; €3e=889; 4P; B<6<T=_g5f 1 Ant enna Devi ce, and Conmuni cati on Devi ce Using

Sanme Technical Field The present invention relates to a read i
rant‘enna device for witing and reading data to and from a cﬂ@wmw&'%ﬂm’m
(integrated circuit) card adopting the technique of electro
i nductive coupling and a comuni cati orldevi ce using the antenna d&8¥te.

This application clains the priority of the Japanese Patent | i cati on No.
2002 279626 filed on Septenber 25, 2002, the entirety of whi %@mmw”mmm:

i ncorporated by reference herein. Background Art Recently, a I D
(radio frequency identification) PESCRIPIION a contactl ess | C ceadogho+l C t ag
or the like has been introduced into the fields of art such as an automatic

ti cket checker used in the railway station, security system for checking
people going to enter or exit froma building, electronic noney system

etc. As schematic j i ¢ Aokl . . i ncludes a
contactless IC ca?&d‘11 t}I(BBA ?ﬁgﬁ%&%ﬁg%@%ﬁ&%&lo&}ﬁ%@g \i}\%@%§éﬁ1? read data to
and fromthe I1C card 100. The RFID system adopts the theory of

el ectromagneti c i nduction. An el ectromagnetic -2 field radiated froma

| oop antenna 102 provided at the reader/witer 101 is coupled by the

el ect r ohesdmaeal Fieldduction to a 1 oop antenna 103 provided at the IC card 100
to provi de comruni cati ons between the 1C card 100 and reader/witer 101. In
t he above RFhépmssentimventien rélateartd ahrasderdwritar aneerimasdoviedforwigtingand
reader/writer to put netallic contacts into contact wwth each other as in

the convadingoddh t6 and #ith asonkset ks @cgﬁﬁégﬁ&d dibalif) Aré adoptimg RN be

witten to, and read from the IC card easSily and quickly.” AISo, in the

RFI D sy, g Rk net iy fi ' he,. r/witer 101
provi detgkg ugg)gs?géry po%r {&om. gfx?%k@ﬁl@%ﬁ%gg&hﬁiﬁ@?&t&%@ﬁgﬁ&g‘ﬂsg& rce
such asya b%tery Qr cell has not to be provided in the IC card. Therefore,
the IC Pg G he RFID system can be excellent in naintainability,

| ower in prjce and higher in reliahi Ii@£ . In the above RF| D system the

| oop ant ennENIS@PPHFIGHel@ims the,pripaty ﬁ\ﬁr-’iapéﬂesffﬂatﬂioﬁpﬂl%l%bﬂ‘@- to

radi ate an el ectromagnetic field having a certain degree of nmagnetic

st r engt 2002+239026 ﬁicﬂg an Septensberals, 2082 theyentizetyeo foi hichrisriimiorporatetsbpet ween
the 1C card 100 and reader/witer 101. Generally, the | oop antenna 102 for
t he r eadference hereil01 i ncl udes a | oop coil 200 formed from a pl ane wi nding
of a conductor as shown in FIG 2. The loop coil 200 is forned symetric
for wi nding sections thereof opposite to each other across the center of
the loop coil 200 to be equal in interval and width to each other. In the
above sgg‘gg%[){lﬁ l;gop antenna 102 for the reader/witer 101, the nagnetic
field is di trl%u ed symmetrically with respect to a Z-directional section

through t heRecently, a so-called RFID (radio frequency identification) system using a
contactless IC card, IC tag or the like has been introduced into the fields of art such as
an automatic ticket checker used in the railway station, security system for checking
people going to enter or exit from a building, electronic money system, etc. As
schematically illustrated in FIG. 1, the RFID system includes a contactless IC card 100
and a reader/writer 101 to write and read data to and from the IC card 100. The

RFID system adopts the theory of electromagnetic induction. An electromagnetic



-3 center of the | oop antenna 102, perpendicular to the |long sides of the
rectangul ar antenna and also to an X-directional section through that
‘center, perpendicular to the short sides, as showmn in FIG 3. FIG 4 shows
t he dependence upon the card position of the strength of a current induced
by the | oop antenna 102 to the I C card2100. As shown, two conmunicati on
areas S1' and SZ' are formed in positions, respectively, opposite to each
ot her across the center of the |loop coil 200. Mre particularly, the
communi cation area S 1' assures an ideal magnetic coupling. Nanely,

magnet i field eddizted rorh ajedp ahtennarl 02 presided dthke rexder/anitenn@l iO2owled by
reader/witer 101 are inductively coupled to those devel oped at four sides

of the H%)éleé‘tﬁ‘él@lﬁgﬁeetiél)ﬁld%tibﬁ% h%%%ﬂtegﬁ}g,mg Bﬁideﬁ dtthd Pe chryiogisles,

respectively, of oop ant enna tsi t he conmuni cation area S1',

there i r . j I i h 00 enna 103 at the
r eader/ r‘?‘?&‘?@@‘ﬁ@ﬁé@é@ﬁ?fﬁ}egFmﬁ%ﬁ?aﬁ‘f g@@?ﬂgréaéﬁéqu\ﬁéﬁgithe magneti c
fields devel oped . aro he | oo en 102 at .the reader/witer 101 are
i nverted ini%&eéaquwsi’%?@’ @maﬂﬁ CHNAs Q%éoibﬁdﬁm%cwqgﬁ will have a
| ower level than the necessary |level for the comunications. Qutside the
above otgasler/sirier ta putrmetadlic pentaotsiinto eontactrvish eaclspthentasrin therl y one of the
four sides of the | oop antenna 102 at the reader/witer 101 is coupled to

one of tomvdmionaktoactdsstliecdrdgystenisenrkhetOPratddthean becatifled 5).and read
Therefore, the conmunication area S2' is narrower than the communi cati on

N . _ o _thal ni cat
area S from,ahe ICQrd BRIBLEhE GHTcRTY. | Alsb! iﬁtlfé%ﬂﬁ's?;ﬁ%hﬂ@h@él%@hrgfnﬁg‘géﬂf G 4

smaller than that in thé co nication area S1'. Not e t

h LT . c o el : I

i oon Ao o S AFLEOL B K0P plUEEA BEcc BRSBTSk P
o 550 I 5 L NS U S e e Dk hov Bl Sigvidfinche! " 1€
el ectropagnetical ly induced in the | oop antenna 103 at the | C card 100

under t He card.j ohherefametheddnearduised én the REIRsystsap cambegrgellont int t he
reader/witer 101. Conmunications are possible in an area where the

st r engt madhtainabilitydloyvest inpricerandizigher wnadeliabiliayger t han a val ue i ndi cat ed
with a dashed line s’ in FIG 4. Note here that when the conmuni cation area

S1' is contimtheutoye RIKE s?ﬁe&?fh@l%o?%ﬁéxﬁiaelOal?m&d’éd’aﬂheéeﬂférlwﬂte?ane| Y,
the origin "0", where the center of the | oop antenna 103 at the I C card 100

coi nci dgg1 Whbidivadbleto }ilﬁaﬂcoﬁpe@@trr%ﬁgnét@@fi@fd ﬁé\fing QALCANEELRE oF0L, the
I at 1s t n a

RFID systemw || be easier to use. 0 say, irection the

origin 0" t.si [ | | coi.l 2 t he
cormuni REr S Entt R et 4:30e RSB RGR RiconfRnThiont Broudeh

t hen by ,t co jcatio rea SZ . It is desirable fromthe practical

poi nt ofh%ﬁ?fmﬂ!ﬁ%ﬁﬁwmﬁéhu on area shoul d exi st between the
communi cation areas SI' and S2' or only the communi cation area S1' shoul d
spread. Di soeneialy, dr lopp antsnnat i0Znfonsheraidar/writer h01 praludes a loppeenil 380 has

an object to overcone the -5 above nentioned drawbacks of the rel ated
art by forawdddfrom aplanepyimding afid conthedtornas shman de FIGe 2and’he loopoeili 208 ison

device using the antenna device. The present invention has another object
to provisiensdsyanineti@fstavinekng s&dions thereof opposite to each other across the center
of the loop coil 200 to be equal in interval and width to each other.

In the above symmetric loop antenna 102 for the reader/writer 101, the magnetic

field is distributed symmetrically with respect to a Z-directional section through the



reader/witer and which can provi des an expanded range of comruni cations
with an IC card by controlling, and effectively utilizing, the distribution
-of 'a radi ated el ectromagnetic field, and a comruni cati on devi ce using the
antenna devi ce. The above object can be attai ned by providing an antenna
devi ce that nakes data conmunications with a contactless I C card by

el ectromagnetic i nductive coupling, the device including according to the
present invention: an asymmetric |oop coil formed froma plane wi nding of a
conductor, whose sections opposite to each other across the center of the

| oop cocdntér ¢f tefld6p antenind 102 perprhdicudar t0ahke 1etighsides 8NtherecRm@ulans for
supplying a power to the loop coil. In the winding section in the above

ant ennay e fnd afsothiAX difectioRd QteioR'fifoith it baHiBehet RARIANIA o the! e

opposite w nding section, a wder range o nmuni ca 8: card
can be achj eved. so, 1 ve | oop antenna is smaller in plane area than
a |l oop Sj’rﬁrtﬂﬁ S’iaﬁgbﬁaléhlq?ﬁlcgﬁ’g IC card. Also in the loop coil of the above
antenna device,, the winding interval should preferably be wider in a
plurality o#@dsﬂtqwﬂlqﬁqng@nd@mu@m FhesQafﬂé’gﬁttIO@rﬂf ) strepgth ol Furrent; or ned
to have a generall Losquare shape having four straight -6 sides. Also,

t he aboinduoed by the loophantannail 62 to the KC oaidd10@) aAsshownj twio icommiwnication hat
makes data conmuni cations with a contactless |IC card by el ectromagnetic

I nduct i areas8yPAid"S,” drBfoliged Bepositibhsliragpaticelyopfosite foeachreth@nicross

I nvention: an antenna capable of el ectromagnetic 1 nductive coupling with an

ant eNNane center of the loop coil 200. More particularly, the communication area S’
assures an ideal magnetic coupling. Namely, magnetic fields developed at four sides
of the loop antenna 102 at the reader/writer 101 are inductively coupled to those
developed at four sides of the loop antenna 103 at the IC card 100, opposite to the four
sides, respectively, of the loop antenna 102. Outside the communication area S;’,
there is an area where magnetic fields crossing the loop antenna 103 at the
reader/writer 101 cancel each other in a central area where the magnetic fields
developed around the loop antenna 102 at the reader/writer 101 are inverted in
direction. In this outer area, the induced current will have a lower level than the
necessary level for the communications. Outside the above outer area, there is the
communication area S,’ where only one of the four sides of the loop antenna 102 at
the reader/writer 101 is coupled to one of the four sides of the loop antenna 103 at the
IC card 100. Therefore, the communication area S,’ is narrower than the

communication area S;’, and the induced current in this communication area S,’ is

smaller than that in the communication area S;’.



included in the contactless I C card; a nodul ati ng neans for nodul ati ng send
data to a predeterm ned carrier signal in order to conmunicate with the IC
‘card with no contact with the antenna; and a denodul ati ng neans for
denodul ati ng receive data sent fromthe 1 C card el ectromagnetically coupl ed
to the antenna. The antenna is disposeddin a predeterm ned place on a
housi ng of the communi cation device, in which it can be el ectromagnetically
coupled to the contactless IC card. The antenna is a | oop coil formed by

wi nding a conductor like a |loop generally in a plane for w nding sections

t her eof oppSetedhabincBlh. 4ithe origin 98’3 of the laritontalafxis helitatep theocdmerdoff f er ent
ininterval fromeach other. One of the wi nding sections of the |oop coil,

that i stheilg6p ahtenta 92N tht@idéphwritBAT01 Bﬁd@ﬁ@pésitibé 'iﬁgaﬁ%&wﬁmieates
device whéere

position on a housing of the conmuni cation onmruni cati ons with
the IC I T o) Rl GAR%Y Vi r o t e esent

i nvent i%ﬁfrlg%ﬁ%% H@%%ﬂ?ﬁé&ﬁ%@ 6Tintg)gveag§&h§§g§8gﬁ'bedjo¢ﬁ%ﬁdol)(§)¢ecf ® features
and advant.ages .of t.he present invention il | becone nore apparent from
t he foIYed'%F%ga’H%f icaigt thesstrsngth 9 ﬁchqlﬁ@’tﬂgqﬁ%a@qttﬁaﬂé/dﬂ#wﬁgmdh@ t he
present_invention when taken in conjunction with the acconpanyi ng draw ngs.

Bri ef Deeprangnngnl G atthe 1G-capd 1§69 umder the action pfthepnagnatis fieldvindhe loap

conventional RFID system - FIG 2 is a plan view of the conventional RI'W

(r eaderdntennei(? hothe eadeviweiterA03. Loimmumitdtéordi ¢ pobsibleoin of arkarwlggiet i ¢
field devel oped around the conventional RFWIoop antenna. FIG 4 shows a

char act@eistrlehgtteof the iAflucedPQirt T8 Gsv Ahe FREEANALAS VAR iRAENRE Wit g
conventi onal W1 oop antenna and | C card.
dashed line s’ in FIG. 4.

Note here that when the communication area S,’ is continuously wider as far as
possible outwardly of a point, namely, the origin “0”, where the center of the loop
antenna 103 at the IC card 100 coincides with that of the loop antenna 102 at the
reader/writer 101, the RFID system will be easier to use.

That is to say, in a direction the origin “0” toward outside of the above
conventional loop coil 200, the communication area S’ is followed by a
non-communication area once, and then by the communication area S,”. It is
desirable from the practical point of view that no non-communication area should exist

between the communication areas S;” and S,’ or only the communication area S;’

should spread.

Disclosure of the Invention

Accordingly, the present invention has an object to overcome the



FI'G 5 is a circuit diagramof an RFID system according to the present

I nvention. FIG 6 is a plan view of the antenna device according to the
‘présent invention. FIGS. 7A to 7C show characteristic curves, respectively,
of the distribution of nmagnetic field devel oped around the antenna device
according to the present invention. FI-G-8 is a plan view of a variant of

t he antenna device according to the present invention. FIG 9 is a plan

vi ew of another variant of the antenna device according to the present
invention. FIG 10 is a plan view of still another variant of the antenna
devi ce ghooernientjohed drawbacks lof the eddated arnbe ptovidingddamgrbvied aadplovel vi ew of
t he communi cati on device using the antenna device according to the present

| nvent i ffienfd Gevite aild Ao rimalAatiohlevide sifig tCamtbnhd8edics! ri bution of a
magnetic field devel oped around the antenna device disposed in the

charact ori ot e DSk Tpubh o ke 85 ek ERlect 1o biaVEle B ol deliHISHa SR "
Qut 1 el RGN A S AR BrOv IR GHPAFY riRg b ompuicatonsoath an 0 |
concerni ng the antenna device and the communi cation device using the

ant ennal(@eanddey eentrolbingnad) effeeti vely méllizing, whe Histeibetiemota radiated

acconpanyi ng drawi ngs. As shown in FIG 5, the RFID system according to the
pr esentelectyemiagneti¢ field, and a communication device using the antenna device.

The above object can be attained by providing an antenna device that makes data
communications with a contactless IC card by electromagnetic-inductive coupling, the
device including according to the present invention:

an asymmetric loop coil formed from a plane winding of a conductor, whose
sections opposite to each other across the center of the loop coil are different in
interval from each other; and

a lead means for supplying a power to the loop coil.

In the winding section in the above antenna device, of which the winding interval
is larger than that in the opposite winding section, a wider range of communications
with the IC card can be achieved.

Also, the above loop antenna is smaller in plane area than a loop antenna
included in the IC card.

Also in the loop coil of the above antenna device, the winding interval should

preferably be wider in a plurality of positions other than a first position.

The loop coil is formed to have a generally square shape having four straight



conposed of a contactless IC card 1, and a reader/witer (wll be referred
to as ""R/'W hereunder) 50 to wite and read data to and fromthe IC card 1.
‘The IC card 1 is of a battery-ess type conpliant with 1SO 7810, for
exanple. Nanely, it has no power source such as a battery or cell. The IC
card 1 is fornmed rectangular to have tlge sane size as the so-called credit
card, nanely, it is palmsized. The IC card 1 has provided on a circuit
board built therein a | oop antenna 2 that couples with an el ectromagnetic
field to send and receive data, and an I C (integrated -9 circuit) 3
havi ng didésgrated therein electronic circuits that make various operations
for witing and reading data. The | oop antenna 2 includes a |loop coil 4
formed fro PR Vel ORGRLE 'Hﬁlﬁﬁu' oy it
along wit hréggéfoam td(gﬂre r}gjjékgnér%gcbt%e&c' |1n pgfgf?‘gpﬂl\g ?E t he ‘f‘gétg&ggﬁ‘%%m#he

| oop antepna.2 couples. wi.th an.electro ic.hield radiated from.a | oop
ant onnaIBRE e Stmi bR Hltea EShpATRS T thriferamaghdfy ndifife
converts the electrqomagnetic field.into an el ectrical signal, and supplies
the si grPling, thiedgvaceInclpding@cgording toithe prepRItinyEntiANion circuit 6 to
rectify and smooth the electrical signal supplied fromthe loop coil 4, a
regul at or 7an antcomy eapable ofielestrontagnetic induptive coupling eviith apantdnna
rectification circuit 6 into a DC power, an HPF (high-bass filter) 8 to

ext r actinaludedinfthe aoptactessdeqndnt fromthe el ectrical signal supplied from
the rectification circuit 6, a denpdulation circuit 9 to denodul ate the

hi gh-frequ pc{lg%nl% } : ?W : trol
data wri teecpaﬁ%d?ea co??%szggn ?ﬁ‘gﬁghggblgg?gﬂdgﬁp rieggé rom tﬁ?{em%grsrggl&rg?i on
circuit 9, nory.1l1l to stiore~the data supplied fr.omthe de ul ation

ci v out toger B FBtnics bTigh U 1 bt 93hiho B hch B MAEBnEERE 0t "y e
| oop coil 4. The rectification circuit.6 is conposed of a diode 13,
resistor 14 dempoduiakingdneans fos deggodu gtgrﬁaﬁltvg,rﬁo%éermfjw@ tﬁe?&scaes@nnect ed
at the anode thereof to one end of each of the |oop coil 4 and capacitor 5
and at ¢lpetremapoetically ewleditp dfe antennaesi st or 14 and capacitor 15, the
resistor 14 and capacitor 15 are connected at the other ends thereof to
-10 t he ot HEhe entdanais disposeubim xpredeteraimed plaae ionar héusidgef thect i fi cati on
circuit 6 outputs the electrical signal resulted by the rectification and

snoot hi gembdii@ItREE dévide, ifiiveieh iSeHibd SidcirofmehBecdIBPRoifed tdHtheo the

regul ator 7 and HPF 8. The regulator 7 is conhected to the cathode of the

di ode 13, e R ik i i i O af each
of "t he Sl 16 A8 TE The AEehula 15 1bb TblIdBrrid Y dinfi A8 BHBuEBE LR
electrigcal sign su ied. fromthe rectification circuit .6 reventing
The' i o BB being UAas: ot AR bR EEEN ety ShmSed iy b abr BHOS Bt
supplies the signal as, a power to t sequencer 10. Thus, it is possible
to suppPe¥Er @‘Slrlf’%éoPﬁrdilng?‘ie@hlfb%?éfépg‘V“he?‘ng‘éﬁ%éﬁt of the ICcard 1, a
vol tage variation caused by a change of the power consunption inside the IC
card 1, etcOnefofthe windipgesestaans elidi loop cadethahts widesnin winding isderveb a
mal function or the like of the sequencer 10. The HPF 8 is conposed of a
capaci t thanthe attbr] 8lispayed héar h?oebtidnacm s hbbsingi fithé communsiyatiomdeneet from
the electrical signal supplied fromthe

where communications with the IC card is made.

The communication device according to the present invention is of a hand-held

type.

These objects and other objects, features and advantages of the present invention



af'orenmenti oned rectification circuit 6, and supplies the signal to the
denodul ation circuit 9. The denodulation circuit 9 is connected to the

‘ot her end of a capacitor 16 of the HPF 8 and one end of the resistor 17. It
denodul ates the high frequency signal supplied fromthe HPF 8, and outputs
the denodul ated signal to the sequencer; 10. The sequencer 10 incorporates a
ROM (read-only nenory) and RAM (random~access nenory), and is connected to
t he af orenenti oned denodul ati on -11 circuit 9. The sequencer 10 stores a
signal (command) supplied fromthe denodul ation circuit 9 as a command into

the RANbviﬂ'b@bdﬁx@&néﬂ@aﬁﬁB&fﬁffﬁbrﬁQﬁ@T@iﬂmiﬁ@détaﬂé@ﬁé@ﬂﬂlﬁirﬁoﬂ thettest e and
reads data fromthe nenory 11 as necessary on the basis of the result of

anal ysi ] t y=Tol . af | i Lt 9 into the
momory o Capfig 3 (i eSitibl atidd feh RGO Mol Sibde | P, (% 0" e
command sur&l)i ed, gnd sugpl ies the signal to the nodulation circuit 12. The
menory 34CATRPANYARE, CAYIES| e nenory such as an EEPROM (el ectrically erasable
programuabl e read-only nenory) needi ng no power for holding data, and
connected to the aforenenti oned sequences 10. The nenory 11 stores data
supplied fromthe denodul ation circuit 9 according to the result of

anal ysi Brief @estiiptior ofietcPgawihgsThe nodul ation circuit 12 is formed froma
series circuit conposed of an inpedance 18 and an EFT (field effect

transi StOF)FF@.-1_'im?p'ﬁg@&%@iewofﬂw%lﬂﬂ;@ﬁii@ﬂal%ﬂ?@yﬁ@ﬁl_.ther _eof to t he
cathode of the diode 13 in the aforenentioned rectification circuit 6, and

t th th . . i f 19 i dat th
2 e o1 hepyan s epkhiEhab ookl EnfiL 1w ThadEE ekl 13gf gpRERGCC Bt L he
th .. Th ul at i i it 12 ted | llel to th
oo oo SFae s 1 SR S e A ARTET o Lont o
the FET 19 to make a switching operation according to a signal supplied
f r om t heoreeniionebB/Wolaop asnteria.t o

FIG. 4 shows a characteristic curve of a performance of communications between
the conventional R/W loop antenna and IC card.

FIG. 5 is a circuit diagram of an RFID system according to the present invention.

FIG. 6 is a plan view of the antenna device according to the present invention.

FIGS. 7A to 7C show characteristic curves, respectively, of the distribution of
magnetic field developed around the antenna device according to the present
invention.

FIG. 8 is a plan view of a variant of the antenna device according to the present
invention.

FIG. 9 is a plan view of another variant of the antenna device according to the
present invention.

FIG. 10 is a plan view of still another variant of the antenna device according to



change the 'l oad of the inpedance 18 to the loop coil 4. That is, the

nmodul dtion circuit 12 adopts the so-called additional nodul ati on nethod.
-12 The RFW50 includes a control circuit 51 to control data to be sent and
received, a nodulation circuit 52 to nodul ate the data and the power for
operation of the IC card 1, a denodul atg-on circuit 53 to denodul ate

recei ved data, and a | oop antenna 54 that couples with an el ectromagnetic
field to send and receive data. In the RRW50, the control circuit 51
generates a variety of control signals according to an external instruction
and a pthegrasertéhvertivar.ei n, for exanple, in order to control the nodul ation
circuit 52 and denodul ation circuit 53, and al so generates send data

correspondi FIG.t A &M pRAKVIEw!dfthe OFTRAIGS deiRe 91 the dnfshridbviad | on
circuit 52. Also, the control circuit 51 generates a reproduce signal

accor dig&&&rmrgte@ﬁggﬁﬁsgﬁt e‘)(ehoght he denmodul ation circuit 53, and outputs

the data to o lation circuit 52, a transmtter nodul ates
the send d s lied fromthe control .circuit 51, d suppl.ies,the
modul at ed el HPWha chaistetiti veat e dsiutnion o esrtic feld 53
denodul ates the nodul ated wave supplied fromthe | oop antenna 54, and
suppl i edevalepesbanoyndihe anteana deyicerdispesedrinithe communigatiomdevicoop ant enna

54 also includes a loop coil fornmed froma plane winding of a conductor. It

radi at es anFKh.ek3 graphieadlyi itlubiraled, by indiwpdrdiregt tharactepdtit athe herformance
supplied fromthe nodulation circuit 52, and detects a variation of the

| oad t 0of bsmhReRcARI offthdtankdithal devied Sccbrdirg HhAY pfedRat p{g{eﬁg?hhﬁfth tHerc oop

antenna 54 has a resonance capacitor connected in" paral in series

t her et o ggpendi ng upon an antenna driving method adopted in the RRW50 as
the casé may be. In the RFID systemconstructed as above, when the IC card
1l is given an -13 instruction for witing a predeterm ned data, the
control circuit 51 in the RRW50 generates a wite command signal on the
basis of the instruction, and al so generates send data corresponding to the
i nst r ucBegMede fonGarmying Qusshefnveatigat a, and supplies the data to the
nmodul ation circuit 52. The nodulation circuit 52 nodul ates the anplitude of
osci | | ati onTh¢ presentinvehtioh asillsbeodeschibed updetatldcaricgriihg thedntenppldeeret he
nodul ated signal to the | oop antenna 54. The | oop antenna 54 will thus

; ?glnglt earkhtiR corhimumi@itRn deviey asiagthe anenda dgvice dshke snihldipeniuHetcar ed
| with reference to the accompanying drawings.
As shown in FIG. 5, the RFID system according to the present invention is
composed of a contactless IC card 1, and a reader/writer (will be referred to as “R/W”
hereunder) 50 to write and read data to and from the IC card 1.
The IC card 1 is of a battery-ess type compliant with ISO 7810, for example.
Namely, it has no power source such as a battery or cell. The IC card 1 is formed
rectangular to have the same size as the so—called credit card, namely, it is palm-sized.

The IC card 1 has provided on a circuit board built therein a loop antenna 2 that

couples with an electromagnetic field to send and receive data, and an IC (integrated



Not e here that the resonant frequency of the resonant circuit conposed of
the loop coil 4 and capacitor 5 included in the ICcard 1 is set to 13.56
‘MHz, for exanple, as a value corresponding to the oscillation frequency
that is a carrier frequency fromthe R/'~V 50. The oscillation circuit
recei ves the radiated el ectromagnetic -fgield by oscillation, converts it
into an electrical signal, and then supplies the electrical signal to the
|C 3. The electrical signal resulted fromthe el ectromagnetic field is
supplied to the rectification circuit 6, rectified and snoothed by the

rectificiaddiOB Baviagiihte@rasd thdieih deapbniecitcnits MRat'fskd fabus’opekhionefst! at or
7 suppresses the voltage variation (data conponent) of the electrical

si gnal §,qu- o £ feL81R rectification circuit 6, and supplies the
el ectrica 5gna as gta power to the sequencer 10 after the electrical

signal is bilized. The.signal rectif.i and, snoot hed by.the

rectificati eququRan%a ?énglﬂaﬁ ?LQPP[ ‘601! ﬁ&oﬁﬁﬁd %rQWQ Iﬁﬂ%ﬁ ﬁ%’&‘ﬁp&ﬂf&n circuit
12 where a_hi gh-frequency conponent, will be extracted fromthe, signal, and
then t heondugtor; and fermas a sssnant ¢iECt alomgawith @ qapacitor 3 gomresser inpargHel
circuit 9. The denodul ation circuit 9 denodul ates the supplied high

f r equeneythsthghadp eoid 4s ufitic lesptantemmard douples with amelectromtagactie diekhcer 10.
The sequencer 10 stores the signal supplied fromthe denodul ation circuit 9

as a cofpteated iffdm atlbep BAbdnnaprbyided at AR RVO5Al thac ¢l BER&pldindd i @étalr am
held in the ROM and wites wite data supplied fromthe denodul ati on

circuit i : At i f .Ss. On the
other hiatep, ChRveriIhERIRridaric G138 i Olecki(R SERHL BRI B, 5 1 o
a comand r:@srx n:{ii ng to the read instruction, the sequencer 10 will read
dat a co?‘f%&é‘g‘(? P @ ‘o the read instruction fromthe nmenory 11. The
sequencer 10 switches the FET_19.in the podulation circuit_ 12

co?r espondi b JCuinchides azgcaficationrsizguit 6 torectifiyandosymeeth;the elactidenlt 12,
when the FET 19 is turned on, the loop coil 4 is connected in Ea}ral lel to

t he i npsigaaksuppied\frem théedoapeaoil 4, a segulatoed tofdonvetter guraledteicaksignalct i on
bet ween the i npedance 18 and |loop coil 4 is broken. ‘As a result, the

i rpedangsgppifedt fieml the pectificiivn Grcudt 6 inte DT pdweryad HPF chighypass filee) 8dot o
the loop antenna 2 at the 1C card 1, varies correspondingly to the read
data. TorfltQrifight d&b%ﬂﬂpoﬂ@h@ﬂbhﬁihe@leétﬁ%ai Qgﬂalasﬂwm@&fﬁﬁn%él vary
correspondingly to the |Inpedance variation, and the RFRW50 is thus enabl ed
to recej i 0 iah i ]

dermdul Sergtsaieh SHpHE, 3 eiRubih LRELE QU ARERIE MRS e | ¢
fhe | C EammoneR A fosh i HERohiorecienty Foi eomrol 8 REUE i rEnd ot t he
af orenenti oned | ogpﬁar&;teﬂnna 113_4dat tr%ﬁ Elg@ﬁolmnay be a{ll\ﬂantenna dﬁvti ce
const r ue@EesPRdImalY 9 tupplisd deanithe domedultionsCiEiLR, 3 memazy . toThe
antenna device is generally indicated with a reference 60. As shown in FIG
8, the storetheadatesuppligbfroncthedtnedulatpn cuciit®] ahda madulationeircoitpl? tog of
an electromagnetic field, and a magnetic sheet 62 disposed to face the nain

si de of niddeldtodatacto be seht bythesodecodid 4t he main side facing the I1C card 1.
The |l oop coil 61 is fornmed by etching or other processing of an

el ectr ocondpgg k¥ ification circuit 6 is composed of a diode 13, resistor 14 and a capacitor
15. Of these parts, the diode 13 is connected at the anode thereof to one end of each

of the loop coil 4 and capacitor 5 and at the cathode to one end of the resistor 14 and

capacitor 15, the resistor 14 and capacitor 15 are connected at the other ends thereof to



nmetal foil -of electrolytic copper or the like fornmed on both sides of an
insulation filmor substrate 63 made of a flexible filmof polyimde or
‘mca. It should be noted that the nethod of formng the |oop coil 61 is not
limted to the above one but the |oop coil 61 nay be formed by printing an
el ectroconductive paste such as a silygj-paste on the filmor substrate 63
to forma conductor pattern that provides the |l oop coil 61 or by sputtering
a netal target to form on the substrate 63, a conductor pattern that

provi des the |l oop coil 61. Also, the loop coil 61 is formed asymetric for
the wi W%brtﬂhéreéﬁds%ﬁh@%tﬁﬁbéi? 4td?1deéﬂf)|ﬁci@éﬂ1_5{r TRE P6ctifi 2RI ondH Wit @Buidiﬁ‘s' oop
coil 61 to be different i'n interval "and width fromeach other in one
directign. i ' PRl Fe WL fon 6la
ar gor (g clegtbal fendl tEu1RRbY Bic reifloRion Hid siBoRRE indLliclihl 3t

di rection i.ndicat ith an arrow Z in FLG 6, a | ower w nding section
61b srraqqp@lhearf‘?qlﬁﬁg?%ﬂp %\‘?1‘3431)(58?\1"?3\11?@5{7 a&ﬁd&égﬁgn Z. In this case, the
magnetic field distribution in the antenna device 60 is  -16 asymetric
and enhancebherregubasorgie commentedty thecathndesafithefdiede: 13 s thecaforerpentipred t he
wi nding interval and width are large in the Z-directional plane through the
cent er pettificatibwojrcunnial ardlomeendoficach of theaesibwr ldrandscapaciibr 15ie The
rectangul ar antenna and X~directional plane though the center perpendicul ar

to the &BaldtosT d@biizaaAWRIdiEdl Gnal $Appled fronl\BiEBle¥tifit Ao BRBEE 6Dy | el d
distribution in the antenna device 60 is different fromthe symetri’c

dovi ce. 15 v&ffile B MBfiar 6 03 Sakied th doRABYBut o Sl dhua oo B bA0 2
tri the dj striputi f ti i di at ed the |

o 1 1D TG SEaLE SRy B er e B SRBREH ShedlPuheisgRSHBIah cat i ons.

between the I1C card 1 and, R W50 can be w dened and_the position of

communi YHPIewA vallagseyargationceavsed by mozement ehthediG eand bia. voltagen FI G 78,

the winding interval at a side of the loop coil, indicated with a reference
Z1, is Vvanan ¢heed blya dumgendfithe poweneonfithptiohamside thenld” cardel,\et¢. alf a

side of the loop coil, indicated with a reference Z2, is generally equal to
t he conysHuppReisedNich Middagk ariationsRaN eéddtof 4 flalifusictibn e thé Eke oPdied nore

widely at the side Z 1 than that at the side Z2. The magnetic field about a
poi nt Pséﬁu%&érﬁ? weaker than that about a point P2, the points Pl and P2

being positioned at the sides Z1 and Z2, respectively, and equidistant from

an origint i A ] i ef e .z he

magnet bo 11 R § T bPUBSRESLE R A8 At RR A SR8 ES densi 1y
is totall ow at the point P 1. Thus,.the position of co ni cations wl|

be shi 1 tigh-trfghelcy DN SR he Cebirical SeBRT PIRRIEaR Phe 'si de 25 wher e
the winding interval  -17 is _generally the sane _as _the conventional one is
near |y afioscrmantioned rastification ciredith and sppligsidiersignal te thademedulativar m over

t he conventional |oop antenna. Since the |oop coil 61 can be forned smaller
t han t heir¢wiof. coil 4 at the I1C card 1, the antenna device 60 can be forned

even smaller. Note that the antenna device 60 according to the present

i nvention i'Fh@démoduldtim difcudny iepbiveeediovhe dthér el siha espacitondbrd thect i on
of the loop coil 61 is different in both winding interval and width from

the oth "JATA): td i t Jalal X } hown in
FilGs. 7ATF oS J00 Be SRR JIRe RARSBLAT, | B dcHp@Bc O ARGMGRY, S2pdl
different in . jnteryal ne fro ach ot her .as sho in FIG 8 for,exanple.
A so. RSP heatPk 87 ad ROMGEGH Bimedu AR HEN] th Tt aefineBretigne
direction, but it may be formed asymmetric in an arbitrary_direction in

whi ch it isThesequencenlQinpasperssessd ROMymeadsanby memaryt aed ReyMet i ¢ fi el d.
For exanple, the loop coil 61 may be forned asymetric for the w nding

sect i onfrahdemeadfcesoniematiy),faardeistconnested do tge aforemeationedidenddtlationm each
other in the direction of arrow X perpendicular to the aforenentioned
direction of arrow Z, as shown in FIGS. 9 and 10. Alternatively, the | oop
coil 61 may be formed asymmetric for the wi nding sections thereof to be
different in winding interval and width fromeach other in both the
directions of arrows Z and X. Note that the loop coil 61 showmn in FIG 9
includes, in the direction of arrow Z, the upper w nding section 61 a where
the windings are smaller in interval and width and | ower w ndi ng section
61b where the windings are larger in interval and w dth, -18



and in the direction of arrow X, a left winding section 61 ¢ where the

w ndings are smaller in interval and width and a right w nding section 61d

‘where the windings are larger in interval and width. On the other hand, the

| oop coil 61 shown in FIG 10 includes, in the direction of arrow Z, the

| ower wi ndi ng section 61 a where the winpndings are smaller in interval and

upper w ndi ng section 61b where the windings are larger in interval, and in

the direction of arrow X, the left wi nding section 61 ¢ where the w ndings

are smaller in interval and width and right w nding section 61d where the

wi ndi ngsireui€ 9 arfirrseienddri0vabres ackighalt(Gomitdnd) tsapplied frodeithe 61 bei ng

formed asymmetric as above, the antenna device 60 according to the present

i nventi ant & ol st [ j i At j gl t he
Hf'mg%ﬁlggl | di&lultaér‘gs Qc%h{ﬂ%iﬁaia‘{w e Rt ﬁéﬂe i Qﬁﬂ?zé@ﬂf&eédrﬁmﬁh& lage

| oop col t hus itrari ust fead” and wite positions tThe

o oot ¢ Proardulfaifih P RO ind Tl i roMT s oy it] 4RRRaton et

especial ly, en the range of communjcations with the I1C card 1 shoul d
desi raﬁ)w%e f‘d'@ﬁ&& of3n xswgwagéidﬂta sqpRliad fram thedemaduladon cigcut 9
comuni cation term nal device, generally indicated with a reference 70, as
an exanjite thexmemaarly klhe HiosapencéroHkgemiEr®s syresponsessigmald responsivedy po esent
invention will be described herebel ow concerning this comrunication

t er m nathefemaRnd Qupphéed, eednsupipties tiesigaaltonthe nisdilaor Cirpaied 2t he

af orenenti oned cubic asymmetric | oop antenna 60 as the | oop antenna 54 for

the R/'W50. ' i ] i VA ' ; t
€ TRE ?néiﬂ&‘g-'fs‘l n%ﬁ h(gﬁi‘—gg)ﬁt{g?r:] i‘ﬁ?éxgg@?’étfcﬁ %OaxﬁEEPRbMQ(e‘i&tﬁBﬁl resen

invention is a - ce the user can tarry such as a

so~cal | 1.QJi t j i . S I

ol et roftese rBgiapBaiget Rty BRhOY Wetdiniedio FORPEATRalIBL T Hr and o1 age
imaging, etc., for exanple,.integrated in o nodul e. .As sho t he .
communi ERRBGSHE to theapramaitioncd gemigacendl. o hscemosy {1 atores dal supRbisde

bl ock 72 and a_hi nge mechani sm 73 that permts_the display panel 72 to be
opened froswthenderspdialation ginchs hanpprdingdn tha resnlicofinnalysis fom e seguepedsvi ded
t hereon an input block 74 having operation buttons etc. for various

operati ®@s of the conmunication term nal device 70, and bel ow t he input

bl ock 74 the aforenenti oned antenna device 60 for the RRW50. The body

bl lock 71 hayhbhddulatiéd eirbuid 171i§ FORGRIPEOAT a 661D cit€uif 8bfpeke®atnof the
conponents of the conmmunication term nal device 70. The di splay panel bl ock

72 has ﬂ?g%gi&g g;sgﬁ{cfgpgwqf?e% fetirinsistof P19®AThHE %ﬂggdﬁm glicrystal

di spl ay I splay a user-nade ‘operati o e 1 nput bl ock 74,

U THEOHIRE %Q@he;%rlfiﬁ{ke?%olfh@ﬁh%@%eé”d%vgﬁgvzﬁgog% FEfEhetCreiitddheds, ”‘eb
| . P e
(1 Spi oy BEPUIFAERE Scupi g (e Bher G148 B iacd of e BRI R ok FRTOR® fho -

communi cation term nal device 70 according to the present invention when it
i s formeaneenied at thegounes thereaficonnestad to Hee gwwndrpatential point; and at thiegatee 70
has a nmetallic housing formed froma non-netallic material such as a

hi gh~ri g the sequeasdrilds. The atodulaidrecinatiet2 ihednridecedimysiraliel to the Jo@P
consideration is not limted to the nonnetallic one but may be a netallic

one for gsfl 4 included in the aforementioned resonant circuit and controls the FET 19 to make

a switching operation according to a signal supplied from the sequencer 10 in order to
change the load of the impedance 18 to the loop coil 4. That is, the modulation

circuit 12 adopts the so-called additional modulation method.



froman My-alloy or the like for exanple. Al so, the |loop coil 61 of the
cubi crasymmetric | oop antenna 60 is disposed in the aforenenti oned one
‘direction thereof in which the I1C card 1 is scanned. Thus, the IC card 1
wi |l be scanned starting at the side thereof opposite to the input block 74
of the communication termnal device 7Zp-that is, at the | ower w nding
section 61 a of the loop coil 61 of the | oop antenna 60 where the w nding
interval and width are smaller. In this case, the magnetic field

di stribution around the cubic asymmetric |oop antenna 60 is enhanced in the

upper w ndiTHe RAFtIPichidesef cdrieollcienitc3l to Edntvdleiata tdbe Yeritdindareteived,y al
and wwdth are larger, as shown in FIG 12. FIG 13 shows the dependence,

on
(he Rl Ml P BN el SISy AP GTROTE ETERh L o
i ndi h f I 4 h 0 d
o e R RaTR P SRS BB S 0 RS

position is shjfted outwardly, fromthe origin "0". On the other hand, the
vert i cAoupigsswith ancdecdtomagnatic delgita %nd@ngaﬁe@ﬁe dataect r onagnet i cal | y

devel oped on the loop antenna 2 at the I1C card 1 by the magnetic field
around t he IhahpRAW 50 thebntto] cireuiR/SW geheanatds avaniety obconinal sagmalpossi bl e in
an area above a value indicated with a dashed line Sin FIG 13. In FIG

13, a tdicbrdihgeo AnicRebrfial @StracEtRaAd hgrogtdma hefd theeein] forexauipIelinigidenop
antenna 60 according to the present invention and a thicker I'ine B

i ndi cat i C.:0f 1 3 i 102
n Fl 6 O PoRuPh BBl 52 pfA WEARIduRRg SHTTESS, dnd 08 BRLARES Gima
to the present inventi.on has a co nication.arga .1 .10 the unper w ndi ng
sect | orf BABAGHEOREATRILHALY o sPRRes and RBuES il i e BolRRER 61 "a,
these | qwer and upper, w ndi ng .sections 61 a and 61 b heing oppgsite to each
ot her aar%gtsS%heAép%tﬂé@ contrelfarquibpl generates a xopre IERHAGRPEHRE & ar eas,
the communication area S 1 in the upper w nding section 61b can be w nded
as showesponsgldata from theedermoduelation citesitcinandiatdputs the dataitaautsidei ce 70,
since the communication area S 1 can be continuously w dened outwardly from

t he ori gi n InQhe niddulmesn cirowinSe, atranemitier matluliescthe sbad idary supplied feohhe
comuni cation with the IC card 1 is possible also near the center of the

body Dbl @gleohtroPEirbilie 5ISXhE SufliesIfe ridtulbEa sigwH] t6 W 106piRehttes.

communi cation term nal device 70 with an awar éness of the conmuni cation

b h i . ] C. f ;
Phvent on nEefadRBtindics deoahfid\fie AOABAAYatd Sl fEHiom the

enbodi nent s t her as exanples wth referenc o th CCO i ng

G st nQlooD RgeRero 4. Po SHBANES 6 dirmed sl fo ik o SIS Skt 1 ea i n
the art that the present _invention is not |Ijmted to the_enbodi nents but
can be nodiFhelpopraniennadd alsgrineludes adnap coddfermed fom amlyes yinding b @di ed

in various other forms without departing fromthe scope and spirit thereof
as set danduistaand Iteidiatesian elactromeagnetiddicld icarmesponding $o aimddulptadi wavd | ity

supplied from the modulation circuit 52, and detects a variation of the load to the loop
coil 4 at the IC card 1. It should be noted that the loop antenna 54 has a resonance
capacitor connected in parallel or in series thereto depending upon an antenna driving
method adopted in the R/W 50 as the case may be.

In the RFID system constructed as above, when the IC card 1 is given an



- 22 As having been described in the foregoing, since the |loop coil of the
ant enna device according to the present invention:s fornmed asymetric, it
‘is'possible to control the distribution of a nagnetic field radiated from
the loop coil and thus provide a wi der range of conmunications between the
| C card and reader/wite. Thus, the ant¥nna device can be designed to be
even snal l er and have an inproved performance, and hence the comrunication
devi ce using the antenna device can be designed to be even snaller and have
an inproved perfornmance. - 23 CLAIMS 1. An antenna device that nakes

dat a comsimetien fararitingla predeterminddedata) the cantrobyirenié 5 inrthg REW 501 nduct i ve
coupling, the device conprising: an asymetric |loop coil neans fornmed from

a pl anegerienstes g varfiteccormdid tsignal WhQﬁ@basiSUfﬂﬁ@ir@ﬁp@ﬁbﬁ,%ﬂ@al@@?hn@ﬁaf&r
across the center of the loop coil are different in interval trom each

t her; i ; : il 2.
The ey TR dta E6refRAMng B iR RBrfCAh Sndb s (b BEi(e 090, SO s he?
I i ich th i Nghi i nterval.is..| t that .in,th
onpos: e AR modlatircir s The dodffidrintife o3 fSulaliRtat ARt eRIE 07
can be achieyed. 3. The device as set forth in claiml1, wherein the |oop
coi | callatsqwlgaal omthe basis ol the supphed signah andrsupplics themedulated  he

contactless IC card with which it is electronmagnetically coupled. 4. The
devi ce signalgo theledp antenhabdd 1 ThetleopiantenmatSdewilbthmsaadiateremns, the wi ndi ng
interval is wwder in a plurality of positions other than a first position.

5. The ¢lestromagaetieivaboicbiresporling o the wppliedmbdeatedofighali | means is
formed to have a generally square shape having four straight sides. 6. A

conmmuni cat i\qatedfars Ql?at_ttﬁé‘}esg%;ﬁﬁtsfrgéﬁé}mg/%?'ﬂéle ir?ﬁgia PEir¥hit RofmpolEd 8€ Eﬁez f\ s 1C

card by el ectromagnetic 1 nductive couplin evi ce conprising:

ant enn (=0 i i i t enna
Toa " 190P AT ARA Bl lor OLBEMRTINAREIC SaRE YRR ifiar S Mkt o
nmodul atin end data to a predeterm.ned Garner signal in qrder to

Communi 3 KAl crriesonding 45 the, rGHTIRGOR iedERCH ok %  6IRr dFARERERAOM and
denodul ating neans for denodul ating receive data sent fromthe IC card

el ect r othg ixal | Theosgillation eirewierensivasithe nadiated aleesremagnetic fieldrby bei ng

di sposed in a predeterm ned place on a housing of the conmmunication device,

i n whi coscillatian coavedte ittintmag alecirical kignabnidatich suppidescthetededttieslssigialcar d;
and the antenna neans being a |l oop coil fornmed by w nding a conductor |ike

a | oop wehenal 3.y The aldtkicit sigial Yesulicd Fro@ahe elsetion@gertic FTRIQ $e€shppiedach
ot her across the center of the loop to be different in interval from each

other. ¢ thyi‘éctﬁ??’a{tﬁﬁl @l?mﬁ@ﬁ fe@fifiBd lafd %hﬂidﬁlﬁé bR Fécﬁéﬁ'ﬁﬁoﬂfcirtcﬁﬁ G"Arftﬂ' ng

sections of the loop coil neans, that 1s wder’in wnding Interval an the
AT R PREET  BEaR Y | e Pl Rl U SRRV GBI 9o o
(data component) of the electrical signal supplied from the rectification circuit 6, and
supplies the electrical signal as a DC power to the sequencer 10 after the electrical
signal is stabilized.
The signal rectified and smoothed by the rectification circuit 6 is supplied to the

HPF 8 via the modulation circuit 12 where a high-frequency component will be

extracted from the signal, and then the high-frequency signal is supplied to the



8. The device as set forth in claim6, being of a hand-held type. 9. The
device as set forth in claim6, wherein the |loop coil nmeans is smaller in
‘pl ane area than a | oop antenna provided in the contactless IC card with
which it is electromagnetically coupl ed.
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That is, in the modulation circuit 12, when the FET 19 is turned on, the loop coil 4 is
connected in parallel to the impedance 18. When the FET 19 is turned off, the
parallel connection between the impedance 18 and loop coil 4 is broken.  As a result,
the impedance of the loop antenna 54 at the R/W 50, magnetically connected to the
loop antenna 2 at the IC card 1, varies correspondingly to the read data. Therefore,
the terminal potential of the loop antenna 54 will vary correspondingly to the
impedance variation, and the R/W 50 is thus enabled to receive the read data since the
variation is demodulated by the demodulation circuit 53.
As above, communications are made between the IC card 1 and R/W 50, and the

R/W 50 can thus write or read data to or from the IC card 1 in a non-contact manner or

by radio.
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Note here that the aforementioned loop antenna 54 at the R/W 50 may be an
antenna device constructed according to the present invention as shown in FIG. 6.

The antenna device is generally indicated with a reference 60.

As shown in FIG. 8, the antenna device 60 includes a loop coil 61 for inductive
coupling of an electromagnetic field, and a magnetic sheet 62 disposed to face the
main side of the loop coil 61, opposite to the main side facing the IC card 1.

The loop coil 61 is formed by etching or other processing of an electroconductive
metal foil of electrolytic copper or the like formed on both sides of an insulation film
or substrate 63 made of a flexible film of polyimide or mica. It should be noted that
the method of forming the loop coil 61 is not limited to the above one but the loop coil
61 may be formed by printing an electroconductive paste such as a silver paste on the
ﬁlm or substrate 63 to form a conductor pattern that provides the loop coil 61 or by
sputtering a metal target to form, on the substrate 63, a conductor pattern that provides
the loop coil 61.

Also, the loop coil 61 is formed asymmetric for the winding sections opposite to
each other across the center of the loop coil 61 to be different in interval and width
from each other in one direction. That is, the loop coil 61 includes an upper winding
section 61a larger in interval and width in one direction, that is, a vertical direction
indicated with an arrow Z in FIG. 6, and a lower winding section 61b smaller in

interval and width in that direction Z.

In this case, the magnetic field distribution in the antenna device 60 is
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asymmetric and enhanced at the upper winding section 61b of the loop coil 61 where
the winding interval and width are large in the Z-directional plane through the center
of the loop coil 61 perpendicular to the long side of the rectangular antenna and
X-directional plane though the center perpendicular to the short side as shown in FIGS.
7A to 7C. Namely, the magnetic field distribution in the antenna device 60 is
different from the symmetric magnetic field around the loop coil 200 shown in FIG. 1.

In the antenna device 60 according to the present invention, the loop coil 61 is
formed asymmetric and the distribution of a magnetic field radiated from the loop coil
61 is controlled, whereby the aforementioned range of communications between the
IC card 1 and R/W 50 can be widened and the position of communications can be
done can be shifted in one direction.

As in FIG. 7B, the winding interval at a side of the loop coil, indicated with a
reference Z1, is larger than the conventional one while the winding interval at a side of
the loop coil, indicated with a reference Z2, is generally equal to the conventional one.
That is, the magnetic field will be distributed more widely at the side Z1 than that at
the side Z2. The magnetic field about a point P1 will be weaker than that about a
point P2, the points P1 and P2 being positioned at the sides Z1 and Z2, respectively,
and equidistant from an origin that is an intersection between the Z and H axes, and
the magnetic field will spread in a wide range while the magnetic field density is

totally low at the point P1. Thus, the position of communications will be shifted.

Note that the magnetic field distribution at the side Z2 where the winding interval



@S 10% & ()-(.)A)))))))bC 1010% & ()- @0% & ()- 10" 10°

10" 4&1°10% & ()-S2ml0% & ()- &0S 10% & ()- ))#* p**+d+dEbC 10

#10% & ()-110% & ()- 10% & ()- 10% & ()- | T10% & ()-

@0% & ()-d+j +++4, a, , dEbC 103%40% & ()- #410% & ()- "10% & ()-

10% & ()-10% & ()-L10% & ()-,-B--.... xybC 10S10% & ()- 10t 10t

10t - #10% & () -+ 10% & ()- y)10% & ()- ' #10% & ()-. /1 1355657585} MP1

10t Ut U 10t Ut U 10t Ut U' 1#10% Ut U& () - #10% & () -!; &#109&" ()-s!1

&#10% t & () - s&#10% & () - s85=555( 6267dEMP1
is generally the same as the conventional one is nearly the same as that attained when
the winding interval is uniform over the conventional loop antenna.

Since the loop coil 61 can be formed smaller than the loop coil 4 at the IC card 1,
the antenna device 60 can be formed even smaller.

Note that the antenna device 60 according to the present invention is not limited
to any antenna device in which one winding section of the loop coil 61 is different in
both winding interval and width from the other winding section opposite to the one
winding section as shown in FIGS. 7A to 7C but the antenna sections of the loop coil
61 may be different in interval alone from each other as shown in FIG. 8 for example.

Also, the loop coil 61 is formed asymmetric in the aforementioned one direction,
but it may be formed asymmetric in an arbitrary direction in which it is desired to
widen the distribution of radiated magnetic field. For example, the loop coil 61 may
be formed asymmetric for the winding sections thereof to be different in winding
interval and width from each other in the direction of arrow X perpendicular to the
aforementioned direction of arrow Z, as shown in FIGS. 9 and 10.  Alternatively, the
loop coil 61 may be formed asymmetric for the winding sections thereof to be
different in winding interval and width from each other in both the directions of
arrows Z and X.

Note that the loop coil 61 shown in FIG. 9 includes, in the direction of arrow Z,

the upper winding section 61a where the windings are smaller in interval and width

and lower winding section 61b where the windings are larger in interval and width,
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and in the direction of arrow X, a left winding section 61c where the windings are
smaller in interval and width and a right winding section 61d where the windings are
larger in interval and width. On the other hand, the loop coil 61 shown in FIG. 10
includes, in the direction of arrow Z, the lower winding section 61a where the
windings are smaller in interval and upper winding section 61b where the windings are
larger in interval, and in the direction of arrow X, the left winding section 61c where
the windings are smaller in interval and width and right winding section 61d where the
windings are larger in interval and width.

With the loop coil 61 being formed asymmetric as above, the antenna device 60
according to the present invention can control the distribution of radiated magnetic
field about the loop coil 61 and thus arbitrarily adjust the read and write positions the
R/W 50 takes in relation to the IC card 1, which will be specially effective in case the .
loop coil 61 is to be installed in a limited area, especially, when the range of
communications with the IC card 1 should desirably be widened only in a special
direction.

FIG. 11 shows a communication terminal device, generally indicated with a
reference 70, as an example in which the aforementioned RFID system is applied.

The present invention will be described herebelow concerning this communication
terminal device 70. The communication terminal device 70 uses the aforementioned
cubic asymmetric loop antenna 60 as the loop antenna 54 for the R/W 50.

The communication terminal device 70 according to the present invention is a
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small electronic device the user can carry such as a so-called PDA (portable digital
assistant), for example. The small electronic device has functions such as
information communication, storage, imaging, etc., for example, integrated in one
module.

As shown, the communication terminal device 70 includes a body block 71,
display panel block 72 and a hinge mechanism 73 that permits the display panel 72 to
be opened from and closed to the body block 71. The body block 71 has provided
thereon an input block 74 having operation buttons etc. for various operations of the
communication terminal device 70, and below the input block 74 the aforementioned
antenna device 60 for the R/W 50.

The body block 71 has built therein a microcomputer (CPU) to control each of
the components of the communication terminal device 70. The display panel block
72 has provided thereon a display unit 75 formed from a liquid crystal display (I.CD)
panel to display a user-made operation of the input block 74, data read from the IC
card 1 by the R/W 50, etc. under the control of the CPU. The hinge mechanism 73
has a CCD camera 76 installed thereon. By operating the input block 74, an image
captured by the CCD camera 76 can be displayed on the display unit 75.

To assure a sufficient rigidity of the communication terminal device 70 according
to the present invention when it is formed small, lightweight and thin, the
communication terminal device 70 has a metallic housing formed from a non-metallic

material such as a high-rigidity plastics. It should be noted that the housing in
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consideration is not limited to the non-metallic one but may be a metallic one formed
from an Mg alloy or the like for example.

Also, the loop coil 61 of the cubic asymmetric loop antenna 60 is disposed in the
aforementioned one direction thereof in which the IC card 1 is scanned. Thus, the IC
card 1 will be scanned starting at the side thereof opposite to the input block 74 of the
communication terminal device 70, that is, at the lower winding section 61a of the
loop coil 61 of the loop antenna 60 where the winding interval and width are smaller.

In this case, the magnetic field distribution around the cubic asymmetric loop
antenna 60 is enhanced in the upper winding section 61b of the loop coil 61 where the
winding interval and width are larger, as shown in FIG. 12.

FIG. 13 shows the dependence, on the card position, of the strength of a current
induced in the IC card 1 by the antenna device 60. In FIG. 13, the origin “0” on the
horizontal axis indicates the center of the loop antenna 54 at the R/W 50 and the
positive-going direction indicates a direction in which the IC card position is shifted
outwardly from the origin “0”. On the other hand, the vertical axis indicates the
strength of a current electromagnetically developed on the loop antenna 2 at the IC
card 1 by the magnetic field around the loop antenna 54 at the R/W 50 and
communications are possible in an area above a value indicated with a dashed line S in
FIG. 13. InFIG. 13, a thin line A indicates a characteristic of the plane symmetric
loop antenna 60 according to the present invention and a thicker line B indicates a

characteristic of the conventional symmetric loop antenna 102 in FIG. 4 being given
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The loop antenna 60 according to the present invention has a communication area
S1 in the upper winding section 61b and communication area S2 in the lower winding
section 61a, these lower and upper winding sections 61a and 61b being opposite to
each other across the center of the loop coil 61. Of these communication areas, the
communication area S1 in the upper winding section 61b can be winded as shown in
FIG. 13. Therefore, in the communication terminal device 70, since the
communication area S1 can be continuously widened outwardly from the origin “0”,
the performance of communication can be improved and the communication with the
IC card 1 is possible also near the center of the body block 71 of the device 70. So,
the user can easily use the communication terminal device 70 with an awareness of the
communication between the device 70 and IC card 1.

In the foregoing, the present invention has been described in detail concerning
certain preferred embodiments thereof as examples with reference to the
accompanying drawings. However, it should be understood by those ordinarily
skilled in the art that the present invention is not limited to the embodiments but can
be modified in various manners, constructed alternatively or embodied in various other

forms without departing from the scope and spirit thereof as set forth and defined in

the appended claims.

Industrial Applicability
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As having been described in the foregoing, since the loop coil of the antenna
device according to the present invention is formed asymmetric, it is possible to
control the distribution of a magnetic field radiated from the loop coil and thus provide
a wider range of communications between the IC card and reader/write. Thus, the
antenna device can be designed to be even smaller and have an improved performance,
and hence the communication device using the antenna device can be designed to be

even smaller and have an improved performance.
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CLAIMS

1.  An antenna device that makes data communications with a contactless IC card by
electromagnetic-inductive coupling, the device comprising:

an asymmetric loop coil means formed from a plane winding of a conductor,
whose sections opposite to each other across the center of the loop coil are different in
interval from each other; and

a lead means for supplying a power to the loop coil means.
2. The device as set forth in claim 1, wherein in a winding section of the loop coil
means, of which the winding interval is larger than that in the opposite winding
section, a wider range of communications with the IC card can be achieved.
3. The device as set forth in claim 1, wherein the loop coil means is smaller in plane
area than a loop antenna provided in the contactless IC card with which it is
electromagnetically coupled.
4.  The device as set forth in claim 1, wherein in the loop coil means, the winding
interval is wider in a plurality of positions other than a first position.
5. The device as set forth in claim 1, wherein the loop coil means is formed to have
a generally square shape having four straight sides.
6. A communication device that makes data communications with a contactless IC
card by electromagnetic inductive coupling, the device comprising:

an antenna means capable of electromagnetic inductive coupling with an antenna
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order to communicate with the IC card with no contact with the antenna means; and
a demodulating means for demodulating receive data sent from the IC card
electromagnetically coupled to the antenna means,
the antenna means being disposed in a predetermined place on a housing of the
communication device, in which it can be electromagnetically coupled to the
contactless IC card; and
the antenna means being a loop coil formed by winding a conductor like a loop
generally in a plane for winding sections thereof opposed to each other across the
center of the loop to be different in interval from each other.
7. The device as set forth in claim 6, wherein one of the winding sections of the
loop coil means, that is wider in winding interval than the other, is disposed near a
position on a housing of the communication device where communications with the IC
card is made.
8. The device as set forth in claim 6, being of a hand-held type.
9.  The device as set forth in claim 6, wherein the loop coil means is smaller in plane
area than a loop antenna provided in the contactless IC card with which it is

electromagnetically coupled.



