When there are severe- kinds of 1C cards which are sign.i_ficantly
different 1 gﬁténnz?éjsotnlﬁé%t fregueRey 5t theé réddetfritdr Udess the

resonaptantenna far-a receplion it becames hard tosecure excellent < na1s
or reception accuracy 1is deteriorated are generated,
even 1f the IC cards are present in the communicable
areas on the antennas 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 occurrence 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 1s deteriorated hardly occurs, the
incommunicable area making the demodulation of the

reception signal impossible does not occur and the



communication properties for all IC cards by using the set resonant

frequency. It is considered that the reader/writer does not occur the

strong coupling with 10 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 one.reception antenna on the 15
reader/writer side. As a result, as stated above, the reader/writer can

achieve the communication property by which the voltage level of the
receptioresignal/is mot @neawhich ds het/suitable fordemedidatingithereofz« i on
and the 20 incommunicable area is not caused, and can obtain an
excelleRt'¢Stfimutication property for a plurality of IC cards which are

largely different,in nigrnaresenan.requency. In.contgast,in the case of
use of the shared 25 antenna to switch it 10

with use ofaiswitching elemient ta-switch it at transmission ANg1ere0-Ofvency,
One reader/writer can switch the shared antenna to The resonant antenna

rUansnnssmn1andreceonn,

Si.n transmisdien bE sithe Meriresenart antennzeino reception: Being for a
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provided With a.single of the shared antenna, the eader/writer can obtain

the effect 5Similar to that 617 MEntion&d gbB\%.é@Eﬁ&/\{ﬁ FTEIG .58 with
use of & pluralty of -switching glements, in addition t?é%ECP&ery using the

set resonant fregquency. It is considered that the
reader/writer does not occur the strong coupling with
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



transmission into the resonance and the reception into the non-resonance

as described, above, also becomes 10 possible to switch the antenna to

one having a plurality of resonant frequent--es for _ransmission and
reception. Further, it becomes possible -.0 use an antenna set for the
resonant frequency optimum for the specific IC card. 15 The reader/writer
uses the antenna snared 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 eptimuni bembinatien at 20 ¢he timesthah ther G carchstastst enna in
communication. Thereby, the reader/writer can obtain optimum

commuhiGHtith propéerties Tn EGnfolfity (5! 68ERTE BardE FIG 14 is'the

clock diagram,showing g*ée.%c ematic. o fig}ur@%ion of the reader/writer q
;non-contact%rc card 25 reladggr ]?i?grl(?eevace;lrega%insglfh% ourth -~ c Share

examplerafdhe present inveatien./As shewnda 1G4, the treader/vwe'- ter
has a reader/writer control unit la, a connecting unit 2a, and an antenna
Sunit 3aSTHe legdervrited eontrel unitialvasea cohtrolecircuit lla, a

transmission circuit, 12a, a reception rcuit 13a, a prase control circuit 14a,
transmission %gig%%f)-vi]ﬁleslﬁggré)(;epg[.'-oﬁ%ﬁ JHifieS164, andtaatity of

connectqrikea, The reception ircuit-13a,has a rectifying gircyit 131a, a
low-pass filter circuit 132a, a reception signal amplifying circuit 133a, and
a transmission into the resonance and the reception into
the non-resonance as described above, it also becomes
10 possible to switch the 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.
15 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
20 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
25 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



digitization circuit 134a. The phase control circuit 10 14a has capacitors
Cla and C2a between .:he reception signal lines 16a and the grounding
circuits l141a, 142a, and has a capacitor C3a between the reception signal
Tines 16a. The connecting unit 2a has connectors 21a, 22a,
15transmissiori signal lines 23a and reception signal lines 24a. The
antenna unit 3a has a loop antenna 31a, a eapacitor COa and a
connector 32a. The antenna unit 3a is a circuit to be tuned at a reauency
approximately 20 13.56 MHz by the capacitor COa. The reader/writer
control umitrla @ndrthe antennaa unik:3a are connected taaifeurspole cable
through the connecting unit 2a. In other words, the transmission signal

lines iSa are cbRfiected 16 tHe' ppEsedERdS 61 25Hhé 06 AténAa TRt rol
through.a connector L7a gra%g][ilssﬁgg éi%‘%" oultgtét line -E%uit) of the iy
reader/writer connecting unit is, a connector 2¢'_a of 2'9 the c’on%e‘éﬁr?&p ton

unit 2aca connectop22a er theseennesting ainit 2a.and a connector32a0f ssion
the antenna unit 3a. The two-pole reception signal Tines 16a of the

Sreader/iiriéfdre commectedawit brachirPront thie:3 opposed ehds of the
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loop antenna unit 3a t roua:nf%pe connector 17a (reception signal input

line cirCiit) bf ‘the readériwritet Gohfroiiihit 98, the connkctbr 213%% the
connection:unit, 2a, the. conngaton 223 of thescapnggting unif 2a andithe, . ; .

connector 32a of the antenna

132a, a reception signal amplifying circuit 133a, and a
digitization circuit 134a. The phase control circuit
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 16a.

The connecting unit 2a has connectors 21a, 22a,
transmission signal lines 23a and reception signal
lines 24a.

The antenna unit 3a has a loop antenna 31la, 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-pole cable through the
connecting unit 2a. In other words, the transmission
signal lines 15a are connected to the opposed ends of
the loop antenna 3la through a connector 17a
(transmission signal output line circuit) of the

reader/writer connecting unit la, a connector 2la of
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_0rt sa. Put otherwise, the reader/wri.te- control unit la is configured to
separate the transmission signal lines and the reception signal lines
individua.ly. The reader/writer can vary (control) the phase of the " 5
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. 20 Theoreader/writer control un--t
_aand the antenna unit 3a are connected through the four-pole cable
with each other, and the loon antenna 31a of the antenna unit 3a is a
resonahf Eiréfit Weaning the resohare frequersyfeby meatisofthe the
acitor COa. The 25 reader/writer communicates with a plurality kinds of IC

cards (F2di5 Commihication medi) having différent resorarit fregiendies enne
as targets: Thegesonant - 30, frequency todyne andrespnateto and with, ¢

the resonant frecuencies of 'these radio corrrnunication media is the
foregoihgaeserant frequéney flaThe phase:controlcireuit A2arprovided f rom the
with 5 capacitors Cla, C2a and C3a has the far away resonant frequency

f2 (for Bk&MpIRS aT8shant fetfieneyPr2 aphrot lessithanselerapugh the

oGRS e S Ao P o
the reader/writer control unit 1la, the connector 2la of
the connection unit 2a, the connector 22a of the
connecting unit 2a and the connector 32a of the antenna
unit 3a.

Put otherwise, the reader/writer control unit 1la
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 1s a resonant circuit having the resonant
frequency fl 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



10 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. F'G. 15 is the block diagram showing the schematic

configuration of 15 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 g configured to branch the

reception lines 16a from the transmission lines Ita of the 20 reader/writer

control unit la. The problem of an occurrence of the incommunicable area
causediethesstrongtecoupling anddanreliminatien tof the incommunigablee sonant
area as an effect of the present invention will be described as follows.

FIG. 1655 TR BEVigl SHowiRE the SeHEmatiCBBhTigtFalidPef thedia is the
feader/W@ie'%SirUlﬁ%th%%ﬁ% t%@&gmr@“”i‘fa}b'e area in the

communicable area. - 31 Its shown in FIG. % areader/writer provided
with a single lpap antenna srared dn transmissiomand JeeeptiohdSy i th
assumed. A -resonant frequency of this type of loop antenna shared in

S transmiS8idRaHdPS feéeptionds anigudlycdecided by tive Eapacityaof thesonant
capacitor connected g-h%(l)o}pp antenna. The -cop antenna and the

reader/Writer cControl unit are’ ‘connected With'the 63881% CabRAWRA B4ch 2
other. Ing Jreeeplian ciscuit ofithe readeriuriten GARIQAIUNKNAS: o the

resonant frequency fl of 13.56 MHz) and does not
affect on the antenna tuning freguency (resonant
10 frequency f£1).

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
15 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
20 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
25 view showing the schematic configuration of the
reader/writer likely to cause the incommunicable area

in the communicable area.



1C high impedance, so that it is configured in a manner as if it is not

connected to the transmission circuit by viewing from Inc transmission

circuit side. However, it is configured to make a signal (including noise,

etc.") from the transmission circuit visible by viewing 1 from the reception

circuit side. The reader/writer, shown is 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 2C dozen kHz) and can obtain the excellent communication

property. Howévers tiverreader/Writer cannot obtaini pefformance provided with
(excellent communication property) for an. IC carp. (b) having a different

resonafit frequieticy fE Wen by Hdjdstiiyiar dntehna Cregi e6Rstant, a95
resonantfieguency. ¢lc. Jaetapt so asfomaks (e, pranerly exeeliont for .
an IC card (a) having a resonant frequency as ,

of an .32y pdjustmenber a readerhv dies side for therlG eardd(b) since the
IC card (@) is deteriorated in coirununicarion property, itis hard for the

a. In .conr_rasL,_n'the case

“reader/WRitErto et bbth \C1éards so awigacexeellditorepertics.ty of the
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Wa_vefocr(r_ﬁng?(gl-{%)rucagn%%pceglesctd% of F, G. 13 are views showmgg hase
variations of a reception signal a

FIG. 1@3%9@- Aﬁ@h@M@ @tégéé@p@_'ﬁg&i@pfcﬂgt 1318 unit are
phase_nversion point is generated within a

A pSIAE of theFeaderilriter shown i ©OP

connected with the two-pole cable with each other. The
reception circuit of the reader/writer control unit has
high impedance, so that it is configured in a manner as
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,
etc.) 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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IC communicable area in the antenna snared in transmiss-on 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 15 reader/writer shown in

FIG. 16 becomes impossible to obtain an excellent communication

property in some conditions. Among wavefams (a)-(g) on the upper side

of FIG. 13, waveforms of (a) and (g) are reception signal 20 ideal in

waveform. The waveforms of (a) and (g) are those capable of surely
determining &itrandt'04 rcomparedde thresheld levels: Inothemwords, the-a (b)),
waveforms of (a) and g) are waveforms capable of being converted into

"1" andP g Sgridl§ thrbugii fife 25 Higitizatioher reui BRE beingommunication

demodulated t orou%g thieS ctlgntr I !%rg)itf th%a Wavefcc){rrr} ?Wr((ljp indicates

the phgsreO Versidn poin AN sign__.-amplitudé becdmein 0 a%tats Poth

close toczerg\4sThis state aphesomenonwhigh ogeusdn the case that
the antenna shares in trans fission and reception of the reader/writer and

5 t're antenna of #iee3 {Creard approach witheeachoother toithe extertte. 13 are
cause an electromagnetic induction. When the waveform of (d) is

generaled Withi A& S mURICEbIE e e Fecptin STl Chffotbenal at
accurately dsmagulales at dhe generaion spotobihe, wavsform 4d). That

I&theexample. As shown at the upper side of FIG. 13, a
phase inversion point is generated within a
0 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
5 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
0 ideal in waveform. The waveforms of (a) and (g) are
those capable of surely determining “1” and “0”
compared to threshold levels. 1In other words, the
waveforms of (a) and (g) are waveforms capable of being
converted into “1” and “0” signals through the
5 digitization circuit and being demodulated thorough the

control unit.,.

The waveform of (d) indicates the phase inversion



10 reader/writer in FIG. '_6_s 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). 15 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 adjysting the values of

capacitors Cl, C2 and C3 of the reader/writer 20 shown in FIG. 14, the
reader/writer can vary (control) a waveform of a signal received from the

IC carebcthréughthedoop antenmal3la: Therebycthe fedder/vriterzcan putose to
out thethase inversion point (incommunicable area) outside the

communicable area to25 a6\ stibl@ éﬁﬁ?ﬁﬂﬁﬁ%ﬁ?_ﬁoﬁ’ ms?db fhecu e in the
commuynicable yarea Qhers-se-slated, the readar/wiiter Gan, eiminate the

incommunicable area from the co municahie -- 3 4 area of Lhe
readerinr<ten ascanrest_tareexeelleat Communication propestycanle of the
exhibited. Here--nafter, operations and effects of the reader/wri_-er

> regarditg tfié fortt BRd fifth exafiple$ 6F 15 thé [présetit ifvention Willbeto cause

descringd ety th [eaderpiier giihe oyt example il o o ()

present invention Is corntigured to bring abou the transmission sigha

lines and the-receptien sigNahin the communicable area, the

reception signal cannot be accurately demodulated at
the generation spot of the waveform (d). That is, the

10 reader/writer in FIG. 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).
15 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
20 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
25 allow a stable communication inside the communicable
area. Otherwise stated, the reader/writer can

eliminate the incommunicable area from the communicable



lines independent with each other and separate the 10 transmission circuit
and _he reception circuit with each o-her. Furthermore, the capacitors
Cla, C2a and C3a are inserted between the reception signal lines and
the grounding circuits and between the reception signal _.l.nes, Thereby,
with adjustment of these capacitors 15 Cla, C2a and. C3a, the
reader/writer can adjust the communicatiorsproperty of the reception
circuit it self. Each reader/writer regarding the fourth and __._th

examples of the present invention shifts the phase of 20 the reception
signal entering the: receptien eircuit and shiftssthe phase inversiongoidl 1 ent
;incommunicable are) outside the communicable area and can establish
the cofrftititiEabie atéa nBlirdGding thé incofmeiicabt té area. 25 With

insertion of capgeitars Gle, G2 and, C3a. the readerfpiter can adiust the
matching between the antenna shared in transmission and fecent-ori and

theecgﬁ@ﬂéﬁﬁuﬁﬁﬁéﬁ”%@@éb@ﬁ@@_@ﬁgLh@r@WGQH@WH@%%Hogkamples of
becoming an antenna by decreasing impedance or the reception side and
5 can obtdif anreffecttc suppression offhdised tadiatedfidmdhecableit ively.

Additional advantages and modifications will readily occur to those skilled
in the art. The%‘f%re,ef?lg%ﬁéé’rﬁb%eiﬁ itsTbrbafer &etechs f ABRIitH to- e

present invention is configured to bring about the
transmission signal lines and the reception signal
lines independent with each other and separate the

10 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

15 Cla, CZa 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
20 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.

25 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



the specific details and representative embodiments 10i shown and
described herein.. Acc rding_yy, 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. LLOYD WISE
36 Claims: 1. A radio communication device capable of communicating
with a plurality of kinds of radio communicatien media having different
resonant 5 frequencies, comprising: transmission means having a first
resonant frequency tuned to and resonated with resonant frequencies of
the radie commumicatior:mediacinrpreseribedicommunigatien Janges with
the radio communication media to transmit 10 signals to the radio
communiéatioh medial 8Rd réception Freansfaviny aseesnd rdsondncreasing
frequency, patesonged with fhe.Lespnant frequencios of the radio, .
communication media in the prescri ed comniunication ranges with the
radio cemfrurticationsmedisctogeeeaive 45 signalssfromthedadios o the
communication media and wherein the second resonant frequency is a

> frequendP hdt less than 10 times of the first resonant frequency, the

10

transmission né(égdq (l:omé)[ises a modulation circuit for modulating
ata; atr

transmission A anéar%i\éas?o%aa%?gnr?fgorﬂﬁgég&8F5HB“pscdﬂif%P‘

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
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.



transmitting a signal modulated by the modulation circuit to the radio

communication media; and a capacitor for tuning to each resonant

frequency of 25 each radio communication medium, and the reception LLOYD WISE
means comprises: a reception antenna composed of a loop coil for

LLOYD WISE 37 receiving signals from the radio communication media;

and a demodulation circuit for demodt]latiﬁ& signals received through the

reception antenna. 2. The radio communication device according to 5

claim 1.wherein the loop coil of the reception antenna is arranged at an

inner circumference of the loop coil. of the transmission antenna. 3. The

radio communication:dryice aceaidingto: ddhclaiw lcwhesginhe leap coil
of the reception antenna is arranged at an outer circumference of the loop
coil oftREMraASAISSIch HAtehna. Bl Anadic zommbricaiorrdeviedio
capable of 15 communicatgmg with a, %Iuralit kinds of radio

commURICAtISh e hAVIRG AiffHEAT Festhiant Fredueneied Edmprising:
5 transmissigndieception means; for fransmitting signals to a prescribed

radio communication media and 20 receiving signals from the prescribed

radio communicationission means having a first resonant frequency
tuned to and resonated with resonant frequencies of the
radio communication media in prescribed communication
ranges with the radio communication media to transmit

10 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 radioc communication media to receive
15 signals from the radio communication media and

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

the transmission means comprises:

a modulation circuit for modulating transmission
20 data;

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

a capacitor for tuning to each resonant freqguency of
25 each radio communication medium, and

the reception means comprises:

a reception antenna composed of a loop coil for



media; and control means for controlling a resonant frequency of the
transmission/reception means to a prescribed resonant frequency tuned LLOYD WISE
to and resonated with each 25 resonant frequency of each radio

communication medium and distinguishing the prescribed radio

communication media on the basis of au igue number included in the

signals LLOYD WISE 38 _ received from the prescribed radio

communication media through the transmission/reception means to

contro} the jresapant:frequency. ofthe fransmissionfeGeRtN Means Qi . .ng

the basis of a distinction result. 5 5. The radio communication device
according to acldemddwhetsinrthe tontrot m:'e}aﬂScB&Atit!ﬂleBaaﬂdeOBti@lﬁal_s
the resonant frequency of the transmission/reception means on the basis

of a diSHREHIT reddifintrahsmidSGtpelBn ot1badigaals to the

prescribed raéj.io C?H@%@&%%O%Qqedd%ltcha( lﬂ%rr]ltb:?evi accordi to
transmission/reception means and a reception period of thé S|gnacis fom

the preseribed radiace@mmunication media through the
transmission/reception means. 15 6. The radio communication device
according to t818im 2a°whepdih thé tidrsmissimfreceptiorimeansis arranged

compri%es: a modulation circujt for modulatin%transmission_ data;
at an 1nner circumference of the loop coilil of the

transmission antenna.

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

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

4. 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 fregquency tuned to and resonated with each
resonant frequency of each radio communication medium and
distinguishing the prescribed radioc communication media

on the basis of a unique number included in the signals
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20 a transmission/reception antenna transmitting a modulated signal by

the modulation circuit to the prescribed radio communication media and LLOYD WISE

composed of a loop coil for receiving signals from the prescribed radio
communication media; and 25 a demodulation circuit for demodulating
signals received through the transmission/%reception antenna, and the
control means comp--rises: L.LOYID WISE %9 a plurality of capacitors for
obtaining tuning to each resonant frequency of each radio communication

mediup of the pluralify, of kinds, of-each radio .commupication medium; 4, .
and 5 switching circuits for connecting or separating of the
transmissmngtecepton, rantenha 46 @ndrfsemcaaichn capagitor: 4. Adadia1 the
communication method capable of communicating with a plurality kinds of

radio 16 ToRMGniEaioN PEdiaNavity diffetestressnant freeriRhties, means on

compqgggbggrﬂssmit?n% sicgln&g%% toctthieogrersggigslh% radio communicatioq
media in prescrlbe(?communlcaﬁlon ranges withthe radio communication

media and centrolling akbiresonankiredueney Af adiansmissiopigeaption,
antenna for receiving signals from the prescribed radio communication

mediactora prdscribeeresonant frequency tuned to and resonated with

each resonant fre%uency of ,
the contfol 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.

6. The radio communication device according to
claim 4, 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

the control means comprises:
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the plurality kinds of each radio communication medium; 20 distinguishing

the prescribed radio communication media on the basis of a unique

number included in received signals from the prescribed radio LLOYD WISE
communication media through the transmission/reception antenna; and

controlling the resonant frequency of the 25 transmission/reception

antenna on the basis a distinction restit. 8 Thetadio communication

method according to LLOYD WISE 40 claim 7, further comprising:

controlling thg resonant fe ency of the . transmission/reception antenna
on the basis of the d%sti%ti%% resﬁ??ncétf%rnsérrr%srloﬁ%%?ijé lor}%igﬁlar% g t°

5 the preseribed sadiorcommynicationonediacthreugh e-ommunication
transmission/reception antenna and in a reception period of signals from

the prESeHbEY Ridic eenmumicatién neédidindougf timch radio
transmission/reception ante(}pna. 9. A non-contact IC card reader/writer
device for 10 Jp%? ojr'r%]ilngm §transmisSion and a reception of data to and

from an IC C@Qi@cm%tQP?EfQErE@r?%gi%qg@tPﬁ%‘:@i%parating of

comprising: transmission means having a first resonant frequency tuned
to and-tespondedmiittsasegorantdteguencyafthe o 1Gcard iva each
prescribed communication range with the IC card to transmit signals to the
IC card®Pé&etioh means having a second resonant frequency

7. A radio communication method capable of
communicating with a plurality kinds of radio
communication media having different resonant
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 communication
media on the basis of a unigue number included in
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.

8. The radio communication method according to
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not resonated with the resonant frequency in the prescribed
communication range with the IC card to 20 receive 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 transmission
means and the reception means, and wherein the second resonant
frequency is a frequency 25 not less than 18 tinfes of the first resonant
frequency, the transmission means comprises: a modulation circuit for
modulgyggr{irapsnyﬁyeg é.ﬂ_%\éggp@/issléngl _data; a transmission antenna
composed of a foop coil. for transmitting’a signal modulated by the
modulation citeuit 46 the siadiorcomasipicationredias apd @& capacitor
for tuning to each resonant frequency of each radio communication
mediubt, SitheSreRe pti6 R Phéas comprises: @reddptiopearitennd the

compaosed of a laop coil for, receiving signals from the radio ,
connuﬁc%%i%rﬁitrﬁ%ia?%ﬁalio Jandéamg%%?%]nscsirlc%ﬂ B Gémddifatigonals to

signalsiecejved through thedeceptiomantennas: 19. AJadio through the
communication device capable of communicating with a plurality of kinds
radio ‘toamaunication Mediadtaving differentresodantla frequenciesn period

comprising: a modulation circuit for modulating transmission . .
of signals from the prescribed radio communication media

LLOYD wisE

through the transmission/reception antenna.

9. 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
receive 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 transmission means and the reception means, and

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

the transmission means comprises:

a modulation circuit for modulating transmission
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data; an output line circuit for outputting signals modulated by the

modulation circuit; 20 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 signals from the 25 transmission/reception antenna; a
chase control circuit for controlling phases ot signals from the input line
circuit; and LLOYD WISE= 42 a demodulation circuit for demodulating an
outputy from the phase control circuit. 11. The radio communication device
according to claim 10, wherein 5 the phase control circuit controls its own
resonant frequencytara second sesenant fregquensyavhieh is diffgrenbi1 ror
from a first resonant frequency of the transmission/reception antenna

tuned 6 aREMEs6ARR M WithTeabnBntiéqlienciey of fite rerficilation circuit
commynicalign 10, medie, apd which s not resonated with the resonant
frequencies of the radio communication media. 12. %1% radio

communicatian deyice;acsording touglaing 1Q, whergintbephase GoMRlency o
circuit includes capacitors 15 disposed between the input line circuit and

the each radio communication medium, and

LLOYD wisk

the reception means comprises:

a reception antenna composed of a loop coil for
receiving signals from the radio communication media; and
a demodulation circuit for demodulating signals

received through the reception antenna.

10. A radio communication device capable of
communicating with a plurality of kinds 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 signals from the
transmission/reception antenna;

a phase control circuit for controlling phases of

signals from the input line circuit; and
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demodulation circuit. 13. The radio communication device according to
claim 10, wherein the phase control circuit includes a capacitor 20
disposed between the input line circuit and the demodulation circuit; and
capacitor disposed between the line input circuit and a grounding circuit.
14. The radio communication device according to claim 10, wherein 25
the output line circuit and the input line cirduit comprises connecting units
to which the transmission/reception antenna freely detachable. LLOYD
WISE 43 J.S. dA norgg%tcalct IC card read /Writo?r de(\:{ic:f for performin

.. a (fmo ?n %1¥cul or de u thﬁ an. ougput
transmission and reception of data to and from an card, comprising: a

transmission sikcWhios mediiatiag transmission S data to the IC card; an
antenna unit having a first resonant frequency tuned to and resonated

with a resonant-freqiencyeotithe ci@ward irea presciiet conmmumicition to
range with the IC card to transmit an output from the transmission circuit;

10 a phasEcontrol@irehit 18r inputting a reception signal from the IC card
received thraugh the.antenaa upi, to.petoim phase conkrol 59 a5 N0LI0s o nant
be resonated to the resonant frequency of the IC card in a prescribed
commidcationcrange withthe Hd casdionant frequency which is

LLOYD WISE

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.

12. The radio communication device aécording to
claim 10, wherein

the phase control circuit includes capacitors
disposed between the input line circuit and the
demodulation circuit.

13. The radio communication device according to
claim 10, wherein

the phase control circuit includes a capacitor
disposed between the input line circuit and the
demodulation circuit; and capacitor disposed between the
line input circuit and a grounding circuit.

14, The radio communication device according to
claim 10, wherein

the output line circuit and the input line circuit
comprises connecting units to which the

transmission/reception antenna freely detachable.
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15 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 20 a prescribed
data processing. 16. The non-contact IC card reader/writer device
according to claim 15, further comprising: 4¢onfiecting unit for freely
detachable the antenna unit, the transmission circuit and the phase
control 25 cirlcgit. A

LLOYD WISE

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 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.

16. The non-contact IC card reader/writer device
according to claim 15, further comprising:

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

circuit.



