22 March 2007 -1 DESCRIPTION Antenna Device, and CommuniZ2Margn2@&vi ce
Usi ng, Same Technical Field The present invention relates to a
reader/witer antenna device for witing and reading data to and froma
contactless IC (integrated circuit) card adopting the technique of

el ectromagneti c i nductive coupling ang a commruni cation device using the
antenna device. This application clains the priority of the Japanese Patent
Application No. 2002-279626 filed on Septenber 25, 2002, the entirety of
which is incorporated by reference herein. Background Art Recently, a

so-called RFID (radi o frequency IBESWW@NJO”) systemusing a contactless

IC card, ICtag or the |ike has ced 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 froma building,
el ectroni c money system etc. As schematically illustrated in FIG 1, the
- RFI D system i ncl wdgenma Denicacahd Communaration @eviesmtsmgr $ader / witer 101 to
wite and read data to and fromthe I1C card 100. The RFID system adopts
"the theory of electromagnetic induction. An el ectromagnetic 22 March 2007
-2
Technical Field
The present invention relates to a reader/writer antenna device for writing and
reading data to and from a contactless IC (integrated circuit) card adopting the
technique of elcctromagnetic~inductive coupling and a communication device using
- the antenna device.
This application claims the priority of the Japanese Patent Application No.
2002-279626 filed on September 25, 2002, the entirety of which is incorporated by

reference herein.

- Background Art
Recently, 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
peopie 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 car_d-IOO. The

RFID system adopts the theory of electromagnetic induction. An electromagnetic




field radiated froma | oop antenna 102 provided at the redddarer240ér 101 is
coupled by the electromagnetic induction to a | oop antenna 103 provi ded at
the IC card 100 to provide conmunications between the IC card 100 and
reader/witer 101. In the above RFID system the IC card has not to be
inserted into the reader/witer to put netallic contacts into contact with
each other as in the conventional coAtactless |IC card systens. Therefore,
data can be witten to, and read from the IC card easily and quickly.
Also, in the RFID system the electromagnetic field radiated fromthe

reader iter 1 royi des a necggssary..power to the I.C d 100, and thus
oy potie e iroltf ok &ne@uny 563 bEviaBR REtheatads v s atins souBlsdhY ¢ e

| C card. Therefore, the I1C card used in the RFID systemcan be excellent in
mai nt aihsabestrapagnetigdnduetion tece leppuanicama 03 pro\@daim thetl(- card 10Rdoabove

RFI D system the | oop antenna 102 provided at the reader/witer 101 should

be ablprovide esthauaicationk detwesrngred( cartli I@0chhndarender/wricar 0. n degr ee of
magnetic strength in order to assure a satisfactory range of communi cati ons

bet ween  tiaght Gb6® Rﬁﬁ%ﬁfb@nﬁjﬁé(i@ ot hh§hofdlbe fAREAER S thé he | oop ant enna

102 for the reader/witer 101 includes a loop coil 200 formed froma pl ane

Wi ndi a8l e RN Mo BN hib il IR AWNEUI ig7RQ T8 formed
symetric for W nding sSections ereor opposité To eacn othér across the
center of t.he loop coil_ 200 to be equ in interval and w dth to, each
ot her .quepﬂgn%lt%\?gacél)‘?ﬁ%éﬁﬁ PYRPMEnt Dherslaisodfg e Vlan orant en 101,
the magnetic field is distributed symetrically with resi)ect to a

Z- di r elgoimg tag 16 eand; ensily andupticklie  2dsovindhe REBI system, the electromagnetic

\ field radiated from the reader/writer 101 provides a necessary power to the IC card
100 and thus any power source such as a battery or cell has not to be provided in the
IC card. Therefore, the IC card used in the RFID system can be excellent in

‘maintainability, lower in price and higher in reliability.

In _the above RFID system, the loop antenna 102 provided at the reader/writer
101 should be able to radiate an electromagnetic field having a certain degree of

- magnetic strength in order to assure a satisfactory raﬂge of communications between
the IC card 100 and reader/writer 101.

Generally, the loop antenna 102 for the reader/writer 101 includes a loop coil 200
formed from a plane winding of a conductor as sho§vn_ inFIG. 2. The loop coil 200 is
formed symmetric for winding 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 symmetric loop antenna 102 for the reader/writer 101, the magnetic

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




-3 center of the loop antenna 102, perpendicular to the | @d¢fles¢hdd®)7of the
rectangul ar antenna and also to an X-directional section through that
center, perpendicular to the short sides, as shown 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 IC carg 100. As shown, two conmuni cati on
~areas SI' and S2' are forned in positiions, respectively, opposite to each
ot her across the center of the loop coil 200. Mre particularly, the
communi cation area Si' assures an ideal magnetic coupling. Nanely,

?;23%# ifféw%t% & &%dﬁgé?‘é%?ﬁ%@?; fvé&&n@%@ﬂgﬁg&%%h{‘q%os'gé@s”aé@faeﬁ%%?%&%r ?éughii des
' 103 | C 00, ' . ' :

r especETiFaNY A AIS0te Mo lEAORALSeE0n (ETREhIBAt SRt RO BH0 e S«
there is an area where nmagnetic fields crossing the | oop antenna 103 at the

r eader short sides, i3shosicl FEach other in a central area where the magnetic
fields devel oped around the | oop antenna 102 at the reader/witer 101 are

inverted iFIG.0f sleskd e ddpentiBhée @pdretheaiaed potitioni ofdbie sdegthrofl custdnt have a
| ower | evel than the necessary level for the conmunications. Qutside the

‘above piifeEq Bg?g? lc%cﬁjéérftehﬁa 1020 ﬂfé”i@gérgf‘fdcpn A% SRowA, tW@éﬁn@.ﬁi'é’z}tﬂﬂﬁ of

t he four srde oop antenna 10 the reader/witer s coupl ed
to one_of the four, sides of.the.l.oop _antenna 103 at, the C,card 100.
Ther of Bieas Strand i itk HESpRbin BRstiSSD raHeBRR Ao ach SRR ot  on
area Si.', and the induce,ii éﬁ;{]ent in this communication area S2' is

smal | etheraeateriaihe jopR ¢l 28AnuMeramasticulady, 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. OQutside the communication area S;’,
there is an area where magnetic fields crossing the loop antenna 103 at the
reader/Wﬂter 101 cancel each other in a central arca 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 Sy’ is narrower than the
communication area S;’, and the induced currel_it in this communicatibn afea 5,7 1s

smaller than that in the communication area S;’.




22 March 2007 -4 Note that in FIG 4, the origin "0" of ghdandr28@nt al
axis indicates the center of the |oop antenna 102 at the reader/witer 101
and the positive-going direction indicates a direction fromthe center
(origin "0") toward outside of the 1C card 100. The vertical axis

i ndicates the strength of the current el ectromagnetically induced in the

| oop antenna 103 at the I C card 100 under the action of the magnetic field
in the |oop antenna 102 at the reader/witer 101. Communi cations are
possible in an area where the strengtf-of the induced current has a val ue
| arger than a value indicated with a dashed line s' in FIG 4. Note here

t hat when the communi cation area SI'" is continuously wi der as far as

possi bl e oyt war.dl oi nt,. the orjgin, "0" ere the enter of
the | oop aﬁ%ﬁﬁ‘é‘t}/’f&ﬁ&’gﬁ aRsigie 0 h%fé’@“é@ilt Sindigalos e senterohths | oop
antenna 102 at the reader/witer 101 t he RFI D systemw || be easier to
use. THaep anfenna KR\at thareadeivreter | Grandribe BPsiGyTeoio direciiandndigatss de of the

above conventional |oop coil 200, the conmunication area S1' is followed
by a nchrectominonctheiconten(eigin 501 ¢owamidoutide obthetlitecard dfitni Dut vevtacadr ea S2' .
It is desirable fromthe practical point of view that no non-comunication
- ar ea s haid iddeates thesttengihroftiece et tahbgietiealbamdtbeed inahellodp antenanl y t he
comuni cation area S should spread. Disclosure of the Invention Enbodi nents
of the 11038 RO davE MO0 SidePWRY RADE of tHe mMZznBE &Bld3R%e looP antenna 102 at the
reader/writer 101. Communications are possible in an area where the strength of the
induced current has a value larger than a value indicated with a 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
1103 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 Sy’

and S,’or only the communication area S;” should spread.

Disclosure of the Invention

Embodiments of the present invention overcome the




above- nenti oned drawbacks of the related art by providi ngZaNMaian06ved and
novel antenna device and a conmuni cati on devi ce using the antenna devi ce.
Enbodi ments of present invention provide an antenna device used on a
reader/witer and which can provide an expanded range of communi cati ons
with an IC card by controlling, and effectively utilizing, the
distribution of a radiated electromagnetic field, and a conmuni cati on
device using the antenna device. In a first aspect of the present
invention, there is provided an antenpa device that nakes data

communi cations with a contactless IC<ard by el ectronmagnetic-inductive
coupling, the device c risi.ng:, an asymretric | oop coi] mneans, formed from
2 pl arovs-REnHERedray briiks oL fasrrelaliderhyProNiing Rxpvﬁﬁwrtoaﬁlpri ses a
plurality of = w nding sections of varying width and varying intervals

bet weernignaa deyige agfl & sempwmioation dgvige peing theepfennadevis@ppl yi ng a power to
the loop coil neans. In the w nding section in the above antenna device, of
whi ch t he Wimigidimerithokpresdnt inyventien geoviddhamanténaa demiceneedppasi t e wi ndi ng
section, a wder range of comrunications with the 1C card can be achieved.
Al so, témlesboier ahderhicintaarpravidayn bepsited kaige oficphanwicatiess whlan #C| oop
antenna included in the I1C card. The |loop coil may be fornmed to have a

- gener alchy inoctt@SRaned SfdtRelyh @illzif, i difttibdidodVef £1d2&Y -6 sides. In
accordance with a second. aspect of the present invention, there is provided
a electromagnetic field, and a communication device using the antenna device.
In a first aspect of the present invention, there is provided 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, wherein the plane winding comprises a plurality of
winding sections of varying width and varying intervals between the winding sections;
and a lead means for supplying a power to the loop coil means.
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 may be smaller in plane area than a loop antenna

included in the IC card.

The loop coil may be formed to have a generally s_quare shape having four straight




conmmuni cati on device that nmakes data conmunications wth &2 danthedilfess | C
card by electromagnetic inductive coupling, the device conprising: an
antenna neans capabl e of el ectromagnetic inductive coupling with an
antenna included in the contactless IC card; a nodul ating neans for

nodul ating send data to a predetermned carrier signal in order to
communicate with the IC card with no contact with the antenna neans; and a
denodul ati ng nmeans for denodul ating receive data sent from the I1C card

el ectromagnetically coupled to the anfenna neans, the antenna means being
di sposed  in a predeterm ned place on a housing of the communication device,
in whi cH%¥% can be el ectronmagnetically coupled to the contactless IC card;
and the antenna means being a | oop coil formed by wi nding a conductor |ike
a | oop genbradcoydance vethpd seeontl aspeat ofl thegpresent iloventionhiherd 1§ provadpd ane

wi nding conprises a plurality of wnding sections of varying w dth and

var yi ngoimmnenivation detice dimattrhakesi dada ngmamatications Rizh Moonha @87 IC-céed The
antenna may be disposed in a predeterm ned place on a housing of the

comunibgafécironth@viet € indudtivb icoliplidg, BRnddscet eabriSnpoatintead Megeupl ed to the
contactless 1 C card. The antenna nay be a |l oop coil fornmed by winding a

CondUC‘bQ]!tSabié bR &edirbRapn&RREA Ve ddiplnB vARLak Bhtehh BicNfllcdsh theoNS t her eof
opposed to each other™ across the center of the loop to be different in

LT by e S a9, ) 0 51 iRl

her, may di sposed near a
posi t1 oy 00 ;A OHSI BT oA ARTIMIA T RP callfibheh B YaREE: GRETRH! ot i ons
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, wherein the plane winding comprises a plurality of

winding sections of varying width and varying intervals between the winding sections.




The communi cati on device according to.the present inventi 82Masgh HW70f a
hand- hel d type. O her enbodi nents, features and advantages of the present
i nvention 22 March 2007 -7 will become nore apparent fromthe foll ow ng
det ail ed description of the best node for carrying out the present

i nventi on when taken in conjunction with the acconpanying draw ngs. Brief
Description of the Drawings FIG 1 is a perspective view of the
conventional RFID system FIG 2 is a plan view of the conventional RI'W
(reader/witer) loop antenna. FIG 3 §hows the distribution of a magnetic
field devel oped around the conventiondf” R*'Wloop antenna. FIG 4 shows a
characteristic curve of, a_ perfaqrmnce of co i cati ons bet n the
convent i oniﬁ“‘elﬂpmnéé%aya!?ﬁ dishesedrin au@e@gj{pgpm%?aog Gnga Ol@i”?‘gci\gf&edi agr am of
an RFID system according to the present invention. FIG 6 is a plan view
of t he cammapgatinn desdce de shignyy can be plecpromagneticallyegauplad to the s, 7A to 7C
show characteristic curves, respectively, of the distribution of magnetic
field doukktpsdCarandind heremtemaenaabel eVoarecat fomeid iy windings persiietr
invention. FIG 8 is a plan view of a variant of the antenna device

accor dilikg aloop lzengralg émi plane\feniviraling sections thereof opposed to each other

- across the center of the loop to be different in interval from each other.

One of the winding éections of the loop coil, that is wider in winding interval
than the other, may be disposed near a position on a housing of the communication
device where communications with the IC card is made.

The communication device according to the present invention may be of a
hand-held type.

Other embodiments, features and advantages of the present invention




FIG 9 is a plan view of another variant of the antenna dé¥Meechad®drding to
the .present invention. FIG 10 is a plan view of still another variant of
t he antenna device according to - ------------ -- ---- ---- 22 NMarch 2007
-8 the present invention. FIG 11 is a plan view of the conmunication

devi ce using the antenna device according to the present invention. FIG
12 shows a characteristic curve of the distribution of a nagnetic field
devel oped around the antenna device di sposed in the comruni cation devi ce.

FI Gf 13 graphically illustrates, by induced current characteristic, the
or coorT} Bty gFTHABRA(ERL it Bl folo AR RRRRI Y EApABH S I Bt Bpod®

I nventjon The present invention wll be described i.n detail concerning the
ant enrkPT GaUEE OWriHe PRESCHb N ERIOR When %Wé’écﬂgﬂﬁlﬁh?ﬂév@h%na devi ce as
the enbodi ments thereof wth reference to the acconpanying draw ngs. As
shown ageoRip@nyBg diaaviREs.D system according to the present invention is
conposed of a contactless IC card 1, and a reader/witer (will be referred
to as "RI'W hereunder) 50 to wite and read data to and fromthe IC card
1. The ICcard 1 is of a battery-less type conpliant with | SO 7810, for

exanpl Brief Description of the Drawings
FIG. 1 is a perspective view of the conventional RFID system.

FIG. 2 is a plan view of the conventional R/W (reader/writer) loop antenna.

e,

FIG. 3 shows the distribution of a magnetic field developed around the

conventional R/W loop antenna.
~ 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




Nanely, it has no power source such as a battery or cell. 2ZhMar¢tCE&Erd 1 is
formed rectangular to have the 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 loop antenna 2 that couples with an electromagnetic field
to send and receive data, and an IC (ihtegrated 22 March 2007 -9 circuit)
3 having integrated therein electronlg circuits that nmake vari ous
operations for witing and reading data. The | oop antenna 2 includes a

| oop coil 4 formed froma plane winding of a conductor, and forns a
resonamt cir ong with a capacitor 5 connected in parallel wth the
| oop c prse%¥H%ye qg‘antenna 2 couples with an el ectromagnetic field

‘radi ated froma | oop antenn rovi ded .at . an RLW50 that wll g expl ai ned
in detail FiGtldis ey ﬁ&%@'@&‘%ﬁ%&%@?‘@c? peing the pgtegna 8e¥cey i cal
signal, and supplies the signal to the IC 3. The IC 3 includes a
rectlfmmanhngtonhcpﬁmeﬁtnﬂenbonlfy and snooth the electrical signa
supplied fromthe loop coil 4, a regulator 7 to converter the electrical
signal  supg.iledsHovedta cheratrgistit icagtd ofthel distibutionioftaomaghdticofestdr, an HPF
(hi gh- pass filter) 8 to extract a high- frequency conmponent fromthe

el ectr (}szcﬂﬁ%hna ﬂgﬁ deic F dsﬁgt"?. i@(%lhﬁﬁ‘m‘féa&ﬁiﬁ' device. @

denodul at'i CIrCUIt requency conponent supplied

AN o ek ¥ ) Ygﬁgﬁtr@sécﬁyr bl @%&ﬁ‘ﬁ%ﬁ%ﬁaﬂﬁ i Performapce

11 to store the data supplied fromthe éiem)duhatlon circuit 9, aﬂd &
modul 298 epmpunggational tfng antenna device according to the present invention with the I

i
X

|—>

“card.

Best Mode for Carrying Out the Invention

| The present invention will be described in detail concerning the antenna device
and the communication device using the antenna device as the embodiments thereof
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 readef/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-less type compliant with 1SO 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




nodul ate data to be sent by the loop coil 4. The rectifica?Manctc200Guit 6 is
conposed of a diode 13, resistor 14 and a capacitor 15. O these parts,
the diode 13 is connected at the anode thereof to one end of each of the

| oop coil 4 and capacitor 5 and at the cathode to one end of the resistor

14 and - capacitor 15, the resistor lé_lga_nd capacitor 15 are connected at the
ot her ends thereof to 22 March 2007 =10 the other ends of the loop coil 4

and capacitor 5. The rectification circuit 6 outputs the electrical signal
resulted by the rectification and snmoothing the electrical signal supplied

connectitfo) phg iisbhucd er A Qfinid s8R e Rpukarlod Bt ftiont P

rectification circuit 6 and one end of each of the resistor 14 and

capaci Vofnggndygadingdaia. o1 or 7 stabilizes the el ectrical signal supplied
fromthe rectification circuit 6 by preventing the signal from being

vari ed i n T loapanternna 2inshides daicapaond fenmed @am a plaps|wiedingef 8i gnal as a
DC power to the sequencer 10. Thus, it is possible to suppress a voltage
vari atgonductotsast] forns dresonmmtciiitdleng &idas dagaciter $addnmgetedviarpasdliedn
caused by a change of the power consunption inside the IC card 1, etc. If

“not S%Rﬁ?ﬁéﬁg)tp SHFA. VT{%-E}S%ﬁﬂtrehﬁ&iZ%b%p‘l\é& évith%gcéé%&%(ﬁga diidngélgon or the

| i ke of the guencer e HPF 8 1 s conpose acitor 16 and

eSSty i FINGE S P ] SRS TBRD ogBle oo
suppl il(zattser,t cpoenvseirt% Qﬁé efc%&%gl%gggt?g%%ic? }r{tg an electrical signal, and supplies the
. signal to the IC 3.

The IC 3 includes a rectification circuit 6 to rectify and smooth the electrical
signal supplied from the loop coil 4, a regulator 7 to converter the electrical signal
Supplied from the rectification circuit 6 into a DC power, an HPF (high-pass filter) 8 to
extract a high-frequency component from the electrical signal supplied from the
rectiﬁcétion circuit 6, a demodulation circuit 9 to demodulate the high-frequency

- component supplied from the HPF 8, a sequencer 10 to control data write and read
correspondingly to data supplied from the demodulation circuit 9, a memory 11 to
store the data supplied from the demodulation circuit 9, and a modulation circui_t 12to
modulate data to be sent by the loop coil 4. |

The rectification circuit 6 is composed of a diode 13, reéistor 14 émd 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 lresistor_ 14 and

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




circuit 9. The denodul ation circuit 9 is connected to the2’tMaech Zi0d of a
capacitor 16 of the HPF 8 and one end of the resistor 17. It denodul ates

t he hi gh-frequency signal supplied fromthe HPF 8, and outputs the

denodul ated signal to the sequencer 10. The sequencer 10 incorporates a ROV
(read-only nmenory) and RAM (random agcess nenory), and is connected to the
af orenenti oned denodul ati on 22 March 2007 circuit 9. The sequencer 10
stores a signal (comrand) supplied fromthe denodul ation circuit 9 as a
command into the RAM anal yzes the command according to a programheld in

t he d read a fraomth ry o1 ne [ i s of
the r ot Engr R AR A Lo (il a0 BB o TReRRTERRRRY HoabTruBfS,
circuit 9. intao the menpry .11. The sequencer 10 generates a. response signal
r esporidieedearicd signad r rhwwrrﬁpﬂéa@ 1Qihep ﬂBﬁP&’é@g thee F%fsxgaglt he

nmodul ation circuit 12. The nenory 11 is a non-volatile nmenory such as an
EEPROMuppliedtfrom dhé¢ loopesaib4ivd ¢hepregplaton@land HRES- onl y nenory) needi ng no
power for holding data, and connected to the aforenentioned sequencer 10.

The menor yTHe repuhites7 datenifeacpsl icethe daflletdfahe digaldul Bin i aforesndritiohed
according to the result of analysis fromthe sequencer 10. The nodul ation

ci rCUiT[tefzfilﬁg%ngoﬁe ?lﬁ'é‘iﬁf] 6/dnQBrie Sl ?F%c‘ﬁ' X E e Q0P8 %ﬁgg:fapgﬁtoﬂ pedppce 18 and

an EF eéct transi stor e | npedance connect'ed at one

oS, RSPl e Y SO BB RLTHERR SPAR by 10
The FE;-JI_re\l/gntlirfg the signal from being varied in voltage due to some data component, and
supplies the signal as a DC power to the sequencer 10. Thus, it is possible to
suppress a voltage variation caused by a movement of the IC card 1, a voltage
variation caused by a change of the power consumption inside the IC card 1, etc. If
not suppressed, such voltage variations will lead to a malfunction or the like of the
sequencer 10.

The HPF 8 is composed of a capacitor 16 and resistor 17. It extracts the
high-frequency component from the electrical signal supplied from the
aforementioned rectification circuit 6, and supplies the signal to the demodulation
circuit 9.

The demodulation circuit 9 is connected to thé other end of a capacitor 16 of the
HPF 8 and one end of the resistor 17. It demodulates the high-frequency signal
supplied from the HPF §, and outputs the demodulated signal to the sequencer 10.

The sequencer 10 incorporates a ROM (rcad—only memory) and RAM

(random-access memory), and is connected to the aforementioned demodulation




connected at the source thereof connected to the ground péRdédarcalOdioi nt,
and at the gate to the sequencer 10. The nodulation circuit 12 is

. connected in parallel to the loop coil 4 included in the aforenentioned
resonant circuit and controls the FET 19 to nake a sw tching operation
according to a signal supplied fron1t2 sequencer 10 in order to change
the | oad of the inpedance 18 to the [ gb coil 4. That is, the nodul ation
circuit 12 adopts the so-called additional nodul ation nethod. 22 March 2007
-12 The RFRW50 includes a control circuit 51 to control data to be sent and

received, . | atl.Qn. CidLui 1 I t t he power for
oper at ?Hﬂm&? ' {Tﬁgl%l S%hkgll}%é} ]{fg‘:{gfea (%%Bé‘ﬁq’lg? ?lg'ﬁl?%nﬁp & Eﬁ?ﬂ%gﬁ? gﬁ" ¥nodul at e
received data,, and a.loop antenna, 54 th oupl.es with an el ectro netic
field demedulgtigndiicaity agawan%lmwﬁlm@?gﬂﬁée%ﬁwmmw Bcnordin
generates a variety of control signals according to an external

i nst r uta a progract heldio ghenROM), dnd headsidata from theampmery ilh as mgeessaryoor gt r ol
the nodulation circuit 52 and denodul ation circuit 53, and al so generates

send dphgs @ﬁtﬁmp@lmdifmal&@im wrigdsrdaed supplivadirs bk idesnddudatitai eirduit 9 he
nodul ation circuit 52. so, the control circuit 51 generates a reproduce

si gnal ;3640 flefthrlya 1. ' ePROBGfiededal] %@%ﬁt@?a%%k%ﬁ%rﬁ?%&pbﬁbﬁ%ﬁl , and

outputs the data to outside. In the ation “circul a transmtter
nodul aj,es the send data suppli rom. .t ontr ci I cui i , and supplies
'he ol carimat ghiapied ERipBEs etk 6 st Bidaul Gl B2 T Wit s
denodul at es, t he nodu] at ed wave, supplied fromthe tenna 54, and
suppl i es t hbe BERAIY ]Ial{ 5 B HOlATe ReTRQTSug %i@c@éﬁﬁw lelectrically

1

erasable programmable read-only memory) needing no power for holding data, and
connected to the aforementioned sequencer 10. The memory 11 stores data supplied
from the demodulation circuit 9 according to the result of analysis from the sequencer
10.
The modulation circuit 12 is formed from a series circuit composed of an
- impedance 18 and an EFT (field effect transistor) 19. The impedance 18 is
connected at one end thereof to the cathode of the diode 13 in the aforementioned
rectification circuit 6, and at the other end to the drain of the FET 19. The FET 19 1s
connected at the source thereof connected to the grqund potential point, and at the gate
to the sequencer 10. The modulation circuit 12 is connected in parallel to the loop
coil 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.




The | oop antenna 54 also includes a loop coil forned from2a Mdregm20Gdi ndi ng
of a. conductor. It radiates an el ectromagnetic field corresponding to a
nodul at ed wave supplied fromthe nodulation circuit 52, and detects a
variation of the load to the loop <coil 4 at the ICcard 1. It should be
noted that the | oop antenna 54 has a f,esonance capacitor connected in

parallel or in series thereto dependifg upon an antenna driving nethod
adopted in the RRW50 as the case nay be. In the RFID system constructed as
above, when the ICcard 1 is given an 22 March 2007 -13 instruction for
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gener at es Wl t € comand sigha I nstruc n, ard al so

gener at es end data rrespondi 0 the instruction and th is.to pe
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modul ation circuit 52 nodul ates the anplitude of oscillation signal on the
basi s lpfa demeodulppivn eitcuit b deamiludatppeceived datappnd ndoep antgnga i that ¢ he

-l oop antenna 54. The |oop antenna 54 will thus radiate an electromagnetic

wave qoiphspoiliangléardegmitieridld do sondihad eeccivgdata. Note here that the
resonant frequency of the resonant circuit conposed of the |oop coil 4 and

capaci t or 1p thd'R/WASY, thB dolifrol Eir&ff 91 bendraiéd a Varidty: ookl sighfalexanpl e, as

a value corresponding to tﬁe osci | Fatlon frequency that is a carrier
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L send data corresponding to an instruction and supplies the data to the modulation
circuit 52.  Also, the control circuit 51 generates a reproduce signal according to
response data from the demodulation circuit 53, and outputs the data to outside.
In the modulation circuit 52, a transmitter modulates the send data supplied from
the control circuit 51, and supplies the modulated signal to the loop antenna 54.
The demodulation circuit 53 demodulates the modulated wave supplied from the
loop antenna 54, and supplies the demodulated data to the control circuit 51.
The loop antenna 54 also includes a loop coil formed from a plane winding of a
conductor. It radiates an clectromagnetic field corresponding to a modulated wave
~ 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 11is given an




- switches the FET

to the rectification circuit 6, rectified and snoot hed by 22Warcte2®ld7fi cati on
circuit 6 and then supplied to the regulator 7. The regul ator 7 suppresses
the voltage variation (data conponent) of the electrical signal supplied
fromthe rectification circuit 6, and supplies the electrical signal as a
DC power to the sequencer 10 after thg, electrical signal is stabilized.
The signal rectified and snoot hed by e rectification circuit 6 is
supplied to the HPF 8 via the nodulation circuit 12 where a high frequency
conmponent will be extracted fromthe signal, and then the high-frequency

si gnal StihPkd 1 % gpﬁﬁgﬂ td 9. The
denod ]Ingtﬁluon c#drrgﬁrllftlﬁgtagﬁﬁ%% fm{es t e’%‘ﬁﬁ%ﬁt ed Lﬂ rng(;ﬁllfancy sq gnal and
supplies the demdul at ed na €. se encer uencer

ot of ecSaekitEs IARE SRR ERBhob i BE S, 96 SEEIAREES 22,
into the RAM anal yzes t he_si gnal accordln to the programheld_in the ROM
and viendelataorespeadingiogbriBeryGtion anﬁlethégwdalheaw&m datay and suppliestlae t he
menory 11 on the basis of the result of analysis. On the other hand, in
case tdwa 40 theanodulapbneurciutdd. t Ehel eroukildtain arcuat 52 madidates thfaamplitmlad
corresponding to the read instruction, the sequencer 10 will read data

corr emilﬁﬁidlﬁl%ﬁtﬂ drethe bakitdfuhe Isﬁppﬁécpﬁghﬂe an® gepplidslthe Thedgedencer 10
9 in the nodul ation circuit 12 correspondingly to the

read gﬁ‘%ﬁal t?-#g@ odgsantéﬂl‘fat% Py ll&S 5‘311! I\’&lll]t}?l}ls }‘mﬁﬂté FET 19 is

turne con |n par a e i npedance 18.

- Vhen tquct%%aél?etlcsw}i% ggrges%ondlng l?o the supphed modulated signal.

Note here that the resonant frequency of the resonant circuit composed of the
loop coil 4 and capacitor 5 included in the IC cérd 1 is set to 13.56 MHz, for example,
as a value corresponding to the oscillation frequency that is a carrier frequency from
fhe R/W 50. The oscillation circuit receives the radiated electromagnetic field by
bscillation, converts it into an electrical signal, and then supplies the electrical signal
to the IC 3. The electrical signal resulted from the electromagnetic field is supplied
to the rectification circuit 6, rectified and smoothed by the rectification circuit 6 and
then supplied to the regulator 7.  The regulator 7 suppresses the voltage variation
(data component) of the electrical signal supplied from the rectification circuit 6, and

| supplies the electrical signal as a DC power to the séquenc_er 10 after the electrical
signal is stabilized.

The signal rectified and smoothed by the rectiﬁcafion circuit 6 is supplied to the
HPF 8 via the modulation circuit 12 where a high-frequency component w.ill be

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




- parallel connection between the inpedance 18 and | oop coi I22Marsh Betken. As
aresult, the inpedance of the |oop antenna 54 at the RFW50, magnetically
connected to the |oop antenna 2 at the 1C card 1, varies correspondingly
to the read data. Therefore, the termnal potential of the |oop antenna 54

wi |

vary correspondingly to the inp egance variation, and the RRW50 is
thus enabled to receive the read data

Ince the variation is denodul ated

by the denodul ation circuit 53. As above, comunications are nmade between
the IC card | and RFW50, and the R/'W50 can thus wite or read data to or
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Not e here

or erren I one oop a enna rray be an

ant enn i ce constrycted ac i ng to.the pres nventlon own in
fle " oRighrite e ranal i ppEo Aot N ERE 40 e HaepeRclbn cBhe0. | As
shown in FIG 8, the antenna device 60 includes a |oop coil 61 for

i nduct beauenceiul) stagesothesigndl supplacthfaet the dareddulating carcwig §rasta eorsasd 62

di sposed to face the main side of the loop coil 61, opposite to the nain
si de f anonlge RAM| Shaigres the sifeallaoogrdieg to tht pregian ielll iythe ROM)andr ot her

processi ng of an el ectroconductive netal foil of electrolytic copper or

the |'Wf'1té%{v9ﬁ@d% sla? He&'fﬂﬁﬁ i d&%oaﬁﬁﬁbﬂtdl&ﬁufsr ! not ggﬁ%gz&é% made

of a flexi

le filmof polyimde or mca. It s ouI

met hod coil 61 is not limted to the above one but the
| oop CB%ISB@@{Q;@“IEQ?FE%H by printing an el ectroconductive paste such as

a silver

p(%?lttﬁe 8ﬂ1etr rlllgnd, in case the signal supplied from the demodulation circuit 9 is
a command corresponding to the read instruction, the sequencer 10 will read data
corresponding to the read instruction from the memory 11. The sequencer 10
switches the FET 19 in the modulation circuit 12 correspondingly to the read data.
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-eontzrct manner or

by radio.




filmor substrate 63 to forma conductor pattern that prow2ddschBedd oop
coil .61 or by sputtering a netal 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 wi nding sections opposite to each other
across the center of the |oop coil 615to be different in interval and width
from each other in one direction. That is, the loop coil 61 includes an
upper winding section 6la larger in interval and width in one direction,
that is, a vertical direction indicated with an arrow Z in FIG 6, and a

27" Ui O IRTE U Biorp Rt Shrd anld T 54 AEPhe WAL S ek B il G 0"

is 22 March 2007 -16 asy tric and enhanced at the upper w_nding section
61b ofanieanag wceepnswtﬁgﬁ?@rdkrwéomﬁmwm Hvenpgn aﬁﬁg(’deﬁg}r “large in
the Z-directional plane through the center of the loop coil 61

per peribhe atenna devive is generallgendicated evitk atrafegetieer 6int enna and
X-directional plane though the center perpendicular to the short side as

shown in FAGhowidAn FIG/ B, thaiidnha ddvécd'8Q edlides 4 Blop bib6T fditintaotive t he
antenna device 60 is different fromthe symretric nagnetic field around

e | QR RlorRPLISBRYkA Frialand B SRR HR0PGTENDEE PO BECPET N 1o

t he pr esgnt I nventi on, oop ¢ol symmetric a

di stribution of neti g, field. radjated. frgm.the |l.oog.coil, 61 is

cont r Jipksids A i IR EOIL Y, onpotite BMHF Fain,udf B e e S8d0hs bet veen the
IC card 1 and RRW50 _can be wi dened and the position of comrunications can
be The loop co1l 61 1s formed by etching or other processing of an electroconductive

L 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
cach 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




done can be shifted in one direction. . As in FIG 7B, the ‘Miretg20Git er val

at a.side of the loop coil, indicated with a reference Zi, is larger than
the conventional one while the winding interval at a side of the |oop
coil, indicated with a reference Z2, is generally equal to the conventional

one. That is, the nmagnetic field wi_IiG_be di stributed nore widely at the
side ZI than that at the side Z2. The magnetic field about a point Pl wll
be weaker than that about a point P2, the points Pl and P2 being
positioned at the sides ZI and Z2, respectively, and equidistant from an

origi | . netic
1 e i Rthe A ot Gbee ol 8o Wi Refiof Bt B MERAAL 61 WiofB
totally |law.at the inf Pl. Thuys, th si.tion of .co ni cations will be
hi 1t e e dnlervRE R wittbiale e i tof 2odfstonatpERE THBUER O Snedher o ¢ e
wi nding interval 22 March 2007 -17 is generally the sane as the _
convernfithbadvopaeil i6d pespendiculpetathedons sidese! the regtaegnloneptenndandi ndi ng
interval is uniformover the conventional |oop antenna. Since the |oop coil
61 canXhlirdotiomabipknalthargh thercenber peppgndiolar th thie shoet did: asskown in FRES.
antenna devi ce 60 can be fornmed even snmaller. Note that the antenna device

60 accps ¢b .t ONARBLPHRSARENERY BRld ARtAuti inl theahRHna devRRYG(RIRt enna devi ce
in which one winding section of the loop coil 61 is different in both

wi ndi 7 ' . j ndi ' i t0 th
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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




Al'so, the loop coil 61 is forned asymmetric in the aforengdtMacezdidne
direction, but it may be formed asymmetric in an arbitrary direction in
which it is desired to wden the distribution of radiated nagnetic field.
For exanple, the loop coil 61 may be formed asymetric for the w nding

- sections thereof to be different in ding interval and wdth from each
other in the direction of arrow X pe'\'r,\y;"ndi cular to the aforenentioned
direction of arrow Z, as shown in FIGS. 9 and 10. Alternatively, the 1oop
coil 61 may be formed asymmetric for the wi nding sections thereof to be

i rectrasatli BF sBfte 5 Gk Bk AR Pheie RELESRITH whPafihi bR

i ncl ud&g, in the directiop of arrow Z, the rﬁlper wi ndi ng section 6la where
the wi i‘%’@g“&'@t@ﬁﬁ] 1Sy Y@L g ICORKENUATAL HORMYCMBher wi ndi ng secti on
61b where the windings are larger in interval and wdth, 22 March 2007 -18

and in theSidce tetloop coil G cambX formddesmaligrritiamthesloop el 4 at theHér eardHe
wi ndings are snaller in interval and width and a right w nding section 61d

wher e theentérdidegiceab®can be ermedievert analddr. and wi dth. On the other hand,
the loop coil 61 shown in FIG 10 includes, in the direction of arrow Z,

the | ower Nbﬂégh%hé%ﬁiélﬂﬁ cé&ﬂlggc h€cdrifhg tWtQ?hP&%n@hﬁreﬁnﬁBh'i@hoﬂ Fmiteger val

and upper W nding section ere the“wndings are [larger in interval,
o0 S, SR 48 o PRGNS Wik SO BERPIGTB I RSBy, (1
where lgct]tﬁ wfll\lﬁd?rijgl i%?ei'vgf z?ncl evrigt%rfrci)rrxll t. 2 t0 re\{'%in {]n% ggc(tjitorlll' 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,




Wth the loop coil 61 being formed asymmetric as above, t 22 MantleB0H devi ce
60 according to the present invention can control the distribution of

radi ated nmagnetic field about the |oop coil 61 and thus arbitrarily adjust
the read and wite positions the RIW50 takes in relation to the IC card
1, which will be specially effective jgn case the . loop coil 61 is to be
installed in alimted area, espeC|aHly when the range of communications
with the IC card 1 should desirably be wi dened only in a speci al

direction. FIG 11 shows a conmmunication term nal device, generally
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60 as the | oop antenna 54 for the RFW50. The cormunl cation term nal device
70 acdarger iyintervahand widtnt  Onlnethes hand sthedonp cotl 6w indFliCrel()

el ectroni c device the user can carry such as a so-called PDA (portable

di gi t dhcludssiintthetirection of aaopl £, thtHewsnwlihdisigesettioniod a dehere éhehas f uncti ons
such as information conmmunication, storage, imaging, etc., for exanple,

i nteg r\ﬁﬁﬁﬂl%rhl‘@ Rehal 18R ¢ irfterva afd apPer Mlﬁihﬁ? RELHbE 81 b Yheb&HE WRidifleyvirge 70
i ncludes a body bl ock 71, display panel blrock 72 and a hinge nechanism 73
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bl ock rOVI

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 COInmunication
- terminal device 70. The communication terminal davice 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




t hereon an input block 74 having operation buttons etc. f @8 Maagh ZHE
‘operations of the communication termnal device 70, and bel ow the i nput

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

bl ock 71 has built therein a m croconputer (CPU) to control each of the
conmponents of the conmunication ternj][baj device 70. The display panel block
72 has provided thereon a display unit” 75 formed froma liquid crystal

di splay (LCD) panel to display a user-made operation of the input block
74, data read fromthe IC card 1 by the RRW50, etc. under the control of

t he C%Hlalir{é’%cﬂbﬂﬂ:ec}é\vg{eg@%i@% ddhc rrg Sgcl?@a%%g@%ﬁ%gﬁ%ﬁlggﬁ figr eon. By

operatiing the Inpu an’i capture ra 76 can

. be displaye n the display unit 75 To assur suf.ficient rigidity of the
commuREAATOh [Pt b stitb elegigpth G5ick B hBchiohSaih s 2nt i on when
it is formed small, |ightweight and thin, the conmmunication_ term nal

devi canfiymdioncaremynicationostorags, 1AgNg, eicarforerynpleeindegiated WadRe i al such
as a high-rigidity plastics. It should be noted that the housing in 22

Mar ch @6dle. - 20 consideration is not limted to the non-netallic one but
may. be a netallic one formed froman My alloy or the |ike for exanple.

Al'so, t hg fAsos}RwG@,!the CdmMhuriBAti S Rirni ASYAERES 7O il AR s BGRPBIRR 715 di sposed

in the orenent’i oned one direction thereof in which theé ICcard 1 is

et hngt ek o240ichabg bR ST0EH, OIS B o 0.6
that ibse’ ()paetnehrﬁoﬁl%n rcl(\)lgeaqi)r% e Bo gfib?gck&}l.a '?I'le tbggy 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 pfovided thereon a display unit 75 formed from a liquid crystal display (1.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 oﬁ 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 highrigidity plastics. It should be noted that the housing in




| oop coil 61 of the |oop antenna 60 where the wi nding i nt 22 Warche@t®7wi dt h
are smaller. In this case, the magnetic field distribution around the cubic
asymmetric loop antenna 60 is enhanced in the upper w nding section 61b of
the loop coil 61 where the wnding interval and width are |arger, as shown
in FIG 12. FIG 13 shows the dependepce, on the card position, of the
strength of a current induced in the”I'C card 1 by the antenna device 60.
In FIG 13, the origin "0" on the horizontal axis indicates the center of
the | oop antenna 54 at the RRW50 and the positive-going direction
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strength of a current elect omagneti cal ly devel oped on the | oop antenna 2
at t hellpm ang h?)b‘}”thﬁeh EXpHPA¢.el d around the | oop antenna 54 at the
R'W50 and conmunications are possible in an area above a val ue indicated
wi th a dahlsd, thedeoscoil 61FdfGhe TRbid asyRuGetricdoop aniérma 6(his disposdddnthes a
characteristic of the plane symretric |oop antenna 60 according to the

pr esendfoldtii@itioned cxeditectivnakereol i &hicH M I EaE Ris sthanétt eTh, itlge IE t he
conventional symetric |loop antenna 102 in FIG 4 being given 22 March 2007
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has a conmuni cation area I ng section
sect.i n 6la wer and
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center, of the | OOR co 61. t hese communi cati on areas
loop coil 61 of the loop antenna 60 where the winding interval and w1dth 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
horizonfal 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 1s 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 charactéristic 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




comruni cation area Si in the upper w nding section 61b cag2iMaroh 2ayd as
shown in FIG 13. Therefore, in the comunication term nal device 70,
since the conmunication area S 1 can be continuously w dened outwardly from

the origin "0", the performance of comuni cation can be inproved and the
communi cation with the I1Ccard 1 is possible also near the center of the
body bl ock 71 of the device 70. So, he user can easily use the

conmmuni cation termnal device 70 with an awareness of the comunication
bet ween the device 70 and I1C card 1. In the foregoing, the present
inventh)gn has been described in detail concerning certain preferred

embodi IEAPERFEPBof  as exanples with reference to the acconpanying

drawi ngs. However, it sg(())ul d he undﬁrstood by those ordinarily .skilled in
the art thbee {aep JHerahe0 AsCIRINESR the PEeCHE 1N NE@NIgS RO TERBBITAHERPRECH ut
can be nodified in various manners, constructed alternatively or enbodied
i n-var§birs thet uygper Winding sdctioafi! bormslbecdmnsnicasion drea S2dp shaldverpvimding her eof
as set forth and defined in the appended clainms. Industrial Applicability

- --- -section-6la, these lower and upper winding sectiofd Garaid &®0bking 3ppésitdvi ng been
described in the foregoi ng, since the loop coil of the antenna device

contr oy AR BRTLmDITAL A oL 6P, R BEe TR plcaion eI 07,

and { hus provide, Aonider f.200e. o0 CRTIDLEEL kK2Rl UERRd [ G 9 and

r eader

FIG. 13. Therefore, in the communication terminal device 70, since the

e,

communication area Si can be continuously widened outwardly from the origin “07,
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,
fhe 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 énd defined in

the appended claims.

Industrial Applicability




ant enna devi ce can be designed to be even smaller and havé@2atercmeWved
performance, and hence the communi cation device using the antenna device
can be designed to be even smaller and have an inproved perfornmance.

22 -

‘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.




